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\ngention-relates to a process for the carbonylation of olefinically or
acetylenically unsaturated conpounds, and nore in particular to such a
process conducted in the presence of a nucl eophilic conpound having one or
nore renovabl e hydrogen atons, and a paILa@ign1cataIyst, and to certain
catal yst conpositions particularly suited fo said process. Processes
for the carbonylation of olefinically unsaturated conpounds,T &4 &N er -
referred to as olefins, or of acetylenically unsaturated conpounds,

- hereinafter referred to as acetylenes, wth carbon nonoxide in the presence
" of a nucl eophilic cEARRMLATION PROCESS AND CATALYST COMPOSITION

The invention relates to a process for the
carbonylation of olefinically or acetylenically
unsaturated compounds, and more in particular to such a
process conducted in the presence of a nucleophilic
compound having one or more removable hydrogen atoms, and
a palladium catalyst, and to certain catalyst '
compositions particularly suited to said process.

Processes for the carbonylation of olefinically
unsaturated compounds; hereinafter referred to as
olefins, or of acetylenidally unsaturated compounds,
hereinafter referred to as aCetylenes, with carbon
monoxide in the presence of a nucleophiiic compound

- containing one or more removable hydrogen atoms, such as
for instance an alcohol or a carboxylic acid, and a
palladium catalyst are known, and have been described
e.g. in EP 0055875, 0106379, 0168876 and 0186228, as are
the products which may be prepared by such a process.
Generally such processes are conducted by introducing the
various reactants into the reactor and allowing the
reaction to proceed under the desired reaction '
conditions. With some of these processes the presence in

;D the reaction medium of a suitable solvent was found to
have a benéficial effect, e.g. by promoting the
solubility and/or miscibility of the reactants and/or by
reducing the viscosity of the reaction medium; the
desirability for a solvent to be present as well as the
nature of such a solvent being largely determined by the
nature of the reactants. .

Sometimes the reaction medium of such a process
comprises two immiscible liquid phases. This can for
instance be the case with the preparation of the full
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£onf3ining one or nore renovabl e hydrogen atons, such as for instance an
alxohol or a carboxylic acid, and a palladium catalyst are known, and have
béen described e.g. in EP 0055875, 0106379, 0168876 and 0186228, as are the
‘products which may be prepared by such a process. Generally such processes
are conducted by introducing the various_rﬁagtants into the reactor and
allowing the reaction to proceed under the“desired reaction conditions.
Wth some of téstersrofepekghyleipraieohelisnvihetheachrbonylaitionoiofa
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the nature of the reactants. _, Sonetinmes _the reaction nedi_um of suc
process conpridky 1RothempiefinereagtrRtphSuel. PPRYEYEEACT 8 cohelsnd@be

the case with thenbepenplopedoast Besbllition in a highly polBEPE0SKRNnEEETS

SG which solutions generally result in the formation of a
two-phase liquid reaction medium with the olefin
reactant. Another example of immiscible reactants, is the
use of a very polar liquid reactant, such as a
polyethylene glycol or water) which would normally result
in a two-phase medium when combined with most of the
olefins or acetylenes. On the other hand it is also
possible that the two-phase liquid reaction medium has
been intentionally created. This would for instance be
the case when a liquid compound wherein only one the
reactants will dissolve is added to the reaction medium,
this non-mutual solvent being present to facilitate the
catalyst retrieval at the end of the reaction. The nature
of said solvent being governed by the nature of the
catalyst system as well as by that of the reaction

- product.

It has been observed that the presence of a two-
phase liquid reaction medium in a process as described
hereinbefore, could however result in a reduction of the
reaction rate as well as in the degree of conversion, and
occasionally in hardly any reaction at all.

In UK Patent Application GB 2 023 589 A a process
has been described for the continuous preparation of the
full esters of mono- or polypéntaerythritol via the
carbonylation of olefins having at least 4 carbon atoms,
in the presence of such a polyhydric alcohol and a
cobalt-based catalyst, and wherein the formation of an
inhomogeneous reaction medium can be avoided by a phased
addition of the olefin reactant, i.e. initially adding
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=2- ‘esters of pol yhydric al cohols via the carbonylation of olefins in the
presence of -such a polyhydric al cohol, as the latter are frequently solid
conpounds having a high nelting point and noreover do not dissolve readily
or at all in the olefin reactant. Such pol yhydric al cohols may then be
enpl oyed as a solution in a highly polar_sal vent, which solutions generally
result in the formation of a two-phase |iquid reaction mediumw th the

ol efi n react anehl¥nat parterinthe ofefin repitanteiot mreas:udxe use of a

very polar |iqgbgetRast @itn aqshtﬁé Bol 9 etakml ea%adly and wat er, which
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t he catal yst syst m as . we reac
selectivity than a palladlum-based catalyst as described

e.g. in EP 0106379, and will moreover require more severe
reaction conditions, i.e. higher temperatures and/or
pressures. A further disadvantage envisaged is, that the
relative amounts of olefinic material to be introduced at

the beginning and in the middle section of the reactor
will vary strongly with the molecﬁlar weight of the
olefin and the nature of the polyhydric alcohol, and will
thus have to be determined separately for each '
combination of reactants. Finally it does not solve the
problem when the two-phase liquid reaction medium has
been created intentionally.

The problem underlying the present invention is
developing a process for the carbonylation of olefins or
acetylenes in the presence of a nucleophilic compound
having one or more removable hydrogen atoms, wherein the
combination of said reactants or the presence of one or
more selected solvents results in the formation of a
reaction medium having > 1 liquid phase, hereinafter
referred to as multi-phase reaction medium, and which
process does not suffer from one or more of the
disadvantages as mentioned hereinbefore.

As a result of extensive research and
experimentation a process was developed which enables the
carbonylation of olefins or acetylenes with carbon
monoxide in the presence of an organic nucleophilic
compound having one or more removable hydrogen atoms, in
a multi-phase liquid reaction medium, by employing a
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prodhct It has been observed that the presence of a two- phase liquid
Teaction nmediumin a process as described hereinbefore, could however
;esult in a reduction of the reaction rate as well as in the degree of
conversion, and occasionally in hardly any reaction at all. In UK

Pat ent Application GB 2 023 589 A a processs has been described for the
conti nuous preparation of the full esters of nono- or polypentaerythritol
via the car bonypadtliagiun-hasdd catalysty systemswhickainoludesnseleatede
presence of swg}q?ﬂyg3gﬁmgﬂ§ al cohol and a cobal t-based catal yst, and
wherein the for I on of an | nhonbgeneous reaction nedi um can be avoi ded by
a phased addition o?h?hénBPBFiﬁangEFaHFOVF des anprrsesy e the  -3-

carbonylation of an olefinically or acetylenically
unsaturated compound with carbon monoxide in the presence
of a nucleophilic compound having a removable hydrogen
atom and a catalyst system comprising

a) a source of palladium,

b) a phosphine of general formula PR1R2R3 wherein R1,

R2 and R3 independently represent an optionally

substituted alkyl, cycloalkyl, aryl or N-heterocyclic

group, and '
c) a source of anions being the conjugated base of an

acid having a pKa < 3,
wherein the reaction medium at least initially is a
multi-phase liquid reaction medium, and that the catalyst
system comprises a compbnent b) or c¢) having an
amphiphatic structure.
| In the context of the present'invention the term
"the reaction medium is at least initially a multi-phase
liquid reaction medium" refers to a reaction medium which
is at least a multi-phase liquid reaction medium at the
beginning of the reaction and during the early stages
thereof. The term "amphiphatic structure" means that such
molecules are composed of groups of opposing solubility
tendencies, typically an oil-soluble hydrocarbon chain
and a water-soluble ionic group.

The source of palladium (catalyst component a)
preferably is constituted by cationic compounds such as
for example the salts of palladium with, for instance,
nitric acid, sulphuric acid or alkanecarboxylic acids
having not more than 12 carbon atoms. Salts of
hydrohalogenic acids may, in principle, be used as well,
but they have the drawback that the halogen ion may have
a corrosive effect. Moreover, palladium complexes may
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only a part of the olefin reactant to the reactor together with all
t he polyol and catal yst, and subsequent |y addi ng the residual anpunt
of olefinto a m ddl e section of the reactor. A genera

di sadvant age of said carbonyl ati on process is the use of a cobalt
carbonyl catal yst, which catalyst I s generally known to have a | ower
activity and selectivity than a palladi umbased catal yst as descri bed

e.g. in EP 0108379, banyseds 3 daadanceypald adium acativdacetonates i on
condi tions, i. Eetbh&hgr(t&q%%g?uﬁ%pm%qrpan_adjﬁﬁrestmrse@crﬁawt her

mtor al Lo belPhyLBAaEEhiRe) palladium, agatate o P s EEHRTIE e sect i on
of the react or phosphihkl) padlyaddtumo sgilphatidl Metallier Wairl awighindy Bée
oLELAR o L1eyBahs B! MBIl Lbe SR, ool M an, peddi N 10
does not sol vecomponent.piPalllachinime acelia tenwd-spleaagard fiequiedi meelckadiumedi um
nydr ocar boxyl at PaRoad FOENthENEAkkLyst compos Eil OB ke BEGAEL ol st
conprising a piBVER&APBr tpabeabrseCc&PeMex with an aromati c phosphi ne,
wat er and carbon nmxigloupdi®Rl, R2 and R3 of the phosphine of general
formula PRIRZR3 (catalyst component b) each represent an
optionally substituted alkyl, cycloalkyl, aryl or N-
heterocyclic group. In general such alkyl groups will
have up to 20 carbon atoms, any cycloalkyl groups will
have from 5-7 carbon atoms in the ring structure and any
aryl group will have up to 18 carbon atoms in the ring
structure. Conveniently any aryl group'may be an anthryl,
naphthyl or, which is preferred, a phenyl group. The
heterocyclic ring may be a single heterocyclic ring or
may be a part of an optionally substituted larger,
condensed ring structure as exemplified by pyridyl,
pyrazinyl, quinolyl, isoquinolyl, pyrimidyl, pyridazinyl,
indolizinyl, cinnolinyl, acridinyl, phenazinyl,
phenanthridinyl, phenanthrolinyl, phthalazinyl{
naphthyridinyl, quinoxalinyl and quinazolinyl groups.
Typical examples of such phosphines include
trialkylphosphines such as triethylphosphine and
tributylphosphine, tricycloalkylphosphines such as
tricyclohexylphosphine, triarylphosphines such as
triphenylphosphine, phosphines having three heterocyclic
rings such as'tri—(2—pyridy1)phosphine, and mixed
alkyl (aryl)phosphines such as ethyldiphenylphosphine and
diethylphenylphosphine, as well as phosphines containing
alkyl and/or aryl groups in addition to one or more
heterocyclic rings, such as (2-pyridyl)diphenylphosphine
and methyl-di (2-pyridyl)phosphine. ;




phoébhines described to be suitable are aryl phosphi nes or m xed

alkyl aryl phosphi nes, optionally substituted with an al kyl or -chloro
group. The problenms inherent to a nulti- phase liquid reaction -medi um
have not been nenti oned. The probl em underlying the present

I nvention is devel opi ng a process for gt he carbonyl ati on of olefins or

acetylenes in the presence of a nucl eophilic conpound havi ng one or
nore renovabl e hyd e FROURMRY s takle phosphinesitaks phosphines
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gﬁgéiO?eglhﬁéféﬂgﬁéggﬁyl, aryl or N-heterocyclic group. Preferé%f§¥'ﬂ4”e
and R° are equal to Rl and R2, respectively. The chain of
carbon atoms suitably comprises 2 to 6 carbon atoms, and
preferably 2 or 3 carbon atoms. Examples of these
bisphosphine ligands include 1,2-bis(diphenylphosphino)-
ethane, 1,2—bis(diphenylphosphino)ethene and 1,3~
bis (diphenylphosphino)propane. - .

