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PROCESS FOR HYDROXYCARBONYLATI NG PENTENO C ACI DS The
present invention relates to the hydr oxycar bonyl ati on of pentenoic
acids to adipic acid. During the hydroxycarbonyl ati on of

pent enoi ¢ BqoygakgdS, Principally 3-pent$noic acid, in thecprréRsem Of

a catalyst and a pronoter, to give adipic'acid, there are m nor but
nevert hel ess significant anobunts of branched carboxylic d|a0|ds whi ch
are i somers of aRRQGEDE D'HYDROXYCARBQNYLA HPENTENQIQUES| and
2-ethyl- 10 succinic acid, as well as traces of 2,2-d|nethyl

succinic acid. La présente invention &%&rﬂ%lﬁ%r&%ﬁ%a‘ﬁgn %s Lagesaﬁgn?én%i'ﬁﬁisd’ the

en acide adipique.

5 Lors de I'hydroxycarbonylation, en présence d'un catalyseur et d'un promoteur,
des acides penténoiques, principalement de 'acide 3-penténoique, en acide adipique, il
se forme également des quantités minoritaires, mais néanmoins importantes, de
diacides carboxyliques ramifiés, isomeéres de l'acide adipique, essentiellement l'acide
méthyl-2 glutarique et I'acide éthyl-2 succinique, ainsi que des traces d'acide

10  diméthyl-2,2 succinique.

Aprés séparation de I'acide adipique, I'acide penténoique non transformé, le
catalyseur, le promoteur et divers sous-produits tel que la gamma-valérolactone, sont
recyclés dans le réacteur d'hydroxycarbonylation.

Cependant, alors qu'il est avantageux au plan de I'économie du procédé de

15 recycler au mieux l'acide penténoique non transformé, le catalyseur, le promoteur et les
sous-produits susceptibles d'étre transformés au moins partiellement en acide adipique,
la Demanderesse a constaté que le recyclage de quantités trop importantes de diacides
carboxyliques ramifiés a une influence néfaste sur !'activité du catalyseur dans la
réaction d'hydroxycarbonylation de I'acide penténoique.

20 Outre cet effet de désactivation du catalyseur, la présence de diacides ramifiés
nuit bien évidemment a la pureté de l'acide adipique, notamment par le piégeage du
catalyseur métallique lors de la cristallisation dudit acide adipique.

La présente invention concerne donc plus particuliérement un procédé
d'hydroxycarbonylation d'acide penténoique par réaction avec l'eau et le monoxyde de

25 carbone, en présence d'un catalyseur comportant au moins du rhodium et/ou de l'iridium
et d'un promoteur iodé ou bromé, procédé dans lequel le catalyseur provient au moins
en partie d'une opération antérieure d'hydroxycarbonylation d'acide penténoique,
caractérisé en ce que la réaction est effectuée en présence d'une quantité de diacides
carboxyliques ram;fiés ayant 6 atomes de carbone inférieure ou égale a 200 grammes

30 parkilogramme de mélange réactionnel.

Les termes diacides carboxyliques ramifiés ou diacides ramifiés sont équivalents
dans le présent texte et couvrent également les formes anhydrides correspondant & ces
diacides.

De préférence, dans le procédé selon l'invention la réaction

35 d'hydroxycarbonylation est conduite en présence d'une quantité de diacides
carboxyliques ramifiés ayant 6 atomes de carbone inférieure ou égale & 150 grammes
par kilogramme de mélange réactionnel.




unconverted pentenoic acid, the catal yst, the pronoter and vari ous
byproducts, such as ganma-val erol actone, 15 are recycled into the
hydr oxycar bonyl ati on reactor. However, although it is

advant ageo i r s of the econom cs of the proce cleto
best L@??‘Qf’ m%ﬁ&%

t he unconverted péentenoic acid, the cat t he
pronoter and the byproducts which are capable of 20 being converted, at
| east partially, to adipic acid, t he applicant has found that the
recycling of Lhydroxycetbopylatinnde lacige penténoique est effectée e présencediun c

di aci ds haga@iysashedmpron@hf @ffhodiim: &LRudelirdium, ePévenfiRilement d'dufieshstduxi N t he
g¥?2(7)>%8ar ?\8QI¥L ctéiél)sn parr(fanzi‘%t rlu%réni%];n et%gsmiu%?:#% %ﬁ%@%&%ﬂysem & mettre en
oeuvre peut varier dans de larges limites.

5 En général, une quantité exprimée en moles d'iridium métallique et/ou de rhodium
métallique par fitre de mélange réactionnel comprise entre 10+ et 10-1 conduit a des
résultats satisfaisants. Des quantités inférieures peuvent étre mises en oeuvre: on
observe toutefois que la vitesse de réaction est faible. Des quantités supérieures n'ont
d'inconvénients qu'au plan économique.

10 De préférence la concentration en iridium et/ou rhodium est comprise entre 5.10‘4
et 10-2 moleflitre.

Par promoteur iodé ou bromé, on entend dans le cadre du procédé de {'invention
Hl et HBr et les composés organc-iodés ou organo-bromés capables de générer Hi ou
HBr dans les conditions réactionnelles et plus particuliérement les iodures et bromures

16  d'alkyles ayant 1 2 10 atomes de carbone. Liodure de méthyle et le bromure de méthyle
sont plus particuliérement préconisés.

De préférence le promoteur utilisé est un promoteur icdé et encore
préférentiellement Hl et l'iodure de méthyle.

La quantité de promoteur iodé et/ou bromé 4 mettre en oeuvre est généralement

20 telle que le rapport molaire iode (et/ou brome)/iridium(et/ou Rhodium) est supérieur ou
égal a 0,1. ll est généralement préférable que ce rapport soit inférieur ou égal a 20. De
préférence le rapport molaire iode (et/ou brome)/Iridium(et/ou Rhodium) est compris
entre 1 et 5. _

La présence d'eau est indispensable & la conduite de I'hydroxycarbonylation.

25 Geénéralement la quantité d’eau a mettre en ceuvre est telle que le rapport molaire
eau/acides penténoiques est compris entre 0,01 et 10.

Une quantité supérieure n'est pas souhaitable en raison de la perte d'activité
catalytique observée. Le rapport molaire eau/acides penténoiques dans le mélange
réactionnel peut étre instantanément inférieur a la valeur minimale indiquée

30 pracédemment, si I'on procéde par exemple a l'injection continue de f'eau, plutdt qu'a
son introduction avec les autres charges avant la réaction d’hydroxycarbonylation.

De préférence, le rapport molaire eau/acides penténoiques est compris entre 0,01
et 2, la remarque précédente concemant la valeur minimale étant également valable.

La réaction d'hydroxycarbonylation peut étre conduite soit dans un fiers solvant,

35 soit dans un fort excés d'acides penténoigues.
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Besides this effect of deactivating the catal yst, the presence of

branched diacids is clearly harnful to the purity of the adipic acid,
in particul ar by its trapping of the netal catalyst during the 5
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aliphatiques ou cycloaliphatiques et leurs dérivés chlorés et les hydrocarbures

aromatiques et leurs dérivés chiorés, pour autant que ces composés soient liquides

dans les conditions réactionnelles. A titre d'exemples de tels solvants, on peut citer le
10  benzéne, le toluéne, le chiorobenzéne, le dichlorométhane, I'hexane et le cyclohexane.

