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; R PREPARATI ON OF COPOLYMERS OF CARBON MONOXI DE
AND  CLEF} Nis@Zg\Lect UNSATURATED COVPOUNDS ' The i Fivﬁémﬁb?r‘f
r'¢l ates. to a process for the preparation of copol ymerzp&g P
carbon nonoxi de and ol efinically unsaturated conpounds{ ¢S wfY
Flom Eur opean Patent Application No. 0,460l 743 a process for 5

t ke preparation of copolynmers of carbon nonoxi de and one or nore
olfefinically unsaturated conpounds i s known, which process
cdnprises contacting t hERERARSELON; OF; COROLIMERS, OF (CARBAN MANOZIRE 51\
pressure in the presence OANDYPOERINSOARLY] URSIETURATEDD COMPQUNDSI C gol ar
dijl uents, such as tetrahydrofuran (THF) or nethyl ethyl ketone. The
1( nost suitable catalyst is a catal yst conposition containing a
Gioup VIII netal, phefiewabtionpaéladsutny aaprboesphfmplthe yrepadsarivat ef
| ilgand. 1t was_a general Ly accepte ti.on.iha hi s. .bj ate
| ifjgand forns ac?%’rrﬁ? T \?mft%aﬁ%ﬁg "E?rngﬁ%&{}%?‘? °r%'ee'It% i lczfn(]tlg' t"hnasta%ﬁa:&tr%l ar
rgti o of bi dentampeuhdszand to Group VIII netal should not exceed 1.5
15~ and preferabkgy, nﬁftq%%ba%epmu 1i0aPIACHo ! ©,286 343 QPIUER for
activity of the cat aTyst. reover, It was generally believed that
at bident dt e | theaRELERTSGHOV|OE| CoRALYMEFH o) cFEhoR JRoToRide @@Esonsy of mpre
nost or all ofoidi@ntedialyyihdatulytedCbompduniis 6% Rhovr)ewhidhproddsls
nmetal will have forned CO?E{%ES;WW t he phosphorus bjdentate

- 'Y

b
ligand. This iHPPEVEE A8 he, mapomeRs ‘b‘af‘gl VaEB FETPET A re and
but is detri nepteslsut® inhehe girabsrdec ofiHyidrbgeh and one or more aprotittpdlar
t herefore an obj.ect . of i | o '
pM™ocess for th%ilﬁrerelﬁg’r as%?%n%ﬁgglg%gﬁgﬁr}%ho&%;%%\& ofitg%l é‘ﬁ&““" hé
ol efinicdPly uesst anittabdeceatpdpstids airatelysta corpasiisieniconyaining a

Group VIII metal, preferably palladium, and a phosphorus bidentate

ligand. It was a generally accepted conception that this bidentate
ligand forms a complex with the Group VIII metal and that the molar
ratio of bidentate ligand to Group VIII metal should not exceed 1.5
15 and preferably should be about 1 in order to obtain optimum
activity of the catalyst. Moreover, it was generally believed that
at bidentate ligand/Group VIII metal molar ratios in excess of 1.5,
most or all of the catalytiéally-active sites of the Group VIII
metal will have formed complexes with the phosphorus bidenta;e
20 © ligand. This improves the stability of the catalyst cbmposition,
:) but is detrimental to the catalytic activity.
<It-is therefore an objéct of the present invention to provide
a process  for the prepafatiﬁn of copolymers of carbon monoxide and
olefinica11§-ﬁnsaturatéé'compounds, wherein a stable catalyst
25 composition comprising a Group VIII metal and a phosphorus
‘bidentate ligand is used and wherein the copolymer is prepared at
an excellent polymerization rate and with high selectivity.
Surprisingly, it was found that excellent polymerization rates

could be accomplished when using a catalyst composition comprising




'borrposition conprising a Goup VIIl netal and a phosphorus
tate ligand is used and wherein the copolynmer is prepared at

Surpfisingly, it was found that excellent polynerization rates
be acconplished when using a catal y$ “conposition conprising
a phosghorus bi dentate |igand and a GrouP VI | tal in a nolar
of nore & RhesRbAEYS Pidpatafecdtgand &pd By GF eIl metal in a RUGEq| ngl y,
resent i nueRdidmbéfd ¥h8S drik &n WHRCPEdsehOé of hydrdgef. preparati on of
copog yners of carbon ?'g{ltfg)il de__and ol efinica unsat ur at ed corggounds I A

