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"l PROCESS FOR THE HYDROXYCARBONYLATI ON OF BUTADIENE The present ‘*huantron .
relates to the hydroxycarbonyl ati on ‘of butadi ene and/or of its derivatives,
into pentenoic acids, by reaction of 5 carbon nonoxi de and water. One of

t he possible routes of access t:o adipic acid, which is one of the two basic
constituents of nylon 6.6 polyners, is the doubl e carbonyl ation of

but adi ene or of -its derivatives. 10 1 Al though it may be
~envisaged to performthe two hydroxycarbonyl ati ons | eadi ng from but adi ene

to adipic acid i npROSESS FOR! THE HYDROXYCARBONYLATTION OF HUTADIENE t WO

reactions nust be carried out successively, if it is desired.to obtain
sufficiently 15 hi gh sThecpreséentsitvehtiehl relateavteagbean economical ly
vi abl e industrial process. Patent US-A-3 509 209 describes the

hydr oxycar bonyhpdroxycérbanybatiohebf nbutadiend agdhoradfehts by carbon
nonoxi de and water, in the 20 presence of hydrochloric or hydrobromnc
acid and a paldexivativesai inhg penrtepeic aecids; hyeraagrdons of5C to
300[err]C and at a pressure_of 1_to 1000 bar and preferably of 10 to 200
bar. Under5t hecavhemtpenexidecandcWater-is 25 observed that the yields of

pentenoic acids are very_low and that, in fact, very_often the product
obtained is vaIerolacton@?eP%Eeﬁ?eFP?5§2£§29r3%§eﬁa fp?BﬁS?Edga process

adipic acid, which is one of the two'basicﬂconstituents
of nyibn 6.6 ponmgrs, is the déuble carboﬂ&iatioh'of
.butadiene or of its derivatives. ' _ |

10 ' Althauéh it may be eﬁvisagéd to perform the

- .two hydrbxycarbonylations leading from butadiéne to

adipic_;cid in a single step, in practice it turns out
that the two reactions must be carried out |
successively, if it ié desired to obtain sufficiently

15_ high selectiviﬁiés-fo be able to envisage an
economically viable industrial process.’ |

| Patent US-A-3 509 209 describes the

hydroxycarbonylation of varioué blefins, incluéing
butadiqne, by carbon monoxide and water, in the

20 presenée of hydrochloric or hydrobromic acid and a
_palladium-conﬁaining catalyst, at a temperéture_of 15°C
to 300°C and at a pressure of 1 to 1000 bar and '
preferably of 10 to 200 bar. |

Under the condifions’&escribed, it iﬁ

25 observed that the yields of pegtendic acids are very
low and that, in fﬁct; very often the productﬁobtgined.
is valerolactone. |

Patent FR-A-2 529 885 has proposed a process



2 for the preparation of beta, ganma-unsaturated aci ds such as pentenoic
acids, by carbonylation of a conjugated .diene (nore particularly  butadiene)
in the presence of water, a hal ogenhydracid, a palladium based 5 catal yst
and a quaternary oniumsalt of an el enment chosen from nitrogen, phosphorus
and arsenic. This process gives good results, but it requires the use of a
relatively large anount of a quaternary ogiumsalt, which conpound is
expensive and 10 whose presence tends to conplicate the treatnent” of the
m xtures at tlforettheoforddpmratdcn wf Bdtagameaywsatdmabed tdoids he

hydr oxycar bonyl ati on of butadiene and i1t's derivatives may be perfornmed with
a very good seueh as pentemyids axbids phyleanbonydation @f @y be upgraded,
that is to say particularly towards pentenoic acids, w thout, noreover,

wor ki ng in t heopjugated siene imanenartyaulanly butadienslednndiie t he
present invention 20 consi sts of _.a process_for, the hydrox papﬁgn uftron
of but adi ene RF¥@sEmGe £TMALLR] %M%%F@%xi%é’%%d% ,a%/ﬁ a

DAl | adi umBoat SAFELIAR ARG & SHARBAY (GHLL AR Phrdl (RS act er | zed
IR 2 choash rom ket hadli R bR oo O
' ' This process gives good results, but it
requires the use of a relétively large amount of a
quaterﬁary onium salt, which caﬁpound is expensive and
10 whose presencé tends to complicate the treatment of tﬁe
' 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

15 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 |

20 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:

25 - 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

—— TR —_
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- the palladiumis, at least partly, in the 3 formof a crotyl

pi -conplex, - the water present-in the reaction mediumrepresents an anount
| ess than or equal to 20% by weight relative to the weight of the reaction
m xture. 5 But adi ene- derivative is understood, in the present

text, to refer in particular to allylic butenols, for instance .
‘3-buten-2-o0l, 2-buten-1-ol and their mxtgres and additi on conpounds of
hydrogen chl oride with butadi ene (chl orobutenes), the main one 10 of

whi ch is croty¢okhl 9f | dleerdtyl hei peamsléx pr ocess, butadi ene, one or nore of
its derivatives or the .m xtures of butadiene with one or nore of its '
derivatives may be used.- Rthadvebter qpresentirixs thatzeattipom medimmty of

but adi ene neverthel ess 15 represent the preferred substrates for use. The
crotyl - pal | adizeprésantm| &x anounysiessythanox reguakdte RS tB¥ reaction
medi um or may be formed in situ-fromPd halides, rmre-garti cularly the
chloride, fromwetghtrbekstivestotheweight £ (the xea 'ajc%?am}e"t’b%/e

‘alternatively fromfinely divided palladiumngtal._ The a unj_ of

pi - crotyl -Pal | adi um cat Pysrdiene - F*ﬁ%tb\’%c:b%s%?rﬁlﬁ?‘g&w i 7B wi de

range. From 10[err] nol to 0.2 nol of,Pd per.nmole of b | gne or of 25

‘but adi ene deH!Hﬁ?%%Feﬁﬁ*EyeH°iﬁ°¥ﬁ§ *%é%g%éﬁF%#ﬂF to ity £4 :

' | iutenols, for instance 3-buten-2-o0l, 2-buten-l-ol and
their mixtures and addition compqgnds of hydrogen
chloriée Qith butadiené (chlorcbutenes), the main one

10 of which is croty1~chloiide. In the présent ﬁrocess,
butadiene, one or more 6f its derivatives'or'the
mixtures of butadiene wﬁth one or more of its
de:iﬁatives may be used. Butadiene or ﬁixﬁures
containing a majo#ity of'hutadiene nevertheless

15 represent -the preferrgd substrates for uge.