Lorsqu'it est présent dans le mélange réactionnel, le tiers solvant représente par
exemple de 10 % & 99 % en volume par rapport au volume total dudit mélange
réactionnel et de préférence de 30 % a 90 % en volume.

Selon une variante préférentielle, la réaction d'hydroxycarbonylation est réalisée

15 dans les acides penténoiques eux-mémes, c'est-a-dire l'acide penténe-2-oique, l'acide
penténe-3-oique, 'acide penténe-4-oique et leurs mélanges.

La réaction d'hydroxycarbonylation est conduite sous une pression supérieure a la
pression atmosphérique et en présence de monoxyde de carbone. On peut utiliser le
monoxyde de carbone sensrblement pur ou de qualité technique tel qu'il se trouve dans

20 le commerce.
La réaction est conduite en phase liquide. La température est généralement
. comprise entre 100°C et 240°C et de préférence entre 160°C et 200°C.

La pression totale peut varier dans de larges limites. La pression partiefle du

monoxyde de carbone, mesurée a 25°C, est généralement de 0,5 bar & 50 bars et de
25 préférence de 1 bar & 25 bars.

Comme indiqué précédemment, le mélange réactionnel issu de la réaction
d'hydroxycarbonylation comporte essentiellement ies acides penténoiques non
transformés, 'eau, le promoteur iodé et/ou bromé, le catalyseur, le solvant
éventuellement mis en oeuvre, I'acide adipique obtenu, les autrce sous-produits formés

30 en quantités plus ou moins importantes, comme par exemple 'acide méthyl-2 glutarique,
F'acide éthyl-2 succinique, I'acide valérique ou la gamma-valérolactone (ou méthyl-4
butyrolactone).

La séparation au moins partielle des diacides ramifiés, afin que leur concentration
aprés recyclage dans le réacteur d'hydroxycarbonylation ne dépasse pas les limites

35 supérieures indiquées précédemment, tout au long de la réaction, peut se faire selon
des techniques connues. On peut par exempie transformer tout ou partie des diacides
ramifiés en leurs anhydrides correspondants, comme décrit dans le brevet
EP-A-0 687 663, afin de pouvoir les séparer plus facilement par distillation.



‘branched diacids are equivatent in the present text and 20 al so enbrace
t he.anhydri de forns corresponding to these di aci ds.
ILn the process according to the invention the hydr oxycar bonyl ati on

reaction igv(ggﬁt, pably conducted in the presence ofw of

branched carboxylic 25 di aci ds having 6 carbon atons o ess than or
equal to 150 grans per kilogram of reaction m xture.

The pentenoic acid is hydroxycarbonylated in t he presence of a

cat al yst conpr®8pPad doalementeraner/une distillation fracﬁonnéw@w&%'se réactionnel

3 I I issu 'dE’ﬁWdFdRS&’dfﬁ&Won et élimingriled compasék les plus tagets tils qub ey nlobl e
netal s se A R . alyst to
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an anount , distilsierseew &irp effectuée saus pression atmosphérique, éventueliement aprés

5 séparation par cristallisation d'une partie de l'acide adipique formé. Ensuite on peut
distiller les fractions les plus riches en diacides ramifiés. Cette distillation peut étre
complétée par d'autres opérations de séparation des divers constituants du mélange
réactionnel issu de I'hydroxycarbonylation. Ainsi on peut réaliser la cristallisation et
éventuellement une ou plusieurs recristallisations de l'acide adipique pour récupérer le

10 maximum du catalyseur qu'il contient.

La distillation des diacides ramifiés est effectuée sous pression réduite et peut
avantageusement étre conduite sous un léger balayage de monoxyde de carbone.

On peut ainsi recycler au moins une partie du catalyseur, du promoteur et des
composés légers susceptibles d'étre au moins partiellement transformés en acide

15  adipique, tout en ne recyclant que trés peu ou pas de diacides ramifiés.

De maniére avantageuse, le procédé de l'invention est mis en oeuvre de maniére
continue. En effet, outre I'intérét industriel évident de ce type de réalisation; il est
beaucoup plus facile de maintenir en permanence un taux de diacides ramifiés
relativement faible, la formation inévitable desdits diacides ramifiés et leur recyclage

20 partiel étant compensés par le soutirage continu d'une partie du métange réactionnel.

La concentration du mélange réactionnel en diacides ramifiés peut alors étre
maintenue par exemple a une valeur inférieure ou égale & 100 grammes par kilogramme
et de préférence inférieure ou égale a 50 grammes par kilogramme.

Enfin parmi les diacides ramifiés, il s'avére qu'il est encore plus avantageux que

25 Tacide éthyl-2 succinique soit plus spécifiquement maintenu dans le milieu réactionnel a
une teneur inférieure ou égale a 50 grammes par kilogramme et de préférence
inférieure ou égale a 30 grammes par kilogramme. Dans le cadre d'un procédé en
marche continue, cetie teneur en acide éthyl-2 succinique peut étre alors maintenue
dans le milieu réactionnel a une valeur inférieure ou égale a 20 grammes par

30 kilogramme et de préférence inférieure ou égale & 10 grammes par kilogramme.

Les exemples qui suivent illustrent l'invention.



S netallic iridiumand/or netallic rhodiumper litre of reaction
m xture, of between 10[err] and 10[err] gives sati sfactory results.
Smal | er anobunts can be enpl oyed; however, it is observed that the
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The pronog erchpg: i s preferably an iodine- cont ai ni ng pronoter and,
ror (.a preferably, i,§2 Hlol Fhcide 3-penténoique (P3)
- 0,924 mmol de Ir CHCOD)

- 2,24 mmol de Hi (solution aqueuse & 57 % en poids)

10 On établit une pression de § bar de CO a température ambiante, puis on chauffe
sous agitation & 185°C, température & laquelle la pression est ajustée & 20 bar a l'aide
de CO. On injecte alors 22,7 g d'eau (1,26 mol) en 30 minutes.

Aprés 30 min de réaction, le mélange réactionnel est soutiré & chaud, sous
atmosphére de monoxyde de carbone dans une chaudiére de 500 mi.

15 Un échantillon de ce mélange est dosé par chromatographie en phase gazeuse

(CPG) et en chromatographie liquide a haute performance (CLHP).

On trouve les résultats suivanis :
- taux de transformation (TT)de P3: 52 %
20 - rendement (RT) en acide adipique (AdOH) par rapport a P3 transformé : 68 %
- rendement (RT) en diacides ramifiés (acide méthyl-2 glutarique et
éthyl-2 succinique par rapport & P3 transformé : 13 %
- rendement (RT) en gamma valérolactone (M4L) par rapport & P3
transformé : 8 %
25 - vitesse d'absorption de CO en moles par heure et par litre de mélange
réactionnel {environ 280 ml) : 5,8
- linéarité (L) (= rapport acide adipique /ensembie des diacides obtenus) : 84 %

Le mélange soutiré est distillé & Faide d'une colonne de 250 cm de hauteur, sous
30 pression atmosphérique, avec un bullage de CO.

On obtient une fraction contenant l'acide penténoique non transformé, la gamma-
valérolactone, les acides valérique et méthylbutanoique ainsi qu'une partie des acides
méthyl-glutarique et éthyl-succinique.

On distille ensuite les acides méthyl-glutarique et éthyl-succinique sous pression

35 réduite (avec un bullage de CO par lintermédiaire d'un tube capillaire).

