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PROCESS FOR THE PREPARATION OF COPOLYMERS OF CARBON
MONOXIDE AND OLEFINICALLY UNSATURATED COMPOUNDS

The present invention relates to a process for the
preparation of copolymers of carbon monoxide and one or
more olefinically unsaturated compounds, to copolymers
prepared by such a process, and to the use of such
copolymers. _

Copolymers of interest in relation to the present
invention are described, for example, in EP-A-121965,
EP-A-248483, EP-A-743336 and WO96/13549, and also
described therein are catalyst compositions useful for
the preparation of the copolymers; and uses to which the
copolymers may be put. The catalyst compositiéns are
based on a Group VIII metal and a dentate llgand which
can be indicated by the general formula

RopMl—y— M2R, (1)

In this formula Ml and M2 independently represent a
phosphorus, nitrogen, arsenic or antimony.atom, each
group R may be selected from a wide variety of organic
groups, for example optionally substituted alkyl,
aralkyl, cycloalkyl or, preferably, aryl groups and Y
represents a bivalent bridging group.

The present invention provides a copolymerization
process comprising the step of copolymerizing carbon
monoxide and an olefinically unsaturated compound in the
presence of a catalyst_composition based on a Group VIII

metal and a dentate ligand having the general formula
RIRZM1—y— M2R3R4 (I)
where Ml and M2 independently represent one of

phosphorous, nitrogén, arsenic and antimony, Rl

represents an aryl group having a substituent of the
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general formula_;S(O)n—X, in which n represents 0, 1 or 2
and X repreSentsia hydroxy group, whichyaryl group is
optionally further substituted; R2, R3 and R%
independently represent an optionally substituted alkyl
group or-optiOnally substituted aryl'group, ondthe
understandlng that at least one of R1 RZ, R3 and R4
represents an aryl group having a substltuent or a
further substltuent selected from hydroxy, alkoxy and
alkoxyalkoxy; and Y represents a brldglng group; or an
ester or salt derlvatlve of such a llgand

Generally, unless stated otherw1se 1n this speci-
fication, any aryl substltuent or aryl m01ety of a group
may comprlse up to 20 rlng carbon atoms, preferably up to
10 ring carbon atoms (excludlng substltuents) A
preferred optlonally substltuted aryl group is an
optionally substltuted phenyl group. _

Generally, unless otherwise stated in this speci—
fication, any substltuted aryl group of a compound of
formula I may sultably ‘be substituted by 1-3 substi-
tuent(s). Generally, unless otherwise stated, any said
further substltuent of an aryl group may be any one of
the group comprising halogen, especially fluorine,
chlorine and bronine atoms, and nitro,JCyano,'hydroxy,
alkyl, haloalkyl haloalkoxy, alkoxyalkyl, aryloxy,
alkoxy, alkoxyalkoxy, amino, mono- and di-alkylamino,
aminoalkyl, mono— and di- alkylamlnoalkyl amido, mono-
and di- alkylamldo groups, alkylthio, alkylsulphonyl
dlalkylamldosulphonyl and alkylsulphonate groups. It is
preferred for any of the aryl groups mentloned above,
that it has at least one such further substituent
selected from hydroxy, alkoxyalkoxy and especially,
alkoxy.

Generally unless otherwise stated in this

specification, any alkyl group or alkyl m01ety of a group
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may be linear, branched or cyclic and may suitably
contain 1 to 24, préferably 1 to 12, mostﬁpreferably 1 to

6, and especially 1 to 4, carbon atoms, suitable examples
being methyl, ethyl and propyl. .

Preferably, n is 2. Thus, preferred ligands are
sulphonic acids, or esters or salts thereof, more
preferably acids or salts, most preferably salts thereof.

Preferred salts of the ligands of general formula I
are metal salts, for example alkali metal salts.

The sulphonated compounds as used in the method of

the invention may include zwitterionic forms; for example
with some ligands having phosphorus or nitrogen atoms M1

and M2 and a plurality of sulphonyl groups both
phosphorus or nitrogen atoms may be protonated whilst two
sulphonic acid groups may be deprotonated.

Suitably Rl has a said further substituent,
preferably at the 2- position.

Preferably Rl is further substituted by one or more
groups independently selected from hydroxy, alkoxyalkoxy
and, especially, alkoxy, and preferably by only one such
further group.

Preferably any one of R2, R3 and R4 represents
independently an aryl group having a substituent of the
general formula -S(0),-X, which aryl group is optionally
further substituted, preferably by one or more groups
independently selected from hydroxy, alkoxyalkoxy and,
especially, alkoxy, and more preferably by only one such
further group.

Preferably an aryl group RZ, R3 or R? has a said
further substituent, preferably at the 2- position.

Preferably, any substituent of general formula
-S(0)pn-X is located at a meta position relative to the

linkage to the respective group M1 or M2. Preferably, a
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substituent of geoeral formula -S(0O)p-X is located at the
para position=rei$tiVe to a further subStituent of the
aryl group. Thus,  a preferred group Rl, R2, R3 and R? has
a substituent, preferably an alkoxy group, espec1ally

methoxy, at the 2-p051t10n and a substituent of general

formula —S(O)n-x at the 5-position.

Preferably, a group'Rl, R2, R3 or R4'having a
substituent -S(0)p-X has only one substituent of.this
formula. | ) _

Preferably, at least one of Rl and R? and at least

one of R3 and R% represents an aryl group having a

substituent of general formula —S(O)n-X'and at least one

said further substituent, Preferably each of Rl,-RZ, R3

and R4 represents such a group.

The bridging;group'Y preferably contains, in addition
to hydrogen atomsé 1 to 12 atoms of which: up to 4 may be
hetero atoms; and;at least 1 is a bridging atom. By
"bridging atom(s)" is meant atom(s) directly linking
between groups M¥.snd M2, Preferably there are from 2 to
4 bridging atoms. Bridging atoms may be:selected from C,
N, O, Si and S atoms. Preferably R is an orgaﬁic bridging

group containing-ét least one bridging atom which is

- typically carbon. More preferably R is an organic

bridging group ¢ontaining from 2 to 4 bridging atoms, at
least two of whlch are carbon atoms. Examples of such
groups R are -CH2-CH2 » —CHp-CHp-CHp-, ~-CH2-C(CH3)2-CHo-,
-CH2-C(C2Hg) 2-CHp~, -CH2-8i(CH3)2-CHz~ and
~CHp-CHp—-CHp -cnéé

At least one of Ml or M2 preferably represents a

phosphorus atom. More preferably, both of Ml and M2

represents a phosphorus atom.
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Ligands in adcofdance with the present invention for
use in a catalyst éomposition preferably form a complex
with the Group VIII metal. It would appear that the
presence of two complexing sites in one ligand molecule
significantly contributes to the activity of the
catalysts.

Preferred ligands include 1,3-bis[bis (2-methoxy-5-
sulphophenyl)phosphinolpropane, 1,3~bis[bis (2-methoxy-5-
sulphophenyl)phosphino]-2,2—dimethylpropane and
1,3-bis[bis(2—methoxy-5-sulphophenyl)phosphino]—2,2—
diethylpropane, and salts thereof. Salts of such ligands,
in particular alkali metal salts and notably sodium -
salts, appear to be more effective for polymerization
processes than the free acids. The term "sulpho" is used

herein to denote sulphonic acid groups -S502-0H whilst the

term "sulphonato" denotes salts. The skilled person will
take note of the fact that ligands denoted by
nomenclature may, in fact, exist in zwitterionic forms.

