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telates to a process for the preparation of co-polynmers of carbon nonoxi de
i th one or nore conmpounds containing an ethyl enically unsaturated bond.
The preparation of linear co-polyners wherein units originating fromcarbon
nmonoxi de substantially alternate with units originating fromthe

et hyl eni cal |l y unsaturated conpound(s) is'kﬁoﬁh fromvarious publications in
the patent literature. A conveni ent preparation method is Tes®61 BINI n
EP .181. 014. According to this nmethod, a m xture of carbon nonoxide and an
al keni cal ly unsaturated hydrocarbon is polynerized in the presence of a
catal yst, containing one of t hEREPABATVON| OFe€Cat-BOp¥MEBEi um cobalt or

ni ckel , an anion of a carboxylic acid with a pKa lower than 2 and a

The invention relates to a process for the
preparation of co-polymers of carbon monoxide with one or
more compounds containing an ethylenically unsaturated
bond. | '

The preparation of linear co-polymers wherein units
originating from carbon monoxide substantially alternate
"‘with units originating from the ethylenically unsaturated -
compound (s) is known from various publications in the

patent literature.

A convenient preparation method is described in
EP 181.014. According to this method, a mixture of carbon
monoxide and an alkenically unsaturated hydrocarbon is
polymerized in the presence of a catalyst, containing one
of the Group VIII metals palladium, cobalt or nickel, an
anion of a carboxylic acid with a pKa lower than 2 and a
bidentate ligand containing two phosphorus, arsenic or
antimony atoms.

The co-polymers, prepared according to this method
and similar preparation procedures, have relatively high
molecular weights and exhibit attractive mechanical
properties. They'are suitable to be used as thermo-
plastics for many outlets, such as films, fibres and
sheets and shaped articles e.g. tubes, containers and car
parts and for applications in the domestic sphere.

For obtaining co-polymers with optimal properties for
the intended uses, it is generally preferred that
variations in the average molecular weight of the co-
polymers produced are kept to a minimum. It would
therefore be advantageous to perform the co-polymeriz-
ation under such conditions that the average molecular _
weight of the obtained product can be controlled during -
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bi.dentate |igand containing two phosphorus, arsenic or anti mony at ons.
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in general the intrinsic viscosity of the co—polymers.

The intrinsic viscosity can be determined by
dissolving the copolymers in m-cresol in different
concentrations and measuring the viscosity of each
solution at 60 °C. From the relative viscosities the
inherent viscosities can be calculated and by
extrapolating to a concentration of zero, the intrinsic
viscosity in dl/g can be found. Instead of "intrinsic
viscosity" the term LVN is used, viz "Limited Viscosity
Number". The co-polymers typically have an LVN of between
0.8 and 2.0 dl/g.

In addition to the aforesaid co-polymers oligomers of
carbon monoxide and ethylenically unsatufated'compounds
may be prepared and furthermore co—polymers of these
MOnomers having a considerably lower LVN than the above

. mentioned thermoplastic co-polymers, e.g. in the range of
0.2 to 0.6 dl/g, have prdperties which make them useful
for other applications than the indicated outlets for
thermoplastic products. '

They may be used as such, or as starting'materials
for the preparation of plastics, as blending components
or as plasticizers for other polymers. It would therefore

~also be advantageous, if the co-polymerization process
could be performed under such conditions that these
products with lower average molecular weights, e.g. of
3000 or less, are the predominant reaction product.

It has been proposed‘to increase the temperature at
which the co-polymerization is carried out. Although the
formation of products with lower LVN's is thus enhanced,
the stability of the catalyst system often become a
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val ue. The average nol ecul ar wei ght of the co-polymers, calculated as
nunber average (Merr]), typically is 10,000 or nore. The hi gher the
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catalyst system, ‘accompanied by a substantial

inactivation thereof. Only in exceptional cases, by
selecting specific ligands for the catalyst system, the
intended reduction in molecular weight of the co-polymers
can be achieved, without impairing the catalytic activity
of the system. _ _ '
~According to the co-pending patent application
(T 1862) an adequate control of the average molecular
weight of the formed co-polymers is achieved and, if
desired, products having relatively low molecular weights
can be produced, by carrying out the co-polymerization
reaction in the presence of a minor amount of a compound
containing a hydride moiety.

It has now been found that these aims can also be
achieved by using a catalyst system, based on palladium.
and a bidentate bisphosphine ligand in the additional
presence of a compound containing a l-alkenyl substituted
aryl group.

The invention may be defined as relating to a process
for the preparation of co-polymers of carbon monoXide and
one or more ethylenically unsaturated non-aromatic
compounds by contacting the monomers, under polymeriz-
ation conditions with a catalySt system based on
palladium, a bisbhosphine ligand and a source of anions,
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tarried out. Although the formation of products with lo
enhanced, the stability of the catal yst system often becd PLAC
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conditions, the optlmal amount of compound A can be
- readily selected by those skilled in the art.

