METHOD FOR PREPARI NG CARBOXYLI C ACI DS BY PALLADI UM CARBONYLATI ON Abstract:
The invention concerns a nethod for preparing beta, gamma,satHLagsd or
unsat urated carboxylic acids. Mre particu- larly, the invention concerns
hydr oxycar bonyl ati on of an organi c conpound conprising a conjugated

unsat urati gn, but adene, throygh the action of carbon npnoxi de and
water in tﬁg B§Z§5ﬁ2§30f a palladiunlgatalyst The regﬁ??Fﬂﬁlé%1%$&ylic

acids are prefer- ablypentenoic acids. The invention is characterised in
that the reaction nmediumat the end of the hydroxycarbonylation step is
treated, with hydrogen to reduce the palladiumpresent in palladium2 +

ox! 2L Ot k0 R 5 A JALA00 12081R0CEL LISSAVEE LBAaRLI 21 o0

palladiUHFT \VAe] oo oo oo+ i T RO U5 159 OR
PREPARI NG CARBOXYLI C ACI DS BY PALLADI UM CARBONYLATI ON The present
invention relates to a-process.5 for the preparation of (3- or
y-unsaturated or saturated carboxylic acids. It relates nore particularly
to the hydroxycarbongkapirasent @AvengashCrelaNRRURE GORRbICEER] a

conj ugated unsaturation, such as butadiene, by the 10 action of carbon
nonoxi d r.J Sepcg o al l.adi um-based_cat al yst. The
carboxy?igggﬁi sgtﬁtgpgg%%g§ﬁe§9a§é %ﬁf&?ﬁ%ﬁﬁgpfﬁﬁﬁgﬁ%?cs%g?r eé%he of the
possi bl e routes of.access to adipic acid, which is one of the two basic
consti t uent@P3BY bt pdfy&fi des, such as polyanide 6,6, is the double
carbonyl-ati on of butadiene or its derivatives. Although it is possible to

Vinagine Carrying It relates more particularly 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 - ..--.-



“out the two hydroxycarbonyl ations | eading from butadiene, to adipic acid:
in a single stage, it turns 20 out in practice that the twgnnpag®b$ns have

.to be carried out successively if it.is desired to obtain sef vities

which are sufficiently high to be able to envisage an. economically viable

i ndustrial process. Patent US-A-3 509 209 discloses the 25

hydr oxycarbonyl ati on of various ol efins, including 27 June-2005 2

but adi ene, bytadikor, nbgpoxedboandonakedei antiheapeeséncéeéheoprayenoehi oric

-acid or hydrobronmic acid and of a palladiumconprising catalyst at a

t enper at ur ec@f h}EEoch0o200Caand YpdBLdBCBEERSY Bc@B 4nHOot Q00, bar, 5
preferably of- 10 to 200 bar. Under the conditions described, it is

observed t hﬁaliﬁgag%nekeﬁp%sgﬁat 800LEyaCi dF ar ecHBE¥athoW gRdi5baL, in

reality, the pro obtained i's very  often val erol actone. 10 Patent

FR-A-2 529 5 provi ded a process.._for _.the, preparation of (3- or
y-unsaturatgg 3@?3g,a§écﬁng§§ geﬁ S%EFEeagid ;tgyﬁcgpgongation of a ,
~conjugated diene (nore _particularly butadiene) in the presence of water,

of a hydPohBFfteaePdy 6f éOpEPléﬂpuﬁﬁﬁased 15 catal yst and of a quaternary
oniumsalt, the onium being that of an el enent chosen from nitrogen,
phosphorus and arseni BndeThfbepropdssignoedegosdbrdsulitsibut (it

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



‘requires the use of a relatively large anount of a 20 quaternary oni um
salt, which is an expensive conpound and one whose preseqﬁethngssuch a
.nature as to conplicate the treatnment of the m xtures at the en t he
_reaction. European Patent 0 648 731 also discloses a 25 process for the
hydr oxycar bonyl ati on of butadi ene and fts derivatives to pent enoi ¢ aci ds
in the presence of 27 June 2005 3 crotyl chloride, in the proportion. of
at | east twsnstyl pdrlamwide ofirpdHeadingmorttiomal &t dmasdi rtgloamolleast
partially in the formof a n-crotyl conplex. This process ' nmakes it
possi bl e t o meimbideofligesl lafdiom, unlie $alliladihes dadarg auts lpastesses nake
possi bl e the nanufacture of carboxylic acids with acceptable yields and

selectiviti éf%%? :ﬁﬁﬁy%r 2nd b %gﬁgJ the catalyst has
never, -been é%cri ed |n ese éﬁcuneﬁtg%yxs netal used is a
precious netal , -the artlal recq of thi,s.catalyst does .not- allow an
[[[ industriFH® RS 1 o PSR %F@c@é’?&é %?e%gf e He R of the

pr esent |nvent|on i's to provide a hydroxycarbonyl ati on process conpri sing
a. 4 15<Tofiidte or substantially conplete recovery of the palladium

~catalyst. Furthernore, the invention provides a recovery of the palladium -
whi ch makes possi bl e These various processes make possible the

manufacﬁure of carboxylic acids with acceptable yvields.
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
paliaaium 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-



recycling of the latter in a further hydroxycarbonylation stage. 20 To -~
this end, the invention provides a process for the manuf aé;ithrr‘gzggso- or
y-unsaturated carboxylic acids or of saturated carboxyli ¢ acl ds by :
reaction, wth carbon nonoxide and,water, of a conmpound conprising an
ethylenic or acetylenic unsaturation 25 conjugated w th anot her -
unsaturation.or an electron 27 June 2005 4 donating group carried by the
carbon PRPAEIFo S Bh BT HEY Y &iei Gifdermur i Bhe OPFStF@acki on i s
carried out in the presence of a palladiumbased catalyst which is

sol ubl e tPn thige smddi wmsadtmratiggpedhicf tdmcipi@seht ¢awendd oyttt here is
provided a process for the preparation of unsaturated or saturated

car boxylinc thei dsdssintle fofom GRNMIGEIAs:-GRMED SdAMgs BPs €ty @i £ or

acetyl eni c unsaturation conjugated w th another unsaturation or an

el ect r oBodopati Rg @HRURM ukeact i on of carbon nonoxide and water in the
presence of a palladiumbased catal yst, characterized in that it consists
in treating tlieapeas®ddn ofnblé umesahteinyémt and ohetdheishypdroxgeardonyl ati on

[ eact | 0fprobiss il ALl 0ROl dii8nCaE DML IAGXLAC, [ Tom g gai d Teaction

medium by treatment with a gas, In order to obtain a concentration of
| ess t h&FTBOBY HC Gicig® peyid]i fremofompstundsonomp hieringr eat eemtleafic psic] the

react i orcaRdi s Wiuni 2B 850980 bA HEHUGE JiRe Q%{lg%' WL Q- 48, 72 6r0

oxi dation state and in separating the precipitat
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




pal I adium from the reaction medi um The process of the invention is
characterized in that the reaction nedium at the end Of29@%ne20

hydr oxycar bonyl ati on reaction, is treated in a first stage, I'h ?der to
extract the carbon nonoxide present in the nedium by evaporation or

entrai nnent of the CO and then in g_second stage, in order to reduce the
pal | adi um present in the nediumto paFIadlun1|n the =zero oxidation state
by treatnment with hydrogen. The palladiumthus reduced precipitates and
can be 27 June 2005 4a separated fromthe reaction ﬁEdIUﬁ]b% conventi onal
15- solld/I|quﬂr§§ﬁérﬁ?Pﬁgthﬁaﬁ§aCAé@8r@?é@uﬁobﬁnéo@ﬁépéép stic of the

i nvention, the concentration of COin the nediumbefore treatnent with
hydrogemSissaﬁvéhlagebdsSypaessingamepns~ 600 M of CO per. litre of ,
solution, preferably less 20 than 100 m of CO per litre of solution. The .-
concentration of CO iacabsdipgeter ahkychrneacerrtisaic @0&har of CO per
litre of solution. The term -conpounds conprising an “unsaturation” should

be under st 0pgdyastmBaNi pget Bsncaﬁtgaﬁm@ﬁnéi ob genenal rcfefarmﬂ aRfoz2 June
2006 5 or -CC t --

treatment w1th.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” should be understood as meaning the