When the groups Rl, R? and R3 are substituted
groups, they may carry one or more substituents.sﬁch as -

. for example halogen atoms and alkyl, aryl, alkoxy, acyl,
trihalomethyl, cyanodialkylamino, sulphonate and
alkanoyloxy groups. Preferred substituted phosphines are
triphenylphosphines carrying one or more substituted
phenyl groups. Examples of suitable substituted
phenylphosphines include tritolylphosphine, tris (o-
methoxyphenyl)phosphine, tris(p-chlorophenyl)phosphine,
and tris (m-chlorophenyl)phosphine. -

The phosphine component b of the catalyst system may
constitute the catalyst component having an amphiphatic
structure, in accordance with the invention, in which
case it has a group Rl, R2 or R3 substituted with an
ionic group providing water-solubility tendency to the
otherwise oil-soluble phosphine ligand. Preferred ionic
substituents are sulphonic, phosphonic, phosphinic and
carboxylic acid groups and their salts. More preferred
substituents are sulphonic acid groups or the alkali
metal or ammonium salts thereof, sodium sulphonate type
substituents being especially preferred. |

Examples of preferred triarylphosphines wherein one
or more of groups R carry a specified substituent include
sodium 4-(diphenylphosphino)benzenesulphonate, phenyl-
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As a result of extensive research and experinentation a process was

devel oped whi ch enabl es the carbonyl ation of olefins or acetylenes with
carbon monoxi de in the presence of an organic nucl eophilic conpound having
one or nore renovabl e hydrogen atons, in a nulti-phase liquid reaction
medi um by enpl oying a pal | adi um based cat gl yst system whi ch incl udes

sel ected organi ¢ ani ons. The_invention thus provides a process for the
car bonyl at i on bisakseddpmnAcaplphonaiephenydi) phosphineat Hxamed esoqfound

W th carbon nogpgederkd hit@ydrasar )?hoapﬁaﬁbgoawc!lhaecgmw Jdaving a

renovabl e hydrogen atom and a_ catalyst system conprising a) a_source of
pal | adi um %) ?ngHSQMﬁPﬁQSBﬁ1§8&SFﬁPnﬁéﬁ%BP&nPﬁFePPFRF%*?%F&é??], wher ei n
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substituted a a ar or et erocyclic rou c) a
source of -ani REoBRfLGeBn e Eohe BREaAREH, BT, PrBFesses, as iz Bal) 25
wherein the r eBBtRo286880um at least .initially is a nulti-phase liquid
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havi ng an anphi phatic structure. ] 1e “context o e prese
i nvention the 2RYnfoRpeuRd et sKHsheni whirk is rerpablenpdfi gengratidma i - phase

anions of the type as required. Preferably the source of
anions is the acid of which the anions are the conjugated
base, or a salt of said acid. Preferred salts are alkali
or alkaline earth metal salts. Should the anion source be
an acid, then said acid can simultaneously act as an acid
promoter for the catalyst system.'

Acids having a pKa < 3 ((measured in water at 18 °C)
and providing anions in the catalyst compositions for use
in the process of the invention preferably have a non-
coordinating anion, by which 'is meant that little or no.
co-valent interaction'takes'place between the palladium
and the anion. Typical examples of such anions are PFg~,
SbFg~, BF4~ and Cl04~.

Acids preferably used are, for instance, sulphonic
acids and those acids that can be formed, pdssibly in
situ, by interaction of a Lewis acid such as, for
example, BF3, AsFg, SbFg, PFg, TaFg or NbFg with a
Br¢nsted acid such as, for example, a hydrohalogenic
acid, in particular HF, phosphoric acid or sulphuric
acid. Specific examples of the last-named type of acids
are fluorosilicic acid, HBF4, HPFg and HSbFg. Typical
sulphonic acids that can be used are fluorosulphonic
acid, chlorosulphonic acid, p-toluenesulphonic acid and
trifluoromethanesulphonic acid; the last two acids being
preferred.

The anion component ¢ of the catalyst system may
constitute the catalyst component having an amphiphatic
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{iquid reaction medium' refers to a reaction mediumwhich is at |east a
mul ti-phase liquid reaction mediumat the beglnnlng of the reaction and
durlng the early stages thereof. The term "anphi phatic structure” neans
that such nol ecul es are conposed of groups of opposing solubility
tendencies, typically an oil-sol uble hydcogacbon chain and a water-sol ubl e
I oni ¢ group. Substitute sheet - 31
March 1998 structure in accordance with theThavenfiea,ofinpahigh ¢ase

(catal yst corrpﬂﬂeeémphségfsra afopﬁoBQEShbtleftgdpmsvfiatm@nbfilcorrpounds such
as for exanple_t I nstance, nitri.c aci.d,
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unsaturation and containing at least 10 carbon atoms.
Preferred types of acids of which the anions, as
described hereinbefore are amphiphatic, are selected from

the group of acids consisting of sulphonic acids,
phosphonic and phosphinic acids; sulphonic acids being
especially preferred.

Very suitable sulphonic acids having at least
10 carbon atoms include alkylsulphonic acids, especially
linear alkylsulphonic acids, alkarylsulphonic acids such
as alkylbenzenesulphonic acids, alkyltoluenesulphonic
acids and alkylxylenesulphonic acids, and
hydroxyalkylsulphonic acids e.g. a- or B-hydroxy-
alkylsulphonic acids.

Sulphonic acids as mentioned hereinbefore are
readily available in the form of the corresponding
sulphonates, and especially the alkali metal sulphonate,
as such compounds are well known for their detergent
properties. Frequently such sulphonates occur as a
mixture of isomers and/or a mixture of compounds having a
slight variation in the number of carbon atoms per
molecule. With latter type of sulphonates it is desirable
that the average number of carbon atoms per anion is at
least 10 and preferably at least 15. In view of its
availability as a single compound, sodium 4-octadecyl-p-
Xylenesulphonate is a preferred sodium sulphonate for use
as anion source in the process of the present invention.
An example of a suitable mixed sulphonic acid is a 4-
(C12-15 alkyl)-p-xylenesulphonic acid. It was mentioned
hereinbefore, when employing a salt as anion source, that
the corresponding acid may be obtained therefrom by

-
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al so be used, for instance palladi um acetyl acetonat e,

tetrakis(tri phenyl phosphi ne) pal | adi um bis(tri-o- tolyl phosphine)palladi um
acetate or bis(triphenyl- phosphine)pall adi um sul phat e. ~Metallic palladium
may be used if the catal yst conposition conprises an acid conponent.

Pal | adi um acetate is a preferred pall adi umganmpound for the catal yst
conposition of ;the present invention to be based upon. The groups R1,

R2 and R3 of thA& ﬁﬁég‘ﬁﬁpﬁe"’&fthgéab@r Acih DHAMP e RARY (Whkah Vit Hrponent
b) each repr esplﬁbf&ﬁtr@l@lt ithradl |t)l‘1e'5lpb§dt Idmttede Aded ﬁﬁfdﬁ& kY lchep, ¥ N

i h have up to 2@ car bon
gfgre}trs?cgﬁyl gygfzglép Ilﬁ geneil SUC §€ a%_lthO%.' lﬁ))asfg *oon atons in the ring
structure and any ahylorge cnmbwlimeriﬂavefut.hémﬁﬁenﬁidmn ﬁhérmatalybe ring
t t t A; 0
ani oh 15 prof et ey conBhslsy bottO Ul TRIBIAT A PHos I Nabkertity
het erocyclic rbnm gSEth§§ e@Yﬂahﬂscﬂsmdhﬂm|4msnﬂpbqnatuphanxkr4arger
condensed rlngpﬁbggﬁgﬁgeaﬁa %h?%& &Q£ R0 leo Fﬁxﬁﬁﬁ%yl acr|d|ﬁ§|

i soqui nolyl, pyrimd dazi_nyl ol i zinyl, I
pheﬂam nyl, ph8RSAbm; ﬁdPﬁ%PdeENénEn?‘ﬁﬁl@ﬁeﬂﬂ P%’H‘tal#@l-am nyl , napht hyri di nyI ,

qui noxal i nyI and quhezpldntitWreofiisalladium compound, as used as
catalyst component in the process of the invention, is
not critical. Preference is given to the use of
quantities in the range between 10~5 and 10-1 gram atom
palladium per mol of olefinically or acetylenically
unsaturated compound. | _

In general the amount of phosphine ligand to be
employed in the catalyst composition for use in the
process of the present invention is not critical and may
vary over wide ranges, which ranges may sometimes also be
related to the type of phosphine ligand. For example,
diphosphines will generally be employed in a quantity of
0.5-100 mol per gram atom of palladium, and phosphines
containing heterocyclic groups as described hereinbefore
will generally be employed in a quantity of 2-500 mol per
gram atom of palladium, whereas triphenylphosphines are
preferably used in a quantity of at least 5 mol per gram
atom of palladium. Other monophosphines may conveniently
be employed in a quantity in the range of from 0.5-50 mol
per gram atom of palladium.

In the process of the present invention it is
preferred that the anions, in particular the anions
having a hydrocarbyl moiety containing at least 10 carbon
atoms, are present in an amount which corresponds with
2 2 eq. of anion per gram atom of palladium.