The crotyl-palladium pi-éqmplex catglyst may
be iptrbduded into the'reéction hedium or may be forme§
in situ from Pd balides, more particulérly.the
chloride, fram-Pd carboxylates, in particular the

20 ééetate, or alternatively from fipely divided palladium
metal.

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

25 butadiene derivative employed in the :ééction and

" preferably from iO" mol to-0.1 moi per'mole is
generally used. '

Besides the pi-crotyl-palladium catalyst,



‘preferably from 10[err] nmol to 0.1 nol per nole is generally used. Besides
the pi-crotyl-palladiumcatalyst, = 4 palladiumn another, |ess active,
form (for exanple Pd netal or Pd chloride) nmay al so be found in the
reaction nediumin a variable anount. However, in an industrial process, it
Is preferable for.  all or 5 practically all of the palladiumto be in an
active formwhich is soluble in the nediumg for instance pi- :
crotyl-palladium possibly with palladiumchloride. The crotyl-palladi um
pi - conpl ex mayphlpddpmr éd ahotheraniless hptieact fogma (ffek| esampileal t, 10
for instance palladiumchloride, with crotyl chloride in a solvent which
may consi st of Pd metail/ pet Rdnchlpride) emayhelepxber foundsdinr tbe, general ly
at room tenperature, advantageously under a gentle stream of carbon
monoxi de. The peactdep medinmdinnacvapiaklesamopntei Bowaver,add aBfter an
-opti.onal degassing step, the mxture is poured into water_and then

extract ed usingn§u§5FﬁaglBrﬁPgﬁﬁPc1§o¢§eﬁF9f§Eéhlﬁsf€ﬁlBF%fBFn1for exanpl e.

evaporati of of PERGELGRIGH S2300¢" the pallatifm tAoPg| i8ned: PAEFRomoter may
be Lntroduced kg LShoRs! hatufs theptly HBMALE, |0 HulBadli s O
crotyl-palladium, possibly with palladium chloride{
| The Crotyl-palladium.pihéamplex may be-
preparéd, £6r example, by reacting a palladium salt,

10 for instance palladium chloride, with crotyl chloride
in a solvent which may consisﬁ of a watér/methanol
mixture. The mixturé is stiried, generally at room
‘temperature, advantageoﬁgly under a gehtle'stream of
carbon monoxidé. The pi-crotyl-palladium coﬁplex

is5 precipitateg and, after an optional degassihg step, the
mixture is poufed.into water and then extracted using a
suitable orgénic solvent, such as chloroform for
~example. Ihg complex is sﬁbsequently isolated from the
organic-solution by evapbratiOn_of the solvent. o

20 ~ The crotyl chloride 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 préferably-représents, in moles per mole,

25 from 5 to 10 times the amount of palladium, althoﬁgh it

" may be present in greaﬁeﬁ.proportiong, since it may
constitute all or some of the substrate to be

hydroxycarbonylated.



It preferably represents, in noles per nole, 25 from5 to 10 tines the
anount of palladium although it rmay be present in greater proportions,
since it may constitute all or some of the substrate to be '

hydr oxycar bonyl at ed. 5 Overall, it is preferable to have a d/Pd nol ar
ratio in the reaction nmediumof |ess than or equal to 100 and preferably of .
| ess than or equal to 20, because high ratgos have an adverse effect on 5
the reaction kinetics. As indicated above, the water concentration in the .
reaction m xture shoul d_ beefraldt, dited saprefeaiabd ecdoahave ar lg®d t han 20%
by weight relative to the weight of thé said m xture. This is because. the
water 10 conmedararatiohin &heumrkaedicabmediiumeof desshshasaex on

kinetics. This water concentration will preferably be maintained at a val ue
equal to or Iesguaﬂaﬁ°8Wﬂ@eﬁgﬂtPreﬁemﬁhym:Q&nde@ﬂeﬁhﬁﬁrefpﬁﬂﬂéﬂably at a-
val ue equal to or less than 5% 15 ' er is a reactant which

is essential f&p Qe h?&?@ﬁfcb#ﬁbn?P&#F@hhP@EbFPoﬁd”GHEeaﬁﬁgﬁFﬁgéﬁhs
vari ant of the process .of the i nyention consists in injecting this-.water
progressivély & etHSaFé netdCeads, which allows its concentration in

N R A [T 2 s Wk Btbacti
- in the reaction mixture should be maintained at a value
equal to or less than 20% by weight relative to the
weighé of the said mixture. This is because the water
10 concentration.has an unfavburable effect on the
reaction kinetics; This water concentration will
preferabiy be ﬁaintained 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%. |
.15 B , As water is a reactant which is essential for
the:hydroxycarbonylétion reaction, one advaggageous.
. variant of  the p;ocesé of thé invention consists in_
.injecting this water prbgressively as the reaction
proceeds, which allows its concentration in the
20 reaction'mixtﬁré 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