Related to the amount of palladium in the catalyst
system the quantity of compound A is usually in the range
of 10 to 107 moles per gramatom of paliadium, preferably
in the range of 102 to 106 on the same basis.

Related to the non-aromatic ethylenically unsaturated
~compound (s), the amount of compound A may be
substantially equimolar or even in excess.

-Without wishing to be bound by any theoretical
explanation of the reaction mechanism, it is considered
likely that during the co-polymerization reaction a
molecule of compound A combines with the catalyst thus
preventing that a furtherlmolecule of the ethylenically
unsaturated compound reacts with the catalyst. The growth
of the chain of the co-polymer molecule is thereby
interrupted and one of the end groups of the resulting
reaction product will be derived from cbmpound A.

Compound A can be any compound containing a l-alkenyl
substituted aryl group, such as l-alkenylbenzenes, 1-
alkenylindenes, l-alkenylnaphthalenes and l-alkenyl-
anthracenes. Suitable examples include vinylbenzenes, 1-
propenylbenzenes, l-butenylbenzenes and '
vinylnaphthalenes. Preferably, compound A is a
vinylsubstituted aromatic compound, more preferably a
vinyl benzene. _

The aryl group of compound A may be substituted by
one or more, uSually-hon-bulky substituents. Suitable
substituents include halogen atoms, such as fluorine,
chlorine and bromine atoms, alkoxy groups having from 1

\
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I nactivation thereof. Only in exceptional cases, by selecting specific

| i gands for the catal yst system the intended reduction in nolecular weight
o6f the co-polyners can be achieved, without inpairing the catalytic
activity of the system According to the co-pendi ng patent application
(T 1862, WO A-94 12559) an adequate contng _of the average nol ecul ar

wei ght of the formed co-polymers is achieved and, if desired, products
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protection of t i nvent
or w1th the catalyst system. Preferably, compound A is

supplied in portions or continuously during the co-

polymerization reaction, as this facilitates the control
of the molecular weight of the final reaction product.

In the catalyst systems used in the process of the
invention, palladium is substantially present as
palladium cations. Conveniently, palladium is introduced
in the form of a palladium-salt, e.g. a salt of a mineral
acid such as sulphuric acid or nitric acid or of a
sulphonic acid such as methylsulphonic acid or p-toluene-
sulphonic acid. Preferably a palladium salt of a
carboxyllc acid is used, e.g. of a carboxylic acid hav1ng
from 2 to 6 carbon atoms. A preferred palladium-carboxy-
late is palladium (II) acetate.

The catalyst'system further comprises a bisphosphine
ligand, whereby two phosphorus atoms can form a
complexing bond with palladium. It is considered that the
stability of the catalyst system is significantly
enhanced by the presence of these two complexing sites.

Preferred bisphosphine ligands may be represented by
the formula RIRZ2PRPR3R4 (I)
wherein each of Rl, RZ2, R3 and R4 independently

' represents a substituted or non—substltuted hydrocarbyl
group and R represents a bivalent, organic bridging group
'contalnlng at least two atoms in the bridge.

R1, RZ, R3 and R4 may independently represent
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i nvention may be defined as relating to a process for the preparation of
co- pol yners of carbon nonoxi de and, one or nore ethylenically unsaturated
non- aromati ¢ conpounds wherein copolyners having a nunber average nol ecul ar
wei ght bel ow 10. 000 are prepared by contacting the nononers, under

pol ymeri zation conditions with a catal yst §§sten1based on palladlun1 a

bi sphosphi ne qummwnaiixisuhﬂtmtuﬁedﬂanyts alkaryl, aralkyl or alkyl
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conpound (Conp@Mq§thuted with one or more polar substltuents. Sultable
substituents may be selécted from the group consisting of
halogen atoms, alkoxy groﬁps and (alkyl) amino groups.
Preferably at least one of Rl, R2, R3 and R4 represents a
phenyl group substituted at one or both ortho positions
with respect to the phosphorus atom to which the phenyl
group is linked, by an alkoxy group, having 1 to 4 carbon
atbms in particular a methoxy or ethoxy group.

Ligands in which Rl, RZ2, R3 and R4 have the same
meaning, are preferred, inter alia because the
preparation is less complicated than that of
bisphosphines wherein R1, R2, R3 and R% are different.

The bivalent organic group, preferably contains from
2 to 4 atoms in the bridge, at least two of which are
carbon atoms. Examples of suitable bridging groups are:
-CH2-CHp-; -CHp-CHp-CHp-; -CH2-CHp-CHp-CHpy-; -CH2-0-CHp-;
-CHp-S1 (CH3) 2-CHy~ and -CH-C(CH3) 2-CHp-.

The catalyst systems of the invention moreover
comprise a source of anions, being the coﬁjugated base of
acids having a pKa of less than 4, preferably less than

5. _

Examples of suitable acids are mineral acids such as
perchloric acid and tetrafluoroboric acid, and sulphonic
acids, such as p-toluenesulphonic acid, methanesulphonic
acid and trifluoromethénesulphonic acid.

