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PREPARAT| ON OF CARBOXYLI C ACI DS Bﬂ"m ON W TH PALLADI UM * 159159*
The present invention relates to a or the preparation of (3- or
* y-unsaturated or saturated carboxylic mmds. It relates nore particularly
to the hydr ey fgstiyed i on of an organic conpound comin,/#Ro4 /342 ugat ed
unsaturation, such as butadiene, by the 10 action of carbon nonoxi de and
water in the presence of a palladiumbased catal yst. The carboxylic acids

thus obtai nehgrsd 'R iR YRPHERIoN A% LarsSRYRic (Xerp9sey bl e routes of

access to adrprc acrd, Wi CiT 15 one of _the two pastc _constrtuents 15 of

pol yam des, rﬂ q”&‘ &we doubl e carbonylatlon of but adi ene
or its deri ble to i magi ne ¢ he two
hydroxycarbonylatlons | eadi ng from butadi ene to adipic aamw Emwmmmm

stage, it turns 20 out in practice that the two reactions

carried out successively if it is desired to obtain sel ectivi |es mhlch are
sufficiently high to Fehamresenteriviceniel em rebabbes ctd|§ Bre®eesi ndustri al
process. Patent US-A-3 509 209 discloses the 25 hydroxycarbonyl ation of

various of effidis, thdGhrshdutatich bt Pl ane,y-y seanhien dwraxisdawardamt er in
t he presence of hydrochloric acid or hydrobronlc acid and of a

pal | adi um co t at a tenperature of 15C to 300C and under a
pressure of 1 éﬁﬂgﬁgqﬁﬁhﬁ§5 preferably of 10 to 200 bar. Under the

Sgp3|t|ons descri bed, it réﬁC%E§”ﬁ§¥£t£§¥t{£§ﬁgrf§déooéhge”te”O'C acids are

hydroxycarbonylation of an organic compound comprising
a conjugated unsaturation, such as butadiene, by the

10 action of carbon monoxide and water in the presence of
a palladium-based catalyst. The carboxylic acids thus
obtained are preferably pentenoic acids.

One of the possible routes of access to
adipic acid, which is one of the two basic constituents

15 of polyamides, such as polyamide 6,6, is the double
carbonylation of butadiene or its derivatives.

Although it is possible to imagine carrying
out the two hydroxycarbonylations leading from
butadiene to adipic acid in a single stage, it turns

20 out in practice that the two reactions have to be
carried out successively if it is desired to obtain
selectivities which are sufficiently high to be able to
envisage an economically viable industrial process.

Patent US-A-3 509 209 discloses the

25 hydroxycarbonylation of various olefins, including



|l ow and that, in reality, the product obtained is very often val erol act one.
10 Patent FR-A-2 529 885 has provided a process for the preparation ~of ~-
or y-unsaturated acids, such as pentenoic acids, by carbonylation of a
conjugated diene (nore particularly butadiene) in the presence of water, of
a hydrohalic acid, of a palladiumbased®1l5 catal yst and of a quaternary
onium salt, the onium being that of an el enment chosen from nitrogen,
phosphor us PtRFEERE c. PTHFarben dBRroRi desapdodd Fesul R sthat PTesSeRE8i res t he
use of a relatively large anount of a 20 quaternary oniumsalt, which is an
expensi ve cowpouyndreeilenec whosd @r dsedcebirembé soch andacfire as to
conplicate the treatnent of the m xtures at the end of the reaction
Eur opean Pateall8d648-dddpal singli satasest aalbaptenpsesataret b8 15°C
hydr oxycar bonyl ati on of butadiene and its derivatives to pentenoic acids in

the presencec®f3003cCa08 YhngEt 04 | ssirbhecpLoparii gpookagt | east two nol
per nole of palladium the palladiumbeing at |east partially in the form

of a [err%-géf%yéﬁﬁggglgﬁ.lah£g PE§CESs nmekes it possible to avoid the use

of onium vari ouS processes nmake possi bl e the manufacture of
carboxylic acids with acceptable yields and, selectivities, However, the
recovery and the recycﬁ?ﬁﬁpogh?h%g%§}5}9§§ ﬂ§§cﬁéé%¥'béﬁnlﬁescribed in 10

t hese docunments. As _the netal used_ is a precious netal, the partial
recovery of ®hservadathat weesyheidal PHWERtERALSt AFafiSddYEl BBRENt of these

processes. One of the ains of the present invention is to provide a
hydr oxycar bohgw adndnthabcets roabitygi nghe product obtained is very

often valerolactone.

10 Patent FR-A-2 529 885 has provided a process

for the preparation of P- or y-unsaturated acids, such
as pentenocic acids, by carbonylation of a conjugated
diene (more particularly butadiene) in the presence of
water, of a hydrohalic acid, of a palladium-based
15 catalyst and of a cquaternary onium salt, the onium
being that of an element chosen from nitrogen,
phosphorus and arsenic.
This process gives good results but it
requires the use of a relatively large amount of a
20 quaternary onium salt, which is an expensive compound
and one whose presence is of such a nature as to
complicate the treatment of the mixtures at the end of
the reaction.
European Patent 0 648 731 also discloses a
25 process for the hydroxycarbonylation of butadiene and

its derivatives to pentenoic acids in the presence of



15 conpl ete or substantially conplete recovery of the palladi um catal yst.
Furthernore, the invention provides a recovery of the pall adi um which makes
possi ble recycling of the latter in a further hydroxycarbonyl ati on stage.

- 20 To this end, the invention provides a process for the nmanufacture of
[err] or y-unsaturated carboxylic acids or of saturated carboxylic acids by

reaction, with carb nonoxi de and water, of a ¢ ound conpri Si an

ethyl eni & oRTRSHY UM T Hatth Ao B Tt A od W TFShat R
“unsaturation or an electron _4 donating group carrjed by the carbon in the
position a R&n molaiaf wakkatamorthearmal Fadicun eing & rieaBbut in the

presence of a palladi umbased catal yst which is soluble in the nmedium 5

The process gfrdikg iynviantilen ford ef acterdaad, i edgsliest herkigact i on nedi um
at the end of the hydroxycarbonyl ation reaction, is treated in a first

stage, in ordes.d0, exdyact; | *}?o%%{%é‘ %%&d& AUESGL 4f 5£&§ug‘3di um by

evaporation~or entral nnent of t then in a secon tage, in
order to edgﬁﬁ%the pal | adi um present in the nediumto palladiumin the
zero oxi dati% tate by treatnent with hydrogen. The pall adi umthus reduced
preci pitates and can be separated fromthe reaction nedjum by conventi onal
15 sol i d/liquid separ ZATERE MANCOUARIARILT e RIBFRIRIFRRi ¢ of the
invention, the concentration of COin the mediumbefore treatnent with
hydr ogen i s medwHigtcigaristy dagsoxhbic GOOLds witloc@ageertakblie wiekds uti on,
preferably I ess 20 than 100 m of CO per litre of solution. The
concentr at i @mdfsdledtsial tstepr cierabdy, grleatsscdheny Oadd1tind of CO per
litre of solution.
recycling of the catalyst has never been described in
10 these documents. As the metal used is a precious metal,
the partial recovery of this catalyst does not allow an
industrial development of these processes.
One of the aims of the present invention is
to provide a hydroxycarbonylation process comprising a
15 complete or substantially complete recovery of the
palladium catalyst. Furthermore, the invention provides
a recovery of the palladium which makes possible
recycling of the latter in a further
hydroxycarbonylation stage.
20 To this end, the invention provides a process
for the manufacture of P- or y-unsaturated carboxylic
acids or of saturated carboxylic acids by reaction,
with carbon monoxide and water, of a compound

comprising an ethylenic or acetylenic unsaturation

25 conjugated with another unsaturation or an electron-



The term "conpounds conprising an unsaturation” should be understood as
nmeani ng the 25 conpounds of general fornul ae: 5\CCGC or -CCG~,~1in
whi ch the carbon in the a position with respect to the ethylenic or
- acetylenic unsaturation also carries. 5,an ethylenic unsaturation or an
el ectron-donating radi cal, such as, for "exanple, hal ogen atons, substituted
or unsubstituted am no groups, or alkoxy, hydroxyl, oxo, epoxy, carbonyl,
mer capt oal kyflonakieg gﬁﬁmmrc%yﬁh%dd@bubge a@rivent ienthaypoeifnee, das
exanpl es of such unsaturated conpounds, of diolefins, allyl alcohols, allyl
ethers, all ytoeshersahfidunddtyphrdral bdesThTherpaet onetlscoapeiad ofitt he
i nvention is butadi ene, which nmakes possi ble the nmanufacture of 15

pentenoi ¢ acidsthy SraPLL-HYSE OXYSal DRAYLALbABAr cadhBstaghdcRYidoubl e
hydr oxycar bonyl ati on. The catal yst of the invention is a palladi um conpound

which is SO'QQiS?i% lgetﬂgqfééggmnediun1 The conpounds for the
. L i .

i npl ement ati on e'invention are 20 those described in the docunents
cited above to illustrate the state_of . the art. Mention _nmay be made, for
exanpl e, df palIadiun1%Bﬁb%ﬁ%ﬂ%sﬁoﬂﬁrFE?anBﬁ@tannﬁFecaﬁFéﬁFeerSEps, such
as, for exanple, those derived from 6 hydrochloric, hydriodic,

hydr of | uori c1®r tRgHr Bhe ohfecatPRsnedivBhugtcthei andnpfr £Beacid or carbonic

acid. Anionic groups derived from sul phoni c acids,
hydroxycarbonylation reaction, is treated in a first

stage, in order to extract the carbon monoxide present
in the medium by evaporation or entrainment of the CO,

10 and then in a second stage, in order to reduce the
palladium present in the medium to palladium in the
zero oxidation state by treatment with hydrogen. The
palladium thus reduced precipitates and can be
separated from the reaction medium by conventional

15 solid/liquid separating means.

