-2- alcohol. In this case the |lower aliphatic alcohol may originate froma

cat al yst rdyd3R8y i "pregnated on a solid carrier. Accordi nglpcrEsesiopzsd be
advant ageous to apply a cat aI yst sol ution which contains a |lower aliphatic

al cohol as solvent. 5 : However, it has been observed that the
sel ection of a |lower aliphatic al cohol as Sotvent for the catal yst system
entails two probl ens, _one relatlngﬁtothe preparation of the catal yst and

anot her rel at PAEPRY +i TR Qg 539 FBS . 1oWAF 1 3PPt AL GPRAL: maY Srdfinaks, Erom
appl i ed whi chacedfuliysedsoilion imprefiatedesn a palidadatipezonpound and an

ani on source, a bidentate.bhispho and of the fo rrula 2P-R-P(Q 2
wher eby Q represeﬁtcs a‘% 3% SiIQ' ‘E@Ad%caa a‘ffr°(‘)’l'(ippan e raéqé’ﬁ s a

bi val ent or gamptutiondghigh gpmta;nsontlmwnrngliahatieasﬂc@m eardwdrent.ons in the
bridges 15 ﬂoweveﬂ Nid §J§b§€9&‘%Eek&é\éeiﬁw%hbo&l'ektw ffoé”l%wLEat the

performance of the catal yst system coul d be 1 nproved significantl

repl aci ng t he 3-eatdcotlqabelf 3t falvefefPt Wf s2¥algahd e?‘o?’&ﬁFh’ [‘QPr]

wherein [err] paoshdnd, i seepRBaeitg Yo el peapilradlidxy endehtdlysedad omatic
hydr ocar byl gro sol ubility of these substituted

. Hoypever, the 20 .
bi sphosphi ne Iaf‘ﬁgl'h% IFﬁgﬁf@Phﬁ?l&%saﬁﬁ"Wﬁﬁt“ ‘ower aliphatic al cohols proved
to be poor and hermetialhyascqmdpesezystemqomefrerappﬂ.hed Rhéphraimpoisest, t he

cat 2 gL | 0 R0 SoLE, e AW sANG NBLebL O TSB! o
met hanol , as @aﬁm‘w’?‘%bl%ﬁt‘d afofise shogmpia t(ﬁéz%‘tﬁJPt(lemé'PFthYerf t he

catal ysts t hUS:eré‘HL%'i:Qdan Wbl ilcs hﬁ@&ﬂ:raeml fgrreais %Jnannfﬁeseasex&lsaa | fiGaQatit Of
pal I adi um present in ‘ﬁ cat alcé?':] ést em Erl ncip t his probl em can be
ci rcunvent ed Wgﬁ?‘é’pgr‘f 49 fF pRtangRe 3§o t9%N er‘?"‘cme? AP WEM?n the

30 copeleyaeps. zati on process. Cbviously it would be desirable to

prepaig In a subsequent investigation it was found that the performance

of the catalyst system could be improved significantly by replacing

the ligand of the formula (Q),P-R-P(Q}, by a ligand of formula

RIR2P-R-PR3RY wherein Rl, R2, R3 and R independently represent

alkoxy substituted aromatic hydrocarbyl groups. However, the

20 solubility of these substituted bisphosphine ligands in methanol and
other lower aliphatic alcohols proved to be poor and hence it was
proposed to perform the preparation of the catalyst in another
solvent such as toluene.

Another problem encountered with the use of a lower aliphatic

25 alcohol, in particular methanol, as catalyst solvent, consists in
the short shelflife of the catalysts thus prepared, which is
apparent from significant plating out of palladium present in the
catalyst system. In principle, this problem can be circumvented by
preparing a fresh catalyst solution prior to its use in the

30 copolymerization process. Obviously it would be desirable to prepare
in advance a larger amount of catalyst which can be stored so that
in a batchwise polymerization for each batch a portion of the stored
catalyst can be applied, or in a continuous polymerization the
catalyst can be supplied from the same stock for a long period of

35 time.



I n advance a | arger anount of catal yst which can be stored so that in a

bat chw se %Wation for each batch a portion of the stoscErE®3badayst
can be applied, or in a continuous polynerization the catalyst can be

supplied fromthe same stock for a |long period of 35 tinme. - 3-

The said problens, encountered with the usé of nethanol as solvent in the
preparation of the catal yst systemare di scussed in EP-A-360359. According
to this docurment, The %@érmi/ﬁsy eRcRREekat Wiy the susenpf eshangl asi ng an

aprotic polar golwfRtin ithe preparatibalds @ygaéata@ﬁtoe?stémaw%ipamaaaiﬂ on’of
the catalyst. As it a%{)ears, the solubjlity of th I gands. of the formul a
[err] is hi ghePBTAT388nBTIFENRY Fo ‘t‘i’aﬂS%/‘fmef‘ﬁ't & BRFARIHSY of SResiurry
copol yneri zat i eatdllyeteiss impiovied O NEDIy phaginotec (pplaepiaée:,t be product by
renovi the diluent. . Jon L u . by
distil Ingt i on af %L%aé%%?]aé?q‘eérl? é:&srgreﬁ’ﬁggéc#’ u%{\r?gesclrgr?cagy%r'esh catalyst is
supplied, this inphscd appesirsoiihegseinbibitc ofuthe dig@RIs360O3IBe formla t he

anount of acet ghg2gagl bfR4UDs AhbRdr §ACKLLBRY Wnen N RESRNLAL I NG @ purifying
treatment of the recycle stream aor a _significant bleed of the said stream

both 15 neas &P ddeh PG it AHMTEY fEPOBRSHbIAE R RESERES. Thi%kS coul d
apply siml arl gormdnap g% i PO A s GF1GE€E hRApFddudt (B refovig fHeCAENGMAL Of rot

2 S0l ulfon T SEECBRECRIH e L BECT 1A AE0L R B 6 CREo- 20
pol yneri zat i ontheaifluent. Binceafrestpkatalydt bicf enpplikele thde Diplieet-one as the
o7 Yo | et | ke PRl 08 SEACHIEN | Bl bl el €
builds up after each recycle, necessitating a purifying treatment of
the recycle stream, or a significant bleed of the said stream, both

15 measures being unattractive for economic reasons. This could apply
similarly to a gas phase process carried out in the presence of a
lower aliphatic alcohol.