Ly 5
Y5 oFRFe RECSATHF bnve“tlgn FRLATSF £y HERTDREEE on

the presence of arPSE8

(a) | a Goup MHel preplaghtion of copblymeas aficcirbon amnexidenatdaerlebinitaling a
[err]] of |ess than 2, and C).,.a_bh hoy bj t ' of the
gene al fo'srrruI‘%‘;1"51‘6"“““:e81 compgynqs ,(m\/\%heer glpenso ea?\écj%ﬂ ap%(;%%?gssgor}tb E?ge%g‘td i %al or
di fflerent ali pdemlystabikgtemgbasgssonand R is a dival ent organic

bri dgi ng group,Gonf &, B,H% 13t AL two carbon atoms in the - bridge
connecting the two phosphorus atons, characterized in that_the

copadl yneri zati @ ian @&ng%daﬁmml"ﬁ thezeek having @ pRopf 1pFe L8R 2 oANd

hydrjogen, whi | gyt hg pHekforus! billeatatallafysd of the gefdBaANesimila) to catal yst

congonent_ (a) Is imthe range2of from _1 25 to 10. . In
prircipl €9 any ol efimFeBrE¢ Bns ¥Pareitd c%éun‘ifpcfﬁﬁe’lfeidenmca&o(’prol yneri zed
wi t i carbon nonoxi diffeeemt dilbphdtict &kkypr goess arid Rhis 20 divalpneserganic

I nvgntion. The | nvgpitc{gggg igsro f;a‘ rc}oh%g{t%.rnlgyaé l’lieggp lt%lof Qdrbon atoms in the
‘bridge connecting the two phosphorus atoms,
characterized in that the copolymerization is carried out in the
15 additional presence of hydrogen, while the molar ratio of catalyst
component (c) to catalyst component (a) is in the range.of from
1.5 to 10.
In principle, any olefinically unsaturated compound can be
copolymerized with carbon monoxide according to the process of the
20 present invention. The invention is particularly suitable for
copolymerizing carbon monoxide and olefinically unsaturated
compounds containing three or more carbon atoms. Hence, suitable

unsaturated compounds are a-olefins, such as ethene, propene,

1-butene, l-hexene, l-octene, l-dodecene and 1l-hexadecene. However,

1‘ 25 olefinically unsaturated carboxylic acids, such as 10-undecenoic
acid, or derivatives therefrom may also be used as comonomers of
carbon monoxide. 1-Octene is a preferred a-olefin comonomer.

It was found that as a result of the hereinbefore specified
process strictly alternating copolymers were'prepared.

30 * The solvent in which the copolymerization is conducted must be
aprotic and may be polar or apolar. Suitable apolar, aprotic
solvents are for instance aromatic hydroéarbons such as benzene and
toluene. Suitable polar, aprotic solvents are aliphatic ketones
such as acetone and methyl ketone, aliphatic carboxylic esters such

35 as.methyl acetate, ethyl acetate and methyl propionate, linear




lynmerizing carbon nonoxide and ol efinically unsaturated conpounds

cong aining three or nore carbon atons. Hence, suitable unsat ur at ed
conpounds are a-ol efins, such as ethene, propene, 1- but ene, 1-hexene,
1- oftene,, 1-dodecene and 1-hexadecene. However, 25 olefinically

unspt urated carboxyli-c acids, such as 10-umdecenoic acid, or

derj vatives therefromnay al so be used as conononers of car bon

monpxi de. 1- Ocethers such mscfitglymd andlepélic ethersosech as tetrahydrofuraggs
found that as 'rflﬁ)s‘élnh EloxaRE REELING! A 3P CEbER solventsDLPEABBASHHCL | Y
al tfernating co mers were prepared e solvent in which the
copol yneri zat i Fl@dcéhﬂb@@e ‘tﬂ&s!w%fel’referredaprotlc and may be pol ar or

apg ar. Suitable amJeaEataﬁ.QEQtdy%tem to b8QkeeANisS vaked foar 1 nstance aromatic
hydr ocar bca;‘ns such as benzene_and tol uene. Suitable polar, aprotic

ents are al thét Frowidhtetal,  such as acetone and net hyI ket one,
hatic carbgsyl iaa asi®lt snGhich ther&sf having aapic! afelesat leydn 2Gesmt e and
metpyl - propi on t? | i{:x'esar rus bidentate ligand. - 3-
rs such as ‘&f gl RROSHIGTEY AL BB 80T eh as tetrahydrofuran

(THF) and di oxan. Fhef@éraipl JIIhaketals dpebidecthoinoble megakbs yrughenviiumh

THH and digly ﬁﬁﬂ"g f t A to be
used is basedrrgtr}p { % ta) dﬁgﬁé %ﬁ%ﬂn nldmm Tnd pIQ& aéyghlgcﬁ%d%ggr an

on t hetfeof RER rEFOHP preAads iresds qu&ht 2ndah%erl Pre(fé)fa"althEBﬁJhor us

bi ﬁnt ate |i gaadouph van metallllTAﬂgeﬁ&léa ¥ dnl pHﬁa@Eﬁm' riﬁkueiﬁlahhecmlike et ?: s
rutfheni u (0] alladl u osm_u 1 dum atin as we
he M with pallaé?.umpbelng pazr']t]:lcu arlympre erreg % rm in wl{uch the
‘TB Group VIII metal is incorporated in the catalyst composition is not

particularly relevant, but preferably said Group VIII metal is in
15 the fbrm of a salt of a carboxylic acid with a Group VIII metal
acetate being most preferred.