According to one characteristic of the
invention, the concentration of CO in the medium before
treatment with hydrogen is advantageously less than
600 ml of CO per litre of solution, preferably less

20 than 100 ml of CO per litre of solution. The
concentration of CO is also preferably greater than
0.001 ml of CO per litre of solution.

The term “compounds comprising an

unsaturation” should be understood as meaning the

25 compounds of general formulae:



t hi oal cohol s or carboxylic acids, such as acetic acid, 5 propionic acid or
pivalic acid, or the like, are also suitable. Use may al so be made of
conpl exes formed from conpounds conprising phosphorus or nitrogen atons.
- The pal | adi um can al so be present in thg form 10 of organic conpl exes,
whi ch can be fornmed before the introduction into the reaction nmedi um or
directly in the said nmedium Exanples of conpl exes which can be used in the
present process _arg: [I5 bi s(~-al | yl pal{ adi um chl ori de),
bi s(~t - al | yl pal I'geigntb+romiode) , —a€&0rtlacet onat o(al | yl ) pal | adi um bi s(~
isobutenylpalIadiun1ch|oride), bi s(~ clcl ohexenyl pal | adi um chl ori de) and
ot her ~-allyl conpl exes, such as bis(~-4-chlorocrotyl palladium 20 chl ori de)
and bi s(~-2-nethyl -4-chl orocrotyl pal | adi um chl ori de),
~-al Iyl car bonyl pal | adi um chl ori des and i sobut enyl car bonyl pal | adi um
chl oride, respectively, for exanmple (C4H-Pd2Cl1z(C0)2) [sic] , and,
f urt her nor e, irethi @dnepdsd | caliloon chh othelex PEsition wish pessebtetvo use
organi c palladium 7 conpl exes, such as pall adi um acetyl acet onat e,

bi s(bi benzyldienaasetaned Pt | agktyl et e ShIBFupdt Path | adsgntgFpigs chloride,

or conpl exes of aromatic or aliphatic phosphines with palladium such as 5

tetrakis&%ruﬁgqgﬁgﬂ_ hinel +adi ﬁ%o%éﬁ%i%ég?&gyagﬂg§PH%ne)palIadium

di chl ori cording to a preferred e n t he Tnvention, the
palladiun1catq%¥st i's fqgned iﬂ%situ by, ad ition of crotyl chloride, in a
proportion ofRMtCaly 8RR Fho hof PRF HbFe OF L PAFTAFMT’ The pal | adiumis
thus at least partially in the formof a [err]-crotyl

substituted or unsubstituted amino groups, or alkoxy,

hydroxyl, oxo, epoxy, carbonyl, mercaptoalkyl, ester
and/or cyano groups.

10 Mention may be made, as examples of such
unsaturated compounds, of diolefins, allyl alcohols,
allyl ethers, allyl esters and allyl halides.

The preferred compound of the invention is
butadiene, which makes possible the manufacture of

15 pentenoic acids by simple hydroxycarbonylation or
adipic acid by double hydroxycarbonylation.

The catalyst of the invention is a palladium
compound which is soluble in the reaction medium. The
compounds for the implementation of the invention are

20 those described in the documents cited above to
illustrate the state of the art.

Mention may be made, for example, of
palladium compounds comprising one or more anionic

groups, such as, for example, those derived from



" conpl ex, as disclosed in European Patent No. 0 648 731. According to the

i nvention, the process for the hydroxycarbonyl ati on of unsaturated organic
15 conpounds descri bed above, which conpounds will be exenplified for nore
.clarity with reference to butadi ene, by.carbon nonoxide and water is
advant ageously carried out at a carbon r6mnoxi de pressure greater than

at nospheric pressure. 20 Advantageously, the water present in {he reaction
med um r epr ARSI B Ui B B M%&W % BYSFPHTMEGht wi t h
respect to the weight of the reaction m xture. The term "butadi ene
derivative" dsidsdetstdotr X5 aoideari tiic tdeipreseprrbenic agidarticul ar
allylic butenols, such as 3-butene-2-of. [sic], 2-butene-1-of 8 [sic] and
their m xtures, or addiniam«canpoupssieafivydrigen shlpohonitc watbddut adi ene
(chl or obut enes), the main one of which is crotyl chloride. In the present

process, it i POBSOIdEs tOr L8y Dutpel @NE, s@Fle 86 ABELiOfakig,
derivatives or mxtures of butadiene with one or nore of its derivatives.
But adi ene; or, @ 1 nay : b Si ' agi epne r t,
however , E)5t hep%gr%%%&gféed%ﬁ%gﬁ arlt?lgé%yll% T ea'[ e(?lfg]t?%% o%/?%él %g(cgi)i %?ngégorrpl ex
catal yst can beﬁib éoduced into the,reaction nediumor can be forned in
situ from Pd'Harddes; nore particularly the chloride, [lacuna] Pd

carboxyl ates, in particular the acetate, or fromfinely divided_palladium

metal . 15 The anount 0fS§ &R3Y -2¥3R VW arddRi o coRl §3eS ukedamed fReMprocess
can vary within wide limts. Generally, from10-5 nol to 0.2 nol of Pd is
enpl oyed percorpeurds heRmrRl eHia® rold SPheEds cpe Bettrogenvatenarged to the
reaction and preferably from10-4 nol to 0.1 nol per

The palladium can also be present in the form

10 of organic complexes, which can be formed before the
introduction into the reaction medium or directly in
the said medium.

Examples of complexes which can be usgd in
the present process are:

15 bis(m-allylpalladium chloride), bis(n-allylpalladium
bromide), acetylacetonato(allyl)palladium, bis(m-
isobutenylpalladium chloride), bis(n-
cyclohexenylpalladium chloride) and other m-allyl
complexes, such as bis(mn-4-chlorocrotylpalladium

20 chloride) and bis(n-2-methyl-4-chlorocrotylpalladium

chloride), m-allylcarbonylpalladium chlorides and n-
isobutenylcarbonylpalladium chloride, respectively, for
example (C4H7PdCl,C0O)2) [sic], and, furthermore,
ethylenepalladium chloride.

25 It is also possible to use organic palladium



20 nole. In addition to the [err]-crotyl palladium catal yst, palladiumcan
al so be found in the reaction nmediumin another |ess active form (for
exanple, Pd netal or Pd chloride) in a variable anount. In an 25 industrial
- process, it is, however, preferable for,all 9 or virtually all the
palladiumto be in an active formwhich'is soluble in the nedium such as
crotyl palladium_optionally with palladiumchloride. The
[err]-croty PHRERHSM O S Rl bRATUPraparethceern@%@npl e, by reacting a
‘pal  adium salt, such as palladiumchloride, with crotyl chloride in a
sol vent whi dhi sEribrnzvhpdereh oftenekpatladitmnothed dtmer. ofhe ni xture is

stirred, generally at anbient tenperature, advantageously under a gentle
stream of 1GaBrddiumomxtylk. cHherider oby | pahp betkeisn cbHnprexapiecopi t at es.
After an optional degassing phase, the m xture is poured into water and is

then extractg£liphatitd NGhsShihab| @i O 9881 TadPiMSNEuckhUEs as, for exanpl e,
chloroform The conplex is subsequently isolated from 15 the organic

sol ution By gy ﬂi@ﬁi?ﬁ%@%ﬁgﬁﬁ%e’ %ﬁl%&éﬁ?ﬁ{lofhl ori de pronoter may be

introduced into the reacti xt ure ‘or ormed in situ from
but adi ene and/ oy, 2- but ene-.1- of. [ si d.hydrochloric.acid. 20 It
preferably %ﬁé@%ﬁq}?nggp%?%h ?f%fg?d+¥18n$%&?goﬁbd?i’nes t he anount of
pal | adium although it can be present in_larger proportions, since it can

constitute all or partRPeFOXfEng bRt # pESEBr HRANGHPERIRERboRYI BR8d. 25 Taken

as a whole, it is preferable to have,
invention, the palladium catalyst is formed in situ by

addition of crotyl chloride, in a proportion of at

10 least two mol per mole of palladium. The palladium is
thus at least partially in the form of a m-crotyl
complex, as disclosed in European Patent No. 0 648 731.

According to the invention, the process for
the hydroxycarbonylation of unsaturated organic

15 compounds described above, which compounds will be
exemplified for more clarity with reference to
butadiene, by carbon monoxide and water is
advantageously carried out at a carbon monoxide
pressure greater than atmospheric pressure.

20 Advantageously, the water present in the
reaction medium represents an amount of less than or
equal to 20% by weight with respect to the weight of
the reaction mixture.

The term “butadiene derivative” is understood

25 to mean, in the present text, in particular allylic

butenols, such as 3-butene-2-o0l [sic]l, 2-butene-1-o0l



10 in the reaction nedium a Cl/Pd nolar ratio of |less than or equal to 100
and' preferably of |less than or equal to 20, as high ratios have a harnful
effect on the kinetics of the reaction. 5 As indicated above, the

- concentration of water in the reaction gixture is advantageously naintained
at a value equal to or less than 20% by weight with respect to the weight
of the said mxture. Tr}iﬁs i s because the cgice,ntrati on of _water has an 10

effect on t HEIGhATE SRR, ML HAHSES 0P T TRTRRMSHE 75 wat er wi l |

preferably be maintained at_a value of equal to or |ess than 8% by wei ght
and nore prépedeagsn ghlorigde i Rutadigpal (ehlorolheegnesnhn B8 15 As
water is an essential reactant in the hydroxycarbonyl ation reaction, an
advant ageousnait ermato § eviiiorhmicf arwtypr odelssriodlet he i nvention consists in
injecting this water as the reaction progresses, which nakes it possible to
mai ntain its 20 concerid athedrpresdie gpasddsON 1t xigrpodsilblaety | ow val ue
while making it possible for the reaction to be carried out. Al though the

presence of @ity dbsddete | or®lorxedredess {he qeactdoNvés @generally
carried out 25 without a solvent other than the reactants thensel ves or the

reaction prgg#ﬁ%%ey%ﬁ%ia)%%r %f’e e favourabl e to o 1lsiptroduce, fromthe

begi nning o nylation reaction, a pentenoic acid and nore

particularly, pentene-3-o0ic [sic] acid, in order to_nmnimze side reactions.
B T he CoMETVERLUSE | G TS | GHoi BHERTS P SIOTTRABE e ose. oper at § ons

in which the unreacted butadjene is recycled can |l ead to the introduction,
into the refIVIH FoaY UPHtIA1RA WL eeARt, however, the preferred

substrates.