25 compounds of general formulae:




“in which the carbon in the a position with respect to the ethylenic or .-
acetylenic unsaturation also carries 5 an ethylenic unsaE?Ugﬁégﬁbgr, an
.electron-donating radical, such as, for exanple, hal ogen atofmns
. substituted or unsubstituted am no groups, or al koxy, hydroxyl, oxo, _
epoxy, carbonyl, nercaptoal kyl, ester -and/or cyano groups. 10 Mention may
be made, as exanples of such wunsaturated conpounds, of diolefins, allyl
al cohol s, aIIxL ethqrs, allyl estersjand allyl halides.. The preferred
conpound of the™rn 1on ps but@dgeder whi ch nmakes possible the _
manuf act ure of /15 péntenoic acids by |sinple hydroxycarbonylation or adipic
acid by doubl e hydroxycarbonyl ati on. The catal yst of the invention is a
pal I adium conpound which is soluble in the reaction medium The conpounds
for the inplenentation of the invention are 20 those described in the
docunents cited above to illustrate the state of the art. Mention may be

made, for examihechothed dakafdin InC RROUNES <C QAR $iilGh FRERIcTRLE ani onic
groups,. such as, for exanple, those derived from27 June 2005 6

hydrochl ori ¢, hydeiqdi G, hydrofluor] hydr obr oni i d | phur i
atia, i tri CosoEay TSmOk R A gk gRE RS aaRR 3T R6R sui phoni ¢

acids, t 'oalcoh%I or, carbox%!ic,acids, such as acetic acid,
: an ethylenic unsaturation or an electron-donating

radical, such as, for exaﬁple, halogen atoms,
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




*5 propionic acid or pivalic acid, or the like, are also suitable. Use nay .
al so be made of conpl exes formed from conpounds conprisi@gtﬂng%g&grus or
_hitrogen atons. The pal |l adium can al so be present in the form of -
organi ¢ conpl exes, which can be fornmed before the introduction into the
reaction nmediumor directly in the saied nedium Exanples of conpl exes
whi ch can be used in the present process are: 15 bis(7c-allylpalladium

- chloride), bisrbadlodiegl adiru@dailr, onydedsiacety agehgaabsiakiyl ) pal | adi um
. bis(n- isobutenyl palladiumchloride), bis(n- cyclohexenyl palladi um :

chloride) angd;fhers A ald¥le d@@@plgﬁ?§icSH9@gﬁgr carbonic acid.

bi s(rc-4-chlarocrotylpalladi um 20 oride)

bi s(n- 2-net hyl - 4- chi t.yl pal | adi um _.chl.oride), n-allylcarbanyl pall adi
Chiori des and n- | SobGU1 ELEBEHPT pARE AUt AT bPHGB RS pBEE Tal b for

exanpl e. (CAH7Pd2C12C0).2) [sic], and, furthernore, -ethyl enepal | adi um
chloride. 2% HP%i?%ﬁ%kgﬁﬁ%§Pﬁﬁ@xyglﬁsécéﬁﬁanﬁgcbaﬁﬁaéFﬁﬁF§7agﬂﬁe 2005 7
conpl exes, such as pall adi um ace'tyl acet onat e, '

bi s( bi berzyFr¢Pieadiar Gvd)har adivady.ct reidi mer @hé Qékbadﬁmﬁléﬂébyl
chloride, or conplexes of aromatic or aliphatic phosphines'with.palladium
such as 5 t etuigkitdet.r i phenyl phosphi ne) pal | adi um or
Use may also be made of complexes formed from
_compdunds.comprising phosphorus or nitrogen atomé.
Tﬁe palladium can also bé present ih the form
10 of'organic complexes, which can bé formed before the
- introduction into the feaction medium or directly in
‘Fhe said‘medium. | |
| Examﬁles 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-
'isobuténylpalladium.chloride), big(n-
cyclohexenylpaliédiﬁm chloride) and other ﬁ—allyl
. complexes, such as bis(n—4-chlorocfotylpélladium
20 chloride) and bis(n*2—methyl—4—chlorocrotylpalladium
chloride), n—allylcarbonylpélladium chlorides and m-
ispbutenylcarbonylpallédium chloride, respectively, for
' example (C3H7Pd2C12C0)2) [sic], and, furthermofe;
-ethyleneballadium_chloride.

25 It is also possible to use organic palladium



*bi s(triphenyl phosphi ne) pal | adi um di chloride. According to a preferred
enbodi nent of the invention, the palladiumcatalyst is fonaBd,dl Bosd t U by
caddition of crotyl chloride, in a proportion of at 10 | east two nol per
.mol e of palladium The palladiumis thus at least partially in the formof
a x-crotyl conplex, as disclosed in Eufopean Patent No. 0 648 731. -
According to the invention, the process for. the hydroxycarbonyl ation

of . unsat ur atEAUBYYaf .c S8t @ eeideddege ridesd lalsatenatie .ch conpounds wi | |
be exenplified for nore clarity with reference. to butadiene, by carbon
nonoxi de andiwatlterbdrsyladicardageansd) paddEkdiesh, 0 Wheatdianeaardfon nonoxi de
pressure greater than atnospheric pressure. 20 -Advant ageously, the water

present in tdel14@aet icbtRdicHNCEARIES O S i 13N b Ofa ddges itdhay or  equal
to 20% by weight with respect to the weight of the reaction m xture. The

et m " but adi Engarie o 1% 5194, A% 0 JIEANd 1 Lhe present text.

in particular allylic” butenols, suc éne-2-ol " [sic], 2-butene-l-o0

27 June 0 8 [.sicl]. and their mxtures, _qr addition conpounds of :
hydr ogenzét::)hIscoert—‘lr 2 5 RS S ?}ﬁP&?&ﬁﬂﬁ@ﬁ@e}“ Yhe - nEin one-of which'is
~crotyl chloride. In_the present process, it iS possible to 5 enploy ; '

butadiene,(ﬂﬁ?Qﬁr%ﬁﬂﬁ?ﬁﬁthﬁ?hdéFﬂﬁ&@ﬁ@@éwm'dic'10ride-r

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



“m xtures of butadiene with one or nore of its derivatives Butadiene or -

m xtures predom nantly conprising butadi ene represent, }q '
.preferred substrates. 10 The ac- crotylpalladlun1conplex cat'a yé% can be
.introduced into the. reaction nediumor can be-fornmed in situ from Pd
hal i des, nore particularly the chloridé3 [l acuna] Pd carboxylates, in
partlcular the acetate, or fromfinely divided palladiumnetal. 15 The
amount of n}éﬁéﬂypﬁéIQQﬂhﬁhﬁ§é¢ﬁFV§b @¥e@dditione qompoassiscaf vary within
wde limts. Cenerally, from11l0-5 nol to 0.2 nol.of Pd is enployed per .
mol e of bubadu@m@nochdbrbdkadn$hebdaaﬁu&MEvaohtmnyhmﬂememhe tiact i on and
preferably from10-4 nol to 0.1 nol per 20 nole. In addition to the

a<-crotyl pakedei wite odt alvsh ipakhagdiyumceasral@o be found in the reaction’
medi umin another |ess -active form (for exanple, Pd netal or Pd chloride)

n 2. variable amount. ihn b 25 ddafustibalech 0es s idodsinihonever,
preferable for all 27 June 2 05 of virtuall'y he palla |un1to be in

an actlv% far ?H ghF Hiei UQE% Al #E%e O%IU fl?% dﬁ%ﬁg%%tylpallad|un]

- optionall §oam ¢ Iorlde u-cr | ex can be 5

pr epar ed, for xanple, acting.a palladiumsalt,, ,such as paliadi um
chl ori de, EFSFfo %%ﬁﬁgdgnﬁn%&th one or more of its .