It could be considered to prepare the catalyst as a solution in
acetone and to use the same liquid as a diluent in the co-

20 polymerization reaction, but as explained before, the use of acetone
as the only diluent in the copolymerization reaction is less
attractive, in view of the lower level of activity of the catalysts
in that environment. '

Surprisingly, it has now been found that by first combining the

25 palladium compound, the bisphosphine ligand and a lower aliphatic
alcohol as solvent and then admixing the resulting combination with
an acid after a generation period, related to the temperature at
which the catalyst preparation is performed, a catalyst solution of
good storability is obtained, thus allowing the use of a single

30 liquid in the preparation of the catalyst and in the production of
the copolymers. It has been observed that the generation period is
limited to a maximum value, related to the temperature at which the
catalyst preparation is performed. The selection of a generation
period beyond this maximum results in decomposition of the catalyst

35 system which is apparent from significant plating out of palladium.



in that environment. Surprisingly, it has now been found that by first -
conmbi ni ng the 25 pal | adi um conpound, the bi sphosp and a
| ower alv&b?ﬁﬂz?i‘ al cohol as solvent and then adm xi ng the ‘g@a‘ll’?ﬂﬂ%g

combi nation with an acid after a generation period, related to the
tenperature at which the catal yst prepargtion is performed, a catalyst

sol ution of good storability is obtai ned, thus allowi ng the use of a single
30 | i qui.dne mﬂvb&tmnepexaaﬁ‘esontb af pf&&seato&{ ¥hé prefatdtibhegproduction

of the copol has, hee erved he eneratlon od is
linmted to 5Xg€xj1°r?u?’r# aFg el F‘glsa’tseﬁ'“'t %%qt %‘b fu‘r‘b‘ pr ‘Wﬁ?éh Yhe

cat al yst prspmJamemims pmhfogrmxid'h@ndednecbtowrefe*ahygem’s:raanyon peri od
beyond thi S yARHIJPIEL Coltbdundsl HACATRABELIAN (of &Rﬁix&% 2hY ppsﬂl}ﬁ um

system which 1s apparent” fromsignificant plating -4-
The ?nvent i GAMPLNGy c& bisphesphine & thy dengrals GWéél T'R’QPRQB uIlon of a
catal yst syswhefeinSead2lRiEcRY, 0021568 hid aa4pimegsaaér&&y0£u§9k_-m&rsl &h ng car bon

nonoxi de and one .or yl eni cal | unsaturat ed - conpounds
conpri ses (AFOPSi N%cﬁe'ﬁ’ I Fﬁ?ﬂpu}?ﬁ‘ is substiffst it aa‘bl%lﬁfﬂ’b%ﬁl’iP% of

t he gener al ahdrantdeprésmntd f bivalwtebridgdnd grbup lortamiifigRic i1adepamdent | y
represents yar.o p bstituted with an

al koxy grou%géﬁgdi Eg%*ésgﬁ'gsgegl g@g@% g‘Féélr%tl welrda}ir%agg%ﬂtﬁcg%rﬁ &% ni ng at | east
twol@ar bon apbventinandbbradsgsing e cohitoimed ghiipinatien aftehel as 10

sol vent, an@eﬁb,)at.a.dmgezasd td)e a@biRi nﬁinceré&.eaﬁameaf ti%r tie %H&é el e-n
perlodG durlp which a tenperature T i he range of O- garr

mai nt ai ned, "t ﬁn%‘&“‘%e?‘%’ﬂy af‘h%‘”éal ‘d‘iﬁh’ér‘%‘ﬁ b?impéﬂ‘%t B s sel ect edl

such that tperved Geis elEcfddsbanithit amd vdlRet ecmoer a{ﬂtheuiFs N laRd [ther]) are
rel ated as

temperature T (in °C) are related as

14500
G < 6.0 x 10721 exp - ——
T + 273.2
15 . In step.{a) of the process, i.e. thé'ccmbihaticn of a palladium

compound, a bisphosphlne and a solvent, as. palladium compound
conveniently a palladzum salt is used. Sultable salts include salts
of mineral acids such as sulphuric acid, nitric acid and phosphoric
acid, salts of carboxylic acids;anc'saltsnof sulphonic acids such as
20 methanesulphonic acid, para—toluenesulphonic acid and
trifluoromethanesulphonxc acid. '

: Preferably, a palladium’ salt of a carboxyllc acid is used, for
example acetic ac;d, propionic acid, citric acid and halogenated
carboxylic acids such“as'Ezichlcroacétic'acid and trifluoroacetic

25 . acid. A particularly preferred compound is palladium (II) acetate.