The amount of catalyst used in the process of the
invention may vary considerably. Advantageously the
catalyst is applied in an amount in the range of 10-7 to
10~1 gramatoms of palladium per mole of non-aromatic
ethylenically unsaturated compound. Preferably this
amount is in the range of 10-6 to 102 gramatoms of
palladium per mole of ethylenically unsatuféted compound.

In the process of the invention the monomers are on
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The amount of conmpound A may vary within a relatively w de range. Dependi ng
on the prevailing co-polynerization conditions, the optiml anpunt of
conpound A can be readily selected by those skilled in the art. Rel at ed
to the anount of palladiumin the catalyst systemthe quantity of conpound
Ais usually in the range of 10to 10[err] .fnles per gramatom of pall adi um
preferably in the range of 10[err] to 10[err] on the sane basis.
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chains of which two alternating groups occur. In order to
modify the properties of the polymeric product, ter-
polymers may be prepared whereby carbon monoxide is co-
pdlymerized with two different ethylenically unsaturated
compounds (X7 and X5). With non-aromatic ethylehically
unsaturated compounds, terpolymers are formed whereby the
polymer chain is composed of groups--co-xl'- and groups -
CO-Xy '~ which are randomly distributed over the chain,
X1' and X3' being bivalent moieties derived from the
ethylénically unsaturated compounds X3 and Xj,
respectively. In this connection reference is made to

US Patent No. 4,880,903,

It has been established that for preparing ter-
polymers, whereby one of the organic monomers contains
aromatic unsaturation, as a rule special measures are
required such as the use of catalyst systems, containing
ligands other than bisphosphines.

In the process of the invention preferred starting
materials are lower mono olefins, in particular ethene,
and mixtures thereof, in particular a mixture of ethene
and propene.

The molar ratio between the monomers, i.e. on the one

- hand carbon monoxide and on the other the ethylenically
unsaturated compound(s), is usually selected in the range



one or nore, usually non-bul ky substituents. Suitable substituents include
hal ogen atons, such as fluorine, chlorine and brom ne atons, al koxy groups
having from 1 -5- to 4 carbon atons, and
hydr ocar byl groups, in particular alkyl groups having from1 to 4 carbon
atons. Two hydrocarbyl substituents |inked to adjacent ring carbon atons of
the aryl group may, together with the smﬁjqrhg atons, forma cyclic

structure. fioomml:&s tof Sawi.t @tﬁeffmmqu&gﬁdﬁo_ah&drtaﬁjﬂoori@éﬂfAﬁim o
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“reactants or wbeinghaosdt gneflersyest.em Preferably, conpound A i's supplleﬂ
in portions or contiRu ur. Kelo T yReri ' Qa9 this
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pal ladiumis Ig%%%g%e. Protic diluents are preferred, for example lower

alcohols having from 1 to 5 carbon atoms such as methanol
or l-butanol. . |

The temperature at which the co-polymerization
reaction is carried out, is generally in the range of 30
to 170 °C. Preferably the temperature is selected in the
range of 60 to 130 °C. -

Suitable reaction pressures are within the range of 2
to 150 bar, pressures outside this range not being
precluded. Preferably thé pressure is in the range of 5
to 100 bar. _

The invention is further illustrated with the
following examples.

Example I

A'co—polymer of carbon monoxide and ethene was
prepared as follows:

A 250 ml mechanically stirred reactor was charged
with 150 ml of methanol and 61.25 mmol of styrene. In
order to remove the air, the autoclave was pressurised
with a equimolar ethene/carbon monoxide mixture to
40 bar, whereupon the pressure was released. This
procedure was repeated twice, Subsequently, the
temperature was raised to 95 °C. and an equimolar mixture
of ethene and carbon monoxide was supplied until the
pressure was 55 bar. Finally, a catalyst solution was
added consisting of 0.0123 mmol of palladium (II)
acetate, 0.0130 mmol of 1,3-bis(diphenylphosphino)propane
and 0.0379 mmol of p-toluenesulphonic acid in 4 ml of
acetone.
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in the formof a palladiumsalt, e.g. a salt of a mineral acid such as

sul phuric acid or nitric acid or of a sul phonic acid such as

fret hyl sul phonic acid or p-toluene- sul phonic acid. Preferably a palladi um
salt of a carboxylic acid is used, e.g. of a carboxylic .acid having from 2
to 6 carbon atons. A preferred palladi umcgrboxy- late is palladium(Il)
acet ate. The cat al yst systenrfurther'bghﬁrises a bi sphosphi ne Iigand,
wher eby two phosphafiteratoreactiohoperd odomil @xio2g hbahe wollymeaisatiion.
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enhanced by the presence exi St &
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and R4 independently represents a stituted or non-su strtute
hydr ocar byl gr ¥dthagdeR °P@p@@§bﬁ@§%§ By FaEo, aky $hi’€-bri dgi ng group

contai ning at IeasuotWOgabqn@dlwmb&eweeleﬁealned Rittle’ avelflagye’ ], Rlerr] and
Rgerr] nay |nde%end%E&g%t r%% e being 8.0 kg product per g of
- palladium per hour. The average molecular weight
determined by end group analysis using 13C NMR
spectrometry was 3100. The end group analysis showed that
ethyl, methyl, ester, stytyl and phenethyl end groups had
been formed. _ '
The reaction period and the results are shown in the
Table.

