TS 0461 PCT A PROCESS FOR THE PREPARATI ON OF COPOLYMERS

The invention relates to a process for the preparation of copol yners
of carbon nonoxide with an ol eflnically unsaturated conpound, and to
a catal yst conposition. 5 THIS SH©se38€8cERr ||t he pol yneri zation

of carbon nonoxi de with an ol gfini cgekyadsgaturaged co %,’ ,
catal ysed wt h WO 9731969, G oup VIII Aoe | yst gg Rl

are well known in the art, for exanple from EP-A- 121965,

EP- A- 248483 and EP- A- 254343. The copol yner s_sp prepared 10 are linear
copol yners wherein the nononer units originating from carbon
nonoxi de and the nononer units originating fromthe olefinically
unsat ur at ed conpounds A PROCESGUIFORNTHE! PREPARNTION OF LSOPOLYMERS

al ternating order. EP- A- 254343 di scl oses in particul ar
processes which 15 make use of catal yst conpositions which are based
upon (a) a salthepfinyeptiop velatest b apxpcess for (e g

t et rahydr ocar byl argidpd#itilon?d ofecbpBl¢meea’ 8% | carbon mondifiEdd haxtinim£at i on.

It appears, however,_d:hat. i [ es ield of | ymer
was soneti nmes veryélleoévfi.}}gf@ ﬂyt %ggtuf'? tﬁgscﬁ%%&gﬁekpae%@gcﬁl y"’l b""ceiaetna ]Typ hd t hat
a substanti al compasiyi®@Perent of the perfornmance of the catal yst

conpﬁsitioss of EP-A- Zab3éasesn £be ﬁnbiﬁﬁryhéWiiéﬁﬂdhﬂdﬁycarbon|$ddbﬂﬂaé

cat al yst compositi r ar.,-nhos i_4m
cation by anot her ‘%H;ctr% %?1‘ %gtgrfggég%? ?gd%ém&%%nr%?mr%?‘%nedr .crat?[iY%eg]q'r}Lt%The
i nvention t her ef ork GxguR ¥ Iiomgtaloeentaining eatalyst comnosiitdonmue

copol yners of carhhallmkiewndén\thl agt, for exampsid Nf:uit IBPLMI3i1968, cEP-
conpound Conpr'S'rKli¥y¥yjyhnd EP-A-254343. The copolymers so prepared are
10 linear copolymers wherein the monomer units originating
from carbon monoxide and the monomer units originating
from the olefinically unsaturated compounds occur in
alternating or substantially alternating order. |
EP-A-254343 discloses in particular processes which
15 make use of catalyst compositions which are based upon
(a) a salt of a Group VIII metal, and
(b) a tetrahydrocarbylammonium or a tetrahydrocarbyl-
phosphonium cation. It appears, however, that in these

procesées the yield of polymer was sometimes very low.

20 It has now unexpectedly been found that a substantial
improvement of the performance of the catalyst
compositions of EP-A-254343 can be achieved by replacing
in the catalyst composition the tetrahydrocarbylammonium
or -phosphonium cation by another cation, as specified

25 hereinafter.

The invention therefore relates to a process for the
preparation of copolymers of carbon monoxide with an
olefinically unsaturated compound comprising
copolymerizing the monomers in the préesence of a catalyst

30 composition based upon
{a} a salt of a Group VIII metal, and
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merizing the nononmers in the presence of a catalyst 30 conposition
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(a) a salt of a Goup VIIIl netal w 5t

Pd( O err] CNEt WO¥BI8r r] (NHEt [err]) [ er
is selected fromcationic oxidants and
formulae Rlerr]Herr]Nerr], Rerr]H err]-Czerr]
RlerrJ]Herr]Jerr], whereinnis 0, 1, 2, 3 or 4, mis 2 or 3, and

R represents a h{hklr acaraydorymduichanid’ @elemtedr frbmegabfioric oxidantsgander
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nis 3, at nost 1?'0%% ’ Whecﬁe‘F? fbddt r?erqw?h R. PFoden™ 3Br &s8At 34 @

heterocyclic ri Ry represents raidiwdmncarpylngsoup agddortnweeoyftnreegethsr

with 5 ni tiwhéxemm@rﬁh@rawnprawl Pt ar pewikiver chdrge
struct ure. ihvention also rela

tes t i
LU g agpresent LN I bt ok o SR B A
of Pd( q'.’mg,] @ﬂEtt[lm n}r)qearst]a(m-:im[ ¢hak) wben) n 4md3, at most(gr)roa
E?é???rf@?errer err] r err] aﬁ?h% refﬁnt ?9ﬁ€€é§bc§elﬂy|££n

ein

nis 1, 2, 3 or ﬁ R‘)?[ c%“‘%‘l Rigfred F? gk R nge{:%ﬁrgégi’byl
group arl@/ or tmmmrmreereﬁrd%emtg@h@rmatthc heterocygdigt ¥Angarryi ng a
posi tive charge geRIASHHE. a.ring structure conprising carbon atons

kntgggtLgpg1 on the'I'he 1nveﬁ€}é§ 1 dEDQaEhattghggtgl§§tBCOﬁﬁog9§£oﬁ¥D of

based upon
(a) a salt of a Group VIII metal, and _
15 _ {(b) a cation which is selected from cations of the

general formulae RpHp.-nN*, RpH3-mC*t and RyHz.mO*, wherein
nis 1, 2, 3 or 4, m is 2 or 3, and R represents a
hydrocarbyl group and/or two or three of R together with
the atom carxrying a positive charge represent a ring

20 structure comprising carbon atoms in the ring, on the
understanding that when n is 3, at most two of R together
with nitrogen represent a heterocyclic ring structure,
and when n is 4, three of R together with nitrogen
represent an aromatic heterocyclic ring structure.

25 In addition, the invention relates to catalyst
compositions based upon
(2) a salt of a Group VIII metal,
(b) a cation which is selected from cationic oxidants and
cations of the general formulae RpH4-pN*, RpH3.nC*t and

30 RpH3.pO*, wherein n is 0, 1, 2, 3 or 4, m is 2 or 3, and
R represents a hydrocarbyl group and/or two or three of R
together with the atom carrying a positive charge
represent a ring structure comprising carbon atoms in the
ring, on the understanding that when n is 3, at most two

35 of R together with nitrogen represent a heterocyclic ring
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25 with nitrogen represent a heterocyclic ring structure, and

when n is 4, three of R together with nitrogen represent an
aromatic heterocyclic ring structure. In addition, the
i nvention relates to catal yst conposi tions based upon 30 (a)
a salt of a metal w th exclusion of

: Pcrﬁ:m/oool
Pd(CIerr]CNE?[’“Z#?T’%F%JH](NHEt[err])[err], (b) a cation |c-{11|s
sel ected from cationic oxidants and cations of the general fornmnulae

Rlerr]Herr]Nerr], Rerr]Herr]Cerr] and 3 -
Rlerr]Herr]Jerr], wherein n_.is 0, 1, 2, .3 or 4, is 2 or 3, and R
represents a hde%EHFBW’egrBBB wher o {'?\o“or&["Fﬁ%ec’n%fR pogether with or
with the at om canigirngen pepresent camrgrzomatic hetgwesyrkiq xingy structure
conprising carbogeai,efhrk th8 5 ring, on the understanding that when

nis 3, at nost t ] f R together.with njtrogen represent a
het er ocycl i ¢ rindg? a 119an8 wﬁgchgcontazns at easé]two entate groups

s which can form a complex with the Group VIII metal.

Brookhart et al., J. Am. Chem. Scoc., 114 (1992)
5894/5 disclosed the conversion of a zerovalent
dimethylpalladium complex into a cationic
monomethylpalladium complex by reaction with an equimolar

10 quantity of dimethyloxonium tetrakis([3,5-bis{trifluoro-
methyl)phenyl]lborate. The dimethyloxonium cations were
thereby converted to dimethylether, so that no oxonium
cations were present in the composition thus obtained and
in the subsequent copolymerization of carbon monoxide

15 with tert.-butylétyrene which was catalyzed with the
composition. This renders the present invention novel
and inventive over the disclosure.

Similar chemistry is taught in the non-prepublished
patent application EP-95202473.5, in this case

20 diphenylmethylammonium cations being converted to
diphenylmethylamine. EP-95202473.5 further teaches a
copolymerization process in which the catalyst
composition is based upon a cation of a Group VIII metal
and a boron containing anion. It teaches in particular

25 that trihydrocarbylboranes can function as a source of
boron containing anions when the catalyst composition
further includes a tertiary amine or a tertiary
phosphine, and water, an alcochol, an oxime or a
mercaptan. The neutral amine or phosphine is thought to

30 be converted thereby into a tertiary ammonium or
phosphonium cation.

GB-A-2247890 discloses that oxidizing compounds, in
particular nitrosyl tetrafluoroborate, can assist in the
extraction of palladium residues from copolymers of

35 carbon monoxide with an alkene. This document, however,
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does not teach the copolymerization of carbon monoxide
and an alkene in the presence of palladium and a cationic
oxidizing species. Thus, the present invention as
defined above is novel and inventive over the disclosure.
5 Examples of suitable Group VIII metals for use in the
process according to this invention are nickel and
cobalt. The Group VIII metal is preferably a noble
Group VIII metal, of which palladium is most preferred.
Suitable salts of a Group VIII metal include salts of
10 mineral acids such as sulphuric acid, nitric acid,
phosphoric acid and perchloric acid, and organic salts,
such as acetylacetonates and salts of sulphonic acids.
Preferably, a salt of a carboxylic acid is used, for
example a carboxylic acid with up to 8 carbon atoms, such
15 as acetic acid, trifluorcacetic acid, trichloroacetic
acid, propionic acid, benzoic acid and citric acid. The
Group VIII metal salt may be a complex salt. Palladium
(II) acetate is a particularly preferred palladium salt.
As indicated hereinbefore,'the catalyst compositions
20 according to this invention further comprises a cationic
oxidant or a cation according to one or more of the
general formulae given. In general, in the formulae
given, hydrocarbyl groups R comprise typically up to 20
carbon atoms, more typically 1 to 15 carbon atoms. The
25 hydrocarbyl groups R may fepresent alkyl, aryl, alkaryl,
aralkyl or cycloalkyl groups. The hydrocarbyl groups R
may or may not be branched. They may carry substituents,
such as hydrocarbyloxy groups or halogen atoms, but they
are typically unsubstituted. When there are two or more
30 hydrocarbyl groups R they may be the same or different.
When two or three of R together with the atom carrying
the positive charge represent a ring structure this ring
structure may comprise a 5-, 6- or 7-membered ring, and
the ring may or may not be a heterocyclic ring and it may
35 be an aromatic or a non-aromatic ring. Such rings may or