Component (b) of the catalyst system should be derived from an
acid having a pKA of less than 2. Examples of such acids are
mineral acids such as sulphuric acid and perchloric acid, sulphonic

20 acids such as methanesulphonic acid, trifluoromethanesulphonic acid
and p-toluenesulphonic acid, and halocarboxylic acids such as
trichloroacetic acid, difluoroacetic acid and trifluoroacetic acid.

Preferably, trifluoromethanesulphonic acid or trifluoroacetic

acid is used and most preferably, trifluoromethanesulphonic acid is
25 used. Said component (b) may be incorporated in the catalyst
composition in the form of either an acid or a salt containing the

anion of said acid.

R e &

The phosphorus bidentate ligands used as component (c) of the
catalyst composition are of the general formula RIRZP R-P- R]'R2
30 wherein R and B? represent identical or different aliphatic alkyl
groups, each alkyl group preferably having from 1 to 10, most
preferably 2 to 6, carbon atoms, and R is a divalent organic
bridging group containing at least two carbon atoms in the bridge
conneéting the two phosphorus atoms. Preferably, R1 and R? are

35 primary alkyl groups such as ethyl, propyl or butyl with ethyl




*iron group netals iron, cobalt and nickel. Preferably, the

» VIII nmetal is selected from palladium nickel and cobalt, wth
pal | fdi um being particularly preferred. The formin which the G oup
VIII{metal is incorporated in the catal yst conposition is not
partjcularly relevant, but preferably sai-dsGoup VIIlI netal is in 15 t he
formof a salt of a carboxylic acid with a Goup VIII netal acetate
bei ng nost pr ebeimpgetiost preferred. Tienpoidging (4xoupfR tiay kataayydivalgstem

shou) d be derived fro . aci WsR9edb REA A ak65S ubAdves, BaEp! es
ch acids 2™ grgo%rﬁ]i ‘rzlcér}teflmg@ gghgeugh as sglf%bhurai c acid and perchloric
| sul phoni eriziging guougs cpmthiningnEhregnes fioykoraboRCcipms are

triffl uor omet hapasiul PLPNiEGa@fidh of suicabih Bridjiugneridpphoni enaci d, and

car boxylic acids such as trichl oroacetic acid, qll fl uoroacetic
aci d and Prif| u@hosHetGHy -agtepp. the -CH)-C(Chylys-LHap gFoup, the
trifjl uor omet hanggUispEH))G -8 -d g@bug I ithé UTHQACHK;(-CR, -CH, - grttipdands theed and
nost] preferably Zrif) gor gﬁﬁan ul phoni ciacid i .t2 1 huseg.rSai d
comfonent (b) ey FECH czdg et a n SERP c &t By s PP BOFPo%iti on in the
formg of eitherbidentatel ldgand sisl 1, -drisédidthylphvephino) -paspame.of sai d aci d.
The fphosphorus bidentate I.i d o%ﬁg:
~cat 4l yst conposi ti gﬁ “g]tfreeagrg:?%ggaéejeﬁcgr é?ﬁ*a%r agfi@; h(&%géedt t;lgvhteor glo‘?l t[héafr]
r epfesentldi denthe alolar w#thipcofe phosphiopnattidentady Lligand teGrgye Viddchetalkyi

grodp pref er ablyq by YbPQfJHaQIS} bet PedDthiPIAL. 5 and moBd PretakiblyZatidutbl, Gar bon

atofs, and R is a divalent organic Dbridgi ng gr.ou con& 'f;i ng gt | east
twodcar bon at ofghemyisecther pagatyticallycackive $Hg PRAWET o gJﬁ Mi&%at ons.

lF)’r | rably, [egblia Becbldeked W SHEd Widbkdregl{yand. SHisleves, dithydy hps dpeh or
uty

wth eth¥Lund that excellent polymerization rates are obtained with said
15 molar ratio being in the range of from 1.5 to 10, prefefably from
| 1.5 to 8, more preferably from 1.8 to 6 and most preferably in the
range of from 2 to 5, while conducting the copolymerization in the
additional presence of hydrogen. Under these conditions
polymerization rates of 600 g/g Group VIII metal/hr or higher are
20 readily accomplished.
One of the essential features of the present invention is the
fact that the copolymerization is carried out in the presence of
hydrogen. Preferably, the hydrogen partial pressure during the

copolymerization process is in the range of from 1 to 50 bar, while

‘J 25 a hydrogen partial pressure in the range of from 5 to 40 is even
more preferred. Hydrogen may be added directly as a gas or may be
generated in situ, for instance by the watergas shift reaction. The

i exact hydrogen partial pressure to be applied is determined by the

! desired molecular weight of the final copolymer. If a high

30 molecular weight copolymer is desired, the hydrogen partial

pressure should be relatively low, while a relatively high hydrogen
partial pressure leads to a final copolymer having a low molecular
weight due to the terminating effect of hydrogen.

