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PROCESS FOR _THE HXDRQXYCARBONYLATION OF BUTADIENE

The present inwention'relates to the
hydroxycarbonylation of butadiege and/or of its
derivatives, into pentenoic acids, by reactipn of
carbon monoxide and water. |

One of the poss;ble routes ‘of access to
ad:p;c acid, which is one of the two’ basic constituents

of nylon 6.6 polymers, is the double carbonylation of

‘butadiene or of its derivatives.

Althauéh it may be eﬁvisagsd to perform the

- .two hydrsxycarbonylations leading from butadiene to

adipic_scid in a single step, in practice it turns out
that the two reactions must be carried out
successively, if it is desired to obtain sufficiently
high selectivitiss-to be able to envisage an
economically viable industrial process.’ |

| Patent US-A-3 509 209 describes the
hydroxycarbonylation of various oleflns, includlng
butadisne, by carbon monoxide and water, in the

presense of hydrochloric or hydrobromic acid and a

‘palladium-containing catalyst, at a tempersture_of 15°C

to 300°C and at a pressure of 1 to 1000 bar and
preferably of 10 to 200 bar.

Under the conditions descrlbed, it is
observed that the yields of pegtenoic acids are very
low and that, in fsct; very often the productﬁobtsined.
is valerolactone. | |

Patent FR-A-2 529 885 has proposed a process
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for the preparation of bq;;,gamma-unsaturated acids
such as pentenoic ac;ds, by.carbonylation of a .
conjugated diene (mprelparticularly butadiene) in the
presence of water, a halogenhydracid, a palladium-based
catalyst:and'é quaternary onium salt of an element
chosen from nitrogen, phosphéfus and arsenic.

This process gives.gbod resuits, but it
requires the use of a relétively large amount of a
quaterﬁary onium salt, which caﬁpound is expensive and

whose presencé tends to complicate the treatment of the

" mixtures at the end of the reaction.

It has now béen found that the
hydroxycarbonylation of butadiene and its derivatives
may be performed with a very good selectivity towards
products ﬁhose value may be upgraded, that is to say
particu;arly toﬁards pentenoic acids, without,
moreover, working in thé.presence of a quaternary oniﬁm
salt. |

More prgcisely; the-present invention |
consists of a process fof'the hydroxycarbonylation of
butadiene and of its derivatives by carbon monoxide and
water, at a pressure greater than atmospheric pressure
and in the presence of a-palladium catalyét which is
séluble in the reaction medium,'charﬁcterized in that:

- the process ig performed in the presence of
crotyl chloride, in'#n_amou#t of at least two mol per
mole of pall#dium,

- the palladium is, at least partly, in the
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form of a crotyl pi-complex,
- the water present in the reaction medium
represents an amount less than or equal to 20% by
weiéht relative to the weight of the reecriod mixture:

Butadiene derivative is understood, in the

present text, to refer in particular to allylic

iutenols, for instance 3-buten-2-ol, 2-buten-l-ol and
their mlxtures and addition compounds of hydrogen |
chloride with butadzene (chlorobutenes), the main one
of which is croty1~chloride. In the present process,
butadiene, one or more ef its derivatives'or'the
mixtures of butadiene wdth one or more of its
deriﬁatives may be used. Butadiene or ﬁixrures
containing a majority of'hutediene nevertheless
represent -the preferred substrates for use.

The crotyl-palladium pi-edmplex catelyst may
be iptredueed into the'reection hedium or may be formed
in situ from Pd balides, more particulerly.the |
chloride, frdm-Pd carboxyiates, in particular the
eeetate, or alternatively from fipely divided palladium
metal.

The amount of pi-crotyl-palladium catalyst
used in the process may vary ﬁithin alwide range.'Frdm
105 mol to 0.2 mol of Pd per mole of butadiene or of

butadiene derivative employed in the reection and

" preferably from 10°% mol to- 0.1 mol per'mole is

generally used.