The amount of a said dentate ligand supplied may vary
considerably, but is usually dependent on the amount of
Group VIII metal present in the catalyst composition.
Preferred amounts of a said phosphorus-containing dentate
ligand are in the range of from 0.5 to 1.5 moles per gram
atom of Group VIII metal.

Generally, unless otherwise stated, the Group VIII
metal (in more modern nomenclature a Group 8, 9 or 10
metal) may comprise nickel or cobalt. However, the
Group VIII metal is preferably a noble Group VIII metal,
of which palladium is most preferred.

A Group VIII metal is typically employed as a
cationic species. As the source of Group VIII metal
cations conveniently a Group VIII metal salt is used.
Suitable salts include salts of mineral acids, such as
sulphuric acid, nitric acid, phosphoric acid, perchloric

acid and sulphonic acids, and organic salts, such as
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acetylacetonates. Preferably, a salt of a carboxylic acid
is used, for example a carboxylic acid with up to

8 carbon atoms; §uch as acetic acid, trifluoroacetic
acid, trichloroacetic acid, propionic acid and citric
acid. Palladiumlgll) acetate and palladium (II) tri-
fluoroacetate represent particularly preferred sources of
palladium cationé, Another suitable source of Group VIII
metal cations isla compound of the Group VIII metal in
its zero-valent state.

Such a Group VIII metal containing catalyst
composition may, as an optional measure, be based on
another additionel component which functions during the
copolymerization}as a source of anionstwhich are non- or
only weakly co-ordinating with the Group VIII metal under
the conditions of'the_copolymerization.'Typical
additional components are, for example, protic acids,
Lewis acids, . acids obtainable by combining a Lewis acid
and a protic ac1d, and an aluminoxane.

The amount of the additional component which
functions durlng the copolymerization as a source of
anions which are non- or only weakly co- ordinating with
the Group VIII metal, when present, is preferably
selected in the :enge of 0.1 to 50 equivalents per gram
atom of Group VIII metal, in particular in the range of
from 0.5 to 25 eéuivalents per gram atom of Group VIII
metal. However, ﬁhe aluminoxanes may be used in such
quantity that théfmolar ratio of aluminium to the
Group VIII metal is in the range of from 4000:1 to 10:1,
preferably from 2000 1 to 100:1.

The amount of such a catalyst compos1tlon used in the
said copolymerlzatlon of the invention may vary between
wide limits. Recommended quantities of catalyst
composition are'in the range of 1078 to 10‘2, calculated
as gram atoms of;Group VIII metal per mole of

olefinically unséturated-combound to be copolymerized
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with carbon méﬁoxidé; Preferred quantities are in the
range of 10~7 to 10~3 on the same basis.

A said copolymerization process employing a catalyst
composition described above may be carried out in the
presence of a liquid diluent, but it may also be carried
out as a gas phase process. If it is carried out in the
presence of a liquid diluent, preferably a liquid diluent
is used in which the copolymer to be'prepared forms a
separate, liquid or solid phase, in which case a diluent
may be selected in which the copolymer is insoluble or
virtually insoluble. A solution polymerization may be
carried out in a liquid diluent in which the copolymer to
be prepared is soluble. Examples of liquid diluents are
water, ketones (e.g. acetone); chlorinated hydrocarbons
(e.g. chloroform or dichloromethane), aromatics (e.qg.
toluene, benzene, chlorobenzene), and, preferably, protic
organic diluents, such as lower alcohols (e.g. methanol
and ethanol) and alkanoic acids, for example acetic acid.
Mixtures of liquid diluents may be used as well, for
example protic diluents may comprise an aprotic diluent.
Protic organic diluents may contain water.

Generally, unless otherwise stated in this
specification, the term “lower” indicates that the
organic compound to which it refers contains at most
6 carbon atoms.

The diluent may comprise water and an alkanol,

preferably a Cj.4 alkanol, in particular ethanol and,

espeéially, methanol. The ratio of water to alkanol is
preferably in the range of 1:0.1-200, more preferably in
the range of 1:0.3-10, by volume.

The diluent may comprise water and an alkanoic acid,
preferably having from 2 to 5 carbon atoms, preferably

acetic acid. The ratio of water to the alkanoic acid is
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suitably in the range 1:10-10:1, preferably 1:10-3:1,
especially 1:5- 2 1, by volume.

The dlluent may comprlse an alkanol as defined
above, and an alkan01c acid, as deflned above. The ratio
of the alkanollto the alkanoic acid as added is suitably
in the range 1: 1 to 20:1, preferably 5:1 to 15:1, by
volume. _

The dlluent may comprlse water, an alkanol as
defined above, and an alkanolc acid, as deflned above,
the relative proportlons of these components being within
the deflnltlons glven in each of the three preceding
paragraphs. _ _

The dlluent may comprise an ester of an alkanol as
defined above and an alkanocic ac1d, as deflned above.

An espec1ally preferred diluent comprlses an alkanol
as defined above, an alkanoic acid, as defined above, and
an ester of an,alkanol and an alkanoic acid (preferably -
of the same alkanol and alkanoic acid), in water. A~
preferred mixtnre has the'following relative proportions,
by volume: alkanol 3-20; water 1- -15; alkan01c acid 1;
ester 1-10. An espec1ally preferred mixture has the:
following relatlve proportlons by volume' alkanol 5- ~12;
water 4-10; algan01c acid 1; ester 2-6. Especially
preferred is 8%§§_5—6; 1; 3-4, as sucb mixtures represent
under the prevafiing conditions equilibrium mixtures of
the ester formlng/ester hydrolysis equilibrium.

Suitably the llgand lS in salt form, for example in
the form of a metal salt, such as an alkall or earth
alkaline metal " salt. :

A salt (addltlonal to the ligand when the ligand is
in salt form) for example an alkall metal salt, notably
sodium sulphate (whlch may be a by—product of a prior
sulphonation reactlon) or sodium acetate, may

advantageously be present A salt may be present in an
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amount of 1-80, preferably 2-30, mol perlmél ligand.
Salts of protic acids may be useful. o '

Alternatively or additionally a base may
advantageously be present (additional to any base needed
to neutralize a protonated-form ligand). A suitable base
is an alkali metal hydroxide. A base may suitably be
present in an amount of 1-80, preferably 2-30, mol per
mol ligand. A compound which is a salt and which
functions as a base may be employed.

When a said copolymerization process is carried out
as a gas phase process it is preferred to use a catalyst
system supported on a solid carrier, usually in order to
facilitate the introduction of the catalyst composition
into the reactor.

Suitable carrier materials may be inorganic, such as
silica, alumina or charcoal, or organic such as cellulose
or dextrose. Furthermore a polymer material may be used
as carrier, such as polyethene, polypropene or, in
particular, copolymers of carbon monoxide with an
ethylenically unsaturated compound, for example linear
alternating copolymers of carbon monoxide with ethene or
carbon monoxide with ethene and propene or butene-1.

