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PCT/ EP95/ 01678 CATALYST SYSTEM AND PROCESS FOR THE PREPARATI ON OF
CCPC].YIVE%@%,&@RBCN MONOXI DE AND OLEFI NI CALLY UNSATURATWQJ S The
invention relates to a process for the preparation of copolynmers of carbon
nonoxi de and one or nore ethylenically unsaturated conpounds. Linear

copol yners of carbon nonoxide with one Qr nore 5 ethylenically

unsat urat ed conpounds, in which copolyners the units originating from

car bon nonoxi de on the one hand and the units originating fromthe
ethylenically unsaturated conpound(s) on the other hand occur in a
substantially alternating arrangenent, can be prepared gﬁgreactin t he

mononer s undeCABRVEFReSYSTRY (AR RRAGEPT FORSTHE) PREFARATION OF LOPPLMMERS ORf 3.

sui tabl e pal | adi ureaRBERP MoRGHIBE CALDAbVEFT NSGaILe NUNSAiPeRATIEDEGOMPOUNDS Y er S, t hus
prepared, are emnently suitable for use in various outlets for

t hernopl astics. They may be further processed by neans of conventi onal

t echni ques i nt o Thiel irventivmerelatps tioes, priochs e foanthes hegragabian efes f or

donesti ¢ useco?QMeQL O%Ptrc Sbdnmodxide and(dHe 6Amol@ Uthlidnichifpi tabl e method

for the preparation e sald copolynmer which is uSually performed in
bat ch oper atygatusased copPPYWa- i n EP- A- 181014 and EP- A-121965. In this
process, use is HiRder @bpel ymatalofStarbeh ininbeitiebyiticagéicinmede i n particul ar,

a pal Ladi um ¢ ound,. an_anion of a 20 arboxylic acid with a pKa
over 5t han AR 1 HE R ate Ryl elmaindno 1p AEFE Bt RS fhel bRl 6T
represents piwgpieiiog, framsearbon goneyidenemrhe }onechanss apd $hg whifal ent organic -

bri dgi ng gr oyn giamisHg Bom! GRSLeHyden LR PPRndhAIRLd doRforliaiS0®n BRNE Of
which carries Steric hindrance causing. substituents, and QlL, Q, and 4
25 ar e°deRiRaRA ocvg| ’s’§Fn?‘ibéfawg}b’ééﬁbﬁ??aﬁf‘%ﬁp‘}%% gt ggur se
appr eci at ed phephréd by eaptigatisd monmonelrs t irelee qualyperizatidoheoxtitabnsstinand t he
Pol Yijgri zat i g SONdLEL AlSa AT clifl PBa ARLEG LmSHSHnd AL FRROYRES W LD hi g
nmol ecul ar wel gehf’s are formed, since in general products wtHh higher
mol ecul ar wei ghtTheag}inear copolymers, thus prepared, are eminently suitable
for use in various outlets for thermoplastics. They may be further
processed by means of conventional techniques into films, sheets,
" plates, fibres and shaped articles for domestic use and for parts in
15 the car industry. A suitable method for the preparation of the said
copolymer which is usually performed in batch operation, is
described in EP-A-181014 and EP-A-121965.
In this process, use is made of a catalyst, obtained by
reaction of, in particular, a palladium compound, an anion of a
’ 20 carboxylic acid with a pKa lower than 2 and a bidentate ligand of
the general formula quzu-x-MQ3Q4, wherein M represents phosphorus,
arsenic or antimony, X represents a divalent organic bridging group
having at least two carbon atoms in the bridge, none of which
carries steric hindrance causing substituents, and Ql, Qz, Q3 and Q4
- 25 are similar or dissimilar hydrocarbon groups.
It was of course appreciated that in the preparation of the
copolymers, the catalyst and the polymerization conditions had to be
selected such that copolymers with high molecular weights are
formed, since in general products with higher molecular weights are

30 more suitable for the above-mentioned uses.
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PCT/ EP95/ 01678 -2- The formati on of hi gh nol ecul ar wei ght copol yners is
enhanceWg9s/29¥6f or mi ng the-reaction at a | ow reacti on t AGTEPLS/NG6ES
Unfortunately, at the | ow reaction tenperatures suitable for preparing
copolymers with sufficiently high nolegul ar weight, the 5 activity of
the initially used catal ysts often proved to be inadequate for achieving a“’

viabl e product g fo2hfkioRYos nfgrﬁaswmtb%t?ﬁ@%atmrs tiRCefiinBedf
copol ymer formation could be uvtpr oved | ecul ar wei ght of the

copol ymer s b PrIPFRiRI RS, reagth B FERGFAOR (HEPRS 3BT reen made to find a
nmode for 1@nfortunat¥lg¢llst BHe AopQteareich oémpurgbureal swithble WOEght at an

poePL a0 & prthund \ERELARLE TR ABYERAREP ilh I BEUAE dlinlD Al c21 1 0N Of

t he cat al y§t uenc
di f f®rent Ialcga\rid:y mé'rhbé@ﬁt#ﬂ\lss‘tﬁega%lym pEten proved tode cvi dent t hat

the result %nQ@écﬁhE@Ckow ztéiubm@na G\Iiﬂbié g&s&lfctmt GalleN %aiﬁ&eléing the

superior to those obtaina nodent at hosphi ne
li gands wer&"BRWREITS ?e“§fu°tvtmaf)‘?p€g0 % %?g‘gi’ﬁl W‘&?’%‘f'ng“%md
sti bi ne | i ghedmletiinrewéigbt off ehe,llcbpvﬂgn&mmmhaulgasdnop the var| ous groups

[err] and X |n61ta;|§ J&%&Q%@f {:}Qe: 28V Ee ,pgngé: '?'h g@ ob al ne ans

predi ct abl e. e tesu it would
appd@r t hatprefiecing seapobymeratef hsgls mglecqulas weight a&ramsccenspble irate a

bi sphosphi ngeké g&a&t@t KRR éspedidnay( ﬁdu]sed\/&ieﬁm&iaitibﬁailf ene of the
gr oups [-err rep nts, an_ar.y ro aining at | east one
pol ar -subst#‘fﬁﬂ# fﬁ%’po’s‘t 7 °\'7V1?‘71 gg% giuetné’e pMbrus. A 25
process of ctxtitsretnypb.gasdajihsested-msmand}lmtam Wan aE:BnAeﬁ'aEﬁﬁB. | t
woul d furt hglh 3REALsul PalobtneBChith biueRta Gt hatil Sw:ANPlresh i, &
15 : superior to those obtainable with monodentate ligands and that
phosphine ligands were usually more suitable than the cotresponding
arsine and stibine ligands, the effects resulting'from changes in
the various groups Ql, Qz, Q3, Q4 and X in the ligands of the above
formula, were by no means predictéble. _
20 From the results hitherto obtained, it would appear that the
.reaction rate is sighificantly iﬁcregsed'by using a bisphosphine
ligand of the formula Q506p-X-PQ708, wherein at least one of the .
groups Q° .. QP represents an aryl group cohtaining at.least one
polar substituent in an qrtho4position with respect'to phosphorus. A
25 process of this type is disclosed in EP-A-319083 and in EP-A-257663.
It would further appear that the activity of catalysts comprising a
bidentate ligand of the geheral formula 0lo2M-x1-M0304 wherein %2
represents a bivalent bridging group containing three atoms in the
bridge, viz. two carbén atoms and a'hetexo-atom or, more preferably,
30 three carbon atoms, is substantially higher than that of catalysts
) comprising a similar ligand wherein the bridgihg group consists of
only two, or four bridging atoms (cf. EP-A-121965).
Whilst it thus proved.indeed possible to select ligands for
incorporation in catalet compositions of adequate activity for



bi dentate |ligand of the general formula [err] wherein X1 represents a

bi val ent bridging group containing three atons in the bridge, viz. two
carbon awmy9smE a hetero-atomor, nore preferably, 30 Pcnnﬁﬁkﬁﬁscarbon
atonms, is substantially higher than that of catalysts conprising a simlar
| i gand wherein the bridging group consists of only two, or four bridging
atons (cf. EP-A-121965). Wiilst it thus Proved indeed possible to select

| igands for incorporation in catalyst conpositions:;of adequate activity for
WO 95/ 29946 Preparing the envisaged copolymers, it was observed that the iR P9O5/ 01678
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of the copol yners and treatnent, storage, transport and processing
t her eof . UnexXpRRXtant )F°1? t“ﬁﬁs""nb'\?\? BEEPAIRELPRI OE hthe B9PUYPATP ang dma ket
Syst em conpr itgedtgheit S BE6tdges trgpspdit nd phocqabing thegswgd wherein the 10

two phosphorous gtgx%gc@eﬁgse;%aﬁat edwlyeegnf&tnp Ih‘%@ aPE(rﬁ'l’g er?aﬁ? ggggers W th

a high bulk density~are o tdined at an acce s high
reacti on rat eystes- fomp@i@inpOa dirsei tisctiyRehat hlﬁpbmhpad! | 1ddandrbexkdnt titee

|'i gangh cat al Y28 GrePHIr¥aP aedid 228 sabaftleRORy Eﬁ%ﬁ!&%&tﬁ Lefins the use
15 of a mxture of phosphorus bidentate |igands |eads ‘to a decrease

of reactor fGOPIIARe=sT h’éﬂl‘ i?g Rl dpReitynre shtainediatopp AcsePtabind
carrying at ahe iphsaphedses Bighmsedcribn adat®0- al koxy substituted aryI groups

and a bidentate [} r hor roups
whi ch are free Oké&?%gaﬁ%g u 1§t@|9 T Utdl %’Eﬁ Q\Dm ﬁpﬁqua%'gﬁdm%{e amg
catalyzed copolymerlzatzon of carbon monoxide with olefins the use

15 of a mixture of phosphorus bidentate ligands leads to a decrease of
reactor fouling. The ligand mixture comprises a bidentate ligand
carrying at the phosphorus atoms four ortho-alkoxy substituted aryl
groups and a bidentate ligand carrying at the phosphorus atoms four
aryl groups which are free of alkoxy substitution. An example of a

20 ligand with ortho-alkoxy substitution is 1,2-bis[bis(2,4-diethoxy-
phenyl)phosphinc]ethane. This document does not provide any
teaching which could bring the skilled person to the present
invention.