structure, and when n is 4, three of Rtogether with ni trogen

represent an aromatic heterocyclic ring structure, and (c)
a ligand which contains at |east two dentate groups 5 whi ch can form
a conplex with the Goup VIIl netal. Brookhart et al., J. Am
Chem Soc., 114 (1992 5894/5 di scl osed the conversio -
zeroval ent WO 97343 t hyl pal | adi um conplex into a cationic rll’&tmﬁwm‘m
nononet hyl pal | adi um conpl ex by reaction with an equi nolar 10 gquantity
of di nmet hyl.oxoni um tetrakis[3,5-bis(trifl uoso~

met hyl ) phenyl | borate. The di net hyl oxoni ym cati ons were therebi
converted to di gty |RRheFarH furhher subhitents. such,aphydrgrarhytsent
in the conpositi cyrddps, durdirowsaklaykbxy groupsi antthbajofgsrgatons and they

copol ymer.i zat i on i, C¥ Rl MRS Yseq withVotRekebingPBy¥t&hy! €BS Whi ch
was catalyzed with 1he conposition. -#gl S randerﬁ he greffnt )

i nvention novel €xample aromatic nings;, olf Agsdredy o8 peterocyclic ring
Simlar clsem strymayp ¢onmppise nmdree than pnep hietesbatiom. The pimgnt
application EP-952024 i L4 : dighgry I%gg,m i u
cations being convert‘_'(ya':;mtls%s &ﬁsy&%%;ﬁén%%l%gt HE/)I g% %g.égEgi-’g%z 47%’. 5£rx\l
further teaches dParticularx$iq &% CARRCEH 35PBSessFRRERRY cPreferentes aay
conposition i s badepengdoro saud ietarit anGthep tybel offecation involweed, aas

boron contai ni ng g0 Yhedts URARES iPhP FilinGeh2pbef8on will N@bpreciate.
tri hydrocar byl borg}ges can %ctlon as, a source ron containing

. f . _bo
ani ons wi&n the cHraF Reme Rpddig ipbions acc@ﬁgf‘ﬂef”iﬁE*%db’%"%F"f%??i‘&?¥
amne or a terti dvg rather unptahile rend abdtwdnesuchncaseshche fartherne or a

mercaptan. The neybdglréfedl 1AW IR &a&ilaﬂﬂ*ﬂitifooﬁ?%%vmgbéar_ions

G A 2247890 df SePbIBLERIE{oRR RRAHI Worpddngeneral, Ene Stgntt{ty il
nitrosyl tetrafl uoe oberenme nadhrbyssliexitrionichand stericefacterson Mf
pal | adi usr esi duesaf { 9P &APR) WEFSL Uf IR abilitGhRPNbEVACKHHS] ¥éhed ANfor
al kene.  This doqggggglefmg$“gﬂé presence of unsaturation, in particular
to the extent that there is stabilization by resonance.
The stability of cations which do not carry a hydrogen
atom at the charged atom may be satisfactory.when there
20 are no hydrcgen atoms attached to the atoms which are
immediately neighbouring the charged atom.
One type of cations is of the general formula
RpHy-pN*, wherein n is 0, 1, 2 or 3 and R represents a
hydrocarbyl group and/or two or three of R together with
25 the nitrogen atom represént a heterocyclic ring
structure, on the understanding that when n is 3, at most
two of R together with nitrogen represent a heterocyclic
ring structure. Preferred hydrocarbyl groups R are aryl
or alkaryl groups, such as phenyl, 2-tolyl, 2,4-xylyl and
30 l1-naphthyl groups, or alkyl groups, in particular n-alkyl
groups, such as methyl, ethyl, l-propyl or 1-butyl
groups. They are most preferably phenyl groups or methyl
groups. The ring structures comprise typically a
pyrrole, pyrrolidine or piperidine ring. Typical
35 examples of the cations of this type are ammonium
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-4- does not teach the copol ynerization of carbon nonoxi de

and an al kene in the presence of palladiumand a cationic oxi di zi ng
species. Thus, the present invention as defi ned above is novel and
I nventive over the disclosure. 5 Exanpl es of suitable Gou V_I I
netal s for usWOPA313G2 process according to this invenf§ 001

ni ckel and cobalt. The Group VIII netal is preferably a noble
Goup VIIL nmetal, of which palladiumis nogt Jpreferred.

Suitable salts of a Goup VIIl netal include salts of 10 m neral acids

such as sul phuritl«®i & ¥8 t0)i.c digheénylammoniughddpleor inc imci2d amdt perchloric
acid, and Organbﬁriﬁéﬁﬁylammonlum53#31ﬁ¥ié% 1 Wi et (8S e2NG i§|§§ Oflé

sul phom c acids., Pr bl a_s It of a_carboxylic acid.is use
for exarif] PRSI AL A dAREEh o8 - 475 BER PRSI IAToRE, Ledeh 15
as acetic acid, wa.f|afortde dntdrasarbyl gromps: Badst an aryl groupi.d,

propi oni & aci d, mmé‘s fa dnimﬂ p?zletfrelﬁeacau&g in whichGnoye Yl hkenet al
saltrraybeaco#l .S a
ererr

etat
particularly pr }élqegdi ﬁlé‘lﬁ t trlphenylgmm)onig gl" thyl-
her ei nbefore, t Rhemtlanmemismddsiet.i dhad- mmethyla@één-mnglt o this invention

further conprises agdthed & e of cae&bqan&s%fatﬁet gaaeﬁai%emql&o one
or nore of the ral ,formyla

Jgen rmul ae
gi ven, hydrocar &HH"QT‘@{JU SIS s &5 Ppi 5 FF? ﬁ’% gotggelther "”‘ga?‘g
atoms, ABre typinddinogen @afors rnepriesentt ans heyprogyclic appmatigr bghggr oups

_I?hnaﬁ 3 epresgnlt sldidturd \Wnd dHeaBurth R reprégghisxgl a0 Kafal:aaebw groups.
subst | tuents, | SEOUS i, chin 5yRE o cHBIoR Lo bYBPORAFEYL SEPURLE bR
t hey ar @nefaxaklyy mbmamheﬂuaéaylmcn arpdkylageoupe Sprnsxample
hydrocarbyl groupsgdrdiagy Buee grlbfpSareaoh-ghbhglgpbp-2-y1 grodfignihwo or
three ORSR togeth%&igu.h the %%% e%% %¥£ﬂ91 group. The heterocyclic
aromatic ring structure may be that of a pyridine, e.g.
pyridine, a subsituted pyridine or a fused pyridine.
Examples are the ring structures of 2-, 3- or 4-picoline,
guinoline, isoquinoline -and dibenzopyridine, in
20 particular pyridine. A preferred cation is 1-(triphenyl-
methyl)pyridinium.
Another type of cations is of the general formula
RypH3.pC* wherein m is 2 or 3 and R represents a
hydrocarbyl group and/or two or three of R together with
25 the charged carbon atom represent a ring structure
comprising carbon atoms in the ring. When m is 3 the
hydrocarbyl groups R are preferably aryl groups, such as
2-tolyl, 2,4-xylyl and l-naphthyl groups, in particular
phenyl groups. Thus, an example of a preferred carbonium
30 ion of this type is triphenylcarbonium. When m is 2 it
is preferred that the two R together with the charged
carbon atom represent a ring structure, for example a 7-
membered ring, preferably containing unsaturation. An
example of a preferred cation of this type is a tropylium
35 cation, in particular the tropylium cation (CyH7%). '



the positive charge represent a ring structure this ring structure

may conprise a 5-, 6- or 7-nenbered ring, and the ring may or .may
not be a heterocyclic ring and it may 35 be an aromatic or a
non-aromati c ring. Such rings may or WO 97/ 31969

PCT/ EP97/ 01001 - 5- Vox 0 5 Ly, -
carry further g&?ﬁ’?‘ﬁents, such as hydrocar byl groupsl,' Hilox
hydr ocar byl oxy groups and hal ogen atons and t hey may or may not be
fused with-other ring systens, for - ekampl e aromatic rings. If

desired, a heterocyclic rin 5 . Conmpris re than gne het eroat om
The ring struépﬂﬁb§9c535?i%% {%g%?ﬂﬂ|§?lﬁ?{3§9m?%§iFﬁgn%8FHW§? in
particular 4 to 2BmiigrpOi.avbaseifunt ber2 pefirant & mapresents a depend to
some extent on theyarBeaebytagksilp Q) YL kwdor three df FORRRRIEheEWAWH

The skilled person,will appreciate 10 - . that sone af. the _cations
according to thi stpﬁvgﬁ??gﬁ ﬁg@“‘ represerb%ﬁg}%tﬁrqﬁrﬁqdbq &FLR9q SERREEIF sy ch
cases the $urther When all Brzepresent hydrocarhyk rgraupes thiey are dn having
catiens Obai"éﬁ.f::h‘l_hQHh-ﬁlE?l'yféﬁzpé N ARNETE mdtist @bty 1wi | |

be determ ned by el ecttoni @n S ngC factorﬁt A]}S satlsf%%to%y

| evel of stabilitP*RRY H8YcConPHY $hEPURDy amples, of gations Of, this
presence of unsat typei ere dimpthyloxdmium (m is 2)o anth et @atrtticmlahere is

stabi | i Zﬁtion by Eﬂﬁ@%ﬁ?@?xoniltmt (mef §)t.agiiﬁt tah cattcz%{dtqwt%_ W:ciit@ti-rﬁ‘%i&%t
Chers 20 18" 951 a1y roel B 4ho L Yoite oABI Sheo pediemc g "
i mredi at el y nei ghbepresgntha rhaggetrugture, such as an @remagge 6 cations
is of the general weabeted ring whidh eid |pterddddny idubstfitiied,Nfoxr 0, 1, 2
or 3 and R represg&%%pie with one or more (alk)aryl groups, or fused with

another aromatic ring. Examples of cations of this type
15 are 2,4,6-triphenylpyrylium, xanthylium and flavylium.

Yet another type of cations which may suitably ke
used in this invention are cationic oxidants, in
particular cations comprising nitrogen and oxygen, more
in particular consisting of nitrogen and oxygen.

