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PROCESS fOR PREPARING ADIPIC-ACID
BY EYD Rocmoxm'i'xog OF PENTENOIC ACIDS
The present invention relates fo'a process

for preparing adipic acid by hydrocarboxylation of
pentenoic acids,.that is to say,'b} reaction of water
and qarbon mono#ide with at least one pentenocic acid,
in the presence of a rhodium-based catalyst'and.of at
least one iodinated’pﬁamoter. .

- A process is proposed, in European Patent
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
of an iodinated promoter, the reaction being carried
out in a solvent such as hethylgne chloride at a

temperature of 100 to 240°C and under a totai_pressuré

. of between 14 and 240 atm; a temperature of between 150

aﬁd 180°C and a total pressure of between 24 and 40
atmospheres are regarded as preferable. The carbon

monoxide partial pressure isigenerally between 10 and

'35 atmospheres and preferably between 10 and 17

atmospheres. The choice of solven; is shown to be

critical within the scope of the process in question

‘and it is even judged that solvents such as acetic acid

are undesirable due to the low degrees of linearity
obtained in their presence. |

Likewise, it is mﬁinﬁaineq that nonpolar
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solventg-such as cyclohexane and toluene are also
undesirable, due to their propensity to directly

pfomoté_the formation pf branched products and

_indirectly that of saturated monocarboxylic acids.

A process is proposed, in European Patent

'Appllcation No. 0,274, 076, for preparing linear

'carboxyllc acids by hydroxycarboxylat;on of: unsaturated

esters or of alkenes containing end unsaturation
comprising-frdm 4 to 16 carbon atoms in the presence of
a #hoﬁiuﬁ-based catalyst and of én 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
the reaction accelerator. The carbon ﬁonoxide partial
presgufe is between 10 and 200 atmosphere and
preferably between 13.and 20 atmospheres.

However,'when-starting'frdm pentenoic'estérs,
the formation of ﬁethyl monoadipate is essentially
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'éolvent chosén from carbéxylic
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
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seléctively obéain adipic acid by hydrocarboxylation of
pentenoic acids in the presence of a rhodium-based
catalyst and of an_iodihated.promoter without using a
third solvent, that is to say, using solely ome or a
number of pentenoiq-acids. .

| The subjéct of the'présent invention is ﬁhus
a procéss for preparing adipic acid by':eaction of

water and carbon monoxide with at least one'pentenoic.

acid, in the ﬁresepce_of a rhodium-based catalyst and

- of at least one iodinated promoter, at a temperature

between 100 and 240°C, at a pressure greater than
atmogpheric.presspre, characteriged 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.

Pentenoic acid is unaerstood té mean, within
the scope of the:presenf invention,'penten-z-oic acid,
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
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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The pentenoic'acids used may, of course,

contain minor amounts of by-products formed during

their preparation, such as, for example, valeric acid,

methylbutyrolactones, adipic acid, methylglutaric écid _
and ethylsudcinic acid.

The process according.to.the present -
invention requires the présénce of a rhodiﬁm-based
catalyst. Any rhodium source is capable of being used.

As examples of rhodium sources capable of

being suitable for use in;ﬁhe present process, there

- may be mentioned:
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25

Rh mgtal, Rh203;

RhCl,, Rhc13031120,

Rhﬁr3, RhBr,e3H,0,

RhI,, Rh(NO;);, Rh(NO;);¢2H,0,

Rhj (CO) ,C1,, Rhy(CO) Br,, Rh,(CO),I,,
Rh (CO) C1 [P (C4H;) 515, |

Rh [P (C4H5) 31, (CO) I,

Rh{P(CgHg) 31 4Bx,

Rh, (CO);,, Rhg(CO) is, 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 =
acetylacetonate) . |

More particularly suitable for use in the

present process are:
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5
HRh (CO) [P (CgH;) 5] 3
Rh (cb) ClIP(C¢Hs) 3l 5,
Rh, (Cod) 2Cl,,
Rh, (CO) ,C1,,
RhI;, RhCl,e3H,0, Rh(acac);,
Rh(Cod) (acac),, Rh,(CO,CH;),, Rh(CO),,,
" and Rh(CO) -

The quantity of rhodium to be used can vary

. within wide limits.

In general, a quantity, ekpressed in mole of

metallic rhodium 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
disadvantages only at an economic level. |
| Preferably, the concentratioﬁ_of rhodium is
between 5-10"% and 102 (inclﬁsivg) mol/l.

Todinated promoter is understood to mean,
within the scope of the present p?ocess, HI and the

organciodine compounds capable of generating HI 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
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 finclusive).
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The presence of witer is vital to tﬁe runnihg
of the process according to the p:ésent invention. In
ééneral, the quantity of water to be used is such that
the water/pentenic acid(s) molar ratio is between 0.01
and 10 (inclusive). | R |
A lower quantity has the disadwanﬁage of
excessively limiting the copvérsion. A higher quantity
is not desirable due to the loss of catalytic activity
observed. |
| According-to an essential characteristic of

the present process, the carbon monoxide partial

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

20 bar.