In a preferred embodiment of the present invention, the

35 copolymerization of carbon monoxide and olefinically unsaturated




W nost preferred. The bridging group R may be any dival ent
" orgali c group containing at |east two carbon atons. However, those

bri dgi ng groups containing three or four carbon atons are ' preferred.
Exampl es, of suitable bridging groups are the 5 [err] group, the [err]
group, the [err] group, the [err] group and the [err] group. A
very sui tabl e phosphorus bi dentate ligand is

1, 3- bi s(di et hydopposhiisoyaqniefagnt. in the additiopal pirpeenpe @f St PIREEE it was
general ly acc &h:%tguﬁlp %Qlﬂﬁ)\ﬁ.’et Mtllocompo{zﬂ@s 'IQL aJrgraﬁié Qcfis FIRSAP A PR

bi deht ate ligan 0 Group VI shoul d preferably be Tess f‘han
1.5 And nore pirbeb?aRﬂ“}ea%lme_‘L T éEg 7, prefenabdy i &8 ¢ hFrefeded: PEEANLY

actipe site ofadibe Q@HErM:JyHJETEEOQHS such ad\diéhgo 11 abi OCleedt iy asand d
bi dept at el i gand. _ Howey t now,

excel.l
pol yirer i z3t i orPVALLS afi'rlg Riftf t’rf° E?Wri‘g “Idnﬁf“g zt’ra 15 BEF 3 in the
range of fromulen2oi® akld. m&éeraﬁ]:ybie @rotic compoundsoar® phemalspsedlemabl y
fro 18t06an ra ff ile
conduct i ng thepecf’oa?) °r°B| zapll o% ?i’r?h? #ﬂ%mphembdq{ﬂgh s s&%?é%cég%émim
hydrjogen. Undeana& hehamoclondsr tailembe used. Gorhanyiic acids axnet EEeﬁﬂrrG@@“g/ i
Goyp VI S}?Jl.j EE‘I‘%’ea%ur it cd l:?oxﬁ@:.c aci8&diyl ¥a1?ﬁ‘&9m1y39?&erred

One jof the essenti a resent invention is ct

t hat| t he lopol sarbprykic apid §-Sca‘|"°r'-'|1éda‘b‘d’t The @rdan rasio @f B?““ °°’“ﬂﬁ’3‘7‘ ogen.
Prefierably, thg hafdupgﬂm Rﬁtfal&haypﬁrﬁﬁﬁuﬁehﬁuwl.ﬂg lik@rs, but meiferatlyr igation

pro }gafel Isnl '?hjté‘hr%ﬁfrian of f om]él5 tﬁoﬁ? o%r rmold pref%rablg k%/dgg&pqngart I al

pre 'sTeven

Hy@ogen nay bﬁbsﬁddﬁtfeutabgctSIOytgs'SSQOgas .or may be gener ated in situ,
forfinstance by th%h%laqklg{! g?'égt &?Q@tcloﬁﬂosﬂ;lﬂgn used £SYXpEdpaYAE QBEN
paryial pressure to be applre erm ned desired nol ecul ar

wei ght oft5t he ¢apedimexsp of yeanbon | pongx e [gndothe °?‘rﬁ‘é‘éﬁi’]§ry wesaratashol yer
i s flesired, &4&9{;&9%&19&‘{&1&1@' at least tAEES TakBorsaeonsl mag valyabvercly | ow,
whi earelatlve I gh h¥dro enl 1&3 1gre,ss e | eads ttoaf'nal
copdl yner havﬂh‘ij’aé reRgenof ERfsraply, per |§#1t° §EEPICB L Ph & PRT RS i ng ef fect
of hydrogen. compound to be copolymerized, a catalyst compos:Ltlon comprlslng

10° -10-1 millimoles (mmol) and in particular 10~ 10'2 mmol of
20 Group VIII metal is used.

The copolymerization is preferably carried out at a

temperature of 25-150 °C and a pressure of 2-150 bar, while a

temperature of 30-130 °C and a pressure of 5-100 bar is even more

preferred.

* 25 The invention is further illustrated by the following examples

without restricting the scope of the invention to these
embodiments.
EXAMPLE 1

Into a stirred autoclave with a volume of 300 ml a catalyst
30 solution was introduced consisting of:

50 ml diglyme,

0.25 mmol palladium acetate, '
1.0 mmol trifluoromethanesulphonic acid, and
0.6 mmol 1,3-bis(diethylphosphino)-propane.
35 Subsequently, 260 mmol of l-octene were introduced.



