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{54) Titre : PROCEDE DE PREPARATION D'ACIDES CARBOXYLIQURES PAR CARBONYLATION AlT PALLADIUM.

2 (57) Abstract: The invention concerns 2 method for preparing beta, gamma saturated ar mnsaturated carboxylic acids. More particu-

larly, the invention concems hydroxycarbonylation of an organic compound comprising a conjugated unszturation, such as butaZens,
through the action of carbon monoxide and water in the presence of a paliadiom catalyst The resnhing carboxylic acids are prefer-
al::}y pentenoic acids. The invention is characterised in that the reaction medium at the end of the hydroxycarbonylation step is treated
2 pu:lr:;l;ydrogcn ta reduce the palladinm present in palladiom 2 + oxidation state to zero oxidation state and to recover the precipitated
it :
o

;:i '{?‘7) Abrégé : La présente invention concemne un procédé de préparation d’acides carboxyliques béta, gamma insaturés ou satu-

- rés.Elie conceme Plus pmﬁcqlii:z'ement I'hydroxycarbonylation d'un composé organique comprensnt une insaturation conjuguée,
comme le butadiene, par action de monoxyde de carbone et d'ean en présence d'on catalysenr & base de palladium. Les acides car-
b?xyliqum ainsi obtenus sont de préférence, les acides penténoiques. Selon I'invention, le milien réactionnel aprés Ia fin de I'étape
-d"hydroxycarbonylation est traité par 'hydrogene pour réduire le palladium présent 3 1'Stat @ oxydation Z + en pajiadiom 2 I'€lat
d’ oxydation zéro et 1é cupérer Je pailadium précipité. ' :



Al though it is possible to inmagine carrying out the two

hydr oxycarbonyl ati ons | eading from butadiene, to adipic Qqugnégoé%3|ngle
stage, it turns 20 out in practice that the two reactions have t

carried out successively if it is desired to obtain selectivities which
are sufficj to be able to enV|sage an. economcally. viable
|ndustr|alh§ Q%Zgghggatent US- A-3 5091209. di scl oses ?93/5%01134149

hydr oxycar bonyl ati on of various ol efins, including 27 June 2005 2

but adi ene, by carbon nonoxi de and water in the presence of hydrochloric
acid or hydrobromc acid and of a paIIadlun}conpr|S|ng catal yst at a
tammaUMeof A nde

pr ef er abby~ ’ S€
observed t hat the ylelds of penten0|c acids are very Iom1and that, in
reality, the product obtained is very often valerolactone. 10 Patent
FR-A-2 529 885 has provided a process for the preparation of (3- or
y-unsat urated aci ds, TRgcpressnpenhesnteoacidsatby ear bopybakkan of a
conjugated diene (nore particularly butadiene) in the presence of water,

of a hyérOPét'ghgﬁtﬁﬁPQ%a918§'%EdbuntPa? A5 6al Eg st and, of %%%uaternarY'

oni um sal t an' el enen osen fromn gen,

carboxylic acids.
It relates more partiétlarly to the
hydrbxycarbonylation of an organic  compound cgmprisipg
a conjugated unsaturatidn, such as butadiene, by the
10 aétion of carbon monoxide énd water in the éresence of
a palladium—bésed éatalyst. The carboxylic acids thus
obtained are preferably'pegteqoic acids.
One oﬁ‘the poséible'routes of access to
adipic acid, which is one of the two basié constituents
15 of polyamides, such as polyamide 6,6, is the double
| carbbnylation of butadiene or its derivatives.
Althbugh,it is'possible to imagine carrying
- out the two hydroxyéarbonylations leading_from
'butédiene.to édipic acid in a single stage, it turns
20 out in'practice that the two reactions have'to be
-éarried out successively if it is*désiréd'ﬁo obtain
:rseléctivities which are sufficiently high to be able to
envisage an,economically viable industriél process.
Patent_US?A-3‘509'209 discloses the

25 hydroXyCafbonylation:of various olefins, including



" phosphorus and arsenic.., This process gives good results but it requires:
the use of arelatively large anmount of a 20 quaternary oq%qﬂhsgkg whi ch
- 1's an expensive conmpound and one whose presence is of such @ R&Pdre as to

conplicate the treatnment of the m xtures at the end of the reaction.
Eur opean Patent 0 648 731 also disclosé&s a 25 process for the

hydr oxycarbonyl ati on of butadiene and its derivatives to pentenoic acids
in the presbncadokn2? Bynea2b6h mdnoxdtiyl antl enkde, innthkeppesponcei on. of
-at least two nol per nole of palladium the palladium being at |east’

partially ipfthgakechnekia AceBoby! hoappbesmithhsidpeaeess gakes it ,
possible to avoid the use. of onium5 salt. These various processes nmake

possi bl e thga) TBRYLACLULE-96:A8! BOXKLELACLdS WohBeageapLaBEe ybel S  and

selectivities. wever, e reCovery a e recycling of the catal yst has
never, been_desgrihed in 10 these docunents. the.netal _used is a '
preci ous nnglﬁsthegﬁgr Pgﬁrrgc 58r§u5? ?ﬁi%A§8t§|9§§ 8&¢ not all ow an
“[[[ industrial devel opnment of these processes. One of the ains of the
present PnvBREESREPLY P& pPotPdeCl H?Hroxycarbonylation process conpri sing

a 4
Under the conditions described, it is

observed that the yvields of pentenoic acids are very
low aﬁd tﬁat,lin reality, the product obtained ié very
~often valerolactone.
10 Patent FR—A—? 529 885 hés provided- a process
for the‘preparation of B- or y-unsaturated acids, such
‘as pentenoic acids, by carbonylation.of arconjugated
diene {(more pérﬁicularly butadiene) in the presence of
waﬁer, of a hydrohalic acid, of a palladium-based
15 catalyst_and,df a guaternary onium salt, the oﬁium_
being that of an element chosen from nitfoéen;
phdspﬁorus énd arsénic._
7 fhis process gives goéd results buf it
requires the use of a'relatively‘large'amount of a
20 quéternary oniuﬁ salt, which is an expensive compound
and one whoée presence;is of such a nature as to
complicate the treatment of the mixtufes ét‘the end of
the reaction.
European Patent 0-648 731 alsb discloéés a
25 process for the hydroxycarﬁonylation of butadiene and

its derivatives to pentenoic dcids in the presénce of



"15 conplete or substantially conplete recovery of the palladiumcatalyst-
Furthernore, the.invention provides a recovery of the paljagiy H@i ch

. makes possible recycling of the latter in a further hydroxycarbonyl ati on
~stage. 20 To this end, the invention provides a process for the

manuf acture of 0- or y-unsaturated carb%xyli'c acids or of saturated
carboxylic acids by reaction, wth carbon.nonoxi de and water, of a
compound  cEHESE rPkerieidy | ienitheo prapeniieon @ umdatiaest ¢gwo2Bodonj ugat ed
Wi th anot her unsaturation or an el ectron 27 June 2005 4 donating group
carried by tger cawlorof pdlleadiosd,t ithe palll@dien $eichgirgatiewaati on_ Thi s
reaction is carried out in the presence of ‘a palladi umbased catal yst

which s solul &1y the iRy ok an @S8Rl 10dfia i esent, | nvention,

there is pr a~ process the preparation of unsaturated or

saturated carboxylic .acids [sicl..f.rom conpqunhds conprising.an ethylenic or
acetyl eni ¢ HSHIFROVET o E%ﬁftgé&ﬂ\iﬁ 59 ngp rt%ﬁélgﬁp%r%ﬁ i‘?g’ﬁu& an

el ectron-donati ng group by reaction of carbon rmonoxide and water in the
presence f S84¥al | adi um based catal yst, characterized in that it consists
“in treating the reaction medium after the end of the hydroxycarbonyl ation-’
reaction, by extractiWress vahe coar powossses deka goddidlsaitdier eact i on
medium by treatnment with a gas, in order to obtain a CO concentrati-on -of
manufacture of carboxylic acids with acceptable yields.
and'sélectivities. However, the.¥¢¢overy'and the
recyéling éf the catalyst has nevef;been described in
10 these documents. As the metal used is a precious metal, |
'thelpartial recove;y-of this catalyst does not allow an
industrial“developﬁent of Ehese pfocesses.
~Oherof thewgims of the present invention is
to provide a hydroxycarbpnylafion process coﬁprising a
15 complete or substantially coﬁplete recovery of the
péliaaium catalyst. furthermore, the invention provides
'a recovery df the palladium which makes possible
~recycling of the latter iﬁ a further
‘ hydroxycarbonylatioﬁ stage.
26. ' ~ - To this end, £he invention provides a process
 for the manufacture of B- or y-unsaturated carboxylic
acids'or of saturated cafboxylic édids by reaction;
with carbon.monoxide-and water, of a compound
comprising an ethylenic-or adetylenic unsaturation

25 conjugated with another unsaturation or an electron-



| ess than 600 m of CO per litre of solution,'then treatnent of [sic] the

reaction nediumw th hydrogen to reduce the palladium to(%tThﬁnf%%roas
oxidation state and in separating the precipitated palladiumTromthe
reaction medium The process of theyinvention is characterized in that the

reaction nmedium at the end of the hydroxycarbonylation reacti 03, IS
treated in a.first stage, . rder to extract the carbon nonoxi de present
in the AEG _r’n“t%/W&%%ﬁfﬁ%%yerﬁ%i%@ﬁno@tw@ysnammmen ina
second stage, in order to reduce the palladiumpresent in the nediumto
pal | adi &@ ithet Faidzems adximgdtiicon St Myaditeat entcart hediysiiogen. The

pal | adi um t hus reduced precipitates and can be 27 June 2005 4a separated
from t hénr ehet ipoesredicumby genvertivnalasdd cotididi qpidasepar ati ng neans.
According to one characteristic of the invention, the concentration of CO

in the gediubmebeforee WeatmENt with hydrogen is advantageously 1ess than j
| 600 mM of COper litre of solution, preferably Iess 20 than 100 m of CO

per litre of SoRbt#PPRCITIVE thorramengt ionenfidO itbead siz prefédabl § great er
t han O@QQéeQE Q&:qghpEEeééﬁéﬂﬁoﬁfo§0&ﬁgdﬁﬂ}atlgeo£%&Hh}ggggounds conprising

an
carboxylic acid$ [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 Lhe 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 solutidn, 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.