Conveniently the carrier is impregnated with a
solution of the catalyst system in a suitable liqﬁid.'It
will be appreciated that the amount of liquid used is
relatively small, so that any excess thereof can easily-
be removed before or during the initial stage of the
copolymerization process. On the other hand it has been
observed, that the addition of a minor amount of liquid
during the copolymerization process has a delaying effect
on the deactivation rate of the catalyst, the quantlty of
liquid being so small that the gas phare is the
continuous phase during the polymerization. The quantlty
of liquid is in particular selected such that it is '
20-80% by weight, more in particular 40-60% by weight, of
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the guantity which is sufficient to saturate the gas
phase under the conditions of the polymerization. Polar
liquids are preferred, such as lower alcohols, for
example methaneieand ethanol, lower ethers-such-as
diethylether, tetrahydrofuran or the dimethylether of
diethylene glyegi {(diglyme) and lower ketones such as
acetone and me;h?lethylketone.. |

The copolyme#ization may also be carried out as an
emulsion or solﬁ#ion polymerization reaction.

The presence of a small amount of.hydrogen gas may
assist the polyﬁerization_reaction.

The perforﬁégce of such a Group VIII metal catalyst
composition iﬁ'%ﬂsaid copolymerization process may be
improved by intﬁeducing an organic oxidant, such as a
quinone or an efématic nitro compound. Preferred oxidants
are quinones se;ected from the group consisting of
benzoquinone, ﬁeéhthqquinone and anthraquinone. When the
process is carfied out as a gas phase process, the
quantity of ox1dant is advantageously in the range of
from 1 to 50, preferably in the range of from 1 to -

20 mole per grem_atom of metal of Group VIII.

A said cbpelymerization process is usually carried
out at a tempe£5£ure between 20 and 200 °C, preferably at
a temperature ln -the range of from 30 to 150 °C, and
usually applylng a pressure between 0.2 and 20 MPa,
pressures in the range of from 1 to 10 MPa being
preferred. ' _

The copolyme; may be recovered from a said
copolymerizatidéemixture by any suitable conventional
technique. For'egample solvent (s) may be evaporated off,
and condensed eﬂd recycled if wished. If suitable, the
polymer may beigecovered by filtration or centrifugation.
An advantageous'ﬁethod which may sometimes be used with
the preferred eo;vents.of this invention (comprising

water and/or an_glkanol and/or an alkanoic acid and/or an
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ester) is to cébl_the reaction mixture;'adding water if"
necessary to cause it to separate into  two phases. This
typically occurs around or above ambient temperature, for
example at 10-50 °C, preferably 20-40 °C. The diluent
rich layer has been found to contain the major amount of
catalyst and may simply be re-used, with some recharging
with additional catalyst, if desired. A lesser amount of
catalyst can sometimes be extracted from the polymer rich
layer, and re-used. The polymer is recovered from the-
polymer rich layer.

It has been found that a copolymerization process in
accordance with the present invention offers surprisingly
good rates of reaction. The process exhibits a further
advantage in that catalyst recycling is facilitated, as
mentioned above. Further, a polymerization product having
a better polymer morphology . (bulk density) can be
obtained, if the process is carried out as a suspension
copolymerization process.

Olefinically unsaturated compounds which can be used
as monomers in the copolymerization process of the
invention include compounds consisting exclusively of
carbon and hydrbgen and compounds which in addition
comprise hetero atoms, such as unsaturated esters.
Unsaturated hydrocarbons are preferred. Examples of
suitable monomers are lower olefins, i.e. olefins
containing from 2 to 6 carbon atoms, such as ethene,
propene and butene-l, cyclic olefins such as
cyclopentene, aromatic compounds such as styrene and
alpha-methylstyrene and vinyl esters, such as vinyl
acetate and vinyl propionate. Of course, a mixture of
olefins may be used.

Generally, the molar ratio of on the one hand carbon
monoxide and on the other hand the olefinically
unsaturated compound(s) used as monomer is in the range

of 1:50 to 50:1, preferably 1:5 to 5:1. More preferably
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the molar ratio'is in the range of 1:2 to 2:1,
substantially equimolar ratios being'ﬁreferred most.

Copolymers are preferably prepared in which the units
originating_fromrcarbon monoxide on the one hand and the
units originatihg from the olefinically unsaturated
compound (s) on_fhe-other hand occur in an alternating or
substantially alternating'arrangement. The term
"substantially éiternating" will be understood by the
skilled person to means the molar ratio of the units
originating from-the carbon monoxide to the units
originating from_thé olefinically unsaturated compound(s)
is above 35:65,iﬁ-particular above 40:60. When the
copolymers are é;ternating this ratio is 50:50.

Linear copolymers of carbon monoxidé and one or more
olefinically uﬁééturated compound (s) which are alter-
nating or substantlally alternating, can be produced in a
wide range of molecular weights.

For high molecular weight copolymers prepared by the
process of the invention, the limiting viscosity number
(LVN), or int:iﬁ#ic viscosity, of the'cqpolymers'is
indicative ofﬁthé molecular weight thereof. A high LVN-
indicates a high:molecular weight copolymer and a lower
LVN indicates af;ower molecular weight copolymer. The LVN
is calculated f;ém determined viscosity values, measured
for different Conlymer concentrations in m-crescl at
60 °C. High mq;é¢ular weight copolymers have an LVN in
the range of frém 0.2 to 10 dl/g, in particular, from 0.4
to 8 dl/g, more particula;ly from O.G'fo 6:dl/g. '

A high moleqélar weight copolymer is usually a solid
at the temperatu#es generally used for producing the
copolymer, for e?ample ambient temperature. High
molecular weighﬁ*copolymers generally have a melting
point above 1505?C, as determined by differential
scanning.calorimetry (DSC), They are péfticularly

suitable as a thgrmoplastic for fibres, films or sheets,
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or for lnjectlon mouldlng, compression mouldlng and blow
moulding appllcatlons. Such a high moleghiér weight
copolymer may be used.for applications in the car
industry, for the manufacture of packaging materials for
food and drinks and for various uses in the domestic
sphere.

A lower molecular weight copolymer includes a polymer
having a number average molecular weight within the range
200-20,000, preferably in the range 500-10,000, more
preferably in the range 1000-5000, as determined by gel
permeation chromatography, using polystyrene standards.

A lower molecular weight copolymer can be liquid, or
flowable under low pressure or shear, or solid at the
temperatures generally used for processing the copolymer
for example ambient temperature. Such copolymers having a
high ethylene content may tend to be solid.

For copolymers of lower molecular weight the
copolymerization process can generally employ ethene in

admlxture with propene or an alpha-Cy4.g olefin, -

preferably straight chain. Examples of suitable oleflns
are 1- hexene, l-pentene, l-butene and, especially

l-propene. Suitably the C3_g olefin is present in an

amount at least 20 mol$, preferably at least'30 mol%, of
the total olefin content of the polymer. The balance is
suitably ethene. '

In the case of high molecular weight copolymers a
higher proportion of ethene is preferred. For such
copolymers ethene is sultably the only olefinically"
unsaturated component or the major one. In high molecular
weight linear, alternating copolymers of carbon monoxide,
ethene and a C3.¢ olefin, the molar ratio of the C3-¢

olefin to ethene content in the copolymer is typically

above 1:100, preferably in the range from 1:100 to 1 3,
more preferably in the range of from 1:50 to 1:5.
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International patent application No. WO 96/13549
discloses a sﬁitable method of preparation of lower
molecular weighﬁ_copolymers comprising monomers of carbon
monoxide and anfolefinically-unséturated'compound, and
examples of usé;of the resultant copolymers, and is
incorporated hg;ein by reference. The presence of
carbonyl groups.in the polymer may facilitate many cross-
linking reactlons, and the lower molecular weight
copolymers may - be useful in curable resin compositions.