.25 or the-reaction products. It.may also be fﬁvourable to
introduce a pentenoic acid and more'partidularly
3-pentenoic acid from the start of the |

hydroxycarbonylation reaction, in order to minimize
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Al t hough the presence of a third solvent is not excluded, the reaction is
generally carried out wthout any solvent other than the reactants

t hensel ves 25 or the reaction products. It may al so be favourable to
introduce a pentenoic acid and nore particularly 3-pentenoic acid fromthe
start of the hydroxycarbonylation reaction, in order to mnimze 6 side
reactions. Wthin the context of an.industgial inplenentation of the
process, recycling of the catalyst, the pronoter and the unreacted

but adi ene may 5igel fa@dct@ohle i ntroduction of larger-or smaller anounts of
ot her conpounds into the reaction nediam in particular of by-products
formed during the hydroxwighhanyhat ceateskecbfoan Ihdagtrhalreacti on mxture
may, for exanple, contain butenes, gamma- 10 val erol actone, valeric acid,
"adi pic acid, 2imphehghghtieni ofathd, p2oecebkyl swecyrnilingcod, the

-met hyl but-anoi ¢ acid and 2-net hyl butenoic acids. Bearing in mnd the

requi rement s otatapysti btbecprbinotensandptbeennzeagteds bukadienee®ay t he

anounts of these 15 conpounds present nai reach up to_90% by wei ght of
the reactiBn niieadr sochbeojnsrpduckionyafolprarEoRy soAdkere AWEUHLE The

but adi ene concentration is an inportant _paranmeter of the regction, in
particul ar as pggapbgrtﬁgmpounds into the reaction medium, in

particular of by-products formed during the
'hyaroxyca;bonylation reaction. Thus, the reaction -
mixtur; may,-fo: example, éontain butenes, gamma -

10 valerolactone, valerié.acid, adipic acid, 2-
methylglutaric-acid, 2hethy15ﬁccinic acid, 2-
méfﬁylbutanoic acid and 2-methylbutenocic acids. Bearing
in mind -the requirements of a foasible continuous
implementation of the process, the amounts of these

15 combounds present may'reach up to 90% by weight of the
reaction mixture employed in the hydroxycarbopylaﬁiqn
_reaction.;

| | ' The butadieﬁe concentration is an important
parameter of the reaction,'in-pafticulgr~as regards the

20 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 mnot -

lfavourable to have less than 0.2% by weight of
butadiene relative to the total wéight of the rééction

25 mixture. Whgn the brocess is performed discontinuously;
conversion of the butadiené or of its der;vatives ﬁiil

. preferably be limited so that the reactioh“mixture_

contains at least 0.5% by weight of the said butadiene
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20 stabili'ty of the palladiumcatalyst, that is to say essentially its
mai nt enance in solution in the reaction.mxture. It has thus been observed
that it is not favourable to have | ess than 0.2% by wei ght of butadiene
relative to the total weight of the reaction 25 m xture. \Wen the process
is performed discontinuously, conversion of the butadiene or of its
deri-vatives will preferably be linmted sgthat the reaction mxture
-contains at |east 0.5% by weight of the said butadi ene 7 or of its
derivatives. gheogulidd deeivatdivesration will also preferably be maintained
at a value equal to or Tess than 50% of the reaction mixture on a weight
for weight 5 basis, andhevbutadiener ebacahityaztiona willlealess t han or equal
to 30% when the proceSs is perfornmed discontinuously, and at a-value |ess
t han or equal prefefibliycbel maiptadoed as pewhdnneéqyeﬂtENUGGSDPBEMhereas
the pall adium catal yst tends to 10 precipitate in a |ar oportlon I n
the form of i thanubiogé pdl lthei meaction mixturae onyar Wels; égb

but adi ene |s erformed under conditions different fron1those of the present
process, i basiser pad eyen; moreoprefeFably,at 2 Nalye "lfh@r?s%’loal med

the 15 catalyst retains a noteworthy stablllt th |ndustr|al
context, it i Saady ti3%ha¥bshs the PFRFEss, gFFGgFﬂmghases in the

discontinuously, and at a value legs than or equal to
10% when the process is performed continuoué;y. |
-._ Whereas the palladium catalyst tends to
10 precipitaﬁe 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
15 catalyst retains a noteworthy stabilitj. |
In éhe industrial context, it;is very
- advantageous to convey only liquid phases in the
apparatus.and thus as far as is poésible to avoid the
presence of solids in suspension. It is this in
20 particular wﬁiéh thé present process makes possible.
The hydroxycarb§nylgtion reactibn may be'
éarried out at a tempe#ature which is"generally.betweeh
60°C and 230°C and préferably between 90°C and 200°C,
and at a éreasure at the reaction temperature of 50 to
25 500 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.



apparatus and thus as far as i's possible to avoid the presence of solids in
suspension. It is this in 20 particul ar which the present process nakes
possi bl e. The hydroxycarbonyl ati on reaction may be carried out at a
tenperature which is generally between 60[err]C and 230[err]C-and
preferably between 90[err]C and 200C, and at a pressure at the reaction
tenperature of 50 to 25 500 bar and pregerably of 100 to 300 bar. The
partial pressure of carbon nonoxi de, nmeasured .at 25C, is from 25 bar to 440
bar and preferably fromi® has beerdindbeated, Sthe proscésesnointheat ed, the
process of the invention may be inplenented continuously or ,

di scont i nuousl| invéespion i may doe t hepl epéntedt aonbinedwsky, ort will therefore
be necessary to adapt the 5 various operating conditions defined above. The
exanpl es whi chrdistonbinwdusly aiReperdingconi the implementatipnpreparation
of the crotyl-Pd chloride pi-conplex. 10 - : 5.04 g of pPdd 2, 3.37
g of NaC, 50 chosen} bt hatherefore e rrecessany ko adaBtytBe crotyl
chloride and a further 20 cn{err] of, nethangl _are sgécessively'charged into

a 150 cni e?r] YAELeus PRETREIRGneenditiens THetined 3BRFBous nixture is
stirred and 15— progresgy vel Yamsfos®wnidh e8I 280 f{fustRUeY ehl®
. | invention. ' '
EXAMPLE 1. _
1) Prgéaration of the crotyl-Pd chloride pifcomglex,

10 5.04 g of PACL,, 3.37 g of Nacl, 50 cm® of
methanol, 15 cm® of water, 8.03 g of crotyl chloride
and a further 20 cm® oi methanol are successively
charged into a 150 cm?.glass round-bottomed flask.