'The process of the invention is_chdractérized
in that the reaction medium, at the end of the
hydfoxycarbonylation reaction, is treated in a first
stage, inlorder to extract the carbon monoxide presen;
in the medium by evaporatiqn or epérainmegt of ghe CQ,‘_
énd then in a second stége, in order tQ-réduce thé
palladium present in the medium to palladiﬁm‘in the
zZexro oxidation state by treatment with hydrogen. The

palladium thus reduced precipitates and can be




I

unsaturation". should be understood as neaning the 25 conpounds of general
fornul ae: 27 June 2005 5 or -C=C- t -- in which the carbop jn th x
position with respect to the ethylenic or acetylenic unsat uratron” al so
carries 5 an ethylenic unsaturation or, an el ectron-donating radical, such
as, for exanple, halogen atons, subgtituted or unsubstituted am no groups,
or al koxy, hydroxyl, oxo, epoxy, carbonyl, nercaptoal kyl, ester and/or
cyano groups. 10 Mention nay be nade, as exanples of such unsaturated
conmpounds, of diolefins, allyl alcohols, allyl ethers, allyl esters and

al 'yl hal i despargredpfeeer b8l EBAPLLAE BEIEHE PivERRVER ST ut adi ene,

whi ch nmakes possi ble the manufacture of 15 pentenoic acids by sinple

hydr oxytar beoyidt Logquod adppietasdmbgngoeubl e hydr oxycarbonyl ation. The
catal yst of the invention is a palladium conmpound which is soluble in the
reacti on nedium The aeespaindstbdboonthehibmplersitsaticomfoftiiehe i nvention are-
20 those described in the docunents cited above to illustrate the state of

the art. Mephi:@AtiBY, benavdenciatraxannl ef ob ipakhadidenicapeifods
conprising one or nmore anionic groups,. such as, for -exanple, those

derived frog}eétment with hydrogen is advantageously less than
600 ml of CO per litre of solution, préferébly less
20 than 100 ml of CO per litre of solution. The
concentratibn of CO is also preferzbly greater than
0.001 ml of CO per litre of solution.l
The term “compounds comprising‘én'
. unsaturation” shoqld be understood as meaning the

25 compounds of general formulae:




"27 June 2005 6 hydrochloric, hydriodic, hydrofluoric or hydrobromc
acids, sul phuric acid, nitric acid or carbonic acid. Anlaglc @5@#?5

~.derived from sui phoni c acids, thioalcohols or carboxylic acids ch as

.acetic acid, 5 propionic acid or pivalic acid, or the like, are also

sui table. Use may al so be nmade of conpﬁ%xes forned from conpounds

conpri si ng phosphorus or nitrogen atoms. The palladiumcan al so be present

inthe form. 10 of! ganlc -conpl exes, Imhlch can be forned before the

i ntroduction indt hq;Leacbﬂon-nagggncgp-dlrectly in the said nedium

Exanpl es of conpg exes] whi ch can.be uséd in the present process are: 15

bi s(7c-al l yl pal | adi um'chl ori de), bis(n-allylpalladium -bromde),

acetylacetonato(alIyI)paIIadiun1 bi s(n- isobutenyl pal | adi um chl ori de),

bi s(n- cycl ohexenyl pal | adi um chl ori de) and other n-allyl conplexes, such

as bis(rc-4-chlorocrotylpalladium 20 chloride) and '

bi s(n- 2- met Ay +Ariehl @heC kAt Hopal ha@h'é”h pR0ELde) witaAlladeribeay| pal | adium
chl ori des and n- |sobutenylcarbony pal | adi um chl orlde, reSpectively, for

CHom! 8. CABVRRCHOTEREL 69 ki ULLRELTINS e el L o
‘5 an ethylenic unsaturatlon or an electron-donating '
radical, such as, for exaﬁple, halogen atoms,l
subétituted or unsubstituted amino groups, or alkoxy,
hydroxyl,_oxo; epoxy,vcarbonyl; meréaptoaikyl, ester
and/ot cyano‘groups. |
_10 | E .Méntion mﬁf be made; és examples of such
unsaturated compounds, of diolefins, allyl alcoholé,
ailyl ethérs, allyl esteré anﬁ éllyl halides.
The preferred ctmpound of the invention is
butadiene, which,makes possible the manufacture of
15 péntenoic acids by simple hydroxycarbonylation ox
adipic acid by double ﬁydrdxytafbonylation.
The catai&st'oflthé,inventitn is a palladium
- compound which is soluble in the reaction medium. The
-cémpoundé for the impleméntation tf the invehtion are
20  those described in the documents cited above to
illustrate the_staté of therért;
Mention.may be made, for example, of
palladium cémpounds céﬁprising one or morelanionic

' groups,:shch as, for example, those derived from




*27 June 2005 7 conpl exes, such as pall adium ace'tyl acet onate, o
bi s(bi benzyl i deneacet one) pal | adi um the di ner of palladi%ﬁkﬁﬁ?%ﬁbs

_chloride, or conplexes of aromatic or aliphatic phosphines'w pal | adi um

such. as 5 tetrakis(triphenyl phosphi ne)pal | adi um or ' ,

bi s(tri phenyl phosphi ne) pal | adi um di chl &ride. According to a preferre

enbodi nent. of the invention, the palladiumcatalyst is formed in situ by

addi tion of EiRladhiHie,i d8driddachr BRakbirdnoef cabrlBykieasti-okwe nol- per

. mole of palladium The palladiumis thus at least partially in the form of

a x-crotyl Lol e 1a5,4i:3¢1-050d 'h&ltli%ogﬁaat ﬁgt %%buﬂicoa%ﬁ.m-

According to the invention, the process for roxycar bonyl ati on

of . unsat urat ed organigu}5 compounds %escri?e% above ﬁ?ich congpunds\Mll
t encé 1B

be exenplified for more Cl'ar ity Wt AFa&r T S BIPRGCeRE“BY car bon

" nonoxi de and_wat er is_ advantageously carried out at a carbon nonoxide
pressure gréat&R 1&%ﬁBéﬁﬁé%P&Yﬁﬁéséﬁﬁég'Zéuﬁévéﬁt§§§6&§I9?1§he wat er .

present in the reaction nmediumrepresents an anount of |ess than or equal
to 20% by WG opitch acdsheat pivalhe weiight oof thiehd ikeaceirenadisgt ure. The
term "but adi ene derivative" is understood 25 to nean, in the present text,
in particul eauidlalylei.c
Use may also be made of complexes formed from
~compounds comprising phosphorus or nitrogen atoms.
The palladium can also bé 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 used in

the present process are:
15 bis(m-allylpalladium chloride), bis(r-allylpalladium
r.bromide), acetylacetonato{allyl)palladium, bié(n-
'isobgténylpalladium.chlo?ide), bis(n-~
cyclohexenylpaliédiﬁm chloride) and other ﬁ—allyl
. comélexes, such as bis(n—4-chlorocfotylpélladium
20 chloride) and bis(n*2—methyl—4—chlorocrotylpalladium
chloride), n—allylcarbonylpélladium chlorides apd -
ispbutenylcarbonylpallédium chloride, respectively, for
' example (C3H7Pd2C12C0)2) [sic], and, furthermofe;
-ethyleneballadium_chloride.

25 It is also possible to use organic palladium



*butenols, such as 3-butene-2-ol [sic], 2-butene-l-ol 27 June 2005 8 [sic]
and their mixtures, or addition conpounds of hydrogen chbguhﬂ$236§h
. but adi ene (chl orobutenes), the main one of which is crotyl chloride. In
~the present process, it is possible to 5 enploy butadi ene, one or nore of
its derivatives or mixtures of butadiehe with one or nore of its -
derivatives. Butadi'ene or nmixtures predom nantly conprising butadiene
represent, HsWRAExes heytlefas red lasiibot eateeylat@ thinatas- cr ot yl pal | adi um
conpl ex catal yst can be introduced into the reaction nediumor can

be- f ormed i rbissilibdraym iftrwldedes,e ) pana agdndn, c whar Idindie «ghl ori de,

[lacuna] Pd carboxyl ates, .in particular the acetate, or -fromfinely

di vi ded pal |padilsmitet drotk T ATt oof 1) 4 adidamiGat /lyst used
in the process can vary within wide limts. nerally, from10-5 nol to

0.2 nol . of I%piii&% %ﬁﬁhé@kﬁtﬁpﬁﬁaﬁqﬁ?f n%)lofa?ut' adi ene derivative

charged to the™ r preferably 0 0.1 nol per 20
nole. In addition.to . .the.a<-crotyl palladi cat al yst, palladiumcan also
be found ?ﬂfﬁ%% %kiﬂﬁﬁﬁﬁ?h%ﬁ¥'ﬁ§ﬁ%p 1§ﬁ§Pﬁgﬂgﬁé§§‘ ¢tive form (for exanple,

~Pd netal or Pd chloride) in a variable anount. In an

bls(trlphenylphosphine)palladium dichloride.

According to a‘preférred embodiment of the
invenfion; the,palladium catalyé£ is formed'in situ by
additioﬁ of crotyl éhloride, ip_a,ﬁréporﬁion of at -

10 least two ﬁol per mole of palladium. The palladium is
thus_at least partiaglly in the form of a ﬁ—crotyl |
complex, as disclosed in European Patent No. 0 648 731.

-.Aécbrding to the iﬁventién, the process for
the hydroxycarbonylation of.unéaturated organiC'

15 compounds described above, which compounds will be
eieﬁpiified for more‘clarity with reference ﬁb
butadiene, by carbon monoxide and water is
advantageously carried out at a carbbn monoxide

- pressure greater -than atmospheric pressure.

2O | ' Advantagequsly,-the water presént in the
reaction medium represents an amount of 1ess‘than or
.equal to 20% by weight with respect to the weight of
therreaction mixture.

Tﬁe term “butédiehe derivative” is-understoéd

25 ~to mean, in the present tekt, in particular allylic

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



"25 industrial process, it is, however, preferable for all 27 June 2005 9
or virtually all the palladiumto be in an active form - I | uble in
.the nedium such as x- crotylpalladium optionally with Bg?ﬁgg%?ﬁéghloride.
. The u-crotyl pal | adi um conpl ex can be 5&$repared, for exanple, by reacting a
pal |l adium salt, such as palladiumchldtide, with crotyl chloride in a '
sol vent whi ch can be conposed of a water/nethanol m xture.- The m xture is
stirred, genéiglll yngt thediremixtuamser aruprddiddeantcagmowsids @fder a gentle
-stream of 10 carbon nonoxi de. The n-crotyl palladi um conplex precipitates.-.
After"an optivémaigede ghdsinigiephasd, bultedimmet Wioh lice-gqimireeesint cheat er and i s
then extracted wusing a suitable organic solvent, such as, for exanple,

chl or of or m mEie eowrploEx wis csubseauerifly chaokalrd from 15 the organic
solution by evaporation of the solvent. The crotyl chloride pronoter may

be introduced into the keaCkreBcmhXputeelt Cat NG LRimEGI ReSTLU from

but adi ene and/ or 2-butene-1-0l [sic] and hydrochloric aci I t

preferably represe I er le, from5 to.10 t.ines the anmount of
, palladiué{ gﬁ?&%&gﬁhﬁﬁdgggggbgn%rggenO%FnOFaﬁééﬁ F DS TV 6s OFsince it can

nst i I r r f-t r hydr oxycar bonyl at ed.
constitute %1xt%re%ao% %ut% ?e%%b%&tﬁtgngoogenwrydo% %ts y

derivatives. Butadiene or mixtures predominantly
comprising butadiene represent, however, the preferred
substrates. |

10 The n-crotylpalladium cémplex caﬁalyst can bé
introduced into the reaction medium or can be.formed in
'situ from Pd halides, more pérticularly the chloride,
[lacuna] P4 céfboxylates; in particular the acetate,'or'
from finely divided palladium metal.

i5 ' The amount of_n—crotylpalladium catalyst.used
in the process can vary within wide limits. Generally,.
from ioﬁ'mol to 0.2 mol . of P4 is‘employéd‘pe: mole of
butadiene or of butadiene aerivative charged to.the-
reaction and preférabiy from 10! mol to 0.1 mol per