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 cérboxylates; 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



“sol vent which can be conposed of a water/nethanol mixture. The m xture is
stirred, generally at anbient tenperature, advantageousl ézu‘pder ﬁ gentle .
" stream of 10 carbon nonoxi de. The n-crotyl pal | adi um conpl UBPélPpitates. .
~After"an optional degassing phase, the mixture is poured into water and is
then extracted using a suitable organi® solvent, such as, for exanple,

chloroform The conpl ex is subsequently isolated from 15 the organic
sol uti on by @vaporawdbly ofll Hérs aademdiuie drotiyl aghlagwtiides pramt er may
be introduced into the reaction m xture or .can. be fornmed "in situ from

but adi ene ang{afh 2 PUEN@sils Oln [ Imatim hysli@ehloric acid. 20 It
preferably represents,. as.nole per nole, from5 to 10 tinmes the anmount of

pal | adi um al.t hough i C be resﬂ in larger .Qport.ions, .since it can
constitute a(f‘Tomﬁug%%ir a%Jf&F’hec’pstt? St ate Wlotkbégae‘]r%/ag#%%/c%}]goornly‘?%t ed. 25
Taken as a whole, it is.preferable to have, 27 June 2005 10 in the
reaction medium a C /e folcmo tydiiesl lofdlws comiiax saredal to 100 and
preferably of Iess than or equal to 20, as high ratios have a harnful
effect or6 theegdmed) clowfetdmpliecadiy Ofeadc sy Bl dbaselt | he
concentration of water in the reaction mxture is advantageously
mai ntai ned ajudh VA Ysa BB unt CHoH8ES, thavh 2098 chloride in a
solvent which éan be composed of a water/methanocl
mixture. The mixture is stirred, generally at ambient
temperature, advantageéously 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 extractedx
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,




~other than the reactants thenselves or the reaction pro

‘'weight with respect to the meighf of the said-nixture. This is because the

concentration of water has an 10 effect on the kinetics of, the Le tion.
_This concentration of water will preferably be maintained’d 2003 ue of
equal to or |less than 8% by weight and nore preferably still at a val ue of

equal to or less than 5% 15 As wateriPs an essential ‘reactant in the
hydr oxycar bonyl ati on reaction, an advantageous alternative formof the
process of time tihreyemtaictri onc orsiisis ian dlijpEchiongrt basivwabdr 1@asst he reaction

- progresses, which nmakes it possible to maintain its 20 concentration in the

reaction nignare oat earvwar ¥d awo &%@%r‘é’ffiehféb@kbﬁg1_iefsspQ§1%.:hbb% for the
reaction to be carried out. Al though the presence of a third solvent is

not excl udegaune dorae, a1 Benekaldsy Hagh! ketaollru 123 2tithoy), a sol vent

ucts. I't can al so -

be favourable tg.27 e 11 introduce, fromthe beginning of the
hydroxycarbgﬁvi2?%§ﬁigga€%?%%e §e8€ﬁﬁgﬁoic acid and nore particularly
pentene-3-0ic [sic] acid, in order to mnimze side reactions. 5 In the

cont ext an i ndust r 8 1PPAEPERENEROVEn &het REnpEBEESE1oBpeLati ons in

whi ch the unreacted butadiene is recycled can |lead to the .
water in the reaction 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



‘introduction, into the reaction nmedium of nore or less significant i
amounts of other conpounds, in particular 10 byproducts fg@qu gﬁﬁing t he

hydroxycarbonyl ation reaction. Thus, it s possible to havé, "'

~reaction mxture, butenes, y-valerolactone, valeric acid, adipic acid,
2-met hyl glutari.c acid, 2-ethylsucciniclacid, 2-nethylbutanoic acid or

2-net hyl but enoi ¢ acids, for 15 exanple. In view of the requirenents of a

possi bl e coRfdry@its, | MiMMaAbA efindghe fpkaeess, the anounts of these
conpounds present can reach up to 90% by weight of the reaction mxture

char ged 1o, iyt JALORHATRANYALIAR AT LOBenenliE conGeaLEalion of

butadiene is™a significant reaction paraneter, in particular as regards
t he stabili of the.pall adiumcatalyst, .that. iis to .say essentially its
naintenance%%ﬁféﬁaﬁi%%g%aﬁ-yiﬁgm%§§@¥§681ﬁiiF&Fé.aFfdha o RESeth obser ved
that it 25 1is untavougg%:e to have |l ess than 0.2% by wei ght of = butadiene -
With respect™ e SR TRECTHHOTS- the 27 June 2005 12 reaction m xture.
Preferably, when the reaction is carried out batchw se, the conversion of
the butadi ene or-itsIgetheaciondexy Of ba Lndusédied that the reaction
m xture includes at |east 0.5% by weight of the said 5 butadiene or its:
deri vati ves.inflemeoe¢ivnabifonhef phocadisenepeirblkiahso inpr@fiehabhy be
mai nt ai ned at a value of |ess than or ‘
unreacted butadiene is recycled can lead to the
introduction, into the reaction medium, of more or less
significant amounts of other compoﬁnds, 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;methylbutanoié 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
: hydrocharbonylation reaction.
20 ' ' The concentration of butadiene is a
~significant réaction parameter, in particular as-
regards the stability of the pallédium catalyst, that
is to séy essentiélly 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



.reaction is carried out in a batchw se process, and at a
.or less-than 10% when the reaction ig_carried out in a continuous

- therefore be goo

pal | adi um

equal to 50%"as wei ght by wei ght of the reaction mxture and mor e
preferably still at a value of equal 10 to or |ess than 30%, wh he
gégFﬂ%g@é equal to

process. The enbodi nent of the hydr oxy&&r bonyl ation .15 process described
above exhibits the advantage, with respect to other enbodinents, of
keepi ng t he FRATEHAUMALF 0] Rusfenaplehe whesc tihen Tesditd@upst o the end of

‘the reaction, naking it possible to nmaintain high kinetics. The

hydr oxycar borpprEitdd route dsttiadhivican  Ene? @ ooaeriséebroutt athea ueroéeatur e
generally situated between 60C and 230C and preferably between 90C and
200C and ungieritas @eassttCivead Wil tRmaendiwde sOftHd thdRabak oand

preferably from 100 to 300 bar. The carbon nonoxide partial pressure, 25

measur ed at R25GursS fHAMES b 1 A4Q B 1ANGe RiRf Yahine fham 55 bar to
240 bar. 27 June 2005 13 As has been indicated, the process of the -

i nventiong cap he.carried .qut cf%x}ar}tu%%ssl y or batchwi se. There wll
d Feason 10 acﬁ usto the °vari ous operating conditions
defined above according to 5 the inpl erren&fati on chosen.. The reaction

medi um obt ai ned at th & CRSFEN HTAE A Pdx Satd raé?i’@ti on conpri ses

preferably be maintained at a vélge of less than 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.



|

i in the dissolved form The invention provides a treatment of this 10 -
reaction nedi um which nakes it possible to recover pall adjum.i e -
RO

_insoluble formwith a degree of recovery of approxi mately

treatnment consists, in a first stage, in extracting the carbon nonoxi de
di ssolved in the 15 reaction nedi um THPs extraction can be obtained. by
heating the nediumw th an atnosphere not conprising CO Mre

advant ageously, this & ris ikaen sdnddcsited . odthe Brasiess mf he reaction
medi um under an inert or hydrogen atnobsphere, optionally wth sparging of
this 20 i nerinygastion hyalr dgerrdmtied hetr eacttionuaedivumr Teechiwdsm." i nert
gas" is understood to nean nitrogen or .the rare gases.- This stage can be

carried out PHere wieTpeafiairdfo Helgeen r2lG Ay edjdamerature) and 25
150C. This operation is carried out to extract 27 June 2005 14 virtually

al I the carbpnymnoxide-whith Cafihe oneX Aoty 104 *Ecé&%ﬁ&igortdmdi um
Thus, the concentration of ‘carbon nonoxide In the reaction nmed um can
advant ageouslyy. bﬁn £ss..than 600 m/|l, preferably 5 less than 100 m /I, of