In view of the good performance exhibited by catalysts having a
ligand of formula (I), whereby each of Rl, R2, R3 and RA rep;ésents
a phenyl group, substituted with ‘an alkoxy group at an ortho- .
position with respect to the chcsphorus atom to which the phenyl

30 group is bound, these substituted bisphosphines are in'particular.
preferred. The alkyl groups in the alkoxy groups are usually C{-C4
groups having their common meaning of indicating methyl, ethyl,



[err]. 15 In step (a) of the process, i.e. the conbination of a

pal | adi um co , a bi sphosphine and a sol vent, as pal | adipgiepespiosnd
cenveni entW?rgé% P G o

( _ | adiumsalt is used. Suitable salts include salts of

m neral acids such as sul phuric acid, nitric acid and phosphoric acid,
salts of carboxylic acids and salts of s phenic acids such as 20

met hanesul phoni ¢ aci d, par a-t ol uenesul phoni ¢ acid and

trifluoronet hapepyl phicepcordy dh-bRERE ersabl youtyl pdispbetiwinand tereiary butyl
carboxyl ic acig J.gsUsheefdhyeX AR &r FACIAL ABIdha RE QRPpPMntdTirloredd-r i C
aci d and hal ogenated car%oxyylc acids such as trichloroacetic acid and
trifluoroaceti®rethoxyphenyl groMB: A particularly preferred conpound is

E:lt L?di ;Jm 51 1) ace'i-}f)é_ %ividlrén]!!i?'ﬁ{deirlxé oo ®J i P eiheOb TepRGSpIEneE it ed by
ysts having a_ligand o rmul a (. ereby each of [etr]. an err

represehts a pﬂ%ﬁ&‘/‘ﬂag&dup?r?ﬁb&]iyt ﬁ?‘ﬁp((j“éﬁ \t,gﬁéﬁe a%("ﬁ Vg %?Jp%?éea{nagrE ho-]

position W th Iessgetio tod dHhiehpines phcsans atdmen Mest\preferabby.pRergrdregénts a

group is bound__th e ubsiituted bi sphosphines are in particul ar
preferred. Thet’é’ﬂ?ﬁy gei'gu%ééu}’ﬁ t he al koxy groups are usually [err] groups
havi ng their commoVesrdeechgestltsndan ei prfatped My setapping as gheypyl | '

i sopropyl, n-byfyhossifihe PUH-Bhs (H:39PLEthoRRhehPT iphB8EphiRd] YiopBROLPS.
Preferably, each of Terr] and [err] represents an ortho-_netho henyl
group. 19rhe bi val enfhOPREAHY™FTRAUIR PRATRE BHERSRERIHSNES fSFm’S{;yQI’ ke

1(‘) ?r van: 2h( ;Zé 213&:?&3@{%1:5%0&?&3 whiae ilati)rmwéfl allighdyiicdgiesohal, Ivéastant wo
G oup. Very qoBir TR ITARE A eBe 85t & Faa-byreent o Bl BPBERL B e
1, 3- bi s[ bi s(2- etdmoXyphenyl ) phosphi no] pr opane.

Although minor amounts of other solvents, for example up to 20%

15 vol relative to the volume of the lower aliphatic alcohol, can be
tolerated and also mixtures of more than one lower aliphatic alcohol
are feasible, this is not recommended. Preferably, methanol is used
as ﬁhe only solvent.

According to a recommended embodiment of the invention, first

20 the bisphosphine of formula (I} is dissolved or suspended in the
solvent and subsequently the palladium compound is supplied.

Other piocedures of combining the palladium compound, the
bisphosphine and the solvent may be followed, e.g. adding the
palladium compound and the bisphosphine simultaneously to the

25 solvent, but it is generally preferred to disperse the bisphosphine
in the solvent before the palladium compound is added, because the
catalyst usually exhibits the highest level of activity if that
sequence is adhered to.

_ For the same reason it is not recommended to combine only a

30 portion of the total amount of palladium compound with the
bisphosphine and the solvent and to supply the remainder of the
palladium compound afterwards, e.g. during step (b) of the process,
together with the supply of acid.

In the context of the present invention, the generation

35 period G is deemed to start when the total or substantially total



10 The pal | adi um conmpound and t he bi sphosphine of fornula (F)
are conbined with a solvent which is a lower aliphatic alcohol, viz. an

al cohol wa982234rom 1 to 4 carbon atons, e.g. nethanol, ePEEEMSO3928hHut anol’. .
Al t hough minor anopunts of other solvents, for exanple up to 20% 15

vol relative to the volune .of the | ower aI | phatic al cohol, can be tolerated
and al so mixtures of nore than one | ower® al | phatic al cohol are feasible,

this i s not R SGQITE deq]da(f‘r ef rabI A amé]E h’?ﬁ?g‘ fﬁ{tsy‘é‘%f'?e%’ﬁagﬁt‘{lgf%% sol vent .

According to a Fecombe YA ent t he
bi sphosphi neith thersaliven{i) i's d| ssal ved or suspended in the sol vent and

subsequent |y t he,pgld QQédﬁmeﬁ@é@szhégéUQQLéﬁ%edQQl%é tﬂ{?%cgd.férg

conbi ning the j;.)al | adi um conpound, the bi‘sphosphine an ven nay be

fol | owed,  ePgricdiirerpirre %FF%@SUM%%M‘:&‘R} ereunlyi ofHdepbiliedium

Si rru5taneou&bupct‘ﬁdtm B8en suppueaol vent, but it i$ generally preferred to

di sperse the b| hi n e .sol vent fore-the palladi um conpound is
e ‘Sehexriion el

added, because 8RS léxﬁ? stq fadnfgRethe chtatnedt activity
i f that seq ueniuexamsoxadlseamxm wikhr thehacshnEhe eammngt tyls;cmty rd&emnded

to combine ngfcﬁﬁng aci QQréﬂeogbf’aLintegg Bl atiaormu otr gfglﬁt? ?‘%rﬁal nder

conpound Wi t thihe &n ven
of the pal | 88Find eérﬁﬂﬂéhﬁmﬁﬁwmr fitom 30 (secgndsd n!g S¢ @ph(’im)S-of t he process,

togggher with thg ﬁa@etae,othaceeﬁpeé&uw%qeﬂtﬁhﬁttak sd %E%:?{knb”"e“t Lon,

the generation 35 eriod Gis deened to start’ otal or
subst ant i al P§R¢E5ELpPn peri "’aﬁ%‘{ﬁ?t’ggeti’f“sbélqh&dﬁﬂﬁ éﬁn%@uhmatlmesghosphl ne

have been cerbéh@tlep (b), the mixing between the combination obta:.ned in step ‘
{a) and the acid, is effected, and is also the same as the
‘temperature prevailing during step (a);'PrefereBly, in particular
15 when the selected solvent is methanol, each of these temperatures is
selected in the range of 20 50 °c.’ _
" The relation between the_maximum value of the'genetation
period G and the temperature T indicates thet.the geheration period
should not exceed a certain value, which depends on the temperature
20 selected in the said range. '
'Preferably._the relation between the-geteiation peried and.the.