20 mole. o

Iﬁ addition to thé-n—crotylpalladium

catalyst, palladium can also be found in the reaction
medium in another‘less active form (for exampie, Pd
metal'or.Pd chloride) in a variable amount. In an

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



25 Taken as a whole, it is preferable to have, 27 June 2005 10 in the
reaction nedium a C/Pd nolar ratio of- | ess than or equ 0 and
preferably of less than or equal to 20, as high ratios h%\%éfuﬁe%gg% ul
~effect on the kinetics of the reaction. 5 As indicated above, the
concentration of water in the reaction?nmixture is advantageously
-mai ntai ned at a value equal to or less than 20% by weight with respect to
the wei ght ofr thiersatlyriadturdie panlladsrbdoalse theur enoeitg didom of wat er
has an 10 effect on the kinetics of t.he reaction. This concentration of

water will peef@sabl VedBoE i ned @laidn yalue, ofs equal to or less than 8%
by wei ght and nore preferably still at a value of equal to or |less than

5% 15 As water, i essential, rea nt_in th hy.dr ox r bonyl ati on
reaction, ancra%tv}éjrsﬁagﬁge%%lsu&alcf etrlnoal_'fal%v f‘%lrt% &:fae‘]t]haeé/lﬁ}’r%céehs%gorolf£%he i nvention
consists in injecting this water as the reaction progresses, which makes
it possible to maintaithe 6 QP todmeehiadiiyorcdmpldre qadadid on nixture at a
very |ow value while making it possible for the reaction to be carried
out. Althughrddiered esEie estimgld it Sed veitig i pdldiadidh ugexk , t he
reaction is generally carried out ' _
' such as palladium chloride, with crotyl chloride in a
solvent which éan be composed of a water/methanocl
mixture. The mixture is stirred, generally at ambient
temperature, advantageously under a gentle stream of
10 carbon monoxide. The n-crotylpalladium complex
precipitatésﬂ After”an‘optional degassing phase, the
mixture’is,poured into water and is then extractedr
using a suitable organic solvent, such as, for ekample,
chloroform. The complex is subsequently isolated from
15 the;qrgaﬁic solution by evaporation of the solvent.
The crotyl chloride promoter may be
introduced into the‘reactidn mixture or can be formed
in situ from butadiene and/or 2-butene-l-ol [sic] and
hydrochloric acid.
20 It preferably represents, as mole per mole,
from 5 to 10 times the amount of palladium, althbﬁgh it
can be present in larger proportions, since it can
constitute all or part of the substrate to be

hydroxycarbbnylated.

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




~2-net hyl butenoi c acids, for

25 without a solvent other than the reactants thensel ves or the reaction. -

products. It can also be favourable to 27 June 2005 11 igﬁrodu&gc fromthe
_begi nning of the .hydroxycarbonylation.reaction, a pentendi¢"8878%%ind nore
particularly pentene-3-o0ic [sic] acid, in order to mnimze side

reactions. 5 In the context of an indudfrial inplenentation of the
process, operations in which the wunreacted butadiene is recycled can |ead
to the intrdadudtd omadtitoe tledingact o /Padinslerot-ambbe ol legss

-significant anmounts of other compounds, in particular 10 byproducts forned

during the hydroxycaidRenylat non aheRekie®BraFiysofi i essPesshbbe to have, in
the reaction mxture, butenes, y-valerolactone, valeric acid, adipic

aci d, 2 et RehGhURS 1, a6kt 3 gre Xl MC EhILC 28kl 80 TRIERELBULGNOI ¢ acid or

[ ‘exanple. I'n view o he requirenents of a

possi ble cqQntik 4_npl tation _of the process, the anounts of these
conpounds'pggf%%#%%%ﬁcggggﬂ%%ﬁ EEaSG%PBy wei ght of the reaction m xture

charged to the hydroxycarhgnyl ation reaction. 20 The concentration of :
butadiene is a signi FrcaRAiCe4E6 6ROF&r akBEeFORFRNSARELOM &L as regards

the stability of the palladiumcatalyst, that is to say essentially its
naintenancemﬁﬁegopgtmgﬁ fFgaction mixture is advantageously .

maintained at a value egual to or 1esslthan 20% by
weight wiﬁh respect to the weight of ﬁhe said mixfure.
This is becéuse the concentration of water has an |

10 effect on the kinetics of the reaetion. This 
concentration Qf water will preferably be maintained.at
‘a value of egual tb brlless than 8% by weight and more
prefeﬁably stiii aﬁ a value of equal to or less than
5%.

5 | ' As water is an essential reactant in the
hydroxycarbonylation reaction; an advantagéoﬁs
alternative form éf the processqu the invention
consists in_injecting this watef as the reaction
progresses, which makes it possible to maintain its

20 cpﬁcentration in the reaction mixture at a ﬁéry low
.value while'making'it possible fqr‘the reaction to bé'
car;ied out. |

Although,the présence of a third solvent is
not exéluded, the reaction is generally carried out

25 withouﬁ a solvent_otherlthén the”reactants themselves

or the reaction products. It can alsc be favourable to



‘the reaction mxture. It has thus been observed that it 25 is unfavourabl.e
to have less than 0.2% by wei ght of butadiene with respe 9 éﬁﬁ t ot al
~wei ght of the 27 June 2005 12 reaction nixture. Preferab%& ”ﬂﬁ % he
~reaction is carried out batchw se, the conversion of the butadiene or its
derivatives will be limted so that thelreaction mixture includes at |east
0.5% by weight of the said 5 butadiene or its derivatives. The

concent r at i G tfodudeadirengm WHd Hlgsemipietber aky be maintained at a val ue
of less than or equal to 50% as wei ght by weight of the reaction mxture

and nore pr e, LA a5 oy 18l @0 @%%%tQOnuq%a%eﬁgehglgr gﬁ%Sahaan 30% when

the reaction’is carried out 1n a batchw se process value of
equal to or _ | ess tha%uao when .t he rea car.rj ed_out

continuous PIECedSr TS 8HFh€ﬁFn§f tﬁéc 35?8 8§?g0n9FaPF8ﬁr tTS pr ocess

descri bed abqve exhibits the advantage with respect to other enbodinents,
of keepi ng FHEFHACAFAHE TSR <$31°8Si-on in the reaction- medi um up to the end
of the reaction, making. |t p055|ble to-mai.ntain high kinetics. The
hydroxycéibonylatlon Aaaddico Fordexte 020 apaknidegtodrlat a tenperature
generally situated between 60C and 230C and preferably between 90C and:
200C and ungerlemeptessone ofat-hieh@rerper, abpeeatdbns0ihowhich the

unfeacted butadiene is recycied can lead to the
introduction, into the reacﬁion ﬁédium, of more or less
Signifigant amounts of other compoﬁnds, in parﬁicular
10 byproducta formed Quring the hydroxycarbqulation
reacﬁion.rThus, it is possible to have, in the reaction
mixture, butenes, f-valerolactone, valeric acid, adipic’
acid, é—methylglutaric acid, 2-ethylsuccinic acid,
2;methylbutanoié acid or 2—metﬁylbutenoic acids, for
15 example. In view'of the requirements of a possible
contiﬂuous implementation of the process, the amounts
of these-compaunds preseat cah_reach up tol90% by
weight of the reaction mixture charged to the
: hydrocharbonylation reaction.
.Zﬁ ' - The coﬁcéntraﬁion of butadiene is a
_signifiéant réaction parameter, in particular as -
regards the stability of the palladium caﬁalyst, that
is to say essentially its-maintenance in solution in
the reaction mixture. It has thus been observed that it
25 _iS-unfavourable to have less than 0.2% by weight.of

butadiene with respect to the total weight of the



from 55 bar to 240 bar. 27 June 2005 .13 As has been i ndi
.of the 1invention can be carried out c%ti nuously or batchwi se. There wll

~this 20 . inert gas or hydrogen i

500 bar and p"r eferably from 100 to 300 bar. The carbon nonoxi de partial -
pressure, 25 neasured at 25C, is from25 bar to 440 bar rably
ggggﬁé,)ﬁ(ﬁi process

therefore be good reason to adjust the~“various operating conditions '
defined above according to 5 the inplenentation chosen. The reaction
medi um obt ai TRAF O HELrE© of Prafirraiiah oxiear B&ey Irasicdd oedst i on conpri ses

-palladium 1i in the dissolved form The invention provides a treatnment of

this 10 reastrimwiredradituhatitilon smkahe tcopyesisilon tod rtéeovertadjahnleadi umin
the insoluble formw th a degree of recovery of approximately 100% This
treatment consiistss.dddivatived WEitlAg®e MAmied 3¢t ivhad hdreC aiber igBNOXi de

~dissolved in the 15 reaction medium This extraction can be obtained by

heating the ymdiypa Wiltd AeAtd0SphaE N8k EOMIEiYHY o fCPRIMYE &

advant ageously, this extraction ts carried out By placing the reaction

nedi um unger @é&di’éﬂ?{é & iquie%qtevrgttatvrg)ss_pher_e, optionally wth sparging of '
nt o e reaction medium The
The'concentration of butadiene will alsg '
preferably be maintained at a vélge of less thaﬁ or
équal.to 50% as weight by weight of the reaction
mixture and more preferably still at a value of equal
10 to or less than 30%, when the reaétion is.ca;ried ou£
in a batchwiée process, and at a wvalue ofreQual to or
~ less than 10%, whenrthe.reaction is carried out in a
_Coﬁtinuous pfocéss.
The embodiment of the hydroxycarbonylationr
15 procgss described above exhibits the advantage,rwiph
respect to otherrembddiments, of keeping the1pa11adium
in solution in the reaction medium up to the end of the
réaction, making_it_possible totmaintain high kinetich
| The hydroxycarbonylatiéﬁ reaction can be
20 cafried out at é.temperature generally situated between-
60°C and 230°C and preferabiy between 90°C and 200°C7
~and under a pressure, gt 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 frem 55 bar to 240 bar.



|

_tenperature) and- 25 150C. This operation is carried out t0 ex

‘term"inert gas" is understood to nmean nitrogen or the rare gases. This. -

stage can be carried out at a tenperature of between 20Cj§a i%BB
?rac? 27 June

2005 14 virtually all the carbon nonoxide which can be extracted fromthe.
reacti on nmedi um. Thus, . the concentratitdn of carbon nonoxide in the
reacti on nedi um can advantageously be less: than 600 m /|, preferably 5

| ess than 100 m /|, .of2sdlaf ikaen Adddredgsbudihe nuacessomderiieat i on of  CO
in the reaction mediumis between 0.001 m/I and 600 m/I. After
extracti on ofntdreticar bom fomedme.ed et protassimisivhen metntwdseconpri ses
a stage of reduction 10 of the dissolved:-palladium generally in the 2+
oxi dati on stpHére twi PRl drahdfBrd Yehgyorry eedddatidmdftsat andPd(0)) . This

pal l adiumis separated fromthe reaction nmedium by the usual Iiquid/solid
separating JHIAUGSrUGly aordsldildd HLr SRRATHRAD ety 1 15
centrifugation, distillation or evaporation of the .liquid nedium

Aocor U s e LGS BRKIB el e nvent Lon, 3. compound ubich 1
The reaction medium obtained at the end of A
the*hydroxycarbonylatioﬁ reéction comprises palladium
in thé dissolved form.
The inveﬁtion proVides a;treatmént of this
10 reaction ﬁedium which makes it possible to recover
palladium in the insoluble form with a deérée of |
reéovery-of approximatély 100%.
. This treatment-consists, in a first stage, in
extracting the carbon monoxidé dissolved in ﬁhe
15 reaction medium. This extraction can be obtained by
o heééing the mediuﬁ With an atmosphere not cémprising
CO.-MQre_advantageously, this extraction is carried out _,-7
by placing the reacﬁion mediumiunder'an inert or
hydr6gen atmosphere;_optionally with sparging of this .
20 inert gas or hydroggn'into the reaction medium. The
'lterm “inert gas” is understood to mean nitrogen or the
rare gases.
| ,This stage can be'carried out at a
tempefaturé—of between_ZOOC (ambient temperature) and
25 150°¢C.