: T1 on’ chosen'. . Lo . )
sol uti on.” AdvantageousTy; e concerntration of COin'the reaction medium

i S between : _
The reaction medium obtained at the end of

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 |
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



©0.001 m /| and 600 m/l. After extraction of the carbon nonoxide, the

process of the invention conprises a stage of reduction %? )
&uﬁaﬁﬁgaiuntin

dissolved palladium generally in the 2+ oxidation state,

the zero oxidation state (Pd(0)). This palladiumis séeparated fromthe
reaction nmedi um by the usual |iquid/sollidd separating techniques, such as
filtration, separation by settling, 15 centrifugation, distillation or

evaporatlOnvﬂkﬂﬂailylth(tﬂ&utaﬂﬂonwmaﬂdkﬂabtWhﬁtHNé&f&ﬁﬁd enbodi ment of

.the invention, a conmpound which is insoluble in the reaction nediumis

present in s ﬁﬂﬂ%‘mﬁ?g‘rﬁ%@&q@%ﬁmmmé onaf the PA(0). This

i nsol ubl e conpoun reacti on medi um at any tinme, for

exanpl e at the nin th drox ban on ocess end
of L he'l at t SPRSEHAAIAY %, dRPL AR e Fobe e’

~pal ladium This insoluble caompound i s advant S 27 J 05 15 addedf
before the B&EG AR HIIHS R &Fb 5§ﬁ§} éh)lﬁ)ﬁéa ording to

the invention, the palladiumin the zero oxidation state preC|p|tates and
is deposi% edess dihan 100 e hetafr ayenvdorn pHaberorgrsedof the s insol ubl e
conmpound, thus facilitating its extraction '

' concentratlon of CO in the reaction medium is between

0.001 ml/1 and 600 ml/1l.
| 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 stége of

-25_ reduétion of the_palladium.

This 1nsolub1e CUmpound is advantageous;y




“and its separation fromthe reaction nedium Generally, this insoluble
conpound should not have an effect on the-hydroxycarbonyﬂégju szﬁgction,
in 10 particular should not influence the catalytic effec the

pal | adium or the. selectivity of the reaction. Mention nmay be nade, as
“insol ubl e conpounds which are, suitablle for the invention, of inorganic
conpounds whi ch are advant ageously porous or which 15 exhibit a large
speci fic surdanel efordVthied Beginyibg ofedde hydibkgchapbhylatisanpounds,
as exanples, of active charcoals, alumna, silica, zirconia, cerium oxide
or nore geneflddiofare earth netal - oxi des. Mention may be nade, as ot her
i.nsol ubl e 20 conpounds which are suitable for.the invention, of polyner

f oams, such as pol ystyre f. si;.l.icone _oils. pount _of
i nsol ubl e conpounds aéﬁé %Féggg%P %%Ft%gg ngﬁanéaﬁ%9aP§E$F§ﬁPﬁ Wde linits.

25 Accordinq:to one cha%%%reristic of the ,inventiog,,tha st age %f
reduction of Ph&FA ISHiGHPE SFatenBrsseBitesernhandeis ORPASLESH state is
carried out by placing the reaction nediumunder a hydrogen atnosphere.
However, 3t 9ts off @ hisiter ogienisouws Ppaéép§9mpﬁgeﬂr@ﬁ1tgésscope of the

i nvention,-to add a 5 reduci ng conpound to the medi um such as

bor ohydri desinsoluble compound, thus facilitating its extraction

and its 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 -




. ot her enbodi nent,

“such as'NaBH4, for exanple, or netal hydrides[ Thi s reduci ng stage can be

carried out between anbient tenperature (20C) and 150C ag?J %Ig@ﬂpa} a
hydr ogen pressure of between 1 bar and 10 100 bar. Howev Ui

“enbodi nent which nakes it possible to reduce the palladiunito the zero

oxidation state wi thout affecting thejgnsaturation or unsaturations
present in the hydrocarbonyl conpound, 15 the tenperature of the reducing
stage is ad t u C:(a At st epat Y .and C.ln t he
et 5%26?2%%‘2?2?3%1@ e R O R

unsat urations o% the §arbo d obtalne g g§drocarbonylat|on can. be
20 hydrogengigg ﬁ g?ﬁrgt Hd58988x§ PEEPEEEE: The process of the
i nvention thus nakes it possible,  starting fron1butad|ene to produce

pent anoi ¢ aci d. The pﬁ8¥€¥§rolehéslﬁ@éﬁtp8ﬁsﬁ§%§s VEthg¥Esible to recover

~all the palladiumpresent in the 25 reaction nmedium In addition, the

i nsol ubl e coepeyrdng7 LyonetRe0scor? ednphesi-nyenkéopal Fadkdfmh &an be treat ed
with acids to redissolve the palladiumand to make it possible to recycle
it in a fourtednchygr exyparhdnybathenmetidge., Fhehpaeckssohirdihidesnventi on
thus makes - it 5 possible to inplenent the reactions for the
such as NaBH,, fo; example, or metal hydrides.
This reducing stage can be carried out
" between aﬁbient temperature (20°C) and 1lh0°ecC énd
[lacunal a hyd:ogenrpressure Qf,beéween 1 bartand_,-
10 100 bar. | o
However, in an embodiment which mé.kesit
possible-to.reduce the palladium to the'zero oxidation
state without:éffecting the unsaturation ox
upsaturations-present in the hydrocarbonyl compound,
15 the temperaturé of the redﬁcing stage is advantagébﬁsly
| between 20°C (amEiéﬁt temperature) and 80°C. |
" In the other eﬁbodiment, with a temperatﬁ;e
of between 80°C .and 150°C, the unsaturatioﬁs of the
carboxylic acid obﬁained by hydrécarbOnylation can be
2b‘ hyarogenated torobtain a saturated carboxylic.acid. The-
process of the.invention thﬁs makes it possible,
starting frbm butadiene, to produce péntanoic écid.
Therprocess of the invention makeé it
possible to recover all the palladium present in the

25 reaction medium.

- In addition, the insoluble compound



“hydr oxycar bonyl ati on of.. unsaturated conpounds with catalysis wth R
pal | adi um wi t hout - | oss of catalyst. Such a process can t us %g &ﬂfrated
ol

- econom cally. The invention will be nore fully illustrate

he

exanpl es given below, which are solely by way of illustration and w thout
limting effect. Exanple 1 The follow dg are charged to a glass fl ask:
3-Pentenoic acid (90% 10.0 g purity) Butadiene 2.7 g (50 nmol)

Chl or obut ene:diipdigind. Thempalladameicad. Hed ti-SQre@ Wl thPaldiddi war on- acti ve-

.- char coal

(399 0.71 g This Pd/C catalyst is sold by Engel hard under 15

the trade nammiiEseAkE knk6221320Tum aHle t8 Aakef haskoss bl educed into a

125 M  aut
at anbi ent
is heated t

oclave. The latter is. immediately. pressurized.-to 100 bar of CO

SHRBIE 91 Tone 00 R i B R e KRR et - T

tenperature is reache&@. the CO pégs re.is raLsedﬁ%p 200_bar .with
Tai I

connecti on

CoPTEE5ES R oo L) r 88&&Se 1tThe CO

to a sour

consunption is estimated with respect to the difference 5 in pressure
measur ed 3 nBoseiddg & implement the reactions for the -

10

15

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

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-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
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

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



“After reacting for 40 mnutes, corresponding to a degree of conversion - -
(DC) of the.butadiene of 63% the autoclave is cool ed inﬁJ‘ﬁ%%@?"ith to