Besides the pi-crotyl-palladium catalyst,
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palladium in another, less active, form (for example
Pd metal or Pd chloride) may also be found in the
reaction medium in a variable amount. However, in an
industfial process, it is preferable fof all or
‘practically all of the palladium to be in an active
form which is soluble in the medium, for instance pi-
crotyl-palladium, possibly with palladium chloride{

| The Crotyl-palladium.pihéamplex may be-
preparéd, £6r examplé, by reacting a palladium salt,
for instance palladium chloride, with crotyl chléride
in a solvent which may consisﬁ of a watér/methanol

mixture. The mixture is stirred, generally at room

‘temperature, advantageoﬁgly under a gehtle'stream of

carbon monoxide. The pi-crotyl-palladium complex
precipitates and, after an optional degassihg step, the
mixture is poufed.into water and then extracted using a

suitable organic solvent, such as chloroform for

~example. Ihe complex is sﬁbsequently isolated from the

organic-solution by evapbratiOn_of the solvent.
'The'croty; chlori&e promoter may be |
ihtroduced into the reaction mixture or may be formed
in situ, from butadiene and/or from 2-buten-1-ol and
hydrochloric acid. -
It preferably-représents, in moles per mole,

from 5 to 10 times the amount of palladium, although it

" may be present in greateﬁ.proportiong, since it may

constitute all or some of the substrate to be

hydroxycarbonylated.
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__OVerall,‘it-is_p:eferable'to'have a.C1/Pd
molar ratib in the reaction medium of less than or
equal to 100 and preferably of less than of equal
to 20, because high-ratios haVe an adverse effedt on
the reaction kinetics.

As indicated above, the water concentration

. in the reaction mixture shbuld be maintained at a.value

eéual to or less than ZO%Hb? weight relative to the
weighé of the said mixture. This is because the water
concentration.has an unfavburable effect on the
reaction kinetics; This water concentration will
preferabiy be maintained at a value equal to or less'
thah 8% weight for weight.énd éven more preferably at a
value equal to or less than 5%. |

| As water is a reactant which is essential for

the'hydroxycarbonylétion reaction, one advantageous

.variant of the process of the invention consists in

.injecting this water prbgressively as the reaction

proceeds, which allows its concentration in the

 reaction mixture to be maintained at a very low value,

while allowing the reaction to occur.

Although the presenée of a third solvént is
not'excluded, the reaction is generally carried out
without any solvent btﬁér than the reactants themselves
or the-reaction products. It.may also be fﬁvourable to
introduce a pentenoic acid and more'partidularly
3-pentenocic acid from the start of the |

hydroxycarbonylation reaction, in order to minimize
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-Within the context of an industrial
implementation of the process, recycling-of the
catalyst, the promoter and the unreacted Butgdiene may

lead to the intfoduction of larger -or smaller amounts

of other compdunds into the reaction medium, in

particular of by-products formed during the

'hydroxycarbonylation reaction. Thus, the reaction -

mixture may, for example, éontain butenes, gamma -
valerolactone, valerié.acid, adipic acid, 2-
methylglutaric-acid, 2hethy15ﬁccinic acid, 2-
méfhylbutanoic acid and 2-methylbutenocic acids. Bearing
in mind -the requirements of a foasible continuous
implementation of the process, the amounts of these

compounds present may reach up to 90% by weight of the

reaction mixture employed in the hydroxycarbonylation

reaction.

' The butadieﬁe concentration is an important
parameter of the reaction,'in-pafticulgr~as regards the
stability of the palladium catalyst, that is to say
éssentially its maintenanc;.in solution in the reactibn

mixture. It has thus been observed that it'is not

favourable to have less than 0.2% by weight of

butadiene relative to the total wéight of the reaction
mixture. When the brocess is performed discontinuously,

conversion of the butadiene or of its derivatives will

. preferably be limited so that the reactioh“mixture

contains at least 0.5% by weight of the said butadiene
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The butadiené copcentratién will also
preferably be maintained at a vaiue equal to or léss
than 50% of the reaction mixture on a weight for weight
basis, and even more preferably at a value less than or
equél to 30%, when the process is berfbrmed
discontinuously, and at a value legs than or'equﬁl to
10% when the process is performed continuoué;y. |

|  Whereas the palladium catalyst tends to
precipitate in a large proportion in the form of
insoluble'palladium metal when the hydroxycﬁrbonylation
of butadiene is performed under conditions different
from those of the present process, it is ocbserved, on
the contrary, that with the conditions ciaimed the
catalyst retains a noteworthy stabilitj. |

In the industrial context, it ‘is very

- advantageous to convey only liquid phases in the

appargtus.and thus as far as is poésible to avoid the
presence of solids in suspension. It is this in
particular wﬁiéh thé present process makes possible.