The present invention relates to a catalyst system suitable for
’ 25 the copolymerization of carbon monoxide with an ethylenically
unsaturated compound which catalyst system is based on
{(a) a source of palladium cations, and
{b} a bidentate ligand of ;he general formula RIRZP-CHZ-CHZ—PR3R4
(I} wherein Rl represents a phenyl group substituted with a polar

30 group at one or both ortho-positions and/or the para-position with
respect to the phosphorus atom to which the said phenyl group is
linked, and Rz, R? and R4 independently represent a substituted or
non-substituted h}drocarbyl group.

When the catalyst system is based on a mixture of bidentate

35 ligands, the quantity of bidentate ligands of the general



20 ligand wi th ortho-al koxy substitution is 1,2-bis[bis(2,4-diethoxy-
phenyl ) phosphi no] et hane. Thi s docunment does not prOV|de any teachi ng which
coul d bWOR20%M6 skill ed person to the present inventi onPCTEPIJNISTE Nt
invention relates to a catal yst systemsuitable for 25 t he

copol yneri zation of carbon nonoxide w th_an et hyl enically unsaturated
conpound whi ch catal yst systemis based on (a) a source of palladium

cations, ang £ ilnbliqemeai nag.emupé lts%&eesml aé qreml.- ays( @Intohe ')

wherein [err] represents a %/ group substituted wth a polar.
group at or@ B"Prtbst‘]ﬁ‘o?‘?‘f‘?o‘gﬂ% |'§)ﬁ'§1%tndfb°rtif'ﬁet°p§?%1 to5ed t‘l“bﬂtWt‘hf respect
to the phoamlaowsuﬁneaanuganum Cuétha Bijatid pliaeyie gasawmpss.dd aked, and R2, R3

and R4 |nd%§ Iégﬁgg&;%ﬁ"?@ sﬂzhu_{aqu?rw Qin ?ﬁ u&gd bydrocar byl

groug Wien -t he cat ased on a mx ureofr bl den’taté 35
| i gahds, t R Mﬁfl%ﬁtrﬁs I8P RIkOKY ITPIR) A% 2R OF"-MT@%:bﬁenaﬁ'ith regpeos/ 29946

PCT/ EP/ 0167& the pﬁsmukas @u,m Iaadtm;kér&aad lrIbXﬁd”eQ ti5e BeRdRN Rl | east
95 % nol e, ﬁgar2 relative to the total

quantity of® tR r’i'ta‘l”b"‘F?"@ei?wlsR Sﬁcﬁ“gv |é&‘?|%?eﬂi’l?<'lt&?e’ enprise a
bi dent at e Ia:garg:l:oaﬁs,t lhgpigalddy @f dprtoult cgtgom/\/aml, nwigizbhaxel fres b, 5

R3 and R4 cgh y ] r t r ct to the
phosphor us %t éJr‘Tf Q &&&n?‘g{g i é%ﬁ %%vp%%gr%ﬁ%é\ir%ﬁag%ﬁgr] wherein
[errF and ["éfll’?“j"%lﬁd@p’éﬁ@ié‘rﬂl?‘ﬂ“@b ti“aF‘ﬁ b@ s,Suchpd ddBand of up to 10
carbon at orxewdd €5 tYpecd1N9eprifsent Isaxa/ qﬁﬂbﬁlﬂytblﬂmt.s -atzdm$ﬁr pér @R esents a

di val ent hyq_'rc’oc J_ roup 1 be us r P n.atoms 1n
t he bridge. §u$p§ Jﬁg XEUre %}Ba%'%ﬁyf aélyétgésms Hh™ & %U&ﬁt ity of
0.5 - 2 nolan pd#itgpnuhased on an anion ef an acid having a pKa of less than
4, typically in a quantity of 0.5 - 50 equivalents per gram atom
15 palladium. ' _ :
' Bidentate ligands of the general formula (I) are preferably
applied as the sole ligands

In addition, the invention relates to a process for the
preparation of copolymers of carbon monoxide and an ethylenically

20 unsaturated compound by reacting the monomers in the presence of a
' catalyst system according to this invention.

As source of palladium cations, i. e. component (a) of the
catalyst system, conveniently a palladium salt is used. Suitable
salts include salts of mineral acids such as sulphuric acid, nitric

25 acid, phosphoric acid and sulphonic acids. Preferably, a palladium
salt of a carboxylic acid is used, for example a carboxylic acid
with up to 8 carbon atoms, such as acetic acid, triflno:oaeetic
acid, trichloroacetic acid, propionic acid and citric acid.
Palladium- (II)-acetate represents a particularly preferred source of

30 palladium cations.

In the bidentate ligands of formula (I); component (b) of the

~ catalyst system, Rl represents a phenyl group substituted with one
or more polar groups. The polar g:oup(s) may be located at an ortho
position with respect to the phosphorus atom to which R! is linked,

35 at the para-position, or, in the event of more than one polar group,



atom of palladium and may be used in the catal yst systemwhich is in
addi ti on based on an anion of an acid having a pKa of |ess than 4,

typi cal | uantity of 0.5 - 50 equivalents per gramatom 15

pal | adi u#d%nggéﬁt ate ligands of the general fornula (1) HE/EPEPKBpy
applied as the sole ligands. In addition, the invention relates to a
process for the preparation of copol ynnr§_of carbon nonoxi de and an

et hylenically 20 unsat urated conpound by reacting the nononers in the
presence of & datilogsho-Ppsitivnalear s Af éxxhbhidnd BN PaposEicnouLe of

pal | adi um cafJj nent f_the catal system conveniently
a pal | adi umgs %é pda? 8‘39 :atg I ég‘?ae $*§ ﬁ'(r:ll‘ﬁg"th s%‘f’ti?%'f i PRSFEFIS ds
such as sul phur |%11&BIPJG Polam gEoupg include adkeky ghoumshend chactadkphd sul phonic

aci ds. Pref egahby,sueh R Laéiiuﬁ%é@htg&fu a carboxylic acid i's used, for
exanple a carboxylic acid with 8 carbon atons, such as acetic acid,

trifltoroacetic ‘acl¥ FPIRMPOT é’égﬁ 3578 GRgPATHIGR} A F1~Gac AHKORYA9EIPSi ¢ aci d.
Pal | adi um ( | ¢p~Caceivahe ﬂteplmmnianmq)amidmtmd yethaf, cétma, Ssrepge, of 30

pal | adi um cagg gpé%lfgn-bn& g0t aga’m;loatndf rf@i' 3’6("“)‘ component . (b)

of the catalys m repr Sents a-ph 'tltuted W th
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posi tion W thespestp @6t tieOphduphPAAS REGH, USs aogtgrasihiead [err] is |inked, 35
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-5- at both of fhomdesit)i emexeinreagh RO tRicancamil td@eemta @oapion. A
si ngl e pol argupstevhbi&ity HaQshy & g & 18Nbh % §g§ 0%‘{?‘?‘9{ eferred.