- 20C and then degassed. Three purges wi th hydrogen are carri ed out under
a pressure of 20 bar of hydrogen. The CO content in the mediumis 0.6 ni
of CO per litre of solution. A pressurl® of 20 bar of hydrogen is applied -
and the mxture is heated at 80C with stirring for 15 one-hour (phase of
reducti on ofwlithke psthdladigmwhe tidte qnoddaty wndbadegassi ngs ddahredcti on
-mediumis filtered. The charcoal collected is dried before analysis. The:

reaction nasghé&atd estEsktd efs fAdidad i@h 200 wialwsed ddhddduidgh to
chromat ography (HPLC) and gas 20 chronmat ography (GC). The follow ng results

wer e obt aineg: & 35 P engi e N VL O A (e [ -Yol = A Y
(2- net hyl - 3- Ut enof ¢ acie(git§ = 5&933}0%%& (pe%t anoip}%aégsﬁ} ©="607%
Quantitative_determnationo'f Ihe%)ll ium 27 Ju aon _t he

char coal col FRYTF Sne i 1 t -
out by ICP-CES or ICP-M5. The results show that 98% of the palladium

~charged t® YhPFRIVITDMFISWVROVER dhOrPTHEhar coal and 1%is 5 found in |

the dissolved formin the reaction nedium. -
. After reacting for 40 minutes,.correspopding

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
solutioﬁ.
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

05 .. | |
oft s%eSpaE??ter e? |%i T aq]ilrgo%ﬁe?c(,ear ried-



"The term "degree of conversion (DC) of the butadi ene” should be understood
as neaning the ratio, expressed as % of the nunber of nghgﬁng Oggtadiene
~whi ch have di sappeared to the nunmber of noles of 10 butadi'ene charged. The .
term"CY" should be understood as nmeaning the selectivity for the product -~
"X indicated corresponding to the ratid9 expressed as % of the nunber of
mol es of product X formed to the number of .15 theoretical noles of product

X cal cul at etbrd ofhé htharworlercolfletdas 0fd B adienenanivei tretss Exanpl e 2 The
following are charged to a glass flask: 3-Pentenoic acid (90% 10.0 g

purity) ButReiener 2 &L i &hlior eubene bl 30 1dbigEs &9 e | adi um
acetate 0.10 g Charcoal, Ceca L3S 1.1 g .Thé.charcoal is sold by Ceca. 27

pune 200 | ee IS8 UG ol O LOHL IR g g v, e,
The, Ut ool el S dlaped L0 2 guen nd e, Thusl s fpded o 140C S
5 found .inm 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.



*the CO pressure is brought to 200 bar and the autoclave 1is placed in
comuni cation with a source of COto maintain a constant pressube The CO
.consunption is [ estimated with respect to the difference’in pressare 10
nmeasured in the source. After reacting for 19 mnutes, corresponding . to a
- DC of the butadiene equal to 65% the altoclave is cooled in a water bath
to 20C and then degassed. Two purges with hydrogen are carried out under
20  bar of 15 hydrogenThEhglsekutiagkobkainedocgarpd seso48 nbks5ofy1CO - per
.litre .of solution. A pressure of 20 bar of hydrogen is applied and the
mxture i healRdal AQGLR ekl BE Alnbel ackll! geRcTlYLEE 4f ter cooling
“and degassing, the 20 reaction nediumis filtefed. The charcoal recovered
is dried bef lysi~s.. . T . ti qQl s _is apalyse hi gh
_perfornance%fﬁaﬁfgngﬁrgﬁiﬁgg?%%%%ﬁ%HE%%fgggguﬁéé %%ﬁr%ﬁgggénghgs(GE). The
“following results were obtained: 25 CY (3-pentenoic acid)_= 83% CY
(di aci ds) 1 oaé’?sdJ&ﬁ’eaﬁ’oé%’enzfnéYtF‘?-ﬁ’é F§3;ﬁu?’§ﬁ6ﬁg 58i &)40%03. 6% CY
(pentanoic 'acid) = 1.8% Quantitative determ nation of the palladium on
t he char CoaWhddid &&eédgndWhant KBS pAEEESn tREPS TS tateed sf rerchedon i s

carried out. by ICP-CES. or |CP-Ms.- . .
the CO pressure is brought to 200 bar and the autoclave

is plaCea in communication with a source of CO to
mainﬁain'a constant pressure. The CO conéumption is
eétimated with respect to the différence in_pressure-'
10 measured in the source. |
After reacting for 19 minutes, corresponding
to a DC of the butadiené equal to 65%, the autoclave is
cooled in.a wérér_bath to 20°C and then degassed.‘Two
purges with hydrogen are carried out under 20 bar of
15 hydrqgen. The solution obtained comprises 40 ml_of-CO
f per litre of solution. | |
A pressure of 20 bar-of hydrogeh is appliéd
andithe mixture ig heated at 405C with stirring for
fifteen‘ﬁinutes. After céoling aﬁd.degassing, the
20 reaction medium ig.filtered. The charcoal recovered is
dried before analysis. The reaction mass is analysed by
high-performance 1iqui§ chromatography (HPLC) and gas
chromatography {GC). .
The following resﬁlts were obtained:
25 . cY (3—péntenoic acid) = 83%

cy (diacids) = 11%




"The results show that 1% of the palladiumcharged to the reaction is found
in the dissolved formin the reaction nmedium the renainggr bei§§5

-~ recovered on the charcoal. 10 Exanple 3 The follow ng ar CWQ?& to a
glass flask: 3-Pentenoic acid (90% 10.0 g purity) - Butadiene 3.2 g

" Chiorobutene 0.32 g Water 0.9 g Pallagdiumacetate 0.10 g Charcoal,-Ceca

L3S 1.0 g The charcoal 'is sold by Ceca. The glass flask i's introduced

into an 125 m  aut ockgvga-Thenkat BehyrenbTredicals! ¥ Bressurized to 15 100
bar of CO at anbient tenperature. The autoclave is placed in an oven and

the m xture is heated it h. i ng en the preset tenperature is
reached, the CO presgﬁ?éiégggﬁghéﬂﬁﬁpgkzoo1b§% and the autoclave is

pl aced in connunicatigp w%th g&source of .COto 27 June 2022 22-naintafn a
constant pressure. Th&UBBUEERSGNS: OG5 SFEinasi PRaPEd iFt RA1EEPEER to the
difference in pressure neasured i'n the source. After reacting for 23
mnutes, corFedpndtRgcoslt 604 1lpCter erd ot Abkeneacgaan MesP0% t he
autocl ave is : _ 3 :
5 after filtration is carried out. by ICP-0OES or ICP-MS.
The results show that 1% of the palladium charged to
thé reaction is found in the dissolved form in the
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

_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 -



“cooled in a water bath to 20C. The autoclave is reduced in pressure and -*
pl aced under a pressure of 60 bar with an H2/ CO m xture with, Z&i{S :
.content by weight. The autoclave is heated at 40C for 45 mnutes.” 10 After
cool ing and degassing, the reaction mxture is filtered. The charcoal
recovered is dried before analysis. The reaction mass is anal ysed by high
performance |iquid chromatography (HPLC) and gas chromatography (GC). .15
The fol | ow rginesdht 8 wenetahtapredsur€Y TRBepeot ebakampeiodn £s87% CY

- (diacids) = 10% CY (pentanoic acid) = 0.25% CY .(2-net hyl -3-butenoic acid) -=
3. 2% 20 Quarisictiabicwa ¢etar FeBabkentef chBegpakbadhum ignpi-Besghar coal
collected and in the reaction mass after filtration is-carried out by

| CP- CES or -V e S how t hat only 34% of the pall adi um charged
to the reac#@gﬁuggdrggo&é%egbggcgﬁe charcoal and 62%is 25 found in the

di ssolved formin the reaction nmediu anmple 4 . 27 June 2005 23 The
fol lowing are charged®t&%a 6F8§EEFFag§F Eg-%gﬂﬁéﬁgrccgffﬁnga 528.2 ¢
purity) EPU%%dge%% %f7tge gﬂkgéggggeggugizgog70%,'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 -