Le résidu contient essentiellement I'acide adipique et le catalyseur. Le catalyseur

est récupéré dans les eaux de recristallisation et de lavage de l'acide acipique.



'rret hyl iodi de. - The anpunt of iodine- and/or bronine- 25

containing pronoter to be enployed is generally such that the nol ar
ratio of iodine (and/or bromne) to i ridium (and/or rhodiun) is
greater th ual to 0.1. It is generally pref o this
ratio to b@gg%ﬁ%l WD 97/ 47580 4 %&%1136}40

PCT/ FRO7/ 00940 | ess than or equal6 to 20. Preferably, the nolar ratio
of i1odine (and/or bromne) to iridium (and/or rhodium i s between 1
and 5. Aprés avoir compigtdlagisentisé de catalyseyr, fajipuld legromoleurdediietde ng 5
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mémes conditions opératoires, mais en recyclant une partie des diacides ramifiés isolés
5 précédemment.
Les charges sont les suivantes :
- 2,44 mol d'acide S-benténol'que (P3)
- 0,924 mmol de Ir CI(COD)
- 2,24 mmol de Hl (solution agueuse a 57 % en poids)
10 - 11,5 g de diacides ramifiés (41 g/kg de mélange réactionnel initial)

- 1,26 mol d'eau (22,7 g) injectée en 30 minutes.

La réaction dure 30 min & 185°C et aprés dosage on trouve les résultats suivants :
_ - taux de transformation (TT) de P3:563 %
15 - rendement (RT) en acida adipique (AdOH) par rapport & P3 transformé : 66 %
- rendement (RT) en diacides ramifiés (acide méthyl-2 glutarique et
éthyl-2 succinique par rapport 2 P3 transformé : 15,5 %
. -rendement (RT) en gamma valérolactone (M4L) par rapport a4 P3
transformeé . 8 %
20 - vitesse d'absorption de CO en moles par heure et par litre de mélange
réactionnel (environ 280 mi) : 5,8
- linéarité (L) (= rapport acide adipique /ensemble des diacides obtenus) : 81 %
- teneur totale en diacides ramifiés dans le mélange réactionnel final : 134 g/kg.

25 On effectue le traitement décrit pour I'exemple 1 et aprés avoir complété ia
quantité de catalyseur, rajouté le promoteur iodé et de I'acide 3-penténoique, on répéte
'hydroxycarbonylation de l'acide penténoique comme décrit précédemment, avec
sensiblement les mémes quantités de réactifs et dans les mémes conditions
opératoires, mais 2n recyclant une quantité plus importante des diacides ramifiés isolés

30 précédemment.

Les charges sont les suivantes :
- 2,35 mol d'acide 3-penténoique (P3)
- 0,924 mmol de Ir CI(COD)
- 2,24 mmol de HI (solution aqueuse a 57 % en poids)
35 - 22,9 g de diacides ramifiés (41,5 g/kg de mélange réactionnel initial)
- - 1,26 mol d'eau (22,7 g) injectée en 30 minutes.
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al i phati& or ar oéthyk2csuccinique par rapport a P3 transformé : 18,3 %
- rendement (RT) en gamma valérolactone (M4L) par rapport & P3
transforme : 7 %
- vitesse d'absorption de CO en moles par heure et par litre de mélange
réactionnel (environ 280 mi) : 5,2
10 - linéarité (L) (= rapport acide adipique /ensembie des diacides obtenus) : 78 %
- teneur totale en diacides ramifiés dans le mélange réactionnel final : 177 g/kg.

On observe dans les résultats obtenus dans I'exemple 3, avec une teneur en
diacides ramifiés comprise entre 81,5 g/kg au début de I'hydroxycarbonylation et
16  177g/kg a la fin de I'nydroxycarbonylation, un début de diminution de la vitesse de
réaction et de la linéarité.

ESSAI COMPARATIF 4

On répéte les essais de recyclage en introduisant des quantités plus importantes
20 d'acide méthyl-glutarique et d'acide éthyl-succinique, les conditions opératoires étant ies
mémes.
Les charges sont les suivantes :
- 2,21-mol d'acide 3-penténoique (P3)
- 0,824 mmoi de Ir CI(COD)
25 - 2,24 mmol de HI {solution aqueuse a 57 % en poids)
- 45,8 g de diacides ramifiés (158 g/kg de mélange réactionnel initial)
- 1,26 mol d'eau (22,7 g) injectée en 30 minutes, |
La réaction dure 30 min & 185°C et aprés dosage on trouve les résultats suivants :
- taux de transformation (TT) de P2 : 29%
30 - rendement (RT) en acide adipique (AdOH) par rapport & P3 transformé : 63 %
- rendement (RT) en diacides ramifiés (acide méthyl-2 giutarigue et
éthyl-2 succinique par rapport 4 P3 transformé : 31,1 %
- rendement (RT) en gamma valérolactone (M4L) par rapport a4 P3
transformé : 4 %
35 - vitesse d'absorption de CO en moles par heure et par litre de mélange
réactionnel (environ 280 ml) : 2,8
- linéarité (L) (= rapport acide adipique /ensembie des diacides obtenus) : 63 %
- teneur totale en diacides ramifiés dans ie mélange réactionnel final : 257 g/kg.
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When present in the reaction “m xture the separate sol vent makes up,
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the said 15 reaction \mu erably, from30 to 90% by

vol une. WO 97/47580 Ih & pr Ef ér r Ed vari ant the hydr OxyPCTmm4o
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t hensel ves, nanely 2-pentenoic, 3- penten(?l c and 20 4- pent enoi ¢ aci ds and
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the |iquid etlemopaxyde de vabong Bodrésence d'un calalyseusicpmpertantas moinstiuand
5 rhodium et/ou de l'iridium et d'un promoteur iodé ou bromé, procédé dans lequel au

moins une partie de 'acide penténoique, du catalyseur et du promoteur proviennent

d'une opération antérieure d'hydroxycarbonylation d'acide penténoique, caractérisé en

ce que la réaction est effectuée en présence d'une quantité de diacides carboxyliques

ramifiés ayant 6 atomes de carbone inférieure ou égale a 200 grammes par kilogramme
10 de mélange réactionnel.

2) - Procédé selon la revendication 1, caractérisé en ce que la réaction
d’hydroxycarbonylation est conduite en présence d'une quantité de diacides
carboxyliques ramifiés ayant 6 atomes de carbone inférieure ou égale & 150 grammes

16  par kilogramme de mélange réactionnel.

3) - Procédé selon l'une des revendications 1 ou 2, caractérisé en ce que la
réaction d'hydroxycarbonylation est effectuée en présence d'un catalyseur comprenant
du rhodium et/ou de liridium, et éventuellement d'autres métaux nobles choisis parmi le

20  ruthénium et 'osmium. '

4)'- Procédé selon l'une des revendications 1 a 3, caractérisé en ce que la
quantité de catalyseur mise en oeuvre est comprise entre 10'4 et 10—1 en moles
d'iridium métallique et/ou de rhodium métallique par litre de mélange réactionnel et de

25 préférence est comprise entre 5.10‘4 et 10'2 molefiitre.

5) - Procédé selon l'une des revendications 1 a 4, caractérisé en ce que le
promoteur iodé ou bromé est choisi parmi HI et HBr et les composés organo-iodés ou
organo-bromés capables de générer Hi ou HBr dans les conditions réactionnelles, tels

30 que les iodures et bromures d'alkyles ayant 1 4 10 atomes de carbone.