This operation is carried out to extract



_hydroxycarbonyl ati on process, at the end of the latter o

20 the precipitation of the Pd(0). This insoluble conpound can be added t.o

the reaction nediumat any tinme, for exanple at the begi,gnin t he
F9gHﬁgaﬁéﬁely

before the stage of 25 reduction of the palladium This insoluble conpound

i s advant ageously 27 June 2005 15 addéd before the beginning of the

hydr oxycarbonyl ati on reaction. According to the invention; the palladium

in the zeri@x¢datiwomnist aliee ML hdrRsiand Wisidepesited 5 on or in the

. het er ogeneous phase conposed of this insoluble conmpound, thus facilitating

its extracti it t.i far acGhil, on ium GCenerall
| Sl AL (5 SERHAL A IR Lpachhan el ally

this i-nsol ub conpoun d not ave an effect on

t he- hydr oxycar bonyl at.i.on reaction, in_ 10 particul ar_shqul d not.. nfluence
MG [ i rhmear e SR e

the catal yt iCEFe e VAo e reaction:

~Mention nmay be nade, as insolu&#g conpgﬁpds whi ch are, s?it le for the

i nvention, &Y FEFFIHAISRbHR0RAIS SAT dialr & HuvEntlag S %brous or whi ch
15 exhibit a large specific surface area. Mention nay be nmade, in this
fam |y of5 cdmssuridmn d ®xelpl et sfoludidnve Admtardecusdivunitde sili ca,
zirconia, cerium oxide or nore generally: rare earth netal oxides.
concentration_of_co in the reaction medium is bgtween
0.001 ml/1 and 600 ml/1.
| Aftér extraction of the carbon monoxide, the
process of the invention coﬁpriseé-a stage'oﬁ redugtion
'ld of the diSsolved.palladium, generélly in ;he_2+
‘oxidation state, to palladium in the zero oiidation=
state (Pd(0)). This palladium is separated from the
reaction mediﬁm by the usual liquid/solid separating
techniques, such-as filtration, separation by settliﬁg,
iS centrifugation, distillation or evaporation of_the |
liguid medium. |
According to a prefer;ed embodiment of the
invention, a compound which islinsoluble ih the
reaction medium is present in tﬁe said medium before
20- the precipitatibn_of the Pd(O).
Thié-insoluble compound can be added to the
reaction medium at any time, for exam@le at the
beginning of ﬁhe hydroxycarbonylation process, at the

‘end of the latter or immediately before the stage of

25 reduétion of the_palladium.




“Menti on may be nmade, as other insoluble 20 conbounds which are suitable--

for the invention, of polynmer foans, such as polystyreneiﬁgﬁﬂggoegi

" silicone oils. ,The amount of insoluble conmpounds added i's not critical

and can vary within wide limts. 25 According to one characteristic of the

“invention, the stage of reduction of th& palladiumto 27 June 2005 16 the

zero oxidation state is carried out by placing the reaction'nediun1ynder a
hydrogen at gt idiaeres bebtinnSng! ¢ RBeShRbeoxythBuhylbtdeparting
fromthe scope of the invention,-to add a 5 reduci ng conpound to the

medi um such-&as-d3Qphydri des, such-as NaBH4, for exanple, or netal
hydrides. This reducing stage can be carried out between anbient

tenperature (20C) and 1t I nal._a _hydrog pr ur.e of .between 1
bar and 10 100 bar. ﬁ%%%%ggggiﬁ'a%%e -%gﬁﬁgéanhggﬁ ﬁ§§§%d%Pm possible to

reduce the palladiumta the zero oxidatign, state without affecting the
unsaturatio#iﬁ 2SS YLGHs ShPéSeRE SFAPERE tRYdPBEart BoA§POEdRFBUNd, 15

the tenperature of the reducing stage is advantageously between 20C
(anbientEieﬁgbﬁg{Gﬁéﬁk@ﬁ@egggpgeneous phase composed of this

insoluble compound, thus facilitating its extraction
andrits separation fr0m the ieaction medium.
.Generally, this iﬁsolﬁble compound should not
have‘an'effect §n the-hydroxycarbéﬁyiatioﬁ reaction, in
i0 particulaf should not influence the catalytic‘effeét of
the_palladium or thg.seléctivityrof the reaétion.
Menfion ﬁay be made, as insoluble compounds
ﬁhich'are43uitable for the inventioﬁ, of inorgapic
compéunds which are advantagedusly porous or.which
15 rexhibit a large sbecific surface area.rMeﬁtion may be
méaé; in this family of compounds, as examples, of
active charéoals, alumina, silica, zirconia, ;erium
oxide or more,generéllyfrare-earth metal oxides.
Mention‘may be made, aslother insoluble
_;20 compounds whiéh arevsuitable fqr the invention, of
poiymer foams, such as polystyrene.ioams, of silicone .
oils.
The amount of insdluble compounds added is
not criticél and can vary within wide limits.
25 7 : Accordiné to onercharacteriStic,of the-

inventicn, the stage ¢i reduction of the palladium to -




“In the other enbodinment, wth a tenperature of between 80C and 150C, the
unsaturations of the carboxylic acid obtained by hydrocaRZQn Ig@ggn_can be
20 hydrogenated to obtain a saturated carboxylic. acid. T .U%# s of the
invention thus makes it possible, starting from butadiene, to produce

pent anoi ¢ acid. The process of the invegtion makes it possible to recover.
all the palladiumpresent in the 25 reaction nmedium In addition, the

i nsol ubl e ceRROYRd. 27, HQ‘Eiﬁﬁoét#édEQ”BéEgﬁga bae 8! bﬁgwﬁgfgﬂ?be“f reat ed

.wWith acids to redissolve the pa rumand to nake it  poss

it in a fur&%%E E %r%éécarbonélatigg ?Ea%eﬁ The Erﬁcgss of the invention
t hus makes it 5 é035| ﬁgmtgn.ﬁ5|8 ¥ PHE rSS@F Bi§*For the
hydr oxycar bonyl ati on of. unsaturated conmpounds with  catalysis with
pal | adi um wi t hout | osEOBEVEA: al§st-5 84ER PISHHELEssWeaR°PRus be operat ed
~economically. The invention will be nore fully illustrated 10 by the
exanpl es gi vepapsiow, Ltwhinchhar ecopeeb§ bhenapventipnl user addoa and wit hout
limting effect. Exanple 1 The followi ng are charged to a gl ass fl ask:
3- Pent end@i ¢ radudin@0%ihpolng por thy) medium, such as borohydrides,
such as NaBH,, for example, or metal hydrides.
This reducing stage can be carried out
“ between ambient temperature {20°C) and 150°C énd
[lacunal a hydrogenrpressure of between 1 bar‘and B
10 100 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,
15 the temperaturé of the reducing stage is advantageously
between 20°C (ambient temperature) and 80°C.
" In the other eﬁbodiment, with a temperatﬁre
of between 80°C and 150°C, the unsaturations of the
carboxylic acid obtained by hydrocarbonylation can be
20 hydrogenated to obtain a saturated carboxylic.acid. The-
process of the invention thus makes it possible,
starting frbm butadiene, to produce péntanoic acid.
The process of the invention makes it
possible to recover all the palladium present in the

25 reaction medium.

- In addition, the insoluble compound

o recycle



"Butadiene 2.7 g (50 nmmol) Chlorobutene 0.3 g (0.35 mmmol) Water 0.9 g (SO

mml ) Pal |-adi um on-active- . charcoal (3% 0.71 g This szg 8@5&#%st i's

- sold by Engel hard under 15 the trade nane Escat(r) 162 . e e gl ass
flask is introduced into a 125 m autoclave. The latter is. imediately

pressurized to 100 bar of CO at anbi et tenperature. The autoclave is

pl aced in an oven and the m xture is heated to 1401C 27 June 2005 18 while

shaki ng. Wennidid sinhesehet @apeadt ume ca® beathedred ke tGOapidsstbe is rai sed
to 200 bar with connection to a source of COto nmintain a constant

pressure. Thed@Q@sdaeRs iRl iban 1kaias! Rl ed whiklk LKespeskibact kg difference
5 in pressure neasured in the source. After reacting for 40 m nutes,

corr espondi g 18 A deqres ol GARYeRign LB0 ol e bt adigpe of 63% the

: aytoclave is cooled in a water egassed. Three purges
The 0O content in tha ReBFORCFE 6% THE GPUEBLIER FEFe BressdtUt i oo A
pressure of 20 bar -of hydrogen is applied .and. the m xture i's heated at 80C
with Stirﬁilﬂ?qgible to Implement the reactions for the -
| | hydroxycarbonylation of unsaturated compounds with
catélysis with'palladiuﬁ without loss of catalyst. Such
a ﬁroéess can thus be operafed écdnomically. |
The-inveﬁtion will be mofe.fully illustrated
10 by the exémples given.below, which are solély by way of 
‘illustration and without limiting effect. |
. Exaﬁple 1 |
_The following'are charged.to a glass ﬁlask:

- 3-Pentenoic acid (90% 10.0 g

purity)

- Butadieﬁe' ) " 2.7g (50 mmol)
Chlorobutene .. = 0.3 g  (0.35 mmol)
Water - - - : | 0;9 g (50 mmol)

Palladium-on-active-
. chafcoal(B%)_ . - 0.71 ¢
. This P4/C catalyst is sold by Engelhard ﬁnder
15 lthe.tradé name Escat® 162 5207. - |
- The glass flask is introduced into a 125 ml
autoclave.‘The latter is.iﬁmediately,pressuxized to
 100 bar of CO at émbient ﬁemperature. The autoclave is

pflaced in an oven and the mixture is heated to 140°C - -



“15 one hour (phase of reduction of the palladium. After cooling and -
degassing, the reaction nediumis filtered. The charcoal zgojulneéhtg% i's
|