In the process according to the invention acids may
be used as promoters, in particular acids having a non-



_.10_
co-ordinating anion, by which is meant that little or no
co-valent interaction takes place between the palladium
and the anion. Typical examples of such anions are PFG';
SbFg~ ,BF4~ and Cl04~ and the further anions mentioned-
hereinbefore in connection with the anion component ¢ of
the catalyst system. .

A special class of acids for use in the process of
the present invention are those which can simultaneously
act as promoter and as anion source. Hence the anion of
such acids may have a hydrocarbyl moiety containing at
least 10 carbon atoms and preferably at least 15, and
constitute the amphiphatic catalyst component in
accordance with the invention. Acids meeting these

requirements have been discussed and exemplified

hereinbefore. When employing such an acid which can act
as promoter and as anion source, the presence of a
separate anion source in the present process is not
essential. With the process of the present invention it
is preferred that the acid promoter is present in and
amount which corresponds with > 2 equivalents H* per gram
atom of palladium.

The olefinically or acetylenically unsaturated
compound may be an unsubstituted or substituted linear,
branched or cyclic compound preferably having 2-30, and
in particular 2-20, carbon atoms and preferably 1-3
double, respectively triple bonds. The unsaturated
compounds may be substituted, for instance, with one or
more halogen atoms or cyano, ester, alkoxy, hydroxy,
carboxy or aryl groups. If the substituents are not inert
under the reaction conditions, the carbonylation reaction
may be accompanied with other reactions. Examples of
suitable olefinic compounds are ethene, propene, butene-
1, butene-2, isobutene, cyclopentenes, the isomeric
pentenes, hexenes, octenes and dodecenes, 1,5-cyclo-
octadiene, cyclododecene, 1,5,9-cyclododecatriene, allyl
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Preflerred substituted phosphines are triphenyl phosphines carrying one or

fore substituted phenyl groups. - The phosphi ne conponent b of the
cat al yst system constitutesthe catalyst conponent having an anphiphatic
structure, in which case it has a group Rerr], Rerr] or Rerr]

substituted with an ionic group providing ﬁ@ter-solubility tendency to the
ot herwi se oil-sol ubl e phosghine Iigand. Preferred ionic substituents are
sul phoni ¢, phosbeehel; Babbphi artyiatiecaebbyy}l acrydateyr oesbydnd their

salts. Mre prgiehsepysybali aeeglénﬂeliel paeeyqaﬁ&u@ INONP it} al kali
metal or ammoni um sal s thereof: sodi ym sul E;onate type Substituents being

especi al |y pre?eFytamide, E%EH%IG@IBFlﬁﬁefé ¥d FP#QF}?&ho?ﬁﬁPH@§nwhereln
one or nore ofoledupacidsameyhglsadtifli edhevbahdt eefrenes! Btamples of

suitable acetylenes include propyne, l-butyne, 2-butyne,
l-pentyne, l-hexyne, l-heptyne, l-octyne, 2-octyne, 4-
octyne, 5-methyl-3-heptyne, 4-propyl-2-pentyne, l-nonyne,
phenylethyne and cyclohexylethyne.

The nucleophilic type reactants having one or more
removable hydrogen atoms include water, mono- and
polyhydric alcohols, such as for example mono- and
polypentaerythritol, 1,1, 1-trimethylolethane, 1,1,1-
trimethylolpropane, hydroquinone, pyrogallol, ethylene
glycol and polyethylene glycol, as well as mono- or
polycarboxylic acids i.e. aliphatic, cycloaliphatic or
aromatic carboxylic acids having e.g. up to 20 carbon
atoms and optionally carrying one or more inert
substituents such as for example halogen atoms, and
cyano, ester, alkoxy and aryl groups. Examples of
suitable mono- or polycarboxylic acids include formic
acid, acetic acid, propionic acid, n-butyric acid,
isobutyric acid, pivalic acid, valeric acid, hexanoic
acid, octanoic acid, nonanoic acid, decanoic acid,
dodecanoic acid , hexadecanoic acid, octadecanoic acid,
benzoic acid, o-,m- and p-phthalic acid and o-,m- and p-
toluic acid, adipic acid, glutaric acid and sebacic acid.
A further group of potentially suitable nucleophilic
compounds of the type as described hereinbefore include
compounds such as hydroxysulphonates and primary and
secondary amines. |

Data regarding the combination of olefins or
acetylenes and nucleophilic reactants which will result
in a multi-phase liquid reaction medium, under the
conditions required for conducting the carbonylation in
the process of the present invention, may be obtained



sodi“um 4- (di phenyl phosphi no) benzenesul phonat e, phenyl -

- 7- bis-(sodi um 4-sul phonat ophenyl ) phosphi ne. ‘Exanpl es of preferred

al kyl (di aryl ) phosphi nes incl ude sodi um 2-

(di phenyl phosphi no) et hanesul phonat e and sodi um 3-

(di phenyl phosphi no) propanesul phonat e. Thesg2sdbstituted phosphi nes can be

(catalyst Lompdioh LBE E5FPHe Gy LiSRIaRIF Sor 10y SoohathinaE (ARS8 o of

generating ani &nowaf btyhtthfo)ﬁ%e saam@wlmeeth&raeﬁf.r ad wille E@Lﬁméﬁla;lﬂé@nz

nci d. Prof errolbial potaPEiy By Batund 4 M s e FAk 001 o e

ani on source beeantanrtdpeirhae mtd adsiad then ratd twreamisl \tlheey aase aro doe d

promoter for tRg 93k Shasy MefBecisive for the formation of a multi-
phase liquid reaction medium.

When employing a nucleophilic reactant, having a
relatively high melting point and which does not dissolve
in the olefin reactant, such as for example a mono- and
polypentaerythritol, 1,1,1-trimethylolethane,
hydroquinone and pyrogallol, said compound may be
employed as a solution. Suitable solvents which may be
~employed for the preparation of such solutions include
sulfolane, dimethyl sulphoxide and diisopropyl sulphone.
It is also possible that the phase containing the olefin
or acetylene reactant may contain a solvent or diluent,
e.g. to reduce the viscosity thereof, which solvent or
diluent will generally be a hydrocarbon type of solvent
or diluent.

It was mentioned hereinbefore that the multi-phase
liquid reaction medium should at least be present in the
early stages of the reaction, as it is conceivable that
the multi-phase liquid reaction medium will gradually be
converted into a single-phase liquid reaction medium as
the reaction progresses and the amount of reaction
product increases, thus enabling the reaction to further
proceed in a homogeneous liquid reaction medium, and in
the presence of the'catalyst system as described
hereinbefore. '

Without wishing to be bound by any theory it is
believed that an important feature of the process of the
present invention lies in the presence in the catalyst
systems of amphiphatic components as specified herein-
before. It is believed that the observed reduction in
reaction rate, when conducting the carbonylation of



Acids having a pKa < 3 ((nmeasured in water at 18 [err]C) and providing
anions in the catalyst conpositions for use in the process of the invention
preferably have a non- coordinating anion, by which is nmeant that little or
no co-valent interaction takes place between the palladium and the anion.
Typi cal exanples of such anions are PF[eLrjg SbF[err], BFferr] and
ClO[err]. Acids preferably used are, for instance, sul phonic acjids and
t hose aci ds thalefinshor @oatylenessiwiith jqarion monoxideriqtad gbiia Lewi s

acid such as, Pﬁ’és@xﬁ'ﬁ&ﬁd Biitilon Additid lin ¥Nd §irdserdd &8f]. TaF[err]

2ci d, | pirt| SHCICORBL I SRR AT & SRR GRTRSR AT
exanpl es of thealtallystamREdrdifigitoadiiis parivrf lary,osid irdlated dto HBMen+ ] ,
FrLer] and MRERI) calllall UIROIS S 5 4 P30 BE Bl Fen
trifluoromet habednigp predomdniant liyh@resentt v died numdieuphprkf@rreactant- The
ZQLﬁPpﬁggpgnenEoﬁtgﬁnﬁgﬁ CHa¥e SHoWweYed] When employing a catalyst
system which includes an amphiphatic component or anionic
surfactant component, such as an anionically substituted
phosphine and/or hydrophobically substituted anion source
as specified hereinbefore, the presence of said
amphiphatic components will result in the catalyst system
being preferentially orientated at the interface of the
phases, thereby increasing the reaction rate. Simul-
taneously the relatively high concentration of catalyst
at the interface may also have a beneficial influence on
the local miscibility of the phases.

It can furthermore be expected, when the multi-phase
liquid reaction medium has been converted to a single-
phase or homogeneous liquid reaction medium, that the
reaction will proceed as if a conventional catalyst
system had been present, i.e. one which does not include
a specific phosphine or anion source as described |
hereinbefore. In fact the catalyst systems as described
hereinbefore may conveniently be also employed in a
carbonylation process which is conducted in a homogeneous
liquid reaction medium.

In the process according to the invention the carbon
monoxide may be used pure or diluted with an inert gas,
such as nitrogen, noble gases or carbon dioxide.
Generally the presence of more than 10 $v of hydrogen is
undesirable, since under the reaction conditions it may
cause hydrogenation of the olefinic compound. Generally
preference is given to use to carbon monoxide or a carbon
monoxide-containing gas which contains less that 5 %v of
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-8- structure In which case it conprises a hydrophobic noiety providing
Oil- solubility tendency to the otherw se water-sol uble anion. Mre
particularly, the anion may have a hydrocarbyl noiety being free of

ol efinic and or acetylenic unsaturation and containing at |east 10 carbon
atons. Preferred types of acids of which.tfig anions, as described

her ei nbef ore are anphi phatic, are selected fromthe group of acids

consi sting of buﬂﬁﬁgﬁne aci ds, phosphoni ¢ and phosphinic acids; sul phonic

aci ds being especi e/ dUEH§Bskion ae@aydmt@@I@éuiMsoaCmS havi ng
at | east 10 carbon atons inclyde al kyl sul phoni ¢ aci ds | i near
aIkyIsuIphon|cp§828§abéwk§P§F§GﬂpﬁHﬁl@ta@|&§m§@5ﬁ ehPﬁyqﬁﬁhiﬁﬁégﬁlphonlc
aci ds, al kyl t obgeween! pooand éwlodSCﬁnﬂnabkth¢hE828béﬁheénc750ar1d and

et s Y ol BREG” B Sugr fuh PERRauRE BFRERF P LY ot Lop CRRHMSUEIT L0
in the forn1ofandelaﬁsresppadtngular 20 and 75 bar gauge.

The process according to the present invention may
be carried out batchwise, continuously or semi-
continuously.