In &@referred enbodi nent of the present invention, the 35

copol yneri zati on of carbon nonoxi de and ol efinically unsaturated

-5- : conpound is carried out in the additional presence of a protic

conpound.. Suitable protic conpounds are organic acids having a [err]

in the range of from2 to 7, preferably 4-té 6. Preferred organic -
acids are carboxylic acids such as benzoic acid, acetic acid, 5 pivalic
acid, adipic.acid, Aftethuaiyrwas zeravednfirdn 4h6-atutbm‘#¢yl 30 bar of thydregen

aci d. Qher sui L:?J)b@ Qéxotokc?fﬁ%%g%%éﬁé Q’AP eﬁb%ﬁdsﬂa@a frve autoclave. Th

pent achl or ophenol and penta such as net hanol
and et hanol maytearssapire, ¥as ratged ey pP ¢ Cachfiergl el Mreﬁheeaomrpnatmn
particul ar |inegds GatRhatkl CbyebsBing/ \thé [rebEticd hyxdurel €5 1@dm 1&mperature

carboxyllc acid is acetic acid. The nol o of protic co
Group VIII > et af™ ‘fﬂiﬁi g\ Fheh PReSTUE - Iﬁl‘ﬁ Pgiynl?ﬁt“’ SFeFind {:T?%%y "“dd"“ign

t he range of freeehhbol p filrfdied, nwusaeprxeh‘uhrﬁbﬂ;anaﬁ drd GPi¥d. and nost

preferably 50 to 35 yant i of 154l alyst co .OSItI used
for preparing the 128 B coBobMmAteYas o?tcar rgion{.ﬁ/rﬁ) B¢ 515%'3‘"{% ol &ffnicafly
unsaturat ed copalmmmaé/lmnt aining at least three carbon atons may vary

over br gagpi gnge. Preferably, per nol of olefinically unsaturated
corrpound §8 rized, a catal yst conposition conprising [err]
mllinoles”(nmol) aﬁd11q¢tpa¢/tqa§h¢rarmopenqe copaiymenfwasOprepaged i Vi | | net al
i's used. substant¥a139Peey IBhd ZALT £ mSEiHn@flerﬁbwc Qﬁrffféﬁﬁmgmiﬁ Hatd

tenperature of 25 1?20 [mmr 5.] G %rc]:gt c ggf Swl'!arseagjitmna‘rﬁRy 1ntro\ghccl.d together

‘ with the 260 mmol of l-octene;
- the hydrogen partial pressure was 10 bar;

15 - the carbon monoxide partial pressure was 50 bar; and
- the reaction time was 1.5 hours.

30 g copolymer was obtained. The polymerization rate was 900 g

copolymer/g Pd/hr.
EXAMPLE 3

20 A l-octene/carbon monoxide copolymer was prepared in
substantially the same way as in Example 2, but differing in that:
- the hydrogen partial pressure was 30 bar;

- the carbon monoxide partial pressure was 30 bar;

- the temperature during polymerization was 50 °C; and
25 - the reaction time was only 0.5 hour.
17 g copolymer was obtained. The polymerizétion rate was
1400 g copolymer/g Pd/hr.
EXAMPLE &4

A l-octene/carbon monoxide copolymer was prepared in

30 substantially the same way as in Example 2, but differing in that
the hydrogen partial pressure was 1 bar and in that the reaction
time was 1.0 hour.

19 g copolymer was obtained. The polymerization .rate was 750 g
copolymer/g Pd/hr.



iture of 30-130 [err]C and a pressure of 5-100 bar is even nore

qred. 25 The invention is further illustrated by the follow ng
exanpl es Wi thout restricting the scope of the invention to these
enbodi nent s. © EXAWMPLE 1 Into a stirred autoclave with a
volume of 300 ml a catal yst 30 sol utiofd wnas introduced consisting of:
50 m diglyne, 0. 25 mmol pal |l adi um acet at e, 1.0 mol
trifluoromet hER&MBUENBONi ¢ acid, and 0.6 mmol

1, 3- bi s(di et hyl phQspbb&QDrept 2RREmondRide copolym2DeLs) peepaned 260 nmol of
1-octene were introduced. . ffering in that

- 6- subsgantially the Samentivedst ibiremrteadr Rt diEtesing in Spa

hydr ogen 89 axtib13P1Rellli cObic IR RS Nadded Gitistieadvdifeadatricedcidit 0 t he

aut ocl ave. The te rature Laise Q rr (. r
the pol ymeri zatiorf® & °°rg%\e/l\‘/§'§e’f e %aaéﬁe%yq%%cﬂﬁ%gni zgkggena?%ft:%rra% S‘t’@u%g to
room t enp®r at eopolymer/g dfhrel easi ng the pressure. The pol yner was

precipitated %@Ogg met hanol , filtrated, washed w t h-net hanol and
dri ed. g copol yner was obtained. The pol ynmerization rate was
800 ¢ © copol Vmdrpeteng/parbon monoxide\\gopplymergwas preparesd ingct ene/ car bon

nonoxi de CopolgyPBfant@a1 By @RE Sifhel Yay as in Example 2, but differing in that