The hydroxycarb§nylgtion reactibn may be'
éarried out at a tempe#ature which is"generaily.betweeh
60°C agd 230°C and préferably between 90°C and 200°C,
and at a preasure at the reaction temperature of 50 to
500 bar and preferébly of 100 to ‘300 bar. |

The partial pressure of carbon monoxide;
measured at 25°C, is from 25 bar to 440 bar and

preferably from 55 bar to 240 bar.
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_As has been indicated, the process of the

'invention may be implemented continuously or

discontinuously. Depending on the implementation
chosen, it wiil-therefore bé nece;sary to adapt the
various operating conditions defined above. |

The examples'which follaw illustrate the
invention.

EXAMPLE 1.
1) Preparation of the crotyl-Pd chloride pifcﬁmglex,

5.04 g of PdCl,, 3.37 g of Nacl, 50 cm® .of.
methanol, 15 cm® of water, 8.03 g of crotyl chloride
and a further 20 cm® of methanol are successively
charged into a 150 cm?.glass round-bottomed flask.

The heterogeneoﬁs mixture is stirred and
progressively becomeé dark brown and cloudy. The
solution is'subSequently treated, -while stirr@ng, with
a géntlg stream of carbon monoxide'(at bubble rate) féf
one hour; The mixture becomes clear and a yell&w |
predipitate appears. The stirring and.the stream of CO
are stopped and the solufién is left to stand for one
hour and is'then.poured into 300 cm® of water and

3

extracted with 5 times 50 cm® of chloroform. The

resulting straw-yellow organic phase is washed with

2 ﬁimes.loo cm® of water, dried over disodium sulphate

ove:night and the solvent 18 then evaporated off.
3.35 g of a pale yellow solid are thus recovered, which
product has a purity of greater than 94% (assay by

Nuclear Magnetic Resonance: NMR).
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2) Hydroxycarbonylation of butadiene.
The following réactants are successively
chérgeé-into a 50 cm® glass flask: |

- pi-crotyl-Pd chloride: 0.9 mmol

- crotyl chloride: 6.2 mmol

- B0t - 100 mmol

- 3-pentenoic acid: . 20 g (200 mmol)'
- butadiene: 100 immol

| The butadiene is introduced last, by
copdensation'(cdld'wall at -78°C) from a gate.

‘The flaék 15 placed'in'a 125 cm® autoclave;
the autoclave is placed in an oven incorporating
agitation by shaking, thnected to a system for - the
supply.of g#s at high pressure, and a pressure.of
100 bar of CO is established at room temperature.

The temperature is subsequently brquht to
140°C with agitation over a period of 25 min. At this
temperature, the pressure in the autoclave is broﬁght
to 200 bar by the introduction of CO and it is
maintained constant at this yalue by meané of a CO tank :
under pressure for;30 min.

The agit#tibn is fhen_stoPped, the ‘autoclave

' is cooled and degassed and the gases and the solution

obtained are analysed by gas chromatography (GC).
| The.foliowing results were cbtained:
- extent of conve:sioﬁ of butadiene (ECBD): 92%
- yield (Yd)'of 3-péntenoic acid (P3)

relative to the butadiené converted: 89.5%
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- Yd of adipic acid_(Al)} ' 0.1%
- ¥d of Zemethylgluéaric acid (A2): © 4.1%
- ¥d of 2-e;hylsu§cinic_acid (A3): ' 1.8%
- ¥d of gamma-valerolactone (VALS: _ 1 0.7%
- Yd of 2-pentenoic acid (P2): - 0.3%
- ¥d of butenes (C4): 7 0.6%

- Yd of methylbutenoic acids and
methylbutanoic acid (MB): | 2.4%
| At the end of the test, all of the palladium
charged remains in solution.

The production efficiency of the tesﬁ is

'500 g P3/litre of reactor/hour.