Example II

- A co-polymer of carbon monoxide and ethene was
prepared,'substantially as described in Example .I with
the following differences: _

i) 61.44 mmoles of 4-methylstyrene were applied, instead
of 61.25 mmoles of styrene;
ii) the reaction period was 1.03 hours instead of
1.02 hours.

The results are shown in the Table.
Example III .

A co—pélymer of carbon monoxide and ethene was
prepared, substantially as described in Example I with
the following differences:

i) 61.49 mmoles of 4-methoxystyrene were applied,
instead of 61.25 mmoles of styrene;
ii) the reaction period was 1.05 hours, instead of
1.02 hours. - | |

The results are shown in the Table.
Example IV .

A co-polymer of carbon monoxide and ethene was
prepared, substantially as described in Example I, with




optlonally substltuted aryl, alkaryl, aralkyl or alkyl groups. Preferably
they represent aryl. groups optlonally substituted with one or nore polar -
Substituents. Suitable substituents may be selected fromthe group -

consi sting of hal ogen atoms, al koxy groups and (al kyl) ami no groups.
Preferably at |east one of R[err] Rlerr], Rerr] and R err] represents a
phenyl group substituted one or both or%ﬂo positions with respect to the’
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prepared, substantially as described in Example IV, with
the following differences: _
i) 61.19 mmoles of 4-bromostyrene were applied, instead
of 61.2 mmoles of_4-fluorostyrene;
ii) the reaction period was 0.97 hours, instead of
1.07 hours. '
The results are shown in. the Table.
Exanple VI

A co-polymer of carbon monoxide and ethene_was
prepared, substantially as described in Example I, with
the following differences:

i) ' 32.5 mmoles of 2-vinylnaphthalene were applied,
instead of 61.25 mmoles of styrene;

ii) 154 ml of methanol, instead of 150 ml were used;
iii) 0.0189 mmoles of palladium (II) acetate were
applied, instead of 0.0123 mmoles;

iv) 0.0203 mmoles of 1,3-bis(diphenylphosphino)propane
were applied, instead of 0.0130 mmoles;

v) the amount of p-tolﬁenesulphonic acid was
.0.0444 mmoles, instead of 0.0279 mmoles;
vi) the reaction period was 8.10 hours, instead of

1.02 hours. _
The results are shown in the Table.
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catalyst is applied in an anbunt in the range of 10[err] to 10[err]

‘gramat ons of pal |l adi um per nole of non-aromatic ethylenically unsaturated
¢onpound. Preferably this anbunt is in the range of 10[err] to 10[err]
gramat ons of palladi um per nole of ethylenically unsaturated conpound.

In the process of the inventian the nnnogeii are on

-7- the one hand carbon nonoxi de and on thé other one or nore non-aromatic
et hyl eni cal | y Exaapireatfe dl foonmonpds. i famf erddblacedmling tiey the
hydrocarbons, ijhveftigyl ar al kenes having from 2 to 12 carbon atons per
nol ecul e. Exanpl es _are et hene, propene, octene-1, cycl opentene and

decene-1. - If désiGos®olymesh@rs camham nanoxide iand rhenadaand
Do Used ag vl L L e vy ™
cgngzﬁnd”is re&@ﬁbfﬁ%%ﬂVﬁéﬂ%ﬁ%ﬁ%ﬁﬁﬁBﬁ%ﬁi éo-poyynérs arg formed in the
chai ns of whi chi)t wmcallt-arlianyic ryrlo wrmpatmd wash addért; to nodify the
properti es of t.l.qs Q‘?xleyrf%raic(ii%rno%légi’ocf Yas 0.95 hours, instead of
1.02 hours.
The results are shown in the Table.



pal ymers may be prepared whereby carbon Lmﬂpﬂ de is co- polynerized with

two different ethylenically unsaturated conpounds (X[ err] and Xerr]). Wth
mon-aromatic ethylenically unsaturated conpounds, terpolyners are forned
wher eby the polyner chain is conposed of groups -CO X err]'- and groups -

CO X2' - which arfe randofly distributed over the chain] Xferr]' and Xerr]'
bei ng bi val ent rnoheties|derived fromthe ethylenically unsaturated
4_, . . . .
conpounds X1 and 25 refpechi vl . d not ki socngctd og|reference i s nade to
US Patent No. 4,880, Og S 8 12 Rag bgerp egt @I‘Psrgdoihat for preparing
ter- polyners, whg )ma «sf & h@ ov ganice @oroner s coft ai Ns aromati c
unsaturation, ag uI e[| speci al nmeasures are required|such as the use of
cat al yst systenyg, <cont af ni ng |igands other than bi sph¢sphi nes. In the
process of the iMventT o preferred startT g matertatsjare | ower nono
ol efins, in parfliculfar ethene, and mixtures thereof, i[In particul ar- a
m xture of ethenegamd pfopene. The nol ar ratio befween the nononers,
i .e. on the one |h@ndgs cafbon nonoxide and on the other |the et hyl eni cal | y
unsaturated congound] s) | < sousuabl y sel ect ed ci ne~t ke ©gnge
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-8- from1:5 to 5:1. Preferabl *“!“Hﬂ!ﬁ!ﬂl”g‘%lls inthe range of 1:1.5 10
1.5:1, substantially equinolar preferre TH!S SHERS H’AS)(BEEN
bf the invention is conveniently carried out in the presenice of gep| Ay d