~dried before analysis. The reaction mass collected after 17 is

anal ysed- by liquid chronmat ography (HPLC) and gas 20 chromat ography (CGC).
The followi ng results were obtained: @¥ (3-pentenoic acid) = 92% CY
(diacids) = 4.6%CY (2-nethyl-3-butenoic acid) = 2.9% 25 CY (-pentanoic
acid) = 0. 0h{lanthdlainye wWetrerthe ghrame ftdnyeaddradiismrzEachade 2005 19
-on the charcoal collected and in the reaction mass after filtration is

carried out fel&H-$FESEHird G Muisdderd el tisns RoWH hadnB%iohn the

pal | adi um charged to the reaction is recovered on the charcoal and 1%is 5

found in t'he%%gg?ée\{egffﬁjn% qnéﬂft&réergﬁ% Icfgﬁleé%qi ress}{}ge.t endn ‘cgdear ee of

conversion ( t he t adi ene nderstood as neani ng the

ratio, expressed as.% of the nunber of noles of .butadien whi_ch have '

di sappeared ?%n?lﬁgpa‘ﬁh?‘?%ejrs ot~ L%e%fmltc}l ﬁﬁsé)a‘?c%]etocht egedc}".afﬁﬁ?gntc& m " Cy" -

shoul d be_understood as nmeaning_ the selectivity for the product X
~indicated® ctR rRSPRHHE HFITTHVRE i i 'dIe SPHEed as % of the

Aftér reacting for 40 minutes,.correspopdiné
to a degree of conversion (DC} of the butadiene of 63%,
the éutociave is cooled in a water bath to 20°C and
then aegasséd. Three'purges with h&drogen are carried
‘10 out under a pressure of 20 bar of hydrogen. -The CO
conteﬁt in the medium is 0.6 ml of CO per 1itre of
solutiéﬁ.
A ﬁfeésufe of 20 bar of hydrogen is appliéd
and the mixture is heated at 80°C with stirring for |
.15 one hour (phase of reduction of the palladium)i After
cooling and degassing, the reaction mediuﬁ ié filtéred.-
The charéoal collected is dried before analysis.
The reaction mass coilected afﬁer filtration
is'énalysed by liquid chromatography (HPLC) and gas
201 chromatogfaphy (GC) .
The following resﬁlts were obtained:
CY (3~pentenpic écid) = 92%
CY (diacids) = 4.6%
CY (2-methyl-3-butenoic acid) = 2.9%
25‘ - CY (pentanoic aéid) = 0.07%

Quantitative determination of the paliadium



“nunber of noles of product X forned to the nunber of 15 theoretical noles
of product X calculated for the nunber of noles of butadi Qﬁnggaagrted.
" Exanpl e 2 The fol.lowing are charged to a glass flask: 3-Pentendrc acid
(90% 10.0 g purity) Butadiene 2.6 g Chlorobutene. 0.15 g Water 0.9 g -
“Pal | adi um acetate 0.10 g Charcoal, Ced® L3S 1.1 g The charcoal is sold by
Ceca. 27 June 2005° 20 The glass flask is introduced into a 125 ni
autocl ave. The died te@arcodImEdilatedaq prRS W itzed denctlidh harssof CO at
anbi ent tenperature. The autoclave is. placed in an oven and the m xture is.

heated to 1406 o Whiliersthadd ng Mhen dddd esetrdemel alurgp-Sug eached,
the CO pressure is brought to 200 bar and thé.autoclave is placed in

communi cat | f, Ji LU p SOUiESR, Un O JRIHALILA LONS) Al gy . The O

consunption 1s [ estlmated respect to erence in pressure
measured in the source. After reacti for 19 m nutes, corresponding to a
DC of the bUFHRIITRE Chfifhl -8 & SHCAHb HutGE FEi@al and 18 18

5 found in the dissolved form in the'reaction-medium._

The term “degree of conversion (DC) of the
butadieﬁe" should be.undersﬁbod as meaning the ratio,
expreésed.as %, of the numbér of moles of butadiene
whicﬁ have-diSappeared to the numbér.of moles of

10 butadiene.charged.
.Thé term “CY” should be understboa as meaning
~ the selectivify for the pro&uct X-indicated
ﬁorreéponding-to the ratio, expreéééd as %, of @he
numbér of'moiesfof product X formed to the nﬁmber of |
15 thebretical_mdleg of.product-x calculaﬁed for the
nﬁﬁsér of moles of butadiene converted.
Example 2
_Tﬁe folloﬁing are chérged to a glass flask:

3-Pentenoic acid (90% 10.0 g

. purity)
.Butadiene - 2.6 g
Chlorobutene.r : "6.15 é.
" Water - 0.9 g
Palladium acetaté 0.10 ¢
Charcoal, Ceca L3S 1.1 g

' The charcoal is sold by Ceca.



*cooled in a water bath to 20C and then degassed. Two purges wth hydrogen
are carried out under 20 bar of 15 hydrogen. The sol ution ﬁb% '}%85
.conprises 40 mM of CO per litre of solution. A pressure 0

hydrogen is applied and the mxture is heated at 40C wi.th stlrrlng for
~fifteen mnutes. After cooling and dega@Ssing, the 20 reaction nediumis
filtered. The charcoal recovered is dried before analysis. The reaction

mass i s anal ysed by hinghgneskotnaege iki quicdochcedtagoaphy 26HRLC) -and gas
. chromat ography (GC). The followi ng results were obtained: 25 Cy -

(3- pent enoi g AGdave 8%%ECIaE@b%ChQSAm$£é&%Eei9n%:%QQﬁrl%édCXO

(2-met hy| - 3- but enoi ¢ aci d) = 3.6% CY (pentanoic '"acid)- = 1.8% Quantitative

det er i nat | g0l LG @l ad! aﬂﬁmgﬂtt REnERIREAd. CRHe %d gag. .0ne
5 &d ol “8F rep-Ms.  The

reaction nass Tl tration i's car out. _
‘results showthat 1%of t he pallag um char ed.to the reactlgn is found in

t he di ssol vé)c-ltarccﬁ’jmllnnaflhé’vef"leé1 CBAFGNT S hE PEREPAJEP BAPRE recovered

on the charcoal. 10 Exanple 3 The followi ng are charged to a glass flask:
5 while shaklng When the preset temperature is reached,

| the CO pressure.is brought to 200 bar and the aﬁtqdlare
is plaCea in communication with a source of CO to
maintain'a constant pressure. The CO coneumption is
eetimated with respect to the difference in_pressure-'
10 measured in the source. |
Aftex reacting for 19 minutes, corresponding
to a DC of the butadiene equal to 65%, the autoclave is
cooled in.a weter_bath to 20°C and then degassed.‘Two
purges with hydrogen are carried out under 20 bar of
15 hydregen. The solution obtained comprises 40 ml_of-CO |
f per litre of solution. o |
A pressure of 20 bar-of hydrogeh is applied
andithe mixture ig heated at 405C with stirring for
fifteen‘ﬁinutes. After ceoling aﬁd.degassing, the
20 reaction medium ie.filtered. The charcoal recovered is
dried before analysis. The reaction mass is analysed by
high-performence 1iquid chromatography (HPLC) and gas
chromatography {GC) .
The following resﬁlts were obtained:
25 . cY (3—pentenoic acid) = 83%

cy (diecids) = 11%




"3-Pentenoic acid (90% 10.0 g purity) Butadiene 3.2 g Chiorobutene 0.32..g
Water 0.9 g Palladiumacetate 0.10 g Charcoal,-Ceca L3S,.,1. 0 9 %he

-~ charcoal is sold by Ceca. The glass flask is introduced iﬁ?&“ £99% o

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

" anbi ent tenperature. The autoclave is 2placed in an oven and the mxture is

heated to 140C w th shaking. Wien the preset tenperature i's reached, the
CO pressure is broughiyt szmtag%_@nwt@%%t aekaye- hsgpl aced in

conmuni cation with a source of to 27 June 2005 22 maintain a constant
pressure. The CO conswptian.i.g . iestiaried with respect to the difference
in pressure neasured.in the source. er reéacting for 23 ninutes, ‘
corresponding 5 to a _DC of the butadiene equal tq 70% th ytocl ave is
cooled in a water bat PUPEF36E5Fhe ITEIE RS PT Pgdﬁg@dpﬁﬁﬁﬁaé§§ure and

pl aced under a pressure of 60 _bar with an H2/CO m xture with a 95/5

content by SRkitgift chPRECadt SoOldeeties pagt 68 sbespearsionsmashut es. 10 After

cooling and degassing, the reaction mxture is.
5 after filtration is carried out by ICP-OES or ICP-MS.

The fesults show that 1% of the palladium charged to
thé.reaétion‘is found iﬁ the aissolved form in the
reaction_medium, the remainder Eeing recovered on the
charcoél.
10 . Example 3
The following are charged to a gléss flask:

3-Pentenoic acid (90% 10.0 g

_pﬁrity)

Butadiene - 3.2 g
LChloroﬁutene | ' 0.32-g.
Water- o 0.9 g
_Palladium-acetate ‘ 0.10 g
Charcoal;"Ceca L35 | 1.0 g.

The charcoal is sold by Ceca.
. The-glass.flésk is introduced into-an 125 ml
autoéléve. 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 broughﬁ to 200 bar and. the auﬁoclave'

is placed in communication with a source of CO to -



“filtered. The charcoal recovered is dried before anal ysis. The reaction-

mass i s anal ysed by high  performance liquid chronatograpaydghg%§&5and gas

. chromat ography (GC). .15 The followi ng results were obtaine

(3-pentenoic acid) = 87% CY (diacids) = 10% CY (pentanoic acid) = 0.25% CY
(2-met hyl - 3-butenoic acid) = 3.2% 20 @Q@antitati ve determ nation of the
pal l adium on the charcoal collected and in the reaction mass after
filtration meinastined ouvhshynkCBreESuoe.| CReM3O cdheumpstibhisishow t-hat only

. 34% of - the pall adiumcharged to the reaction i.s recovered on the charcoal

and 62% is 2pthienrdd githerdspeotved fnenyiprbbenkeachi preaBdi-dm Exanple
4 . 27 June 2005 23 The following are charged to a glass flask: -

3- Pent enoi ¢ [ 0%, 1 Lty) Butadiene 2.7 g Chlorobutene 6.20 g
Water 0.9 gH% gﬁf%%i%ﬁ}gﬁgagfggéééharcoal (399 1.0 g This Pd/C catalyst is

sold by Engel hard undﬁ%ter reacting for 23 minutes, corresponding

75 to a DC of the butadiene egual to fd%,'the autoclavé‘is
cooled in a water bath to 20°C. The autoélave is
reduced in pressure and piaced under'a_pressure of
60 bar Wiﬁh an H;/CO mixture with a 95/5 content by
weight. Thé autoclave is heated at 40°C for 45 minutes.

10 Afﬁer.cooling and degassing; the feactionmixture is
filtered. The charcoal recovered is dried before

.analysié; The'reacﬁionmass is analysed by high '
performance 1i§tid chromatography (HPLC) and gas
chromatography (GC).
15 | - The following results were obtained:
- CY (3—ﬁentenoic acid) = 87%

CY (diacids) = 10%

a¢

CY (pentanocic acid) = 0.25
CY (2—methyl—3-butenoié acid) = 3.2%

20- . Quantitative determination of the palladium
on the charcoal collected énd in the reaction mass
after filtration is ca;ried-out by IC?—OES-or ICP-MS.
The results shaw that only 34% of the pailaaipm charged
to the reaction is recovered on the charcoal and 62% is

25 rfound in the dissoclved forﬁ in the reaction me&ium.,.