Sui tabl e poI ar _groups I ncl ude_al koxy groups an
phenyl group. The aryl groups are preferably substituted with a

pelar group.
15 Preferably, R2, R3 and R? all have the same meaning as R1,
Accordingly, a particularly preferred bidentate ligand of formula
(I} is 1,2-bis[di (2-methoxyphenyl)phoshinc]ethane.
The amount of bidentate ligand supplied to the catalyst system
may vary, but is conveniently selected in the range from 0.5 to
20 2 moles of bidentate ligand per gram atom of palladium. Preferably,
the amount is in the range of 0.75 to 1.5 moles of ligand per
gramatom of palladium.
The catalyst syétem may be based on an additional component
which is generally thought to function during the copolymerization
’ 25 as a source of anions which are non- or only weakly co-ordinating
lwith palladium. Suitable additional components are, for example,
protic acids, salts of protic acids, Lewis acids, combinations of
Lewis acids and protic acids, and salts derivable from such
combinations. Suitable are strong acids, in particular having a pKa
. 30 of less than 3, more in particular less than 2, when measured in
aqueous solution at 18 °C. Examples of suitable acids are the above
mentioned acids wh}ch may also participate in the palladium salts,
e.g. trifluorcacetic acid. Other suitable acids are adducts of .
boric acid and 1,2-dicls, catechols or salicylic acids. Salts of

35 these acids may be used as well. Other suitable salts contain one



groups such as a thionethyl group. 5 - Al koxy groups are
preferred, in particular [err] al koxy groups, Cl1-C4 having its usual

meani ngva9s2pMat i ng net hyl, ethyl, propyl, isopropyl, nPEUEPSOIEEC. butyl,

i sobutyl and tertiary butyI The presence of a net hoxy group in RL at an
ortho-position with respect to the phogphorus atom is nost preferred. 10
It is recomrended to use a catalyst systemconprising a |ligand of formula -

(1) wherei s 9% arxfﬁbame%iroﬁpr&sems&:aee ambmqrm abYd¥agah ! ¥
havi ng up on atons articul ar eny roup. The aryl groups
are prefer a’lﬂ"-y“sid@%ﬁ"u? e‘d“”‘t"ﬁ’%’%’f' Vﬁ’r"hﬁ%ldg’ ium tetrgsror oy,

[err] and [Qie&h\ﬁh:bpmymﬁdieté;ané avbalt n:grmaRé (Cﬁ@hﬁoﬁhﬁtj)y a
particul ar I%‘i e££ 1[(1§ % rdd U3 1Qf ﬁ:‘%hr%l-lcﬁ
p

I
1, 2-bi s[di( oxy oshi noj e ane. Qnr ﬂbl dentate |igand
suppbi ed toSnt(ﬁésf@aﬂaJ ;#99 WE?W ‘\?h?sy speh ‘Fs"’éBh?Réﬁ’rP%ﬁ“ley tdsacted in

the range fy ﬂw‘io%&n%@) borane afd 'EYiefbidF3ps-cieni Aluorinedayr) pmﬁngr-am at om of
pal I adi um Preferab

team)t|5| t. he r.ange 0. nmol es of
| i gand per Rfi€aR%t ofif p%.‘fﬂ(ﬂ’lfﬁl AN §'t%’ %?n%?ﬂgi‘b‘é B’ffs&ﬂron an -
addi ti onal mmeulphdnlchcﬁ.es gademdlrbl;anomughactd;.fim@umu&ew iHfg t he.
copol ymer i zgf 1,9 of a corbinftiRRULS ﬂéwiensaasuml sf},&&fc nRRa i@ only

weakly co- ord| natirng w-t dp lum Sultable additional conponents are,

f or 18xanpl etetsafivobopid agid JEBRY - ofOthepHrGopPedgswhich fay be imeationgahi nati ons
of Lew s aCird%hﬁi‘d:oQiﬁtttl Sré@ldifinoRditessald paficulab metiyl0al Gifbxanes

conbi nati ons I tabl e strong acids, in particular having a pKa 30

of | ess tha?f‘dstw??ﬁy 3 %WF%UI ar less than 2, when neasured in aqueous
solution at 18 Iteds]i@ p%npl@sawansaﬂoalblweaﬁ% additiphal gbopanenent i oned

aci ds whi chy ey al %ﬂe n.%ﬁ;hiﬁttpﬂs%eh N of PEsddRbbitdis HENBRbA S . 1€-13- in
trlfluoroacetlc acid sultabl e acids are adducts of boric acid and

1,2-Miol s, eagtdemdrsa ch°‘§%1l‘ﬁ°&§ﬁ’1“&“%1&1°d%s agifly proficygcid or salfessVeryi s nay
be used as yY&dd resudthatanshe obbdimed abitth LODbedM comtdining protic acid

having a pKa of less than 2 which is tetrafluoboric acid.
The amount of the_additional component which is generally
thought to function as an aniocn source is préfg:ably selected in the
20 range of 0.5 to 50 moles per gram atom of palladium, in particular
in the tange of 1'to-25'moles. However, the aluminoxanes may be used
in such a quantity that the molar ratio of aluminium to palladium is
in the range of 4000:1-10:1, preferably 2000;1-100:1.
The activity of the catalyst system is‘such,.that amounts in
25 the range from 10~8 to 10"1 gram atom of palladium per mole of
ethylenically unsaturated compound té be copolymerized, are
adequate. Preferably, the amount will be between 10-7 to 10‘2, on
the same basis.
As regards the ethylenically unsaturated compound, as startihg
30 material for the process of the invention, olefins are preferred, in
particular lower olefins, i.e. ethene and prbpehe or mixtures
‘thereof. Ethene is mo#t'yreférred as monomer for the copoly-
merization with"catbon_monoxide, in particular'as the sole or
substantially sole ethylenically unsaturated compound. By the term
35 “substantiallﬁf it is expressed that the presence of a quantity of
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or nore hydrocarbyl borate anions or carborate anions, such as sodium

t et-r aki S{yjg) gkyp994g- (Lt ri f1 uoronet hyl ) phenyl ] borate, |i t hi um 5578
(perfluorophenyl)borate and cobalt carborate [err] Suitable Léw's acids
are, for exanple, [err] and 5 [err] and hydrocarbyl boranes, such as
tri phenyl borane, tris- (perfluorophenyt)berane and

tris[bis-3,5-(trifl uororre%qrﬁl ) phenyl ] - borane. Protic acids with which

Lewi s aci ds 30@fhefe sthyhspieat La wnspbhrased pmeowns pay Hec teksizdblandn

hydr ohal ogengaztagiids, sdcﬁ ﬂﬁrtt tKel Ioaﬁexl-lEthﬁr&nemprl &ﬁh@a&ﬁ%@%&ﬁ@'}sm‘ a
Lewis acid V\Ath oric acid [err]

Ct her conpouf %,Bé C?Pe"ﬁ?’%ﬂé‘a Tr?“(’ﬂ?’styc?)ﬁq&f thar 2% 7meHuxanes, in
particul ar rmeﬁytabéhruhsnotMes terndle,- balgulatediohntheaketsal bf IS in

par tigul ar gy gmmemsuimzsm éd@ohh@ﬁ%cmwtrﬁn s0bi éilagt he catalyst

systemis based contai'ns boron I'sS 1n ticular or on
cont ai ni ng LRAkEEIaLS| gre ﬁ?WE“&'éWd‘Rﬂ“S%IiP r“\?é’ﬁy"tfbo%?‘ﬂ*eBﬁ# mole 4f be
obt ai ned wi tdarBén haamaeomtzal 9 A0m¢lledt bE e&ﬁyxtxﬂaaumuﬁad&kiaa@‘d | ess than 2

which is tet The t Ltio onet whi ch
i s generall yé ?%ou%ﬁ?{ are r&ﬁeﬁgngn %erﬁagl B%ﬁr%" AF ST “%F‘gf% HBFR 881 ect ed
in the 20 two monopges GF -’Gl She FaBge of| 351 yerl:@r ain pacriawlapalnl gk um i n
partijgul ar ifnbbes ae of 1119 25 nol es. However, the al um noxanes nay be
used in such a grantlt that the nolar ratio of aI umniumto galladi umis
in the range of 6(R)‘°f $% o%, th5r &PERNSLPR, 15 0BRPVERIRNELY caTREeh OB iRt Fhef t he
catal yst sygiremence sfiahsuitable alrmula-tts a's:chSthe copoliyli€rs afigene rom 10-8 to

[err] gram atQmal pggel Ao ggbﬁe ?fllyal%{'] c§l | Yar, tétnsar}vtér Iedbcorrpound

to be copol yneri 7ed, are a equat e. e anou et ween
10-7 to 10- 2liqgﬁi tsﬁé"@&ﬁre aHiarge number of these hqua.ds may be used as

15 diluent during the copolymerization reaction. Recommended diluents
are polar organic liquids, such as ketones, ethers, esters or
amides. Preferably, protic liquids are used, such as monochydric and
dihydric alcohols. -

It has been observed that by using a lower primary alcohol

20 having at most 4 carbon atoms per molecule, the reaction rate of the
copolymerization reaction is generally higher than in a medium
whereby the diluent is a tertiary alcohol. Accordingly, lower
primary alcohols having at most 4 carbon atoms per molecule are in
particular recommended, methanol being an eminently suitable

’ 25 diluent.

Surprisingly, it was found that by using a mixture of a primary
alcohol having at most 4 carbon atoms and a tertiary alcochol, having
at most 10 carbon atoms per moclecule, not only a high reaction rate
is obtained, but in addition the resulting copolymers exhibit a high

.30 limiting viscosity number (LVN) (The Limiting Viscosity Number, or
intrinsic viscosity, is calculated from determined viscosity values,
measured for diffeyent copolymer concentrations in m-cresol at
60 °C. The primary alcohol and the tertiary alcohol are preferably
present at a molar ratio between 30:70 and 70:30.