There are several methods of preparlng an appropriate
sulphonated llgand for use in a copolymerlzatlon reaction
as described above._

A convent;qnal method of sulphonating molecules
involves treép@éqt:with fuming sulphuric acid, or oleum.
Héwever, this ﬁethod of sulphonation is-problematic in
that, apart from the general unde51rab111ty of working
with oleum, it 1s difficult to control the selectivity of
the sulphonat;pg process and .mixtures of products,
including unde#ired phosphine oxidation products, may be
obtained. .“ _ ' : '

A further k§9wn.meth6d of sulphonation involves
mixing the comp;ﬁnd to be sulphonated with a mixture of
orthoboric aciafand éoncentrated sulphﬁric acid, followed

by dropwise addltlon of S0O3 in H5S80y at ‘a temperature of

around 0 °C. Thls method is set out in several patent-
spec1f1catlons 1nclud1ng European patent .applications
numbers 632 047, 704 450 and 704 451. An advantage '
claimed for th;§ method is that the sulphonation is more
selectivé and #ﬁat undesired phosphine oxidation products
are minimal. .____ : ' |
Preferably!fhowéver,.the ligands used are made by a
new sulphonation mefhod, which employs mild sulphonation
conditions and?qbes:not require orthoboric acid. In a
further aspect,fthe p:eseﬁt inventionifelates to a

process for sui?honation as defined in claim 15,
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herelnafter..The new sulphonatlon method : is suitably

carried out in the substantial absence*of&orthoborlc

acid, and using, as sulphonating agent, sulphuric acid of

concentration at least 85 $wt or oleum of grade < 15 %wt.
Reference to oleum of grade < 15% denotes that up to 15%
of the total weight of the S03/H,SO4 composition is

provided by the SO3 component; sulphuric acid of

concentration at least 85% denotes that at least 85% of
the total weight of HpS04/H20 is provided by the H3S0y
component. Preferably, the sulphonating agent comprises
sulphuric acid of concentration at least 90%, more
preferably at least 92%, most preferably at least 94%,
and especially at least 95%. When the sulphonating agent
comprises oleum this is preferably oleum of grade < 10%,
most preferably oleum of grade < 5%. Preferably, however,
sulphuric acid of concentration at most 98%, as opposed
to oleum, is used as the sulphonating agent.

. The new sulphonation method is preferably carried out
in the substantial absence of a boron-containing acid.
The phrases "in the substantial absence of” used in
relation to orthoboric acid and a boron-containing acid
are herein defined to mean that the sulphonating agent
generally comprises less than 5% of the boron-containing
acid, preferably less than 2%, most preferably less than
0.5%, in particular less than 0.1% by weight in the
reaction mixture. Preferably there is no boron-containing
acid in the reaction mixture.

Suitably, the new sulphonation method is carried out
at a temperature in the range 0-100 °C, preferably
10-60 °C, especially 20-40 °C. Preferably the method is
carried out'without external heating.

The new sulphonation method will generally be carried
out for sufficient time to achieve effective

sulphonation, for the conditions and starting materials
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selected. This may be for at least 3-12 hours, depending
on the conditions and starting materials selected.
Suitably, the_neﬁ sulphonation method is carried out for
no more than SOIhours, preferably for no more than
24 hours, more:preferably for no more than 6 hours.

The new su;phonation method may be earried out in an
inert atmosphere; most preferably of nitrogen. In some
cases this appears to assist in avoiding undesired:
products or ox1datlon at the phosphorus atom(s) In'other
cases it appears not to make a dlfference. Simple trial
and error will enable the skilled person to determine
whether there is advantage in using an 1nert atmosphere.

Preferably the sulphonating agent is present in
considerable excess over the compound to be sulphonated,
on a molar baszs, in the new sulphonatlon method.
Suitably the ratro of H»2S04 (calculated on the basis of
the sulphﬁr content'of sulphuric acid or of oleum) to the
compound to be.s&lphonated'is at leastﬂ5:1, preferably at
least 10:1, mostfpreferably at least 35&1; on a mol:mol
basis. For practfcal reasohs this ratio is typically at
most 10,000: 1,.more typically at most 1000 1, on the same
basis.

Suitably the new sulphonation method does not employ
an additional solvent, that is, the sulphurlc acid or
oleum serves as-sulphonatlng agent and as solvent.

Using the neﬁ sulphonation method mild sulphonation
conditions can he'employed to obtain target sulphonated
compounds in good yields within reaSOnahle timescales,
and with low productlon of undesired 51de products, such
as phosphine ox1des.

A sulphonated compound or a salt thereof, whether
made by the newﬁéethod or a known method, may be
separated from a sulphonation mixture by conventional
methods, for example employing an alkali metal hydroxide,

as described-abd#e. However, the compouhd is preferably
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separated by a’new,work—up method which-Comprises, at the
end of the sulphonation method, whether a known
sulﬁhonation method or the new sulphonation method,
isolating the sulphonated product as a sulphonic acid
from the reaction mixture, the isolating step comprising
contacting the reaction mixture with a precipitating
agent for the sulphonic acid, and separating the
sulphonic acid as a solid from the resulting liquid. In a
further aspect the present invention relates to a process
for preparing a ligand, which process comprises the
steps (a) and (b) as defined in claim 14, hereinafter.

An advantage of the new work-up method is that it.

does not need neutralisation of any acid present in the

sulphonation reaction mixture and that it comprises less
steps than the prior art methods.

The precipitating agent is preferably water, but
organic compounds which comprise a hetero atom such as
oxygen, nitrogen or sulphur and which have typically up
to 6 carbon atoms are also suitable, as well as mixtures
thereof and mixtures with water.

-In the new work-up method, preferably the reaction
mixture is cooled. In principle the reaction mixture can
be lowered to any temperature at which it does not
freeze.

In some embodiments of the new work-up method contact
with water alone even without lowering of the temperature
causes rapid precipitation of the sulphonic acid which
can be removed by filtration, and washed if desired. In
such embodiments the reaction mixture may be poured into
water at room temperature, then filtered. In other .
embodiments when the temperature is to be lowered it may
be advantageous to pour the reaction mixture into water
at room temperature, then to cool the resultant mixture.
In yet other, more preferred, embodiments in which the

temperature is to be lowered, the reaction mixture may be
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poured into chilled water, or more preferably, into ice
or ice/water, to effect the contactlng with water and the
cooling together.