6) - Procédé selon f'une des revendications 1 a 5, caractérisé en ce que le
promoteur utilisé est un promoteur iodé et de préférence Hi ou l'iodure de méthyle.

35 7) - Procédé selon 'une des revendications 1 & 6, caractérisé en ce que la
quantité de promoteur iodé et/ou bromé mise en oauvre est telle que le rapport molaire
iode( et/ou bromeflridium(et/ou Rhodium) est supérieur ou égal 4 0,1 et de préférence
inférieur ou égat & 20.




ana prof erably bet MMM HRURAGMN <™ 77000, SRerIC

pressure can vary within widé ° limts. The partial pressure of carbon
nonoxi de, asured at 25[err]C, is generally fromﬁjzﬂ;!,q bar and
5 preferam%/”f“?o 1 to 25 bar. As indicate ab’gi\'r?g? t he
reaction m xture obt ai ned from tfe hydr oxycar bonyl ati on reacti on
conpri ses essenti al lt;léeé he unconverted pentenoic acids wat er, the

i odi ne- and/ oB) HPresédécsaloniiuae den fpvendicalions 1 & 7, Garackefisd eReRMYRIA, t he sol vent

(if ﬁrrpl oy@ahitite '8y mMeldnicelire est telle ﬁahlr i rppoet rﬁolaﬁ\ﬁb_d/éuzuestdaﬂfénbmn?@duct s,
whi ¢ ar e (0] eater or esser quant It es, suc as, or
o ¥oliBls snra gl i

exanpl e, ric, 2-ethylsuccinic and valeric acids and
gama- val erol actone (or 4-nethyl butyrol actone).

5 9) - Procédé selon l'une des revendications 1 & 8, caractérisé en ce que la
réaction d'hydroxycarbonylation est conduite soit dans un tiers solvant, soit dans un fort
excés d'acides penténoiques.

10) - Procédé selon la revendication 9, caractérisé en ce que le tiers solvant est
10  choisi parmi les acides carboxyliques aliphatiques saturés ou aromatiques comportant
au maximum 20 atomes de carbone ou parmi les hydrocarbures saturés aliphatiques ou
cycloaliphatiques et leurs dérivés chlorés et les hydrocarbures aromatiques et leurs
dérivés chlorés, pour autant que ces composés soient liquides dans les conditions
réactionnelles.
15

11) - Procédé selon l'une des revendications 1 & 10, caractérisé en ce qu'il est mis
en osuvre de maniére continue et que la concentration du mélange réactionnel en
diacides ramifiés est a une valeur inférieure ou égale & 100 grammes par kilogramme et
de préférence inférieure ou égale 4 50 grammes par kilogramme.

20



~15 The at least partial separation of the _ branched
di acids such that their concent ration after recycling into the

hydroxycar bonyl ati on rea p' B%I%Ant‘%t\gou Fdﬂgjmﬁf&ﬁ?%&%ﬁ upper limts

‘i ndi cat ed above, throughout &1, can be carried out by known
met hods I t 20 I“TF"@AT &Ls‘i"'BFféTm’f %’PLI%’RDaWEﬂRé“E ?‘ENE@QRFMHON éllﬂ“TYdPCTtorre of the
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réactionnel.




conmpounds having 5 carbon atons. This first distillation can be

carried out under atnospheric pressure directly or follow ng
.separation of part of the resultant adipic acid by crystallization.
‘5 Subsequently, the fractions richest in branch diacids can be
distilled. This distillation can be suppl enent ed by ot her operations
for separating the various constituents of the reaction m xture
obtained fromthe hydr oxycarbonylation. In this way it is possible to
10 carry out crystallization, and optionally one or nore
recrystallizations, of the adipic acid in order to recover as nuch as
possi bl e of the catalyst which it cont ai ns. The
branched diacids are distilled under 15 reduced pressure, possibly and
advant ageously under a gentl e stream of carbon nonoxi de.
It is possible in this way to recycle at | east some of the catalyst
of the pronoter and of the
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”light conpounds capabl e of being converted at least in 20 part into

adipic acid, while recycling only very little i f any of the branched
.di aci ds. Advant ageously, the process of the invention
“i's performed wenNohPyeesly. | ndeed, apart fromthe PE?Y#RE?/bH?&Etr'al
advantage of this type of 25 i npl ementation, -it is nuch easier to

per manent |y maintain a relatively low level of branched diacids,

t he unavoi dable formation of the said branched diacids and their
partial recycling being conpensated by the _ WO 97/ 47580 _
8 PCT/ FR97/ 00940 continuous w thdrawal of a portion of

t he reaction PR R_HYDROXYCARBONYLANENG OPERTENQI ¢ oncobsbr anched

diacids in the

The present invention relates to the
hydroxycarbonylation of pentenocic acids to adipic acid.

During the hydroxycarbonylation of pentenocic

5 acids, principally 3-pentenoic acid, in the presence of
a catalyst and a promoter, to give adipic acid, there
are minor but nevertheless significant amounts of
branched carboxylic diacids which are isomers of adipic
acid, essentially 2-methylglutaric acid and 2-ethyl-

10 succinic acid, as well as traces of 2,2-dimethyl-
succinic acid.

Following separation of the adipic acid, the
unconverted pentenoic acid, the catalyst, the promoter
and various byproducts, such as gamma-valerolactone,

15 are fecycled into the hydroxycarbonylation reactor.

However, although it is advantageous in terms
of the economics of the process to recycle to best
effect the unconverted pentenoic acid, the catalyst,
the promoter and the byproducts which are capable of

20 being converted, at least partially, to adipic acid,
the applicant hés found that the recycling of
excessively large amounts of branched carboxylic
diacids has aﬁ adverse effect on the activity of the
catalyst in_the hydroxycarbonylation reaction of

25 pentenoic acid.



-~ reaction mxture can then be maintai ned, for exanple, 5 at a level of
| ess than or equal to 100 grams per kil ogram and, preferably, of |ess
than or equal to 50 grans per kil ogram Finally,

anmong the br 'éy% , 1t s foynd that it is pRMERRTN Ro940

advant ageous%tb'p!- et é&? 10  succini cyaci d to be maintaine /r?ore
specifically and Mid Nidl 1ei 4 eaetd @n Jedidp@iva GRptegd of |ess than
or equal to 50 granms per kilogram and, preferably, of |ess t han

or equal to htHBME: PethKipiiaite | harteid®diacids ¥ AL &LHALy nuous
process, this content of 2-ethyl- 15 succinic acid can then be

mai nt ai ned i rhdhefuleass itdte purityrssi wheatadipsvacial, |ias pddaicudrarequal to
20 grans per kil ogram and, preferably, of |less than or equal to
10 kil ograns kperitis |togarwing of the metal cafwlwstanplminigvtileh fol | ow
illustrate the 20 I nventi on.

5 crystallization of the said adipic acid.

The pfesent invention therefore relates more
particularly to a process for hydroxycarbonylating
pentenocic acid by reaction with water and carbon
monoxide in the presence of a catalyst comprising at

10 least rhodium and/or iridium and of an iodine- or
bromine-contdining promoter, ih which process the
catalyst originétes at least in part from a prior
operation of hydroxycarbonylation of pentenoic acid,
characterized in that the reaction is carried out in

15 the presence of an amount of branched carboxylic
diacids having 6 carbon atoms of less than or equal to
200 grams per kilogram of reaction mixture.