The heterogeneoﬁs mixture is stirred and

15 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 yellow
predipitate appears. The stirring and.the stream of CQ

20 are stopped and the solufién is left to stand for one
hour and is'then.poured into 300 cm® of water and
extracted with 5 times 50 cm® of chloroform. The
resulting'straw-yelldw organic phase is washg@ with
_2-£ime§.100 cm® of waéer, dried over disodium sulphate

25 ove:night and the solvent 15 then evaporated oif.

3.35 g of a pale fe;low solid are thﬁs recovered, which
product has a purity of greater than 94% (assay by

Nuclear Magnetic Resonance: NMR).
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solution is subsequently treated,-while stirring, with a gentle stream of
carbon nonoxi de (at bubble rate) for one hour. The m xture becones cl ear

~and a yellow precipitate appears. The stirring and the stream of CO 20
are stopped and the solution is left to stand for one hour and is then

~_poured into 300 cnjerr]

of water and extracted with 5 tinmes .50 cnferr] of

.chloroform The resulting strawyell ow organi c phase is washed with 2-tines

100 cnferr] of water, dried over disodiumsul phate 25 overni ght and the

sol vent is thep)eusae drbbhylat tapdienes| | ow solid are thus

“recovered, which product has a purity of greater than 94% (assay by Nucl ear

Magneti ¢ Resonance:

NVR) The follpwipgr sepckabbsy pxe sncsesgivediyene. The

following reactants are successively charged into a 50 cnferr] glass flask
- pi-crotyl - Pdcbargedddnto @ §0yesr glass flask: _ (croty| chioride:

6.2 mol - Herr]O
g (200 mol ) -

| ast, by 10

I ncor porating

10

15

t enoi,c aci d:

) 10 . - 3-pe

but adi ene:~ Pl'°r°tY1'Pdlﬁg‘1%l'Flefhe @u 28 i s introduced
condensation (cold wall gt -78C) froma,gate., The flask is

placed in & 125 cnB8 aut ocl &tyah\g’%g‘&eave is pl aég& F‘H% n oven _

aqltatlon angagklng, Conne;ted to 3oVl for the |
- 3-pentenoic acid: . 20 g (200 mmol)
- butadiene: 100 immol
| The butadiene is introduced last, by
condensation (cold 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 brought

to 200 bar by the introduction of CO and it is

20

25

maintained constant at this value by means 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 convé:sioﬁ of butadiene (ECBD): 92%
- yield (Yd)'of 3-péntenoic acid (P3)

relative to the butadiene converted: 89.5%

20
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‘supply of gas at high pressure, and a pressure of 15 100 bar of COis
established at roomtenperature. The tenperature i s subsequently brought to
140[err]C with agitation over a period of 25 min. At this tenperature, the
pressure in the autoclave is brought to 200 bar by the ‘introduction of CO
and it is 20 mai nt ai ned constant at this value by neans of a CO tank
under pressure for 30 mn. The agitation ig then stopped, the autoclave is
cool ed and degassed and the gases and the sol ution obtai ned are anal ysed by
gas chromat ography { Gfq.of5adipic acid_(&be:following results were.1%

obt ai ned: - extent of conversion of butadi ene (ECBD): 92% - yield (Yd)

of. 3-pentenoi ¢ aci d-(m)ofezahebhylgluhetha@D.@n&%bnverted 4.1% 39 5%

10 - Yd of adipic acid (Al): 0.1%- Yd of

2-methylglutaric ac+ dYd A0 : 2-ethylsuccinigopcid/d(B3) 9. et hyl succi nik- 8% d

(A3) : 1.8% - Yd of gamma-val erol act?ne (VAL _ . T%
- Yd of 2-pc¥dendigamsagvaberolactone (V. . 3% - \@Ptﬁ*

butenes (A4): ié%i sz of net hyI butenm& i ds
and net hylbut anoi ¢ ac¥dl efp§-pentenoic ac P 2.4% At the end of°The

test, all of the palladiu char remains in solution. The ction
efficiency of the tes¥‘g ' B3eendD? (85 s Fg %6

- Yd of methylbutenoic acids and
methylbutanoic acid (MB): | 2.4%
At the end of the test, all of the palladium
10 charged remains in solution.
_ The production'effiéiency of the tesﬁ is
500 g P3/litre of rééctor/hour.
EXAMPLE 2 |
Part 2) of Example 1 is reﬁeated with the
15 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
20 products formed, but the production.ekficiéncy of the
test is 1200 g P3llit£e of reactor/hour. |
EXAMPLE 3 |
Part 2) of Examble 1 is repeated with the
'following charges: '

. Pd acetate: - : 0.9 mmol

25 -
- crotyl chlori_de: 7.2 mmol .
- H,0: - 100 mmol

3-pentenoic acid: 20 g (200 mmol)
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500 g P3/litre of reactor/hour. EXAMPLE 2 Part 2) of Exarple 1 is repeated
with the 15 sane charges except for the anount of water, which is 50 mol
instead of 100 mml. The tenperature and pressure conditions are the sane
as for Exanple 1. The sane yields are obtained for the various 20

products fornmed, but the production efficiency of the test is 1200 g
P3/litre of reactor/hour. EXAMPLE 3 Part 1) of Exanple 1 is repeated with

the foll ow ng charges: 25 - Pd acetate: 0.9 mol -
crotyl chlori de: Dutadienéf err] O 100 mmol 100 mmol -
3-pentenoic acid: - 20 g (200 mmol) - but adi ene: 100 nmol