diluent. A polar as well as polar diluents are suitable, :
and acetone. Protic diluents are preferredl3fer exanple |ower al cohol s

having from1l to 5 carbon atons such as nethanol or 1-butanol. Ih
‘T 1 6 IN
tenperature at which the co-pol ynerization reaction is carrie

generally in the range of 30 to 170 [err]C. Preferably the tenperature S
selected in the range of 60 to 130 [erg]iC.A 1 MSyitable reaction pressures
are wwthin the range of 2 to 150 bar, Ppressures outside this range not
bei ng precluded. Preferably the pressure is in the range of 5 to 100 bar.

The invention ils f® tdeycddd Edy aire pﬁéﬂhﬁéﬁdmwﬂv&d*g)@(ﬁ?&il'fsof Exanpl i I
550 mechani CTEPIE AT RB A 2t orie, S B SURPREteATHY Gt Bimaked an
61. 25 mmol of Wmatﬁ-a)mimpqmldsammecamaimg tthe awoners, wasdexr
pressurised W 13RO S @in %J}Fdlﬁéfd?}{&%ﬂ}{‘%ié&ﬁ%&"é‘yéf’em based
on palladium, a bisphosphine ligand and a source of .
anions, being the conjugated base of acids having a PKa
of less than 4, in the additional presence of a l-alkenyl
substituted aryl group contéining compound (compound A).
2. A process as claimed in.claim 1, characterized in
‘that compound A is a vinyl substituted aromatic compound,
preferably a vinyl benzene.
3. A process as claimed in claim 2, characterized in
. that compound A is a vinyl benzene substituted with one
or more substituents selected from the group consisting
of halogen atoms, alkyl groups with 1 to 4 carbon atoms
. and alkoxy groups with 1 to 4 carbon atoms, preferably
one halogen atom, one alkyl group with 1 to 4 carbon
atoms, or one alkoxy group with 1 to 4 carbon atoms.
4. A process as claimed in any one of claims 1 to 3,
characterized in that the catalyst'system comprises
palladium (II) acetate.
5. A process as claimed in any of claims 1-4,
characterized in thatithe catalyst system comprises a
‘bisphosphine ligand of the formula
RIRZPRPR3R4 (I)
wherein each of Rl, R2, R3 and R4 independently
represents a substituted or non-substituted hydrocarbyl
group and R represents a bivalent organic bridging group
containing at least two atoms in the bridge.
6. A process as claimed in claim 5, characterized in
that in the bisphosphine ligand of formula (I) at least
\
This Sheet Hag Been R

BTy
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40 bar, whereupon the pressure was releﬂm | ’I L”I g ur e eat ed

twi ce, Subsequently, the tenperature rr]C THfS:ISHEET HAS BEEN
i

equi nol ar m xture of ethene and carbon nonoxi de was suppliedfunti REF*LQCEQ

pressure was 55 bar. Finally, a catalyst solution was added Comstst+Reg—ed
0.0123 mmol of palladium(l1) acetate, 0-0180-mmol of

1, 3- bi s(di phenyl pha jn0 o] $.037 - honi ¢
acidin4nm o n%cecffgtﬁe_, )1{2” R % zoe:i:rgeéms < p%érﬂ}i‘ -9- P After
a reaction perissbadfitutel by e pudiamgnaun, o \rar tlguiamtan alkexvl i ng

the reactor co%ﬁereé@nl‘olﬁntz LI A PN h P Yor ! RV dh tdee s essur e.

The product was fi of f, washed tw ce vmth net hanol and once with
acetone and dr Reitiong 6t zRPReGY [t© the phpsphpmis AfSMELC Which

obt ai ned, 't he a‘;\rﬁa_rqgﬁrm YRdugs aifd dnirieéc. being 8.0 kg pr oduct per g of
pal I adi um per } he aver%%qcﬁ%ar V\Bll;]ht determ gﬁdc y. end group
anal ysi s using 13C yS|s showed
t hat characterlzed in that the amount of catalyst 1s such that
per mole of ethylenically unsaturated compound to be co-
polymerized, 106 to 10"2 gramatoms of palladlum are
present.
8. A process as claimed in any of claims 1-7,
characterized in that as non-aromatic ethylenically
unsaturated compounds ethene or a mixture of ethene and
propene is used. -
9. A process as claimed in any of claims 1-8, '
characterized in that the molar ratio between carbon
monoxide on the one hand and the non-aromatic
ethylenically unsaturated compound(s) on the other, is in
the range from 1.5:1 to 1:1.5.