20 Examples of such cations are nitryl (NOs*) and, in
particular, nitrosyl (NOt).

Without wishing to be bound by a theory, it is
believed that, in the cases of cations of which the
charged atom carries a hydrogen atom, the pKb value of

25 the conjugated base plaYs a role in determining the rate

' of polymerization which can be achieved. This applies in

particular to cations of the general formula RpHg.pnN*,
wherein n is 0, 1, 2 or 3 and R is as defined
hereinbefore. It would appear that the pKb of the

30 conjugated base is preferably at least 2, more preferably
at least 4, most preferably at least 6 and in particular
at least 8, when determined in aqueous solution at 25 °C.
" In general the pKb value is below 20, more frequently
below 15. o ”
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hydrocarbyl group and/or two or three of R together with 25 t he
nitrogen atomrepresent a heterocyclic ring structure, on the
understanding that when n is 3, at nost two of R together with
nitrogen represent a heterocyclic ring structure. Preferred

hydr ocar byl groups R are aryl or al karyl groups, such as phenyl,
2-tolyl, 2, 4-¥ @ 1363 30 1- napht hyl groups, or alkyl gr ITPHI01
parti cul ar n-al kyl groups, such as nethyl, ethyl, 1-propyl or

1- butyl - groups. They are nost preferably phenyl groups or nethyl
groups. The ring structures conprise typically a pyrrol e,
pyrrolidine or piperTRE fantity phithe casion whighnpagsbefused imttlms of
this type are anratalyst composition md® Y&r¢194%hin a wide range. There
PCT/ EP97/ 01001 ;4 4 reference for using 0.1 - 5 é6-. (i.e, nis
0), di phenyl amont umBic e Pas fﬁ affgne ©- Pr EHRLKDI ERRB P EinTaien
triethyl ammoni urR§Y .gram awpm)of Guoup VIII metalpr dfcpadticwbar a0.5% easas
one, in particulejuifalé®d in the sameVBasdfs.the hydrocarbyl groups Ris an
aryl group. 5 f such qreferr cations.in which nis 3 are
1- phenyl pi peri di ni unﬁ{%{ﬂ;ﬁlg E?%rll"y 5%1%’5‘18%%%8 ggf‘fgt ﬁw’?nnon may r}be

phenyl ammoni um (inteedegeq)iifetthe aatialysgnpomposition in yeetfrrmtghea of
cations is of thmXenas alhd @aBiloh source. Rivery] Bhetab eard .sahwsei n is

4, three of Rt er,_ W he .10 nitrogen_atomrepnresent_an
heterocicl i C arg%a%_ﬁﬂr%matve a8 3, COYRCEFACHN 8P ARIPR VR HE PB¥resents a
hydr ocat 8yl functgionpin |the [gagalyss compenenh aseahfurther byl group R
| st y Er tef ftfcﬁakﬂc}he’hdo,r aﬁg rmh cHibsa %r&ﬁflbk!érgr Oymi%ﬁ:@@[w ?-,he |

a tertiary buty o) -hhenyd prop-2-yl group, in particul ar
a triphenyl met hyclaq'{:jlr&o*gf)gy %?e %ertmee\réloé'fllclsrlgu'

The Group VIII metal containing catalyst composition
is typically based on an anion as a further catalyst

15 component. The skilled person will appreciate that
suitable anions are those which are non- or only weakly
co-ordinating with the Group VIII metal under the
conditions of the copolymerization. Examples of suitable
anions are anions of protic acids, which include acids

20 which are obtainable by combining a Lewis acid and a
protic acid, and acids which are adducts of boric acid
and a 1,2-diol, a catechol or a salicylic acid.
Preferred acids are strong acids, i.e. those which have a
pKa of less than 6, in particular less than 4, more in

25 particular less than 2, when measured in agueous solution
at 18 °C. Examples of suitable protic acids are the
above mentioned acids which may also participate in the
Group VIII salts, e.g. perchloric acid and
trifluorcacetic acid. Examples of Lewis acids which can

30 be combined with a protic acid are boron trifluoride,
boron pentafluoride, aluminium trifluoride and arsenic
pentafluoride. Examples of protic acids which may be
combined with a Lewis acid are sulphonic acids and
hydrohalogenic acids, in particular hydrogen fluoride.

35 Very suitable combinations of a Lewis acid with a protic
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aromatic ring structure may be that of a pyridine, e.qg. pyridine, a

subsituted pyridine or a fused pyridine. Exanpl es are the ring
structures of 2-, 3- or 4-picoline, qui nol i ne, isoquinoline and

di benzopyridine, in 20 particular pyridine. A preferred cationis 1-
(triphenyl &t hyl) pyridinium Anot her typerdpefigiodONs
Is of the generéf f%rnu | a Rerr]Herr]Cerr] wherein mis 2 or 3
and R represents a hydr ocar byl group_and/or two or three of R

t oget her wi-th 25 t he charged carbon afo%1?epresent a ring structure

o oups R ar o prof Aol pra seCEaEhGonlifle Befa buld hexaesuar UM

ary <
1- napht hyl groupst HPﬁ4p§F@|¥§§2& Other spikabl %ﬂ%ﬂﬁﬁ?s'ﬁﬁﬁsaQﬁpﬂﬁ< |l e of
a preferred car bOﬂhhlah3ﬂc appearfd tHat htKeie nfré md rsydlsly lcifugdtega Wen
mis-2 it re e, ﬁ;éﬂgﬁt C
car bon aton1represen Bé %?%% é% {Eg éya%or JE%7A%£Jhér8§ JH¥§¥¥%Ef
ring, pref®rably 8BHPEEN] n@%%%t%ﬁ’eﬁ'ﬁ%rﬂaﬁﬁ°mpnse e fane §r dififexented
cation of this tyhgdrscarbyDbpytoups Frtached aid Woror), HAIdH GH A1KYLS
trOpyl'u”]cat'On_§§§f5r$f£fﬁ§i)'alkaryl and cycf@2f£%§“5¥%hps. Pref%&%§¥%er

PCT/ EP97/ 01001
type of cations i3réfterEagprherates mpych as tetxgphenyiharatgerr],
wherein mis 2 ortdtaaki&(3 mmmmmuoromethMMMOﬁwp and/ or two

et er ooyl cerﬁS%F?%’é%%“‘-ch?mphé%}ﬁl%% R e
groups they are i Rhenyl)borate, jand iﬁmméi;z Jduch as nethyl
ethyl, 1- pr opyé sdovkrde B )dnjgmwmay e avid fdin whd o tH&i S
anions are derivable, or their salts. Suitable salts are,
for example, cobalt and nickel salts. A very suitable
15 salt comprises a cation selected as the catalyst
component (b) in accordance with this invention. Other
sources of anions are suitably Lewis acids, such as
halides, in particular fluorides, of boron, tin,
antimony, aluminium or arsenic. Boron trifluoride and
20 boron pentafluoride are very suitable. Other suitable
Lewis acids are hydrocarbylboranes. The hydrocarbyl-
boranes may comprise one hydrocarbyl group or two or
three of the same or different hydrocarbyl groups
. attached to boron, such as alkyl, aryl, aralkyl, alkaryl
25 and cycloalkyl groups, preferably aryl groups. They may
also comprise hydrocarbyloxy or hydroxy groups or halogen
atoms attached to boron. Examples of very suitable
hydrocarbylboranes are triphenylborane, tris(perfluoro-
phenyl)borane, tris(4-chlorophenyl)borane and trisi[3,5-
30 bis(trifluoromethyl)phenyllborane. Again other suitable
compounds which may function as a source of anions are
aluminoxanes, in particular methyl aluminoxanes and t-
butYl aluminoxanes.
The quantity of the source of anions is preferably
35 selected such that it provides in the range of from 0.1



type are di nethyloxonium (mis 2) and, in particular,
trimethyloxonium(mis 3). In an attractive alternative 10 all three R
(mis 3) together with the oxygen atom represent a ring structure,
such as an aromatic 6- menbered ring which is preferably

substi tuted, exanple with one or nore (alk)aryl groups, or
fused with w”ma‘r?ot her aronmatic ring. Exanples of cat i onstoF 104081y 5o

15 are 2,4,6-triphenyl pyrylium xanthyliumand flavylium
Yet anot her type of cations vvhi ch may sui-tall y be used in this
i nvention are cati on.i,ﬁeom da articul ar cations conprising

nitrogen and oxygen, ty °£rFrb%r§‘?'t'iif%1r°fc@ﬁ’§1°§’ﬁ A§ gredemadbdan and
oxygen. 20 Eﬁ&ﬁﬁFéé stchuthatait gusoardesniitr yWhe( quigrer bE @Qd,m ion 1

particular, ni treayéo(é@:&ﬁéiénts %f anions ﬁ:w:t %g:'éés ‘C%x. 3¢ Leb Sﬁ"_{gd by

a theory, it is 1 eleveléi Int catlons h the
charged at om car P& s D dPoEeIcutam in I‘Fé‘eplﬁf“\ﬂﬁ @f FFoms 0.5 toy ﬁé
conj ugat € base pUuyvalents cof nantizires rpen'r rg;:drhextmt ©f Group VITI metal.

pol ymerization V\ﬁbﬁ@vgf.p @Eeaémrﬁ ;l]a%p %%eh”in such apéut uL__ar to
cations of the geggéat fornt err r.r err] A

1, 2 or 3and RT R racis “}+15’éf“6¥§° F—Pe\/\BHPHPaHEéérmﬁhaﬂ
the pkb of the 3bs in tb@n;aggaenftﬁxnm|4nqmr¢febahbylatpkeﬂéfaﬁlynEEQm

preferably 200@;1I@@s_{ocﬂ,l nost preferably at least 6 and in particular
at | east, 8, when detgrm ned Jn ueous ,solutiaon at 25 [err]C In

general Yhe pKb val s ?ﬁeﬁ]&W"Z onpged tica, e&nthe Process agrewding to
VWO 97/ 31969 this invention is preferably basedPCitERAGtR4H0Additional

- 8- component, on a ligand which can form a complex with the
Group VIII metal. It would appear that the presence of
two complexing sites in one ligand molecule significantly

15 contributes to the activity of the catalysts. It is thus
preferred to use a ligand containing at least two dentate
groups which can complex with the Group VIII metal.
Although less preferred, it is also possible to employ a
monodentate ligand, i.e. a compound which contains a

20 single dentate group which can complex with the Group
VIII metal, in particular a dentate group of phosphorus.
Suitably a bidentate ligand is used which contains two
phosphorus-, nitrogen- or sulphur containihg dentate
groups. It is alsc possible to use a mixed bidentate

25 ligand such as 1-diphenylphosphino-3-ethylthiopropane.

~ A preferred group of bidentate ligands can be
indicated by the general formula
R1R2ML-R5-M2R3R4 (1)
In this formula M! and M2 independently represent a
phosphorus, nitrogen, arsenic or antimony atom, R1l, RZ2,

30 R3 and R? independently represent a non-substituted or
polar substituted hydrocarbyl group, in particular of up
to 10 carbon atoms, and RS represents a bivalent organic
bridging group containing at least 1 carbon atom in the
bridge.