In some embodlments of the new work-up method the

~contact with water and lowering of the temperature, if

carried out, causes slow prec1p1tatlon of the sulphonated
compound, whlch can be removed by flltratlon, and washed
if desired. In: some embodiments the contact with water
alone may cause 1mmed1ate prec1pltatlon, but subsequent
cooling may a551st in causing further precipitation. In
all such embodlments in which prec1p1tatlon is not
rapidly completed there is preferably a period for which
the reaction m;gture is held at the lowered temperature,
subsequent to'the contacting with water. This may be an
extended perlod, sultably at least 8 hours, preferably at
least 16 hours.;

In the new work—up method, when the temperature of
the reaction mlxture is lowered, it 1s preferably lowered
to 10 °C or less, preferably to 5 °C or less. Whilst: the
temperature could be lower, for example down to -10 °C,
or -25 °C, orfeuen less, it is convenient to use ice or
ice/water, and'so the lowered temperature is preferably
about 0 °C. ' ' .

Generally,_in the new work-up method the amount of
water with whlch the sulphonation reactlon mixture ‘is
mixed can affect the rate and/or degree of
crystalllsatlon of the sulphonated product. This can be
determined by trial:and error. However a ratio of the
reaction mlxture to water within the range 1:1 to 1:15,
preferably 1: 2 to 1:10, by volume, 1s generally suitable.
The term "water" used in :the deflnltlons of this
specification may be taken to include ice.

The water used to contact the reaction mixture in the
new work-up metﬁod is preferably reasohably pure.

Demineralised water is suitable.
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‘paragraphs
which relate to. ﬁhé use of water or: 1ce" €7in an
analogous way appllcable to embodiments 1n:which another
precipitating agent or mixture is used instead of water.

The effectiveness of the new work-up method is
surprising. It was not expected that the sulphonated
compounds would be less soluble in water/sulphuric acid
mixtures, than in sulphuric acid alone. Indeed, they
appear to be less soluble in water/sulphuric acid
mixtures, than they are in water alone, and in sulphuric
acid alone. _ _

The new work-up method is, clearly, simple and
convenient. Furthermore experiments have shown it to be
an advantageous method in terms of product yield and/or
purity. The product of the new work-up method is in
acidic form. When water is involved the product has one
or more groups of the general formula
—SO3H(H2804)X(H20)y. X may typically be in the range 0-1,
especially 0-0.5. y may typically be in the range 0-7,
especially 0.5-6. Further, the yield achieved using the
new work-up method has been similar to or exceeded that
achieved by the prior art multi-step work-up method, e.d.
employing sodium hydroxide, assuming like-for-like
sulphonation methods.

The new sulphonation method and/or the new work-up

method can be used to produce and/or isolate compounds of
general formula I Having phosphorus atoms M1 and-MZ, and
wherein in an aryl group which has a substituent of
general formula =S{0)pn-X, n represents 2 and Rl has at
least one further substituent independently selected from
hydroxy, alkoxyalkoxy and, especially, alkoxy. The

definitions of preferred llgands given above apply,
within this definition. '
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Preferably the catalyst compositions used in the
methods of thlS invention employ as llgands sulphonated
compounds made by the new sulphonation method, and
isolated by thehnew work-up method.

The invention‘is illustrated by ‘the following
examples. In these examples sulphuric ‘acid (95-97 wt%),
30% sulphur tr10x1de solution in sulphurlc acid (i.e.

"30% oleum) and solid 98% purity boric acid (H3BO3) were

purchased in bﬁa.-grade from Merck or Aldrich and p.a.
grade solvents were used. The sulphonatlon reactions were
carried out w1thout appllcatlon of external heat
(although in practlce at the addltlon rates employed the
temperature of some reaction mlxtures may rise to

40-50 °C because of exotherms). The water or ice used in
the work-up was:demineralised. Product confirmation of
1igands‘described'below was by 1lH-, 31P- “13c-NMR and
elemental analy51s. The position of the sulphonyl groups
was determlned by ‘the technique PFG- HMQC (Pulse Field
Gradlent Heteronuclear Multiple Quantum Coherence).
EXAMPLE 1 |

Preparation of'l 3-bis[bis (2-methoxy-5-sodiumsulphonato

phenyl)phosph;no}progﬁne {BDOMPP-S)
Orthoborlc ac1d (H3BO3, 3.2 g, 51. 7 mmol) was added

to sulphuric a01d (30 ml1) and the mlxture was stirred

until a- homogeneous solution was obtained. Subsequently,

-1,3- bls[bls(2-methoxyphenyl)phosphlno]propane {(BDOMPP,

7.3 g, 13.7 mmol) was added The reactlon mixture was
cooled to O °C and a solution of 30% oleum (150 ml) was
added dropw1se,$whllst the.temperature of the reaction
mixture was maintained between 0 and- 5 °C. After addition
was complete, stlrrlng was continued at ambient
temperature for .48 hours The mlxture_was then hydrolysed
by addition of lce (400 g). The acidio reaction mixture
was then neutralised by addition of a 25 wts solution of
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sodium hydroxidé-in water. The neutraiiééd”mixture was
concentrated by evaporation of water at 75 °C and

200 mbar (20 kPa) pressure until a white suspension was
formed. Methanol (750 ml) was then added to the mixture,
which was then stirred for 15 minutes. The residual
pPrecipitate, consisting mainly of sodium sulphate, was
removed by filtration. After removal of the solvent
methanol, by evaporation under a vacuum, the residual
white solid still contained a significant amount of
sodium sulphate. Therefore, a second extraction with
methanol was carried out by first dissolving the impure
white solid in methanol followed by removal of
non-dissolved salt by filtration and subsequent removal
of methanol by evaporation under vacuum.

Elemental analysis of the end product as isolated
gave the following results: carbon 12.89 $wW; hydrogen
2.81 %w; phosphorus 2.81 %w; sulphur 15.42 %w; sodium
17.92 %w. The elemental analysis corresponds to a
molecular structure: 1BDOMPP-S, 29.7 Hy0, 7.6 NapSO4. It
was calculated that a 33.7 wt$ yield of BDOMPP-S as a
sodium salt was obtained.

EXAMPLE 2
Preparation of a BDOMPP-S based catalyst

Palladium acetate (5.0 mg) and BDOMPP-S (obtained in
accordance with Example 1 above, 65.9 mg) were dissolved
in acetone (5 ml), then water (5 ml) was added. After

1 hour, neat trifluoroacetic acid (10.1 mg) was added.

A clear yellow solution was obtained, which was used
to catalyse the copolymerization reaction described in
Example 3 below.

EXAMPLE 3
Polymerization reaction using BDOMPP-S based catalyst

The polymerization reaction was carried out in a
350 ml magnetically stirred steel batch autoclave. The

PCT/EPO0/04216
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reactor was charged with 129 ml of a MeOH/H20/HOAc/MeOAc
mixture (45.4}2?.5:5.3:19.6, v/v). After purging the
reactor with nitrogen, 60 g of prcpyleneZWas added
thereto. The reactor was thereafter pressurised with

7 bar (0.7 MPa) of hydrogen gas and lfpar (0.1 MPa) of
carbon monoxiqe, The mixture was subsednently heated to
89 °C and 30 bar (3.0 MPa) of a 80/20 v/v CO/ethene
mixture gas was'added to the autoclave.