When the carbon monoxide partial pressure,

‘measured at 25°C, is greater than this value, the

selectivity towards linear and/or branched diacids is

very low and the formation of significant quantities of

- 4-methylbutyrolactone, an undesirable compound, is

recorded. _

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. |

It is possible to use carbon monoxide which
is substéntiaily pure or of technical quality, such as
ié commercially available. |

As shown above,'ﬁhe reaction temperature is
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between 106 and 240°C. For good'implementation of the
present 1nventzon, the temperature is between 160 and -
190°C (inclusive).

The reaction is carried out at a pressure
greater than atmospheric pressure and, generally,'in
the liquid phase. -

The total pressure can vary within certain

limits which will depend on the procedure retalned, on

- the carbon monoxide partial pressure and on those of

the censtituents of the reaction mixture at the chosen
reactiou temperature and, if appropriate, on the
autogeneus pressure of the pentenoic‘acid(s).present.

| The reaction uixture-contains_ﬁater, one or
more rhodium sources, one or more iodinated promoters
and, if appropriate, all or part of the‘penteudic
acid(s) iuvolved, 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.
The examples below illustrate-the present
invention.
EXAMPLE 1
The following.are introduced into a glass
flesk purged beforehand with argon:
- 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
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. 55.2 g (552 mmol) of.penten-3—oic acid.
The flask is piaced in a 125-ml1 autoclave.
The autoclave is hermetically'ciosed, placed

in an oven equipped with agitation and connected to the

., supply of pressurised gas. 2 bar of CO are admitted

while cold -and the mixture is heated to 175°C over
20 minutes. When this temperature is reached, the
pressure is adjusted to 8 bar.

After a period of reaction of 90 minutes, CO

.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.

The quantities of products formed (molar

‘yield in_:elation'to converted penten-3-oic acid) are

as follows:

:

. valeric acid (Pa): { 0%
penten-4-~-o0ic acid (Pa): A"~ COOH = 9.5 %
penten-2-oic acid (?2') 3 /\/\ :COOH = 7.5 %

4-methylbutyrolactone (M4L): _O.: e} - =16 %
' O
ethylsuccinic acid (a3): -)\/‘CO.OH =0 %
. ' HOOC . _

methylglutaric acid (a2):’ Hooc)\'/_\COOH =16 %
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adipic acid . (A1)

é
HOOC , o 57 s
COOH

The degree of linearity (L) is 77 %.

The degree of conversion of penten-3-oic acid

(DC) is 47 %.

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

_Example'l is repeated under the same

conditions but with the following charges:

EXAMPLE 2

1.31 mmol of rhodigm in the form of
[RhCl (Cod) 1,

0.35 g (2.5 ﬁmol) of CH,I

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 %

degree of linearityé 73 %

yield of adipic acid: 62 %

productivity: 130 g/h.1

Example 1 is repeated according to its

procedufe, under the foliowing conditions:

téﬂperature: 175°C

CO pressure: 20 bar



10

15

20

25

10

duration of temperature: 180 min

and the following:charges:

EXAMPLE 3

procedure

and the £

0.192 mmollof rhodium in the form of

[RhC1 (Cod) ], | |

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 § f536 mmol) of penten-3-oic acid.
The following results are obtained:

DC of P3: 41 %

degree of linearity: 55 %
.yield of adipic acid: 42 %

prodhctivit?: 170 g/h.1 .

Example 1 is repeated according to its
. under the following conditions: |
temperature: 175°C . -

co pressﬁre: 8 bar

duration of.temperaturgz 265 min.
ollowing 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‘

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 %
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degree of lineari;cy: 63 %
yield of adipic acid: 49 %
productivity: 150 g/h.1
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CLAIMS_

1. Procésg for prep#ring adipic aéid by
réaction of watér and carbon monoxide with at ieast one
pentenoic acid, in the présenqe of a fhodium-based
catalyst and of at least.one iodinated promoter, at a
temperature'between 100 and 240°C, at a pressure.
greater than atmospheric pressure,.chéracterised in
that | |

a) the .reaction is implémented.in the absence of

a third solvent | |

b) and-the carbon-monoxide parﬁial pressure,
measured at 25°C, is less than or equal to

20 bar.

2. Process according to claim 1,
characterised in that the rhodium concentration in the
reaction mixture is between 10~ and 10-1 mol/1
(inclusive).

) - 3. | Prodess according to either-of claims 1
or 2, characterised in that the I/Rh molar ratio is
greater than ot 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 éne of claims 1 to
4, characterised in that the water/pentenoic acid(s)
mclar ratio is_between.0;01 ahd 10 (inclusive) .

6. Process écco:diné to one of claims 1 to

5, characterised in that the reaction temperature is
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7. Process according to one of claims 1 to

between 160 and 190°C.

6, characterised in fhat the carbon monoxide partial
pressure, measured at 25°C, is less than or equal to
10 bar. |

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

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