The quantity of the cation which may be used in the cat al yst

conposition may vary within a wi de range. There Is a preference for
using 0.1 - 50 equivalents of cation per gram atom of G oup VIII
metal, in particular 0.5 - 25 5 equi val ents in the sane. basis.

The cations acqqy gidlded © this invention may be | nt r odUseSeEboRntdde
catal yst conposition in the formof a salt as the cation source.
Very suitable are-salts in whi ch they have as a counterion an anion
whi ch may 10 function in the catalyst” éd-rrponent as a further
conmponent, as describ hereinaft ernagivgely,at h n may
be forned in situ. T R h'lg?ﬂ séél% a]% n@() MY c?rﬁdafﬁr? Rge(?é’ti"ak’g
conposi tion represensi phrsphpruedateman Rh oas}?~3aafr@r flemayat al yst 15

corrpfﬂent \mThﬁ s&ndde@énla@hmp Webi:'eé@ﬂé e&p@i&xatr@ polar sub%%'ﬂ:t%%le?han' ons
are those which ar n- on Wi e
Goup VIl netal %'c'é’(ri ﬁ‘%l an ghd?f?%‘f‘?él o‘?zgtcﬁ,cj'o B’g‘lty}rrg P28 on.
Exanpl es o sui talﬁré‘ferably agnileastaere of Rt &2 pit ianda&tdsepnesents

i nclude acids 20 an arwaehcageoabl; amapéﬁtmumrﬂla%nat&%m'g%oa@l dvha&ﬂ a

protic acid, and | dycts of boric acid
1, 2-diol, a catec %%%l\é% %g gé " Preferred aC|ds are

strong acids, i.e. th§§étﬂhﬂehpﬁ&$€ Qroups include dfalogen mhams6, siigh as
particul ar | ess thdﬂoéanﬁDhﬁdlah25r1ne, i@ﬁéﬁfﬁ ﬁﬂuﬂéﬁihchhéﬁ fetWBRY and

neasured { g aqueo{%%h%%uyrggpsband al x&g% Od?m es of nggita%gno )

protic acrds are
participate in t hé‘lmethylam@BupaWI ﬂls%mlfbam%mg ayempsh| 0|A|1 oxYi drapps

trifluoroacetic aemd,aEkguaheﬁoO§rbepbScéﬁtékhAMﬁ<ﬁarﬁm&u3Qr u tBGSCOHbIned
with a protic acigd_age b gg:ggst Ehnggﬁlgg theni aafllk g%%u% ntar |l uori de,

al umi ni um trifluortde an ori Xanpl es of protic
aci ds which may be It is Eﬁﬁﬁ?ﬁéﬂdvﬁ-w ePfL%\Mrs meried AnePaykpAvARE @aflls

and 15 hydrobdl ®3¢nRE, ar? dandi Rt preptendmitis il Eagangikbup!, | geefebably

Very suitable CO”Q'B%Eh?TSggéuB LeVbse ARk 4 3 Y thpposltlon with
respect to Ml or M2 with an alkoxy group, especially a
methoxy group.

In the ligands of formula (I), RS preferably

20 represents a bivalent organic bridging group containing
from 2 to 4 bridging atoms, at least two of which are
carbon atoms. Examp}es of such groups RS are -CHy-CHy -,
-CH2-CH,-CHy-, -CHy-C(CH3)5-CHg-, -CHp-Si(CH3)3-CHy-, and
-CHz-CH3-CH3-CHs-. Preferably RS is a trimethylene

25 group. '

Preferred ligands are 1,3-bis[bis(2,4-dimethoxy-
phenyl) phosphino] propane, 1,3-bis[bis(2,4,6-trimethoxy-
phenyl)phosphino] propane and, more preferred, 1,3~
bis [bis (2-methoxyphenyl)phosphino] propane.

30 Other suitable bidentate ligands are nitrogen
containing compounds of the general formula
x1 X2
/ \ / \
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-O- acid are tetrafl uoroboric acid and hexafl uoroboric acid
(HBF[err] and HBF[err]). Qher suitable anions are anions of whi ch
it appears that there are no stabl e conjugated aci ds, such as
tetrahydrocar% e anions or carborate 5 ani ons. Borate anions
may conprise the sane or different hydr ocar byl gr oups PSTEEXHMN0L
boron, -such as al kyl, aryl, aral kyl, al karyl and cycl oal kyl groups.
Preferred- are tetraaryl bor at es, sudl? as tetraphenyl bor at e,
tetrakis[3, 5-bi S%I’IHUO eretgyl ¥ bgr at e,

tetraki s(4-chl or bﬁgﬁﬁf‘) or 3f dEPER ﬁign’fzbléﬁ?%%ﬁnt organic

phenyl ) borate, aht#idgibgr areupB[eacl]lG:{[mta:}r)lng 3 or 4 atorﬂ'éleus%ée of

ani ons may be anpaghdefl REM¥REENt n r& or their
salts. Suitable sal tge 2 g? Whiirérr%fé é%%%a’?t dénl c %, A

very suitable 15 B an Eﬂﬁfttm}l%%da ’é%tiF’é‘PPEeﬂ’%’Hﬁ,‘EPéy tohe dmsaigmg
conponent5 (b) i nguoupsdXhcandi xH. tm:sampllesltaﬁrsucﬁt hesmpounds axedur ces of

ani ons are sui taQIy Levpyrdaids, $ueh é‘:?meth 2, 2alidss. dipparticul ar

fluorides, of boro ‘ant j nony urﬁ ni um B{rESHic. Boron
trifluoride and 4 élmﬁB?Wp%'rﬁ a'fﬁ”cBY’Fb‘%"%?e %é%rg}ﬁmfg01Mer

sui tabl e 4L'é\nuisphenxd]s B 20 +phksant iy hiiearanl 41,16 dixdeesgar-by| -

bor anes may COMP{ | $6-PREnMNCLASAIAY|  Ohflfefted Wnfllounds are L MM CC OF the
sane or fferen €?’ pcarp grou S attached 1o boron, such-as
al kyl , . arafk ’r‘i’ L’a?]'c?"&%ﬂﬂ’%ﬂ}’{&;l ne-oups, preferably
aryl groups They n@gam other edmatﬂmrb’:siem;ai:ra)aa.@ayidaxyr@ stahwey
groups or hal Oged?ontaixu SPodid A GG HO %EH BaRhgs of very

sui tabl e hyd rocar%yl ranes.are triphe orane tris(perfluoro-

phenyl ) borane, tris(4-chl or(ﬁ) Is)Rborane and tr| s[3,5- 30
bi s(trifl uor onetwyereir ks |oud Rk indepemiaitiy repiresent a non- conpounds

whi ch may funCt'5&b§@1€hé€&”&f§ﬁgléynéugbéﬁéﬁted hydrdﬂa&%b&oé§%§§ ahd g

articular nmethyl al um noxan
P 1% Xrepresents a r]lent bridging group containing 2 to 4

carbon atoms in the bridge. The groups R® and R7 are
preferably alkyl groups, each having in particular up to
10 carbon atoms. Very suitable bis thio compounds are
1,2-bis(ethylthio)ethane and 1,2-bis(propylthio)ethene.
20 The amount of ligand supplied may vary considerably,
but is usually dependent on the amount of Group VIII
metal present in the catalyst composition. Preferred
amounts of bidentate ligands are in the range of from 0.5
to 8, morxe preferably in the range of from 0.5 to 2 moles
25 per gram atom of Group VIII metal, unless the bidentate
ligand is a nitrogen bidentate ligand, in which case the
bidentate ligand is preferably present in an amount of
from 0.5 to 200 and in particular 1 to 50 moles per gram
atom of Group VIII metal. The monodentate ligands are

30 preferably present in an amount of from 0.5 to 50 and in
particular 1 to 25 moles per gram atom of Group VIII
metal.

The amount of catalyst composition used in the
process of the invention may vary between wide limits.



butyl al um noxanes. The quantity of the source of anions is
preferably 35 sel ected such that it provides in the range of fromO0.1
WD 97/ 31969 PCT/ EP97/ 01001

- 10 - The quantity of the source of anions is preferably

sel ected such {jdraideoprovi des in the range of fromO.1 PCT/E®7RT001°
equi val ents of anions per gramatom of Goup Vil metal, in
particular in the range of from0.5 to 25 5 equi val ents of ani ons per
gram atom of Group VIII netal. Howk¥e?, the al uni noxanes may be

used in such 2 A%a0Lbhlended quand{iiled U W2 yEEt LanobaBEUBLLUT 18 LRE

preferably from range °527OQ) tq dol(ﬁ) Pa PG‘lated as drpm é&P&Py?lE Group
conposi tion of tthpIme&sl e;mﬂrmblreg dfo olefinicallit insavaphted témpound

preferably based, . gopanalbyli Jd Wl cagpon nGABRIAEY : pRlcd-LLgaNd

whi'ch can forma corrp
appear tha the p%%%%"el?ﬂ are in the yangenpferPng &Pt 9 FnoBnthei game
nol eCul e significhasiy. 15 contributes to the activity of the

catalysts. It is thug,e pegrfozaﬂn%e”feg;rkﬁ %Ff Jnégggd?%gggl {;_n ng at

| east two dentate can VI
net al . Al EPERRAL NS pireitde é%?POilﬂ“\ie§1aP§b°ﬁoE§?§¢ést @axnbeoy a
nmonodent at e | i ganiimproeed sy dmmodhaiicc Ancorbahie 6x2@ant, stGthghe dentate

group whiy@ can ¢ V&f*ﬁﬁ*ﬁ%&ﬁé%ﬂ% nﬁtgF coM%$én&Etabr?fgr9§étlCU|ar a

dentate group of or us nt at e I s used
whi ch contai ns tV\B""-d nts arg, BERENes seﬁieFF-SéeﬁrOBrt%ﬁl%ﬁGFPcéﬁpaiﬁthg

dent at e god Upenzdduirsorid S hapdfthicguié nbfie UsRd danit Hedqli A6Aé At EThe
quantity of oxidant is advantageously in the range of
from 1 to 50, preferably in the range of from 1 to
15 20 mole per gram atom of metal of Group VIII.
Olefinically unsaturated compounds which can be used
as monomers in the copolymerization process of the
invention include compounds consisting exclusively of
carbon and hydrogen and compounds which in addition
20 comprise hetero atoms, such as unsaturated esters, ethers
and amides. Unsaturated hydrocarbons are preferred.
Examples of suitable olefinic monomers are lower olefins,
such as ethene, propene and butene-1, cyclic olefins such
as cyclopentene, aromatic compounds, such as styrene and
25 a-methylstyrene and vinyl esters, such as vinyl acetate
and vinyl propiocnate. Most preference is given to ethene
and mixtures of ethene with another olefinically
unsaturated compound, in particular an a-olefin, such as
propene or butene-1. The term "lower" used in this
30 document to specify an organic compound has the meaning
that the organic compound contains up to 6 carbon atoms.
The molar ratio of on the one hand carbon monoxide
and on the other hand the olefinically unsaturated
compound(s) used as monomer is typically selected in the
35 range of 1:5 to S5:1. Preferably the molar ratio is in



25 | i gand such as 1-di phenyl phosphi no- 3-et hyl t hi opr opane.