After stabiiization of temperature and pressure, all
of the BDOMPP—S;based catalyst produced in accordance
with Example Z'above, was injected into the reactor to
start the reacticn. The catalyst sYstem'was'flushed with
10 ml of acetcne to ensure quantitatiﬁe'catalyst
injection. The'reactor_temperature'increased to 91 °cC.
The pressure.wae kept_conetant by continuous addition of
an 80/20 v/v ¢OZethene mixture gas. | '

After 3 hours the reaction was etopped The flow of
mixture gas was’ ‘then stopped by blocklng the gas supply
then the. reactor was. cooled rapidly down to room '
temperature and ‘then the gases that d1d not react were
vented until atmospherlc pressure was obtalned The
reactor content was subsequently transferred to a
rotavapor, where the solvents were removed under reduced
pressure (60 mbar-(S.O kPa) to 1 mbar (0.1 kPa)) at 70 °C
and the isolateq polymer was weighed and analyzed for
molecular weiént and ethene content.

Reaction rate data was calculated on the basis of gas
flow uptake and on the basis of average product weight.
The results are summarised in Table 1 below.

EXAMPLE 4 (comparatlve)

Polymerlzatlon reactlon u51ng a BDOMPP based catalyst

A catalyst was prepared by dlssolv1ng 5.0 mg of
palladium acetate and 12.5 mg: of BDOMPP in 10 ml of
acetone._After;l_hour, 10.1 mg of trifluorcacetic acid

was added. The resulting clear yellowtliquid was used to
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The catalyst was then used in place of the BDOMPP-S
based catalyst of Example 2 in a repeat of the
polymerization reaction of Example 3. Again, the reaction
rate data was calculated and is set out in Table 1.

The data set out ih Table 1 clearly illustrates that
the reaction rate and the product yield is more than
twice as high as a result of use of a catalyst comprising
a sulphonated ligand than the reaction rate or product
yield when the reaction rate is .carried out with a
catalyst comprising a corresponding, but non-sulphonated

ligand.
Table 1
Property _ BDOMPP | BDOMPP-S (Ex.3)
(Ex.4)
Initial rated 6.1 - 14.3
(kg.gPa~1.n-1)
End of run rate@ 4.2 11.5
(kg.gPd‘l.h‘l) _
Yield (g) 29.7 . 70.0
Average rateb 4.2 9.9
(kg.gPd~1.h-1)
Mn (Dalton) . 2869 3284
Mol% ethene€ 37 33
a - initiai rate and end of run rate calculated on bases

of gas flow and on Pd intake.
b - average rate calculated on base of polymer yield on
Pd intake.

€ - mol% based on total olefin content of the polymer.
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EXAMPLE 5
Recyecling the catalyst

The reactor of a 350 ml, magnetically stirred AISI
316 steel batch autoclave was charged with 129 ml of a

- MeOH/H0/HOAc/MeOAc mixture (45.5:29.5:5.3:19.6 v/v).

After purging the reactor with nitrogen, 60 g of
propylene was added ‘The reactor was thereafter
pressurised w1th hydrogen gas at 7 bar (O 7 MPa) and h
carbon monox1de 'at 1 bar (0.1 MPa) pressure. The mixture
was heated to 89 °C and 30 bar of a 80/20 v/v mixture of
carbon monoxideiand ethene was added todthe reactor.
Total reactor pressure was 65-67 bar (6.5-6.7'MPa). After
stabilisation of temperature and pressure, the catalyst,
as prepared in'accordance with Examples 1 and 2 above,
was injected'toistart the'oligomerisation reaction. The
reactor was finshed nith'lb”ml of acetone to ensure
quantitative catalyst injeotion. The_reactor temperature-
increased to 91 °C. The pressure was kept constant by
continuous addltlon of a 80/20 v/v m1xture of carbon
monoxide and ethene gas.

After three hours the reaction was stopped by steps
taken in the foilowing order: first the flow of the
mixture gas was stopped by blocking the gas supply, then
the reactor was cooled down to room temperature and the
gases that d1d not react were vented untll atmospheric
pressure was obtalned The reactor content was
subsequently transferred to a separatlon funnel. After
approximately lhhour the two phases were separated and
weighed. The top layer was used to charge the reactor,
the bottom layer was washed with the equlllbrlum solvent
mixture MeOH/HZO/HOAc/MeOAc (45.5:29.5:5.3:19.6 v/v),

with a volume of V{wash)=V (reactor solvent)

(129 ml) - V(top layer).
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This mixture ;f the bottom layer éndfthe wash-solvent
were allowed to settle and were separate& after
approximately 1 hour. A second top layer and bottom layer
were formed. Both layers were weighed. The reactor,
already containing the first top layer, was charged with
the second top layer. If needed, the volume was brought
to the initial solvent volume of 129 ml. The new bottom
layer containing polyketone product was transferred to a
rotavapor. The solvents were removed at a reduced
pressure of 1 mbar (0.1 kPa) at 70 °C and the isoclated
polymer was analysea for molecular weight and ethene
content.

The solvent mixture in the reactor was used to
perform the same experiment again. However, this time no
catalyst was injected. Two recycles were carried out by
this method. The results of this experiment are labelled
Experiment A in Table 2 below. .

A variant of this procedure involves injecting extra
catalyst into the system compensating for the loss of
active catalyst during the reéycle experiments. Again two
recycles were performed by this method, 34 %wt of fresh
catalyst being added at the start of each such recycle.
The results are labelled Experiment B in Table 2 below.



Table 2

Experiment A

Experiment B

Property Initial lst recycle | 2nd recycle |Initial |1lst recycle |2nd recycie-
Initial ratea 10-4 6.9 4.8 11.0 9.9 9.0
(kg.gPd~1.n"1) _ |

. FEnd-ofirun ratea | - 8.5 5.3 3.4 8.8 7.1 6.4
(kg.gPd~1.n"1) _
Average rateb 7.5 6-7 4.8 7-9 8-0 8.2
(kg.gPd'l.h'l)
Yield (g) 56.4 50.3 35.8 58.0 58.9 59.9

a - initial
initial
-+ b:=.average.

initial

rate and end of run rate calculated on bases of gas flow and on Pd intake of

cycle

rate calculated on-bases.of. polymer  yield of -bottom layer and-on-Pd-intake of

cycle

96789/00 O
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Table 2 shows that without addition éf extra fresh
catalyst the product yield declines from 56.4 g of
polymer to 35.8 g of polymer in the second recycle. This
is llkely to be caused by a combination of catalyst
deactivation and the loss of active species with the
polyketone polymer via the bottom phase.

Comparison of initial and end of run reaction data
gives an indication of the catalytic decay during each
cycle. It also illustrates the decline in activity
between a specific cycle and the preceding cycle. Based
on the difference in these activity values between the
cycles it was concluded that approximately 66% of the
activity is maintained by recycling the catalyst species.
It was therefore concluded that addition of 34% of fresh
catalyst should counteract that decline.

Table 2 illustrates that by addition of 34% of fresh
catalyst, product yield in the first, second and third
cycle were of a similar order of magnitude. This
illustrates that addition of 34% catalyst between the
first and second cycles and the second and third cycles
was sufficient to counteract the decline in activity of
the recycled catalyst.