10 The m-crotylpalladium complex catalyst can be
introduced into the. reaction medium or can be formed in
situ from Pd halides, more particularly the chloride,
[lacuna] Pd carboxylates, in particular the acetate, or
fromlfinely divided palladium metal.

15 The amount of 7m-crotylpalladium catalyst used
in the process can vary within wide limits. Generally,
from 10 mol to 0.2 mol of Pd is employed per mole of
butadiene or of butadiene derivative charged to the
reaction and preferably from 10 mol to 0.1 mol per

20 mole.

In addition to the m-crotylpalladium
catalyst, palladium can also be found in the reaction
medium in another less active form (for example, Pd
metal or Pd chloride) in a variable amount. In an

25 industrial process, it is, however, preferable for all



“significant anmpbunts of other conpounds, in particular 10 byproducts forned
during the hydroxycarbonyl ation reaction. Thus, it is possible to have, in
the reaction m xture, butenes, y-val erolactone, valeric acid, adipic acid,

. 2-methylglutaric acid, 2-ethylsuccinic id, 2-nethyl butanoic acid or
2-met hyl but enoi ¢ acids, for 15 exanple. 1n view of the requirenents of a
possi bl e conti nuous_inple tation t.he process, the ampunts of these
conpounds pr8§eﬁirggﬁgﬁ¥agﬁeughFopgg%?gﬁuWeFﬁh Sof 1t AR FggéyﬁoﬁoﬁFktUre
‘charged to the hydroxycarbonyl ation reaction. 20 The concentration of
but adi ene i swhishgasf Bodnbleeatt e paedamet esuchnaganti cul ar as regards the
stability of the palladiumcatalyst, that is to say essentially its

nai nt enance haoaghphh_mad&ﬁmt,haﬁrt%elbilqgr Wii%huga-llbaihﬁﬁ_chlllé&'i@%ﬂn observed
that it 25 is unfavourable to have | ess than 0.2% by wei ght of butadi ene

with respect to the toéﬁl mgigh% gf éﬁed. 12 reagtion niﬁture. Preferably,
when the reaction is carfri 8d“58tYpREChAFSE™ FREPcEHVERE 8F of the but adi ene
or its derivatives will be limted so that the reaction mxture includes at
| east 0.5% bPr@RRYRE. of OrhEXGAPASs bt ZGPESHANGr & Peldadivam ispds: The
concentration of butadiene will also preferably be maintained at a val ue of
| ess than or seqbabst paddesiavmyehgdlor iy  weilght cobtiie chdaetiiden im xt ure and
nore preferably still at a value of equal 10 to or |ess than 30% when t he

reaction i s gal¥ead ahtichncanbdeckonpesedoosss, vaterainethaalole of equal to
or less than 10% when the reaction is carried out in a continuous process.

The embodi mept xefirbhe Thrdr@Xredbary lsatirgeald gRheeads yvadasc Hnkadmbove
exhi bits the advantage, with

temperature, advantageously under a gentle stream of

10 carbon monoxide. The n-crotylpalladium complex
precipitates. After an optional degassing phase, the
mixture is poured into water and is then extracted
using a suitable organic solvent, such as, for example,
chloroform. The complex is subsequently isolated from

15 the organic solution by evaporation of the solvent.

The crotyl chloride promoter may be
introduced into the reaction mixture or can be formed
in situ from butadiene and/or 2-butene-1l-o0l [sic] and
hydrochloric acid.

20 It preferably represents, as mole per mole,
from 5 to 10 times the amount of palladium, although it
can be present in larger proportions, since it can
constitute all or part of the substrate to be
hydroxycarbonylated.

25 Taken as a whole, it is preferable to have,



" respect to other enbodinents, of keeping the palladiumin solution in the
reaction nediumup to the end of the reaction, nmaking it possible to

mai ntai n hi gh kinetics. The hydroxycarbonyl ati on reacti on can be 20 carried
-out at a tenperature generally situated between 60C and 230C and preferably
bet ween 90C and 200C and under a pressure, at the tenperature, of 50 to 500

bar and preferably from 100 to.300 bar car bon noxi de. parti al
pressure, ZSl%a"g'é%rlé%ag%l%@eﬁhsuT‘r o %137€§rm$%aﬁ4’6ggh? %ﬂdlg?%'f erably from
55 bar to 240 bar. 13 As has been_indicated, the frocess of the invention

can be carriePBRT cBFeRrhubRist 0 RNBRERIPERPLTHRE el GFF | LR#Rr@For e be good
reason to adjust the various operating conditions defined above according
to 5 the i npt@eeht i 20, cadskehoh Thatieachave acdaumivbt af fedtaent he end of
t he hydroxycarbonyl ati on reacti on conprises palladiumin the dissol ved
form The i mestkimepioyi désthetreattoh. of this 10 reacti on nmedi um which
makes it possible to recover palladiumin the insoluble formw th a degree

of recovesy of approxiggt ehyidfPed TAbSvE! eeh8ERbNEBABLSE Soni B fi ISt
stage, in extracting the carbon nonoxi de dissolved in the 15 reaction

ot o . ' . . \ . X
medi um Thi s, extraghl E’Hegﬁgﬁéé‘kg}gﬂigé&gylQeé‘&ﬁ?t%ﬁgoﬂgﬂ um w th an

at nosphere not conprisin advant ageous I's extraction is
carried out by.placing the reaction nedi umunder an_jner r, hydrogen

at nospher e, T%&ﬁ %b??g ﬁ?tﬁ gii?ﬁiﬁ%u%f Eﬂigrz e?ﬁthaﬁaéogrbﬁydrogen into
the reaction nedium The term"inert_gas", is understood to nean nitrogen or
the rare gas€’ighhj¥ithageseant bkochPri w¥eight af the said mixture.

This is because the concentration of water has an

10 effect on the kinetics of the reaction. This
concentration of water will preferably be maintained at
a value of equal to or less than 8% by weight and more
preferably still at a value of equal to or less than
5%.

15 As water is an essential reactant in the
hydroxycarbonylation reaction, an advantageous
alternative form of the process of the invention
consists in injecting this water as the reaction
progresses, which makes it possible to maintain its

20 concentration in the reaction mixture at a very low
value while making it possible for the reaction to be
carried out.

Although the presence of a third solvent is
not excluded, the reaction is generally carried out

25 without a solvent other than the reactants themselves

or the reaction products. It can also be favourable to



“tenperature of between 20C (anbi ent tenperature) and 25 150C. This
operation is carried out to extract 14 virtually all the carbon nonoxi de
whi ch can be extracted fromthe reaction medium Thus, the concentration of
. carbon nonoxide in the reaction nedium_can advantageously be | ess than 600
nml/ 1, preferably 5 I ess than 100 nml/1, %% solution. Advant ageously, the
concentration of COin the reaction nediumis between 0.001 m/1 and 600
m/ 1. After iEEFeYsoOn Brom e ReininDx@ethe he process of the invention
conprises a stage of reduction 10 of the dissolved palladium generally in
t he 2+ oxi datydmoxsyeashonyl pai dradiemcton hea zeenmtexotataohd samde (Pd(0)) .
This palladiumis separated fromthe reaction nmedi um by the usual

l'i qui d/ sol i dnsepasatt eulechpighitSensBhoas f¢i1dT addDd, BepPeFraét oo by
settling, 15 centrifugation, distillation or evaporation of the liquid

medi um  Accqith i 30 & d e}&[(g%r@bodl ment of the invention, a conpound
which is insoluble in the reaction nediumis present in the said nmedium

bef ore ZO%the pr eci pi tﬂ]il@rgle oé r&p&?dcgp)an-rméué@fl%fbl e conmpound can be
time exa

added to the reaction edi'um a e at the beginning of

t he hydr oxycar bon on e at t he end of the | after, or diately

before the st e%?a% %rgtf%{%?ﬁé HEYHEHal ?%ﬁ%moﬁllsnl%b?]ﬁbggeconpound
i s advant ageously 15 added before the beginni n]g_j of the

hydr oxycar boHyrea s eed butadiene is recycled can Tead to the

introduction, into the reaction medium, of more or less
significant amounts of other compounds, in particular

10 byproducts formed during the hydroxycarbonylation
reaction. Thus, it is possible to have, in the reaction
mixture, butenes, y-valerolactone, valeric acid, adipic
acid, 2-methylglutaric acid, 2-ethylsuccinic acid,
2-methylbutanoic acid or 2-methylbutenoic acids, for

15 example. In view of the requirements of a possible
continuous implementation of the process, the amounts
of these compounds present can reach up to 90% by
weight of the reaction mixture charged to the
hydroxycarbonylation reaction.