"Water 0.9 g Palladiumon-active charcoal (3% 1.0 g This Pd/C catalyst i's
sol d by Engel hard under the trade nanme Escat(r) 162 5207nn§ %% fl ask

is introduced into a 125 mM 5 autoclave. The latter is i @ﬁi

~pressurized to 100 bar of CO at anbient tenperature. The autoclave is
placed in an oven and the nmixture is h@dted to 140C wth shaking. \Wen the

preset tenperatUre is reached, the CO pressure is brought to 200 bar and

the autoclave 10 is pﬂa@edqlﬂowummuameathamgwdtho a gausee faksCO to

mai ntain a constant-pressure. The CO.consunption is estimated with respect

to the difference in pressueaocigeasigedsioy theigoprge. After reacting for
24 mnutes, corresponding. 15 to a DC of the butadiene equal to 51% the

autoclave is cool ed ipacgyater bath to 20C and then slowy degassed. No
purging is carried ou the CO concentratlon being 1 000 ml of CO per
litre of solution. B%r%ssur% of 20 bar. o en is then 27 June 2005
24 applied and the ntxture IS “heated at 40C irring for fifteen

m nutes. After coolln hg %a35|ng, t he reactlon mediumis filtered. The
charcoal recovered is“dPFEPUHERSr e anal ysis. Ghed r@action mass. is analysed

by 5 high perfornance l'iquid chronatography (HPLC) and gas
Water

Palladium~on—aetive~
rcharcoai (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.'The latﬁer is immediately pressurized to
100 bar of CO-at‘ambient eemperature. The autoclave is
placed in an oven and the mixture is heated te 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 ie
.A estimatedlwith respect to the difference in pressure
measured in the source.
After reacting for 24 minutes, corresponding.
15 to a DC of the butadiené eqeal 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 beiﬁg 1 000 ml of CO per litre of

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




‘chronatography (G0). The following results mefe obtained CY (3-pentenoic

aci d) 87% CY (diacids) = 10% 10 CY (pentanoic acid) = 02§ Hg%zaé%tatlve

_deternlnatlon of the palladium on the charcoal collected™an

reaction mass after filtration is carried out by ICP-CES or |ICP-M5. - The

‘results show that 88% of the palladi unféharged to 15 the reaction is found

in the dissolved formin the reaction nmedium Exanple 5 The follow ng are
charged to apgldssl farsskhe iPentrendisc haeited( @@94 000 wg thuskiyringut adi ene

. 2.7 g - Chlorobutene 0.30 g Water 0.9 g. Palladiumacetate 0.11 g

Charcoal , Cgea If3Fthdh githa ¥ .asgtilraglool s nigntahed dee@ sisihe, achad m 27 -
June 2005 25 autoclave. The latter is imrediately pressurized to- 100 bar

of CO at amjgnt iRl Bm e rauteckaverhs plaacedl F<2BveY¥ea. 1and the

_mxture is heated to 140C w th shaking. Wen the- preset tenperature is

reached, 5 419 QOIRISITE I3 A0UGAL 12,200 ParLAd sLheqadtackays

-5 high performance liguid chromatograph§ {(HPLC) and-gas ‘
chromaﬁography {GC). |

The following results were obtained:

‘CY (3-pentencic acid) = 87%

C? (diaeids) = 10%.

10 CY (pentancic aclid) = Ol3%

Quantitative determination of the palladium
cnn the charcoal celiected an& in the reaction mass
afeer filtratieh is carried out by ICP-OES or ICP-MS.
The results show that 88% of the palladium charged-te

15 the reaction_is found in the dissolved form in-the
reaction medium.‘

Example.S

The following are chaxged to a glass flask:

3-Pentenocic acid (90%  10.0 g

purity)

Butadiene | 2.7 Q

Chlorobutener | 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




i splaced in conmmunication with a source of COto maintain a . :
~pressure. The CO consunption is estimated with respect tgtﬁ%ocrftagﬁence
.in pressure neasured in the source. 10 After reacting for 712I' i 'rcl’u%es |
corresponding to a DC of the butadiene equal to 64% the autocl ave i:s
cooled in a water bath to 20C and theh slow'y degassed. No purging is
carried out. A pressure of 20 bar of hydrogen is then applied and the

m xture i sutbzlbeat.edhat 180€Cewi ih sminedi pgelyr PEEPEEEAZRPNGPes. After
cooling and degassing, the reaction nediumis filtered. The charcoal
recover ed 1igy Hared Hefoe apahypscspréseurscathieonursdavs afal ysed by high
performance |iquid- chromatography (HPLC) and.gas chromatography (GC). 20

The foll ow r t I i - i ; :
R, 1'%9'53%! a% VRS abkai-Redmi xE¥ire3-ike heanteid tacildf < 80% CY
(di aci ds) B () pentanoi ¢ acid) = 0.2% CY.(2-nethyl- 32Obut eno(i) c acid) =

3.8% 25 Quantitative determ nati ft R -adi : & @
“col | ect ed Yart i%at}ﬁé-fgf'eé‘@ﬁnor?%ﬁégge%%% uf\en{b? s D dapmedhiar coal
carried out by | CP-CES or e 2005 26 after filtration is

R Rl e A 0 P N e
reaction medium 5 Exanple 6 N ©
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‘ana 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




;The follow ng are charged to a gl ass fl ask:
But adiene 2.6 g Chlorobutene 0.30 g Water 0.91
Ceca L3S 1.0 g The glass flask i

purity)

~acetate 0.10 g Charcoal
aut ocl ave.
CO at anbi ent pressure.

a 125 nm.

3- Pent enoi ¢ aci d (

The latter is imrediately. pressurized to

90% 10.0 g-

4 B ASRced i nto

100 bar of

The autocl avefis 10 placed in an oven and the

m xture is heated to 140C w th shaking. Wien the preset tenperature is
dhec£F Pressticn | Bs hiotghtd tau2Qfy HErP-0RS tdie TR0 ave. i s

reached,

. placed in conmunication with a source of COto

mai-ntain a cons

t ant

pressure. he LOLCONS UMY, Ofhd S g6 est | Rt ash W Adl iR s@estgé® tdie differ ence

in pressure
aut ocl ave |.s
Pur gi ng |st%%fr|%%t%%
" CO concentration fal

neasured in the source.
cool ed

At the -end of the reaction,

AR Bty e TR S M

to 40 M of CO per litre of solution.

t he
gassed.
gen and the
A pressure

of 20 bar BFRRYHPBGEEIYE- t hen applied and the mixture is heated at 40C .

wth

10

15

stirring for fifteen nlnutes
reactioh nediumis f

® The

After cooling and 5 degassi.ng,

The following are charged to a glass flask:

3-Pentencic acid (90%

purity)
Butadiene
Chlorobutene

Watexr

‘Palladium acetate

autoclave.

:100 bar of CO at ambient pressure.

Charcoal, Ceca L3S

10.0 g

2.6 g

0.30 g

0.91 g
0.10 g

1.0 g

t he

The glass flask is introduced into a 125 ml'

The latter is immediately pressurized to

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 qommunication 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,

cooled in a water bath to 20°C and then slowly

degascsed.