Catalyst systems comprising a palladium compound, a
phosphine of general formula PR1R2R3, wherein R1l, R2 and
R3 independently represent an optionally substituted
alkyl, cycloalkyl, aryl or N-heterocyclic group, and a
source of anions having a hydrocarbyl moiety being free
of olefinic and or acetylenic unsaturation and containing
at least 10 carbon atoms, and being the conjugated base
of an acid having a pKa < 3, as described hereinbefore,
are novel.

A further novel catalyst system provided by the
invention is based on a palladium compound, a phosphine
of general formula PR1R2R3, wherein Rl; RZ2 and R3
independently represent an optionally substituted alkyl,
cycloalkyl, aryl or N-heterocyclic group, at least one of
which carries a substituent selected from the group
consisting of sulphonic, phosphonic, phosphinic and
carboxylic acid groups, or a salt thereof, and a source
of anions having a hydrocarbyl moiety being free of
olefinic and or acetylenic unsaturation and containing at
least 10 carbon atoms, and being the conjugated base of
an acid having a pKa < 3.

The novel catalyst systems may further comprise an
acid promoter.

Although a wide range of products may be prepared by
the process of the present invention, the nature of said
products will be closely related to the nature of the

\\\\\\\\\\\\\\\\\\\\



sul phonates, and especially the alkali netal sul phonate, as such conpounds
are well known for their detergent properties. Frequently. such sul phonates
occur as a mxture of isoners and/or a m xture of conpounds having a slight
variation in the nunber of carbon atons per nolecule. Wth |atter type of
sul phonates it is desirable that the averags runber of carbon atons per

anion is at |east nd eferabl Ieast 15, Ih viewof its
avail ability asS8% éﬂgﬁ B/]s%m FRLIERY WRLST: o RYAEABKat e
is a preferred cmrpanncb,ulapmm&iajbic mmsmrumrmsnué C&s i théhe process of

th t i abl e. m xed honj S a
o (Berr] al KRR E U Gl it 1SR AR, Seodieh WEIE: dtafald
when enpl oyi ng r@smqtlaglamam apigd,can tagiten hearn antegdicide nor aan dambye be

obt ai ned t her efjg3@eRy, whlch m01eF1es will furthermore be chatQLELAEELEN
with the acid %rormter
he presence of an a-B-oleflnlcally unsaturated group

when the coreactant is an acetylenically unsaturated
compound. This olefinically unsaturated group will be
absent when the coreactant is an olefinically unsaturated
compound. '

The nature of product will not only be governed by
the type of reactant but also by the functionality of the
reactants and the molar ratio wherein.they are employed.
The functionality of the nucleophilic reactant is
determined by the number of hydrogen atoms which can be
removed under the cenditions of the present process,
whereas the functionality of the olefinically or
acetylenically unsaturated compound is determined by the
number of such unsaturated groups per molecule.

The compounds prepared according to the process of
the present invention may conveniently be isolated from
the reaction mixture by known techniques, such extraction
or distillation.

A preferred group of compounds to be prepared by the
process of the present invention are the full esters of
pentaerythritol and especially those esters wherein the
-hydrocarbylcarbonyl groups contain 3-19 carbon atoms.
Such full esters are valuable products for use as
lubricants, detergents and plasticizers. Other products
which may be prepared by the present process may be used
as precursors for the preparation of e.g. fine chemicals.

The invention will be further illustrated with the
following examples for which the following information is
provided:

Abbreviations: Pd(OAc), Palladium acetate



preferred that the pKa of the acid pronoter < the pKa of the acid on which
said salt is based. I n one enbodi nent of the invention, the catal yst
system conpri ses both an anphi phatic phosphi ne conponent b, such as _
phenyl - bi s- (sodi um 4- sul phonat ophenyl ) - phosphi ne and an anphi phati c ani on
conponent ¢, such as sodi um 4-oct adecyl -p-g/l-enesul phonat e. The

quantity of palladium compound, .as used as _catal yst component in the
process of the invention, is RG8Acr it | PaFate UeBREHLRhPRiG ¢6ddi 0 the use

of quantities PmDsﬁbinengypéeAmeemriﬁh??ylpnadphﬁherr] gran1agon1pal:adium
per nol of olefinically or acgtylgnicall nsat yr at 0 ynd. n
general the amount’ of pho&phi e'I'ﬁéﬁzpt§h38r8 Fﬂyggpﬁﬂggﬁ&P@atalyst.
conposition for use in the,prOces®rbs (nhehporsphenydyphbisphine not critical

and may vary over: w de rangesyp mhtg?nggnggségggﬁgﬁgg%%ggéhghig be rel ated

to the type of ph0osphine {fgand: a ; nes mnIP-generaIIy
be enployed in a quantity of 0.5-Phenyd)phesphing at om of pal | adium and

phosphi nes conkm@ioh ngotieéer ocychi Soaieﬂpa-aétdaéeyhbﬁ%}%ﬁb%@%@bﬁa\@é |
generally be enployed in a qUﬁnglty of 2-50g nol per_gram atom Q )

pal | adi um whereas triphenyl phbspRThk2-abe2bk¥tePakyyenesulPhoriguagitt y of
at | east 5 nolExmmpbesnlagom of palladium O her nonophosphi nes may :

conveniently be enpl Qued+lilna o3yt kb1’ B¢ r;])eenrt"’z‘:lne%eyt?'fr:i.ftro(?l.mic%i %0 Qi™

sulfolane and the indicated amounts of palladium acetate,
phosphine, PTSA, anion source and olefin were introduced
into a magnetically stirred 250 ml stainless steel
(Hastelloy C, trade mark) autoclave. Subsequently the
reactor was closed and the air evacuated therefrom,
whereupon 60 bar of carbon monoxide was introduced. This
was followed by heating the reactor contents to 110 °C.
After maintaining the reactor contents at 110 °C for the
required period of time, the reactor contents were cooled
to 20 °C, and analysed by means of high performance
liquid chromatography to establish hYdroxyl conversion.
In the process, pentaerythritol polyesters with
carboxylic acids having one more carbon atom than the
precursor olefins are formed; at 100% hydroxyl conversion
the product is constituted by the tetraester, whereas at
lower hydroxyl conversion mixtures further containing
tri-, di- and monoesters are obtained. The analytical
data have been presented in Table 1, which also gives the
relevant process details.
Comparative Experiments A-C

The procedure of Examples 1-3 was repeated, except
for the addition of the anion source. The corresponding
analytical data and process details have been included in
Table 1.

From the results presented in Table 1, it can be




per ‘gram at om of pal | adi um In the process of the present invention it
is preferred that the anions, in particular the anions having a hydrocar byl
noi ety containing at | east 10 carbon atons, are present in an anount which
corresponds with > 2 eq. of anion per gram atom of pall adi um In the
process according to the invention acids ridy be used as pronoters, in

Co- or di nat i ng SRPORYeRy -hAFchEP PRESRRCENAE Fhe; PRiBR AgUzsey gPahles o
interaction take@ $lhydroryleeonveespahl &di ben ebtiaihedanWath thei cal
Further ani onsXREFIRERLE dncath' & 100K EbhberBIOR' fhsnBpratae, the 1 "¢
conponent c ofregibdence| timesimt the reacporpati a10cPGsshotildcnot ber use in
the process ofjnterpreted as being the required reaction time, as it
only indicates that the corresponding result was achieved
within that time. The result of Example 7 indicates that
actual reaction time could well be considerably shorter.

The results also demonstrate the beneficial effect

of the presence of a substituted phosphine.
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t he “present

invention are those which can sinultaneously act as pronoter
Hence the anion of such acids nay have a hydrocar byl

and as ani on source.
noi ety cont ai ni ng-at
constitute the anphi phatic catal yst conponent
Aci ds neeting these requirenertdshave been di scussed and

When enpl oyi ng such an acid which can act as

i nventi on.

exenplified hereinbefore.
and as ani on source,

pr onot er

| east 10 carbon atons and preferably .at

the present process is not essential.

i nvention i

t

is preferred that the acid pronoter is present

| east 15, and

in accordance with the

the presence of a separate anion source in

Wth the process of the present

in and anount

whi ch corresponds with > 2 equi val ents H+ per gram atom of pall adi um
The ol efinically or acetylenically unsaturated conmpound nmay be an

unsubstituted or substituted linear,
having 2-30, and in particular 2-20,

doubl e,

substi t ut ed,

al koxy,

hydroﬁy,

with one or

c& boxy or aryl

under the reaatlﬁncﬁondntlons

are et hene,
i soneric

Table 1

pilopene,

conv,

o-olefin
Type ml

PTSA Anion source

Pd(OAc)> Phosphine

OH eq.
%

mmol Type mmol mmol Type mmol
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100
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Cs

1

20

respectively triple bonds.
f orki nst ance,

branched or cyclic conpound preferably
carbon atons and preferably 1-3
The unsaturated conpounds nay be

gr oups.

but ene- 2,

70

50

rs

o
@

70

II

10
10

nore hal ogen atonms or cyano,

ester,

If the substitudnts are not |nert
t he carbonyl ation reacti o may be

acconpani ed wilt B4 ofher r.edﬁtt‘_’prtg FHAGH €8 & suiRafl @ e"ollefl ni ¢ conpounds

buﬂene- 1,

100
100

70
70

i sobut ene,

comp.exp.