The apparatus and the exPaeiappazatys rrdi the grperimental aBr‘P‘ﬁeﬁﬁ?rpl e 1.
The operatlng conditions are: 140[err]C 200 bar 5 at this tenperature;
30 nmin at thi a¥xenthe same asEpr e Jrhe following results were

obt ai ned: - EC of butadiene: - 7%= Y,

3-pentenoi ¢ acid (P3): The operating condifigps are: 14%d§ g%ﬂ %#5 aci d

(A): 5 at this temperaéure; 30 min at this temperature and
' pressure. o

The following results were obtained:

- EC of butadiene: -  87%
-.Yd of 3-§entenoic acid (P3): | 91%_
10 - Yd of adipic acid (A1) : - 0.1%
. ¥d of 2-methylglutaric acid (a2): | 3%
- Yd of 2-ethylsuccinic acid (a3): | | T 2%
- ¥d of gamma-valerolactone (VAL): - 0.8%
- fd_of 2-pentenoic acid (P2): ' 0.2%
15 . Yd of butenes (C4): o | 0.3%

- Yd of methylbutenoic acids and
methylbutanoic.acid'(Mﬁ); ' | _2%.
'At the end of the test, 97% of the palladium
charged remaies in solution.
20 The preduction efficiencjlof the test is
500 g P3/litre of reactor/hour. |
EXAMPLES 4 TO 8 |
| Part 2) of Example 1 is repeated with the

Ifollowing charges.

25 - pi-crotyl-Pd chloride (prepared in.
_'Example 1): ' . 0.9 mmol"
- crotyl chloride: 6.2 mmol

- H0: 100 mmol



- Yd of 2-methylglutaric acid (A2): ' 3% - Yd of 2-ethylsuccinic

acid (A3): 2% - Yd of ganma-val erol actone (VAL): _

" 0.8%- Yd of 2- penten0|c acid. (P2) . 0.2% 15 - Yd of
but enes (C4): 0 3% - Yd of nmethyl butenoic acids
and et hyl but anoic acid (MB): 2% At the end of the
test, 97% of the pall adi um charged renalug in solution. 20 . The

production efficiency of the test is 500 g P3/litre of reactor/hour.
EXAMPLES 4 TO 8 Part 2)_-of3 fpeartempik iaxidzpeat ed wi th 2Regf dRPOWEMGL)

charges: 25 : - pi-crotyl-Pd chlorlde (prepared iin Exanple_1):
0.9 mml - crotyl chlori-d&utadiene: _ 6.2 nmol - H eAfpcmmol

100 nmol 12 - 3-pentenoic acid: 20 g (200 mmol) but adi ene:
100 mmol The' apparatus die ERPapaims and dhe) emarimensad tl??é’%eas in
Example 1. 5 - The operating conditions are: 140C, 200 bar at _
this tenperat ane the Hamey@ag Hns @@ﬁﬁat]u-re and pressure. A duration of 25

mn is chosen so as to have
5 . The operating conditzons are: 140°C; 200 bar

'at this temperature, 25 min at this temperature and
-preesune.' |
| A duration of 25 min is chosen so as to have
an EC of butadiene of approximately 80%. After a first
16 .hydroxycarbonylation operation, the agitation is |
stopped, the autoclave is cooled and degassed and the
. homogeneous solution obtained is placed under reduced
pressure, in order to distil off the 3-pentenoic acid
-fonmed (between 5 and 7 g). |
15 The distillation-residue is still homogeneous
- and it is re-used in the glaes'flask, with new charges.
of crotyl chlorxde (6.2 mmol), water (100 mmol) and
" butadiene (100 mmol).
| 5 successive tests of the
20 hydroxycatbonylation 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
25 set of 5 tests):
| - EC of.butadiene: ' : : - 80%
- Yd of 3-pentencic acid (P3): | ._ 93%

- Yd of adipic acid (Al): o 0%



an EC of butadiene of approximtely 80% After a first 10

hydr oxycar bonyl ati on operation, the agitation is stopped, the autoclave is
cool ed and degassed and t he honogeneous sol ution obtained is placed under
reduced pressure, in order to distil off the 3-pentenoic acid_ forned
(between 5 and 7 g). 15 - The distillation residue is stil
honbgeneous and it is re-used in the glagg flask, with new charges. of

crotyl chloride (6.2 mmol), water (100 nmol) and butadiene (100 mml). 5
successive tests ot &he°202-mgxgyggiﬁgahaayhahapmagb sbut adi ene arg.é6%us
perfornmed under the sanme operating conditions. The distillates obtained and
the final distillati ga b€skdethglsueedniccacid @83)the fol |l owing 0eS¥lts

were obtained (over the 25 set of 5 tests): - EC of butadiene:
80% - Yd of 3-pent en¥dc ofic gdmR3yvalerolactone (VAL): 93% - Yd of @d8%ic
-acid (Al): 0% 13 - Yd of 2- nethylglutarlc acid
(A2): 2-6¥d o!dZopeztem;.r:saeédm(eZa@l d (A3): . 0%0. 9% -
Yd of gammma- valerolactone (VAL) : 0.8% - Yd. of 2-pentenoic
acid (P2)5 - Y of metpylbutenoic acidsofndet hyl but enoi ¢ aci ds and
: 0
nEthylbUtanOIC acid &ZELylbutanozc acid (MB): 1.7% 1.7%