A preferred group of bidentate |igands can be I ndi cated by the
general formula _
RlerrI]Rerr]Merr]-Rerr]-Merr]Rerr]R err] () Hnams
formula Merrlywgpgabbserr] i ndependently represent a _ phosphor us,
nitrogen, arsenic or antinmony atom Rerr], Rerr], 30 ngpgwaﬁwl
Rl err] independently represent a non- substituted or pol ar
substituted hydrocarbyl group, in particul a¢ ef up . ;o 10 carbon
atons, and Rl err e n I val ent organic ri dgi ng group
contai ni ng at Ie%%% gégérbéﬁ gt%ﬁ??r?t}ﬁasu stantigdly,equimolar ratios WO
97/ 31969 being preferred most. PCT/ EP97/ 01001
- 11 - Thé rbém%m%nf Jods2 b )tl\qlS vél 13%[ g,
preferably esent p osphor us atons nd
ubbﬂttuted

Rerr] ma carr1 epe hathtthe RERIRNGR Ofpdi dAGRAT 83 HFR
al kyl | 15§I al k‘Bﬁ‘XlIal%SP & yamried dukslde/la gasupbaseSprocessPr eiﬁrﬂ.b'i{s at
| east one of R[ esddridd esud , 13[@{610%&%%9?%1] a' ¢ &ﬁ%ﬁnzﬁluent pEer, ol ar
substi tuted. . 2dvdBLy £ Gl AR S lgel T whsel whe cgpotaome
such as . tqlhﬂnﬂ#ﬁ?éﬂﬂﬂ(ﬁﬂnmsruasuabbnnyog;ompswnﬂeh E&sérd hoxy and
0 ethoxy drmune . a?ﬂié‘%ﬁeﬁ@d&:ﬂri?:“%iéﬂcgggscg§£Mgfn 9
a: lr<r§It a%hﬁtr)n S(I’)OUS{S}QSCOH alh VM% Yarlingp f"gxg Jgample%a‘?%d‘ﬂﬁm in
each of their alddiueptsre ketones (e.g. aCetenprefemeEhyléEﬁyIkﬁtdﬁE)WDre
in particular ea&teﬁs (e.qg. @‘t}ﬁlerarc]e,talg[ggrr]athgggrubgn ‘9{(# s 1,Fﬂ‘lq:resteﬂts
an ary! Sroup: Rehfbruran or A RS Ie I PR SYPSLL UL €t an for tho
chlorinated hydrocarbons (e.g. chloroform or
is dichloromethane), aromatics (e.g. toluene, benzene,
chlorobenzene) and protic diluents, such as lower
alcchols (e.g. methanol and ethanol). Protic diluents
are preferred. Mixtures of liquid diluents may be used
as well, for example protic diluents may comprise an
20 . aprotic diluent. Purther, according to the teaching of
EP-A-254343, ethers, ketones and esters may increase the
rate of polymerization.
When the process of the invention is carried out as a
gas phase process it is preferred to use a catalyst
25 system supported on a solid carrier, usually in order to
facilitate the introduction of the catalyst system into
the reactor.
Suitable carrier materials may be inorganic, such as
silica, alumina or charcoal, or organic such as cellulose
30 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
35 carbon monoxide with ethene and propene or butene-1.



respect to Merr] or Merr] with an al koxy group, especially a

met hoxy group. In the ligands of fornmula (lI), R err] o
preferably 20 represents a bival ent organic bridgi ng group cont ai ni ng
from2 to 4 bridging atons, at |east two of which are car bon
atons. Exanpl ewosraseseh groups R err] are -CHerr]-CH err]-, PCI/EP97/01001
-CHerr]-CHerr]-CHerr]-, -CHerr]-C(CH err])[err]-CHerr]-,
-CHerr]-Si(CHerr])[err]-CHerr]-, and _ ;5 _ _ _

-CH err]-CHerr]-CHerr]-CHerr]-. Preferably Rlerr] is a trimethylene 25
gr oup. Pceheoehtdnt1gabHe aafries- Ds SimpSdanat<ll VBRIV Y -

phenyl ) phosphi no] 3.his[bis(2, 4, 6-trinmethoxy- . .
phenyl ) phosphi no] %:?g%gﬁ%na%a t{'r%rie:ag?é?’%?rﬁﬁ?éi‘f's%“ a su:.tabl!.e 15fq"1‘.i‘ It
bi s[ bi s(2- met hoxy#iddy PPoREPERFABESAOPRAL. tBE amount of Iidwid sidedible

bi dentat e |igands ralativelgyemall, so th&ENAAYNeRGess MKurEl: Kad Gadiarer al

formula g be removed befok&' bt during the ir_xi&:izvi\q 9s7t:/a3g1e9§:>9f the . ein

PCT/ EP97/ 01001 , > oF
X[ err] and X[ err] CRAYBRYEARFJORcPFecens . or@antke other hang jidyihep dremms
each containing 3obsedvationehat the additidgn_@fléliggiﬁ%r | fisint? 1\Ma\ﬁfat ar e
carbon atons. The itignal bridgin r,QUR _con ing
the bridging 5 Elgrqﬁﬁoﬁ}plse gfg?%?ﬁgﬁgz% PP PEOSER A s%f&&%ﬁ'%%ﬁs
are 2,2' OB 58% grhalysat sdegehivayion, Af Bihsre disany, the

4, 4" - di metthoxy- 2, qaahtliltpyb'fdilDQui&,ﬁ@iﬂﬁle_génédri]ﬁlld |¢¥at the gas phase is

4, 7-di phenyl -1, 10 e ; l.pe 4.7- { - . o
1,10-phenanthroliﬁ§2 %%gkgﬁgég?cgﬁggﬁnﬁéraré?%k?/p°1y@f€}%35ﬁ5ﬂﬂ(ﬂﬁh? anq

1, 10- phenant hr ol i fdantity of liquidgisnintparticuliam|selsated sush ithatdsit

are sul phur is 20-80% by weight, more in particular 40-60% by weight,
of the quantity which is sufficient to saturate the gas
15 phase under the conditions of the polymerization. Polar

liquids are preferred, such as lower alcchols, ethers,
‘'ketones and esters. Examples of such liquids are
indicated hereinbefore in relation to the diluents which
may be used when the process is carried out as a liquid

20 phase polymerization,

The copolymerization process is typically carried out
at a ﬁemperature between 20 and 200 °C, preferably at a
temperature in the range of from 30 to 150 °C, and

. usually applying a pressure between 0.2 and 20 MPa,

25 pressures in the range of from 1 to 10 MPa being
preferred.

The copoclymer may be recovered from the poly-
merization mixture by any suitable conventional
technique.

30 The copolymers obtained according to the invention
are particularly suitable as thermoplastics for fibres,
films or sheets, or for injection moulding, compression
moulding and blow moulding applications. They may be
used for applications in the car industry, for the



cont ai ni ng conpounds of the general formula

Rerr]S-Q SR err] wherein R err] and R err] independently represent
a non- substituted or polar substituted hydrocarbyl group and Q 15
represents a bivalent bridging group containing 2 to 4 carbon atons
in the bridg oups R6 and R7 are preferably alkyl groups,
each havi ng ie‘HO}g);ﬁg%ul ar up to 10 carbon atons. Very® QL1 i s
t hi o conpounds are 1, 2- bi s(et hyl t hi 0) et hane and

1, 2- bi s(propyl thio)ethene. 20 The 1&msunt of |igand supplied nmay
vary consi der abl ui- i s usually dependent_on the anount of G oup

b

VI net'é?nﬁfﬁgﬁﬂfei#t?%clﬁ%ﬂﬁ@ﬂam thon fqadand drinks
amount s of bi denand efbr guadiows euses tire thegdomdstionghdre. to 8,
nore preferably int I fiNeEn r [ gram atom
of Goup VIII rrgéai ﬁﬁ?\l ess t‘ﬁ{eoxgi%gr#g?eiﬂ&m%? ég'nglela? a%r% ?’lhﬁgen

bi dent at e | i gand-OHORHIS HEXarRLe%e bi dentate ligand is preferably
present iBn an anExamplhés 1-21 (Exfamples 8t @ 202,and iandast age Forl to 50
ol es per gram comparigégym of Goup VIII netal. The nonodentate |igands

are 30 prefera ijegesent in an anount of from0.5 to 50 and in
particular 1 to 25 rfblHPeRT termatdRDcandypey Of carbon mgmpzxide
The anopunt of carktlysethempoeid iprepret ias tfullows. process of the

I nvention may vary t ' gt /3196
PCT/ EP97/.01001 KRN SdIR G was PrePaerlgsz%ﬂO%- 7.4 mg

Recormed®ed quant? t3IBPLaf o3 Rifidia {axtha-@ethopyphenyl) phogange of
10[err] to 10[ erphinekpxapatie was dirssrolmenhsim2.6 olpof tetrahydrburiaal.

per mole of ol efdfi &Rl dompiadd WidRARITHOUHS . 0 mg (0.10 mmole) of
palladium (II) acetate was added and the resultant
mixture was stirred for 30 minutes. Then 17.5 ml of
15 methanol was added and the mixture was stirred during 1
hour. Subsequently 0.25 mmole of a salt as specified in
Table I was dissolved in the mixture and the resulting
solution was stirred for another 15 minutes.
_ In a 0.3-1 autoclave 1 ml of the resulting catalyst
20 solution, and subsequently 1 ml of methanol, were
dribbled over 5 gram of a dried, previously prepared
reactor powder of a copolymer of carbon monoxide and
ethene. The autoclave was equipped with a helical
stirrer and an automatic pressure relief.

- 25 Subsequently, the autoclave was closed and
pressurized at 5.0 MPa with nitrogen. The pressure was
released and the autoclave was purged with carbon
monoxide (1.0 MPa), after which it was pressurized with

- carbon monoxide (2.0 MPa) and ethene (2.0 MPa).
30 The contents of the autoclave were heated to 90 °C.
At the moment that the temperature reached 55 °C, a
supply of carbon monoxide/ethene feed (molar ratio 1:1)
was started to maintain the pressure at 4.0 MPa absolute.
The beginning of the reaction was defined as the moment



to be copolynerized with carbon nonoxide. Preferred 5 guantities are
in the range of 10[err] to 10[err] on the sane basi s.