Purging is carried Qutﬂwithu40,bar.of_.

the autoclave is



(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 acid)
= 3.9% Quantitative determ nation of 2t7’he 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

20 Yoo 2 g gl v Gl e Tonsotlep Gagme A g o
autocl ave. J@&é%&%as L Predl Al el  BL oSl 2% fing ana
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 (dlac1ds) = 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




100 bar of CO at anbi ent tenpereture. The autocl ave is 5 pl aced in an oven -

and the mxture is heated to 140C w th shaking. Wen the,pr
tenperature is reached, the CO pressure is brought to 20896§$§%%§ t he

“autoclave is placed in comunication with a source of COto nmaintain a
constant pressure. The CO consunption #8 10 estimated with respect to the.

difference in pressure neasured in the source. At the end.of the reaction,
the autoclave is coolWedexn a water bath to 20C 9 The autocl ave is reduced

.in pressure, then three purges with hydrogen 15 are carried out under 20
- bar of hydrogen (the @lledneentkatiaee fallinp.1® .6 mM per litre of

solution), then a pressure of 10 bar of hydrogen is applied and the
mxture is heated at BQG WA Stidki Rgsfor  fivegyngnutes. After cooling and
degassing, the reaction 20 nediumis ftiltered. The charcoal recovered is

ography (GC). 27 June 2005 |

‘dried before analySi%Pﬁ;%%f&§%§55§§ ggaﬁokgtagggysed by high - performance e

| i qui d chromat ogr aphy

29 The followi ng results re ohtained CY (3-pentenoic aci =_81% CY
" (4-pentenoic acid) = §%¢W9 ?S(%h§§$déf Ené&ggggeéYlephétH%%—ggbut%noic-

acid) = 3.3% CY (pentanoic acid) =.4.4% _
autoclave. The latter is immediately pressurized to

100 bar of CO at ambient temperature. The autociave is
5 placea in‘an even and the mixture is heated to 140°C
with shakingr When the preset temperature'is reached,
the CO pressure is brought to 200 bar and_the autocleve
is placed in cemmunication with a source of CO to
;maintain-a constanr preeSUre. The CO eonsumption is
'10_ estimated witn‘respect to the difference in pressure
measured in the sQnrce.
At the end of the reaction, the autoclaﬁe isr
cooled in a water bath to 20°C. The autocleve'is
reduced in pressure, then threeepurges'with hydrogen
15 are carried out under 20 bar of'hydrogen (rhe CO
concentration falling to 0.6 ml per 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 coeling and degassing, the reaction
- 20 medium is filtered. The charcoal recovered is dried
“before analysis. The reaction mass is analysed by nigh
| performance 1iquid chromatography (HPLC) and gas

chromatography (GC)}.



"Quantitative determ nation of the palladium on the charcoal collected and
~in the reaction mass after filtration is carried out by LGP CES.Qf | CP- M.
.10 The results show that 97% of the palladiumcharged to the reaction is
_recovered on the charcoal and 1%is &%#nd in the dissolved formin the
reaction nedium. Exanple 8 The foll ow™g are charged to a glass flask
3-Pentenoic acid (90% 10.0 purity) Butadiene 2.7 g Chlorobutene 0.30-g
Water 0.95 g Pall adi dit®adé: 1WA FeFulAsumiesre Btgudsesdtype C 1.0 g 15
The glass flask is introduced into a 125 m - autoclave. Thé latter is
i mmedi ately pressurizéd to-re@daparicofacd@lat= &H% ent tenperature. The
autoclave is. placed in an oven and the m xture is heated to 140C wth
shaki ng. When the presst (deneertandie isxidgached,7927 June 2005 30 the CO
pressure is brought to 200 bar and the autoclave is placed in
comuni cation wWwth a soureRide® t-0g m@i ntain a constant pressure. The CO
consunption is estimted with respect to the differerice in pressure 5

measured g n the sourcey Ab LRereAd 30h flie Ji%Skieildje Ayt agl ave i's
| CYy (pentanoic_acid) = 4.4%
ngntitative 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 reéqyered on the charcoa1 éhd 1% is
found iﬁ ﬁhe aissoived formlin the reaction medium.
_ﬁXample 8

The following are_charged to a glaés flask:'

3-Pentenoic acid (90% 10.0 g
. puritf)
~ 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-
au#oclave.The iatter_is immediately pressurized to
100 bai of CO at ambient temperature. Thé autoclave is.
piaced in an oven aﬁd the mixture is heated to l4d°C

with shaking. When the preset temperature is reached,



"cooled in a water bath to 20C and then degassed. Three purges with
hydrogen are carried out under 20 bar of hydrogen (the C§799H§966 atlon
_fallingto 0.6 m per 10 litre of solution), then a pressure o ar
hydrogen is applied and the m xture is heated at 80C wth stirring for
forty-five minutes. After cooling and 38egassing, the reaction mediumis
filtered. The alum na recovered is dried before analysis. 15 Quantitative
det er m nat i dieofCQ e gssiiradiigmbronctite tal @F0nkarobhdcthd antochavhe
-reaction mass after filtration is carried out by |ICP-OES or |CP-Ms. The
resul ts- shovis hfllac@®oiofl coheupakbadiowmydar gedotiecthef ceaebion is
recovered on the charcoal [sic] and | ess 20 than 0.05%is found in the

di ssol ved f =it irhe cro%%%bhengec%@lsﬁme Exaapke SohkuRpepahaiion of the
it-crotyl-Pd chloride .conplex 25 5.04 g of PdCl12, 3.37 g of NaC, 50 cnB

of _met hanol,, szté a%ﬁé gfflt\ﬂa g5 e%to%og%fh%r Qi flee %H'c r&ﬂegéggsﬂew”e 2005

31 a further are succeSS|ve a 150 cnB
round- bot oned %ﬁ; The heterogeneous nlxture is stirred and
 becones %% SWﬁOEHG cl oudy. The solution 5 is subsequently

treated mnth stirring mnth a gentle stream of carbon nonoxi de (bubbl e by
bubbl e) for one At the enhd of the test, the autoclave 1s _

cooled in a water bath to 20°C and then degassed. 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 ZO:ba; 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 PACls, 3.37 g of NaCl, 50 cm’ of

methanol, 15.cm® of water, 8.03 g of crétyl chloride and




“hour. The m xture becones clearer and a yellow precipitate appears. The--
stirring and the streamof CO are halted, the solution isz7lﬁf1%266§ndi ng
~for one hour 10 and then it is poured into 300,cnB8 of water an extracted
with 5 times 50 cnB of chloroform The resulting strawyellow organic
phase is washed with 2 times 100 cnB &fl water and dried over disodium
sul-phate overnight; and then the solvent is evaporated: 15 3.35 g of a pale
yel | ow sol i da aferthris 2ecowenédmethheolsalried shaviesg iaeiyr ichyrefdgteat er
than 94% (quantitative determ nation by Nucl ear Magnetic Resonance: NWR).
2) Hydr oxycas boy| @il @Buaki-Bhkenabut enessTheakel.l owing are charged to a

gl ass flask: Chlorobutene 5.0 g Chlorocrotyl .palladium 10.3 ng 20 The

glass. flask is int rom%é%ﬁ%ﬁéﬁ%ﬂﬁﬂgfg%tJNEé aér%(fr is

i mredi ately pressurized to at anbient tenperature. The
aut ocl ave i ced in.an-.oven and the mxture is heated t.o 130C with
shaki ng. WZ?}ec?c%}r@esprgerge%}uagg%&aﬁm ey IFe]ODud}’T Jie SR the cO
pressure | s prought to 200 bar and_ the autoclave is placed in

comuni cat i ot ViE STusErioe treated ol i ST GGt antIsteure. After

60 minutes, the autoclave is cooled in 5 a water bath to 20C and then ..
degassed. TheEC¥RATD U o ewsdxoidaradyibitsl earfat ywatbby) high quees for mance -
aurd hour. The mixture becomés ciéarer and a yelloﬁ -
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-SO 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 solia are thus reéoveredr the
soiia having a bﬁrity of greater than 94% (guantitative

determination 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, -




" chromat ography (HPLC) and gas chromat ography (GC). The follow ng results .
were obtained: RY (P3) = 12. 7% 10 RY (P2) = 4.4% The ren%%qper hg very

_ predom nantly chl orobutene. 2.09 g of the solution thus o tgpﬁg Are

placed in a glass flask and 95 ng of Ceca L3S charcoal 15 are added. Two.

purges under 15 bar of hydrogen are caPRied out and the mixture is shaken

under 20 bar of H2 and heated to 80C. Once the tenperature has been
reached, a phesSar ereflssdfcbdrs dbicchytitogen2ios appl sed ther a6@orilawkees. The
. autocl-ave is degassed and the 20 reaction nmediumis filtered. Quantitative

determ natiar @flalced Ral lcagnkimi AR ibhewsRar aoabueeld eat ed ard in the
reaction mass after filtration is carried out by ICP-CES or |ICP-MS. The

rosulle showdae: 00 ah s abiadiuharocd (0 25 he reactionls

oo 2,2 8 250 L e, P10, B 18,20 8

' ;5 a water bath to 20°C énd then degassed. The homogenébus
reaction mass'is analysed by high perforﬁance liqpid '
chromatography (HPLC) and gas chromatography (Gé).