Example 4 -




“the trade nane Escat(r) 162 5207 The glass flask is introduced into a 125
m 5 autoclave. The latter is inmediately pressurized t027é80 2&#§Of CO at
_anbi ent tenperature. The autoclave is placed in an oven an th xture is
“heated to 140C w th shaking. Wen the preset tenperature is reached, the
CO pressure is brought to 200 bar and £Bhe autoclave 10 is placed in '
comuni cation with-,a source of COto nmaintain a constant-pressure. The CO
consunption is estinfted fwlilbwiagpect thatrbedditkf er eness Flpskssure _
measured in the source. After reacting for 24 minutes, corresponding. 15
to a DC of the butadi eneecptealbitoa2i¥% (bbe autpglave is cooled in a water
bath to 20C and then slowy degassed. No purging is carried out, the CO -
concentration being 1.QQQ¢ y of CO per litre of solution. A pressure of 20
bar. of hydrogen is tﬁen 27 June 2005 24 applied and the m xture is heated
at 40C with stirring faor fifteen mnutes. After_cooling and degassing, the
reaction nediumis fingﬁgﬂgn?he char coal recdge €8 is dried before
anal ysis. The reaction_nass. i s anal ysed-by 5 high performance |Iiquid
chr omat ogr aphy (HPLC) “BAQ*GRYEeBRr omat ogr aphy $ @Y .9 The fol I owi ng resul ts
were obtained: CY (SENpentenoi c acid) = 87% = ' ;

ater 0.9 g
Palladium~on—activé~
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 autociaﬁe.'Thé latﬁer is immediately pressurized to
100 bar of CO-at‘ambient ;emperéture. The autoclave is
placéd in an oven and the mixture is heated t§ 140°C
‘Vwith shaking7'When the preset temperature‘is reached,
" 'the CO pressurerisrbfought to 200 bar and the autoclave
10 is piaced in‘communication with-a source of CO to
maintain a constant.pressure. fhe CO consumption is
.A estimatedlwith respect to the difference in pressure
measured in thé source.
After reacting for 24 minutes, corresponding.
15 to a DC of the butadiené eqﬁal to 51%, the autoclave is
cooled in a water bath to 20°C and then slowly
‘degaséed. No purging is‘carried out, the CO
concentration beiﬁg 1 000 ml of CO per litre of

solution. A pressure of 20 bar of hydrogen is then .




_filtration is carried out by ICP-CES or |CP-Ms. The,resultgugﬁ

"CY (diacids) = 10% 10 CY (pentanoic acid) = 0;396Cpantitative det erm nati-on

of the palladium on the charcoal collected and in the regﬁtion gﬁﬁs cafter
6WY hat 88%
of the palladiumcharged to 15 the reaction is found in the dissolved form

in the reaction nedium Exanple 5 The2following are charged to a gl ass

flask: 3-Pentenoic acid (90% 10.0 g purity) Butadiene 2.7 g Chlorobutene
0.30 g Wat epprli®dy.andPdieadiimnuaeetiat be@tdll gt @SCcorlth €etariss 1.0 g

. The glass flask is introduced into a 125 m 27 June 2005 25 autoclave. The

latter is immedifatflaerpmgstitdzed fiter $001bhaln ehdCAesafasaihgenthpr essure. -
The autoclave is placed in an oven. and the mxture is heated to 140C

W th shaki ng-caMhahd hesingsels tIAMRRLAKUT enks Jheaehed, recbie L@ pressure is

“brought to 200 bar and the autoclave - ispiaced in conmunication with a

source of OQ.10s BUALA LGN A0 PLESIN Sy T&CP L AASYIREROB, S
' | -5 high performance liguid chromatograph§ {(HPLC) and-gas ‘
chromaﬁography {GC). |

The following results were obtained:

‘CY (3-pentencic acid) = 87%

C? (diagids) = 10%.

10 CY (pentancic aclid) = Ol3%

Quantitative determination of the palladium
cnn the charcoal cdliected an& in the reaction mass
afﬁer filtratibh is carried out by ICP-OES or ICP-MS.
The results show that 88% of the palladium charged-td

15 tﬁe reaction_is found in the dissolved form in-the
-reéction medium.‘
Example.S
The following are chaxged to a glass flask:

3-Pentenocic acid (90%  10.0 g

purity)

Butadiene | 2.7 Q
Chlorobutengr | 0.20 g
Water 0.9 g:
Palladium acetate 0.11 g
Charcoai, Ceca L3S 1.0 g

The glass flask is introduced into a 125-ml




"estimated with respect to the difference in pressure neasured in thé

source. 10 After reacting for 14 mnutes, correspondin ' |
_but adi ene equal to 64% the autoclave is cool edpi n a \?vat tez?"@g?%c}@% Egg and-
then slowy degassed. No purging is carried out. A pressure of 20 bar of
hydrogen is then applied and the m x2¥re is 15 heated at 80C with stirri ng
for fifteen mnutes. After cooling and degassing, the reacti on mediumis
filtered. authelehar.cane fetoeer éd Lemddiatiebys BrESEHAFFE s *OThe "reaction
mass i s anal ysed by 'high performance |liquid chromatography (HPLC) and gas
chr omat ograpghyGe) 20 atherbekhewprgssesul.t Theepatobialvgeds CY -
(3-pentenoic acid) = 80% CY (diacids) = 15% Cy.(pentanoi c aci d) = 0.2%

CY. (2- et Ma-c%ﬁlﬁegq; 26 dha= tBeB¥ 2B uantsl haldived det addiofation of the

pal I adi um*0on € charcoal collected and in the.reaction mass 27 June 2005

26 after fi,ItHng_i r}ﬂ_lgl;{s]‘I . re(%:ih%%eqﬁ%te%)étl RS @ dCReMeeacHs resul ts show

t hat 80% ot arge the reaction isfound in the

di | ved f int . i : . . .
C;)nge\c%et d:l'g g]?}ciiggtepqesdgqrgaicst Ib?:rg)urc:r}% 'L 2%%%@'3%66 t-mae at.u@dél‘%ﬁg are

is. placed in communication with a source of CO to
maintéin a constant pressﬁfe;'The CO consumption is

_-estimatéd with respect to fhé'difference in pressure
measured in the sourée._

10 After reacting for 14 minutes, corresponding
to a DC of the butadigne equal ﬁo 64%, the'éutoclave is
cooled in a waﬁer bath to 20°C‘and then sléwly |
degassed. No'pﬁrging is carried out. A pressure éf
20 ba£ of hydrogen is then-a?plied and the mixtufe is

15 heated at 80°C with stirring for fiftéen minutes. After

' éoéiiﬁg and degaésihg} the reaction medium is:filtered.
The éharcoallrecovered is dried before analysis. The
reaction mass is analysed by'high performance liguid
chromatogréphy {HPLC) and gas.chroﬁatogfaphy {(GC) .
" 20‘ | The following results were obtained: |
CY (3-pentenoic acid) = 80%
CY (diaqids) = 15%
cY (péntanoic acid) = 0.2%
CY. (2-methyl-3-butenoic acidj % 3.8%
25 Qﬁantitative detérmiﬁation of the palladium

on the charcoal collected and in the reaction mass




* 3-Pentenoic acid (90% 10.0 g purity) Butadiene 2.6 g Chlorobutene 0.30 g
Water 0.91 g Palladiumacetate 0.10 g Charcoal, Ceca L3§§1 0 % gge gl ass
~flask is introduced into a 125 nl autoclave. The latter i 1 4 tely
pressurized to 100 bar of CO at anbi ent pressure. The-autoclave is 10-
placed in an oven and the mxture is Zfeated to 140C wi th shaking. Wen the
preset - tenperature i's reached, the CO pressure is brought to 200 bar and ’
the autoclamesr f51Ptacsshiie comrEidd abuorbw 1¢P-0EDWIelF-MD to i ntain
. a constant pressure. The CO consunption is 15 estinmated with respect to the

di fferencamld PLESHUL esh&?a@&&@%@%l $hecisoUs£EL adturh henengeafts he reaction,
the autoclave Is cooled in a water bath to 20C and then slowy degassed.

Purging is_carried. o g(?pé 1% /chydrogen and the
CO concent FAT i BR° (falrﬁ% jf %%bnrﬁg) B? 'i% per Tiire solution.. A pressure
- of 20 bar of %/drogen is then applied and the m xture-is heat ed at 40C :

with stirFeRgtio? Pe#%en minutes. After cooling and 5 degassing, the

reaction rredl umis filtered. The
5 Example 6

The following are charged to a glass flask:

10

15

autoclave.

3-Pentenoic acid (90% 1¢.0 g
puriﬁy)

Butédiene 2.6 g
Chlorobutene f0.30 g
Watexr O.9i g
‘Palladium écetate 0.10 g
Charébél, Ceca L3S 1.0 g

The glass flask is introduced into a 125 ml'

The latter is immediately pressurized to

:100 bar of CO at ambient pressure.

The autdclaVe 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 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

degassed.

Purging is carried Qutﬂwithu40,bar.of_.



(G0 . The foIIovvl ng results were obtai ned 10 CY (3- penten0|c ac

*charcoal recovered is dried before analysis. The reaction nmass is anal ysed .
by hi gh performance liquid chromatography (HPLC) and gaszgq @Qraphy
= 80%
CY (diacids) = 12% CY (pentanoic acid) = 2.1% CY (2-nethyl - 3- buten0|c aci d)
= 3.9% Quantitative determ nation of3¥%e pal | adium 15 on the charcoal '
collected and in the reaction nmass after filtration is carried out by
| CP- CES or hffrdffen dfi® tlesutd scohosnttwti &l tshepadd adi wh &iarged to
the reaction is found in the dissolved formin the reaction nmedium 20

Exanpl e 7 The-foliewi &g 86 Bu€isH ged Iﬁzee@sxg}easﬁf fl@askir oF Rentwipirc acid
(90% 10.0 g purlty) But adi ene 2.8 Chl orobutene 0.-31 g 27 June 2005

28 vater 0.9 185% @if‘é‘&%&g}%;ﬁ%&% e angoaleq GCadRS i g The

charcoal is so is introduced |nto a 125 m

stlrrlng'fo; fifteen mlputes. After cooling and
5 degassiﬁg, the reaction medium is filtered. The
charcoal recovered is dried before analysis. The
reaction'mass is analysed by'high performanée liquid
-chromaﬁography (HPLC) and gas chfomatography (GC) .
The ﬁqllowing results weré obtained:
10 ey (3-penteﬁoic acid) = 80%
CcYy (dlaCldS) = 12% |
CY (pentan01c ac1d) = 2.1%
CcY (2-methyl—3—butenpic-écid) = 3.9%
Quantitative determination of the palladium
15 .on'the charcoal célle;ted and in the reactioh mass
af£éf‘filtration‘is carried out by ICP-OES or ICP-MS.
The fesults show that 1% of.the_palladium‘charged.to
the reaction is found in-thejdissol§ed form in thé
. reaction medium.
20 - Example 7
| .The‘following are charged to a glass flaskﬁ
| 3--pentenoic ac.:idr (903, 10.0 g
purify) |
Eutadiene _ | 2.8 Q

Chlorobutene | - 0.31 g




“autoclave. The latter is immediately pressurized to 100 bar of CO at
anbi ent tenperature. The autoclave is 5 placed in an ovenzgggné%\ogn' xture
is heated-to 140C wth shaking. Wen the preset tenperature iSs reached,
"the CO pressure is brought to 200 bar and the autoclave is placed in
communi cation with a source of COto #A&intain a constant pressure. The CO
consunption is 10 estimated with respect to the difference.in pressure
measured in the sourc@athtr the end of the readdi%ng the autoclave is
.cooled in a water bath to 20C.- The autoclave is reduced in pressure, then