As regards the ethylenically unsaturated conpound, as starting 30
material for the process of the invention, olefins are preferred, in
parti cuwagosievger ol efins, i.e. ethene and propene or m ycayEpsssilgmy eof .
Et hene.is nost preferred as nonomer for the copoly- nerization with carbon.
nmonoxi de, in particular as the sole or substantially sole ethylenically
unsat urated compound. By the term35 ~ 8 = “"substantially" it is expressed’
that the presence of a quantity of 95/ 2994 :
PCT/ EP9S/ 01678 A piab, F¥ e ieﬂ%?%‘rﬁ 85|‘1V\$iﬁ’h§'§?ﬁ?‘§f§a"‘88ﬂbo°&n8"ﬁmy be

tol erabl e, kopopgidr.cul ar such that the other. ethylenically unsaturated

conpound i s incQrpor.at [ C r ng i lL.ess than 2
% nol e, prefer a%ﬁﬂ‘%?ggT?gnulﬁg/efm%?le‘?&%af%ul g{.g{é,&(_)%ﬂ% %geéigtrgl of S

et hyl eni cal bytanek atus di:ddvaisme Fatée § FERALYPPANAULNITRNIGAEYN 48 materi al s
are aonveni giidh¥e !4 Bdgh kebdtionsratech that per nole of carbon nonoxide
0.25 to 4 noles of ethyleni C%“é unsatyrat &uggwgnd%jrs ﬁ%‘gré‘a) present.
Preferably the PitBf BT F2BRt FBEP5h8T AWB HOR6nET § RS v the Tange of 3:1
to 1:3, in pertiacyladectol shelildent in a coppjumerizatipn]prosress lircwhitheapr ocess
of the inveniighyd §COsColnibingCR HiliEtkat 1igank N RRESGPEC OF a suitabl e

B ol ymers o

di luent. Since e Co the invention are insoluble or virtually

i nsol ubl e i axerRAYEied TRARAPO8 3, g ERRPLED | AR p 1 PP2ideraPle IRHPH SP2TH %P hese

| i qujpds mayrdge.used as 15 di l uent during the copol ynerization
reaction. ReCONGERICLqiLiCHh Sugdli®t PRALALAANDE dlyUntlneUCh: 33 Ket Ones,
ethers, esters am cf'es.- referabjfy,- pIPOtIC I 1 qui és are used, such as

monohydri c prefediéd) drihavel & #iedid partiqydate) materips csupkendedain (Fpeusi ng a

| ower pri magy; aht 32bréhe monomd}dVhAd cBhedBRed with AHROBa R 95E sPStentI0l €CUI €,
the reaction rate of the ' .
' Suitable solid particulate materials are silica, polyethene and a

15 copolymer of carbon monoxide and an ethylenically unsaturated
compound, preferably a.copolymcr which is basgd on the same monomers
as the copolymer to be prepared. The quantity of the solid
particulate material is preferably in the range of 0.1-20 g,
particularly 0.5-10 g per 100 g diluent.

20 According to a preferred embodiment of the process of the
invention, a catalyst sﬁstem is.used which is supported on a solid
carrier material. ' _

By u;ing a supported catalyst system of this type, copolymers
having.a high bulk density a;é pbtained, whereas the use of a

25 supported catalyst system based on a ligand according to EP-A-319083
results in copolymers of iower bulk density.

Suitable solid materials include organic compounds, such as
polymers and resins, in particular ion_éxchanging resins, and
inorganic compounds such as zeolites and inorganic oxides, e.g.

30 silica, alumina, titania, zirconia and the like. Inorganic oxides

| are.preferred carrier materials ;nd among these, in particular
silica, or a silica containing oxide-mixture. '

The amount éf carrier material to be used for the supported

catalysts may vary;considerably. To a large extent the size of the



copol ynmeri zation reaction is generally higher than in a nedi um whereby the
diluent is a tertiary al cohol. Accordingly, |ower primary al cohols having
at -nost &, cﬁg)'a%on atonms per nolecule are in particular recomended, nethanol
bei ng an"REAe 1y suitable 25 di | uent. SurprisingPSTVEPPSHSS ¢ ound
that by using a mxture of a primary al cohol having at nost 4 carbon atons
and a tertiary al cohol, having at nost_ 30_carbon atons per nol ecul e, not
only a high reaction rate i.s obtained, but in addition the resulting

copol yner s esbifurt matdtigh dd@ermines thieNiricdullg 3eqaLoed Eyr NANBSYimal VN) ( The
Limting Vi scog{ibrt# Nun‘ge{He or ilntgi nsic viscosity, is calculated from
det er mi ned PEEEHEPPE® VA thes S2Wdd&tred for different copol yner
concentrations iRecomendshlaratinGpart@culiire cpriienrmatgtgisolin aibdch bet erti ary

al cohol are prefaeabix Pk a3ehie 2hnde BBl @looi ald 8 REIUREN pQQfJ:ngqnm: 30.
WO 95/ 29946 PCTI EP95/ 01678

-8- A high LthR FangeRfi 02095 8o & mickangh Ths 8id BAIMASIGLZ6F ARScuTBPAY yner .
For exanpl e,inycdteling dgiivalués; Dfe Mehdiaiae amdmidrdohs AvhebeliyaBot oat a 1:1

volume ratiqQ,a copolyner having.a high. LVN is roduced_at hi gh
reaction rat®® %ﬁ?ﬁ%esoh’era ﬁ%%é?“]?ahrgghasmgtﬁ . eﬁrﬁ ﬁaﬁtr:ie‘ac?f S ?s and a
tertiary al dneh, &he diiemetersiof subsiporiaidyi 2t Partisies ares withihithle a

catal yst is J380ang8PMatéNQ12 thivishadbs, loit0etd ofe leBfediiRey QLEEDLhi €d in
EP- A- 319083, resulfs in_a consider ablgﬂ‘ ower reaction 1 rate. Wen a

, 10
di | udft is used IEroesiEedr BcERRBIBIT SKFEEM FRENE BIF  WhiChpdLionad Y o have a
solid parti comptisestdre brgdniguaidasked Exampllles «ff suitabléaixitdentishendmaeners are

contact ed Wqﬂx@n&ﬂ% g\?éhally S.lt, 4§l¥e§1tz§gainone, 1,2-naphthoquinone and 1,4-
naphthoquinone.
The conditions under which the process of the invention is
15 performed, include the use of elevated temperatures and pressures,
such as between 20 and 200 °C, in particular 30 and 130 °C and
1-200 bara, in particular 5-100 bara.
Preferred reaction temperatures are in the range of 70 to
130 °C, temperatures in the range of 80 to 100 °C being most
20 preferred.
The reaction pressure is preferably selected in the range of 40
to 80 bara, but pressures outside these limits are not precluded.
The invention is illustrated by the following examples.
EXAMPLE 1
’ 25 A carbon monoxide/ethene copolymer was prepared as follows. A
stirred 200 ml autoclave was charged with 90 ml of methanol, 1.586 g
of linear alternating carbon monoxide/ethene copolymer (obtained in
a previous experiment), and a catalyst solution consisting of 10 ml
of methanol, 0.0094 mmol of palladium-II-acetate, 0.188 mmol of
- 30 fluoboric acid (HBF4) and 0.0104 mmol of 1,2-bis[di(2-methoxy-
phenyl)phosphino] ethane.
The air in the autoclave was displaced by nitrogen (1 bara}.
The autoclave was then heated to 90 °C and pressurized with an
equimolar mixture of carbon monoxide and ethene until a pressure of

35 50 bar was reached. Accordingly, the polymerization started. During



Suitable solid particulate materials are silica, polyethene and a 15

copol yner of carbon nonoxide and an ethyl enically unsaturated conpound, _
pr ef er amtogsaImwpol ynmer which is based on the sanme nononwcy/Epeséisss copol yner
to be prepared. The quantity of the solid particulate material is
preferably in the range of 0.1-20 g, particularly 0.5-10 g per 100 g

di luent. 20 According to a p+QaFerred enbodi ment of the process of
t he |nvent|% - taltxst o ss‘;tr%rqﬂiss u 4% i S su%rﬁgrte on a solid
carrier material By ustig a suppor e caf'e ¢ PRRFRVERBT AP ype,

copol yner s 4eainreigracabgh mwkideéﬂmepy mutﬁ)t a:mus wivgsett® t he use of a 25

support ed GRhghetkatibhl @48 ResRtacdy By!depabski2 e idh ehd Qufdeqhent! 9083
results in cogol%mars of |ower bul k density. Suitable solid ™ naterials

i ncl ude or FERHPCSAPIRARE temETat ¥ eyo| yirers and resins, in particul ar ion
exchéngi ng resmhs yizid was02€3N{ CoiC coprlynels hauiiy asx:mohérts%y&rfd i.norganic
oxi des, e. 3 S ] 58 Z|rcon a and the Ilke

| nor gani c OXI de%/mar ey %#%r r ei(fggtolgrnr Pg‘?e %Zépl 'S CAnFPRATNG PRE SFam

particul ar of padadius ila"si’ielfl‘?ﬁ&‘r«-:ont ai ni ng oxi de-m xt ure. The armunt of
carrier natgample RO be used for the supported catal ysts may vary -
considerably. To a large e ‘#ﬁ!nt t he %lé’ﬁe of the. - WO 95/29946

