WO 01/ 10876 PCT/ GB00/ 02734 POLYMERI SATI ON PROCESS CATALYSED BY A Bl DENTATE
Bl SPHOSPHI NE- GROUP VI 11 METAL COVPLEX The present invention relates to a
process for the polynerisation and copol ynerisation of olefins. The use of
certai n woanmisté on netal conpounds to pol ynerise 1-ol ef PAT/GHOOB2T34XxaND! e,
et hyl ene or propylene, is well established in the prior art. The use of .- |
Ziegler 5 Natta catal ysts, for exanple, those catal ysts produced by
activating titaniumhalides with organonetallic conpounds such as
triethylalumnium is fundanental to many commercial processes for

manuf acturing pol yol efins. Over the last twenty or thirty vyears, advances’
in the technol ogy have led to the devel opnent of Ziegler-Natta catal ysts
whi ch have such high activities that olefin polyners and copol yners
containing very low 10 concentrations of residual catalyst can be produced
directly in comercial polynerisation processes. The quantities of
residual catalyst remaining in the produced polyner are so small as to
render unnecessary their separation and renoval for nost commerci al
applications. Such processes can be operated by pol ynerising the nononers
in the gas phase, or in solution or in suspension in a liquid hydrocarbon

di | uen ' i : ' i e gas
phase LayHERAFION PRt Trraldsio S ok MNBIATE HhsHsE-Sing trracuenal o
pol ynmerisation conditions a bed conprising the target polyolefin powder
and particles of the desired catalyst using a fluidising gas stream

conprising the gaseaus nmononer. In the so-called 'solution process" the
(co) pol yneri Lﬁﬁlﬂ?ﬁ@ﬁ ’§V°“E‘8ﬁ6%§?5et8 ARFOrET %Ga‘zfc?ﬂ&“?ﬂfé"% ner into a
sol uti oncopblymiefiftionioPBlefifis.t he catalyst in a 20 |iquid hydrocarbon dil uent
under conditions of tenperature and pressure such that the produced
pol yol ef i n f oFhipusg of serta transisien metal rempounds tupolymerdsel lnelalins, faf the "slurry

process" @6}:;; i | |Hent : h that the
pr oducede)zf'hlr?\lﬁ’t gd %8 r%%@%%ﬁghgﬁ;%ﬁérogﬁs as sg%gg!s lé!'flsi on in the
| i quid - hiatteatalysts) fofi dxamaple, thitecatlystsqredwed byaetivagegittasiumyhalijeswitled at
el o Sggreisoa s aulh o SRIPleRiaiun i BrdanEp LIS ol L ocane
cat al yst sonfrhértiabprotahes for MamftalrbgenhaibiagyOver thoRkwheIrakiige acti vated

wi t h al unoxane) has provided catalysts wth potentially high activity.
However , Y536 afVapess i thedechnglogy haye l§d fodhe deyslopmrentof ZieglerNatta gatalusts of

di sadvanyAxR favesAkh RiR ARvRies Mt BleBR Polykets dndt chPoll P IcbhtafhgRRfowsed with
' 10 concent;atioﬁ_s of residual catalyst can be produced directly in commercial polymerisation o
processes; The quantities of residual catalyst remaining in the produced polymer are so
small as to render unnecessary their separation and removal for most commercial
applications. Such processes can be operated by polymerising the monomers in the gas
' phase, or in solution or in suspension in a liquid hydrocarbon diluent. Polymerisation of
15  the monomers can be carried out in the gas phase (the "gas phase process"), for example
by fluidising under polymerisation conditions a bed comprising the target polyolefin
-~ powder and particles of the desired catalyst using a fluidising gas stream comprising the
gaseous monomer. In the so-called "solution process™ the (co)polymerisation is |
conducted by introducing the monomer into a solution or suspension of the catalyst in a
20  liquid hydrocarbon diluent under conditions of temperature and pressure such that the
produced polyolefin forms as a solution in the hydrocarbon diluent. In the "shurry

process” the temperature, pressure and choice of diluent are such that the produced
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commercially avail abl e nononers, diluents and process gas streans, the need
to use large quantities of expensive alunbxanes to achieve high activity,

and di ffi ¢gdihegreéi N 10 putting the catalyst on to a suit apiepesesyt. EP
850105A di scl oses that certain bidentate phosphi ne conmpounds based on a