The performance of Goup VIII netal catalyst conpositions in the
copol ynmeri zati on process nmay be i nproved by introducing an organic .
oxi dant, such as a_ 10 qui none or an aromatic nitro conpound.

Preferred WO9B198ant s are qui nones sel ected from the grouBCHEREHMML,
of benzoqui none, napht hoqui none and ant hraqui none. The gquantity of
oxi dant is -advantageously in the range of - 17 - from1l to 50, preferably
in the range of from1 to 15 20 nol e per gram atom of netal of G oup

VI, tBREf PR chpTRerAre ek dihe sraRAhien MiPEMrearascheded

as nononers in theoctpol ynerization process of the i nvention

i ncl ude conpounds co t ﬁ&ﬁ%g SV, ar. hydr ogen and
conpounds which in agfdh%% éﬁiatenﬁﬁqea td eter O at ggg)gpg Yy

unsatur at ed est er 3ut@Pakig pressure grgjl cﬁfs‘:emmmc&tlea miodaplions are
plre]:_erred 5 2 E'Ezﬂpl eBhé fprodicd| wa® | iddveira®)nairdled Mrln(i Wt in a n
ol efins, S r ORENS uc
as cycl opent ene, gggrralﬁl %€%12‘rarl%g%enlgs£ suc éd}q‘ %[L{}r ngq:ar? é in}s‘ d;

[err]-methyl styrene ah@e® \ﬂWa%t&QMmté&W|rﬁ§iF aBckgt eopolymer ped
vi nyl propi onat e. gbbmt pplBadiw grer hali avad calldidated from tﬁ&dyﬁblHUbQS

of ethene with ang fgn?éff' "¢l ddeules are YRR FpTaTROUY
partlcul ar_an [err -o suc pénéeor e He term

"l ower” usbd in t kepble, the Fabke tﬂis;?p@é"ioﬂﬁ theop§hnvaluenpSuhbehas
t he nmeani ng conjxhgdté Heamy gofitthe: QEYdoNS ,C Mehaureduptt 256 ceaghon

at ons. a0 of on the one hand carbon nonoxi de
and on the other ﬁ%Jde ﬂoé@{ eél nical ly unsaturated onpound(s) used
as nononer is typical

;Fs“E‘FPeét vsig ifonfdrmed thakgthes cqulme581
Preferably the nobhtaimed overe ilinear polymers of which the chains

15 consisted of monomer units of carbon monoxide and monomer
units of ethene arranged in an alternating order.
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- 14 - the range of 1:2 to 2:1, substantially equinolar ratios
bei ng preferred nost. The copol yneri zati on process of this

i nventi on may be carried out in the presence of a liquid diluent,
but it 5 may al so be carried out as a gas phase process. If it is
carried out M‘Pﬂ‘ﬁé’ﬁ’r esence of a liquid diluent pre- PCY/EP9/91901 5
liquid diluent is used in which the copol yner ' to be prepared forns
a suspensi-on, .in which case a di lpert may be selected in which the
copol yner is 10 insoluble or virtually insoluble. Exanples of liquid
diluents are ketones (e.g. acetone or nellRRLBtRy| ket one), esters
(e.g. ethyl acetate), ethers (e.g. diethylether, t et rahydr of uran
or diethyl ene I ea gyl etnery, chtortmated ydrocarbomrs
(e.g. chlorof orgér#%&]lg@lg di chl oronet hane), aromatics (B 9. t ne,
benzene, chl or obenzene) and protic diluents, such as | deef

al cohols (e.g. nethanol and ethanol). Protic diluents zqgipd.h,
preferred. MXTUres of OO O T UETtS—TTHY DE—USed xS -

exanple protic diluents 0 aprotic diluent. Further,
according to thé tHachi kgtyabutylammomfum\- 254343, ethers, ketonew.asd
esters may i ncrenasy thetetraphenyﬁﬁﬁbgshéﬁﬂﬁﬁﬁﬂiZation. < 0.5 Wen

t he process of the invep_;ciigp if car rled out as a gas phase process
it is preferredTo use aC gyyng um- syst em supported” on a%olid
carrier, usuallyin ordammepium facilitate the introduc8i or® of the
catal yst systemgnto  dimeth{PEhé&SpTimionium Sui tgbl e Garri er

mat eri al s may be6 i nor gagi CrpSyshas . silica, alumpa or charcoal, or
organi ¢ such as el | ul o5&~BpenY amponipm .  ce  Further not® a ymer
material may be Used  triphenylcaxbomium sitetityd)pol yet hene, pdl3dypropene

or, in Earticul g;hgopgj_mﬁqﬂjrﬂqmn monoxi de with apy

et hyl eni cal | y unsat ur at gd. nd or exanpl e |inear | t ernating
copol yners of c}?bon mﬁ%&ﬁ%@rgﬁ?ﬂﬁbﬁmne or 35 carbon no ide with
ethene and propgéhe or bBitresyl ' 16
11 1- (triphenylmethyl)pyridinium 11
Hexafluoroborates:
12 3) tetramethylammonium < 0.5
13 a) tetrabutylammonium < 0.5
14 dimethylphenylammonium 9 11
1s tropylium 12
Ietrxaphenylborates:
16 @) tetraphenylphosphonium < 0.5
17 trimethylammonium 4.2 7
is ammonium . 4.8 6
Tetrakis (perfluorophenyl)borates:
19 dimethylphenylammonium 9 16
20 triphenylcarbonium (trityl) 10
Perchlorates:
21 dimethylphenylammonium 9 13

4) For comparison
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- 15 - Conveniently the carrler Is inpregnated with a .
solution of the catal yst syst ep=g=t=stit-airg= sEguid. |t will be
appreci ated that the anmount of |qul$$i'{EETe|dA$B‘;‘..N f relatively small, so

t hat any exces f can eagily BI:PLACEBe renbved bef ore Of’cﬂﬁi’dvﬁﬂodhe
initial stage g%;gﬁé&& o ' ocess. On the other hand
it has been observed, that the addltlon of a m nor anount of
l'iquid T during the copol ynmerization grgocess has™a defayingeffeet—

.on the catal yst deactivation, if there is any, the 10

| iquid being so snmall that the gas phase is thejgum ﬂ&'ﬂﬁumﬁ&ﬂﬁ
during the polynerization. The QuBAiI MR |iquidis ar

sel ected such that it is 20-80% by weight, nore in particular

40- 60% by wei ght, of t which is suffigient to_satu
the gas 15 pﬁaseAuﬁagfe?ﬁeggﬁ ﬁﬁ?l?ﬁé@%ﬁaq*ﬁP (iﬁmﬂ fsﬁ&r
li qui ds are prefemopdxidecwith aowelefinbtally mnsanuxated compouget ones and

esters. Exanples obmpwgBihi QHbﬁélw}ﬁErzang the | miShémE 1P tdie Riiedeide of
relation to the dil uenpt e used when the process is

carried out as a PI& E i¥3 compﬁﬁé§§° d??%%gfﬁgﬁ B on. The
copol yneri%ati on ¢abcesgais ofpaca@royp c¥IIT ouettak, and at a tenperature

bet ween 20 and 20Qp)ear berishehBiaR! ¥s ddePected fron efaa-.qroi\ﬁw @xidahlte GaAgE

o o hnd 50 Mha. ogaEibhE oBlEne gensrahotSimun APkt e I PECIE RP BN

preferred. RpH3 m¢ﬁe whesejnen i®y0bels s2o\dkrax 4.r omish@ el B- and
merization mxturg bypsB¥efibt abhpasosyAHy1 W¥dup and/or two or three of R
10 together with the atom carrying a positive charge '

represent a ring structure comprising carbon atoms in the
ring, on the understanding that when n is 3, at most two
of R together with nitrogen represent a heterocyclic ring
structure, and when n is 4, three of R together with

15 nitrogen represent an aromatic heterocyclic ring
structure. '

2. A process as claimed in claim 1, characterized in
that the Group VIII metal salt is a palladium salt of a
carboxylic acid.

20 3. A process as claimed in claim 1 or 2, characterized
in that the cation is of the general formula RpH4.nN*,
with n being 0, 1, 2 or 3, of which the conjugated base
has a pKb value of at least 4, preferably at least 6 and
most preferably at least 8, when determined in agueous

25 solution at 25 °C.

4. A process as claimed in claim 3, characterized in
that at least one, in particular at least two, of the
hydrocarbyl groups R is an aryl group. '

5. A process as claimed in claim 1 or 2, characterized

30 in that the cation is of the general formula RpHy_pN*,
wherein n is 4, three of R together with the nitrogen

This Sheet Has Been Replaced
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techni que. 30 The copol yners obtai ned according to the invention
are particularly suitable as thernnplastlcs for fibores; films or

sheets, or for injection noulding, moul di ng and bl ow
moul di ng applications. They may be ﬂ!ﬂ@ﬂ mH"I,I’ Il plications in the car
I ndustry, for_the WO 97/+ '

PCT/ EP97/ 0100%0 9731969 - 16 - PCI/EP97/01001
manuf acture of packaging materials for food and drinks and for
vari ous uses in the donestic sphere. - 20 - The invention is now
il lustrated by neans of the follow ng exanples. 5 Exanpl es

1-21 (Exanpl es 1atom yepresenfga jBynidirerring and thepteustn)R
A linear alter nateﬁgegaﬁebyseny@fo@@f BeD W{ dfn particuldt b abAGNGHIRS

prepared as foll talyst sol uti on was prepared as
Fol | ows: 57.4 myiiBYt oF Ba’fi"%%‘f'g‘?