237 mmol methanol was added instead of acetic acid.
10 24 g copolymer was obtained. The polymerization rate was 630 g
éopolymer/g Pd/hr.
q _ COMPARATIVE EXAMPLE 1

This comparative example was carried out in substantially the

same way as Examﬁle 1, but differing in that no hydrogen was added.
15 No polymer material was formed after 5 hours.
COMPARATIVE EXAMPLE 2

This comparative example was carried out in substantially the

same way as Example 2, but differing in that no hydrogen was added.
No polymer material was formed after 5 hours.
20 COMPARATIVE EXAMPLE 3

This comparative example was carried out in substantially the

same way as Example 2, but differing in that 1,3-bis(diphenyl-
phosphino)propane was used as the phosphorus bidentate ligand.
No polymer material was formed after 5 hours.
25 EXAMPLE 7
Into a stirred autoclave with a volume of 300 ml a catalyst
solution was introduced consisting of:
50 ml toluene,
0.1 mmol palladium acetate,
30 0.5 mmol trifluoromethanesulphonic acid, and
0.25 mmol 1,3-bis(diethylphosphino)-propane.
Subsequently, 160 mmol of acetic acid an& 260 mmol of l-octene

were introduced.



'antially t he sarré way as in Exanple 1, but differing in that: - -
mmol of acetic acid was additionally introduced, together '

A the 260 nmmol of 1-octene; . - t he hydrogen partial pressure was
10 bar; 15 - t he carbon nonoxi de partial pressure was 50 bar; and
- the reaction tinme was 1.5 hours. -8 - 30 g copol yner was
obt ai ned. The polynerization rate was 900 copol ynmer/ g Pd/ hr.
EXAMPLE 3 20 Aftep q;:ove%rrelne‘éﬂdo«#ﬁow%x?‘tre%eml yRehan gd hydrgasrd in
substanti al | y ;h@6505888 ¥ ¥%afSor Bo@ﬁ@'&r@ f@éHedditfntfoelthQththM The -
the hydrogen partial pressure was 30 he carbon nonoxi de
partial pressHPEPIEASUEY W3gy raised to 60 "E'héf{:%?rﬂ'ePalP‘tﬂré tRe Pﬂgymem“m

pol yneri zat i Oa¥eera@nd td bic, coaliing The reaction MExt@AC b Orddm pempeaatard y 0. 5
1300 g cdvol yef i er e the reafS nihé poiuer' was Rk TRILATL 1 a0BlG, VS
nonoxi de copohqullasfﬂrtepaechdwashdmmth geblsareit and Id)rledhe same way as in

Exanpl e 2, but di ff3eg| kg#ﬂqt was obta{,{;’g %g&fﬂnmggéfﬂn pg@é%,ggegdﬁas 1

bar andlnthat ther I me was

copol yner was somrmluaelr/grﬁéﬂpbl yrrerl zation rate was 750 g copol yner/g

Pd/ hr . EXAMPLE 8 -7- EXAMPLE 5
10 A l-octene/carbon monoxide copolymer was prepared in the same

way as in Example 7, but differing in that 147 mmol of
10-undecenoic acid was used as the olefinically unsaturated monomer
- instead of l-octene and in that diglyme was used as the solvent and
the washing liquid instead of toluene.
15 22.5 g of copolymer was obtained. The polymerizaticn.rate was
1500 g copolymer/g Pd/hr.
EXAMPLE 9
A l-octene/carbon monoxide copolymer was prepared in the same
way as in Example 7, but differing in that 139 mmol of 1l-hexadecene
20 was used as the olefinically unsaturated monomer instead of
l-octene and in that tetrahydrofuran was used as the solvent and
the washing liquid instead of toluene.
16.5 g of copolymer was obtained. The polymerization rate was
1100 g copolymer/g Pd/hr. '
} 3 mawee 10 | - ’
: ‘Into a stirred autoclave with a volume of 300 ml a catalyst
solution was introduced consisting of: -
50 ml THF,
0.1 mmol palladium acetate,
30 0.5 mmol trifluoromethanesulphonic acid, and
0.3 mmol 1,3-bis(diethylphosphino)-propane.
Subsequently, 160 mmol of acetic acid and 740 mmol of propene
were introduced.
After air was removed from the autoclave, 10 bar of hydrogen

35 and 50 bar of carbon monoxide were forced into the autoclave. The




@ ct ene/ carbon nonoxi de copol ynmer was prepared in substantial ly
cane way as in Exanple 2, but differing in that 89 mmol pivalic
was added i nstead of acetic acid. 19 g copol yner was
inned. The polynerization rate was 500 g 5 copol ynmer/ g Pd/ hr.