‘Goup VIl nmetal are useful catalysts in the polynerisation of |inear
al t er nat ipotymee fyrmis wsre suspaisionlie tHeliguid g dairbomndiiuent) XTitse priodésydsairones) .
Ri ehl, ACS Ab@tracts 1994,

Val 208 t 1), 53Q - I NOR.., di | 15
o oner SRR e 4t prlaeb Jow PEs B b EpIe 100D ALY of 1 5

bi s(di i sqah LR @EsrieRhmple 8b Betns0°C).EP 569032A di scl oses dimeri sation of
| oner a-olefins using as catalyst a nickel salt of

bi sdi pheny| phd® Freewtaeers thekse ofgoraiy metaiorengpatalystsdfyrsxsmplebot h di scl ose

cat al gst g;; ' ' j : .Sl I tal salt,
e broor disefloptafidey BRI RIS Roovalbd Ao A e btV ed bR 2,
phenyl orwigupsentially bigh pétivity] Howeeerhinetaenacitalysts of thils oppe suffertfiom £xanpl es
can be cal cul at s | ess _than \ | ..h..bar.. No,ortho-subst.ituted phenyl
subst i tué}w@%‘?@gﬂ?wqg&%&f W%‘S%%W‘HY‘EY&B\}@P%WP n psedwith, deﬁt atg
phosphi necoamigpaaliytvailiblél fichorders, difienfBanl pRItBssiFAE Rydam3 U Bl debd! & iseVWhi ch has at

| east one ortho substituent are surprisingly  active catalysts for the

pol ymer i Ja08E @uantitienplexpensive alumenanes &9 gchiene high activity, and\difficulties ipr ovi des a
process fRhtida ' Ls opol yneri sation of ol efins, conprising
contacti r@ﬁf@ %o%%‘%ﬁf‘gég %’?lﬂlr?%gﬁ] é-g pol yneri sation conditions with a

pol yneri sat i orER8804DP§A discloses ahah kgredin bidaritstephésiphine 8émpmmgds based offa) a source

of a Group_ Vl metal - (b).a hidentate phosphine Jigapnd having the fornul a
2 WD 01/ 1 8%@%‘&%%‘5(% '(‘F%ﬁ‘j ol m%'sgt'qﬂ(‘gl‘j‘%%aﬁ?mm e each RL is

I ndependesdpblymes of olefifls driduaitan piuMBYide Giohiketoney). @ substituted phenyl group,
with the proviso.that at |east one of the R (?rou s is a phenyl group

havi ng at | eadtenACS AbsEacts 1994 Yol208 (path i), $3G <sINOR; diselrses group of the

st rucgtsur A ; - : Fhgdependently O or 1, or
C(R4) 2- mggrgﬁlgﬂaagﬁﬁEﬁéf}?g%gsttﬂg%g‘aé%&yu%ef e?g?f? and is hydrogen or a

nonoval erhis(difsppropylphdsphino)ethane.i t ut ed hydr ocar byl or het er o- hydr ocar byl
group; and EP 569032A discloses dimerisation of lower a-olefins using as catalyst a nickel
salt of bisdiphenylphosphinomethane. :

WO 96/37522 and WO 96/37523 both disclose catalysts for olefin polymerisation

20  comprising a Group VIII metal salt, a promoter and a bidentate phosphine ligand whose
substituents may be phenyl or substituted phenyl. The highest activity shown in the
Examples can be calculated as less than 1 g/mmol.h.bar. No ortho-substituted phenyl
substituents are disclosed.

We have now discovered that certain bidentate phosphine compounds having at

25  least one phenyl substituent which has at least one ortho substituent are surprisingly
active catalysts for the polymerisation of olefins.