PCT/ EP95/ 01678 & §2¥ReR TIngriqR{EERINS SRS EPH HBE REARALSFp FHPsFRRIIAI MY for an
opt ilfral perdsodesardbedfint bampke Al Wwaith ecdhfi=renck ahat ithe pfabtaxtiwag carri er
materials igkebiiled RALRY hiftute 4 Battonl Horldd¥ad A0AC t‘?xfexi.% 1004 dc3a2 M CrOns,

preferably in e ran particle

sizes are u?l‘ié?l%f Prith:& aAnsge: °BHU~Wa‘PU€§“i‘“°ilaé cth%n S'PEQéﬂi@P-fP'mee? ons)
wher eby 50%icture. '

The yield was 36.1 g of copolymer having a bulk density of

15 315 kg/m3. The polymerization rate was 11.5 kg of copolymer per gram
of palladium and per hour. ' -
EXAMPLE 3
A carbon monoxide/ethene copolymer'was_prepared, substantially
as described in Example 1, with the'diffeféhcé that the reactor was
20 . pressurized with a mixture of carbon ‘monoxide and ethene in a molar
ratio of 1.42:1, instead of with an equimoclar mixture.
The yield was 25.6 g of copolymer having a bulk density of
230 kg/m3. The polymerization rate was 8.0 kg of copolymer per gram
of palladium and §er hour.
25 EXAMPLE 4
A ca;bon monoxide/ethene copolymer was piepared, substantially
as described in Eiample 1l with the difference that a reéctidn-
temperature of 85 °C, instead of 90 °C was applied.
The yield was 20.2 g of copolymer having a bulk density of
30 195 kg/m3. The polymerization rate was 6.2 kg of copolymer per gram
) of falladium and per hour. |
EXAMPLE 5
A carbon monoxXide/ethene copolymer was prepared, substantially
as described in Example 1 with the difference that the reaction
35 temperature was 95 °C, instead of 90 °C. '



the particles has a particular dianeter. If a particle size range is given,
the dianmeters of substantially all particles are wwthin the said range.
Mat-eri al g, a D50 of 0.01 are especially preferred. ' | f
desired, a ca%&Pyst system may be used, which additional I@(’:Eyrr{)’?llsgses an
organi c oxidant. Exanples of suitable oxidants include quinones such as

|, 4- benzoqui none, 1, 2- napht hoqui none and 4, 4- napht hoqui none. The
conditions under which the process of the inventian is 15 per f or med,

i ncl ude t he useThsf véels, Hee 30t Brafereralivper 2avingr askiikedensity (Pfas bet ween 20

and 200 [er ﬁ&s:,kgyxaﬁ PEKd ipeWmidici 180 Orak30wd 261 T GgaBfl cbpeiheR et ghdin

particul ar 5- b ra. Prefe&red reaction tenperatures are in the range of
70 to 130 [gfrﬂa aPthr @8%¥'n the range of 80 to 100 [err]C bei ng nost
20 pr EXAMPLE A amarmd». (Idme compeiisom pressereling v sherimlveytios) ect ed | n the

rangeg of 40 to m
prec[%uded The ggcvagg‘tgx?gﬁp%dlw&&g#ér :ct%g C%;?ﬁag Pﬁgﬁnshg?g‘rﬁg EXAVPLE

1 25 as degcpibefgoln ESARPLRdb/ Uit fBe Hfdetance WHas Briddammal a§ fol | ows.

IA stirr eld 293k fﬂit(QQﬁeQMBxMSnmQh%rl}iﬂbid}oﬂﬁlld‘rhaﬂfusw,t hasedad d£58 g of

I near alte i, n oxi.de( et hen ol yger (9 alne I n previ ous
experi rrent)in%%cji %13 ’fypsoll"ﬁ]’s g?]’p(l:%ﬁ% < ng 0 fg %{ tﬁa?]fol

0. 0094 Mol cerdolpméx advinmtlbuébedméty @'fleg-m?rﬁ)lkgélh 3@he polymﬂlaat—)mnl c acid

Ler i and 004k ] of pbiihldi 42 GEMOHpaihenid LDgEEhiche] et hane. The

air in the autocl ave was displaced by nitrogen (1 bara). The autoclave was
t hen heat edw err]C and pressurized with an equi nolar m xture of
carbon nonoxi dea adadb&x henexidaldéthene RopShiet wfs Bhepared, sbhbstaatiamldy reached.

Accordingly, 18 PQIXEl bzl @M SLa e dMEA%ce that 0.188 mmol of
trifluorocacetic acid was used, instead of fluo-boric acid. The yield
15 was 16.9 g of copolymer having a bulk density of 107 kg/mS3. The
polymerization rate was 5.1 kg of copolymer per g of palladium and
per hour.
EXAMPLE B (for comparison, not according to the invention)
A carbon monoxide/ethene copolymer was prepared, substantially
20 as described in Example 6, with the difference that 0.164 mmol of
1,3-bis[di(2-methoxyphenyl)éhosphino]propane was used instead of
1,2-bis[di (2-methoxyphenyl)phosphino]ethane.
The reaction had to be terminated after 1 h, because fluffy

product was formed, hindering proper mixing of the reactor contents.

’ 25 The yield was 8.7 g of copolymer having a bulk density of 80 kg/mS.
The polymerization rate was 8.1 kg of copolymer/g palladium and per
hour.

EXAMPLE 7

A carbon monoxide/ethene copolymer was prepared as follows. A
30 stirred 300 ml autoclave was charged with 100 ml of methanol. Air
was removed by pressurizing with carbon monoxide and subsequently
the pressure was increased to 50 bar by pressurizing with a mixture
of carbon monoxide ;x 2thene in a molar ratio of 1,5:1.
The temperature was raised to 96 °C and subsequently a catalyst

35 solution was injected with the carbon monoxide stream at an



WD 95/ 29946 PCT/ EP95/ 01678
- 10 - the reaction the pressure was nmai ntai ned by pressurizing with an
equi nol WOEMME nonoxi de/ et hene ni xture. After 3 hours RCRERISHIGIRri zation.
was term nated by depressurization and subsequent cooling to anbi ent
tenperature. 5 The yield was,26.5 g of copolymer having a bul k
density of 220 kg/ nB. The polynerization rate was 8.3 kg of copol yner per

gr am of paIJdaﬁlumilfyieDﬁ[reth”s bgAWLEazaﬁsQaga%igp%gétp’? Jkg:arrpl e 1,

copol ymer was_pre subst ant | al as descri
Wi th the dlcfioér‘@ﬁge“t Ratladium r‘éﬁbt‘&f‘z’\‘/ﬁsop‘?%%ﬂ fédl'\ﬁl“’t’#[dutﬁ?'xture of
- car bon rmnoueltde:@ndngabbmza@hub]atmﬂeaand aL2 amdl & 4®uébdrlﬂ6tﬁad of with an

equi nol ar e T [ 6.1 g of copolyner
havi pg a bul k den3|% h%e gg%?né%S% ffae‘lrlsfx t:é/gil"y‘grewr“‘zatlon rate was
11. 53 kg of wwﬁ}ﬁérafpe# lghewn-of pal | adi um and per hour. EXAMPLE 3 A carbon

monoxi de/ et heneneORRINNGY c¥fbiyiRéLRas ad g5 %St;%ltyh@ﬂiéti’&x ge8ehabed in
Exanpl e 1, Eh the di.fference that the reactor wa pressuri zed

with a mxtbr & & CRDETBRD S8R %n?@?ﬁ’b‘ﬁ'é‘f‘ﬂ Efrn’b‘?"ér The Lémiging 42: 1,
i'nst ead of Viistésizy NopberOILMN) mfxthe eopdliymeyivabdoaml/Ah. 6 g of copol yner
having a buyhkugigngity of 230 kg/ nB. The polynerization rate was 8.0 kg of
copQl ymer .of palladium-and per hour. 25 EXAMPLE 4 A carbon
mond®i de/ et hend ERFRoPyIaBOXigR! eEReNSaFARPLYRGK) Yo d Prepdted, sspbgbantiablyl i n
Exanpl e 1 vist beddi€beli &ﬁemﬁﬁs& t‘lh&ht& €281 { RRei WTRRED WUAEREe &F [€r 1] C,