EXAMPLE 2 |
Part 2) of Ex#mple lis reﬁeated with the
samé charges except for the amount of water, which is
50 mmol instead of 100 mmol..
Thé temperature and pressure conditions are
the same as for Example 1. | |
The same yields are obtainea for the various
products formed, but the production.ekficiéncy of the
test is 1200 g P3llit£e of reactor/hour. |
EXAMPLE 3 |

Part 2) of Example 1 is repeated with the

'following charges:

. Pd acetate: - 0.9 mmol

- crotyl chloride: 7.2 mmol .
- H,0: - 100 mmol

3-pentenoic acid: 20 g (200 mmol)
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iOO mmol

The apparatus and the experimental'ﬁrocedure

are the same as in:Example 1.

The qperating conditions are: 140°C; 200 bar

at this temperature; 30 min at this temperature and-

' pressure.

- EC
-.Yd
- Yd
- Yd
- Yd

- Yd

- vd

- yYd

- ¥d

The following results were obtained:

of
of
of
of
of
of
of
of
of

butadiene:
3-pentenoic acid (P3):
adipic acid (Al):

2-methylglutaric acid (a2):

2-ethylsuccinic acid (a3):

gamma-valerolactone (VAL):
2-pentenoic acid (P2):
butenes (C4):

methylbutenoic acids and

methylbutanoic acid (MB):

charged remains in solution.

0.8%
0.2%
0.3%

2% .

At the end of the test, 97% of the pallédiﬁm

The prdduction efficiencj of the test is

500 g P3/litre of reactor/hour.

EXAMPLES 4 TO 8

- pi-crotyl-Pd chloride (prepared in.

following charges:

_'Example 1):

- crotyl chloride:

- H,0:

Part 2) of Example 1 is :epeéted'with the

0.9 mmol-
6.2 mmol

100 mmol
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l_- 3-pentenocic agid: ' _ 20 g (200 mmol)
- butadiene: o - 100 mmol
The apparatus and the experimental procedure
are the same as in Example 1. |

The operating conditions are: 140°C; 200 bar

at this temperature; 25 min at this'temperatufe and

- pressure.

A duration of 25 min is chosen so as to have

an EC of butadiene of approximately 80%. After a first

hydroxycarbonylation operation, the agitation is

stopped, the autoclave ia cooled and degaseed and the

. homogeneous solution obtained is placed under reduced

pressure, in order to distil off the 3-pentenoic acid

- formed (between 5 and 7 g).

The distillation-residue is still homogeneous
and it is re-used in the glase'flask, with new charges

of crotyl'ohloride (6.2 mmol), water (100 mmol) and

" butadiene (100 mmol).

5 successive tests of the
hydroxycarbonylation of butadiene are thus performed
under the sdme operating conditiomns. |

The. distillates obtained and the final

' distillation residue are analysed-by GC.

The following results were obtained (over the -

set of 5 tests):
- EC of.butadiene: ' : : - 80%
- Yd of 3-pentencic acid (P3): | ._ 93%

- Yd of adipic acid (Al): o 0%
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- ¥4 _of 2-methylglutaric acid (A2): ' 2.6%

- Yd of .2-ethylsuccinic acid (A3): 0.9%
- Yd of gamma-valerolactone (VAL): 0.8%
- Yd of 2-pentenoic acid (22)§ o _ 0%

- Yd of methylbutenoic acids and
methylbutanoic acid (MB): _ 1.7%
At the end of the test, all of the palladium
charged ;emains in solution. .

The-productibn efficiency of the test is

' 415 g P3/litre of reactor/hour.

EXAMPLES 9 and 10

Part 2) of Exémple 1l is repeated with the
following charges: . .