PLE 6 A 1- octene/car bon nDr?om de copol yner was prepared |n
substantially the sane way asng1 Le but differing in_that

nmol net hanol SREBSLARYER Y47s EaRfofe eth '?R:FH 0.pghours the P?&yﬁe’ii‘(fﬁﬁf‘ifher
was obt ai ned. whbetqalipaedd bgt ¢avlifigtthe\P&adt3on Grixture toCﬂc]ilﬁd yeRpdraeied hr.

COMPARATI VE Thi s.go rative exa gar ri.ed out
i n substanti alal"yPPrE}easmg thga?%sﬁ/‘éf/e asrﬁﬁi% & YaS RS n’gpﬁa\/‘y_a?n aﬁldf%t no
hydr ogen was asdbanoll5filtrated, Meshpesl ywith meghamalabndariédr ned after 5

hours. 5 COVP%T%V&pEWH-Eag obtained The miww%ﬁé .Exgeu?)é%.”pl € Was

carried out in substantiall ame way -as iffering
in that no hy@588en qmelméa Pd/hr. No pol yner materi al was forned
after 5 hours. 20 COMPARATI VE EXAMPLE 3 This coenparative
exanple was carried out in substantially the same way as Exanple 2,
but differing in that 1, 3-bis(diphenyl - phosphi no) pr opane was used as
t he phosphorus bidentate |igand. No pol ynmer material was forned
after 5 hours. 25 EXAMPLE 7 Into a stirred autoclave with a
vol ume of 300 ml a catal yst solution was introduced consisting of:

50 m tol uene, 0.1 mmol pall adium acetate, 30 0.5 mol
trifluoronmet hanesul phoni c acid, and 0. 25 mol
1ﬁ§-bis(diethylphOsphino)-propane.




uent | y,

5E air was
bar=hf carbon

160 mml of acetic acid and 260 mol of 1-octene wer e

duckd875 BCT - 8-

renoved fromthe autoclave, 10 bar of hydrogen and 50

nonoxi de were forced into the autoclave. The

tenperature was raised to 60 [err]C. AfterlQ -5 hours the pol ynerization
was term nated by cooling the reaction mxture to roomtenperature 5

and rel easing

net hanol, filtrated, washed with neth

the pressure. The ponneE mgs pre?:ghfated by addl23_5 .

copol ynmer was obtai ned. The polynerization rate mas 900 g copolyner/g
Pd/ hr. MPLE 8 10 tene/ arb nonoxi de copo ner, was
prepared in t %AsaJt rocess fm:yt:he prepg( 1°?e 81’7 °&r FHG° ‘?v1 Xt9947
mol of argl ghelffiodnal y aosﬁumsetus:edpamdshm athef preseaté )ofuas at ur at ed
nononer

sol vent and

of copol ymer wed obt&oMRVIIEhme

copol ymer g Pd¢B)r . an ac:.d 6XANPhfich thereof having J'pQCtgflq/eﬁﬁrtbﬁﬂ DY de
nple 7, but differing

copol ymer was
in that 139

€ was used as the
25k e ALY 2RI i iy B
'fij-l’ynerl zation rate was -1500 g

repar the

°ﬁ @e“zate 1 %ﬁgahwepﬁ’éaloﬁm% cal |y

"~ unsaturated rnononex R , wherein R and R™ represent identical or

15

20

25

30

different aliphatic alkyl groups and R is a divalent organic
bridging group containing at least two carbon atoms in the
bridge connecting the two phosphorus atoms,

characterized in that the copolymerization is carried out in the

additional presence of hydrogen, while the molar ratio of catalyst

component (c) to catalyst component (a) is in the range of from
1.5 to 10.

2, A process according to claim 1, characterized in that the
hydrogen partial pressure is between 1 and 50 bar.

3. A process according to claim 2, characterized in that the
hydrogen partial pressure is between 5 and 40 bar.

4, A process according to any one of the preceding claims,
characterized in that the molar ratio of catalyst component (c) to
catalyst component (a) is in the range of from 1.5 to 8.

5. A process according to claim 4, characterized in that the
molar ratio of catalyst component (c) to catalyst component (a) is
in the range of from 2 to 5.

6. A process according to any one of the preceding claims,
characterized in that the copolymerization is carried out in the
additional presence of an organic acidic compound having a pKA in
the range of from 2 to 7.

7. A process according to claim 6, characterized in that the

organic acidic compound has a pKA in the range of from 4 to 6.