2"Bul k densittp o sereiety BRBuncTiand 36 A Shinetiihed s Jaftodobiasd hs 6.2 Ko
of copol yne¥00pmk ofrmathanol.
The yield of copolymer was 10 g. The polymerization rate was
15 still 10 kg of copolymer per gram of palladium and per hour. The LVN
of the copolyﬁer had increased to 4.5 dl/g.
In a similar experiment, in which 100 ml of tertiary butanol
and no methanol was used as diluent, the polymerization rate was 1.5
kg of copolyme: pe;'gram of palladium and per hour.
20 EXAMPLE C (for comparison, not'acco:ding to the ihvention)
A copolymer of carbon monoxide and ethene was prepared,
substantially as described in Example 7, with the difference that
0.012 mmol of 1, 3—bi§[di—(2-methoxyphenyl)phosphino]propane was used
instead of 1,2-513[di(Z—methoxyphenyl)phoséhino]ethane. The
25 copolymer obtained had a LVN of 2.0 dl/g and was breduced with a
" polymerization rate of 10 kg of copolymer per gram of palladium and
per hour. ' |
In a similar experiment, whereby as diluent 100 ml of tertiary
butanocl and no methanol was used, the polymerization rate was 0.5 kg
30 of copolymer per gram of palladium and per hour
' In another similar experiment, whereby as diluent 50 ml of
tertiary butanol and 50 ml of methanol was used 5 g of copolymer was
obtained in 2 hours. The LVN of the copolymer was 6.0 dl/g, but the
polymerization rate had dropped from 10 to 2.5 kg of copolymer per
35 gram of palladium and per hour.



of pall adium and per hour. EXAMPLE 5 A carbon nonoxi de/ et hene copol yner was
prepared, substantially as described in Exanple 1 with the difference that
t he reacwioXsnsie tenperature was 95 [err] C, i nstead rdfri9sprng] C.

WD 95/ 29946 PCT/ EP95/ 01678
- 11 - The yield was 30.7 of copolynmer having a bul k density of 255 kg/nB.
Thé pol ynerization rate was 9.7 kg of “cbbdl ymer per gram of pal | adi um and
per hour. EXAMPLE A (for conparison, not "according-to the invention) 5

A carbon nofERE t hene copol ynmer was prepared, substantially as described
in Exanpl e 1, wiat hopdlgmel bf ccaghom nohoxide, 4181 ekherle whs prepared as

1, 3-bis[di( PSR P, S

1, 2- bi s[ di (?%‘H&ox he% )aghos E% ﬁef}%gﬁg& d#g yﬁggﬁ dmhlg‘siﬁ?’g gjof

copol yner hfPrmeFeaa ie y“-b?“o winﬁoak:g‘/rfé?ﬁ% 512¢,dDpo) Wheri zati on 10
rate sas 1.5, kgmﬂs‘:oﬁp,pahyrmmpen-g&meh Bahd @d) L, arsisggar (our. EXAMPLE 6

A car bon nmonoxj de/ et hene, copol I red, su Ly as scri bed
i n Exanpl e f,'etbﬂf ﬁ )HP??@?%%(% ‘8‘%@%’“& ac"? %gneﬁgior%ﬁﬁet fq'g acid
was used, i mea@eoholfdrumﬁ;srrdla@‘m cm“w’elbéldi@ﬂte ligapd: B6id) O of

copol yner h ‘ﬁ';&g .a.sby'dﬁdf-%SbtAthisolQi é@h&@mbl Etie etel xeﬁweaaswn rate

was 5.1 kg o opol yner per g of palladi um and hour. EXAVMPLE B (for
conpari son, t7H’Gta FYR HES tpéef%iﬁﬁ/é'ﬁ?? i) ‘Wiﬂ‘a’riﬁ)ﬁimﬁx?ﬁé’)‘gf‘f’i’ene
copoligner Waﬁonp{:ﬁﬁaaﬁd,etﬁuhshﬁrﬁol al;izys&&e of 50 BsraleThe ithmgkranufafipl e 6,

wth the dlfferen a
1, 3" bi of i ( S ReESRBhany PYOACSOA OBt GRIAE" 8s*hs S TRErEs S

1, 2- bi s[ di ( >cdtwérizgpivanytanshds The rreactingnas terminated after a runtime

of 5 hours.

The polymerization rate was 2.1 kg of copolymer per g of
15 palladium and per hour. The bulk density of the copolymer was

290 kg/m3.
EXAMPLE D (for comparison, not according to the invention)

A copolymer of carbon monoxide and ethene was prepared,
substantially as described in Example 9, with the difference that
20 1,3-bis(di (2-methoxyphenyl)phosphino]propane was used instead of
1,2-bis[di (2-methoxyphenyl)phosphino]ethane. The polymerization rate
was 8.2 kg of copolymer per g of palladium and per hour. The bulk
density of the copolymer was 123 kg/m3.

EXAMPLE 10
25 A copolymer of carbon monoxide and ethene was prepared,

’ substantially as described in Example 9, with the difference that
Organo-silicasol (a commercially available silica with a particle
size {Dgg) of 0.01 micron) was used instead of CLA-27252.

The polymerization rate was 5.8 kg of copolymer per g of
30 palladium and per hour. The bulk density of the copolymer was
' 320 g/m3.
EXAMPLE E (for comparison, not according to the invention)
A carbon mcnoiide/ethene copolymer was prepared, substantially
as described in Example 10, with the difference that 1,3-bis([di{(2-
35 methoxy-phenyl)phosphino}propane was used instead of 1,2-bis([di(2-



- The reaction had to be termnated after 1 h, because fluffy product was
formed, w )‘dﬁg proper m xing of the reactor contents. 25 The yield
was 8.7 g of copol ymer having a bulk density of 80 kg/[ BGIEPIYALS78

pol ynmeri zation rate was 8.1 kg of copolynmer/g palladiumand per hour. _
EXAMPLE 7 A carbon nonoxi de/ et hene copglynmer was prepared as follows. A 30
“stirred 300 M autoclave was charged with 100 i of nethanol. Air was :

r emoved bqumhesmléhg:ﬁmgos/ﬁhtho]@ahhm nmwigdﬁzammubﬁ&q% bYe tifge pressure
was i ncreasged lZL0 m xture of carbon rmonoxide
ar ethene |n°£&r‘vr§? ?’% f%gp%ﬁig ‘g e h°|’ﬁ5ér Xepukdensity off 1o 96

[ err] C andtheuBeRadiest M9s 120 kafmyst 35 solution was injected with the
car bon noreExaMeeE $hream at an WO 9S/ 29946

EP95/ 01678 -_12 - _add pressure of 5 bar. The catal yst solution
conél sted of %‘Gigbrﬁ’f‘op'i?f‘iéfa{lgfgﬂie ﬁ?‘(ﬁiﬂe‘a@éf RrEPREat: Dsyhssantially

1, 2- bi s[ di§s2desmtihek iphramb)eN0s phich ofhet am:m énat ReDi1uekoS | Uoboric acid
in 10 mM ofcekBt *l%@@'wasﬁ%‘eﬁrﬂlﬁ% gft ?ﬁmgg Iag{'d a%'&"%‘gg nd vas 5

terminated after 1 hour. eFhethe

pol yneri z&R% W%P?‘Rﬂaﬁ“ﬂ“ﬁ@g 50*? ‘@oﬁ%l?ﬂﬂmé}rpg}‘r amﬁ)ba.]daldlimllaum and per

- hour. The eirmhéirigTRé BENS dbie iy e Ené le\%lﬁife:tm §PPRgyREr was 0.7 ni/g.
EXAYPLE 8 PLE F (for c r{ bgn noxi d et hene copol ynmer was prepared,
subst ant i #g—wdgscrl%“é’a ¥ el f%“f R R theel ¥¥ndnce that a mixture
of 50 ml of tér rarhop menoaidsl/ethrhe56opol ymdr mh:aap&zeaa&me&htihﬂﬁl ead of 100
n of net hangiscrib& Yheddmpie QQPQJ:ﬁfWheV\@iSffLQe&e ML) Eog-xgeuiz(gtl on rate

was
methcxyphenyl)phosphino]propane was used instead of 1, 2-bis[di(2—

methoxyphenyl )phosphino] ethane.

15 I_'he polymerization rate was 8.3 kg of éopo_lymer per g .of

palladium and per hour. The bulk density of the copolymér was
127 kg/m3.