The following results were cobtained:

RY (P3) =12.7%
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.



"Charcoal, Ceca L3S 1.0 g The glass flask is introduced into a 125 m
autoclave. The latter is inmediately pressurized to 5 100 gr
~anbient tenperature. The autoclave is placed in an oven an xture is
heated to 140C with shaking. \Wen the preset tenperature is reached t he
CO pressure is brought to 200 bar and £He aut ocl ave is placed in _
comuni cation with a source of COto 10 maintain a constant pressure. The

. CO consunption is es@zm&h respect to the difference in pressure
nmeasured in the source. At the end of the reactjon, the autoclave is

cooled in a water bat THeo fZﬂCLcaﬁdzghae:m &erngedl&cd@g@lm Rz :purges are "
carried out under 60 bar of ° hydrogen (the CO concentration falling to 0.05

m per litre of sol utbeiYanchhe g ure is -then hgaped at 140C under 70
bar of hydrogen with stirring for thirty-five mnutes. After cooling and

degassing, the reactiofyZQediumis filtered.,The char coal recovered is
dried 27 June 2005 34 be ore analysrs The reactlon mass i's anal ysed by

hi gh performance I|q chro raphy (HPLC) vgl as chr omat ogr aphy.
(GC). The followi ng re Cirski’)de obtar ned: cY (perfanoi ¢ acid) = 93% CY

(diacids) = 3.0% CY (2-nethyl -3-butanoic aci d) = 3, 9%
" Water o . 0.92 g

Palladium aceﬁete' 0.11 g
lCharcoal, Ceca L3S 1.0 g
Thelglaes flask is intre&uced into a 125 ml
autoclave. The latter is immediately pressurized to
5 100 bar of CO at axral‘qli_ent 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 the autoclaﬁe.
is pleced‘in.commﬁnication with a source_ef CO to
10 -méiﬁtein a constant pressure. The CO consumption is
estimated wiﬁh respect to the difference iﬁ pressure
'measured 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.,Five purges are carried out under 66 bar of
-hydrogen (the CO concentraeion falling-ﬁo'0.0S ml per
litre of solution) The mixture is then heated at 140°C
under 70 bar of hydrogen w1th stirring for thlrty five
mlnutes.‘After coellng and degassing, the reaction

20 medium is filtered. The charcoal recovered is dried



"Quantitative determ nation of the palladium on the charcoal collected and
in the reaction mass 10 after filtration is carried out bé%IJCP- or.
.1 CP-M5. - The results show that nearly 100% of the pall adi: UBR d to the
reaction is recovered on the charcoal, 0.025% being found in the dissol ved
formin the reaction medium 27 June 2605 WO 02/051783 35 PCT/ FRO1/ 04149
CLAIMS 1., Process for the preparation of unsaturated or saturated

car boxyl i ¢ &Eipre [aiadlySisomThsompeatdonc owss siisn greal yeeady [an ihd. gir
-acetylenic unsaturation conjugated with another unsaturation or an

el ect r on- donstrifiegmgaroiep lhynrieh chromatcbgtapben (HEI@) dthd &gk water in the:
presence of a palladiumbased catalyst, characterized in that it consists

in treating cHnadRRgtER, neyjum after the end of the : . :
“hydr oxycar bonyl ati on reaction, by extraction of the carbon nonoxide from

the said reaction nedi t i.t.h as order to obtain a CO -
concentration of less t a?é’él&gw%?ltgg?%%&\ﬁ%%r “%r% edbo arh‘%'{) ution, then . :
treatnment. of [sic] th eaction nedium_ w th_hydrogen to reduce the o
pal ladium to the zer O%X{)x(i%’(?ﬁtiaé}r?l& 8€&%Ang ir'e’ﬁ’%epar ating the precipitated

pal | adium fromthe reaction nmedium 2. Process according to claiml,
characterized in that Ghhd BEsd&st r Gt PoR%of car bon :

CY (2-methyl-3-butancic 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.



“monoxi de in the reaction nediumbefore the stage of treatnent with
hydrogen is less than 10 mol/Il. 3. Process according to ghqhne% 5

~characterized in.that the concentration of carbon nonoxi 2R r eact i on
medi um before the stage of 27 June 2005 36 treatnment with hydrogen is

between 0.001 /| an 600 m/I. 4. Process according to one of clains 1

to { 3, ch¥PaldP34dE3 n that the gas3Por entrai nmerfCHFRAE/ 04L¢%0n

monoxi de is chosen fromthe group consisting of nitrogen, the rare gases

or hydrogen. 5. Process according to.one of clains 1 to 4; characterized
in that the stage of reduction of the palladiumto the zero oxidation
state is carried out -under a hydrogen pressure of between 1 bar and 100
bar. 6. Pro€&@dMgccording to one of claims 1 to 5, characterized in that
the stage of reduction of the palladiumto the zero oxidation state is
carried out at a tenperat Brecebshébweehe?@Ceprdatiot. of. Process accordi ng
to one of the preceding clainms; characterized in that a conpound which is

i nsol ubl e i pnkheurereld oF BRALUVELES addedxa i d ke said [gedium-and- t hen.
separated fromthe said nedium after the stage of reduction of.the
pal | adi um t @t g AR eofpkdahgNadt Bkey18niR Qtessea54RMILNg to claim 7,
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



‘characterized in that the conpound which is insoluble in the reaction
mediumis chosen fromthe group consisting of active chagﬁqﬁhggoﬁ%unina,_
_silica, zirconia, ceriumoxide, polystyrene foans and siliconé oils. 27
June 2005 37 9. Process according to claim7 or 8., <characterized in'that
t he conpound which is insoluble in thg reaction nediumis added at the
begi nning of the. reaction. 10. Proce $ according to claim7 or 8,

char act eri z€dF $aFH9Rlt THS BIFQITE WiF detivesthdbid &L/ awe reacti on
.mediumis added before the stage of reduction of the palladium 11.
Process accdr@®l mylfo- one of the preceding clainms, characterized in that

t he conpounds conprising a conjugated ethylenic unsaturation are chosen
fromthe group consistdng dfraiedsefddiordldy/|to almohd sladlnsyll etchers,
allyl esters and allyl -halides. 12. Process according to claim11,

‘characterized idhdhattd e« alefidnd SHUItRY g . rRBResS ACeadi ng to
one of clains 7 to 12, characterized in that the pall'adi um deposited on

t-he insol ubl j s t Sal.d j | ubl
compound af (BF R AR P KE T ECT R e 00 G ng

| ai m 13, . : :
to cla | 3’nltrogen, the rare gases or hydrogen.

5. Pfocess according to one of claiﬁs_l to o - |
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°C.
| 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 t_-he‘ treatnment of the insoluble conpound conprising
the reduced palladiumis a dissolution of the-palladiunlg%‘ﬁ%ggggsby a
. strong acid. &

37
9. Process according to claim 7 or 8,

~ characterized in that thefcompouhd which is insgluble
in the feaétiohmedium 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 thét 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.