Accordingly the present invention provides a process for the polymerisation and
copolymerisation of olefins, comprising contacting the monomeric olefin under
polymerisation conditions with a polymerisation catalyst or catalyst system which

30 comprises
(a)  asource of a Group VIII metal;

(b)  abidentate phosphine ligand having the formula
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optionally (c) a pronoter. A preferred process conprises the steps of : 10
a) preparing a prepol yner-based catal yst by contacting one or nore
l-olefins with a catalyst system and b) contacting the - based
catal yst WORYHEY or nore I-olefins, wherein the catal ysl,t%&@yg#%{rﬁ{s as
defined above. The present invention also enconpasses in another aspect the

orer ne. FRXRE 1 X PORURT MR O K FhdpRent i U8 AL PR T

i ncl ude " cet abupstitutesyphenylgrowp, with theguovisoahatag lsast one of the R giqupeisal yner - based

catal yst" defined above. = The pol I satipop.conditions c be, for
exanpl e, Saﬁwf%'ﬂu%ﬁ%vgg, \{i?a&‘r?‘l‘? °5ﬁ8§§bgﬁé'§%‘- _ 8 %pnd&nglgr%t}pa(ggye wth

pol yrer i sagtngfureenper at ures ranging from~-100C to 20 +300C, and at
pressures of ainospheric and aboye, particularly from 140 to 4100 kPa. |If
desired? tH&Nle hﬁ@kt‘”@%ﬂ@!ﬂé&‘@ﬁ“ﬂmﬂywﬂs@f ethyl ene under hi gh
pressur e/ higi), L GHBR At REmiy BE e §arﬁ@&€’di&'ér&ﬂ%&‘1§q{yﬁ+d§eﬁ 5a ﬁQ{BL?OiEHhC
material forms as a nelt in " supercritical ethylene. "Preferably the .
pol ymer i sahydsocarbyl,cubstitated hydrochchyl guketgsbdiydrocdrbylighioupeandoed or stirred bed
conditions, 2 } oners for use in the polynerisation process of
t he presen?pﬁl%'\?@mc:’gﬁl&%&gphydrocar bon ol efins, for exanple, ethylene,

C2. 20 a- ol ef i nsA prefeeedipdocess ebiprises theatepsof 0l ef i ns and di enes, such as
propyl ene, 1-butene, |-pentene, 1-hexene, 4-nethyl pentene-1, . 1-heptene,
1L oct en, ' SLRrERASINE  PrenslimesTbses Ay Ry OMtagnE RIS CEMIOTe LOlFRimithAe, | 1-

t et r adecengyaistRpitadmaene, 1-hexadecene, | -heptadecene, |-octadecene,

1- nonadecene, 30" 1- el cosene, styrene, 2-butene, cycl ohexene, norbornene,

but adi ene bhepntacting, the pr¢pohamer-bazed satalystrwitheens or more dwlefingf i ns whi ch conpri se
an olefin ' | i _ met hyl net hacryl ate, nethyl

acryl ate, %&fﬁ‘ﬁ%%@?ﬁtgg}&%@?y gh#’{epiaﬁg‘fe'vi nyl acetate, 2-vinyl- 3 1111111:
WO 01/ 10876 PCTThip¥ebdnp ihi¥éntich,abo@dneonipassesin anothbydspect the isa 0fi4 egtalyset hy|

4- pent epoat e, c)-undegcyl enyl al cqQhol, ethyl decyl enat e, undecyl enoi ¢

aci d, ﬁgncﬁ %ﬁ&ﬂ“ﬁ%ﬁ?‘(‘?{éﬁ%@%&ﬂﬂ“ﬂ% ilR‘ﬁ.LH]“P’r eferred nononers for
honopol yner i sat ifihe BixPh&remBelow] the RirmYy tAAIPst2RAntBrided Yo BoRde Tdakulysat al ysts and .
process of the _invention can_al so be used for copolymerisin 5 et hyl ene or

propyl ene fste casdiefinndipsevignsly gndialse { prepolynerhased qatalystcps apoie.
particularly 1T9ﬁ{}<ﬁﬁﬂeﬁ§a iOFESHAfionsedNe W6t BERPRD Soldtion priasd SB&y phst,hY !

nmet hacryl ate, net acrylate, _ _
gas phase or bulk phase, with polymerisation temperatures ranging from -100°C to

20  +300°C, and at pressures of atmospheric and above, particularly from 140 to 4100 kPa.
If desired, the catalyst can be used to polymerise ethylene under high pressure/high
temperature process conditions wherein the polymeric material forms as a melt in -
supercritical ethylene. Preferably the polymerisation is conducted under gas phase
fluidised bed or stirred bed conditions. '