EXAMPLE 6

Investigation of effects of added base or salt

Firstly a protonated ligand was prepared as
follows:

BDOMPP (22.5 g) was added to sulphurié acid (110 ml).
The mixture was stirred for 24 hours at ambient
temperature under a nitrogen atmosphere. The reaction
mixture was then poured into water (1000 ml, room
temperature) and cooled. After storage at 4 °C overnight
a white precipitate was present. The precipitate was
filtered and washed twice with methyl ethyl ketone
(2 x 250 ml). After drying BDOMPP-S in protonated form,
4.1 H0 (32.7 g, 83%) was obtained.
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A number of experlments were carried out under
different reactlon condltlons,'and employing as diluent
methanol/water/acetic ae;d/methyl acetate equilibrium
mixtures, following.the'procedﬁre set'out in Example 3.
The experlments are summarlsed, and the results glven, in
Table 3 below. Experlments were 1ncluded using ligands of
which the sulpho groups were neutrallsed in situ with
sodium hydrox1de, or 1n the presence of sodium sulphate

(a constltuent of the- earller salt form examples)



Table 3

Experiments with BDOMPP-S (protonated fofm), and varying amounts of sodium hydroxide g
and/or with sodium sulphate. g
Catalyst BDOMPP-8 BDOMPP-S BDOMPP~-S BDOMPP-S BDOMPP-S -4
+ 4.02 mol + 6.12 mol + 8 mol + 6.12 mol
NaOH per mol |NaOH per mol | NaOH per mol | NaOH per mol
ligand ligand ligand ligand
+ 53 mg Na2804v§{
solvent MeOH 61 ml [MeOH 61 ml  |MeOH 61 ml  |MeOH 61 mi | HMeOH 61 mi
Water 34 ml |Water 34 ml Water 34 ml |Water 34 ml Water 34 ml
HOAc 7 ml HOAc 7 ml HOAc 7 ml HOAc 7 ml HOAc .7 ml
[MeAc 27ml  |MeAc 27 ml MeAc 27 ml MeAc 27 ml MeAc 27 ml @
propene C3= (g) 61.2 60.9 60.1 62.2 62.4 b
pH2 (bar) 4 4 4 4 - 14
pCO_fbar) 1 1 : 1. 1 ‘ 1
pCO/Co= = (bar) 25 25 25 25 25
80/20 %v)
p total (bar) 69 ' 68 69 _ 69 69
T (°C) 100 100 100 100 100 E
time (h) 3 3 BE 3 3 B
- )




and/or with sodium sulphate.

Table 3 (cont’d) _
Experiments with BDOMPP-S (protonated form), and varying amounts of sodium hydroxide

olefin content of

:polymer

1 Catalyst BDOMPP-S BDOMPP-S BDOMPP-S BDOMPP-S BDOMPP-S
+ 4.02 mol + 6.12 mol + 8 mol + 6.12 mol
NaOH per mol |NaOH per mol | NaOH per mol | NaOH per mol
;_.ligana. |ligand .. . _.:|ligand ligand
+ 53 mg Na3S04
yield . (qg) 47 54 .63 171 79
av. rate 6.7 7.7 8.9 | '10.1 111.2
(kg.gPd~1.h"1) |
'Mn 2914 2457 2299 2264 2228
mo1 % c3= on total [37.9 35.7 30.5 30.5 30.0

_08_

96289/00 OM

91740/00d43/1.0d
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Investigation of ‘Solvent effects

Further éxbéfiments were performea.uéing the catalyst
described in Exampie 6, following the procedure set out
in Example 3. Three experiments were carried out in an
equilibrium solvent mixture of methanol, water, acetic
acid and methyl acetate and two experiments, under

-closely similar reaction conditions, were carried out

with acetic acid/water solvent mixtures. All experiments
were cérried out'using-process conditions directed to
preparing a polymer with a target Mn of 3500 and ethylene
content of 50% mol, based on the total of olefin
incorporated into the polymer product. The‘experiments
are summarized, and results are shown in Table 4 below.



Table 4

Experiments with BDOMPP-S (protonated form)

Catalyst BDOMPP-S + BDOMPP-S + BDOMPP-S + BDOMPP-S + BDOMPP-S +
8 mol 30 mol 30 mol 30 mol 30 mol
NaOH per mol | NajSO4 per NaAc per mol |NaAc per mol |NaAc per mol
ligand mol ligand ligand ligand ligand, after
~| L-hr.another
130 mol NaAc
per mol ligand
solvent MeOH 48 ¢ MeOH 48 ¢ MeOH-48 o] HOAc 65 ¢ HOAC 96 g
Water 34 g Water 35 g Water 34. g Water 68 g . |Water 39 g
HOAc 7 g HOAc 7 ¢ HOAc 7 g
MeAc 25 g MeAc 25 ¢ MeAc 25 g
propene C3= (g 61.1 61.2 61.8 65.0 60.1
pH2 {(bar) 4 4 4 4 4
[pCo (bary ™ 1 1 1 1 1
pCoO/C3= (bar) 25 25 25 25 25
70/30 %v)
p total (bar) 69 69 69 15 70
T (°C) 100 98 97 98 95
time (h) 3 3 3 3 3

'ZS’

96789/00 OM

91Tr0/00d A/ LDd




Table 4

(cont’d)

Experiments with BDOMPP-S (protonated form)

total olefin
content of

polymer

Catalyst BDOMPP-S + BDOMPP-~S + BDOMPP-S + BDOMPP-S + BDOMPP-S +
8 mol 30 mol 30 mol 30 mol 30 mol
NaOH per mol [NapSO4 per NaAc pér mol | NaAc per mol |NaAc per mol
ligand mol ligand ligand ligand ligand, after
1 hr another
30 mol NaAc
per mol ligand
Yield (g) 79 80 85 63 70 |
av. rate 14.0 14.2 ~15.1 1.1 12.4
(kg.gPd~1.n-1) |
Mn 3125 3302 3253 4471 4351
mol% Co™ on 50.3 50.6 49.0 52.1 48.1

-ss-

96789/00 OM.

S
: ¥

91Zr0/0043/1LOd
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EXAMPLE 8
Synthesis of BDOMPP-S[Na]4Pd(OAc)2 catalyst

5.20 ¢ of BDOMPP (9 8 mmol) was added to 21 ml of
sulphuric acid’ and stlrred for 22 hours at room
temperature under a nltrogen atmosphere. The reaction
mixture was poured in”IOQ ml oflwater'and_after storage
at -20 °C, a white precipltate was_formed. After
filtration,'the'resulting solid'was.washed-with
2 portions of ‘acetone (10 ml). After drying, 8.85 g of
BDOMPP-S, 3. 4 HzO, 0. 7 HZSO4 was obtalned

The portlon was mlxed w1th another portion of
BDOMPP-S (0.9%552804) and after:washlng with 2_portions
of methyl ethyl-ketone:a[whlte solidﬁwas obtained with
the composition, BDOMPP;S, 4.1 Hp0, 0.25 HpSOq.