- pi-crotyl-Pd chloride: 0.9 mmol

- crotyl chloride: 7.1 amol

- H,0: . 1120 mmol

- 5-pentenoic acid: ~20-g (200 mmbl).
- butadiene: 100 mmol

The reactants are charged.directly into the
autoclave - (made of nickel-mplybdenum alloy of tradename
Hastelloy B2) and the experimental procedure is the
same as in Exaﬁple 1. |

| | .The operating conditions ére: 140°C; 200 bar
at this temperature; 20'miﬁ'at this tempefature and
pressure. | |
- The following ;esults were obtained:
- EC of butadiene: ' ) 3  '  _  81%

- Yd of 3-pentenoic acid (P3): | 92%
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- Yd of adipic acid (al): — ‘ 0.1%

- Y4 of 2-methylglutaric acid (A2)§ | 3.6%

- ¥d of 2-ethylsnceinic acid (A3): ) 2.2%
- ¥Yd of gamma-valerolactone (VAL): _ 1.8%

- Yd of,2-pentendic acid_(P2)= - ' 0.1%

- Yd of butenes (C4): - 0.1%
- Yd of methylbutenoic acids and |
methylbutanoic acid (MB): - 2.4%
| At the end of the test, all of the palladium
charged remains in solution. ‘

The final butadiene concentratiomn is 2% by
weight of the reactioa mixture.

. The productien efficiency is 800 g P3/litre
of reactor/hour.

Example 9 is repeated with the same charges
and the same operating conditions, but it is paintalned
for 40 min at the :eaction temperature and pressure '
instead of 26 min (Example 10).

. The yields obtained are the game as in
Example 9, but the final butadiene concentration is
0.35% by weight in the reaction mixture.

It is obeerved-that 20% of the catalyst
charged has precipitated in the form of Pd metal.
EkAMPLE 11 |

| Part 2) ef ﬁxample 1 is repeated with the
following charges: | )

- pi-crotyl-Pd chloride: 0.9 mmol.

- crotyl chloride: . 112 mmol
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H,0: 100 mmol

3-pentenoic acid: 20 g (200 mmol)

The apparatus and the éxperimental procedure

are the same ag in Example 1.

The operating conditions-are='14Q°c; 200 bar

at this temperature; 40 min at this tempefature and

pressure.

| Thé following results were obtained:

- EC

of crotyl chloride: 90%
- ¥d of 3-pentenoic acid (P3): . . 26%
- Yd of adipic acid (Al): - ' 0.1%
- Yd of 2-methylglutaric acid (a2)y: - | 0.1%
- ¥d of 2-ethylsuccinic acid'(AB)é | 6.0%
- Yd of gamha-valerolac;one (VAL) : . 17.0%
- Y4 of 2-penpen61c acid (P2): - | 0.2%
- ¥d of methylbutenoic acids and
methylbutanoié acid (MB) : | R 2.0%

The production efficiency'ié 130'g (P3/11tre.

of reactor/hour.

COMPARATIVE TEST 1 (with a high water concentration)

following

Pa

rt 2) of Example 1 is repeated with the

charges:

pi-crotyl-Pd chloride: 0.9 mmol

- crotyl chloride: 7.1 mmol
- H,0: . 500 mmol
- 3-pentenoic acid: 15 g (150 mmol)
- butadiene: N 100 mﬁol

_ The apparatus and-the_experimental'procedﬁre'
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are the same as in Example 1.

~The operatlng conditions are: 140°C; 200 bar

at this temperature; 103-m1n at this temperature and

pressure.

The feliowing results were obtained:

- EC of butadiene: :.' _ - 72%
- Yd of 3;pentendic acid (P3): | 79%
- Y¥d of adipic acid (Al): . 0.4%
-'Yd of 2-methylglutaric acid (A2): . 2%__
.~ ¥Yd of 2- ethylsuceinzc acid (a3): 0.3%
- Yd of gamma—valerolactone (VAL) : . 13%
- Yd of butenes_(c4): _ 1%

- Yd of methylhutenoic acids and"
methylbutanoic acid (MB): o ' 5%
The production efficiency is 87 g P3/litre ef
reactor/hour.
At the end of the.test, although the

butadiene concentration is still 2%, it is observed

- that approximately 25% of the catalyst charged has

prec;pltated in the form of Pd metal.

Furthermore, the yield of 3-pentenocic
acid is only 79% and the.production'effieiehcy 87 g
P3/1/h. |
EXAMPLE 12

Part 2) of'Erample 1l is repeated with the

" following eharges:

- pi- crotyl -Pd chloride' 0.9 mmol

- ecrotyl chloride. 7.1 mmol
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- _H,0: .
- '2-methylg1utaric.acid
- 2-ethy1§uccinic acid:

- butadiene:

100 mmol-
15 g (103 mmol)
S g (34 mmol)

100 mmol

The apparatus and'the experimental procedure

" are the same as in Example 1.