This Sheet ’Has Been Rep

N TITE
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etthyl , nmethyl, ester, stytyl and phenethyl end groups had been forned.
The reaction period and the results are shown in the Table. Exanple |

A co-pol yner of carbon nonoxi de and et hene was prepared, substantially as
described in Exanple I with the followng differences: i) 61.44 mol es of

4-met hyl styrene were applied, instead of 61.25 mmles of styrene; ii) the
reaction period was 1.03 hours instead of 1.02 hours. Theéiﬁégégzaﬂie
shown in the Table. Exanple |1 A co-pol ymer of carbon non

et-hene was prepared, substantially as described in Exanple | with the
follow ng differences: i) 61. 49 ngpl:%<¥ ARt hoxystyrene were applied,
i'nstead of 61.25 mmol es of styrene;frﬁi—fhe—rgggifon period was 1.05 hours,
i nstead of 1.02 hours. ~ The results are shown in the Table. Exanple IV

A co-pol ymer of carbon nonoxi derppSRETHERCOMBOPPOREMEAs Substantially as
described in Exanple I, with '

A process for the preparation of co-polymers of
carbon monoxide and one or more ethylenically unsaturated
non-aromatic compounds'by contacting the monomers, under
polymerization conditions, with a catalyst system based
on palladium, a bisphosphine ligand and a source of
anions, being the conjugated base of acids having a pKa
of less than 4, in the additional presence of a 1-aikenyl
substituted aryl group containing compound.

' MG2/T1861FF



- 10 - tshe follo
applied, instead
pal ladium (I11) ac
anount of p-tolue
mol-es. iv) t he
The results are s
nonoxi de and et he

RPN ST | otex

" 61. 2 mmol es of 4-fluorostyrene were
f [61.25 nmol es ¢f

styrene; ii) 0. 0122 mmol es of
t dt ¢ SeABRAME ¢d| i nstead of 0.0123 nmoles; iii) the
equl phoni c_acidjwds 0.0277 l.es. | nstead,af A Q. '
reaction period wds 1.07- ho S#EFH%?gé o?gfégﬂpgéﬁps.
own in the Table JFxanple V A co-pol yner of carbon

€ was prepared, subs®armtially as described in Exanple IV,

with the fehboprdgedis hauee8stahkiflilO maTRlas nifd Ahnodeyiana vere

applied, ins

d 61.2 -f
%oy hEavge”; FheozyesAde Bolfcyiar

mmol es . of reaction period

ostyrene, ii) th
e NP

Tabl e.” Examplleullated Ascoupbleymeveshgear®ey nonaxdiaid lahd st Gvese

prepared, guhstantially as described in Exanple |, with the follow ng
di ff erences:

The higher the molecular weight, the higher will be
in general the intrinsic viscosity of the co-polymers.

The intrinsic viscosity can be determined by
dissolving the copolymers in m-cresol in different
concentrations and measuring the viscosity of each
solution at 60 °C. From the relative viscosities the
inherent viscosities can be calculated and by

extrapolating to a concentration of zero,
viscosity indl/g

the intrinsic
can be found. Instead of "intrinsic

viscosity"™ the term LVN is used,

viz "Limited Viscosity
Number". The co-polymers typically have an LVN of between
0.8 and 2.0d./g -

In addition to the aforesaidﬂco—polymers oligomers of
carbon monoxide and ethylenically unsaturated compounds
may be prepared and furthermore co-polymers of these |
monomers having a considerably lower LVN than the above
mentioned thermoplastic co-polymers,-e.g. in the range of
0.2 to 0.6 dL/g , have properties which make them useful

for other applications than the indicated outlets for
thermoplastic products.

They may be used as such, or as starting materials

for the preparation of plastics, as blending components

or as plasticizers for other polymers. It would therefore

also be advantageous, if the co-polymerization process

could be performed under such conditions that these

products with lower average molecular weights,
3000 or less,

e.g. oOF
are the predominant reaction product.

It has been proposed to increase the temperature at
which the co-polymerization is carried out. Although the
formation of products with lower LVN's is thus enhanced,

the stability of the catalyst system often become a



1) 32.5 mmol es of 2-vinyl napht hal ene were applied, instead of 61.25

mol es of styrene; [ hanol, instead of 150 ml were used;
iii):0.0189 nmol es )fﬂﬁﬂlﬁtggﬂ% ﬁfgfe cetate were applied, instead of