“three purges with hydpegeadismabeetatkel ed out aderg20 bar of hydrogen (the
CO concentration falling. to 0.6 m per litre of solution), then a

pressure of 10 bar of ~pydiegen e-appkised and l;@?m' xture is heated at 80C
with stirring for five-mnutes. After cooling and degassing, the reaction

20 nmediumis filtered,,Th harcaal, _r ered.is_dried before analysis.
The reaction nmass is gr%léal 3?%5%8%3hilgsh%%§ér %%r Eae%c?é | i qui d chromat ogr aphy

(HPLC) and gas chronmt ography ) . 27 June 2005 |, 29 The .fol l.owi ng
“results were obtained” g??-sﬁe%?:@ﬁ‘& &sa&p&)r05ugféjb ePt4 8 eﬁ‘hi c acid) =
3.7% CY (diacids) = 8.5% ' ) :
autoclave. The latter is immediately pressurized to

100 bar of CO at ambient temperature. The autociave is
5 placea in‘an 6ven and the mixture is heated to 140°C
with shaking} When the preset température'is ieached,
the CO pressure is brought to 200 bar and;thg autoclévé
is placed in cbmmunication with a source of CO to
;maintaiﬁ-a constanf preésUre. The CO éonsumption is
S10 estimated with‘respect to the difference in pressufe
measured in the sqﬁrce.
At the end of the reaction, thé autoclaﬁe isr
cooled in a water bath to 20°C. The autoclévé'is
reducéd in pressure, then three pu:ges'with hydrogen
15 are carried out under 20 bar of'hydrogen (ﬁhe CO
concentration falling to 0.6 ml pér litre of solution),
then a pressure'of 10 bar of hydrogen is applied ana
‘the mixture is heated at 80°C with stirring for
five minutes. After coqling and degassing, the reaction
- 20 medium is filtered. The charcoal recovered is dried
“before analysis. The reaction mass is analysed by ﬁigh
| performance 1iquid chromatography (HPLC) and gas

chromatography (GC)}.



"5 CY (2-methyl-3-butenoic acid) = 3.3% CY (pentanoic acid) = 4. 4% - -
Quantitative determnation of the palladium on the charc%%Ijl gﬁ bggted and
.in the reaction nmass after filtration is carried out b §
10 The results show that 97% of the pal,.adiumcharged to the reaction is
recovered on the charcoal and 1% is g&nd in the dissolved formin the
reacti on nedi um qple 8 The follomﬁn are cha&ged to a glass flask: -
3- Pent enoi ¢ acid (90%R$ Gy Y- e Shittad s 2Pragnedil or obut ene 0.30 g
Water 0.95 g Pall adi um acetate 0.10 g Alum na, Degussa type C 1.0 g 15
The gl ass flask is intGodicegniteneis B28.dH = &dttocl ave. The latter is.
imedi ately pressurized to 100 bar of CO at anbient tenperature. The
autoclave is. placeddm (@npeverenadid Tahﬁc'm .y s heated to 140C with
shaki ng. Wen the preset tenperature is reached, 27 June 2005 30 the CO

pressure i s brought. t@yZQQ{ll&rld@)d-I ke saut ocl ave is pl aced in -
communi cation with a source of CO'to nmaintain a constant pressure. The CO
consunptipn is ¢y (2-methyl-3-butenoic acid) = 3.3% |
| CYy (pentanoic_acid) = 4.4%
Quantitative determination of the pailadium
on the charcoal collected aﬁd in the reaction mass
aftef filtration is carried out bf71CP—OES‘or ICP-MS.
- 10 The results show that 97% of the palladium charged to
the‘réaction is reeeyered on the charcoaltahd 1% is
found iﬁ the aissoived formlin the reaction medium.
_ﬁXample 8

The following are_charged to a glaes flask:'

3-Pentenoic acid (90% 10.0 g
. purit};)'
~ Butadiene , 2.7 g
Chlorobutene o 0.30 g
Water ' | 0.95 g
_ Palladium acetate - 0.10 g

Aluﬁina, Degussa type C 1.0 g
- 15 - The glass-flask is introdﬁcedlinto a 125 ml-
autoclave.The iatter_is immediately pressurized to
100 bat of CO at ambient temperature. The autoclave is.
piaced in an oven aﬁd the mixture is heated to l4d°C

with shaking. When the preset temperature is reached,

or 1CP-Ms.



"estimated with respéct to the difference in pressure 5 nmeasured in the .-~
source. At the end of the test, the autoclave is cooled bn grd8hgs bath to

- 20C and then degassed. Three purges with hydrogen are carrleg out under 20

bar of - hydrogen (the CO concentration falllng to 0.6 m per 10 litre of

sol ution), then a pressure of 20bar of 3%hydrogen is applied and the m xture

is heated at 80C wth stirring for forty-five mnutes. After cooling and

degassi ng, tthe Ehctiessuredignbroubhitt ¢éoe@00Therabndi hhe mutovdawd is dried

-before analysis. 15 Quantitative determ nation of the palladium on the

al um na col liectddhcadd imn cohvuheaation WEEH af etrcki bErabies is carried out

by ICP-CES or- ICP-M5. The results show that 97% of the: pal | adi um char ged

to the reagdiondin %e%@ﬁ%&aﬁt0§rga%u%%ar@gélchbehsaﬂgthsﬁslgo than 0.05%
is found in the dissolved formin the reaction nmedium Exanple 9 1)

P h 5 f_PdC12, 3.37
0 of NaQ SO CRE S VSt aSSEoTs Ot At e B C0  ou BFBRSE " ohlbri do

and 27 J e 2005 ﬁ%} ﬁﬁeher 20 an of nethanol " are succe35|vely char ged
to a 15 cﬂ?ﬁ%ﬂ? B8t £8Fed°UgFEss 1 ask.

At the end of the test, the aufoclave is
cooled in a water bath to 20°C and then degasseé. Three
-purgés wiﬁh hfdrogen are carried out under 20 bar of
_h?drogen (the CO concentration falling to 0.6 ml per

10 litre of solution) , then a pressufe of 20 ._bar_ of |
hydrdgen is applied and the mixture is heatéd_at 80°C
~with stirring for forty;five minutes. After cooling and |
degassing,lthelieaétion médium is filtered. The alumina
reqdvered is dried before analysis.
15 .. Quantitative determination of the palladium |
on the alumina collected and in the reaction mass éfter
filtrétion is carried out by ICP-0OES or ICP-MS. The
results show that 97% of the pailadium cha?ged to the
réaction.is recoﬁered on-the charcoal [sic] and less
.26' thén'0.0S% is found in the dissolved form in the
.reaction medium.

Example 9

1)  Preparation of the n-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 crétyl chloride and




"The heterogeneous m xture is stirred and becones gradually dark brown and
cloudy. The solution 5 is subsequently treated with sti rr2i7n@ gm'zbasa gentl e
- stream of carbon.nonoxi de (bubble by bubble) for one hour. he “m Xt ur e
beconmes clearer and a yellow precipitate appears. The stirring and the
streamof CO are halted, the solution3ls |eft standing for one hour 10 and
then it is poured into 300,cnB of water and extracted with 5 times 50 cnB
of chl or of oran £Jhigher euldri’ng fsteahayelll aweosgatiessphady ichawasidedowi th 2
times 100 cnB of water and dried over. di sodium. sul phate overni ght, and

then the solyerdoisneyaparabedtokaddg3hsg eflagxpal e yellow solid are thus
recovered,. the solid having a purity of greater than 94% (quantitative

det erni nation by Nucl eig.]re -de%ﬁ?ﬁ%iggﬁ%%ﬁ a%%iﬁyég axygar bonyl ati on

of chl orobutene The follow ng ar ask:" " Chl or obut ene

5.0 g Chlor I | {.adi.um 10..3 20 The gl ass. flask i.s introduced
into a 125 r%?gé%%’%%\#é%a e THth "‘gliafﬂ’fga‘l%a?‘ﬁ%/‘ p'}é%sﬁﬁ-lls"ktelooqo 100 bar
of CO at gnbj ent tenperature. The autoclave is. placed in an oven and the
mxture i3 heatBPIELHEY GG ISR Wherr ik pridset 98mpR ature i s

reached, 27 June 2005 32 the CO pressure is brought to 200 bar and the.
aut ocl ave stream of carbon monoxide {(bubble by bubble) for one

hour. The mixture becomés ciéarer and a yellow
preciﬁitate appears. The stirriﬁg and the stream of CO
‘are halted, the solution is left sfanding for one hour
10 and then it is poured.into 300 o of water and
extracted with 5 times 50 cm’ of_chloroform. The
.‘rgsulting straw-yellow orgéﬁic phase is washed with
.2 times 100 cﬁﬁ of water and driedoner disodium
sulpﬁate overnight, and then the solvent is évaporatea:
15 3.35 g of a pale.yellow solid are thus reéoveredr the
soiia having a bﬁrity of greater than 94% (guantitative
detérminatiqn by Nuclear Magnetic Resonance: NMR).

2) Hydroxycarbonylation of chlorobutene

The following are charged to a glass flask:

. Chlorobutene A ‘ 5.0 g
Chlorocrotyl palladium 10.3 mg
20 : The glass flask is introduced intc a 125 ml

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

with shaking. When the presetwtemperabure-is reached, -




"is placed in communication with a source of COto nmaintain a constant .
pressure. After 60 m nutes, the autoclave is cooled in 52$\¥Pt§é0€ath to
. 20C and then degassed. The honbgeneous reaction mass is ana 93 y high
performance |iquid chromatography (HPLC) and gas chromatography (GC). The
following results were obtained: RY (P3) = 12.7% 10 RY (P2) = 4.4% The
remai nder is very predom nantly chlorobutene. 2.09 g of the solution thus
obt ai ned ar eheplCac edessuaeglias brihatk and299 bgroknGeehel 3Ttohdaceal 15
. are added. Two purges under 15 bar of hydrogen .are carried out and the
mxture is shakapceaden 20maniehehidn andnhgatedte 83CcoOree the

tenperature has been reached, a pressure-of 40 bar of ‘hydrogen is applied

for 60 ”inUE%intgqﬁ,%UEgﬁk%ﬁié r@%%%% qd and the 20 reaction nediumis

filtered. Quantitative determnation of the palladium on the charcoal

~collected and in the reacti mass ., aft filtration i,s carried,out by
| CP- OES or | CP- MS. Tﬁg%F%é§ltgggﬁﬁﬁsfhiﬁelﬁﬁ&P Ve *FalCedie Gt Rar ged t o

25 the reaction i's recovered on the charcoal. 27 June 2005 33 Exanple 10
-5 a water bath to 20°C and then degassed. The homogeneous

reaction mass'is analysed by high performance liguid '
chromatography (HPLC) and gas chromatography (GC}).

The following results were cobtained:

- 12.7%

RY (P3) =
10 RY (P2) = 4.4%
| ‘The remainder is very predominantiy
-chlorobﬁtene. | |
| 2.09-§ of the solution thus obtained are
plgced in a glass flask and 95-mg of Ceca L3S charcoél
15 are adaed, Two purges under 15 bar of hydrogen aré o
| carried out.and £he mixture is shaken undér éO bar of H2
and -heated to 80°C. Once the témperature has been
rreached}‘a pressure- of 40 bar.of hydrogen,is applied
for 60 minutes.‘The autoﬁlave isldegaSSed and'the
20 reaction mediumris filtered.