15 still 10 kg of copol yner per gram of palladiumand per hour. The
LVN of the copol yner had i |/g. In a simlar experinent, in
which 10009296t erti ary bgﬂ!m ﬂ ﬁ ﬁr{mhanol was use&@CAEPRANIGEt, the
pol ynmeri zation rate was 1. gcotf Lcopolsymer per

hour. 20 EXAMPLE C (for conparison, not ag

copol ymer of carbon nonoxi de and et hengs was pr _ "

described in Exanple 7, with the difference th"
1, 3- bi s[ di - (2- et hoxyphenyl ) phosphi no] pr opane <
1, 2- bi s[ di (2- met hoxyphenyl ) phosphi no] et hane. The 25 Spakyaer
obtalned had a LVN of 2.0 dl/g and r ced with a polynerization rate
of 10 kg of copol yner per gram of Mand per hour. In a simlar
experinment, whereby as diluent 100 ml of tertiary butanol and no net hanol

was used, tfle nphxiuas,heastywan sdian1eSEdR- éh&@ommmat@én GIPEA LR per gram
of pall adl um and. per

di | uent 50 TAPO%YIe Eﬁlﬁ a? f%ﬁfﬂ’r’rﬁ? lg'ﬁ{in%mﬁlf&@f e?%% %E&hlﬂvsg]‘§£§ﬁ¥5 g of

copol yner vesteltiai bmstdion 2 hours. The LVN of ‘the copol yner was 6.0 dl /g,

but the pol d 10 to 2.5 kg of |
5 porg?ﬁqecr)’lf ;Q‘E‘h% df%%%irﬁ%déﬁﬁ&& MM D 051 206 0 . Coro YTer Pet

PCT/ £POS/ 01678 & bidentarsAbparn of fehegrsierak rfosmulan RIRGP-AliersHe ®R°RAd et hene
was prepar egr)ashdrehh QS repheabiitsh pheh oL lgR¥ep Wabsitat L dhivh tahp51ég: of CLA

27252 (a corrrrerc aII avai | abl SI|IC havi aparticle siz r] of 5

38 M 1 on) SRR a0y 4P Hohcor e ke oy pad e e R g0 SR with

nmet hoxyphensdspedto $p hiheoptetsphemisaatbonf kel oihdch thacsal.ddphenyhygmiupets such
linked, and RZ2, R3 and R? independently represent a substituted or

10 non-substituted hydrocarbyl group,
on the understanding that when the catalyst system is based on a
ligand mixture which ligand mixture comprises a bi&entate ligand of
the general formula (I) wherein each of R, Rz, R3 and R? carries an
alkoxy group at an ortho-position with respect to the phosphorus

15 atom and a bidentate ligand of the general formula RSR6p-x2-pR7RE
wherein R5, RS, R7 ang R® independently represent aryl groups of up
to 10 carbon atoms which are free of alkoxy substituents and x2
represents a divalent hydrocarbyl group having 2-4 carbon atoms in
the bridge and which ligand mixture is present in a quantity of

20 0.5-2 moie per gram atom of palladium, and the catalyst system is in
addition based on an anion of an acid having a pKa of less than 4 in

’ a quantity of 0.5-50 equivalents per gram atom palladium, the

quantity of the bidentate ligand of the general formula (I) in the
ligand mixture being at least 95 %-mole, relative to the total

25 quantity of the two types of bidentate ligands.
2, A catalyst system suitable for the copolymerization of carbon
monoxide with an ethylenically unsaturated compound which catalyst
system is based on '
{a) a source of pafladium cations, and

30 {b) a bidentate ligand of the general formula (I} whez;in Rl

represents a phenyl group substituted with a polar group at one or

e
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that the nolar ratio palladiumco nd. bi ate ligand: acid anion was
1.0:1.1:5.0 and 150 ml of neth m ll ﬂ&}oved and_t he autocl ave was
pressurVo2§2%€ h an equi nol ar O 10 PGHEBISME8and et hene

*

up to a pressure of 50 bara. The tenperature of the contents of the
autoclave was raised to 90 [err]C, whggeupon the polynerization started.
The reaction was termnated after a runtine of 5 hours. The pol ynerization

rate was othkirthé-roepeionstindpes theOfarkbpositionatitndiespectdopgle hour. The
bul k densi f the.eapol f S .2 err]. E.D_(fql cogrpari son,
not accor di nap Gt haéwﬁtfeﬁ |°cl)'n ASE%%SF'%?& 9% upc%?@gnakﬁ%'n(?&fgé'_a d et hene
was preparasd, RS dhdenendentilyyrepsesrntcs | snbatitytEk mrphen-gubstiithteche difference
that 20  nydrochrBePigabsli,( 2- met hoxyphenyl ) phosphi no] propane was used i nstead
of 1,2-bis n%?i (,2- met hox‘yphenyl )$ho§$hi no] et hane, The Eol ymerization rate
was® 8. 2 kg 8 ISP ot ARRPOsEEd §R0t &0AtY SBFtARTantEBers #ddEcE The bul k density
of the copaefeamblydavid akgddfticld sikeXAkPtlie Tongtbof 0.005 to 4A copol yner of
carbon nongxide and ethene was prepared, substantially as described in
Exanple 9, wth the difference that Organo-silicasol (a conercially
~avai | abl e %i | iAcgatalypt #yptem pe| eladped 1p eqlafim of °G.2)19h¢m°_@9#ﬂa§s used :
i nst ead ofenkAt212Bhsed NG REHIXNBY 0RO isRUréedb? ASns, SnKghrRkcBiQROLYMEr per g
of 80 .pal It diu anfd ger Four. The Pul_k der&iity' of the copol yner was
320%/ ne. ISANBER EFRP AT A8 API Bn, IS T PREHAAYT (HSEFHIVPRRRS i on) A
car bon noresidde/ et hene copol yner was prepared, substantially as described
in Exanpl &,10,5 Wil ybtGydtdd GLEETe 143! trle RoftaFhEEizats D .
nmet hoxy- phenylzdohosghi nglggr opane vvgs used i ?1%[ ggd} S)z%t'l, 296i.csa[:g?? 2-

monoxide with an ethylenically unsaturated compound which catalyst

system is based on | ' '

15 (a) a source of palladium cations, _ _

(b) a bidentate ligand of the general formula (I) wherein Rl

represents a phenyl group substituted with a polar group at one or

both ortho-positions and/or the'péra-position with respect to the

phosphorus_atom to which the said phenyl group is linked, and R2, R3

20 and R? independently represent a substituted or non-substituted
hydrocarbyl group, and )
(c) a boron containing component.

5. A catalyst system as claimed in claim 4; characﬁerized that the
boron containing component is a Lewis #cid, a protic acid or a salt,
25 in particular a protic acid which is tetrafluoboric acid.
6. A catalﬁst systemlas claimed in any one of claims 1-5,
characterized in that, as regards (b), it is based bn_a bidentate
ligand ¢f the formula (I), wherein Rl represents a phenyl group
substituted at an ortho-position with respect to the phosphorus atom
30 to which the pheﬁyl group is linked, by a C1-C4 alkoxy group, and
wherein Rl represents in pérticular an ortho-methoxyphenyl group.
7. A catalyst iystem as claimed in any one of.claims 1-6,
characterized in that in the bidentate iigand of formula (i) each of
R2, R3 and R? have the same meaning as Rl.
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PCT/ EP95/ 01678 - 14 - net hoxyphen | ne. The pol yneri zation
rat e wawdosipodg@ of copol yner per g mﬁ HB d per PCI/EPISOIEIs bul k
density of the copolyner was 120 Kg/[ert] . » 11 5 A carbon

nonoxi de/ et hene copol yner was prepar ed,,7-_ substantially as described in

Exanple 10, with the difference t hat™t¥i fl uoro- acetic acid was used

i nstead of _fl ugbori cid-di nmet e I i N ratewas 5.1 kg
of copol ymgf pgrcaé" ao’f&paﬁﬁt&g r%%%%%’&% f%g%‘ p’%hé g fﬁé%'ez%giltnyk%t t he
copol yner wasthg7@idegtiter Ligand(ef formulEXANPLEE T» 2-bét [didApeathssyT, not

accordi ng LRedyiSpidapRitid)ethan®. Car bon nonoxi de/ et hene copol ymer was -
prepared, substantially as described .ip Exanple f;1,1,lmgith the difference
S ah e

that 1,3-bPs[ df (PR BIRSRHR ISHRHSEpin ABY d58d i nstead of

1, 2-%0i s[ di cRarapeéticed pircridy),phao xeharnds] ¢ahane. i€l based on a pallddiem

pol yneri zat] of,.C I l1 28405 12 Lum and per
hour. The %ﬁf*{l%ﬁ&#@ﬁﬁ i?ﬁieég%'o igl rre!ri'x&m%sr g%}a%gng?auquggbl% PCT 15 C
L Al M1. 12 cAteatpliystsguitem ayiciained tnanyrneceptpi®y i3z8ti on of carbon
nmonoxi de WghiradbeSiizod| SN ikRaY lthe WSB! 02 Sideq 04GR0 UNGhNENL £ Eogmidl YSf SYysStem

I s based on (891 a source of pal lfaa}h ca isons esand l@é‘g’% a bidentate |igand
of the gendfal*lPEISLER 18 F49EI9 ﬁné:f’n 1%ePPies BpF 3% $henyl group
subMl i t ut egaliiadiue, pod dm thauphatamows: of thet bowncehof posersi onsthand/ or t he
par a- posi t BQEBQNELXEaining component, as the case may be, is selected in the
range of 1 to 25 moles per gram atom of palladium.
11. A process for the preparation of copolymers of carbon monoxide
with an ethylenically unsaturated compound comprising reacting the
15 monomers in the presence of a catalyst system as claimed in any one
of claims 1-10.
12. A process as claimed in claim 11, characterized in that the
amount of catalyst is selected such that per mole of ethylenically
unsaturated compound to be copolymerized, 10”7 to 1072 gram atom of
20 palladium is present, in that the molar ratio between carbon
monoxide relative to ethylenically unsaturated compound{s) is in the
range of 1.5:1 to 1:1.5, and in that the copolymerization is carried

out a temperature in the range of 30 to 130 °C and a pressure of 50-

100 bara.
25 1 A process as claimed in claim 11 or 12, characterized in that
’ a. 2thylenically unsaturated compound ethene is used.