20 The concentration of butadiene is a
significant reaction parameter, in particular as
regards the stability of the palladium catalyst, that
is to say essentially its maintenance in solution in
the reaction mixture. It has thus been observed that it

25 1is unfavourable to have less than 0.2% by weight of

butadiene with respect to the total weight of the



“reaction. According to the invention, the palladiumin the zero oxidation
state precipitates and is deposited 5 on or in the heterogeneous phase
conposed of this insoluble conmpound, thus facilitating its extraction and
.its separation fromthe reaction nedi um, Generally, this insoluble conmpound
shoul d not have an effect on the hydroxycarbonyl ation reaction, in 10
particul ar should not jnfluence the catalytic effect of the palladiumor
the sel ecti Vi%3F0on M ¥R i et bhr iR decagk Phsht ubl e
‘conpounds which are suitable for the invention, of inorganic conpounds

whi ch are adiamtiRfecUst oPerlviisser e ctrmBersdeni of stherketagenei c
surface area. Mention nmay be nmade, in this famly of conpounds, as

exanpl es, oforacttiyelahiaranalss wl lbvlva, Lanlted, sai tlcani the ceeactioxi de or
nore generally rare earth netal oxides. Mention nay be nade, as other

i nsol ubl e 2GnicermeaINdsc WES 2 €1 s4dt abl 53 foy wdeghvent £v8, s@igpol yner
foans, such as pol ystyrene foans, or silicone oils. The anmpbunt of insoluble
conmpoundsg a { . t.critic vary within wide limts. 25

5 498 fedl0lo L1 L4 Caly APS 600

According to on aracteristic of t nvention, the stage of reduction of

the palladiumto 16 bhe zsio oed gation state.hsgareled ouL by pl acing
t he reaction nmedi um under a ydr ogen at nosphere. wever, | is al so

possi bl e, without departing fromthe scope of the_ipvention, to add a 5
reduci ng corﬁﬁ#&?q X ke BRIk A HSE boF ‘Fﬁd‘?fdg S8 sHIAM aQT NaBH4, for
exanpl e, or netal hydrides. This reducing stage can be carried out between
anmbi ent t enprRIWR IS (V) ande g bndweight of the reaction

mixture and more preferably still at a value of equal
10 to or less than 30%, when the reaction is carried out
in a batchwise process, and at a value of equal to or
less than 10%, when the reaction is carried out in a
continuous process.
The embodiment of the hydroxycarbonylation
15 process described above exhibits the advantage, with
respect to other embodiments, of keeping the palladium
in solution in the reaction medium up to the end of the
reaction, making it possible to maintain high kinetics.
The hydroxycarbonylation reaction can be
20 carried out at a temperature generally situated between
60°C and 230°C and preferably between 90°C and 200°C
and under a pressure, at the temperature, of 50 to
500 bar and preferably from 100 to 300 bar.
The carbon monoxide partial pressure,
25 measured at 25°C, is from 25 bar to 440 bar and

preferably from 55 bar to 240 bar.



[l acuna] a hydrogen pressure of between 1 bar and 10 100 bar. However, in
an enbodi nent which nakes it possible to reduce the palladiumto the zero
oxidation state without affecting the unsaturation or unsaturations present
-in the hydrocarbonyl conpound, 15 the t erature of the reducing stage is
advant ageousl y between 20C (anbi ent teﬁggpature) and 80C. In the other
enbodi ment, with a tenperature of between 80C and 150C, the unsaturations
of the carboxylic aci %b@%?h%%e%yl%§ﬁ?%E%?boﬁ??aPFﬁﬁeéﬁnOEetbé
hydrogenated to obtain a saturated carboxylic acid. The process of the
i nvention t hisvemkéeni capobei pheriedaput ngohronndusddi enebatohpisduce
pent anoi ¢ acid. The process of the invention nmakes it possible to recover
all the pal | adeven piesebherafdbhe BS geadt reasordtonmadfnsaddhéi on, tile
i nsol ubl e conpound 17 conprising the palladiumcan be treated with acids

to redissol v@aiheuBabhadh Him@ndoh@i fekesi epPoasibhBol@ hEEYEHENET tbN a
further hydroxycarbonyl ati on stage. The process of the invention thus nmakes

it 5 possiblgptos] ﬁgéﬁ§ﬁ?ﬁt taéﬁggéhons for the hydroxycarbonyl ati on of

unsat urated conpou STS W th palladiumwthout |oss of

catal yst. Such a proceﬁg can t us be eratggﬁeco o] ch éﬁe i nvention
will be rmore fuIIy il ?rﬁ?@ﬁ i@nb?e Bl eRINPHBE“gF SeFB Sfhich are
solely by maéh illustration and without |limting effect. anple 1 The

fol | owi ng ar ERenBYgEaxyearbgryiatiPaskeast pent €ﬁ@PEl§8FdPPééad18mo g

purity) Butadiene 2.7 g (50 nmol)
in the dissolved form.

The invention provides a treatment of this
10 reaction medium which makes it possible to recover
palladium in the insoluble form with a degree of
recovery of approximately 100%.
This treatment consists, in a first stage, in
extracting the carbon monoxide dissolved in the
15 reaction medium. This extraction can be obtained by
heating the medium with an atmosphere not comprising
CO. More advantageously, this extraction is carried out
by placing the reaction medium under an inert or
hydrogen atmosphere, optionally with sparging of this
20 inert gas or hydrogen into the reaction medium. The
term “inert gas” is understood to mean nitrogen or the
rare gases.
This stage can be carried out at a
temperature of between 20°C (ambient temperature) and
25 150°cC.

This operation is carried out to extract



" Chl orobutene 0.3 g (0.35 mml) Water 0.9 g (50 mmol) Pall adi um on-active
charcoal (3~) 0.71 g This Pd/C catalyst is sold by Engel hard under 15 the
trade nane Escat 162 5207. The glass flask is introduced into a 125 m
.autoclave. The latter is imediately prfgsurized to 100 bar of CO at

anbi ent tenperature. The autoclave is placed in an oven and the m xture is

heated to i40C 18. whi shaki n Wien the .preset_ tenperature i s reached,
the CO pressﬁ?EtP§§}¥i§ig FgeZSGgBSP RPPAR*EE n@@fFBncng éesource of COto

‘mai ntain a constant pressure. The CO consunption is estimated with respect
to the diffepshtectefinfpprssheerpagsiprdmrAivhe ShuPcethffter reacting for
40 m nutes, corresponding to a degree of conversion (DC) of the butadi ene
of 63~, the aohoehfvatiencobl edrbonampabveideatih tbe2@€aatndonhewddegassed.
Three purges with hydrogen are carried 10 out under a pressure of 20 bar of

hydrogen. Theafaeoaheageblslebeedieds kthaf. 6001 mof 1C0ppefelrably of
solution. A pressure of 20 bar of hydrogen is applied and the m xture is

heated at 580¢ouit bhahi ibbng1fer 12 aBeuRouh.(RAIALALbRGS, i @hOf the
pal l adium . After cooling and degassing, the reaction nmediumis filtered.

Lo CorCea FRRELEL s LS 06 B0 auaktsin RIS bt

col l ected after ratronis ana romat ography PLC) and

gas 20 chromgt aphy. ( G0).. e |l owi ng results were obtained: CY
( 3- pent enoi Egaﬁﬁéﬁ?/ézénév% H@?t}s) - 4.6~ CY (2-methyl -3-butenoic acid)

- ~

After extraction of the carbon monoxide, the

process of the invention comprises a stage of reduction

10 of the dissolved palladium, generally in the 2+
oxidation state, to palladium in the zero oxidation
state (PA(0)). This palladium is separated from the
reaction medium by the usual liquid/solid separating
techniques, such as filtration, separation by settling,

15 centrifugation, distillation or evaporation of the
liquid medium.

According to a preferred embodiment of the
invention, a compound which is insoluble in the
reaction medium is present in the said medium before

20 the precipitation of the Pd4(0).

This insoluble compound can be added to the
reaction medium at any time, for example at the
beginning of the hydroxycarbonylation process, at the
end of the latter or immediately before the stage of

25 reduction of the palladium.

This insoluble compound is advantageously



© 25 CY (pentanoic acid) - 0.07 Quantitative determ nation of the palladium
19 on the charcoal collected and in the reaction mass after filtration is
carried out by ICP-OES or ICP-Ms. The results show that 98 of the palladi um
. charged to the reaction is recovered onghe charcoal and 1%is 5 found in

t he dissolved formin the reaction nmedium The term "degree of conversion

(DC) of the i " e _unders 1.0 e ratio,_ expressed
as % of the aﬁdﬁrﬁr %’forn%rge%g %é)%lur#{;g}&encgefj%egﬁnﬂg%%‘?%%%%%ﬁae%l?% t he
nunber of noles of 10 butadi ene charged. The term "CY" shoul d be understood
as meani ng tHPSet@Etivity for the product X indicated corresponding to the
rati o, expressed as ~, of the nunber of, noles of product X formed to the
nunber of 15 theoreti RFCHAIEY dfo giriuatver teedeul i@ da bkadHam nifber  of
nol es of butadi ene converted. Exanple 2 The followi ng are charged to a

gl ass fl ask:tiss Peetenoridacich (D0 d Peagiplratey @ud ats edepr@s Bted

Chl orobutene 0.15 g Water 0.9 g Palladium acetate 0.10 g Charcoal, Ceca L3S

1.1 g Thes chi 9l in stis®| bty dRGReous Fbhalde @msssddask tidntroduced into
a 125 m autoclave. The latter is' inmmediately pressurized to 100 bar of CO

at anbi ent tHINE AL SonfhiSndd! AGhaYerd i Pl @Lethd Ni 8 O¥ERadPfoihe mi xture
is heated to 140C 5 whil e shaki ng. When the preset tenperature Is reached,

communi oat 1 o 17° A9t & BoTanE b A SRR ' 5 Sotre. T
pressure. The CO
consunption is estimated with respect to tf ifference,i ressure 10
neasured in the source’ ¥'eatg91r§1gu?%‘? ‘%@P?nﬁ?ﬁ%%?n@o%g%ﬁ‘irﬂ?ﬁg
have an effect on the hydroxycarbonylation reaction, in
10 particular should not influence the catalytic effect of
the palladium or thglselectivity of the reaction.

Mention may be made, as insoluble compounds
which are suitable for the invention, of inorganic
compounds which are advantageously porous or which

15 exhibit a large specific surface area. Mention may be
made, in this family of compounds, as examples, of
active charcoals, alumina, silica, zirconia, cerium
oxide or more generally rare earth metal oxides.

Mention may be made, as other insoluble

20 compounds which are suitable for the invention, of
polymer foams, such as polystyrene foams, or silicone
oils.

The amount of insoluble compounds added is
not critical and can vary within wide limits.