A portlon of the thus obtalned BDOMPP-S (1.01. g,
1.01 mmol) was. dlssolved in water (30 ml). Sodium
hydroxide (1. 62 g, 4. 05 mmol) was added The mixture was
stirred for 15 mlnutes and then added to Pd(OAc)2

(216 mg, O. 96 mmol) dlssolved 1n acetone (30 ml). The
solution, whlch turned yellow, was stlrred at ambient
temperature for 2 hours. The solvents were removed under
vacuum and the re51due was washed w1th diethyl ether

(40 ml) and then acetone (10 ml) to obtaln the title:
compound (860 mg) ' '

EXAMPLE 9 _

Copolymerlzatlon of carbon monoxlde and ethene using the

BDOMPP-S [Na]4Pd(OAc)2/tr1fluoroacet1c acid catalyst

A suspen51on of methanol water (1:1, by volume,
1 litre in total) and a polymer seed powder, which was an
alternating carbon monox1de/ethene/propene copolymer
({60 g), was placed 1n an autoclave. The autoclave was
heated to 90 C and pressurlzed with. 25 bar (2.5 MPa) of
ethene follow1ng by an addltlonal 25 bar (2.5 MPa) of

carbon monox1de The pressure was malntalned constant at
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50 bar (5.0 MPa) using a 1:1 mixture of carbon

e ; _
monoxide/ethene. " -
A mixture of BDOMPP-S[Na]4Pd(OAc)j, as prepared in

accordance with Example 8 above, (16.5 mg, 14.2 umol,
1.5 mg Pd) and trifluorocacetic acid (6.7 pl, 86 umol) in
water (10 ml} was injected into the autoclave. The
copolymerization reaction was conducted for 1 hour at

90 °C at a constant pressure of 50 bar (5.0 MPa) carbon
monoxide/ethene. Thé reaction mixture was removed from -
the autoclave, filtered and the polymer was dried at

100 mbar (10.0 kPa) pressure and 80 °C. 47.0 g of
copolymer was obtained and the avérage copolymerization
rate was 31.3 kg.gPd~1l.n-1, -

This copolymerization was repeated varying the
composition of the solvent. The further results are set
out in Table 6 below. Recycling mentioned in Table 5
involved removal of the polymer product by filtration and
repeating the copolymerization process using the same
catalyst/solvent, without recharge of the catalyst. -



Table 5

* ~Relative to the weight of the diluent. .

Copolymerization results with BDOMPP-S[Na]4Pd(OAc)2/TFA catalyst §

Solvent Yield (g) Reaction time (h) |Rate (kg.g Pd~lh-1l) | ppm palladium* | seed (%)* <
3:1 Hp0O:MeOH 41.4 1.00 27.6 . 1.50 6
37T Az0:MeOH 32.2 1.50 11.3 1.50 2

| recycle

1:1 Hp0:MeOH 72.5 1.75 27.6 1.50 6
{T:3 Hy0:MeOH | - -46.7 ~.1.00 T 31.1 —1.50 6

e |

‘Ratios are volivol (‘;f‘

917$0/00dd/1LDd
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CLAIMS & "

1. A copolymerization process comprising the step .of
copolymerizing carbon monoxide and an olefinically
unsaturated compound in the presence of a catalyst
composition based on a Group VIII metal and a dentate
ligand having the general formula

RIRZM1—y_ M2R3R4 (I)
where Ml and M2 independently represent one of

phosphorous, nitrogen, arsenic and antimony, Rl
represents an aryl group having a substituent_of the
general formula -5(0)p~X, in which n represents 0, 1 or 2
and X represents a hydroxy group, which aryl group is
optionally further substituted; R2, R3 and R%
independently represent an optionally substituted alkyl
group or optionally substituted aryl group, on the
understanding that at least one of R, R2, R3 and R%Y
represents an aryl group having a substituent or a
further substituent selected from hydroxy, alkoxy and
alkoxyalkoxy; and Y represents a bridging group; or an
ester or salt derivative of such a ligand. '

2. A process in accordance with claim 1, characterised
in that each of R1, RZ, R3 and.R4 represents an aryl
group having a substituent of the general formula

-S(0) p-X.

3. A process in accordance with claim 1 or 2,

characterised in that each of Rl, R2, R3 or R4-is a
phenyl group having a substituent at the 2-position and a
substituent of general formula -S(0)p~X at the

S5-position.
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4. A process in accordance with any one of the preceding
claim, characterised in that n.fs 2. :

5. A process in accordance withiany one of the preceding
claims, characterised in'that erepresents a hydroxy
group or a salt derlvatlve thereof | o

6. A process in accordance w1th clalm 5, whereln the
ligand is in alkall metal salt form.

7. A process 1n accordance w1th any one. of the preceding

claims, characterlsed 1n that both of Ml and M2 represent
a phosphorus atom.

8. A process 1n accordance w1th any one ‘of the preceding
claims, characterlsed 1n that Y 1s an organlc ‘bridging
group contalnlng from 2 4 brldglng atoms.

9. A process 1n accordance w1th clalm 8, characterised
in that all of the brldglng atoms are carbon atoms.

10. A process 1n accordance w1th any one of the preceding
claims, characterlsed 1n that the Group VIII metal is
palladium. ' o '“ : . S
11. A process. ln accordance w1th any one of the preceding
claims, characterlsed 1n that the olefinically
unsaturated compound is- ethene or a mlxture of ethene,
and propene or. an alpha—olefln hav1ng from 4 to 6 carbon.
atoms. o o _ S

12. A process ln accordance w1th any one of the preceding
claims, whereln a catalyst comp031tlon is recovered at
the end of the copolymerlzat;on and re-used in a further
such process.;:? D _

13. A process 1n accordance w1th clalm 12 whereln the
reaction mlxture is cooled to separate lt into two
phases, addlng water 1f needed to faCLlltate the
separation, one ‘of the phases being rlch in the catalyst
composition and ‘the" other of the phases being rich in the
copolymer, whereln the phase rich in catalyst composition

is re-used in- a further such process.='



10

15

20

25

30

ST

s PCT/EP00/04216
= 39 =

14. A process.in,; éﬁerein the

ccordance with claim

ligand is prepés_é by ,
(a) sulphonatiné"é:compound of generafiféfmula
 R1R2p——y— pR3g4 . (1)
to form a sulphonic acid derivative thereof; wherein R1
represents an.aryl_group which'is substituted by one or
more groups independently selected from alkoxy, hydroxy

and alkoxyalkoxy groups, which aryl group is optionally

further substituted; R2, R3 and R4 independently
represent an optionally substituted alkyl, optionally
substituted alkoxy or optionally substituted aryl group;
Y represents a bridging group; and

{b) at the énd of the sulphonation step, isolating the
resulting sulphonic acid from the reaction mixture, the
isolating step comprising contacting the reaction mixture
with water without neutralisation, and separating the
sulphonic acid as a solid from the resulting liquid.
15. A process in accordance with claim 1 or 14, wherein
the ligand is prepared by sulphonation of a compound of
general formula .

RIRZ2p——y——pR3g4 (I)
to form a sulphonic acid derivative thereof; wherein R1

represents an aryl group which is substituted by one or

‘more groups independently selected from alkoxy, hydroxy

and alkoxyalkoxy groups, which aryl group is optionally
further substituted; R2, R3 and R4 independently

‘represent an optionally substituted alkyl, optionally

substituted alkoxy or optionally substituted aryl group;
Y represents a bridging group; wherein the sulphonation
method is carried out in the substantial absence of a
boron-containing acid and using, as sulphonating agent,
sulphuric acid of concentration at least 85% or oleum of
grade < 15%.

16. A catalyst composition as defined in claim 1.
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17. A dentate ligand as defined in claim 1.