70
82

70
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0.5
0.5
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70
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pent'enes, hexenes, octenes and dodecenes, 1,5-cyclo- octadiene,

cycl ododecene, 1,5, 9-cycl ododecatriene, allyl al cohol, net hyl
actrylate, ethyl acrylate, nmethyl methacrylate, acrylonitrile, acrylam de,
N, N-di mret hyl acrylam de, vinyl chloride, allyl chloride, acrolein, oleic
acid, nethyl allyl ether and styrene. EXhﬂﬁ?éE of suitable acetyl enes

I ncl ude propynex bgtgne, 2-butyne, 1-pentyne, 1-hexyne, 1-heptyne,
I nonyne, pheny YQ?;Ty%e A s AR S et S TR i c 1 ype
reactants haviagtonkave were irtoodutedhydrmiediethyienechidgeodater, nono-
10 BT et nyt EPEPRRL et UL 75 hP wBERED, 6, Tfio1 R 1RRBRTbERkukR, 1ol
pyrogal | ol , ethymeeb payaotoluengsuiphanicnacitycdl mmed aél phenyioibds-or
(sodium 4-sulphonatophenyl)phosphine and 20 ml cyclo-
pentene. Subsequently the reactor was closed and the air
removed by pressuring/depressuring cycles with carbon
monoxide, which was followed by carbon monoxide addition
at a pressure of 40 bar and heating to 110 °C. After a
reaction time of 5 h the reactor contents were cooled to
room temperature (approx. 20 °C) and énalyzed via gas
liquid chromatography which showed an olefin converéion
of 75% to cyclopentane'carboxylic.acid with a selectivity
of 100%).
Example 10
The procedure of Example 9 was repeated except that
4 mmol of sodium 4-octadecyl-p-xylenesulphonate was also

introduced into the reactor which resulted in an olefin
conversion after 5 h reaction of 85 %.
Comparative Experiment D

The procedure of Example 9 was repeated with the
exception that the sulphonate-containing phosphine was
replaced with 5 mmol of triphenyl-phosphine. After 5 h
the olefin conversion was < 5%.




polfbarboxylic acids i.e. aliphatic, cycloaliphatic or aromatic carboxylic
acids having e.g. up to 20 carbon atons and optionally carrying one or nore
Lnert substituents such as for exanpl e hal ogen atons, and cyano, ester,

al koxy and aryl groups s of suitable nono- or polycarboxylic acids
I ncl ude for d, propi oni ggaci d, n-butyric acid, _
I sobutyric am”“lmll I“ﬁ!!j Lval eric acid, hexanoic acid, octanoic acid,
nonanoi ¢ acid

,* odecanoi ¢ acid , hexadecanoic }ci2f6 SIN
oct adecanoi ¢ acid, ben20|c acid, o-,m and p-phthalic acid and o-,m and p-

toluic acid, adeIC aci d, glutarlc acggﬁggﬂ#z§£3§ic acid. A further group
of potentially sui tabl e nucleophilic the type as descri bed
her ei nbef ore i ncl ude conpounds such as hydroxysul phonates and primary and
secondary am ngs o) o

acetyl en)és andgnucl e(?%‘% | C react aﬂ?g&%ﬁo&ﬁﬁ?&?ﬁ&gé‘& %n J)f%kﬂﬁf‘gFlbﬁase
l'i quid reactloﬁrnéﬂpﬁﬁﬂeﬁﬂ§éﬂlﬂh@nééﬁumﬁbgﬁsqummundjwmﬁh(ﬂﬁﬂhnnlng t he
carbonyl ati on inBnbReder 26€theObreleneed®la NUAVHNL1 i EdpARAI ned

having a removable hydrogen atom and a catalyst system

comprising

a) a source of palladium,

b) a phosphine of general formula PRIR2R3, wherein RI,
R2 and R3 independently represent an optionally
substituted alkyl, cycloalkyl, aryl or N-heterocyclic
group, and . |

c) a source of anions being the conjugated base of an
acid having a pKa < 3, '

characterized in that the reaction medium at least

initially is a multi-phase liquid reaction medium, and

that the catalyst system comprises a component b) or c)

having an amphiphatic structure.

2. A process as claimed in claim 1, wherein the

catalyst component having an amphiphatic structure is an

anionic surfactant. _

3. A process as claimed in claim 1 or 2, wherein the

nucleophilic compound having a removable hydrogen atom is

water, an alcohol or a carboxylic acid.

4. A process as claimed in any one or more of claims 1-

3, wherein the anions have a hydrocarbyl moiety being

free of olefinic and or acetylenic unsaturation and

containing at least 10 carbon atoms.

5. A process as claimed in claim 4, wherein the anions

are the conjugated bases of acids selected from the group

consisting of sulphonic, phosphonic, phosphinic and

carboxylic acids having a pKa < 3.

6. A process as claimed in claim 5, wherein the

A\\\\\\\\\\\\\\\\\\\
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= 12°- fromthe technical literature, in so far not already known by those
skilled in the act. It wll be appreciated that not only the nature of the
olefin and al cohol reactant per se but also the ratio wherein they are to
be enpl oyed, may be decisive for the formation of a nulti- phase liquid

reaction nedi um When enploying a nuclepphilic reactant, having a
relatively hlgh ge#tlng 5 .and mh h does.not. dissolve in the olefin
react ant, such®asPP8PteEx 1§ ﬁBnB Xﬁﬁugg POBaR: 261Gh BT 23 |

1,1, 1- trinethyabkeryhaulphydncqacmdne and pyrogallol, said conpound may be

enployed as a golu ts y | oyed for the
preparation of‘?suc%‘ gﬁ.l lj%lgosi]?gl ﬁccll%%&le% Jﬁ} V&%@" L r}'@ﬁ@?@ u rb?‘]om de and
di i sopr opyl suﬁbh@hﬁlsulphgnabsacpdsssbaquhaQotbékgﬂapexngMasmhghdﬂnc
‘olefin or acetyltgge reactant nay contain a solvent or diluent, e.g. to

reduce the visgosity thereof, which solvent or diluent wll enerally be a
hydr ocar bon tyde off B3OFeRS & Glaimed in any ape armormef Hekaimdelor e

that the nulti7phdiséréifutter athl98tNBYEEEhS FAvtHe?! chARSisR® RMEFRAG i N
the ' promoter.

9. A process as claimed in any one or more of claims 1-

8, wherein the phosphine of general formula PR1R2R3 has

at least one group Rl, RZ or R3 carrying a substituent

selected from the group consistihg of sulphonic,

phosphonic, phosphinic and carboxylic acid groups, or a

salt thereof. |

10. A process as claimed in claim 9, wherein the

phosphine is a triarylphosphine or an alkyl-

(diaryl)phosphine. '

11. A process as claimed in claim 10, wherein the

substituents are sulphonic acid groups or the alkali

metal or ammonium salt thereof.

12. A process as claimed in claim 11, wherein the

substituent is a sodium sulphonate group.

13. A catalyst composition based on

a) a palladium compound,

b) aphosphine of general formula PRIRZR3, wherein RI,
R2 and R3 independently represent an optionally
substituted alkyl, cycloalkyl, aryl or N-heterocyclic
group, and

c) a source of anions having a hydrocarbyl moiety being
free of olefinic and or acetylenic unsaturation and
containing at least 10 carbon atoms, and being the
conjugated base of an acid having a pKa < 3.

14. A catalyst composition based on

a) a palladium compound,

b) a phosphine of general formula PRIRZ2R3, wherein R1,

-
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gar Iy stages of the reaction, as it is conceivable that the nmulti-phase
liquid reaction nediumw || gradually be converted into a single-phase
Li'quid reaction nmedium as the reaction progresses and the anount of
reacti on product increases, thus enabling the reaction to further proceed
i n a honbgeneous Iiguid reaction medium~af8l Tn the presence of the

catal yst system asr eaﬁdihédihﬂépéﬁbéhﬁﬂg-repré%kh&pﬁh.WF%Wdﬁ&ﬂI&'be bound
I

by any heory |1 SphBkuBKEd BAD BTGtttk o o fe Rroess o
arphi phati ¢ conpongnoupasatpéeabitednkeodi whilhl cacrils ias sublstdwakrithat t he
S ol eting or SebebFad, £80m Ehe obRD SRRRISLIRY PI iftednisl ! on
phosphonic, phosphinic and carboxylic acid groups, or
a salt thereof, and
c) a source of anions having a hydrocarbyl moiety being
free of olefinic and or acetylenic unsaturation and
containing at least 10 carbon atoms, and being the
conjugated base of an acid having a pKa < 3.
15. A catalyst composition as claimed in claim 13 or 14,

further_comprising an acid promoter.
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phase |iquid reaction mediumin the presence of nucleophilic reactant and a
conventional carbonyl ation catalyst according to the prior art, is related
to a non- uniformcatalyst distribution, i.e. the catal yst system being
predom nantly present in the nucl eophilic reactant- containing phase.
However, when enpl oying a catal yst system which includes an anphi phatic
conponent such as an anionically substituted the presence of said

anphi phati c conponents will result in the catal yst system beiTmgi546 SIN
preferentially orientated at. the interface of the phases, thereby
increasing the reaction rate. Sinul- taneously the relatively high
concentration of catalyst at the int&fBic® Tl BIGdT have a benefi ci al

i nfluence on the local mscibility of the phases. It can furthernore be
expect ed, when the nultl-ahase | i quid reaction nmedi um has been converted to
a single- phase or NELATLONUPBOCESSt AYR FATALYST: ROMPOSI TISAEt i on

will proceed as if a conventlonal cat al yst systen1had been present, i.e.

doscribed herei nberbrieTess £0F Hhe (oPEPoRyL aF10h 8,8 e erinedally or

her ei nbef ore nﬂFe¢Gﬁ@amqaﬂlx/UMsaﬁuratadﬂcqmpbunuethﬁknunﬁdﬁlmwn¢x£&@sﬁn

which is condughd prid sAndUTEE R Wit 1eophilic compound having a removable
: hydrogen atom and a catalyst system comprising

a) a source of palladium, '

b) a phosphine of general formula PRIR2R3, wherein R1l, R2
and R3 independently represent an optionally'
substituted alkyl, cycloalkyl, aryl or N-heterocyclic
group, and

c)} a source of anions being the conjugated base of an ac1d
having a pKa < 3,

characterized in that the reaction medium at least

initially is a multi-phase liquid reaction medium, and that

the catalyst system comprises a component b) or c¢) having
an amphiphatic structure, and catalyst compositions
particularly suitable for said process.

Cl12/T1546FF
Pfe



liquid rgactton—rediium Ln the process according to the |nvent|onﬂ?
carbon npn Aﬁﬁﬁﬂﬂﬂhﬁﬂﬁﬁ ureSQGr difluted wth an inert gas, such as
nitrogen @ﬂyamesmgﬂiﬁﬁm ﬁﬂ%ﬁfOX|ce. General ly the presence of nore

¥ §¥aimfer ogeuageds. 2unclgapsdbte,| since undehinitiSHet SRR Wy e
it may cal&@rmvymg@etpagmbn @ ph oI ef inic conpo urllc}‘h E(éeneer

than 10

IS given

whi ch cdntains | ess that 5 % o

The carboqxgﬁﬁléﬁaﬂﬁiﬂﬁﬂ¥ NGwk© the inyention i s

i Absgadto Cae, ."Hﬁ@?%g a carbon nonoxi de- cont

1>3 A

..3-
only a part of the olefin reactant to the reactor
together with all the polyol and catalyst, and
subsequently adding the residual amount of olefin to a
middle section of the reactor.