At the end of the test, all of the palladium
charged ;emains in solution. :
. The-productibn efficiency §f the test is
10 " 415 g P3/litre of reactor/hour. o
EXAMPLES S and 10
Part 2) of Exémple 1l is repeated with the
following charges: . .
pi-crotyl-?d chloride: 0.9 mmol

15 - 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
-20 autoclave - (made of nickel-mplybdenum alloy of tradename
Hastelloy B2) and the experlmental procedure is the
same as in Example 1.
.The operating cond;txons are: 140°C; 200 bar
at this temperature; 20 min at this temperature and
25 pressure. | |
- The following ;esults were obtained:
- EC of butadiene: ' ’ B .  _  81%

- Yd of 3-pentenoic acid (P3): 92%



‘At the end of the test, all of the pal I 'adi um charged remains in solution.
The production efficiency of the'test is 10 415 g P3/litre of
reactor/hour. EXAMPLES 9 .and 10 Part 2) of Exanple 1 is repeated mnth t he

foll owing charges: - pi-crotyl-Pd chloride: 0.9 nmol 15
crotyl chloride: 7.1 mol - Herr]O : 120 mol -
3-pent enoi ¢ aci d: 20 g (200 nmol ) - patadi ene: 100 nnDI

The reactants are charged directly into t he 20 aut ocl ave. (made of

ni ckel - mol ybdenum all g of haapteaseilagag)loy B2) and the experin@nldl
procedure is the sanme as in Exanple 1. The operating conditions are: 140C;
200 bar -at this tenpekdt ofe2-aAethyhgitutamic aeigel(dR¥re and 25 pPe€¥ure.

The followi ng results were obtained: - EC of butadiene: .
81% - Yd of 3-penteno¥d efi 8-ePBylsuccinic acid (A3):920p 14 - VA-8%
adipic acid (AI): 0.1% - Yd of 2- nethylglutarlc ci
(A2): - 3. 69Xd 9§ s#m@aeVﬁ}PgeééFﬁPEeaéVBL?AB). _ ; 2% -
Yd of ganna valerolactone (V L): ?96 : :

- 5 d -penteno:c 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
10 charged remains in solution. _

The final butadiene concentration is 2% by

weight of the reactioa mixture.
. The productien efficiency is 800 g P3/litre

ot-reactor/hour. |

15 Example 9 is repeated with the same charges
and the same operating conditions, but it is paintained
for 40 min at the :eaction temperature and pressure '
instead of 26 min (Example 10).
. The yields obtained are the game as in

20 Example 9, but the final butadiene concentration is
0.35% by weight in the reaction mixture.

It is observed-that 20% of the catalyst
charged has precipitated in the form of Pd metal.
Ei!AMPLE 11 |

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

- pi-crotyl-Pd chloride: 0.9 mmol.

- crotyl chloride: . 112 mmol



5 - Yd of 2:-pentenocic acid (P2): ) - 0.1% - Yd of

but enes (C4): - 0.1%- Yd of nethyl butenoic acids
and net hyl but anoic acid (MB):- _ © 2.4% At the end of the
test,-all of the palladium 10 charged.remains in solution. The final

but adi ene concentration is 2% by wei ght of the reaction m xture. The
production efficiency is 800 g P3/litre ofsreactor/hour. 15

Exanple 9 is repeated with the sane charges and the same operating"
conditions, but it is naimnggned for 40 mn at theooemsdlon tenperature and
pressure instead of 20 min {Exanple 10). The yiel ds- obtained are the sane
as in 20 Exanple 9, but 3hpefitembiduaetidene conzengr §200mmeld. 35% by

wei ght in the reaction mxture. It is observed that 20% of the catalyst
charged has precipitat edThe appafatus cin@dthet experimeptal |progedure
Part 2) of Exanple 1 is repeated with the follow ng charges: - pi-crotyl-Pd

chloride: 0.9 ame|the csamg|aghinrBgample 1. 112 mmol 15 - Herr]Q
100 mmmol - 3-pentenoi c acid: 20 200 mol ) _
5 Pe The operatinggcénditions)are: 140°C; 200 bar

at this temperature; 40 min at this tempefature and
pressure. |
| Thé following results were obtained:

- EC of crotyl chlbridgs 90%

10 - ¥a of 3-penten§ic acid (P3): = - 26%
- Yd of adipic acid (A1): - - 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%
15 - Yd of 2-penpen61c acid (P2): - | 0.2%

- ¥d of methylbutenoic acids and _
methylbutanoié acid (MB) : R 2.0%
The production efficieﬁcy'ié 130'g (P3/11tre.
of reactor/hour. |

-20 COMPARATIVE TEST 1 (with a high water concentration)

Part 2) of Exémple 1 is repeated with the

following charges:

pi-crotyl-Pd chloride: 0.9 mmol

- crotyl chloride: 7.1 mmol

25 - H,0: . 500 mmol
- 3-pentenoic acid: 15 g (150 mmol). '
- butadiene: h 100 mﬁol

_ The apparatus and-the_experimental'procedﬁre'



The appar atus and the experinental procedure are the sane as in Exanple 1.
5 The operating conditions are: 140C, 200 bar at this
tenperature; 40 min at this tenperature and pressure. The following results

were obtained: - EC of crotyl chlori de' : - 90% 10

- Yd of 3-pentenoic acid (P3): ' 26% - Yd of adipic acid
(A1) : 0.1% - Yd of @ nethylglutari.c acid (A2):