25 Suitable monomers for use in the polymerisation process of the present invention
are hydrocarbon olefins, for example, ethylene, C,.20 oi-olefins, internal olefins, cyclic
olefins and dienes, such as propylene, 1-butene, 1-pentene, 1-hexene, 4-methylpentene-1,
1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-
tetradecene, 1-pentadecene, 1-hexadecene, 1-heptadecene, 1-octadecene, 1-nonadecene,

30 1-eicosene, styrene, 2-butene, cyclohexene, norbornene, butadiene and 1,5-hexadiene.
Other monomers include olefins which comprise an olefin and a polar functionality, eg.

methyl methacrylate, methyl acrylate, butyl acrylate, acrylonitrile, vinyl acetate, 2-vinyl-
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butyl acrylate, acrylonitrile, vinyl acetate, styrene, nethyl 4-pentenoate,
m undecyl enyl al cohol, ethyl undecyl enate, undecyl enoic acid and
functional i sed norbornenes.. sfhe catal yst system .gescri be(}&;@(ﬁ,ﬂi,%‘ pr epar ed
by reacti MPPHI8her (a) a source 10 of Group VI'I1 metal, (b) a bidentate
phosphine |igand having the fornula as shown above, and optionally (c) a

pr onot er . ese conpo na e ed t oget her | mul ttapepusl.y .or
Cequent | al Ty ol B o ulen e pRl et Pt b ande i AaRE ) e
regards cogiiebfétate, dndecylBhdic adid, Fudiontlised ndrbathéneb and the liks. Pedferved | et al s
are iron, cobalt, nickel, ruthenium rhodium palladium osmum iridium

and pl ati nﬁmm‘?‘%fﬂf homopelymerisation progessesane cthyleneand proRyle@e.pr ef er r ed:;

articul arl r ' ' . | '
et erred 13 b Theaiffid ind Brockss of i npéhupfiCat o bl MEFLRLRFHERIG)
met al , ¥anethyleheatepropyleneavithi each otheri ar withootbergpdefing listed stwove byt pasticulbely,

itrates, | ates., .ac | acet.onates an he,. |i as |1 .as
or ganonst al VNG Tahegts ATRdbsriE 1o axiede T Arhesyiel BReyhEacnyfl,
cycl ooct adb@ypracryldb, actyldhiteiles VinflaketaR, ﬁ?ﬁﬁé methy? 4 Pehfehdhbes ook myl ckel
di brom de and (1, 5-cycl ooctadi ene) pal [ adi um et hyl chl ori de. regar ds
conponent lsghol,tethyd un‘gcxlﬂmt%@ndwlen%é% aRdhiunctiopaksgd Rerbpgnest | east t wo

hosbh ! o L St
EN APy r [Ny oEed Pl iblenPdcabhiedl ot BBk B GBuASR i (L bRl © )
of t hel®ri dfferduptVillemetaln) adbidedtate/phopphireiipandibavirtgths fonmelatas showrent and t he

P atom t hat, may gonsti t.u part of e bridge between,the said two
phosphprusa%ﬁ‘-'m (qpfxgr_:gllsy,t(g_)alBroglgtef.r‘H;eijp. “ﬁé‘?ﬁ’%é&%@gﬂ ere all the
atoms in t bituRined@dy oréequdiiiallNn@hy GrdePinhd priedeh&oi absénol oPhohdiftertd)’ €€ bonds
of each of the atons that constitute the bridge are directed to_ adjacent

atons. The t hi r &S mpariscampenent,@).this isa Grpup VIHmetal; the GroumVBkmetalsarse bri dge
(to give a; ' ' [«Syi [TOE L] . i rected
to a rronovérlgg’;btg!,ﬁ%:agc?gf Q@T@mg}’éﬁld?c,'%?%%’ dvs\ﬁ‘l"'[c% n?ds‘b‘hﬁ&eﬁaﬁﬁnﬁgn éd to the
r especi$ ve cobaltdnickel andpdlladiumtare prefeored; padiculady prefared inhickel Wil palladiony 6