25 According to one characteristic of the

invention, the stage of reduction of the palladium to



"to a DC of the butadiene equal to 65%the autoclave is cooled in a
bath to 20C and then degassed. Two purges with hydrogen are carried out
under 20 bar of 15 hydrogen. The sol ution obtained conprises 40 mi
.per litre of solution. A pressure of Zq#Par of hydrogen is applied

m xture is heated at 40C with stirring

or fifteen mnutes. After c

and degassing, the 20 reaction nediumis filtered. The charcoal rec

is dried bef 78R widatiinn et e o maeried it e PIRc Gty

“l'iquid chromat ography (HPLC) and gas chromat ography (GC).

wat er

of CO
and the
ool i ng
overed
formance

The foll ow ng

resul ts wer eregiuttaii oredne 2BinCYar{ B pentlerdyageaciabmes@8ereCY (diacids) - 110
21 CY (2-methyl-3-butenoic acid) - 3.6~ CY (pentanoic acid) - 1.8~
Quantitative determ naidwvyef, tite jpaldbsh Wwoonible ohitlowat col | ected and
in the reaction nmass 5 after filtration is carried out by |ICP-CES or

| CP-MS. The
is found in

gl ass fl ask:

d&stt dishp vt Nate lsc e tde f1ad | Adidtm char gedl d@atde re

the dissolved formin the reaction nedium the renninde

0T A S S RS g

Chl or obut ene 0..32 Water Q.9 Pal |_.adi um acet at .10 Char coal ;
1.0 g The cﬁ%aﬁsgilga%gl'd%w Plfe OFi g@ita% i’é’%riléjq%nt roduced i

125 nm

10

15

20

25

This reducing stage can be carried out
between ambient temperature (20°C) and 150°C and
[lacuna] a hydrogen pressure of between 1 bar and
100 bar.

However, in an embodiment which makes it
possible to reduce the palladium to the zero oxidation
state without affecting the unsaturation or
unsaturations present in the hydrocarbonyl compound,
the temperature of the reducing stage is advantageously
between 20°C (ambient temperature) and 80°C.

In the other embodiment, with a temperature
of between 80°C and 150°C, the unsaturations of the
carboxylic acid obtained by hydrocarbonylation can be
hydrogenated to obtain a saturated carboxylic acid. The
process of the invention thus makes it possible,
starting from butadiene, to produce pentanoic acid.

The process of the invention makes it
possible to recover all the palladium present in the
reaction medium.

In addilion, the insoluble compound

action
r being

0 a
Ceca L3S
nto an



“autoclave. The latter is immediately pressurized to 15 100 bar of CO at

anbi ent tenperature. The autoclave is placed in an oven and the mxture is
heated to 140C with shaki ng. Wen the preset tenperature is reached, the CO
- pressure is brought to 200 bar and the toclave is placed in conmunication
with a source of COto 22 mai ntain a~constant pressure. The CO
consunption is estipated with respect to the difference in pressure
measur ed i n $IPEHEARS. the 1R L }2BHIT AR dre JareR et €1 tR orFEdPording 5 to a
DC of the butadiene equal to 70% the autoclave is cooled in a water bath
to 20C. The zedbzsalee|the eppblaldiympmnd ste enalpel bt apesisilpdlerta pressure of
60 bar with an H2/CO m xture with a 95/5 content by weight. The autocl ave

i s heated atrd®Ieridbim aufesthdd Wdesxygoatbagy badi cdegassgag, the
reaction mxture is filtered. The charcoal recovered is dried before

anal ysis. The reacti onTHaSsréSeddab Setle bintéshi Her ERhgBnsRet | g1 d
chromat ography (HPLC) and gas chromat ography (GC). 15 The follow ng results

wer e obt?ggsgo%%\i?éé%@gnirﬁggé eﬁgiéﬂe_rgg%giné%éfigﬁ - 10~ CY (pentanoic

acid) - met h ut enoi c aci 2 antitative
determ natian of the palladiumon the charcoal .collected and in the
reaction nag}éy(%?}é’(c?ﬁ??gf?%ho?so’%ca?rﬁae%uﬁﬁﬁle%yc?@?‘(‘ﬁ%sonF - MS. The
results show that onply 34~ of_the, palladium charged to the reaction is

recovered orCaFRL¥HES cWhEh PRLEPEL TR Wwhtheuhdle$StAE aprkaLYFEd FBFM in the

reacti on nedium Exanple 4
a process can thus be operated economically.

The invention will be more fully illustrated
10 by the examples given below, which are solely by way of
illustration and without limiting effect.
Example 1
The following are charged to a glass flask:

3-Pentencic acid (90% 10.0 g

purity)

Butadiene 2.7 g (50 mmol)
Chlorobutene 0.3 g (0.35 mmol)
Water 0.9 g (50 mmol)

Palladium-on-active-
charcoal (3%) 0.71 ¢
This Pd/C catalyst is sold by Engelhard under
15 the trade name Escat® 162 5207.
The glass flask is introduced into a 125 ml
autoclave. The latter is immediately pressurized to
100 bar of CO at ambient temperature. The autoclave is

placed in an cven and the mixture is heated to 140°C



23 The following are charged to a glass flask: 3-Pentenoic acid (90~ 10.2 g

purity) Butadiene 2.7 g Chlorobutene 0.20 g Water 0.9 ¢

Pal | adi um on-activecharcoal (3~) 1.0 g This Pd/C catalyst is sold by

. Engel hard under the trade nane Escat 16@85207 The glass flask is introduced
into a 125 m 5 autoclave. The latter is”inmediately pressurized to 100 bar
of CO at anbient tenperature. The autoclave is placed in an oven and the
mxture i s hehiég £Bakape- WwhEnskERi RySSAkeferRETBEEEEt 1fekpEFREGre is

'reached, the CO pressure is brought to 200 bar and the autoclave 10 is

pl aced i n cobhenCOaprersswrehia sedsed ¢b @O0t bamniwathi goanegnspanto
pressure. The CO consunption is estimated with respect to the difference in
pressure neaaugedrce blieCooubCcmaiAtben beaohkhgntopr24soireut @he CO
corresponding 15 to a DC of the butadiene equal to 51% the autoclave is

cooled in a wBh8LmpPREBnt 9s286taRE tbleRwihovkkpdegassedneNaipedondd S
1 000 mM of CO

carried out, the concentration being per litre of

solution.5A Qheégggsu%%cﬁ%ﬁgﬁgegfiqukggggu%? t hen 24 applied and the

m xture i § héat stifring for fteen minutes. After cool i ng
and degassing, the reaction nediumis filtgred. The charcoal recovered is

dried before' anal ysi s. “THETr ESECESAINMESY 1#0 THRITESd 598 SKPORIILEs or mance

l'iquid chromat ography (HPLC) and gas chromat ograph GO). The foll owi ng
resul ts wer et@bPaPRrEgeSCYL( 3opEREEASNC (BE)dPE- t@¢~¥>e addeae @f) 63%10~ 10 CY
(pentanoic acid) - 0.3~ Quantitative determ nation of the palladiumon the
charcoal col tbet edtandave tikecpreded dn mayeteft bathi itor 0i°6nand carri ed out
by ICP-OES or ICP-M5. The results show that 88~ of the palladiumcharged to
15 t he react ichen sebagsed.n Thireedipssglese drifthr hyidiroglee BeecCidadr iredi um
Exanple 5 The following are charged to a glass flask: 3-Pentenoic acid (90~

10. 0 g pyni t ¥):tBuhadireBe pZebstirGhlodr QbutRRe oF. 3G atoBeher Thed c Pal | adi um
acetate 0.11 g Charcoal, Ceca L3S 1.0 g The glass flask is introduced into

a 125 m 23, 3uLael auecnInGelalhel o 9.1 el eSSz &t to 100 bar

of CO at anbient pressure. The autoclave is placed”in an oven and the
mxture is h%%&%%i%% 140C w th shaki ng. Wen the preset tenperature is
reached, ’

A pressure of 20 bar of hydrogen is applied
and the mixture is heated at 80°C with stirring for
15 one hour (phase of reduction of the palladium). After
cooling and degassing, the reaction medium is filtered.
The charcoal collected is dried before analysis.
The reaction mass collected after filtration
is analysed by liquid chromatography (HPLC) and gas
20 chromatography (GC).
The following results were obtained:
CY (3-pentenoic acid) = 92%
CY (diacids) = 4.6%
CY (2-methyl-3-butenoic acid) = 2.9%
25 CY (pentanoic acid) = 0.07%

Quantitative determination of the palladium



"5 the CO pressure is brought to 200 bar and the autoclave is placed in
comuni cation with a source of COto nmaintain a constant pressure. The CO
consunption is estimated with respect to the difference in pressure
- measured in the source. 10 After reactlfg for 14 mnutes, corresponding to
a DC of the butadiene equal to 64~, the autoclave is cooled in a water bath
to 20C and then slowy degassed., No purging is carried,out. A pressure of
20 bar of hy@RobBR F§a¥ﬁ% Lappliedtardatfielni kher 6eREt1811BaEEd at 80C with
'stirring for fifteen mnutes. After cooling and degassing, the reaction
mediumis fi&feeedfi¥heathancoal crecdedr edti bydif8dOBEf oreIfRaMPsis. The
reaction nmass i s anal ysed by high performance |iquid chromatography (HPLC)
and gas chromhéogeaphys( 6pw EBathe8kobfowhagpatiatii amwehargktiaktpned: CY
(3-pentenoic acid) - 80~ CY (diacids) - 15~ CY (pentanoic acid) - 0.20 CY
(2-met hyl - 3- pHbepehet@ehd) s- rac8Qe2bdQanthbathyeceat eafinaki @8 of the
pal | adi um on the charcoal collected and in the reaction mass 26 after

filtratiog 'f?fiﬁgriﬁdtﬁétd?ésb%egzgéogfn L PN ngt 8aUklas show t hat

80~~of the pa ium charged to the reaction is oun I'n the~di ssol ved form
in the reaction nediu 6 The f.ollowi ng.are r o a gl ass
flask: 3-Pentenoic acrgh?9gérTO earSﬁrPFyfoﬁﬁF gﬁ (QEZ g% grobutene
0.30 g Water_0.91 Palladlun1acetate 0.10 Char coa I Ceca L3S 1.0 g The
gl ass flask P‘étﬁﬁ%?ﬁﬁucéﬂo}lﬁ@o & Y?geﬁﬁtaﬁfioéﬁa%an?ﬁg thet EptiLe.

i mredi ately pressurized to 100 bar of CO at ambient pressure. The autoclave
is 10 pl acedeknrapsedensafid Phethiexnumbersochieapégst ef1bocagieneshaki ng.