temperature is determined by

. . _ 15000
6<9.32x1022 exp [ o |.
: T + 273.2 |

It has further been observed, that selecting a very shert
generetion period may involve a complicatieﬂ in that the resulting
25 mixture of the combination obtained iﬁ step (a) and the acid is not
directly suitable to.be used as catalet, but only efter some time
of storage. In such cases a precipitate is fekmed upon'edmixinq with
the acid, which precipitate gradually dissolvee upon standing.
Whilst in some cases this delay can be accepted, it would be

30 generally desirable that after step (b) at least a portioh'of the



with the solvent. In the recommended enbodi nent, descri bed above, the

generati on o therefore starts as soon as the total anDypi/Epdsé19sm
pal | adi um %}3%4 conmpound has been supplied. The generation period Gis

deened to end when the obtained conbination is adm xed with the acid. The
adm xi ng typically occurs by adding the acizd-to the obtai ned conbi nati on,
for exanple within a period of addition ranging from 10 seconds up to 2
hours. 10 resulting Imixpueg tar alirete vt bapsedt ay catdlysh irs anéirstabaedh

duri ng e 0eNGE S} LgoRath byl fy YA AGCRHTILs L SAUTP 1A JlBadREPELA! U1 ¢

at which step e mX|n et ween e conblnation obtained in step (a)
and the acid, Ps Sé"PFe%t‘EGil d¥dis pegfied iphe %!aﬁeqmttwcbeﬂﬁaéhatmess-

prevai | ing during At&IrdiAdry, PLefiar gl derréd) tBakdiecy! e doneration BEEILA hE
sel ectegd sol vent is nethanol, each of these tenperatures is selected in the

r ange 20- 5051t Hpat The relation between the maxi mum val ue of the
generation period G and the tenperature T indicates that the generation
period shoul d not exceed a certain val uey which depends on the tenperature
20 selected in the_said fraf§8% Prdferably, the relation between the
generation peerd7ahd‘ﬂﬁé2 eFpdr ature—+s fdetermned by [err] It has further
been observed, that selecting VEHyZEha generation period may involve a

conplication in that the resul t Mng m xture of the conbi natian
obtained in step (&ye &fdd t‘f?é‘i’%’?ﬁ”& P§ tﬁ‘ﬁt cahalgst (sysEet 4Pt ipSHR Rledfas

catal yst, but ené\pratésy ofOimR inmwsn,stmeya@ea pAot3IUCdtiaase s ﬁevﬁl’seﬁd:i}i tate
i ssol ves Upon™StRIaP itk Lowh s L Sen e ta s R o fofR B alcept e
it woul d be 30trifluorciggreealthy atddl islinepattatuldn erpsitép {difd, atorechrst a
port| OTUCﬁ thepartlculaz a protic acid which has a pKa of less than 2, measured in
aqueous solution at 18 °C. The protic acid may be inorganic, such as
fluoboric acid or organic, suEh as a sulphonic acid or a carboxylic
acid. Preferably a carboxylic acid having a pKa value of less than 2
is used. Trifluoroacetic acid is a particularly preferred acid to be
15 used in preparing the catalyst system. Examples of other suitable
acids are the ({1:2) adducts of boric acid with salicylic acids, 1,2-
glycols or catechols.
The catalyst solutions prepared according to this invention
contain typically 1-10000 mg palladium per kg solution, more
20 typically 2-5000 mg/kg. The quantity of the bisphosphine of formula
I used is typically 0.5-2 mole per gram atom palladium, more
typically 0.75-1.5 mole per gram atom palladium. The acid is
typically used in an amount of 0.5 to 50 equivalent per gram atom
palladium, more typically 1 to 25 equivalent per gram atom
25 palladium.
The catalyst solutions prepared according to the invention have
good storage stability and are eminently suitable to be used in the
copolymerization process for preparing linear alternating copolymers

of carbon monoxide and one or more ethylenically unsaturated

30 compounds.



7- resulting mxture can directly be used as catalyst in a first batch.of a
bat chwi se copol yneri zati on process and that the renmai nder_can be stored
until itWe Wéé%ed in a subsequent batch of the process. PU/BYAOAYBy. it is.
preferred to select the generation period 5 such that [err] The acid -
conponent of the catal yst system used.ig step (b) of the process of the

i nvention, nay be a protic acid or a Lewms acid. Exanples .of Lew s acids

are tris( perfl U@he Pif/eyt 0 Eas rapd Jlrsbe:éiQEQbQ:roageprc-Eggs Folededes 1N
particular a grotlc aci d, protic acid which

i particul ar a
has a pKa oPEFR %‘?tt‘ﬂ‘ar?fz"“?r%ﬂg‘ﬁ’r’e&fl ?F‘a’&ﬁe‘ﬁﬁﬁ’é"%‘éﬁ GP?o?PeaP‘ f®Tferr]. The
protic aci d ethyldncaliy gmmawhoaﬁo\fnlducﬁ;or:ascmgdtm mOhi@hRidk CundetiCh as a

sul phoni ¢ agj r b ci,d. . ,Preferably car havi ng a
pKa val ue o% ?ggri?ﬂg% gz%liﬁg% in, the BEFE: c":’@t? %fq?él:a"‘ﬁgﬁﬁ clfarly
pref8rred aci doluripe wich can beguwepkredhreperding ﬁ#\@hwtiat'mioayslnem