1, 3- bi s[ bi s(orth6 rre%hamﬁmy#g mﬁmed in claimnb]eK charcharactisiasd ed

in 2.5 nis of tetiahyHaefthéncation is &ftaie R PP £bh5nel 4/t et 0 g
(0.10 mmol e) of ( e was added and the resultant
m xture was sti rreﬁr? @a&ma%u es. é%ee%? ?’dalaff CUPS: % hanol was

added and t he mR%ﬁFecuhérsehw:éh grEUPR, ©r m is 2 tand R Sdgakhenwitly. 25

nmmol e of a saLt the SPRarfé@dcarbon atom iEﬂ&ébén@WHS1ﬂd§ﬁﬂéﬁéh'ﬁ}ﬂé‘
minutee. o BEEECRABEY containify UAALIGR & dlon d A HFENIR . 20
sol uti ot? and suBd&¥®®ntly 1 m of methanol, were dri bbl ed over 5
gram of a dried, 7pr exippotesprapailifimed in ol t10lor) @)l hadiact e3IpAd/ MET
of carbon monoxigdg @Ak the cation is of the general formula RpH3-mO*,
wherein R represents a hydrocarbyl group, in particular a
n-alkyl group, or, if m is 3, three R together with the
15 oxygen atom represent an aromatic 6-membered ring which
may be substituted with one or more (alk)aryl groups, or
may be fused with another aromatic ring.
8. A process as claimed in claim 1 or 2, characterized
in that the cation is a cationic oxidant containing
20 nitrogen and oxygen, in particular a nitrosyl salt.
9. A process as claimed in any of claims 1-8,
characterized in that the cation is present in a quantity
of 0.1 - 50 equivalents per gram atom of Group VIII
metal, in particular 0.5 - 25 equivalents in the same
25 basis. | |
10. A process as claimed in any of claims 1-9,
characterized in that the catalyst composition is based,
as an additional component, on a source of anions
selected from sources of anions of protic acids,
30 tetrahydrocarbylborate anions and carborate anions, or
selected from Lewis acids and aluminoxanes.
11. A process as claimed in claim 10, characterized in
that the anions are applied in a quantity of from 0.5 to
25 equivalents per gram atom of Group VIII metal, on the
35 understanding that aluminoxanes are applied in such a



AT

et hene. The autocl ave was equi pped with a helical stirrer and an
automatic pressure relief. 25 Subsequent Ty, the autocl ave was

cl osed and pressurized at 5j ' ' )gen. The pressure was
rel eased and the autoclave was pur gH , mu m,rmm - nonoxide (1.0

MPa), after m%}&‘ﬁ/ﬁj‘%‘ws pressurized*witht ® s €arbon nonoxpefesedniedyPa)
a). 30

and et hene (2. The contents of the autoclave were heated

to 90 [err]C. At the nonment that the tenperature reached 55 [err]C,
a supply of carbon nonoxi de/ ethene f2ded (nolar ratio 1:1)
was started to maintain.th ressure at_4.0 a_absol ut e. e
begi nni ng of the r%ﬁq&}f &é’%r’dgif"ng‘ai‘%’ Tk %?rérﬁslumlnlum to the %"up
97/ 31969 VIII metal is in the range poff/fw/20QQ:1 to 100:1.
601[7 - o - thaiz.tbze?@ah Q’éalb.ﬁrél_aimé@eiﬁeﬁﬁiit@ dmaz@tn\g?_-r:.qa,chgd
err]C e.Copo izafion re I.on_was st.qppe
automatic pressurecwalc AFE igrgéggt{:%ﬁ f)%‘?%%fco@c’sn“%‘ %tﬁﬁ“safseﬁfe

product wa§ recoveredn ¢dddtioneinicgmponent, upon a hidenhate diganderofa
nitrogen purge at & Geddatifebfdlia RIR2ML-RS5-MIHERAVEN)AIGHUY AT MY &N

in k | . | | adi h | cul
from the ui el 0 of B dndependepe1ydreniRiend o PREGIIRIE, AR ipen
10 appl i cabl arserdcTan angiimonyhaten; R pi@2 v Al@ansd R%dndependently

colnj ugate base of xtéﬁ'e@&'ﬂtgﬁsl\lﬁgﬁeéﬁlﬂée_ﬂtaée@?:f Gﬁdﬂa(i'hiéhbsﬁitutédliqueous
obtained #re Ii ne%ﬁﬁj%#z}s R R L R g o
monomer units of duisigingogsrupecantainingat least 1 carbon atom in the
| bridge, which bidentate ligand is typically present in an
amount of from 0.5 to 2 moles per gram atom of Group VIII
metal.
15 13. A process as claimed in claim 12, characterized in
that M1 and M2 represent phosphorus atoms, one or more of
Rl, R2, R3® and R% represents a phenyl group substituted
at an ortho position with respect to Ml or M2 with an
alkoxy group, especially a methoxy group, and RS contains
20 from 2 to 4 bridging atoms, at least two of which are
carbon atoms.
14. A process as claimed in any of claims 1-13,
characterized in that it is used for the copolymerization
of carbon monoxide with ethene or with a mixture of
25 ethene with another a-olefin, such as propene or butene-
1, the molar ratio of on the one hand carbon monoxide and
on the other hand the olefinically unsaturated
compound (8) used as monocmer being in the range of 1:2 to
2:1, the amount of catalyst composition being in the
30 range of 10-7 to 10-3, calculated as gram atoms of Group
VIII metal per mole of olefinically unsaturated compound
. to be copolymerized with carbon monoxide, the temperature
being between 30 and 150 °C, and the pressure being
between 1 and 10 MPa. .
35 15. A catalyst composition based upon



units of ethene arranged in an alternating order

rer Sl et T s mﬁuil’yiiﬁﬁﬁumm

_krg/ | . - 1 a) THIS aS;EEJA HAS BEEN (g Pd. h)
etrafluoro t a tetr aRer @EDDONI un :

< 0.5 2 a){vgﬁég's?aphenyl proseRaTH < G TEERITI01401
triethyl amoni um 3 4 4 anmoni um

4.8 9 -5 di met hyl phenyl ammni um 22 - 9 12 6

tri phenyl anmoni u tri phenyl car boni um
(trityl) (2) a salt of g Group EIEIGm?‘F?bhe?Rﬂ pyrylium

9 9 tridt ey lcatdenumhich is selected from catidn® of the

nitrosyl

1. o .
: eral formilae RyHy.pN*, 83 _c*tland RgH3 -0t
1- (tri phenyl met iy yarl °n| umae n74-n 453 -m nd Rola-nd for s ates:
12 a) tetrane 43 M ©F 4, m is 2 or 3, and R repupsents 3
tetrabutslanwomhyﬂrocarbyl group and/or two ox three dfl R together with

di met hyl pheny| agRhiys it élcha
12 Tetra her‘fl Cl?cfr teg 2 po * }v tetra he %1 hom
<0.5 17 Wﬂp‘?m%wcam Jsing carbon atoms in th 70n T

understanding that when n is 3, at most two of R together
with nitrogen represent a heterocyclic ring structure,
10 and when n is 4, three of R together with nitrogen
represent an aromatic heterocyclic ring structure.
16. A catalyst composition based upon |
(a) a salt of a Group VIII metal,
(b) a cation which is selected from cationic oxidants and
15 cations of the general formulae RpHg_pnN*, RpH3_nhC* and
RpH3.mO%, wherein n is 0, 1, 2, 3 or 4, m is 2 or 3, and
R represents a hydrocarbyl group and/oxr two or three of R
together with the atom carrying a positive charge
represent a ring structure comprising carbon atoms in the
20 ring, on the understanding that when n is 3, at most two
of R together with nitrogen represent a heteroccyclic ring
structure, and when n is 4, three of R together with
nitrogen represent an aromatic heterocyclic ring
structure, and
25 (c) a ligand which contains at least two dentate groups
which can form a complex with the Group VIII metal.

This Sheet Has Been Re,ilaced

AV




18 . ammoni um ' ' ' * 4.8 6 Tetraki s

(perfluorophenyl ) borat es: 19 - di et hyl phenyl amoni um 9
16 - 20 tri phenyl carboni um (trityl) = - . 10

Perchl.orates: =~ 21 di et hyl phenyl armbnt um ' o9 13 a)
For conpari son TS 0461 PCT

CLAI MS 1. A process for the preparation of coprs8 y¥8ls RUT
car bon nmonoxi de with an ol efinically unsaturated conpound

conpri sing copolynerizing the nononers in the presence of a

cat al yst conposition bage@ropess FOR THE(BPREPABARLIONTOR CBROLYMHRY met al

w th excl usion of Pd(Oerr]CNEt[grr])[err](NHEt[err])[err], and
(b) a cation which is selected fromcationic oxidants and cations
of the general fornuirae Rheenktbar ebMNaeés]to Rl esrdddsy rddyd esid and
Rlerr]Herr]err], whereinn_is 0, _ 1 ' d 10

: , 2, 3_or 4 mis 2 %i %W %p
R represents a hpPaeBa&RbPgPSUFCRALYBRLIE ot oraEidntogde With et her
with the atom capigiradi’al?§l Lh¥etGhatee compound) @ SENta acdddlg sl ruct ure
conprising carbon atons in the ring, on the understanding that when
nis 3, at nost CRPPOSItiON.of R together with nitrogen represent a

heterocyclg ¢ ring 15proces§bEUgbYr €he 2Pl yieRi Zut Sorft ot ELd A ndricigeicher
me N ogen R st Al 8 oL L el T SSHS it "1 ysed with
structure.. wi ! y % Yy
a Group VIII metal containing catalyst composition are
well known in the arﬁ, for example from EP-A-121965,
EP-A-248483 and EP-A-254343. The copolymers so prepared
10 are linear copolymers wherein the ménomer units
originating from carbon monoxide and the monomer units
originating from the olefinically unsaturated compounds
occur in alternating or substantially alternating order.
EP-A-254343 discloses in particular processes which
15 .make use of catalyst compositions which are based upon
| (a) a salt of a Group VIII metal, and -
(b) a tetrahydrocarbylammonium or a tetrahydrocarbyl-
phosphonium cation. It appears, however, that in these
processes the yield of polymer was sometimes very low.
20 It has now uﬂexpectedly been found that a substantial
improvement of the performance of the catalyst
compositions of EP-A-254343 can be achieved by replacing
in the catalyst compoéition the tetrahydrocarbylammonium
or -phosphonium cation by.another cation, as specified
25 hereinafter.
The invention therefore relates to a process for the
preparation of copolymers of carbon monoxide with an
olefinically un§aturated compound comprising copoly-

merizing the monomers in the presence of a catalyst

30 compositioﬁ based upon
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2. .A process as clai'med in cl aim1, characterized in t hat the

Goup VI'll netal salt is a palladlun1saI; of a 20 carboxylic aci d.