When the preset tenperature is reached, the CO pressure is brought to 200
bar and the whiobl havei dipbppedred tontrbei vatber witt modesowfce of CO to

mai ntain a constant pressure. The CO consunption is 15 estimated with
respect to thetddfiéaceanergedpressure neasured in the source. At the end of
the reaction, the autoclave is cooled in a water bath to 20C and then

sl oW y degassed Pur gi figel $c¢af Mgl QUbuMit BedOnbakstbod 45 Mednagen and
the CO concentratlon falls to 40 mM of CO per litre of solution. A pressure

of 20 bar of 8@8@t&§1¥§e?o%pgh'egr%ﬁﬂthi ?Egr%eb§ heated at 40C with

stirring for een m nut fter i'ng an egassi ng, the react.i.on

Inedlunlls flltggesponglng to the ratio, expressed as %, of the

number of moles of product X formed to the number of
15 theoretical moles of product X calculated for the
number of moles of butadiene converted.
Example 2
The following are charged to a glass flask:

3-Pentenoic acid (90% 10.0 g

purity)

Butadiene 2.6 g
Chlorobutene 0.15 g
Water 0.9 g
Palladium acetate 0.10 g
Charcoal, Ceca L3S 1.1 g

The charcoal is sold by Ceca.



“charcoal recovered is dried before analysis. The reaction mass i s anal ysed
by hi gh performance |iquid chromat ography (HPLC) and gas chronmat ogr aphy
(GC). The following results were obtained: 10 CY (3-pentenoic acid) - 80~

. CY (diacids) - 12~ CY (pentanoic acid) 54 2.1~ CY (2-nethyl-3-butenoic acid)
- 3.9~ Quantitative determ nation of tHe palladium 15 on the charcoa
collected and in the reaction m g%ter filtrgtiog is carrjed out by

| CP- OES or | CP-MS. The' restdss s ha® 3LCHEPIFRI pHRFQAGR uh? e HBf ged to the
reaction is found in the dissolved formin the reaction nmedium 20 Exanple
7 The fol | ovidge@atavehafedlatter gl astmmedsately peressiar£zadi €0 (900 10.0 g
purity) Butadiene 2.8 g Chlorobutene 0.31 g 28 Water 0.9 g Pal |l adi um
acetate 0. 101@0 Ghar cofil CO Gec aatil3Serdt OCtemdéaratthae cothei susottavy {eca. The
glass flask is introduced into a 125 m autoclave. The latter is

i medi at el y prosedrizesnt ovdlahartwé flketrambsentateapesatypec The
autoclave is 5 placed in an oven and the mxture is heated to 140C with

shaki ng. W%@ﬁ Qﬁg}sf—a?tem&&awéep'féséeae&ﬁﬂerab@rgqgrf—ﬁégﬁsdi,S brought

to 200 bar e autoclTave I's placed 1 n conmuni cation wt source of CO

to maintain onstan ressu Th 0 ion i,S.10 estimated with
respect tot egd¢¢f§¥%%%%§§nl%?%523§%g§%§52§ggg%ﬁ ?ﬂ% E%ﬁr%%&oggaYﬁe end of
the reacti on, thigau oclave is cooled in,a water bath %o 20C. The aut ocl ave

i s reduced ih®pPeRSEr el t ARHVRT CREHOR GBSt BnSAVHFBgRA €8 SPe carried out

under 20 bar of hydrogen (the CO
maintain a constant pressure. The CO consumption is

estimated with respect to the difference in pressure
10 measured in the source.

After reacting for 19 minutes, corresponding
to a DC of the butadiene equal to 65%, the autoclave is
cooled in a water bath to 20°C and then degassed. Two
purgés with hydrogen are carried out under 20 bar of

15 hydrogen. The solution obtained comprises 40 ml of CO
per litre of solution.

A pressure of 20 bar of hydrogen is applied
and the mixture is heated at 40°C with stirring for
fifteen minutes. After cooling and degassing, the

20 reaction medium is filtered. The charcoal recovered is
dried before analysis. The reaction mass is analysed by
high performance liquid chromatography (HPLC) and gas
chromatography (GC).

The following results were obtained:

25 CY (3-pentenoic acid) = 83%

CY (diacids) = 11%



“concentration falling to 0.6 m per litre of solution), then a pressure of
10 bar of hydrogen is applied and the mxture is heated at 80C with
stirring for five mnutes. After cooling and degassing, the reaction 20

. mediumis filtered. The charcoal recovejed is dried before analysis. The
reaction mass is anal ysed by high performance |iquid chromatography (HPLC)

and gas chr omat ogr aphy, The, f LN ulLt re obtained: CY
(3-pentenoi ~ acid) - éigcﬁeriyﬁg%t2n%?§£g§¥%)99£§?7~ %Nﬁfdiacids) - 8.5~ 5

- CY (2-nethyl -3-butenoi g acid) - 3.3~ CY_ (pentapgic acid) - 4.4~
Quantitative deternind? oﬁp%%t?ﬂglﬁa?Féﬂ§uﬁ1%ng%he charcoal collected and
in the reaction mass after filtration is carried out by I|ICP-CES or |CP-Ms.
10 The results show t He¢aBYitativRedgheradnarieRaPfetiheorahéadeéw®tion is
recovered on the charcoal and 1~ is found in the dissolved formin the
reacti on nedbunth&xcinptrecs8l Thellettedi agdaie thargedctbom ghass fl ask:
3-Pentenoic acid (90~ 10.0 g purity) Butadiene 2.7 g Chlorobutene 0.30 g
Water 0. 95 gaPaét afll Lexracednt £s0cdOrfedl oatnBy DeguseEs bypecE-#sO g 15 The
glass flask is introduced into a 125 m autoclave. The latter is
i medi atel y pressaghzed ERok0Pnher 18f o€08L AP 8AL uhePRELELY! 8o The
autoclave is placed in an oven and the mxture is heated to 140C with

shaking. WhepLhgeReessh 1SMRELALULE Lhe! 2ElEdyveq #BhnenCpharessure is

brought to 2 and the autoclave I's place A conituni cati’on with a

source of COto _, . . .
reaction medium, the remainder being recovered on the

charcoal.
10 Example 3
The following are charged to a glass flask:

3-Pentenoic acid (90% 10.0 g

purity)

Butadiene 3.2 g
Chlorobutene 0.32 g
Water 0.9 g
Palladium acetate 0.10 g
Charcoal, Ceca L3S 1.0 g

The charcoal is sold by Ceca.
The glass flask is introduced into an 125 ml
autoclave. The latter is immediately pressurized to
15 100 bar of CO at ambient temperature. The autoclave is
placed in an oven and the mixture is heated to 140°C
with shaking. When the preset temperature is reached,
the CO pressure is brought to 200 bar and the autoclave

is placed in communication with a source of CO to



“maintain a constant pressure. The CO consunption is estimated with respect
to the difference in pressure 5 neasured in the source. At the end of the
test, the autoclave is cooled in a water bath to 20C and then degassed.
.Three purges with hydrogen are carri ed 2]pélt under 20 bar of hydrogen (the CO
concentration falling to O. 6 m per tre of solution), then a pressure
of 20 bar of hydrogen is a | i ed and the m:xture i s heated at, 80C with
stirring for™ ?&l@ec?ﬁl RS, p%@?%‘fr%ooﬂ?%gc%nﬁo%ﬂﬁ@é’r% 1% he reaction
mediumis filtered. The alumna recovered is dried before analysis. 15
Quant i t at i veesleier hedariUh wrspert pip | ek L Bhexercal imi Pressitect ed and in
the reaction mass after filtration is carried out by ICP-OES or | CP-M5. The
results showm¢dswre&d~infthdespatdadi um charged to the reaction is recovered
on the charcoal [sic] and less 20 than 0.05 is found in the dissolved form
in the reaction medi unnfExanpéecOidy PP ahi VLo, tEerrespOayIindd
chloride conplex 25 5.04 g of PdC 2, 3.37 g of NaCl, 50 cn8 of nethanol, 15
cB of Wk ery o 8 08c o O 168 Abta &b 0s | 88,200k o Pdsa EHétQ@fao@Pa&g%Qf

met hanol are successively charged to a 150 cnB round bot t oned~gl ass fl ask.

The het erer&?&’%d”lété”ﬁaéé Shh 0 el 2agbechEs gragyaL Lys dark brown and

cl oudy. The I on i S subsequéen irrFing with a gentle
stream of car b$ noxi de be e %y gubbé é one hour. The m xture
becones cl ear FUGH Jany%’F‘F IF X0 RLRSCApRAPE . 2 TRESSSHFRi 3 and t he
streamof CO are halted, the solution is |left standing for one hour 10 and
then it is poUrlar|wibh3wn B migkiusne aidh a 95/5 content by

weight. The autoclave is heated at 40°C for 45 minutes.
10 After cooling and degassing, the reaction mixture is
filtered. The charcoal recovered is dried before
analysis. The reaction mass is analysed by high
performance liquid chromatography (HPLC) and gas
chroﬁatography (GC) .
15 The following results were obtained:
CY (3-pentenoic acid) = 87%

CY (diacids) = 10%

CY (pentanoic acid) = 0.25%
CY (2-methyl-3-butenoic acid) = 3.2%
20 Quantitative determination of the palladium

on the charcoal collected and in the reaction mass

after filtration is carried out by ICP-OES or ICP-MS.