Exanpl es of p%b@freaummacbestﬁgepm@sé L) aPAAHE L@ nf0T i C acid with

salicylic acids, 1, gco s or catechols. The catal yst sol utions prepared
‘accor di ng td“f’ﬁ?’s“tflﬁyé’nt‘ ® ARG NTPASSAoNCAS [Hhe 150LYeRD Ysgd AHTLAG R per kg
sol ution, rr@r:epeﬂ.tmn of they/[Ratalyst zoﬁ&QGnng/ kg The quantity of the

bi sphosphi ne of Ia I, ysed i.s typi gram at om

pal | adi um nore stu §p| | F5PY e'}%caf‘ig ‘?{fgﬁ guf)% dg?%ﬂW&F%fn‘ﬁg{"fdédFm“‘T% acid

i s tlPpi call wousming mcamnmtan@fhyﬁrﬁgdmoﬁry @gdi aampewridsp el sq) icamp HiisQing
pal I adi um g g e L, a?ﬁa

pal | adi um Thé cat a ggiekég%aﬁ%ﬁ%cgr%upar aC(Q:olEi ggg e AVENt i on have
good st or ag@nSaEyAated \esEREs Hush caf Héh!llayesvilet and ¢inpluxopicmatein t he

Unsaturated hydrocarbons are preferred as starting materials

for the copolyme;ization_procéss. Suitable'examples'aré'ethene,
15 propene, cyclopentene and styrene. The lower olefins are most
preferred, in particular ethene, or a mixture of ethene and propene.
The copolymerization process may suitably be carried out in the
presence of‘'a diluent in which the copolYmérs are insoluble or
virtualiy insoluble, so that they form a suSpensiqn'in the diluent.
20 In accordance with this invention it is advantageous to select as
 the diluent a lower aliphatic alcohol. If desired, the process may
be carried out as a éas phase process. ' |
The catalyst may be supplied to the copolﬁmerizatibn as a
solution as prepared or it may be supplied impregnated on a carrier.
25 Very suitable carr;ehs are silica, polyethylene and a copolymer of
carbon monoxide'and an ethylenically unsaturated compound, in
particular a copolymer which is based on the same monomers as the
'copolymér toc be prepared.
The copolymerization process is preferably carried out at a
30 temperature in the range from 30 to 150 °C, and at a pressure in the
range from 20 to 100*ba£,'whereby the molar ratio between carbon
monoxide and ethylenically unsaturated compéuﬁd(s) is in the range
from 5:1 to 1:5 and the amount 6f catalyst solution such that per |
mole of ethylenically unsaturated compound to.be pelymerized, from
35 10~7 to 1072 gram-atom of palladium is present.



copol ymeri zation process for preparing |inear alternating copolyners of
car bon m)nOX| %ﬁ%ﬂd one or nore ethylenically unsaturated 3®cT/EPISI01928
(;orrpounds 03 i nvention therefore also relates to a process for the
preparation of copolymers of carbon nonoxide and one or nore ethylenically
unsaturated conpounds by reacting the nonorfers under poI ynerization
conditions in the presence of a catal yst supplied as a solution
whi ch can be prepaffbe %?@ewaﬁgavantm%ceisw@mP%r?“F*‘f-F%%Fe“f”eFr%ﬁ wise
embodi nent of thhRePLRCHESS E&ﬁuﬁlﬁéﬂbeatoéb%ed hagsSedrst amianthspushes sane

conposi tion as the sol vent "used _during reparatiqn of the catalyst
sol ution. SuitZBFRVeR FYs 49Me5 A p?ﬁf&&tﬁ]ﬁi’?‘gg ’Lfg'ﬁf)o‘i? § c'f e Ehaee conmpounds 10

consi sting of GepéDmezDehtipdrageto arthye and canjyeet doaes @liphyiicsakmghohe or
nore heferoatons such _as oxy enlorerllggocqien Exanpl es are unsat urat ed
esters 2uch as i Ay A R0 T propi onate. Unsaturated hydrocarbons
are preferred as st'raptinvgnhmremaﬂlgu{sb#at@ﬁebchpelWP?% p¥ATPALBCeSS.

Sui t abl e exanplgswsyse €t hene, 15 propene, cycl opentene and styrene.
The | ower ol efims—are nost preferred, in particul ar et hene, noa m xt ure of
et hene and propened Wﬁfoﬁgliﬁﬁﬁ"‘z‘aﬁ?ﬂ?lﬁ’?%d@ﬁ RREp2ETH PALTIFIB% Carri ed
out in the presenCQnOEac}x Ghiﬂ&nloomW&éﬂ&tbh@e@@@blﬂﬁﬁﬁdﬁt&r&é@ winsol ubl e or

virtual ly insol bl e, y forma suspensionyin en Q
I'n accdPdance w°th "ﬁ‘ﬂss % % n Fe? lentdgan?surgoﬂrs %t 8&@%;8{8%&61833 18
di l uent a | owerraakegphat tice @lreﬂmcl vaJlu‘e Hemidr edinttaheecpla@c@% Meduepbe carried

out as a gas PAge. AEESS 3. TN Gal AlaL6ls Y MaehBRlEhesa t he

copol yneri zati on as*a so prepar ed may be supplied
i mpr egnat ed on P@Oeakm%lbm%e Nvas add r ’s‘GFF&Biaé E%ﬁmteF‘e‘I“S‘c rEAss FFH s
pol yet hyl ene ang a6 QRaLYEER TOfthis slurry 1.50 g of solid palladium acetate was

15 added, causing the ligand to dissolve to form an organo-metal
complex.
After a generation period of G hours, 1.6 g of trifluorocacetic
acid was added and the solution was allowed to react during 30
minutes. |
20 Finally, the contents of the reactor were discharged into a
1000 ml jar and allowed to cool down to ambient temperature.
The_obtained brown catalyst solutions were stored in a glass
jar, air and daflight not being excluded during storage.