Quantitafive determination of the palladiﬁm
on the chércoal collected aﬁd in the reaction Mass
after_filtratién is carried out by ICP-OES or ICP-MS.
The results show that 100%'of the palladium-chérged.to

25 the reaction is recovered on the charcoal.



"The followi ng are charged to a glass flask: Pentanoic acid 10.0 g -

Butadiene 2.6 g Chlorobutene 0.30 g Water 0.92 g Palladb_mhﬁcggiif 0.11 g
~ Charcoal, Ceca L3S 1.0 g The glass flask is introduced into"a 1

autoclave. The latter is imediately pressurized to 5 100 bar of CO at '7
anbi ent tenperature. The autoclave is 3|§I aced in an oven and the mxture is
heated to 140C with shaking. Wien the preset tenperature is reached, the
. CO pressure is broughtExane2@ Idhr and the autoclave is placed in
conmuni cation with a source of COto 10 nmaintain a constant pressure. The
CO consunption is estimatied wving espechargddedid fgleanc & liagkpr essur e
measured in the source. At the end of the reaction, the autoclave is
cooled in a water bathrdix=20G angditden slow y 15 degagsed. Five purges are
carried out under 60 bar of  hydrogen (the CO concentration falling to 0.05
m per litre of. sol utd : mxture is then heated at 140C. under 70
bar of hydrogen with é%??%?ﬁ%ﬂfor-thirtnyive ni%h es: After cooling and
degassi ng, the reactiz&ibég%dgﬂﬂlunis filﬁered.ngg gharcoa[ recovered is

dried 27 June 2005 3 ene
Water o . 0.92 ¢
Palladium aceﬁaté‘ 0.11 g
Charcoal, Ceca L3S 1.0 g

Thelglaés flask is introduced into a 125 ml
autoclave. The latter is immediately pressurized to
5 100 bar of CO at aﬁ:l‘qlient temperature. The autoclave is
'placed in ani oven and the mixture is heated to 140°C
With:shaking.'When the preset temperature is reached,
the éO pressure is brought to'200 bar and thé autoclaﬁe.
is placed‘in.commﬁnication with a source_éf CO to
10 -méiﬁtéin a constant pressure. The CO consumption is
estimated wiﬁh respect to the difference iﬁ pressure
'measuied in the source.
At the end of the reaction, the autoclave is
cooled in a Waﬁer bath to.20°C and then slowly
iS degasséd.,Fivé purges are carried out under 66 bar of
-hydrogen {the CO concentraﬁion falling-ﬁo'0.0S ml per
litfe'of.solution). The mixture ié then heated at 140°C
undef-70 bar of hydfogen_with stirring for thirty-five ..
minutes.‘Afﬁer cooling and degassing, the reaction

20 medium is filtered. The charcoal recovered is dried



"before analysis. The reaction nass is anal ysed by high perfornmance |Iiquid
chromat ography (HPLC) and gas chronatography (GC). The f%gPW B%}gesults
.were obtained:: 5 CY (pentanoic acid) = 93% CY (diacids) = 0%

(2-methyl -3-butanoic acid) = 3.9% Quantitative determnation of the

pal | adium on the charcoal collected aA@ in the reaction mass 10 after
filtration is carried out by ICP-OES or ICP-Ms. The results show that
nearly 100%ksffanee agwlvsdisumThshacgedivo maes dactammilysed égovdrgdd on t he
-charcoal, 0.025% being found in the dissolved formin the reaction

medi um 27 e 320G c AR ERE3m3% oBCHOHR0 /M9 arfd AlddS 1., Process-
for the preparation of unsaturated or saturated carboxylic acid s [sic]

from conpowrSnamy=yg @tr)et hyl enic or acetylenic unsaturation
conjugated wi th another unsaturation or an el ectron-donating group by

reaction of carbon no i ﬂ_;%tl#g{’anflpa&%rsdﬂst he eo%q{gciqléq{:'a pal | adi um b_ased_'

catal yst, characterized | consists 1 n treating the reaction
medi um ter the end&g (t he . hydr ox c%r bqn)él )
~of the carbon nonoxide f¥6m *EaPEFdadt iPorf medi um by -

CY (diacids) = 3.0%

CY (Z2-methyl-3-butanocic acid) = 3.9%-'

Quantitative determination of the palladium -
on_the charqbal collected and in the reéctionimass

10 after filtratiom is-carried out bf ICP-0ES or ICP-MS;

The results show that nearly 100% of the éélladium |
charged to the reaétion is recovered on the charcoal,
0.025% being féﬁnd;in the dissolved form in the

reaction medium.

ation reaction, by extraction - -



‘treatnent with a gas, in order to obtain a CO concentration of |ess than
600 M of CO per litre of solution, then treatnment of [sbghu%hg pgaction
~medium with hydrogen to reduce the palladiumto the zero ox1'd P n state
and in separating the precipitated palladiumfromthe reaction nmedium 2.
Process according to claim1, characterized in that the concentration of

carbon mon¥Q #¢7% 4782 reacti on nmedi uArbefore the stBgE/ TROL{94L¢%ent with

hydrogen is |less than 10 mmol/|. 3. Process according to claim 2,
characterized in that the concentrati.on of carbon nopnoxide in the reaction
medi um before the stage of 27 June 2005 36 treatnent wi th hydrogen is
between 0.001 m /I and 600 nmi/I. 4. Process according to one of clains 1
to { 3, ch&fddM&ized in that the gas for entrainment of the carbon
nonoxi de i s chosen fromthe group consisting of nitrogen, the rare gases
or hydrogen. 5. Proceds ac®evdeng foromndeoprepairamibnt of 4, characterized
in that the stage of reduction of .the palladiumto the zero oxidation

state is capnseduetledBECkaduRYEEAIRR PIRSIUE s0f dbet weer]1 hamp and 100
bar. 6. Process according to one of clains-1 to 5, characterized in that
th? stage o fRANCHORHriB8ng an ethylenic or acetylenic ' '
unsaturation conjugated'With'another unsaturatidn or an
electfon—donéting group by reaction of carbonrmonoxide‘
and water in the presencg,of a pailadiumfbased
éatalyst, charécterized.in tha£ it éonsists in treating
the reaction mediﬁm, after the end of the 
hydfbxycarbonYlatidg'reaction, b& extraction of‘the
carbon-ﬁondxide from the said reaction medium bf_
treatment with a gas, in ofder to obtain a CO
congentration-of less than éOO ml of Cb per litre of
sqlﬁtion, then treatment of [sic] the réaction medium
With:hydrogén.to reduce the_palladium to the zero
oxidatioﬁ state and in separating the precipitated
palladium from the reaétion medium;
2. Process according to claim 1,
characterized in thét the éoncentration of carbon
 mondxidé in the reaction médium_befbre the stage:of.
treatment with hydrogen is less than 10 mmol/1l.
5:_ Process according to claim 2,
characterized in that the concéhtration of carbon

monoxide in the reaction medium before the-stage of



‘palladiumto the zero oxidation state is carried out at a tenperature of-
bet ween 20C and 150C. 7. Process accordi ng to one of the %8%' g cl-ai ns,
_characterized in that a compound which is insoluble in the reactl on nedi um
is added to the said nmedium and-then separated fromthe said nedium. after
the stage of reduction of the palladiumto the zero oxidation state. 8.
Process according to claim.7,  characterized in that the conpound which is

i nsol ubl e  iGFSHESHadf  idh %%{ﬁq 4 T Redaest dmAHe ®r/dugiconsi sti ng of

.active charcoals, alumna, silica, zirconia, ceriumoxide, polystyrene
foams and siBQQawe/loils. 27 June 2005 37 9. Process accor di ng to claim?7
or 8., characterized in that the conmpound which is insoluble in the
reaction mediumis added atPrdvedregicvimyref tdene rgacilidms 10.toProcess
according to claim?7 or 8, characterized in that the conmpound which is

‘insoluble iy thewraacdionded WRHS gdded defar ediie isiagr off deduction |

of the pall adium 11. Process accor di ng to one of the" preceding clains,

char act er | 26gL il B it AP QSn GUBH 'ﬂ@%&u%owomt&qn%t o eni c

unsat ur at ion are

nitrogen, the’ rare gases or hydrogen.

5. Pfocess accprding to one of claiﬁs_l to
4, characteriiéd in that the stage of feduction of the
palladium to the zero oxidation state isACarried out
under a hydrogen pressure of between 1 bar aﬁd 100 bar.

6. Process according to one of claims 1l to
5, charécterized in that the stage of reduction of the
pailédiﬁm to-fhe zeio oxidation state is ca:ried out'at.
a temperature of beﬁween 20°C and 150°cC.
| 7.7~ Process accoxrding to one of the
: precéding claims, characterized in that a'coﬁpéund'
which is insoluble in the reaction medium is added'ﬁé
theISaid medium and;then séparatéd from the'said medium
aftér thé stage of reduction of the palladium to the
zero oxidation S§ate.

.8.‘ -Procéss according_to claim 7,
characterized in ﬁhat thé compound which is.insoluble‘
in the reaction mediuﬁ is chosen from the group
consiéting of active charcoals, alumina, silicag
zirconia, cerium Qxide, polystyrene foams_and_silicoﬁe

oils.



. characterized in.that the diolefin is butadiene. 13. Proc

chosen fromthe group consisting of diolefins, allyl alcohols, allyl »
ethers, allyl esters and allyl halides. 12. Process accordjing t aim 11,
d ' d gﬁs%88?85%ing to
one of clainms 7 to 12, characterized in that the palladi um deposited on
the insol uble conpound is recovered by_treatnent of the said insoluble
conpound after separation fromthe re Zpipn medi_um 14. Process according
to claim 13, charact@ri ze8*PReBRaBCEREMNGatReftladm Then Bsol ubl e
conmpound conprising the reduced palladiumis a . dissolution of the

- pal | adi um bgharegtkrbged snrohgt &bedcompound which is insoluble

in the féagtioh‘medium is-added'atrﬁhe begiﬁning of the.
reaction.

10.° Process according éo'claim ?_or-8;_
_characterized in that the compound which is insoluble
ip'the reaction medium ié,addéd before the Staée of

' reduction-ofthe palladium.

11. . Brocess_accdrding ﬁé one ofrthe
preceding claims, characterized in that the compounds
comprising a conjuéa?ed ethylenic unsaturétion aré
chosén from thg érdup consistingrof diolefins, allYl

lalcohols,lallYI ethers, allyl esters'and allyl 5alidesT

12. Pfocess accordihg to claim 11, |
chaxacterized.in-that the diclefin is butadiéne.

13. ?roceSs accordiﬁg to one of claims 7_to.
12;.¢hafacteriied in that the palladium déposited-oh e
the_iﬁsbluble compognd is recoﬁered by treatment of the

'  said insoluble cqmpoundlafter.sepération from the
reacti&n medium.

14. Process accorxding to claim 13,
characterized in that the ﬁféatmenf‘of the insoluble
coﬁpound cpmprising the reduced palladium ié a
dissolﬁtion of the palladium by attack by aVStrong

acid.