The results show that only 34% of the palladium charged

to the reaction is recovered on the charcoal and 62% is
25 found in the dissolved form in the reaction medium.

Example 4



“extracted with 5 tines 50 cnB of chloroform The resulting strawyellow
organi ¢ phase is washed with 2 tinmes 100 cnB of water and dried over

di sodi um sul phate overni ght, and then the solvent is evaporated. 15 3.35 g
-of a pale yellow solid are thus recoverze%i, the solid having a purity of
greater than 94~ (quantitative determ nati on by Nucl ear Magneti c Resonance:

NMVR) . 2) Hydroxycarbonyl ation of, chl orobutene The foll owi ng_are charged to
a glass flask: Chloroﬁﬁ?%ntpia?WbP%h?B?oﬁ %?9?Jp5?l%dgﬁﬁ?ioﬁgaﬁb:ZO The
'glass flask is introduced into a 125 m autoclave. The latter is

i medi ately pressuri zetrRenaemebaraeidcPat antdilert & enperature. The
autoclave is placed in an oven and the mxture is heated to 130C with
shaki ng. When the presmtrienperature is reached, 32 the CO pressure is
brought to 200 bar and the autoclave is placed in comrunication with a
source of CO to maint agRr@dLenst ant pressure. Afterg 60 mnutes, the
autoclave is cooled in 5 a water bath to 20C and then degassed. The

honogeneous reaction n§§§0£§b@gﬁﬁ¥sed by hi gh perfprgmance |iquid
chromat ography (HPLC) and gas chronat ography (GO . e followng results

were obtained: RY (P3),-,12.7% 10 RY (P2) - 4.4 The remainder is very
predom nantly chl orobuténé. 2.09 g of the soluti'on= hus obtained are pl aced
in a glass flask and 95 f Ceca L3S . charcoal 15 are added. Two purges
under 15 bar of hydrog%%fg?glE%T?FéaCBbYeénd the mxture is shaken under 20

bar of H2 and heated to 80C. Once the tenperature has been
charcoal (3%) 1.0 g

This Pd/C catalyst is sold by Engelhard under
the trade name Escat® 162 5207
The glass flask is introduced into a 125 ml
5 autoclave. The latter is immediately pressurized to
100 bar of CO at ambient temperature. The autoclave is
placed in an oven and the mixture is heated to 140°C
with shaking. When the preset temperature is reached,
the CO pressure is brought to 200 bar and the autoclave
10 is placed in communication with a source of CO to
maintain a constant pressure. The CO consumption is
estimated with respect to the difference in pressure
measured in the source.
After reacting for 24 minutes, corresponding
15 to a DC of the butadiene equal to 51%, the autoclave is
cooled in a water bath to 20°C and then slowly
degassed. No purging is carried out, the CO
concentration being 1 000 ml of CO per litre of

solution. A pressure of 20 bar of hydrogen is then



"reached, a pressure of 40 bar of hydrogen is applied for 60 m nutes. The
autocl ave i s degassed and the 20 reaction nediumis filtered. Quantitative
determ nation of the palladiumon the charcoal collected and in the
.reaction mass after filtration is carri out by ICP-OES or |ICP-Ms. The
results show that 1000 of the palladiumcharged to 25 the reaction is

recovered on the,charcqa 33, Exanpl e 10, The fol ing. .are.charged to a
gl ass flask:a?@ﬁﬁﬁaoﬁﬂgagpﬁ Tb*ﬁuﬁegEFaBFgﬁg ~ag.ébggEH?5Poﬁ§f§ﬁén .30 g
Vater 0.92 g Palladiumacetate 0.11 g Charcoal, Ceca L3S 1.0 g The gl ass
flask is intfeduéégtrPRromanEdSSH AREPECFaPéinghanfateepspinomelrat el y
pressurized to 5 100 bar of CO at anbient tenperature. The autoclave is

pl aced i n anremehiandmeldeum xsufelierhdat Elet ghaz@Gali recolekiedgisWien t he
preset tenperature is reached, the CO pressure is brought to 200 bar and

t he aut ocl avariedpbagede anadyBlBi. CEFheORedcthioa magkceésobnGDyisedl®ynai nt ai n
a constant pressure. The CO consunption is estimted wth respect to the

difference if;jghepavie ARASH €dqlhat BRreRHEEgraphyt NEPERY ahdt basr eaction,
t he autoc?avel?s %ooleé in a maﬁgr batﬁ to 2§Ea§ng ?hen@glomdyg%E degassed.

Fi ve purges I t er 60 bar of hydrogen (the CO concentration
falling to OEBSO%?E%é?gPﬁyréeg ‘solution). The m xture is then heated at

140C under 70 bar of hydrogen_wi th stirring for thirty-five mnutes. After
cool i ng and degassing,*%ﬁe Pg&8WFBH fﬁsﬁé&%uwpf§ PhFFéF@@f The char coal

recovered is dried

CY (3-pentenoic acid) = 87%

CY (diacids) = 10%

10 CY (pentanoic acid) = 0.3%

Quantitative determination of the palladium
on the charcoal collected and in the reaction mass
after filtration is carried out by ICP-0OES or ICP—MS.
The results show that 88% of the palladium charged to

15 the reaction is found in the dissolved form in the
reaction medium.

Example 5

The following are charged to a glass flask:

3-Pentenoic acid (90% 10.0 g

purity)

Butadiene 2.7 g
Chlorobutene 0.30 ¢
Water 0.9 g
Palladium acetate 0.11 g
Charcoal, Ceca L3S 1.0 g

The glass flask is introduced into a 125 ml



34 before analysis. The reaction nmass is anal ysed by high performance

| i qui d chromat ography (HPLC) and gas chromat ography (GC). The foll ow ng
results were obtained: 5 CY (pentanoic acid) - 93~ CY (diacids) - 3.0~ CY
(2-net hyl -3-butanoic acid) - 3.9~ Quankitative determ nation of the

~pal l adium on the charcoal coI I ected and in the reaction mass 10 after

filtrati O”alnj,f%o Glyeld a1 6P Q@ nitle QDte"fS/ lp?é%éu%ﬁ_‘ﬂetds ow t hat

nearly 100 e pal I"adi un1gﬁarged I'on 1's recovered on the
charcoal 2 bel found in .the di ssol ved form t reaction nedi um
V0 05/ 051789 C3bBCRER G e FDIEE S SFe rﬁoég’fsaﬁ%oqﬁy Adbar ation of
unsaturated or saturated carbox I|c acid s [sic on1conpounds conpri si ng
an et hyl enPdasedadd Ate FIVENy G TRt ddat t\ﬂdc K oadaT&s
unsaturation or an el ectron-donating group by reaction of carbon nonoxi de
and wat er withhehskéswnc@hefin & healdrediamdsaged-adatad yist regltdregtt eri zed in
that it consists in treating the reaction nmedium after the end of the

hydr oxyGar by Icat g gsfact 16N brayugdd rac t2 0 efr il aiid erutsyiexigle from
the said reaction nediumby treatnment with a gas, in order to obtain a CO

concent r at i;gN Afa deRE S of RRAREA dHE iQfn WA HIeNa |ddureOfoS@ditdpn, then
treatnent of [sic] the reaction nediumw th hydrogen to reduce the

pal I adi um 15Q%h§1er 0 c@ﬂsq:aatrfto sast.@_,éandm& C%Je%acfr?sﬂ i e i%{ eci pitated

pal | adi um omt e reactl on rre Priocess according aim 1,
characteri ze the concentratiqgn o rbon nonoxide in the reaction
medi um bef (?rsg egi fretsrpeeaﬁq:netrﬂ ‘i(}} HI i RS THEh 10 ol / 1.
3. Process according to claim 2,
measured in the source.
10 After reacting for 14 minutes, corresponding
to a DC of the butadiene equal to 64%, the autoclave is
cooled in a water bath to 20°C and then slowly
degassed. No purging is carried out. A pressure of
20 bar of hydrogen is then applied and the mixture is
15 heated at 80°C with stirring for fifteen minutes. After
cooling and degassing, the reaction medium is filtered.
The charcoal recovered is dried before analysis. The
reaction mass is analysed by high performance liquid
chromatography (HPLC) and gas chromatography (GC).
20 The following results were obtained:
CY (3-pentenocic acid) = 80%
CY (diacids) = 15%
CY (pentanoic acid) = 0.2%
CY (2-methyl-3-butenoic acid) = 3.8%
25 Quantitative determination of the palladium

on the charccal collected and in the reaction mass



characterized in that the concentration of carbon nonoxide in the reaction
nmedi um bef ore the stage of 36 treatnent with hydrogen is between 0.001
ml/1 and 600 nil/1. 4. Process according to one of clainms 1 to 3,
characterized in that the gas for entrginment of the carbon nonoxide is
chosen fromthe 'group consisting of nitrogen, the rare gases or hydrogen.
5. Process cordirng, to one of clains.1 to 4, eriz that the
stage of re ﬁ%??o% g?r?ﬁboﬁa}?aﬁ?ﬁﬁ%?g hk g%rgggxéggtPang?dga is carried
out under drogen pressure of between 1 bar_and, 100 bar. 6. Process
accor di ng t%h%n%e s Ega?H%WItP%t580%h%faE?%rP?%HaﬁhuWhﬁ?aFﬂﬁdsFage of
reduction of the palladlun1to the zero oxidation state is carried out at a
t enper at ur etlo¢ beagkeepn20€ HpdndsDC, the @issedvedcEorni Ay tbeone of the
preceding clains, characterized in that a conpound which is insoluble in

t he reactiOﬂeaeﬂium1medﬁdﬂed to the said nmedium and then separated fromthe
said nedium after the stage of reduction of the palladiumto the zero

oxi datiop state. 8. ngg seagcording to claim?7, characterized in that the
conpound which is ins € 1n the reaction nmediumis chosen fromthe group

consi sting of active @ﬁgrgggigw1§#ug}ga gé%&é%atozérBQQEQ’giﬁ%kun‘OX'de

pol ystyrene foans and silicone ol rocess-according to claim?7

or 8, characterized |§_%%%I%%$§60§$?$ éngg'ch %)lnsoluble in the reaction

mediumis added at th ction.
purity)
Butadiene 2.6 g
Chlorobutene 0.30 g
Water N 0.91 g
Palladium acetate 0.10 g
Charcoal, Ceca L3S 1.0 g