The production temperatures T and the generation periods G for

25 each catalyst solution are listed below.
Catalyst solﬁtion Production temp. Generation period
(°c) {hrs.)
1 23 8
2 26 4.5
3 32 2
4 40 0.5

The activity of all catalysts solutions was comparable to that

of a conventional catalyst solution in acetone.



carbon nonoxi de and an ethylenically unsaturated conmpound, in particular a '
copol yner which is based on the sane nohoners as the copal r e

pr epar eé"omz%pol yneri zation process is preferably car r‘f%’gﬁa’a’%’?’ﬁ’? a 30
tenperature in the range from30 to 150 [err], and at a pressure in the
range from20 to 100 bar, whereby the_npjar rati 0 between carbon nonoxi de
and ethylenically unsaturated conpounds is in the range from5:1 to 1:5

and the amount pf uﬁatéusxe&t;e&%ualmnsmaw%epmmbﬁs Qhofdd 1% gHY 2!l |y
unsat ur at ed conpound to to [err]

gr am at om of* 55 F'éd*e&ﬁ‘f‘??iﬁg é’t’lfible bYQCheTﬁ%‘“EGE)‘b‘P fﬁe’i“#?&#%n process may
be carri ed paliladfum (paacing) S&s RAMIEToroén aaeagmnwamousome;ass It is very

advant ageous, 40 «f £68VE1adile AIEH PJBIR AR50 0@9%7 Fok Sarg CHRICRAC | 1

copolynerlza on and to re covere

in & subseqweak- copol ynerization. The inventi onis il I ustrated by t he _
follow ng exafmb,e%low{:ﬁe Jmép&éma% £ aé’&e%i‘ dn §8Lwﬁi edl SPAT ed
as follows: In each case a react or vesse arged 10

395 grams ofe MEERSIGE Ghe efﬁb?"e‘ﬁf‘ b?'é@%r"e anqdp fudfer 5’&‘%1&9“%%“%% rai sed
to the pre-set value T and maintained at that val ue. Subsequently, 3.74 g
of 1, 3-bi s[ bi s(2-net hoxyphenyt)- phosghi nol propane was added. A slurry was
formed which was stirred for f2G4RPhute}y. To this slurry 1.50 g of solid
pal | adi um ages &t @ md9~d5 exp’ | —added—dausing the l'igand to dissolve to
form an organo-netal conplex) Aftezzmzgeneration period of G hours, 1.6 g
of trifluoroacetic

The relation between G and T approxlmately fulfils the equation (
_ 15000
= 9.3 x 10722 exp ——e |
T + 273.2

such that the experimental ValueS'ef G are'eéual or slightly below
10 ‘the calculated values for G. |
EXAMPLE 2 _ _
A number of catalyst solutions hereibrepared; substentially as
described in Example 1, whereby, howeve:,_at comparable temperature
. values shorter generation periods were applied
15 _ ' The production temperatures T and the generatzcn periods G for

each catalyst solution are listed below.

Catalyst solution . Production temp. ~ Generation period
(°c) _ o {hrs.)
5 20 ' 7.5
6 27 1.7
7 28 1
8 35 0.2

Again, it was observed that upon storage no significant plating

did occur for more than one week.



aci d was added and the solution was allowed to react duri ng 30 mnutes. 20
Finally, ts of the reactor were discharged into a gQffpds) r and
al I oned towg%%;f) to anbi ent tenperature. The obtai ned brown catfaz?/st
sol uti ons were stored in a glass jar, air and daylight not being excluded
during storage. The production tenperaturesiF and the generation periods G

for 25 each catal yst solution are listed below Catalyst solution
Production tenp. By plottilaneh@tteoperaturechndegereration period data, it can
ggrs') 1 be seen that théLr§§%fion between G and T apprgﬁfmgtéay fulfils the

2 4 equation  4Q 0.5 The activity of all
catal ysts solutions was conparable to that of a conventional catalyst
solution in acetone. - 10 - It was observed that upon storage the

sol utions showed signs of catal yst*88@&onppsition visible by the formation
of netallic pabladi.anx (19 3% iaxg) as_a_m_u.pr on the glass wall. However,

significant plating did only ocgur afigy2ftorage for nore than one 5
week. By plotting the tenperature and gederation period data, it can be
seen that the EXAMPLEQH between G and T fulfils the condition [err] The

rel ati o between %%Ir%&%l%&%&u@%rfs‘ Lv@ré Qe%ﬁléét | st &idih1 SPIGR t hat
t he experinmental values of G are equal | i ght el ow
described in Example 1, whereby, however, generatlon periods were

applied, which, for a certain temperature value, were intermediate
between those applied in Example 1 and in Example 2.

The production temperatures T and the generation periods G for

10 each catalyst solution are listed below.
Catalyst solution Production temp. Generation period
{°c) (hrs.)

9 27 1.9

10 : 28 2.3

11 o 32 1

12 35 6.5

13 37 0.5

14 40 0.2

Upon storage, none of these eatalyst solutions showed
significant plating for more than one week.
EXAMPLE 4

A number of catalyst solutions were prepared, substantially as

15 described in Example 1, whereby, however, at a certain temperature

value, the applied generation periods were shorter than those
applied in Example 2.

The proenction temperatures T and the generation periods G for

each catalyst solution are listed below.