14. A process as claimed in any one of claims 11-13, characterized
in that the copolymerization is carried out in the presence of a
diluent in which the copolymers are insoluble or virtually

30 insoluble, in particular an organic protic liquid.

' 15. A process as claimed in claim 14, characterized in that as
diluent a primary alcohol having at most 4 carbon atoms per molecule
is used, in particufat methanocl.

16. A process for the preparation of copolymers of carbon monoxide

35 ‘with an ethylenically unsaturated compound comprising reacting the



respect to the phosphorus atomto which the said phenyl group is I|inked,
and Rz, R3 and R4 independently represent a substituted or 10

non- sub®™Q on the under st andi ng PCRGPIS#IETS t he .
cat al yst syst em i sﬁMﬂjﬂmllﬂlmBMd m xture which ligand m xture conprises
a bidentate ligand &f the génefal*focmga (1) wherein each of [err] and
[err] carries an al koxy group at an ortho-position with respect to the

" phosphor us nbacmers in @h@rprasende bi GeBLAB1LI GRAly shhiand@ichals fOr mul a

[err] wherebia('}.3 Sdn R6, R7 and R8 independently represent aryl groups of up
to 10 carbon atormrs ‘which are free of al koxy substituents and X2 represents

a dival ent @®ydroeeutsg| ofjralindinyicagishsy &t bon atons in the bridge and

whi ch |1 gangh) MaX bilidhthbe a&eﬁﬁnsf laaea?émﬁ ifo¥mifa ) wheresnOpP-2 N0l € per
gran%atom of pall adi unb and the catal yst systemis in a of" tion based on an

ani on of arFeREPRFDES\A RBSRY1pREPUBY ﬂrbé§§ Yhed Withi 4 RPlat BFOHR \BtoPne oF- 50

equi val ent otRrotha+poati eienpadiddei Whe pdra-positton Wwich ztehse& dsmt e li gand '
of the gen ( t lLigand mxture is ast 95 % 4o
relative t?ht%%u%g%% a t%auégnf’ H]Ch gﬁe sadd'} 8?":{( ﬁémfp\/\é’t%&g f‘“ﬂ l%én’t‘at e

| i gands. 2.and E%tiaﬁmdswwearﬁpgan@b# esubstituted cupobnsebstaxuteh of carbon
m)noxi de V\,iﬁ,h,a&,gghg,eﬁg,cal |y unsat ur at ed conpound V\/ni ch cat aI yst system

- sed on a source, of pall adiumcatjons, and 3

by a0l ar e TATHAEEr ST ROTHORET 21 PRSRRY I opheL BRI A ORE]4 Fahdisent s a
phenyl gr ogromslreiri maliegulanis msadpdinapariculr rametianod, iREEHAERMRNF SHEET
VO 95/ 29946, e difie 0P U BefibPP-aRASAI £ Al B gnét/ Qbst 18 BALAR PQSRL Q0 W th

respect to the phosphorus atomto he .sal d pheny fm group B | i nked,
and R2, R3 molecule, in particular tertlary butanol, the molar ratlo between

the primary alcohol and the tertiary alcohol preferably being in the
15 range of 30:70 to 70:30.
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(54) Title: €ATALYST SYSTEM AND PROCESS FOR THE
(57) Abstract

system is based on (a) a source of palladium cations, and (b) a
R! represents a phenyl group substituted with a polar group at

breacting the monomers in the presence of said catalyst system.

OLEFINICALLY UNSATURATED COMPOUNDS

A catalyst system suitable for the copolymerization of carbon monoxide with an ethylenically unsaturated compound which catalyst

phosphorus atom to which the said phenyl group is linked, and R2, R3 and R4 independently represent a substituted or non-substituted
hydrocarbyl group; and a process for the preparation of copolygers of catbon monoxide and an ethylenically unsaturated compound by

PREPARATION OF COPOLYMERS OF CARBON MONOXIDE AND

bidentate ligand of the general formula R!R2P-CH,-CHz-PR3R4 wherein
one or both ortho-positions and/or the para-position with respect to the




- 17 - 8. A catalyst systemas clained in claim?7, characterized in that
in the bidentate ligand of formula (1) is 1,2-bis[di(2-nethoxy-

phenyl ) phosphi no] et hane. 9. A catal yst systemas clainmed in any one of - =
claims 1-8, 5 characterized in that, as regards (a), it is based on a
pal | adium salt of a carboxylic acid, in particular palladiumll-acetate. _
10. A catalyst systemas clainmed in any one of clains 3-9, characterized in
that the anount of bidentate ligand of forrmula (I) is selected in the range
of 0.75 to 1.5 noles per gramatom of 10 - palladium and in that the
amount of the source of anions or the boron containing component, as the
case may be, is selected in the range of 1 to 25 noles per gram at om of

‘pal ladium 11. A process for the preparation of copol yners of carbon
nonoxi de with an ethyl enically unsaturated conpound conprising reacting the
15 nononers in the presence of a catalyst systemas clained in any one
of clainms 1-10. 12. A process as clained in claim11l, characterized in that
t he anobunt of catalyst is selected such that per nole of ethylenically
unsat urated conpound to be copolynerized, [err] to 10-2 gram atom of 20
palladiumis present, in that the nolar ratio between carbon nonoxi de
relative to ethylenically unsaturated conpound(s) is in the range of 1.5:1
to 1:1.5, and in that the copolynerization is carried out a tenperature in
the range of 30 to 130 [err]C and a pressure of 50- 100 bara. 25 1

A process as clained in claim1l or 12, characterized in that a.

at hyl eni cally unsaturated conpound ethene is used. 14. A process as clained
in any one of clains 11-13, characterized in that the copolynerlzatlon is
carried out in the presence of a
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di luent in which the copolyners are insoluble or virtually 30
i nsoluble, in particular an organic protic liquid. 15. A process as-clained

in claim 14, characterized in that as diluent a primry ' t
nost 4 carbon atons per nolecule is used,-ixs particul ar #@ﬁ%y }ﬁ"#%ﬁﬁ”’
process for the preparation of copolynmers of carbon nonoxi Lo

an ethylenically unsaturated conpound conprising reacting the nonomnmer s
in the presence of a suitable catalyst systemwhich is based on (a) a
source of palladiumcations, and (b) a pildgniafe |igand of the general
formula (1) wherein [err] 5 represents a phenyl group substituted
with a polar group at one or both ortho-positions and/or the para-position

Wi th respect tolthe phoshisnr a&tamomittebm ifah mhecmildeQayiorgbﬂL&ri:Sn

| i nked, and R2, i nd SeNL42a subst UL e
non- subst i t ut edmﬁgér ocar g I gog Qﬁg doky! c?tﬁgl%‘)é“pg‘én a'ar ugafalé’“
prinary al coholslf?&ﬂ“r?gf QFS%S?F 4 carbon atoms per nolecule is used, in

particul ar mnet h(aenol,.,l goaréﬁgffﬁuﬂlggfunpggéf&ge Ma a tertiary al cohol having
at m)st 0 carb ?ﬁ ecul e n partlcul ar terglar%@gut ano t he
Bt

nol ar i 0 bet ai‘ﬁa’r’sﬁaﬁﬁc%qﬁ}‘e AraetHe LPBIY PR R Br SVZﬁRe?er ably

bei ng | n t he 15(1) whererxangb rebr&En¥ 4 Pphdf)il30roup substituted with a polar

group at one or both ortho-positions and/or the para-position with
respect to the phosphorus atom to which the said phenyl group is
linked, and R2, R3® and R? independently represent a substituted or

10 non-substituted hydrocarbyl group,
on the understanding thﬁt when the catalyst system is based on a
ligand mixture which ligand mixture compriges a bidentate ligand of
the general formula (I) wherein each of Rl, R?, R3 and R? carries an
alkoxy-group at an ortho-position with respect to the phosphorus

15 atom and a bidentate ligand of the general formula RS5R6p-x2-pr7RrS
wherein R5, RS, R? and RS independently represent aryl groups of up
to 10 carbon atoms which are free of alkoxy substituents and X2
represents a divalent hydrocarbyl group having 2-4 carbon atqms‘in
the bridge and which ligand mixture ié present in a quantity of

20 0.5-2 mole per gram atom of palladium, and the catalyst system is in
addition based on an anion of an acid having a pKa of less than 4 in
a quantity of 0.5-50 equivalents per gram atom palladium, the
quantity of the bidentate ligand of the general formula (I) in the
ligand mixture is at leastlss %¥-mole, relative to the total quaﬁtity

25 of the two types of bidentate ligands.
2. A catalyst system suitable for the copolymerization of carbon
monoxide with an ethylenically unsaturate& compound which catalyst
system is based on
{a) a source of palladium cations, and

30 (b} a bidentate ligand of the general formula (I} wherein RL

represents a phenyl group substituted with a polar group at one or
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