The glass flask is introduced into a 125 ml
autoclave. The latter is immediately pressurized to
100 bar of CO at ambient pressure. The autoclave is
10 placed in an oven and the mixture is heated to 140°C
with shaking. When the preset temperature is reached,
the CO pressure is brought to 200 bar and the autoclave
is placed in communication with a source of CO to
maintain a constant pressure. The CO consumption is
15 estimated with respect to the difference in pressure
measured in the source.
At the end of the reaction, the autoclave is
cooled in a water bath to 20°C and then slowly

degassed. Purging is carried out with 40 bar of



10. Process according to claim?7 or 8, characterized in that the conpound
which is insoluble in the reaction nmediumis added before the stage of
reduction of the palladium 11. Process according to one of the preceding
‘cl aims, characterized in that the conﬁg?nds conprising a conjugated

et hyl eni c unsaturation are chosen fro he group consisting of diol efins,
allyl alcohols, allyl ethers, allyl esters and allyl halides. 12. Process

accordi ng t BYEFapRP12ndchRraEPeFPREEIFRALRER ?ﬁélélGPeﬁpnmﬂsoﬁuFleene 13.
Process according to one of clainms 7 to 12, characterized in that the '
pal | adi um depssitisgeonft ReluhsonubRereersoded ofs 20ebavepédhydrogesnt nent of
the said insoluble conmpound after separation fromthe reaction nedium 14.
Process accoedihgnt eppllaiet 483 ther adkénreedsi hebhatl tlie 40PCatvieht of t he
i nsol ubl e conmpound conprising the reduced palladiumis a dissolution of the

pal | adi um bytatt-aglk Byrarstrreed aghdtes. After cooling and
ACAL. A&r. AL. ALn. A9, AL A9L AL. AL. A9. AL. A" . A. A9. A9. AL. A AS A.AIl, A A . As

A2 A ﬁa@f@‘gfé? X?:tA%]nC éﬁsd@]w AFY 1Tl ag &

CEF{zupk a]ca ca]ca calJ ca ca]ca]ca]ca ca]ca]ca]caU]ca

}qg??qgaﬁQF 8 ngfg gpcéfc§f§§?U£F%bf a%%aﬁggféa]ggfha]ca]ca]ca]ca]c

a] ca] ca] ca] ca] ca].ca] ca] cal.ca] cal ca] ca] ca] ca]ca! (=m # Ce f t
Ica]ca] ca] ]ctLon]maLs Ls Ln ysLd % %. perform;gce llq&id y

chromatography (HPLC) and gas chromatography (GC).
The following results were obtained:
10 CY (3-pentenoic acid) = 80%
CY (diacids) = 12%
CY (pentanoic acid) = 2.1%
CY (2-methyl-3-butenoic acid) = 3.9%
Quantitative determination of the palladium
15 on the charcoal collected and in the reaction mass
after filtration is carried out by ICP-OES or ICP-MS.
The results show that 1% of the palladium charged to
the reaction is found in the dissolved form in the
reaction medium.
20 Example 7
The following are charged to a glass flask:
3-Pentenoic acid (90% 10.0 g
purity)
Butadiene 2.8 g

Chlorobutene 0.31 ¢
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Water 0.95 g

Palladium acetate 0.10 ¢
Alumina, Degussa type C 1.0 g
15 The glass flask is introduced into a 125 ml
autoclave. The latter is immediately pressurized to
100 bar of CO at ambient temperature. The autoclave is
placed in an oven and the mixture is heated to 140°C

with shaking. When the preset temperature is reached,
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10 1litre of solution), then a pressure of 20 bar of
hydrogen is applied and the mixture is heated at 80°C
with stirring for forty-five minutes. After cooling and
degassing, the reaction medium is filtered. The alumina
recovered is dried before analysis.

15 Quantitative determination of the palladium
on the alumina collected and in the reaction mass after
filtration is carried out by ICP-OES or ICP-MS. The
results show that 97% of the palladium charged to the
reaction ig recovered on the charcoal [sic] and less

20 than 0.05% is found in the dissolved form in the

reaction medium.

Example 9
1) Preparation of the m-crotyl-Pd chloride
complex
25 5.04 g of PACly, 3.37 g of NaCl, 50 cm’ of

methanol, 15 cm® of water, 8.03 g of crotyl chloride and
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are halted, the solution is left standing for one hour
10 and then it is poured into 300 cm® of water and
extracted with 5 times 50 cm® of chloroform. The
resulting straw-yellow organic phase is washed with
2 times 100 cm® of water and dried over disodium
sulphate overnight, and then the solvent is evaporated.
15 3.35 g of a pale yellow solid are thus recovered, the
solid having a purity of greater than 94% (quantitative
determination by Nuclear Magnetic Resonance: NMR) .

2) Hydroxycarbonylation of chlorobutene

The following are charged to a glass flask:

Chlorobutene 5.0 g
Chlorocrotyl palladium 10.3 mg
20 The glass flask is introduced into a 125 ml

autoclave. The latter is immediately pressurized to
100 bar of CO at ambient temperature. The autoclave is
placed in an oven and the mixture is heated to 130°C

with shaking. When the preset temperature is reached,
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chromatography (HPLC) and gas chromatography (GC).

The following results were obtained:

RY (P3) 12.7%

10 RY (P2) 4.4%

The remainder is very predominantly
chlorobutene.

2.09 g of the solution thus obtained are
placed in a glass flask and 95 mg of Ceca L3S charcoal

15 are added. Two purges under 15 bar of hydrogen are
carried out and the mixture is shaken under 20 bar of H;
and heated to 80°C. Once the temperature has been
reached, a pressure of 40 bar of hydrogen is applied
for 60 minutes. The autoclave is degassed and the

20 reaction medium is filtered.

Quantitative determination of the palladium
on the charcoal collected and in the reaction mass
after filtration is carried out by ICP-0OES or ICP-MS.
The results show that 100% of the palladium charged to

25 the reaction is recovered on the charcoal.
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TT1}oP1 y 10%/ ()-10%50) 3318 acetate 0.11 g

Charcoal, Ceca L3S 1.0 g
The glass flask is introduced into a 125 ml
autoclave. The latter is immediately pressurized to
5 100 bar of CO at ambient temperature. The autoclave is
placed in an oven and the mixture is heated to 140°C
with shaking. When the preset temperature is reached,
the CO pressure is brought to 200 bar and the autoclave
is placed in communication with a source of CO to
10 maintain a constant pressure. The CO consumption is
estimated with respect to the difference in pressure
measured in the source.
At the end of the reaction, the autoclave is
cooled in a water bath to 20°C and then slowly
15 degassed. Five purges are carried out under 60 bar of
hydrogen (the CO concentration falling to 0.05 ml per
litre of solution). The mixture is then heated at 140°C
under 70 bar of hydrogen with stirring for thirty-five
minutes. After cooling and degassing, the reaction

20 medium is filtered. The charcoal recovered is dried
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Quantitative determination of the palladium
on the charcoal collected and in the reaction mass
10 after filtration is carried out by ICP-OES or ICP-MS.
The results show that nearly 100% of the palladium
charged to the reaction is recovered on the charcoal,
0.025% being found in the dissolved form in the

reaction medium.
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sic] from
compounds comprising an ethylenic or acetylenic
unsaturation conjugated with another unsaturation or an
electron-donating group by reaction of carbon monoxide
and water in the presence of a palladium-based
catalyst, characterized in that it consists in treating
the reaction medium, after the end of the
hydroxycarbonylation reaction, by extraction of the
carbon monoxide from the said reaction medium by
treatment with a gas, in order to obtain a CO
concentration of less than 600 ml of CO per litre of
solution, then treatment of [sic] the reaction medium
with hydrogen to reduce the palladium to the zero
oxidation state and in separating the precipitated
palladium from the reaction medium.

2. Process according to claim 1,
characterized in that the concentration of carbon
monoxide in the reaction medium before the stage of
treatment with hydrogen is less than 10 mmol/l.

3. Process according to claim 2,
characterized in that the concentration of carbon

monoxide in the reaction medium before the stage of
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palladium to the zero oxidation state is carried out
under a hydrogen pressure of between 1 bar and 100 bar.

6. Procggs according to one of claims 1 to
5, characterized in that the stage of reduction of the
palladium to the zero oxidation state is carried out at
a teﬁperature of between 20°C and 150°cC. |

7. Process according to one of the
preceding claims, characterized in that a compound
which is insoluble in the reaction medium is added to
the said medium and then separated from the said medium
after the stage of reduction of the palladium to the
zero oxidation state.

8. Process according to claim 7,
characterized in that the compound which is insoluble
in the reaction medium is chosen from the group
consisting of active charcoals, alumina, silica,

zirconia, cerium oxide, polystyrene foams and silicone

oils.
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Process according to one of the

preceding claims, characterized in that the compounds
comprising a conjugated ethylenic unsaturation are
chosen from the group consisting of diolefins, allyl
alcohols, allyl ethers, allyl esters and allyl halides.

12. Process according to claim 11,
characterized in that the diolefin is butadiene.

13. Process according to one of claims 7 to
12, characterized in that the palladium deposited on
the insoluble compound is recovered by treatment of the
said insoluble compound after separation from the
reaction medium.

14. Process according to claim 13,
characterized in that the treatment of the insoluble
compound comprising the reduced palladium is a
dissolution of the palladium by attack by a strong

acid.