The operating conditions are: 140°C; 200 bar

pressure.

at this temperature; 70 min at this tempefature and

The following results were obtained:

- Eé of butadigne:'- 78%
- Yd of 3-pentenoic acid (PS); 95%
- Yd of gamma-valerolactone (VAL): | 0.6%.
- Yd of butenes (04):'. | .0;8%
- Yd of methylbuteﬁoic acids and

.pethjlbutancic acid (MB) : ' 4%

The diacids formed, représenting vefy low

of the test, were not assayed.

- amounts relative tp-the'amounts employed at the start

‘At the end of the test, all of the palladium

charged remains in solution.

The production efficiency is 164 g P3/11tré

of reactor/hour.
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- _CLAIMS

1. lProcess foi the hydroxycarbonylation of
butadiene or of one of its derivatives by carbon

monoxide and water, at a pressuré greater thgn

' atmospheric pressure gnd in the presence of a palladium

catalyst which is soluble in the reaction medium,
characterized in that:

- the process is performed in the presence of

crotyl chloride, in an amount of at least two mol per

mole of palladiunm,
- the palladium is, at least partly, in the
form of a crotyl pi-complex,

- the water present in the reaction medium

: rep:esents an amount less than or equal to 20% by

-lweight relative to the weight of the reaction mixture.

2. Process according to Claim 1,

" characterized in that in that the total pressure at the

reaction temperature is fram'SO bar to 500 Ear and
preferably from 100 bar to 300lbat.

' 3. Process accordiﬁg to éither of Claims 1
and 2, characterized in that the partial pressure of
carbon monoxide, measured at 25°C, is from 25 bar to
440 bar and preferably froﬁ 55 bar to 240 bar.

4, Process according to one of Claims 1
ﬁo 3, characterized in that the amount of palladium
represents from 10°5 mol to 0.2 ﬁbl_pef mo;e of _ -
butadiene employed and preferably from 10°% mol to

0.1 mol per mole.



QLT -

* ¢c

L N s .

19

_5. Process aqcofding to one of Ciaims 1

. to 4, characterized in that the crotyl chloride
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reprgsents; iq moles, from 5 to 10 times the molar
amount of bailadium in the reaction medium._.

6. Process aécording to.one of Claims 1
to 5, characterized in that the butadiene concentration _
is at least 0.2% by weight relative to the weight qf
the reaction medium and preferably at least 0.5%.

7. Process according to one of Claim# 1

to 6, characterized in that the butadiene concentration

'is less than or equal to 50%_by'weight relative to the
‘weight of the reaction medium and preferably less than

-or ‘equal to 30% when the process is implemented

discontinuously.
8. Process according to one of Claims 1
to 6, characterized in that the butadiene concentration

is less than or equal to 10% by weight relative to the

- weight of the reaction medium when the process is

implemented continuously.

9. Process according to one of Claims 1
to 8, characterized in that:thé hydroxycarbonylation'
reéction is carried out in 3-pentenoic acid.

10. Process according to one of Claims 1

" to 9, characterized in that the hydroxycarbonylation

reaction is carried out at a-temperature.of 60°C to

230°C and preferably of 90°C to 200°C.
11. _Précess according to one o£'C1aims 1

to 10, characterized in that the crotyl chloride is
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formed in_situ fram'the'Qutadiepe'present'and

. hydrochloric ac;d.

12. Process accordiﬁg to one of Claims 1f
to 11, characterized in that the crotyl—pallgdium pi-
complex is formed in situ from the butadiene present
and a palladium salt which is soluble in the reﬁction
medium. '

13. Process aécofding to one of Claims 1
to 12,.char§cterized in that the water concentration in )
the reaction mixture is maintained at a value less than

or equal to 8% and preferably less than or equal to 5%

by weight relative to the weight of the said regction

mixture.
14. Process according to ome of Claims 1
to 13, characterized in that the overall Cl/Pd molar

ratio is less than'br.equal to 100 and preferably less

. than or_équél to 20.