The terms branched carboxylic diacids or
branched diacids are equivalent in the present text and

20 also embrace the anhydride forms corresponding to these
diacids.

In the process according to the invention the
hydroxycarbonylation reaction is preferably conducted
in the presence of an amount of branched carboxylic

25 diacids having 6 carbon atoms of less than or equal to
150 grams per kilogram of reaction mixture.

The pentenoic acid is hydroxycarbonylated in

the presence of a catalyst comprising rhodium and/or




“EXAMPLES 1 TO 3 Allitre netal reactor equipped wth nmeans
for heating and cooling, with a stirrer (operating at 1200
.revolutions/mnute), wth devices for introducing 25 t he reactants and

“for mnthdramahb @qq4wg@b devi ces for 3 Measuri ng thepé@yyﬁgayybg4and

pressure is charged wth: - - 2.52 nmol of 3-pentenoic acid
(P3) iridGm9ahd[5%Ptionally, other n®ble metals seREE+ERI7/ 00940
- 0.924 mmol of 1rd (COD) - 2.24 mmol of H (57% by wei ght
aqueous frolutiuehpnium and osmium. Ahpr emdune of Zabalyet €0 be
established at 5 roomtenperature and then the reaction mxture is
heated with sempibygdt cab8¥peyr Wdthin wihidehltiedperature the pressure

is adjusted to 20 bar using CO 22.7 g of _
In general an amount, expressed in moles of

5 metallic iridium and/or metallic rhodium per litre of
reaction mixture, of between 10°* and 107! gives
satisfactory results. Smaller amounts can be employed;
however, it is observed that the rate of reaction is
low. Larger amounts are disadvantageous only from an

10 economic standpoint.

The concentration of iridium and/or rhodium
is preferably between 5x10°% and 1072 mol/litre.

By iodine- or bromine-containing promoter is
meant, in the context of the process of the invention,

15 HI and HBr and organic iodine compounds or organic
bromine compounds which are capable of generating HI or
HBr under the reaction conditions, and more
particularly alkyl iodides and alkyl bromides having 1
to 10 carbon atoms. Methyl iodide and methyl bromide

20 are recommended more particularly.

The promoter used is preferably an iodine-
containing promoter and, more preferably, is HI or
methyl iodide.

The amount of iodine- and/or bromine-

25 containing promoter to be employed is generally such
that the molar ratio of iodine (and/or bromine) to
iridium (and/or rhodium) is greater than or equal to

0.1. It is generally preferable for this ratio to be



‘water (1.26 nol) are then injected over 30 m nut es. _ After
30 mnutes reaction, the reaction 10 m xture is renoved while still hot,
.under a carbon nonoxi de at nosphere, into a 500 m pan.

"A sanple of t is assayed by g chroma and
hlghngerfornaﬁgzgyyézgg% chronatogrgghy (HPLC) . EEQ/ER9¥/EG§lo

lts are a I n of P3
5206 Beb8l klME: or sdual Lo 20 Prel R P PR a0

P3 converted of68%iine (and/or bromink)elke ﬁ¥hd§ﬁmbﬁ§ﬁ€?%@ @h%ﬁhQﬁ)(z' 20
met hyl gl utaric and 2-ethyl succinic acid) relative to P3
converted : 13% between 1 and 5.- yield (Y) of gammm-val erol act one (ML) .
relative to P3 converted : 8% - rate of absorption of COin
mol es per hour 25 The prespecel ofr waberr éacviibalnEsrucendapptiag mat el y
5 the hydroxycarbonylation. Generally speaking, the
amount of water to be employed is such that the molar
ratio of water to pentenoic acids is between 0.01 and
10.
A larger amount is undesirable owing to the
10 loss in catalytic activity which is observed. At a
given point in time the molar ratio of water to
pentenoic acids in the reaction mixture may be less
than the minimum value indicated above if the reaction
is carried out, for example, with continuous injection
15 of water rather than with the introduction of water
together with the other charges before the
hydroxycarbonylation reaction.
The molar ratio of water to pentenoic acids
is preferably between 0.01 and 2, subject to the above
20 comment regarding the minimum wvalue.
The hydroxycarbonylation reaction can be
carried out either in a separate solvent or in a large
excess of pentenoic acids.
As a separate solvent it is possible in
25 particular to use saturated aliphatic or aromatic
carboxylic acids containing not more than 20 carbon

atoms, provided that these acids are liquid under the

reaction conditions. As examples of such carboxylic



280 mM) : 5.8 - linearity (L) (=ratio of adipic acid to
total diacids obtained) 84% WO 97/ 47580 10
PCT/ FR97/ 00940 The mixture withdrawn is distilled using a

‘col urm wi th a@ii%ﬂéﬁgsgw cm under at mpspheri BUEA co’&porq,gsél&ngco

bei ng bubbl ed Thi's gives a fra
t ed t ' | | d
ot hyl but anol CGRTASTEaRECE iy DS R R S art 0y Tpr L SRS, B0

met hyl but anoi c” acr ds,

et hyl succi ni ¢ ¥Jgigs; leric, adipidPthyhabitatig Snehpidydsyscini c acids
are subsengﬁ%Ty %?s?f%?edauﬁ%%r reduced pressure (wth CO 10 being

bubbl ed througheya&. a capillary tube).

The separate solvent can also be selected

5 from saturated aliphatic or cycloaliphatic hydrocarbons
and their chlorinated derivatives and aromatic
hydrocarbons and their chlorinated derivatives,
provided that these compounds are liguid under the
reaction conditions. As examples of such solvents

10 mention may be made of benzene, toluene, chlorobenzene,
dichloromethane, hexane and cyclohexane.

When present in the reaction mixture the
separate solvent makes up, for example, from 10 to 99%
by volume relative to the total volume of the said

15 reaction mixture and, preferably, from 30 to 90% by
volume.

In a preferred variant the hydroxy-
carbonylation reaction is carried out in the pentenocic
acids themselves, namely 2-pentenoic, 3-pentenoic and

20 4-pentenoic acids and mixtures thereof.

The hydroxycarbonylation reaction is
conducted at a pressure which is greater than
atmbspheric pressure, and in the presence of carbon
monoxide. It is possible to use substantially pure

25 carbon monoxide or technical-grade carbon monoxide as
is found in commerce.

The reaction is conducted in the liquid

phase. The temperature is generally between 100 and



" The residue essentially contains adipic acid and the catal yst. The

catalyst is recovered in the recrystallization and wash waters of the
_adi pic acid. After having repl enished the catalyst and 15
¢ added the io ing pronoter andg3-pentenoic 66%? t he

hydroxycarbonyﬁ ?gﬂ+o?apenten0|c acid IS repeateézagﬁgésc ed

above, with Sﬂ?ﬁ‘é”&h&'%¥ef9fably be af@ynéﬁdoioée@ctants and under the

same operating ditions,” but recycling of a portion of the 20
branched di aci ds '50|at?Heb€$@£Ph§£sture can vary witH{¥ g{@eéges are as

fol | ows: - 2.44 nol of 3-pentenoic acid (P3)
- 0.924 mol Iﬁmitél(fﬁﬁﬁpartlal pressure of 2c@AbdiDhobxilie (57% by wei ght
aqueous 25 sol ution) - 11.5 g of branched

di acids (41 gh&gswofed at 25°C, is generalhy framtd oh toxFQrledr and
- 1.26 nmol of water (22.7 g) injected over 30
5 preferably from 1 to 25 bar.