10 the cal cul ated values for G EXAMPLE 2 A nunber of catal yst sol utions
were prepared, substantially as described in Exanple 1, ghgf% owever,
at conpWPPEenper at ure val ues shorter generation peri plied.

15 The production tenperatures T and the generation periods G
for each catalyst solution are |isted_bg} qw. Catal yst sol ution
Production tenp. Ceneration period [err] Again, it was observed

‘that upon storage no significant plating did occur for nore than one week.
- 11 - By plotting the tenperature and generation period data, it can be
seen that tfRFFEFRECIREIRR ween BEOSHESP LFFM™xi mat el SPREERTIPSPEHESequat i on
[err] EXAMPLE 3 5 = . A nunipee) of catal yst sol ut {hxas) wer e prepar ed,
substantially as cribed in Exanplg, 1, whereby, however, ,generation :
peri ods were applied, which, for a certain tenperature value, were
intermedi ate betwekh those applied i#9Exanple 1 and in BEd®le 2. The
production tenperagures T and the geggration periods G faof, gl0 - each
catal yst solution are |listed bel ow. %err] Upon storage, none of these
catal yst sol uti onst%howed significantplating for nore tHn% one week.
EXAMPLE 4 A nunberiof catal yst sol utgons were prepared, salgstantially as

20 | 24 ' 2

21 o 28 : 0.2

22 . 28 ' 0.6

23 2° - 0.5 {

In all cases, instead of brown solutiqns,”otanqé'solutions
containing a white precipitate were obtained. -
Upon storage, the orange solutions gradually darkened and the
5 - precipitate gradually dissélved. _

- After a storage period of one to two weeks, brown solutions, as
obﬁained in Example 1 resulted, whiéh could be further stored for
more than one week'before significant plating was observed.

The activity of the.eventually obtained brown solutions was
10 again comparable to the activity of a conventional catalyst solution
in acetone.
- EXAMPLE A (for comparison, not according to the invention)
A number of catalyst solutions were prepared, substantially as
described in Example 1, whereby however at comparable temperature
15 values longer generation periods were applied.
The production temperaturés T and the gehe:ation”peripds G for

each catalyst solution are listed below.



15 . described in Exanple 1, whereby, however, at a certain
t enper at ur e the applied generation periods were short ose
W Fpkeifiulzd

applied in 2°2. The production tenperatures T and the gé
periods G for each catal yst solution are |isted bel ow - 12 - Catalyst
sol ution Production tenp. ©aneration period [err] In al

cases, instead of brown solutions, orange solutions containing a white
preci pitate were obtained. Upon storage, the orange solutions gradually
dar kened and thgegiyse. sotus?bfCI P t BhGaiadhaldns. O SO gy, ALLEL3, 5] o7 age
period of one to two weeks, brown solutions, as obtained In aﬁb e

resul ted, which ‘could be further stored’fér nore than one wdbksHef ore
significant plating wag observed. The acpivity of the eventugyly obtained
brown sol uti ons was 19 again co rable to the activity of a
conventional catal yst 2ol ution in acetofé. EXAVPLE A (for coﬁ%arison, not
according to the inveméion) A nunber of 2@atal yst sol uti ons were prepared,
substantially as descLipbed in Exanple 132whereby however at c¢onparabl e

tenperature 15 val ues | onger generation periods were applied. The
production tenperatur@8 T and the gener @i on periods G for each catal yst
solution are |isted bghow. - 13 - 40 1

30 43 0.6

31 50 0.2

32 55 0.5

In all cases, a brown solution was obtained, in which upon
storage significant plating was observed-in less than one week. By
plotting the temperature and generation period data, it can be seen
that the relation between G and T fulfils the condition

14500
G > 6.0 x 10721 exp| ————
T + 273.2



Cat al yst solution Pr od Generation period [err]
In all cases, a brown solutio M H}ﬁ H"ln whi ch upon st orage
si gnlflmvsmza‘tl ng was observe an one week. ERCHERISOING t he
tenperature and generation period data, it can be seen that the relation
between Gand T fulfils the condition [err] - 14 - CLAI MS1. A
process for the preparation of a solutign of a catal yst system suitable
for use in a process for copolynerizing carbon nonoxi de and one or nore
et hyl eni cal |y unsaturated conpounds, which conprises (a) conbining a

pal | adi um conpound, a bi sphosphine of the 5 general fornula [err]

(1) wherein each of [err] mdepender&tty}\ Legresents an aromatic hydr ocar byl

group which is substituted with up and R represents a bival ent
bridging group containing at |east two carbon atons in the bridge, and a

| ower aliphati cAalLfdaaeL £t o ¥e8laratish 02) a ALY RIoE e chPa1yst  ODt @i ned
conbi nati on after neratlon period G dur| ng which a terrperature Tin

the range - ofY¥:*fo f‘é’r sf°ﬁa‘ﬁﬁ AP e ®TOGR%h Toh REPLYmeFAEING FAERMR sai d
gener ati on pesidxide Garids os€|czCinexrk aunflehheilltyha:mhu&é‘dow@o(uhashwia) and

Fnocl o cofgriket (bl Shltihs B S bELAEI Wb Sy £ pegphdIsRIES BeEns | 21 MO0
pal | &idi um saenensl Soxmudd PO’ Pca-e?s?a‘ i(3) udhedein reaparqﬂ &%} B2, paf landi & (11)
acetate, | niﬁd@pe’ﬂdm‘}speﬁﬁgeﬁ’és Qfﬂéhatié ngﬁfélrgffl %;Ouﬁ%’h;& gnd R4