0.0123 mol es; iv) - 0203 f 11, 3- bi ' phign e
were applied, instead |of?8. Qﬁo{iﬁﬁmﬁ)e ;V): %ﬁ}s@ﬂﬁ%%ﬁ?gﬁf 28 Rbﬁf?ﬁ@@

p-t ol uenesul phoni ¢ dcild was 0. 0444 | es, instead of 0.0279 mmol es; vi)
the reaction periodijwas 8. 10 hours, Lngtead of 1.02 hours. The results
are shown t he Tapl e. - 11 - Exanple
A (for cBﬁ‘BgF'Fg‘on not_according to the invention) A co-pol yner of
cdrbon nonoxi da apdacthesgswas RLEPRLES: p%%%fs%'&t £l neginadeser| bed 1
Exanmpl'e I, _with the follow ng differences: kKenylaryl  conpound was

added: molecular weight of the produced co polymers by addltlon of

molecular hydrogen during the reaction. It has appeared,

however, that with most catalyst systems, recommended for

this process, a significant reduction in molecular weight

only occurs by applving large amounts of hydrogen, say of
60 mol$ or more, based on carbon moncxide. Apart from the
- hyvdrogen, the

results in a

unattractiveness of a2 high consumption of

use of large quantities of this gas often

reduction of the Group VIII metal component of the
" catalyst system, accompanied by a substantial
inactivation thereof. Only in exceptional cases, by
selecting specific ligands for the catalyst system, the
intended reduction in molecular weight of the co-polymers

can be achieved, without impairing- the catalytic activity
of the system.

According to the co-pending patent applﬂcatlon (T 1862,

WO-A-94 12559) an adequate control of the average molecular
weight of the formed co-polymers is achieved.and, if
desired, products having relatively low molecular weights
can be produced, by carrying out the co-polymerization
reaction in the presence of a minor amount of a compound
containing a hydride moiety.

’ It has now been found that these aims can also be
achieved by using a catalyst system, based on palladium
and a bidentate bisphosphine ligand in the additional

presence of a compound containing a l-alkenyl

substituted
arvl group.

EP-A-235865 discloses copolymerization catalysts based
on palladium, a bisphosphine ligand and a source of anions

containing a non-noble transition metal salt of an acid

having a2 pKa of less than 2, not being a hydrohalogenic

acid. An example is provided which involves a
copolymerization of carbon monoxide with ethene and styrene.
The use of a source of anions as disclosed in EP-A-235865 is

excluded from the protection of the present invention.



ii) the reaction palﬂEF&AGEME@TSﬁ"EI%u s, instead of 1.02 hours. The
n

results are shown
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|

The invention may be defined as relating to a process

- 3a -

for the preparation of co-polymers of carbon monoxide and
one or more ethylenically unsaturated non-aromatic compounds
wherein copolymers having a number average molecular weight
below 10.000 are prepared by contacting the monomers, under
polymerization conditions with a catalyst system based on

palladium, a bisphosphine ligand and a source of anions,



REHALEMERT SR “Tncat urat ed non. af omat i ¢ conpounds
a\

I ng_a nu vérage nol ecul ar wei ght bel ow 10. 000
adt i’g éﬂﬁ%ﬁ@of&

s, undes,najyteLhast L o8 AgAARbbONS,
ef aqdi um a bl sphosphine Iigand and a
source of anions, be¢ing the conjugateq base of acids having a pKa of |ess

than 4, in the addi 4 i-al kenyl substituted aryl group
-cont ai ni ngbeangotthe coajpgatddApasenddr adidsphariay & 2 e A/ ce of
ani on does ont.ai 3 t idd QN & Jret-ad) 1 of an acid
havi ng a pﬁgg‘%}f (;_;I'eé';i ?ﬁ%naga\%ﬁ?ghgilsb%?%ﬁdrohal ocpe I C gaci d 2.+ A
process asSEbPgitiddtied &rylngTovPh PRSI GIFRIHY (&%ﬂﬂﬂﬂﬁPQ\%E'a vi ny
substituted ar gmt iaovatpedndompoaher ablava wany lwiidrizere. redlatiyrlress as
clainmed in_glai ch A | Ly &gfgq_ A | Yl 2 besgene
substi t ut ec‘]’g‘v?ﬁ%t‘hrpaéfﬁg 'o?{e%t%&xe lélégg)tnl %&éehn'?;sr se 'ec'tHebg c%%r oﬁn?%ﬁdéé ro?Jp

consi st i ng comdidliggen RhemePtdmal atis f tFPPRG %a‘ﬁfbrﬁ%t oms and

al koxy grouRsadilh selarthed dbamaionki Yr«ed eimbtiye anet hal ogen at om one

| kyl | b , - L
car bon st ons. - £ Sl o pERE LR Bttty © 4

CLAI. MS 1. A
monoxi de and one or
wher:ei n copol yners

are prepared by con
with a catal yst sys

cess as ¢
characteri AxstamttRe IRNHdMIEICHIRAER BdnpF i sesally in the range

of 10 to 107 moles per gramatom of palladium, preferably
in the range of 102 to 10% on the same basis.

. Related to the non-aromatic ethylenically unsaturated
compound(s), the amount of compound A may be
substantially equimolar or even in excess.