As indicated above, the reaction mixture
obtained from the hydroxycarbonylation reaction
comprises essentially the unconverted pentenoic acids,

. water, the iodine- and/or bromine-containing promoter,

10 the catalyst, the solvent (if employed), the resultant
adipic écid, and the other byproducts, which are formed
in greater or lesser quantities, such as, for example,
2-methylglutaric, 2-ethylsuccinic and valeric acids and
gamma-valerolactone {(or 4-methylbutyrolactone).

15 The at least partial separation of the
branched diacids such that their concentration after
recycling into the hydroxycarbonylation reactor does
not exceed the upper limits indicated above, throughout
the reaction, can be carried out by known methods. It

20 is possible, for example, to convert all or some of the
branched diacids into their corresponding anhydrides,
as is described in the patent EP-A-0 687 663, in order
to enable them to.be.separated more easily by
distillation.

25 It is also possible to subject the reaction
mixture which is obtaiﬁed from the hydroxycarbonylation
to fractional distillation and to remove the lightest

compounds, such as the pentenoic acids or the other
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m nut es. The reaction lasts for 30 m nutes at 185[err]C,
and quantitative determ nation gives the foll ow ng resul ts.

‘-édggggegcﬁg ? ¥§§7?238 FS% ?L i 53%)7 P3 convé??%%%ﬁgi%éﬁg48f
- yield (V) O£°R§§?§§S gb?ﬁgdg %%rﬂgthLoms TPlspgl glutaric and

2- et hyl succi nir'c converted : 15.5%

E:O%l/g:’ ?ng) Og/]_gegﬁ_@a&iibﬁr QEﬁCB?”ESQgﬂ%? ggtolrlg‘tilegnatmoﬁﬁhlé%%%rgst geFBhour
per litre of ppagki;pa Hixbbtey(8PPEBXLARLAYY separation of part of
the resultant adipic acid by crystallization.

5 Subsequently, the fractions richest in branch diacids
can be distilled. This distillation can be supplemented
by other operations for separating the various
constituents of the reaction mixture obtained from the
hydroxycarbonylation. In this way it is possible to

10 carry out crystallization, and optionally one or more
recrystallizations, of the adipic acid in order to
recover as much as possible of the catalyst which it
contains.

The branched diacids are distilled under

15 reduced pressure, possibly and advantageously under a
gentle stream of carbon monoxide.

It is possible in this way to recycle at
least some of the catalyst, of the promoter and of the

- light compounds capable of being converted at least in

20 part into adipic acid, while recycling only very little
if any of the branched diacids.

Advantageously, the process of the invention
is performed continuously. Indeed, apart from the
obvious industrial advantage of this type of

25 implementation, it is much easier to permanently
maintain a relatively low level of branched diacids,
the unavoidable formation of the said branched diacids

and their partial recycling being compensated by the



‘15 - 280 m) : 5.8 - linearity (L) (= ratio of
adipic acid to : total diacids obtained) : 81% .
- total content of branched diacids in the final reaction

"mxture: 134 gok®7/42880 The trgat ment descr|§@§/§ﬁ§7ﬁﬁgggbe lis
carried out and, after the catal yst has been repl eni shed and the

i odi ne- cont ai riong ipoW:t &itdidtawal of3ap@Rireéient oXCitthehadeackaemn added again
t he hydr oxycar bonyl ati on of pentenoic acid is repeated as 25 -

descri bed abowgxtwireh substantially the same amounts of reactants and
under the sanme operating conditions, but with recycling of a |arger
anount of the branched The cogicentdeticonl affetbrbatbedhdddcids in the
reaction mixture can then be maintained, for example,
5" at a level of less than or equal td 100 Qrams per
kilogram and, preferably, of less than or equal to
50 grams per kilogram.
Finally, among the branch diacids, it is
found that it is even more advantageous for 2-ethyl-
10 succinic acid to be maintained more specifically and
within the reaction medium at a content of less than or
equal to 50 grams per kilogram and, preferably, of less
than or equal to 30 grams per kilogram. In the context
of a continuous process, this content of 2-ethyl-
15 succinic acid can then be maintained in the reaction
medium at a level of less than or equal to 20 grams per
kilogram and, preferably, of less than or equal to
10 kilograms per kilogram.

The examples which follow illustrate the

20 invention.

EXAMPLES 1 TQ 3
A 1 litre metal reactor equipped with means
for heating and cooling, with a stirrer (operating at
1200 revolutions/minute), with devices for introducing
25 the reactants and for withdrawal, and with devices for
measuring the temperature and pressure is charged with:

- 2.52 mol of 3-pentenocic acid (P3)
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The charges are as foll ows: - 2.35 nol of 3-pentenoic acid
(P3) - 0.924 mmol of 1rd (COD) - 2.24 mol
-of H (57% byywepghygggeous 5 9  solution) pcT/FR97/00940 -

22.9 g of branched diacids (41.5 g/ kg of

m xt ure)
m nutes. 10

2- et hyl succi ni c aci d)

- 0.9%246miBlL 6F WBCR(CORR.7 Q)

initial reaction
I njected over 30

The reaction lasts for 30 mnutes at 185[err]C,
and quantitative deternnatanmuolesft HE f(BFkoyngeight aguealss.

- degree of conversion (DC) of P3 : 49%
adipic acid (AdDbkipslative to 15 P3 converted : 65%
- yield (Y) of branched diacids (2-nethyl-

- yield (Y) of

glutaric and

r & pregeure of 5 bar of CO is established at

5 room temperature and then the reaction mixture is

heated with stirring to 185°C, at which temperature the

pressure is adjusted to 20 bar using CO. 22.7 g of

water (1.26 mol) are then injected over 30 minutes.

After 30 minutes reaction, the reaction

10 mixture is removed while still hot, undexr a carbon

monoxide atmosphere, into a 500 ml pan.

A sample of this mixture is assayed by gas

chromatography (GC) and high-performance liquid

chromatography (HPLC).

15

20

25

The results are as follows:

- degree of conversion (DC) of P3 : 52%

- yield (Y) of adipic acid (AdOH) relative to

P3 converted : 68%

- yield (Y) of branched diacids (2-

methylglutaric and 2-ethylsuccinic acid)

relative to P3 converted : 13%

- yield (Y) of gamma-valerolactone (M4L)

relative to P3 converted : 8%

- rate of .absorption of CO in moles per hour

per litre of reaction mixture (approximately

280 ml) : 5.8

- linearity (L) (= ratio of adipic acid to

total diacids obtained) : 84%.



to P3 converted : 18.3% - yiel d' (Y) of ganma-val erol act one
(maL) 20 relative to P3 converted : 7% - rate
of absorption of COin noles per hour per litre of reaction

‘moxture (approye nedpdysso 00 _ 28(pm) : 5.2  pPCT/FRS7/00940
linearity (L) (= ratio of adipic acid to 25 total diacids
obtai ned) : 78% The mixturé obrbthdxdnnenis odidt sibdddugimgials in the
final reaction m xture: 177 g/ kg. In the results obtained
in Exanpl e 3, odlumm with a height W 9301 7&80 under atmospherild
PCT/ FR97/ 00940 content of branched diacids of between 81.5 g/kg at
t he begipmeswuog, twithyad ovgiry torighled drheoupti77 g/ kg at t he
end of the hydroxycarboq¥lation, it is observed .
his gives a fraction comprising unconverted
5 pentenoic acid, gamma-valerolactone, valeric and

methylbutanoic acids, and a portion of methylglutaric

and ethylsuccinic acids.