A general disadvantage of said carbonylation process
is,the«use of a cobalt carbonyl catalyst, which catalyst
is generally known to have a lower activity and

fféglectivity than a palladium-based catalyst as described
' ~e.g. in EP 0106379, and will moreover require more severe

reaction conditions, i.e. higher temperatures and/or
pressures. A further disadvantage envisaged is, that the
relative amounts of olefinic material to be introduced at
the beginning and in the middle section of the reactor
will vary strongly with the molecular weight of the
olefin and the nature of the polyhydric alcohol, and will
thus have to be determined separately for each
combination of reactants. Finally it does not solve the
problem when the two-phase liquid reaction medium has
been created intentionally. _
US-A-3,530,155 relates to hydrocarboxylation of
olefins by contacting.the  olefin with a catalyst
comprising a platinum or palladium complex with an
aromatic phosphine, water and carbon monoxide. The
phosphines described to be suitable are arylphosphines or
mixedlalkylarylphosphines, optionally substituted with an
alkyl or chloro group. The problems inherent to a multi-
phase liquid reaction medium have not been mentioned.
The problem underlying the present invention is
developing a process for the carbonylation of olefins or
acetylenes in the presence of a nucleophilic compound
having one or more removable hydrogen atoms, wherein the
combination of said reactants or the presence of one or
more selected solvents results in the formation of a
reaction medium having > 1 liquid phase, hereinafter
referred to as multi-phase reaction medium, and which
process does not suffer from one or more of the
disadvantages as mentioned hereinbefore. -



preferably carried out at a tenperature in the range between 50 and 200
[err]C, in particular between 75 and 150 [err]C. The overall pressure
pteferably Iies between 1 and 100, in particular 20 and 75 bar gauge.
The process according to the present inventio

may.. be carri ut
bat ehwi se, continuously or sem - continuousl .ubs}’ntute ﬁeteﬁl'yif "@?@f‘eh%%

conprising a palladium conpound, a phosphine of general formula

PRlerr]Rlerr]R err], wherein Rerr], Rerr] and R3 independently represent
an optionally substituted alkyl, cycloalkyl4 @aryl or N heterocyclic group,
and a source of am#HNg HAUl): I Erigate ddrmrrali and @xperimentyf:iomKa

<3 which am<g“5§ggg§g%§gg' é*giéied which enables the carbonylation
of olefins or acetylenes with carbon monoxide in the
presence of an organic nucleophilic compound having one
or more removable hydrogen atoms, in a multi-phase liquid
 reaction medium, by employing a palladium-based catalyst
system which includes selected organic anions.

The invention thus provides a process for the
carbonylation of an olefinically or acetylenically
unsaturated compound with carﬁon monoxide in the presence
of a nucleophilic compound having-a removable hydrogen
atom and a catalyst system comprising
a) a source of palladium,

b) a phosphine of general formula PR1IR2R3, wherein RI,
R2 and R3 independently represent an optionally
substituted alkyl, cycloalkyl, aryl or N-heterocyclic
group, and

c) a source of anions being the conjugated base of an
acid having a pKa < 3,

wherein the reaction medium at least initially is a

multi-phase liquid reaction medium, and in which the .

catalyst system comprises a component b} having an

. amphiphatic structure. '

In the context of the present invention the term

"the reaction medium is at least initially a multi-phase
liquid reaction medium" refers to a reaction medium which
is at least a multi-phase liquid reaction medium at the
beginning of the reaction and during the early stages
thereof. The term "amphiphatic structure" means that such

" molecules are composed of groups of opposing solubility
tendencies, typically an oil-soluble hydrocarbon chain
and a water-soluble ionic group.

\\
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hydr ocar byl noiety free of olefinic and/or acetylenic unsaturation and
containing at |east 10 carbon atons, in which catal yst system conponent b)

has an anphi phatic structure are novel. A further novel catalyst
system provi ded by the invention is based on + 'ﬁﬁhc

phosphine of general fornmula PR[err]R[err] Ay erg?ﬁ h ?998
Rlerr] and R err] independently represent an optlonally substltuted

al kyl, cycloalkyl, aryl or N-heterocyclic-ggoup, at |east one of which
carries a substituenf,selected from rou consi sting of s onlc
phosphoni c, phosphin%g aﬁaurear86x9¢i£a§2 gFGGﬁ%YS %98 L’{h &leof , and
a source preferably is constituted by cationic compounds such as

for example the salts of palladium with, for instance,
nitric acid, sulphuric acid or alkanecarboxylic acids
having not more than 12 carbon atoms. Salts of
hydrohalogenic acids may, in principle, be used as well,
but they have the drawback that the halogen ion may have
a corrosive effect. Moreover, palladium complexes may

. also be used, for instance palladium acetylacetonate,
tetrakis (triphenylphosphine)palladium, bis(tri-o-
tolylphosphine)palladium acetate or bis(triphenyl-
phosphine)palladium sulphate. Metallic palladium may be
used if the catalyst composition comprises an acid
component. Palladium acetate is a preferred palladium
compound for the catalyst composition of the present
invention to be based upon.

The groups Rl, R2 and R3 of the phosphine of general
formula PRIR2R3 (catalyst component b) each represent an
optionally substituted alkyl, cycloalkyl, aryl or N-
heterocyclic group. In general such alkyl groups will
have up to 20 carbon atoms, any cycloalkyl groups will

“have from 5-7 carbon atoms in the ring structure and any
aryl group will have up to 18 carbon atoms in the ring
structure. Conveniently any aryl group may be an anthryl,

- naphthyl or, which is preferred, a phenyl group. The
heterocyclic ring may be a single heterocyclic ring or
may be a part of an optionally substituted larger,
condensed ring structure as exemplified by pyridyl,
pyrazinyl, quinolyl, isoquinolyl, pyrimidyl, pyridazinyl,
indolizinyl, cinnolinyl, acridinyl, phenazinyl, :
phenanthridinyl, phénanthrolinyl, phthalazinyl,
naphthyridinyl, quinoxalinyl and quinazolinyl groups.
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- l4a- of anions having a hydrocarbyl noiety being free of olefinic and
or acetylenic unsaturation and containing at |east 10 carbon atons, and
ei ng the conjugated base of an acid having a pKa < 3. The novel .

catal yst systens may further conprise an aci aﬂéﬂgﬂkqgrﬁn 311%%&#PF§§8 a

wi de range of products may be prepare process
t he present invention, t he nature o _ sard products

formula PRIRZR3 wherein R3 represents a chain of

carbdm atoms ending with the group -PR4RS, in which R4
and RS e represent an optionally substituted alkyl,
cycloalkyl, awyl or N-heterocyclic group. Preferably, R4
and RS are equal Rl and R2, respectively. The chain of
carbon atoms suitabl omprises 2 to 6 carbon atoms, and
preferably 2 or 3 carbon oms. Examples of these
bisphosphine ligands include 2-bis (diphenylphosphino) -
ethane, 1, 2-bls(d1phenylphosph1no' thene and 1 3-

bis (diphenylphosphino)propane.

alkonerboki-giaups- Preferred substituted phosphines are
triphenylphosphines carrying one or more substituted

The phosphine component b of the catalyst system.iay
constitutesthe catalyst component having an amphiphatic
structure, Ereesccordencenwibibirewinpenidion, in which
‘case it has a group Rl, R2 or R3 substituted with an
ionic group providing water-solubility tendency to the
otherwise oil-soluble phosphine ligand. Preferred ionic
substituents are sulphonic, phosphonic, phosphinic and
carboxylic acid groups and their salts. More preferred
substituents are sulphonic acid groups or the alkali
metal or ammonium salts thereof, sodium sulphonate type
substituents being especially preferred. _

Examples of preferred triarylphosphines wherein one
or more of groups R carry a specified substituent include
sodium 4-(diphenylphosphino)benzenesulphonate, phenyl-
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nature of the
| oyi ng water, a hydroxy conpound, a

wll be closely
- 15 - reactants. Fo

‘carboxylic acid or a ' ¢ ' | eophilic reactant, the reaction
product will containrke ci d, a”%ﬁ%ﬁ at ahhygly il\g r

am ne noi ety, which etdies. W rtther nore be C areg%f erized §rct?\h16958
presence of an [err]l-olefinically Unsaturated_group when the coreactant is
an acetyl enically unSaturatee—eonpaund. This olefinically unsaturated group

wi || be absent bhen(sadivwr 4zsulphonatephenyl)phesphingnsBxanples ednpound.

The nature of pEpgdpetrubl h1ROL (@Dh¥yDPOROYSAIRESDYnENAdEY BBAShm' act ant but
al so by the funct|onali react'ants_ and nol.ar rati o_wherein they

of "t he t he
are enpl oyed. TH@lPBﬁEYiéHQFPPin%¥th%“ﬁ%EiEBﬁHPFFCaP@aéPQﬁPmi§'
(diphenylphosphino) propanesulphonate. These substituted

phosphines can be obtained by processes as described in
EP-A-280380.

The source of anions (catalyst component c) can be
any compound or system which is capable of generating
anions of the type as required. Preferably the source of
anions is the acid of which the anions are the conjugated
base, or a salt of said acid. Preferred salts are alkali
or alkaline earth metal salts. Should the anion source be
an acid, then said acid can simultaneously act as an acid
promoter for the catalyst system.

Acids having a pKa < 3 ((measured in water at 18 °C)
and providing anions in the catalyst compositions for use
in the process of the invention preferably have a non-
coordinating anion, by which is meant that little or no
co-valent interaction takes place between the palladium
and the anion. Typical examples of such anions are PFg~,
SbFg~, BF4~ and ClO4™.

Acids preferably used are, for instance, sulphonic
acids and those acids that can be formed, possibly in
situ, by interaction of a Lewis acid such as, for
example, BF3, AsFg, SbFg, PF5, TaFs or NbFg with a
Bronsted acid such as, for example, a hydrohalogenic
acid, in particular HF, phosphoric acid or sulphuric
acid. Specific examples of the last-named type of acids
are fluorosilicic acid, HBF4, HPFg and HSbFg. Typical
sulphonic acids that can be used are fluoroéulphonic

B3

B

acid, chlorosulphonic acid, p-toluenesulphonic acid and
trifluoromethanesulphonic acid; the last two acids being
preferred.

The anion component ¢ of the catalyst system may

eens%éeuée—ehe-eete&yet-eempenent—hewéa&?gi amphiphatic



determined by the nunber of hydrogen atons which can be renpved under.the
conditions of the present process, whereas the functionality of the
olefinically or acetylenically unsaturated conpound is deternined by the

nunber of such unsaturated groups per nol ecul ;. The C S pr ed
according to the process of the present invengu(?ﬁt'ﬂ'gx? 5@?&3%@%’ bﬁggé
I solated fromthe reaction m xture by knowmi§qphniques, such extraction or

distillation. A preferred group of conpounds to be prepared by the
process of the pteseturieninssossrdaaselhaibhi-rhasinvaaiiengtiae whtiloh taaseand

especially thosg.e ~wher gi Locarhyl et contain 3-19
carbon atons. SgghzkgﬁilgggegsHgbg%€§¥§§ |§°§r§§ﬁ§$§R¥6Pgﬁ§§H§g | ubri cants,

detergents and gbaubildifyr sendensy Srodbet othierst seayafermsedade Apione

present process re S 0 epa I .g. fine
chem cal s. ¥§§gi%§§§??gﬁaaﬁ?r %géfgﬁﬁﬁ%rhfprﬁg?ﬁéﬁégigti]%%%?ﬁolIomﬁng

exanpl es for whiRehetNePrARGoFFRE Ph SLRALRIF AR PE AFEFYLIARHCevi ati ons:
Pd(QAc)[err] Pahhadturagiehabfid containing at least 10 carbon atoms.