Without wishing to be bound by any theoretical
explanation of the reaction mechanism, it is considered
likely that during the co-polymerization reaction a
molecule of compound A combines with the catalyst thus
preventing that a further molecule of the ethylenically
unsaturated compound reacts with the catalyst. The growth
of the chain of the co-polymer molecule is thereby
interrupted and one of the end groups of the resulting
reaction product will be derived from compound A. ;

Compound A can be any compound containing a l-alkenyl
substituted aryl group, such as l-alkenylbenzenes, 1l-
alkenylindenes, l-alkenylnaphthalenes and l-alkenyl-
anthracenes. Suitable examples include vinylbenzenes, 1-
provenvylbenzenes, l-butenylbenzenes and
vinylnaphthalenes. Preferably, compound A is a
vinvlsubstituted aromatic compound, more preferably a
vinvl benzene.

The arylgroup of compound A may be substituted by
~one or more, usually non-bulky substituents. Suitable
substituents include halogen atoms, such as fluorine,

chlorine and bromine atoms, alkoxy groups having from 1



pal I adium (I11) acetate. : - 14 - 5 A
clainmed in any of claims 1-4, chaﬂ“
conprises a bisph
Rlerr] R err] PRPRe
Rlerr] and R err]

T he fornul a

process as

terized in that the cat al yst system

(1) whey t&u?@gh of - BigeAplii 28ber 1.

non- subsrutuLpd

[ naentl presents a ‘su stltute or
hydr ocar byl group ja fﬁy@ﬁ*@ bi val ent organic br
containing at |leasf fwo atons

cai 0 s s 6o bt oo fmmpﬂumn
claimb5, character]zed™Tn that in thg bi sphosphine |igan a at

| east one of Rerr], Rerr], Recrc

nd Rlerr] represents a phenylgroup

sUbstituted by a potargroup, in QaLtAcylgrsan al koxy group with 1-or
carbon atons, at one or both orthG positions with respect to the phosphorus

atom to which the phenyl group is |inked.

1. A process for the preparation of co- polymers of carbon

monoxide and one or more ethylenically unsaturated non-

aromatic compounds wherein copolymers having a number

average molecular weight below 10.000 are prepared by

contacting the monomers, under polymerization conditions,

with a catalyst system based on palladium, a bisphosphine

ligand and a source of anions, being the conjugated

acids having a pKa of less than 4, in the additional

base of

presence of a l-alkenyl substituted arylgroup containing

compound (compound A), gnder the proviso that the source of

anion does not contain a non-noble transition of metal salt

of an acid having a pKa of less than 2 which is not

hydrohalogenic acid.

a

2. A process as claimed in claim 1, characterized in
that compound A is a vinyl substituted aromatic compound,

preferably a vinyl benzene.

3. A process as claimed in claim 2, characterized in

that compound A is a vinyl benzene substituted with

one

or more substituents selected from the group consisting
» of halogen atoms, alkyl groups with 1 to 4 carbon atoms

and alkoxy groups with 1 to 4 carbon atoms, preferably

one halogen atom, one alkyl group with 1 to 4 carbon

atoms, o©r one alkoxy Qroup with 1 to 4 carbon atoms.

4. A process as claimed ln any one of claims 1 to 3,

characterized in that the catalyst system comprises
palladium (II) acetate.
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7. A process as cl
anmount of catal yst
conpound to be co- I yner
are present. 8. A

o8 hBRcIuf
t hat as non-aronatiic |

ims 1 to 6, characterized in that the
| e of ethylenically unsaturated
r] to 10[err] gramat ons of palladi um

in any o% ai %a ed in
saturate % ) g%ﬁﬁSZt %pnéaﬁr beé
m xture of ethene gdnd propene is use

. 9. A process as clained
cl.ains 1-8, charactlerjized in-that 1golar ratio between car menuj Ha Ill || |II|

on the one hand a_nd the non-aromatic ethylenically unsaturated e€onpoun
on the otheg, i§ bPokbssra90€141REA1iR dn{yOot: d18ims 1-4, '

characterized in that the catalyst system comprises a

bisphosphine ligand of the formula .
R1RZpRPR3R4 S {T)

wherein each of Rl, R2, R3 and R% independently

represents a substituted or non-substituted hydrocarbyl

group and R represents a bivalent organic bridqing group

containing at least two atoms in the bridge.

6. A process as claimed in claim 5, characterized in
that in the bisphosphine ligand of formula (I) at least
one of Rl, R2, R3 and R? represents a phenylgroup
substituted by a polar group, in particular an alkoxy
group with 1 or 2 carbon atoms, at one or both ortho
positions with respect to the phosphorus atom to which
the phenyl group is linked.
7. A process as claimed in any of claims 1 to 6,
characterized in that the amount of catalyst is such that
per mole of ethylenically unsaturated compound to be co-
polymerized, 10-6 to 1072 gramatoms of palladium are
present.
8. A process as claimed in any of claims 1-7,
characterized in that as non-aromatic ethylenically
unsaturated compounds ethene or a mixtuie of ethene and
‘propene is used.

’ 9. A process as claimed in any of claims 1-8,
characterized in that the molar ratio between carbon
monoxide on the one hand and the non-aromatic

ethylenically unsaturated compound(s) on the other,
the range from 1.5:1 to 1:1.5.

is in