PCP/ GBBOO 02734 _ t.h ridge itself,, Wiere y =1, the phosphorus. atom formng
part ofthe 0?? éc'ﬁgg'%%?gf%gﬁ%ghy be pentaval ent in which case two of

the . bonds are Coinpohient(d),oniiitleis At RGRRBof tHeGroup VIH nfdkd)) cal dcludekiniphe bri dge.
The other {hree bonds can for exanple be directed to three 5 nonoval ent
groups or Hrossavicand praagicsalts, g helidss. sjtratesy cranboxylatescactylanetonpispand e exanpl e

to oxygen ke &h@U¥organometallic and coordination complexes, eg. nickel bis(1,5-
20  cyclooctadiene), allyl nickel halide dimer, 1,2-dimethoxyethane nickel dibromide and

(1,5-cyclooctadiene)palladium methyichloride.
As regards component (b), this is a bidentate phosphine ligand having at least two
phosphorus atoms joined by a bridging group X which has the structure
-[N]«-[P]y-[N]-

25  where each of the N atoms which may constitute part or all of the bridge between the
said two phosphorus atoms are trivalent and the P atom that may constitute part of the
bridge between the said two phosphorus atoms (i.e. y = 1) is trivalent or pentavalent.
Where all the atoms in the bridge, whether N or P, are trivalent, two of the three bonds
of each of the atoms that constitute the bridge are directed to adjacent atoms. The third

30  bond can be directed to an adjacent atom in the bridge (to give a double bond in the
bridge), but is more likely to be directed to a monovalent, preferably organic, group

which is directly bonded to the respective bridge atom but which does not form part of

4



Thus it will be understood that the structural unit -[NJx-[Ply-[N- is
Intended to include structures such as -[N]j-[PR3]y=[N]- or -[N]x=[P]y
[N(R)]- for exanple, where R2 and R3 are as defined bel ow. Howevera
preferredMOMd88’hg group -[NJx-[P]y-[N)- is of 10 the fo‘?%‘l’%q"’o%m)x -
(PRy - N(R) - where each R2 is the same or different and R2 and R3

r epr esent ydrogen or a nonoval ent hydrocarbyl group (for exanple,

met hyl , etthg/prid g""%‘ﬂgropyl “n-butyl, t-butyl, n-hexyl, cyclohexyl, phenyl,
tolyl and the Iy ﬂuhﬁtﬁhbhﬂhﬁﬂxs atafﬁifo%ﬁ laxho@ﬂetmdgé by ambay

trifluoronethyl, methoxymethyl, anisy eno l'i ke) or
het er o- hydaecvsetﬂw}mtgml!she#sgtwmﬁﬁhpb@dsmd\mtpd tmﬂmdmentmomqurmm no, 15

i et hy! a7 4o FRIUHAGRP PACNer (RLBGKHIUC R0 BEd B daiSlpegnd ¢ a0 v are

I ndepende n-particular conponen conpound of

fornul & (Imonovieht)grdipsior p(eﬁ?ﬂjly(to((rﬁlﬁﬁhyvalwgro@(am hdBuble bond fohere R, R2,
R3 x and y arPe)‘ defi ned ab‘&% Each I s i ndependently sel ected from a

phenyl gr GHMBE 1 0%26R Of phenyl 20 group, subject to the proviso that
at | east one offpubR vwill bOLRIERToddThA t%ﬂﬂurﬂbﬁ?qma[?]ﬁm—ﬁmﬂeﬁ@eﬁttoon or t ho

substltuent sui tabl e substituents include, but are not  limted to, halide,

hydr ocar byine U@lﬁb@i’mt@ﬁ&h a5y ENJe BRAy+ [INGrornBY Je Bl flaNB Dk for ¢xample, wherpr ef er r ed
t hat h th
Subst | tuor 20 s RaRIHILS! Hollbits Bifhen bRUBHE oRBN 0% ) TRFI o£1C 00"
from m)dr aheafohynhlagfl‘m?m.s- ), - DRIy where2acin? isyhe, sami byunﬂ‘eresomfdd;ﬁdnd tert
but yl b d th I ik f t t
oubat | it dhrebreseih G kT, i Aynanltn: BYfrpref eroup Stobexatply megbb gL | o
par ti cul arsopkdpsl, naddtwt-&uﬁsnﬁ-hw@y@omy ?@nymn@gmmt hehkeo éwktﬁﬁieed from
i S or