0.1%- Yd of 2-ethylsuccinic acid (A3): 6.0% - Yd of .
ganma- val er ol catenthe \#dne as in Example 71 0% 15 - Yd of 2-pentenoic
acid (P2): - 0.2% - Yd of net hyl but enoi ¢ aci ds_and

met hyl but anoi ¢ aci d (VB)The operating conditidns marehcldf touc2?Qbar

- efficiency is 130 g (P3/litre of reactor[hour COVPARATI VE TEST 1
(with a high vk FbiSrcamperateryg: P03 %nd?t%%m'é SMPETATUTR AR with the

f7oI1I ow ng Char;?ressurgl -crotyl-Pd chloride: 0. - crotyl chloride:
mml Herr]QO 500 mol - _
The. apparaf ue and the exfafi FERTRTRe shes U%Wé%% obtaineds 10010
' : - EC of butadiene: = 72%
- Yd of 3-penteneic acid (P3): | 79%
- Y¥d of adipic acid (Al): . 0.4%
-' Yd of 2-methylglutaric acid (A2): . 2%_ _
10 .~ ¥Yd of 2- ethylsuccim.c acid (a3): 0.3%
- Yd of gamma—valerolactone (VAL) : . 13%

- Yd of butenes (C4): _ 1%

- ¥d of methylbutenoic acids and"

methylbutanoic acid (MB): o ' 5%
15 B The production efficiency is 87 g P3/litre of
reactor/hour.

At rhe end of ﬁhe.;est, although the
butadiene concentration is still 2%, it is observed
- that approximately 25% of the catalyst charged has
20 prec;pltated in the form of Pd metal. '
Furthermore, the yield of 3-pentenoic
acid is only 79% and the.production'effieiehcy 87 g
P3/1/h. |
EXAMPLE 12
- 25 Part 2) of'Erample 1l is repeated with the
" following charges: )
| - pi- crotyl -Pd chloride' 0.9 mmol

- ecrotyl chloride. 7.1 mmol



are the same as in Exanple 1. The operating conditions are: 140[err]'C, 200
bar at this tenperature; 103 mn at this tenperature and pressure. 5

‘The followi ng results were obtained: - EC of butadiene:

72% - Yd of 3-pentenoic acid (P3): 79% - Yd of adipic
acid (A1): - 0.4% - Yd of 2-nmethylglutaric acid (A2):
2% 10 - Yd of 2-ethylsuccinic aci @dAA3): 0.3% - Yd of
gama- val erol act one (VAL): 13% - Yd of butenes (C4):

1% - Yd of methyl butenoiB,&ci ds and net hyl but anoi 0GcmebX VB)

5% 15 The production efficiency is 87 g P3/litre of
reactor/hour. At the end2eohethylgbstari¢tacidh t Hk it €@Emmebhcentrati on
is still 2% it is observed that approximtely 25% of t he catal yst charged

has 20  precipitated-i Rtethybeveeiniy aetdi . F (hefHbmmolhe yiel d of
3-pentenoic acid is onIy 79% and the production eff|C| enng 87 g P3/1/h.

EXAMPLE 12 25 - - "butadiens: i Exarrplell d.with the
foll owi ng charges: - pi -,](:‘:Irlot | - Pd chl ori 0.9 rrm)l - crotc\_/edg{_léomde.

7.1 mol 2 : e apparatus and the experimental pro
" are the same as in Example 1.
The operating conditions are: 140°C; 200 bar

at this temperature; 70 min at this tempefature and

pressure.
10 The following results were obtainéd:
| - Eé of butadione:'- ' 78%
- Yd of 3-pentenoic acid (PS); ' ' 95%
- Yd of gamma-valerolactone (VAL): | 0.6%.
- Yd of butenes (04):'. ' | 0;8%
15 - Yd of metnylbutenoic acids and _
.nethjlbutanoic acid (MB) : ' _ 4%

The diacids formed, neprésenting vefy low
‘nmounts relative to-the'omounts employed at the start
of the test, were not assayed. _
20 '~ At the end of the test, ali of the palladium
| changed remains in solution.
The production efficiency is 164 g P3/11tre

of reactor/hour.



17 - Herr]Q 100 mmol - 2-methylglutaric acid 15
g (103 mmol) - 2-ethylsuccinic acid: 59 (34 mol) - butadiene:
[ procedure are the

sanme as | The operating condi tions are: 140C, 200 bar at this
terrperatu mﬁwﬂ tenperature and pressure. 10 The -
fol |l ow ng |ned: - EC of metadi ene: '

78% - Yd of 3- pent enoi ¢ aC|d (P3): - 95% - Yd of
gamma- val erol actone (VAL): - _CDAEME- Yd of butenes (C4):

-0.8% 15 - Yd .of nethylbutenoic acids and met hyl butanoic acid (MB):

4% The di aci ds formed, rdpres®yocegs oy the MNExery P€P§H¥%§qﬁ9qﬂﬂf

anount s enpl oyed at the start of the test, were not assayed

At the end of besadéepe om ofi omee Of AtsjderivRiiyes byngar: ?“F‘n sol uti on.

The production effigienc S 164 g P3/litre of .reactor/h CLAIMS 1
.Process for th@°ﬂ§ﬁ§9ﬁyééda g% 5 pressure grea% %gan |

5 atmospher;c pressure and in the presence of a palladium
catalyst which is soluble-in the reaction medium,
characterlzed in that: |

_ - the process is performed in the presence of
crotyl chloride, in an amount of at least two mol per
10 .mole of.palladium, | |
- 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
15 -lweight rélative to thg_weight of the reaction mixture.
| 2. Process according to Claim 1,'_ |
~ characterized in that in that the total pressure at the
reaction temperature ié fram'SO bar to 500 Ear and
preferably from 100 bar to 300lbat.