Methylglutaric and ethylsuccinic acids are
subsequently distilled under reduced pressure (with CO

10 being bubbled through via a capillary tube).

The residue essentially contains adipic acid
and the catalyst. The catalyst is recovered in the
recrystallization and wash waters of the adipic acid.

After having replenished the catalyst and

15 added the iodine-containing promoter and 3-pentenoic
acid again, the hydroxycarbonylation of pentenoic acid
is repeated as described above, with substantially the
same amounts of reactants and under the same operating
conditions, but with recycling of a portion of the

20 branched diacids isolated beforehand.

The charges are as follows:

- 2.44 mol of 3-pentenoic acid (P3)

- 0.924 mmol of IrCl{(COD)

- 2.24 mmol of HI (57% by weight aqueous

25 solution)

- 11.5 g of branched diacids (41 g/kg of

initial reaction mixture)

- 1.26 mol of water (22.7 g) injected over 30



“that the rate of reaction and the linearity are 5 beginning to

decr ease. COVPARATI VE TEST 1 The recycling tests
.are repeated, with the i ntroduction of |arger anounts of
“met hyl gl ut ari goang /47580 et hyl succinic aghds, the oper abtpgrrRONAddH20S
being the 10 sane. The charges are as foll ows:

- 2.21 nol of 3-pentenoimdnatied.(P3) - 0.924 mol of

I rd (COD) - 2.24 mmol of H (57% by wei ght aqueous 15
sol ution) The- réacgignoflabtanfbed3di aindse6188 gBEGCof
initial reaction m xture) - 1.26 nmol of water (22.7 @)

i nj ected over agd quantitative detgrminasionpgives the follgwangeacti on
| asts for 30 mnutes at 185[err]C,

results.

5 - degreé of conversion (DC) of P3 : 53%
- yield (Y) of adipic adcid (AdOH) relative to
P3 converted : 66%
- yield (Y) of branched diacids (2-methyl-
glutaric and 2-ethylsuccinic acid) relative

10 to P3 converted : 15.5%
- yield (Y) of gamma-valerolactone (M4L)
relative to P3 converted : 8%
- rate of absorption of CO in moles per hour
per litre of reaction mixture (approximately

15 280 ml) -: 5.8
- linearity (L) (= ratio of adipic acid to
total diacids obtained) : 81%
- total content of branched diacids in the
final reaction mixture: 134 g/kg.

20 The treatment described for Example 1 is

carried out and, after the catalyst has been
replenished and the iodine-containing promoter and
3-pentenoic acid have been added again the
hydroxycarbonylation of pentenocic acid is repeated as

25 described above, with substantially the same amounts of
reactants and under the same operating conditions, but
with recycling of a larger amount of the branched

diacids isolated beforehand.



~and quantitative determ nation gives the follow ng resul ts.

- degree of conversion (DC) of P3 : 29% _ - yield (Y) of

,adipic acid (AdOH) relative to 25 P3 converted : 53%

- yield (Y) ojobsppshsdodi aci ds (2-methyis | PCT/ER3Y A6 0$a 6N
2-ethyl succinic acid) relative WO 97/ 47580 14
PCT/ FR97/ 00940 The charf@sP3reoa¥efbklows31l. 1% -
yield (Y) of gamma-val erol actone (ML) relative to P3
converted : 4% - 2.35 melrafe3epenbenvpti anidf ()i n nol es per hour
5 per litre of reaction m xture (approxi mately
280 m) 2.8 - 0.924 mmol of IxCl (COD)

- 2.24 mmol of HI (57% by weight aqueous

5 solution)
- 22.9 g of branched diacids (41.5 g/kg of
initial reaction mixture)
-.1.26 mol of water (22.7 g) injected over 30
minutes.

10 The reaction lasts for 30 minutes at 185°C,
and quantitatiVe determination gives the following
results.

- degree of conversion (DC) of P3 : 49%
- yield (Y) of adipic acid (AJOH) relative to

15 P3 converted : 65%

- yield (Y) of branched diacids (2-methyl-
glutaric and 2-ethylsuccinic acid) relative
to P3 converted : 18.3%

- yield (Y) of gamma-valerolactone (M4L)

20 relative to P3 converted : 7%

- rate of absorption of CO in moles per hour
per litre of reaction mixture (approximately
280 ml) : 5.2

- linearity (L) (= ratio of adipic acid to

25 total diacids obtained) : 78%

- total content of branched diacids in the
final reaction mixture: 177 g/kg.

In the results obtained in Example 3, with a



- linearity (L) (= ratio of adipic acid to ' total diacids
obt ai ned) : 63% - total content of branched diacids in the
.10 final reaction m xture: 257 g/kg. - In the
"results obtai w@jgiwy@cymar ative Test 131, with a copegmmgfy/bbgqghed
di aci ds of between 158 g/ kg at the beg| nni ng of the

hydr oxycar bonyogitietit of braditthedb digididisaoft BeteeeénoBit.lie g/kg at the
hydr oxycar bonyl ation, it 15 i s observed that the rate of reaction and
the linearitybeginninl tdfe tdieahiydixroxtyicairbedylatiens andeny 7g0g&ial vt
WO 97/ 47580 15 PCT/ FR97/ 00940
CLAI M5 the end of the hyBrosycarbonylpdionycdtbasyobisiemyed
pentenoic acid by reaction with water and carbon

that the rate of reaction and the linearity are

5 beginning to decrease.

COMPARATIVE TEST 1
The recycling tests are repeated, with the
ihtroduction of larger amounts of methylglutaric and
ethylsuccinic acids, the operating conditions being the
10 same.
The charges are as follows:
- 2.21 mol of 3-pentenocic acid (P3)
- 0.924 mmol of IxCl{(COD) |
- 2.24 mmol of HI (57% by weight aqueous
15 solution)
- 45.8 g of branched diacids (158 g/kg of
initial reaction mixture)
- 1.26 mol of water (22.7 g) injected over 30
minutes.
20 The reaction lasts for 30 minutes at 185°C,

and quantitative determination gives the following

results.
- degree 6f conversion (DC) of P3 : 29%
- yield (Y) of adipic acid (AdOH) relatiwve to
25 P3 converted : 53%

- yield (Y) of branched diacids (2-methyl-

glutaric and 2-ethylsuccinic acid) relative



“nmonoxi de in the presence of a catal yst conprising at 5 | east rhodi um
and/or iridiumand of an iodine- or brom ne-contai ning pronoter, in
.wWhi ch process at |east part of the pentenoic acid, the catal yst and

-the proagtgﬁ/Qﬁsgbnate froma priojgqoperation of per/Fr97/00940
hydr oxycar bonyl ation of pentenoic acid, characterized 10 in that the

reaction is carried outtbnpsheoﬁweieaae ok1i.1% an anpunt of branched
carboxylic diacids having 6 carbon atons of |ess than or equal to 200
grans per ki | ogr am gfielidadt?) onfngamnaevalerolactone (M4L2. Process
according to claim1, 15 characterized in that the hydroxycarbonyl ation
reaction i s conduteédtivet ho PBesenvervedam Akount of branched
carboxylic diacids having 6 carbon_atons of |ess than or equal to 150
grams per kil ogram of rea@ﬁFénoﬁlﬁhﬁpﬁpthH of CO in molgs pepr beuss

according to either of clains and, 2, characterized in that the
hydr oxycaPbonyl ati on  PeT ;é56?|8 reaghiPReMiZLITE (RRBTRX&BREEAYOf a

catal yst 280 ml) : 2.8
- linearity (L) (= ratio of adipic acid to
total diacids obtained) : 63%
- total content of branched diacids in the
10 final reaction mixture: 257 g/kg.
In the results obtained in Comparative Test
1, with a content of branched diacids of between
158 g/kg at the beginning of the hydroxycarbonylation
and 257 g/kg at the end of the hydroxycarbonylation, it
15 is observed that the rate of reaction and the linearity

of the diacids obtained decrease ﬁery greatly.