Preferred types of acids of which the anions, as
described hereinbefore are amphiphatic, are selected from
the group of acids consisting of sulphonic acids,
phosphonic and phosphinic acids; sulphonic acids being
especially preferred.

Very suitable sulphonic acids having at least
10 carbon atoms include alkylsulphonic acids, especially
linear alkylsulphonic acids, alkarylsulphonic acids such
as alkylbenzenesulphonic acids, alkyltoluenesulphonic
acids and alkylxylenesulphonic acids, and
hydroxyalkylsulphonic acids e.g. a- or A-hydroxy-
alkylsulphonic acids. ‘

Sulphonic acids as mentioned hereinbefore are
readily available in the form of the corresponding
sulphonates, and especially the alkali metal sulphonate,
as such compounds are well known for their detergent"
properties. Frequently such sulphonates occur as a
mixture of isomers and/or a mixture of compounds having a
“t slight variation in the number of carbon atoms per

molecule. With latter type of sulphonates it is desirable
that the average number of carbon atoms per anion is at
least 10 and preferably at least 15. In view of its
availability as a single compound, sodium 4-octadecyl-p-
Xylenesulphonate is a preferred sodium sulphonate for use
as anion source in the process of the present invention.
An example of a suitable mixed éulphonic acid is a 4-
(Ci12-15 alkyl)-p-xylenesulphonic acid. It was mentioned
hereinbefore, when employing a salt as anion source, that
' the corresponding acid may be obtained therefrom by
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D : Phenyl -bis(s 0- : phenyl ) phosphi ne
Ani on source I adeqyl - p- xyl enesul phonat e Exanpl e A

sol ution of 10 mm rijftol in 50 wlpsHtdie!sHERtah Wisrchnfoggt ed
aounts of pal | adi sphi ne, PTSA, anion source and olefin were

introduced into g magnetically stifred 230 yg stainless steel (Hastelloy C,
trade mark) autog . the reactor was closed and the air
evacuat ed t her efovordishatingoanbonpabyovhighbds meroki §hakad iithdeoQrc&@

This was ol | ovgd. by bgat iHQeEQEtiSﬁ‘C{ingEC’?]&SEFS peewkif kaer be114ditm
mai ntai ning the reactor contents at 1 ert]C far the ) -
and the anion. Typical examples of such anions are PFg,
SbFg~ ,BF4~ and ClO4~ and the further anions mentioned
hereinbefore in connection with the anion component c of
the catalyst system.

A special class of acids for use in the process of
the.present invention are those which can simultaneously
act as promoter and as anion source. Hence the anion of
such acids may have a hydrocarbyl moiety containing at
least 10 carbon atoms and preferably at least 15, and
constitute the amphiphatic catalyst component in
accordance with the invention. Acids meeting these
requirements have been discussed and exemplified
hereinbefore. When employing such an acid which can ac;
as promoter and as anion source, the presence of a

- 16 - J { N gﬁggy(ﬂ uenesul phoni ¢ aci d Phosphi ne Type

separate anion source in the present process is not
essential. With the process of the present invention it
is preferred that the acid promoter is present in ané
amount which corresponds with > 2 equivalents H* per gram
atom of palladium. '

The olefinically or acetylenically unsaturated
compound may be an unsubstituted or substituted linear,
branched or cyclic compound preferably having 2-30, and

P in particular 2-20, carbon atoms and preferably 1-3
. double, respectively triple bonds. The unsaturated
compounds may be substituted, for instance, with one or
more halogen atoms or cyano, ester, alkoxy, hydroxy,
carboxy or aryl groups. If the substituents are not inert
under the reaction conditions, the carbonylation reactiQn
may be accompanied with other reactions. Examples of
suitable olefinic compounds are ethene, propene, butene-
1, butene-2, isobutene, cyclopentenes, the isomeric
" pentenes, hexenes, octenes and dodecenes, 1,5?cyclo-
octadiene, cyclododecene, 1,5,9-cyclododecatriene, allyl



required period of time, the reactor contents were cooled to 20 [err]C, and
anal ysed by means of high performance |iquid chromatography to establish
hydr oxyl conversion. In the process, pentaerythrltol polyesters W th

carboxylic acids having one nore carbon atom thiap @&Qﬁg %g}ﬁhggaare

8%
formed; at 100% hydroxyl conversion the product |s consti uted
tetraester, whereas-at |ower hydroxyl convej$ion m xtures further
containing tri- di- and nonoesters are obtained. The anal ytical data have

been presented PAefdmise o agetydenesowiithe sarhen moapxide ide & Muldiit | s.
From the resul t phaisesail@dd reh2®ienlmedium@dnP@he presence of

nucleophilic reactant and a conventional carbonylation
catalyst according to the prior art, is related to a non-
uniform catalyst distribution, i.e. the catalyst system
being predominantly present in the nucleophilic reactant-
containing phase. However, when employing a Catalyst
system which includes an amphiphatic component sgi=amdisemmime

suﬁiaeteni-eenpeaent such as an anlonlcally substltuted

ee—speeiiied-h.-.-nhei-ue the presence of said

amphiphatic components will result in the catalyst system
being preferentially orientated at the interface of the
phases, thereby increasing the reaction rate. Simul-
taneously the relatively high concentration of catalyst
at the interface may also have a beneficial influence on
the local miscibility of the phases.

It can furthermore be expected, when the muiti-phase
liquid reaction medium has been converted to a single-
phase or homogeneous liquid reaction medium, that the .
reaction will proceed as if a conventional catalyst
system had been present, i.e. one which does not inclﬁde
a specific phosphine or anion source as described
hereinbefore. In fact the catalyst systems as described
hereinbefore may conveniently be also emploved in a
carbonylation process which is conducted in a homogeneous
liquid reaction medium.

In the process according to the invention the carbon
monoxide may be used pure or diluted with an inert gas,
such as nitrogen, noble gases or carbon dioxide.
Generally the presence of more than 10 %v of hydrogen is
undesirable, since under the reaction conditions it may
cause hydrogenation of the olefinic compound. Generally
preference is given to use to carbon monoxide or a carbon
monoxide-containing gas which contains less that 5 %$v of
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- 17 - observed that the presence of the anion source enables a 100 %

hydroxyl conversion t ree—MLLh the experinents wherein a 100%

conver si on was obt ai ﬁﬁﬁﬁj Nﬂéﬁﬁﬁﬁlrnaln the reactor at 110 [err]C

shoul d not be interprletled as beiNg e |requi rgq,bgﬁﬁgg Qﬂ,hettl r@ Msrant 1688Y

I ndicates that the c rrespongrﬁg§§§5llt s_achreved wthin t at tinme. The
e congi dérably shorter.

actual reaction timejcquld we
- 18_

hydrogen.

The carbonylation according to the invention is
preferably car:ied out at a temperature in the range
between 50 and 200 °C, in particular between 75 and
150 °C. The overall pressure preferably lies between 1 -
and 100, in particular 20 and 75 bar gauge.

The process according to the present invention may .
be carried out batchwise, continuously or semi-
éontinuously.

Catalyst systems comprising a palladium compound,
a phosphine of general formula PRMR2R3, wherein RY, R2
and R3 independently represent an optionally substituted.
alkyl, cycloalkyl, aryl or N-heterocyclic group, and a
source of anions being the conjugated base of an acid
having a pKa < 3, which anions preferably have a
hydrocarbyl moiety free of olefinic and/or acetylenic -
unsaturation and containing at least 10 carbon atoms, in
which catalyst system component b) has an amphiphatic
structure are novel.

A further novel catalyst system provided by the
invention is based on a palladium compound, a phosphine
of general formula PRMR2?R3®, wherein RY, R? and R3
independently represent an optionally substituted alkyl,
cycloalkyl, aryl or N-heterocyclic group, at least one
of which carries a substituent selected from the group
consisting of sulphonic, phosphonic, phosphinic and

carboxylic acid groups, or a salt thereof, and a source .



[err] - 19-
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of anions having a hydrocarbyl moiety being free of
olefinic and or acetylenic unsaturation and containing
at least 10 carbon atoms, and being the conjugated base
of an acid having a pKa < 3.

The novel catalyst systems may further comprisé an
acid promoter.

Although a wide range of products - may
be prepared by the process of the present .
invention, the nature of said products

will be closely related to the nature of the
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Exanpl e 11 ‘ggg—gt stainl ess steel (Hastelloy C) autoclave were
introducecP ELACEQ&®31 gl ycol .dinethyl ether, 10 M water, 0.1 nmol
palladiun1a.etate 2 mol | par a-t ol uenesul phoni c aC|d 4 mmol of phenyl -bi s-

(sodi um 4{ s{il phIrRR My ) phosphi ne and 20 mSLfBé‘i:itQte %c}gng" M4RFE99est | Y

the reactpriwas closed and the air renoved by pressuring pressuring
cycles wifh carbon nonux%ue, whi ch was folLl pged by carbon nonoxide addition
at a presbwre_of 40 bar and heating to 110 [err]C. After a reaction tinme of

5 h the reactor contents were &&$Ped topbaxahalagnesulphonipmeid 20

[err] Q) and analpweabhiine A6fd H-thuilniRhaM Rl ch shoved an ol efin
conver si on of 75@6to cycl opent ane carboxyli ¢ acid wth a selectivity of

10099 . Example 111~ e T Ut xcept that
4 mmol of sodium 4 - @ : S | KTy W aeiced i nto

the reactor which resulted in . i nver ﬁ afrter . reaction of 85
% Conparative ExpSrrRenc—— %ﬂé 8@8& oéém)lnb 51‘%13,%&‘1 % 5eated with
t he exception that the sul phonate- phahqﬂnph@smﬂnsnhlne was replaced with 5
ol of triphenghiahogRuirae ARt er s3diukhg 8'%“d%dy¥“6”§vf£hé¥ﬁi§hé%éte

Lt Pt e ek e e e S R A S DD O R i il

Examplesmiesg.