- 20 o 3. Process accordiﬁg to éither of Claims 1
and 2, characterized in that the partial pressure of
carbon monokidé, 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
25 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.



but adi emWeri vatives by carbon nonoxide and water, at a
pressure eater than 5 yospheric pressure and in the presence of a

pal | adiul‘ﬂilmmmmﬁﬁi s soluble in the reaction nedium characterized
in that: 7§ perfornmed in the presence of crotyl chloride, in
an anount of at" | #as mol per 10 nole of palladium - the pall.adium
is, at least partly, in the formof a cra%l| pi-conplex, - the water
present in the reaction nediumrepresents . an anount |ess than or equal to

20% by 15 weight rel atSve tBro¢esscaeeerding nko reneiohHClaime . 2.
Process according to Claim1, characterized in that_in thaj_the total
pressure at tHe® rbactharpeentsed (in F?Frmwwlt@%ﬂ){%r and

prefeerably from 100 bar to, 300 bar. 20 , 3. Process according
to either of (Fep¥RSentHHy in R ?%ﬁté"?’ﬁeﬁ o 19 imeR 'b‘é‘?tﬁaﬁr essure gf

carbon nonoxi de, neasufed . is_f 25 bar.to 440 b d
Erg;era?l y frd?‘%?a‘lfjl tﬁ%&%&ﬁr{‘}l%é ;‘?%%%g%oré&%iﬁg to oﬁtra gpt a ?i' s
o 3, characteriz [ ' en '
10[err] rm? to 0.2 nol pg'r m%%ggéséufﬁﬁ#g%%?g%édagfnge%érﬁéesgbl ysfrgg{n
10[erF] th tchélékrﬁﬂafﬁﬁt£¥&£bd ?hléhat the butadiene concentration _

is at least 0.2% by weight relative to the weight of

the reaction medium and preferably at least 0.5%.
7. Process according to one of Claim# 1
10 to 5,_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
discontinuqusly. |
15 - 8. Process according to one of Claims 1' 
to 6, characterized in that the butadiene congentration.
is less than or equal to 10% by weight relative to the
- weight of the reaction medium when the process is
implemented continuously.
20 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 accordiﬁg to one of Claims 1
" to 9, characterized'in that the hydroxycarbonylation
25 lreaction is éarried out at a-temperaturé.of 60°C tp
230°C'and preferably of 90°C'to_206°cf |
11. _Précess according to one o£'C1aim§ 1

to 10, characterized in that the crotyl chloride is



£ ) &

Process accordin o one of CI aims 1 to 4, characterized in that the
crotyl nl "Hﬂ“ in moles, from5 to 10 times the nolar anount
of pall tlon medium 5° : - 6. Process accor di ng
to one of ai s 1 o 5, characterized in that the butadi ene concentration
is at least 0.2% by weight relative to the weight of the reaction nmedium
and preferably at least 0.5% 7. ProcesX® according to one of Clains 1 10
to 6, characterized in that the butadi ene concentration is |ess than or

equal to 50% rgomdgmn;ﬁmmm(thm@m@hn%meﬁe%md on nedi um and
preferably less than or equal, to 30% when the process is inplenented

di scont i nuous/ydrpshloric acid. g Process according to one of Cains 1
to 6, characterized in that the butadiene _“oncent ration qull | ess t han or
equal to 10% by wei ght e -at iBRPIe58 FFB"%E‘E o (9pe ok, TP el um when

%ﬂgo%f’ﬁésfo' 31?9?346 nape ceipal 4R, Shat Oﬁlrezecarwwaf’%%ﬁ&%fss
P ocess. acoor AP GHE setthd a%f‘%fdfg'?*%h%ﬂﬂeac S f%ﬂﬁ?ﬁa%%

hydr oxycar bon i lé'alt of .
60[err]Cto 2 err?’(‘?a nc?' ﬂgear gﬁerr j?%o% err C 11 Process
according to qpyifn Cainms 1 to 10 characterlzed in that the crotyl

chloride is ,
13. Process aéco;ding to one of Claims 1
to 12,.char§cterized in that the water concentration in )
10 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 ﬁhe weight of the said regction
.mixture. -
| 14. Process éccording to one of Claims 1
15 to 13, characterized in that the overall Cl/Pd molar
ratlo is less than or equal to 100 and preferably 1ess

_than or equal to 20.



LA

.20 formed in situ fromthe butadi ene present and‘hydrochloric acid. 12.
Process according to one of Clains 1 to 11, characterized in that the

- crotyl-palladiumpi- 5 conplex is formed in situ fromthe butadiene

" present and a palladiumsalt which is s2luble in the reaction medium 13.

. Process according to one'of Clains 1 to 12, characterized in that the water
concentration in 10 the reacti on nARSTRACT s mmi ntai ned at a val ue | ess

" than or equal to 8% and preferably | ess than or equal to 5% by wei ght

rel ative to the BROYESS,FOR) IHE BYDROXVCARBONYIATION OF BUTAIRNENE ccor di ng
to one of Cains 1.15 to 13, characterized in_that the overall C/Pd
nolar ratio is |ess thaEhSrPﬁﬂﬁSPttanGBtﬁﬂﬂ peLpteabEy £BEs than or equal

to 20.

hydroxycarbonylat:.on of butadiene and/or of its

derivatives, into pentexioic aoids-, by reaction of

carbon monoxide and water.

| ‘More preciéely! it consists of a process for

- the hydroxycarbonylation of butadiene and of its

derivatives by carbon monox'ide and water, at a pressure
_greater than atmospheric pressure and in the presence
:of a palladium catalyst which is soluble in the '

reac_tion medium, characterized in that:

. - the process is performed.in the presence of
crotyl chloride, .:i.n .an alnount of at least two mol per
mole of palladium,

- the palladium is in the form of a crotyl
pi- complex, '

- the water preeent in the react:.on med:.um
represents an amount less than or equal to 20% by
weight relative to the weight of the. reactiou_ mixture.

Pentenoic acids lead,' via
hydroxyoarbouylation, to adipio acid, which is one of
the basic compounds _in qhe'preparation of -uylon 6.6

polymers.

-,