3. -Aprocess as clainmed in claim1 or 2 characterized.. _ in that the
cation:is of the general formula Rerr]Her{Nerr], ' With n being
0, 1, 2 or 3, of which the conjugated base has a pKb val ue of at

| ast 4, preferaphy atsdPasdr G afkbdp VITI RS0 Wl%he'éﬁghﬁs%ﬂ GESt 8, when
determ ned i n aqueous solution at 25 [err]C A process
as clained in clBfP2CNErR)y 2NEE 22y iand that at | east one in

particular at |e@§} dVat Mn hfich is seﬂ@ﬂ%%QFQﬁﬁﬂﬂ c@tQURS cRokSaL 8 ¥hd

gr qup. A process as clained in claim1 or 2, characterized in

that the cation ¢atbens mef gerrregnsrainfermylae RifarnN\y eRnfl3-wREr 2pd n i's
4, three gf R togegerow thhd A id Q08 1, 2, 3 or 4, m is 2 or 3, and

R represents a hydrocarbyl group and/or two or three of R
- together with the atom carrying .a positive charge
represent a ring structure comprising carbon atoms in the
ring, on the understanding that when n is 3, at most two
10 of R together with nitrogen represent a heterocyclic ring
structure, and when n is 4, three of R together with
nitrogen represent an aromatic heterocyclic ring
structure.
The invention also relates to catalyst dompositions
15 based upon
(a) a salt of a Group VIII metal with exclusion of
Pd (02CNEtj) 2 (NHEt2) 2, and
(b) a cation which is selected from cations of the
general formulae RpHg-pNt, RyH3-mCt and RypH3-nOF, wherein
20 ' nis 1, 2, 3 or 4, m is 2 or 3, and R represents a
’ | hydrocarbyl group and/or two or three'of R together with
the atom carrying a positive charge represent a rihg
structure comprising carbon atoms in the ring, on the
understanding that when n is 3, at most two of R together
25 ‘ with nitrodgen represent a heterocyclic ring structure,
and when n is 4, three of R together with nitrogen
represent an aromatic heterocyclic ring structure.
In addition, the invention relates to catalyst
compositions based upon
30 (a) a salt of a Group VIII metal with exclusion of
Pd (0O2CNEty) 2 (NHEt2) 2,
{b) a cation which is selected from cationic oxidants and

cations of the general formulae RpHgq-pN*, RpH3-pCt and
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RpH3-mOt, wherein n is .0, 1, 2, 3 or 4, m is 2 or 3, and
R represents a hydrocarbyl group and/or two or three of R
together with the atom carrying a positive charge
represent a ring structure comprising carbon atoms in the
5 ring, on the understanding that when n is 3, at most two

of R together with nitrogen represent a heterocyclic ring
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- 20 -° ¥ c atomrepresent a pyri.dine ring and the fourth R
represents a hydrocarbyl -group, - if particular a branched - al kyl or
aral kyli group. ess das claipmed i.n claiml or 2,

6. A pr
characteri zed ﬂ“'“““lﬂ“l“ ujﬁe .cation is of the general fornula
Rlerr]Herr]Cerit il ¥in mis 3 and R represents ar%% r.Qup I n
particul ar phenyl groups, or mis 2 and R together with ———gﬁgﬂeéggbed

carbon atomrepresent a 7-nmenbered ring, - preferably containing
unsaturation, such as a tropylium 10 c chtf cwé 7. A process as
claimed in claiml1 or 2, characterized -+ that the cation is of the
general formula Rerr]Herr](err], wherein R represents a

three R togetner tii th PReHEY Fox s prema ol 0 GnP b ReEsnaf £atbon
6- menbered ring mbhokRide with amyobef snirsdllyituacsativda tede componne (al k) aryl
groups, or be fused, w th. anot r}’_[r:i,rb aromatic rin

c

nm 8.
rocbes as ol ai nEAPRLEFaF nf Soor et PR, (e Maliphess U Une prepepgs of
cation i s a catiantataxysantompasiativmgpaded upomi trogen and oxygen, in
particulag a nitrosyl salft. 9. rocess as.clainged.in any of
cl ai ns 1-%, (a7 ?:hsol?g%t%ﬁ%e%r?w t\ﬁ]glptnﬁeea At ioh CECHPEER O'En a
quantity ~ PA{OPCHEE, HY (REEL yBg £rdrsd per gram atom of Goup VI
1o o ncbon! bt et iof et B e B BB, cr b
that the catal ystatDonssofithei gedersell, formulae Ry 4anNdJdiRHangC*cargonent

on a source of iQns . sel ected fram'spurces af ani.ong of proti
aci ds, 30 %ﬂﬁéﬁ?ﬂrbc‘ﬁ?%ﬁ?b’br%tﬁs aéﬂ glﬁs nd & Hor & &3adi 855,8'0?“8
sel ect ed1br om Leri sepeésienanda ah ydit dxoaeels .group and/bk. thopb@Cehted@Sof R

claimed in claim10, characterized jin ._that the.anions are applied
‘n & quantity of SPFSHIBEE e the atolcarnying & BOSiEL g SREABSM of G oup
VIl netal, on theépresent a ring structure comprising carbon atoms in the

ring, on the understanding that when n is 3, at most two
of R together with nitrogen represent a heterocyclic;ring
15 _ structure, and when n is 4, three of R together with
nitrogen represent an aromatic heterocyclic ring
structure.. *
2. A process as claimed in claim 1, characterized in
that the Group VIII metal salt is a palladium salt of a
20 carboxylic acid. .
3. A process as ciaimed.in ¢laim 1 or 2, ¢haracteriied
in that the cation is of the general formula RpH4q-pNt, |
with n being 0, 1, 2 or 3, of which the conjugated base
has a pKb value of at least 4, preferably at least 6 and
25 most preferably at least 8, when determined in aqueous
solution at 25 °C.
4. A process as claimed in ¢laim 3, characterized in
that at least one, in particular at least two, of the

hydrocarbyl groups R is an aryl group.
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éSm under st andi ng that al uni noxanes are’ applled in such a

1/\02277:.3«1969 tquantl ty that thé n:ol ar’ ra‘tl.o of .al m“ﬂrmmmﬂ)mmmoup

VI1l netal is’in the range of from 2008: 1920-100: 1. * . °A process
as claimed in any of clains 1-11, characterized in that t he

catal yst CO”DOS;" Oy 'p%o%%%das Blaimed @f é!llaiiﬁdltbﬁnal chapareatizepon a
bi dentate |igan t he general for

Rl err] R err] M erin -tifady rqhel\/[céitrl]OR[ éir PR EF‘F] gFP?raJ\thE’i“HlM Ball4- -2

M2 ‘i ndependent | H&%l%‘?f‘tlsa PhesRRer ¥$ RNEbyEEABr with the BLSLOGEn Or
anti nony atom ﬁﬁ err Rierr],” Rlerr] and R err] independently

represent a non-substituted or polar substituted 10 ~ hydrocarbyl group
and Rlerr] represents a bivalent organic bri dgi ng group containing
at least 1 carbon atomin the bridge, which bidentate ligand is
typically present in an ampunt of fromO0.5 to 2 noles per gram
atomof Goup VIII nmetal . 15 13.. A process as clained in
claim 12, characterized in that Merr] and Merr] represent
phosphorus atons, one or nore of Rlerr], Rerr], Rerr] and Rerr]
represents a phenyl group substituted at an ortho position with
respect to Merr] or Merr] with an al koxy group, especially a
met hoxy group, and R err] contains 20 from2 to 4 bridging atons, at
| east two of which are carbon atons. 14. A process as
clainmed in any of clains 1-13, characterized in that it is used
for the copolynerization of carbon nonoxide with ethene or with a
m xture of 25 et hene with another a-olefin, such as propene or
but ene- 1, the nolar ratio of on the one hand carbodn nonoxi de and
N
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on the other hand the ol ef| ni cal | y unsatur at ed ,"[,!Hw nﬁounds used as

mononer *being in the range of 1:2 to _ ‘ I'(ﬂfJHfat al yst
conposition being in the 30 range of 10[err] cul at ed

as gram atons of G oup VIl metalzder nole of oleflnlcaly

unsat urat ed conpound to be copolynerized with carbon nonoxi de, the
t enperature (a) abskedg bEt wecrodp HmnIlﬁQtéP.rw_iﬂ: el udliompressur e

bei ng bet wee and 15. A catal yst conposition
based upon d 2rE:I‘ﬂ':tz)zdq%}i"t2‘;‘@61) a8dsalt of a Group VI11 metal with
exclusion of .. (b) a catloﬁdévﬂlehr]i.EJ\IEéI.éd‘:téd[:deSdl(cN'ﬁc{ﬁ rdf [te1g ], and

(b) a catian which is selecte cat ne
fornul ae R err] HIEMEER ierfl"]rmu &r Beﬁ#‘f %m‘%} ﬁd % Raig-wd i Qg}erreln
wherein 5 5 nisn,ig,l3 2r 3, om ds D1 b8 2, oanéB R atébRdaapyLsents a
hydr ocar byl grou d/or t or thre 0 er wt t he
atomcarrying a %@?FPC\?ébé'ﬁg%suPeBPgéaﬁt5‘é°r hgthree S r togethien, difhe
conpri si ng L£ar borhat at®m Batrh§ihigng, pesitihee charge represdfiler Htiaidi ng
that when n is 3, ;at nost two of R together 10 with nitr gen

represent a het eSEEVCRES, CRPPELAGRE FRIPON atoms in the, rifge P Y

three of R toget h@detwist@ndihgogBat when n is 3, éi@ﬁﬁ@ﬁerﬁwcﬁfbﬂ@rﬁﬂgéther
het erocycglic ri n%lt talyst conposition based

rugtu )
upon 10 %’a}‘lﬁrggﬁf‘ EFPSeE%Epa\}P‘F‘fe-‘ﬁ%@éalw Nk & A&
15 Pd(J err hatiEvhehr h) fer a] (dMEeéesf|R t@féther with nitrogend b) a
cation which-is selected fromcationi c, oxi dants_, and cations
of the general f&FRGPSEDR] BPr PRPBRFIR[ REF§TORYELT F{’é}‘?]ﬁ%’r"rﬁu%d
RlerrjH err]J ernk. nheaebmyati aoﬁpoéltﬁonao@éedhu;mﬂs or 3, and
R represents a hydrocarb 8rou and/or_two or three of R

together with t hé 34t Bmséi?:r fnd ﬁrSBElYH/% %%ﬁlgé"lth “exclusion °rfepresent a
ring strusture ceaRLLENRE,F3(RAALE|HNE in the

(b) a cation which is selected from cationic oxidants and

cations of the general formulae RpHg4_pnN*, RyH3_CT and

RpH3-pOt, wherein n is 0, 1, 2, 3 or 4, m is 2 or 3, and

R represents a hydrocarbyl gréup and/or two or three of R
20 together with the atom carrying a positive charge
represent a ring- structure comprising carbon atoms in the
ring, on the understéﬁding that when n is 3, at most two
of R together with nitrogen represent a heterocyclic ring
structure, and when n is 4, three of R together with
25- nitrogen represent an aromatic heterocyclic ring

structuré, and

(c} a ligand which contains at least two dentate groups

which can form a complex,with_the Group VIII metal.
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ring, on the-understanding that when n is 3, at nost two

R
together with nitrogen represent a heterocyclic ring Mr OQIS L@fﬂk/
structure, and when n is 4, three of R together with 25 ni troge
repreésent an aromatic heterocyclic ring structure ;...

(c) a ligand which contains at |east two dentate groups whi.ch

can forma conpl PACT'th t he ONVONLDINVILLECTUAIPROPERTY ORGANIZATION
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