A solution of 10 mmol of pentaerythritol in 50 ml
sulfolane and the indicated amounts of palladium acetate,
phosphine, PTSA, anion source and olefin were introduced
into a magnetically stirred 250 ml stainless steel
(Hastelloy C, trade mark) autoclave. Subsequently the
reactor was closed and the air evacuated therefrom,
whereupon 60 bar of carbon monoxide was introduced. This

- was followed by heating the reactor contents to 110 °C.
After maintaining the reactor contents at 110 °C for the
required period of time, the reactor contents were coocled
to 20 °C, and analysed by means of high performance
liquid chromatography to establish hydroxyl conversion.
In the process, pentaerythritol polyesters with '
carboxylic acids having one more carbon atom than the
precursor olefins are formed; at 100% hydroxyl conversion

i the product is constituted by the tetraester, whereas -at

lower hydroxyl conversion mixtures further containing
tri-, di- and monoesters are obtained. The analytical
data have been presented in Table 1, which also gives the
relevant process details.

From the results presented in Table 1, it can be



- 20 - REVI SED CLAI MS 1. A process
for the carbonylation of an olefinically or acetylenically unsaturated
conmpound wi th carbon nonoxi de in the presence of a nucl eophilic conmpound

having a renovabl e hydrogen atom and a cat agl)b%tmgtésgﬁé@tc_ogprmgfmwg@) a
source of palladium b) a phosphine of general formula

PRlerr]Rlerr]Rlerr], wherein Rlerr], RZ2 #9d_R3 independently represent an
optionally substituted al kyl, cycl oal kyl ; "aryl or N-heterocyclic group,
and observed that the presence of the anion source enables a

100 % hydroxyl conversion to be obtained. With the
experiments wherein a 100% conversion was obtained the
residence time in the reactor at 110 °C should not be
interpreted as being the required reaction time, as it
only indicates that the corresponding result was achieved

within that time. The mesulbmefbianPpio——indrcatos—Ghat

actual reaction time could well be con_siderably shorter.

P



c) a source of anions being-the conjugated base of an

3. Ln which process the reaction nediumis at

mul ti-phase liquid reaction medium and in

conpri ses a conponent b). having

o0 S PO A

as claimed in claim1, wherein the catalyst

conponent c¢) having an

anphi phatic structyrge..
cat al yst component havi ng an anphi phatic

inclaiml or 2, wherein the

structure is an
or nore of

renovabl e hydrogen atomis water

process as clainmed in any one or

have a hydrocar byl .noiety

unsat uratj on and

sel ected fromthe group

h

Time at
110 °C

Table 1
a-olefin conv.
Type ml OH eq.
%

Type mmol

" mmol

-PTSA  Anion source

Type mmol ~

mmol

Pd (OAc) - Phosphiﬁe

Example

i

cont ai ni ng at
claimed in claim5, wherein the anions

0.5
0.5

ani oni ¢ surfactant.
clainms 1-3, wherein the nucl eophilic conpound having a
a car bo ' '

| east
whi ch the catal yst system

31 pfarCi8e8°°

Syst

acid having a pKa <
initially a

3. A process as clained

4. A process as clainmed in any one

an al cohol
nor e of

0.5

clainms 1-4, wh
being free of olefinic and- or
| east 10 carbon atons.

are the conjugat
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-21- consi RERGA ek} ﬁ: ‘¢t phosphoni ¢, phosphi nic and

carboxylic acids Hading a pKa < 3} | 7. A process as clained in claimb6,
~wherei,n the - quliphont APRCAW®i 3 4n al kyl sul phonic acid or an :

al karyl sul phoni ¢ 4ciid. 8. A prdcess as %\ﬂis'?ﬁ?tei &hédtal 31 Mardieneog th
al karyl sul phoni ¢ gci'drs=a=cferr] alikyl p-xylenesul phonic aci d.

9. A process as cliainmed in any one _gr nore of clainms 1-8, wherein the
catal yst system conprises an acid pr‘on‘lﬂ er . 10. A process as

clainmed in any p¥gnmele DY € of clainms 1-9, wherein the phosphine of

genercl forml 5% 58 2ol s Lt s e GBlpB 0P LT

- consisting of autoslapaowere phtcpduwced, 40hmdpdietbydetec gy ic acid

\%glrjgish ?Lea S imd ORyEOLther, léjml_.Aw&’EQf,esﬁ.i‘Smﬁtbii B‘iilia@li%ﬁid@e%te,
2 mmol para-toluenesuliphonic acid, 4 mmol of phenyl-bis-
(sodium 4-sulphonatophenyl)phosphine and 20 ml cyclo-
pentene. Subsequently the reactor was closed and the air
removed by pressuring/depressuring cycles with carbon
monoxide, which was followed by carbon monoxide addition
at a pressure of 40 bar and heating to 110 °C. After a
reaction time of 5 h the reactor contents were cooled to
room temperature (approx. 20 °C) and analyzed via gas
liquid chromatography which showed an olefin conversion
of 75% to cyclopentane carboxylic acid with a selectivity
of 100%). - ' -
Example I1I

The procedure of Example Il was repeated except that
4 mmol of sodium 4-octadecyl-p-xylenesulphonate was also
introduced into the reactor which resulted in an olefin
conversion after 5 h reaction of 85 %.
Comparative Experiment _ _
The procedure-of Example LI was repeated with the.

exception that the sulphonate-containing phosphine was
replaced with 5 mmol of triphenyl-phosphine. After 5 h

. the olefin conversion was < 5%. )




phosphine is a triaryl phosphine or an al kyl (diaryl)- phosphi ne.
12. A process as clained in claim11l, wherein the substituents are
- sul phoni ¢ acid groups or t he al kali nmetal or ammonium salt thereof.
"13. A proce ; Wa|n112 T ei hsdi t\vaieh 1898
sodi um sul p miAC@ }WSHEET 14. A catal yst %ggggggﬁtsfhc?ﬁqb?sed on a)
a pal | adi umjcdnpound, ) ta phosphi ne of general formula
PR err] R err [ewr}APﬁﬁgﬁslr Rlerr], R2 and R3 i ndependently represent
an optionall substi tutled al kyl, cycloal kyl, aryl or Nheterocyclic
group, and e)y—a sour ce of| ani ons being the conjugated badk IF4AIEPC
aci d havi ng pKa < 3, whi ch catal yst system conponent b) has an

anphi phati c Structure. -22-
v

X

1. A process for the carbonylation of an olefinically or
acetylenically unsaturated compound with carbon monoxide
in the presence of a nucleophilic compound having a
removable hydrogen atom and a catalyst system comprising
a) a source of palladium,
b) a phosphine of general formula PRIR2R3, wherein RI,
R2 and R3 independently represent an optionally
substituted alkyl, cycloalkyl, aryl or N-heterocyclic
"group, and _
¢) a source of anions being the conjugated base of an
acid having a pKa < 3, '
in which process the reaction medium is at least
initially a multi-phaée liquid reaction medium, and in
~ which the cétalyst syétem comprises a component b) having
an amphiphatic structure. .
2. A process as claimed in claim 1, wherein the catalyst
_system further comprises a component c) having an
| amphiphatic structure. |
. 3. A process as claimed in claim 1 or 2, wherein the
catalyst component having an amphiphatic structure is an
“ | anionic surfactant. '
4. A process as claimed in any one or more of
claims 1-3, wherein the nucleophilic compound having a
removable hydrogen atom is water, an alcohel or a
carboxylic acid.
S. A process as claimed in any one or more of
claims 1-4, wherein the anions have a hydrocarbyl moiety
being free of olefinic and or acetylenic unsaturation and
containing at least 10 carbon atoms.
6. A process as claimed in claim 5, wherein the anions
are the conjugated bases of acids selected from the group

[

TR D A



15. A catal yst conpoéiti n according to claim114, in which the source of

ani ons a i ety being free of olefinic and/or acetyl énic
ynsat ur EEA il hg at |east 10 carbon atoms. 16. A catal yst

conposi §i §n according to ¢l aim 14 or 15q54wWher §,Reat biyenpdrcEETTS R
formul aP egrﬂﬁ?ﬁﬂ?%h[er ] has at |eas 1one g?gﬁ%ﬁﬁfgbg?? sFerr] or Rerr]
carryin substituent gelfected fromthe group consisting of sul phonic,
phosphoni ¢—ptrosphi ni ¢ and car boxylic acid groups, or a salt thereof. 17. A
cat al yst] conposi tion. _as ainmed in any one or nore of clains 14-16,

conpri si

Y

g an &ausiftoing @f sulphonic, phosphonic, phosphinic and

carboxylic acids having a pKa < 3.

7. A process as claimed in claim 6, wherein the
sulphonic acid is an alkylsulphonic acid or an
alkarylsulphonic acid.

8. A process as claimed in claim 7, wherein the
alkarylsulphonic acid is a Ci3.3¢ alkyl p-xylenesulphonic
acid.

9. A process as claimed in any one or more of

claims 1-8, wherein the catalyst system comprises an acid
promoter.

10. A process as claimed in any one or more of

claims 1-9, wherein the phosphine of general formula
PRIR2R3 has at least one group R, R2 or R3 carrying a
substituent selected from the group consisting of
sulphonic, phosphonic, phosphinic and carboxylic acid
groups, Or a salt thereof.

11. A process as claimed in claim 10, wherein the
phosphine is a triarylphosphine or an alkyl(diaryl) -
phosphine.

12. A process as claimed in claim 11, wherein the
substituents are sulphonic acid groups or the alkali
metal or ammonium salt thereof.

13. A process as claimed in claim 12, wherein the
substituent is a sodium sulphonate group.

14. A catalyst composition based on

a) a palladium compound,

b) a phosphine of general formula PRIR2R3, wherein RI,
R2 and R3 independently represent an optionally
substituted alkyl, cycloalkyl, aryl or N-heterocyclic
group, and :

c) a source of anions being the conjugatéd base of an
acid having a pKa < 3,

in which catalyst system component b) has an amphiphatic
structure.

i
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15. A catalyst composition according to claim 14, in
which the source of anions has a hydrocarbyl moiety being
free of olefinic and/or acetylenic unsaturation and
containing at least 10 carbon atoms.

1l6. A catalyst composition according to claim 14 or 15,
wherein the phosphine of general formula PRIR2R3 has at
least one group R, R2 or R3 carrying a substituent
selected from the group consisting of sulphonic,
phosphonic, phosphinic and carboxylic acid groups, or a
salt thereof.

17. A catalyst composition as claimed in any one or more
of claims 14-16, comprising an acid promoter.
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