S

) O A

uene. 15 22.5 g



Mcne and in that tetrahydrofuran was used as the solvent and t he
ng |iquid instead of toluene. 16.5 g of copol yner was

ned. The pol ynerization rate was 1100 g copol yner/g Pd/ hr. 25
WPLE 10 Into a stirred autoclave with a volunme of 300 m a

catal yst solution was introduced eobki-sting of: 50 m THF,

0.1 mmol pal l gdiu , ineV¢ ri a I hnlcaC|d
and 0. ?jm'rg} %%%g@%sfsa(; g?%‘%lﬁl)gl %osp l%'n7td) %%%%EQPP}J& i thal EhE
Subsequent | y, orgenimgicidic gompoundads ck gathokydiemasiidof propene wer e
introduced. g A procéld eaeca«.tcfmyaﬁo S OBy & Eﬂ%cfcgﬁz%‘dt%'t%‘é@ cﬁleo bar of
hydr ogen 35 and 5"0 bar of carbon nonoxide were forced Into

aut ocl ave. Thearboxylic acid is acetic acid. 9

tenperat & e wap. ranseegrweséoaéwrrdh u%f bRy cQ|e5of1QilE§m§ leetpad yneri zation

was term nated bg coolln‘?t e reag mxt o roomtenperature
and rel easi ng PREaprEdEeT Jn ThaF %ﬁf%%&cgg tRdGFmp VIII
nmet hanol, fil twexhkdis WAStlad range olfeffmaﬁ ta:ndooh.l ed. 5 . 12.5 g
ggpol yner Wasdl]qgt a\ r%&g:cessh%spgiﬁgg nataln? r]o1rtrea£ AR3%ms 1 to 1205,00 9
pol ymer /g PdI'fir.
characterized in that the a-olefin comonomer is l-octene.
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CLAI MS 1. A process
ec plrggw atton of copol ymers of carbon nonoxi de and olefinically
t4Ir atead conmpounds in the presence of an aprotic solvent and a

cat al,yst. system based on (a) a Goup VIII netal, 5 (b) an acid
or an anion thereof having a [err] of |esslthan 2, and (c) a
phosphorus bidentate |igand of the general fornula [err]
wherein R and R represent identical or different aliphatic

al kyl groups and Ris a divalent organBcS TRA CT bridging group
containing at |l east two carbon atons in the 10 bri dge connecting
the two phosphorus atoms, characterized in that the copol ynerization

is carried out in the PREPAW&P&%&PP%WC@ GARBONIMONIIDEWN| | e t he
nolar ratio of catalyst AND @Qmmnty(mAm%ﬁaéd@buwponent (a) isin

the range of from 1.5 to 10. 15 . A process according to claim
1, characterized in that the hydrogen partial pressure is between 1
and 50 bar. A pr&q&rsomshaompdrmohowIoapmﬁnerehaf aetmrl #wBflostidet hat
t he hydro tia ress wee 4. A
process accor di ﬁg 18§£n1ca n£ ur*sag‘h&tﬁrae%(’én PR ‘Ps ?, . pﬁﬁsencec?lar’agct erized
in that the m)laaroniat sd\@htcmdalaysitadmsrpcsuenem (ba)sed ®n cat al yst
conponent (a) gyl i &R 2 Qt,{rom1.5 to 8. 5. A process
according to cl(g)m4 %rgglteénrrt%{ed in that the nolar ratio of

catal yst conpofht apcacid ot amiapien chaprafcheving) ajpK, of lessnthape 2; anfe of
from2 to 5. (c) a phosphorus bidentate ligand of the general formula
] R'R%p-R-P-R'R?, wherein R and R? represent identical or
different aliphatic alkyl groups.and R is a divalent organic
bridging group containing at least two carbon atoms in the
bridge connecting the two phosphorus atoms,
characterized in that the copolymerization is carried out in the
additional presence of hydrogen, while the molar ratio of catalyst
component (c) to catalyst component (a) is in the range of from

1 to 10.



25° 6. A process according to any one of the preceding clains,
char-acterized in that the . copolynerization is carried out in the

. additional presence of an organic acidic conpound having a pKA in t he
range of .-from2 to 7. 7. A process accoiSlibstjtyte shetitm B2 May 1998
“ characterized in that the 30 or gani ¢lhei di ¢ conpound has a.pKA in the
range of from4 to 6.
‘Substitute sheet - 12 May 1998 - 11 -
-+ 8. . A progess ACHRceisNacchflifig ab Moldim GhahacRiizé® dn i thatt that ofghRicOiddioi C .
acidic compound is a carboxylic acid. 9. A process according to claima8,

char act er i zeompoyndise carhoxyle Beidyl ic acid is acetic acid. 10.  The process

according tg any,o ' e . i p ot | ar
rati o of org'ani cAa@i% 8&% 3%@11811% t@l ‘}I?m?rgt gﬁﬁ?g&ﬁ%dt ﬁ??%ﬁ“&e@#“ {ri‘g %H@Sﬁ to
5000. 11. acdtipacidess as clainmed in any one of clains 1 to 10, o

characterized in_that the olefinically unsaturated conpound is, 1-octene.
10.  The process according to any One of claims 6 to 9, characterized in that the

molar ratio of organic acid to Group VIII metal is in the range of from 25 to 5000.
11. A process as claimed in any one of claims 1 to 10, éharacterized in that the
olefinically unsaturated compound is 1-octene.
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