“-conprising rhodi umand/or iridiumand, optionally, ot her noble netals
sel ected from rutheniumand osm um 4. Process accordi ng
.to one of clains 1 to 25 3, characterized in that the amount of catal yst
- enpl oyed is bggweepateherr] and 10[err] iy noles of netpdt)®rR97/009461 di UM
and/or metallic rhodiumper litre of reaction WO 97/ 47580

16- PCT/FRO7/ 00940 m gtar@sand i s preferably between

5x f ] mol/litre. 5. Process according to
OHQMElHiHﬂmnm“H“ 4, characterized in that the iodine- or brom ne-
5 ni ng pronoter is selected fromH and HBr and organic

i odi ne conpounds or organi c Brogeas fomphyddexycarbompilabhinge capabl e of

generating H or HBr under the
pentenoic acid by reaction with water and carbon

monoxide in the presence of a catalyst comprising at

5 least rhodium and/or iridium and of an iodine- or
bromine-containing promoter, in which process at least
part of the pentenoic acid, the catalyst and the
promoter originate from a prior operation of
hydroxycarbonylation of pentenoic acid, characterized

10 in that'the reaction is carried out in the presence of
an amount of branched carboxylic diacids having 6
carbon atoms of less than or equal to 200 grams per
kilogram of reaction mixture.

2. Process according to claim 1,

15 characterized in that the hydroxycarbonylation reaction
is conducted in the presence of an amount of branched
carboxylic diacids having 6 carbon atoms of less than
or equal to 150 grams per kilogram of reaction mixture.

3. Process according to either of. claims 1

20 and 2, characterized in that the hydroxycarbonylation
reaction is carried out in the presence of a catalyst
comprising rhodium and/or iridium and, optionally,
other noble metals selected from ruthenium and osmium.

4. Process according to one of claims 1 to

25 3, characterized in that the amount of catalyst

employed is between 10™* and 10! in moles of metallic

iridium and/or metallic rhodium per litre of reaction



“reaction conditions, such as al kyl iodides and al kyl br om des havi ng
1 to 10 carbon atons. 10 6. Process according to one of
.claims 1 to 5, characterized in that the pronoter used is an

- i odi ne-cont aiggngypiegpber and, preferably, is H or  pep/FRdfydod sl de.
7. Process accorging to one of claims 1 to 15 6, chardéterlge I n that

the amount ofmiRehPe- aAAUL 8l preferaBl PNba8LwESAL @i ni ng pronoter enployed is
such that the nol ar ratio of iodine (and/or bromne) to iridium

(and/ or - r hodi ) 0i*sagdeaner nidlgliereaqual to 0.1 and preferably |ess
than or equal to 20. 20 8. . Process according to one of
clains 1 to 7, charactProzedsi actbaditdpetanonat obf chaims Enpboyed
is such that the nolar ratio of water to pentenoic acids is between
0.01 and 10. 4, characterized9in thabcthe bedbnei ngrtbroménet clains 1 to
25 8, characterized in that the hydroxycarbonyl ation '
5 containing promoter is selected from HI and HBr and
organic iodine compounds or organic bromine compounds
which are capable of generating HI or HBr under the
reaction conditions, such as alkyl iodides and alkyl
bromides having 1 to 10 carbon atoms.
10 ) 6. Process according to one of claims 1 to
5, characterized in that the promoter used is an
iodine-containing promotef and, preferably, is HI or
methyl iodide.
7. Process according to one of claims 1 to
15 6, characterized in that the amount of iodine- and/or
bromine-containing promoter employed is such that the
molar ratio of iodine (and/or bromine) to iridium
(and/or rhodium) is greater than or equal to 0.1 and
preferably less than or equal to 20.
20 8. Process according to one of claims 1 to
| 7, characterized in.that the amount of water employed
is such that the molar ratio of water to pentenoic
acids is between 0.01 and 10.
9. Process according to one of claims 1 to
25 8, characterized in that the hydroxycarbonylation
reaction is conducted either in a separate solvent or

in a large excess of pentenoic acids.

10. Process according to claim 9,

AR M



“reaction is conducted either in a separate solvent or in a large

- excess of pentenoic acids. 10. Process according to claim
.9, WD 97/ 47580 17 PCT/ FR97/ 00940
- characterizedyd ot )ersgde separate solveni is sel ectedper/FrRI7T/ABSAS Ur at ed
al i phatic or aromatic carboxylic acids cont ai ning not nore than 20

carbon atons chiafsdorerized imtthi®t echal s@b@tate MoTyshioal s pheiésted
hydr ocar bons and 5 their chlorinated derivatives, and aromatic

hydr ocar bons £ownt$eturatedrahiplkat derovaromstic carbqeylVidescidat t hese

conpounds are liquid under the reaction conditions.
11. Process sertaiming onehanerfe cthams2d carbdd) atdds ahafmwmteri zed in that
it is performed continuously and such that the concentration of

br anched di acs@feu¥ated aliphatic or cycloaliphatic hydrocarbons and
5 their chlorinated derivatives, and aromatic
hydrocarbons and their chlorinated derivatives,
provided that these compounds are liquid under the
reaction conditions.
11. Process according to one of claims 1 to
10 10, characterized in that it is performed continuously
and such that the concentration of branched diacids in
the reaction mixture is at a level of less than or
equal to 100 grams per kilogram and, preferably, of

less than or equal to 50 grams per kilogram.

[
Ll



:

the reaction mxture is at a | evel of |ess than or equal ?goﬁﬁggg'raarrs
per kil ogram and, pref erabl y
ki:l ogram

..., Of |l ess than or,equal to 50 ¢Ra®s per

' 1"v
l,'dh
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(57) Abstract

The invention discloses pentenoic acid hydroxycarbonylation into adipic acid. More particularly it concerns one pentenoic acid
hydroxycarbonylation method involving reaction water and carbon monoxide, in presence of a catalyst comprising at least thodium and/or
iridiom and an iodinated or brominated catalytic promoter. In the method, the catalyst is derived at Jeast in part from a previous pentenoic
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(57) Abrégé

La présente invention conceme 1’hydroxycarbonylation des acides penténolques en acide adipique. Elle concerne plus particulizrement
un procédé d’hydroxycarbonylation d’acide penténoique par réaction avec I’eau et le mondxyde de carbone, en présence d'un catalyseur
comportant au moins du rhodium et/ou de I'iridium et d*un promoteur iodé ou bromé, procédé dans lequel le catalyseur provient au moins
en partie d*une opération antéricure d*hydroxycarbonylation d’acide penténolque, caractérisé en ce que la réaction est effectuée en présence
d’une quantité de diacides carboxyliques ramifiés ayant 6 atomes de carbone inférieure ou égale A 200 grammes par kilogramme de mélange
réactionnel.