I ndependent |y represents a phenyl group stituted wth an allkoxy group'
at an ort hos%ittf“ﬁﬂ’ Witk an alkoxy group and R tepresents a bivalent

bridging group containing at least ‘two carbon atoms in the bridge, ‘
and a lower aliphatic alcohol as solvent, and (b) admixing the
10 obtained combination after a genetation period'G, during which a
temperature T in the :ange of 0-70 'c is maintained, with an acid,
whereby the said generation period G is selected such that the value
for G (in hours) and.the temperature T. (in °*C} are related as
_ 14500
G £ 6.0 x 10721 exp | e————
T + 273.2

2. A process as claimed in claim i, characterized in that as

15 palladium compound a palladiﬁm salt of a carboxylic acid is used, in
particular palladium (II) acetate, in the bispnosphine of formula
(I) each of R}, R2, R3 and RY independentiy'represents a phenyl
group, substituted with an alkoxy group at an ortho-position with
respect to the phosphorus atom to which the phenyl group is bound,

20 ' and R represents a trimethylene group. _
3. A process as claimed in claim 2, characterized in that the
bisphosphine is 1,3-bis[bis (2-methoxyphenyl)phosphino]propane.
4. A process as claimed in any one of claims 1-3, characterized in
that as solvent methanol is used.

25 5. A process as claimed in any one of claims 1-4, characterized in
that in (a) the bisphosphine of formula (I) is added to the solvent
and that subsequentlyIthe.palladium compound is snpplied.



respect to the phosphorus atomto wh l'I m Lm ml oup is bound, 20
and R represents atrlrrethylene groul)ﬂw II F I“'as clalrre N cIa|m2
characteri Qi Bhat the bi sphosphing i&§ *+- " TEFISN

1, 3- bi s[ bi s( 2- rret hoxyphenyl ) phosphi no] propane. 4. A process as clained in
any one of clains 1-3, characterized in theg -as sol vent net hanol is used.

25 5. A process as clained in any one of clains 1-4, characterized
in that in (a)64her rroptrmsphigieinéd fior aay an¢|9f claiaddes,t ehituetani2eanin and

that subsequenidy e cBﬂi)irQQEU&noSQmﬁngn %)S%amd with a: éarboﬁ?l:tch

process as clainmed in any one clainms 1- racterized in th

conbi nati on obteignBIving § PKa 3"- &GFH‘ X&@nyg 4 H“aﬁ?&#ﬁw teifduprrasabiag a pKa
of | ess than 2ac:uan particular trifluoroacetic acid. 5 7. A process
as cl aisrred in one of cl ?q%ﬁ%- char act erl zed in_that the terrperature

mai nt ai’ned dur ‘?W§°§ﬁ‘fef’ﬁt APORPY SR8 A E1 S Im9rhEhazasherized ¥ r ] |
8. A process a!sha(tl thegemperannye macndfined adutind -the gdhekactioay pi!ﬁdxil fis that the

generation per;eg'qc{._oi iﬁl @iget Qgﬁgeggg% 13 {cerr] 10 9. A process as

clainmed in any one aracterized in that the generation
period is sel eﬁ:'t ed®d smeheﬁtsha# fleingd 10. any oot i chrigh &-TLarbdzastesizetein

characterized éﬂittbl?é gTeH&a%%HtﬁeQQod &somﬂcea&ﬂs%cbyuﬁtprocess as clainmed in
any one of clainms 1-9 . A process for the preparation of

copol ynmers of ¢arbon ITDI’IOXI de and one or nore ethylenically unsaturated
conpounds by reacting the 15000

G < 9.3 x 10722 exp [ —— |
T + 273.2

10 8. A process as claimed in any one of claims 1-8, characterized in

that the generation period is selected such that

18800
G2 7.1 x 10728 exp { —— ] -
T + 273.2

10. A solution of a catalyst system, characterized in that the
solution is cbtainable by a process as clainmed in any one of claims
1~9.

15 11. A process for the preparation of copolymers of carbon monoxide
and one or more ethylenically unsaturated compounds by reacting the
monomers under polymerization conditions in the presence of a
catalyst supplied as a solution which is obtainable by a process as
claimed in any one of claims 1-9.

20 12. A process as claimed in claim 11, characterized in that it is
carried out in the presence of a diluent in which the copolymers are
insoluble or wvirtually insoluble, preferably in the presence of a
lower aliphatic alcohol as a diluent.

13. A process as claimed in claim 11 or 12, characterized in that

25 the process is carried out at a temperature in the range from 30 to



nmononer s under pol ynerization presence of a catalyst -
supplied as a solution which | ﬂﬂﬂim“:m“w“m process as _clained in any
one of Wa$sE2M 9. 20 L ooess as cl ai ned i FCYERHPP28 ’
characterized in that it is carrled out in the presence of a diluent in
whi ch the copol yners are insoluble or Vﬁ'tual |y insoluble, preferably in
the presence of a |ower aliphatic alcohol as a diluent. 13. A process as

clainmed in goakd) bt QrPxLZsuféﬁaﬁamee&a;&dfk& tzlaaéo %50 bar, whézlzsypéhqcess is
carried out at a tenperature in the ran from3 150 [err],

at a pressutadaFnratig befgen fqaghen goperi a'EFhrethWEb’let Hé"lﬁb‘lra?edr atio

bet ween carmoﬂmwm;aneheetzhﬂ&eerﬁsﬁld Y tm&astuzmt efe GREROIHYIEE) is in the

range from5:1 to 1: uantity Qqf cta outlon such that per
ol o of et HSACBAY R SPETte P PUAE o8 Ao Fe Py RN, HEPY 05 om [ or 11
to [Serr] grempetmiisof tg el mmnriadptmno' 6. wx lgmsasmsnfcl ai med in any
one of cl al %&i\ﬁf’is kggierized in that as ethylenically unsaturated

corrpound(s) et ene or a mxture of ethene and propene is used.
A process as claimed in any one of claims 11-13, characterized _

in that as ethylenically unsaturated ccompound{s) ethene or a mixture

of ethene and propene is used.

-