met hyl, ethyl, iso-propyl and tert- o_substit uent may

al t er nat i ViyspeabyLgronn Gor examplei mﬂmm@%ﬂ'&ﬂiowaby{w phenol, andithg| e
t hoxy, 0
i ety amiirey S el RS ac frd e eiote, ARy, hefSy iy iine]
trifl usr ondidthygldmino,peethylplenoet, h;ethoxmnntacylaud)tlmﬂike);\ydnd wadiydre | i ke). The R -
d | d |
or Cho. monadeRindRal o br 1! BBRGRERE @i’ oh s Fopl PR n; Acont

substituents on R (IQ‘D(M)PS-(]‘IRS'?)XIOQ’H Npd- p@&ERher to form gyclic structures;

for exanple two adjacent substituénts, taken together, may be a - CAHs-
unit so aSthRbMRpamdwﬂedeﬁmdlamxene ring, or may be a -CAH4- unit so

as - tOform art ene rou ;
Sobsti | oent 20 Edk I R RRARATe Belecrdd i ARl erkp Br AR BREP L O0P) L
hydr ogon Qfroup, b}tﬁé@f@ihb)&bﬁo&hﬁt at 1east onPsrheRA Bloypsis @lphényl gidup having

at least on ortho substituent; suitable substituents include, but are not limited to, halide,

hydrocarbyl, substituted hydrocarbyl or heterohydrocarbyl. It is preferred that each R’
group is a substituted phenyl group having at least one ortho substituent; preferably this
ortho substituent is independently selected from hydrocarbyl groups (for example,

25 methyl, ethyl, isopropyl, tert butyl, phenyl, benzyl and the like) More preferably this
ortho substitutent is independently selected from C, to Cs alkyl groups. In particular, the
alkyl substituents may be independently selected from methyl, ethyl, iso-propyl and tert-
butyl. This ortho substituent may alternatively be a polar substituent such as an alkoxy
(for example, methoxy, ethoxy, phenoxy and the like), amido (dimethylamido, '

30  diethylamido and the like) or perfluoronated group (for example trifluoromethyl,
perfluoroethyl, pentafluorophenyl and the like). The R! groups may optionally

independently be additionally substituted in any ortho, meta and/or para positions.
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al kyl group, for exanple nethyl or ethyl or an aryl group preferably phenyl
or substituted phenyl. R3 is preferably a hydrocarbyl group,

het erohydrocar byl or substjf:uted 10 hydrocarbyl ,:ore prﬁ'f'l‘?éﬁogh Cl to C6
al kyl gr o‘UB.ol’Na%/‘br natively, R3 is an aryl group " for exanple p %ﬁ?l or

. substituted phenyl. As regards x and y, these are independently 0O or 1.

Pr ef er abl vy, are bhot I.n I~ >0 _ b rkses a

bi dent at e A5 ER b 2R o€ o ol e SR RF RO TR ER I N BB (%

., Where R axdingRetwo sdjscentbubstingaitsa takeretogither] my be g a04%- arinsdss tpfempar ed usi ng
procedures kngwn égg‘he man skilled Ln the art nd di S%I %sed I n published

literatur8rtRx3 e THEIIPIVRE & srblsuitiissOfs do form part of a benzene rin

2- met hyl R . 1 -
E 5 Bt h;l gﬁgwmﬁﬁ? , gf%r%gbn%lsglgﬁ%ﬁﬁ{s)& adjacent R' groups may also be
(2- et Ay finkady| ) (phenyl ) PN( et hyl ) P( 2- met hyl phenyl ) ( phenyl )

(2- met hyl phenyl 22PN( jref hyl ) P( 2net hyl pheny] ) 2 -

( 2- et hyl phenyl ﬁlﬁféﬁéﬁahlﬁ"}'é"e enQ yﬁm{iyl group, more preferably a C; to Cs
(2-isopro I t ' :
2 A BB ol N Rt e o s
(2, 4- di methstiybhenyl ) 2PN( et hyl ) P( 2, 4- di et hyl phenyl ) 2

2’ 6-di met hyl _ di,im henyl .
E 2 methyl - 6.1 5?3%%@%%‘%%%&&@%@?%@%&& %%%B‘r“é%’w phenyl ) 2
£ T et o o
Batpn U RO AT

2- met hoxyph
E 2 trif Fﬁgfoﬁg%dﬁ;'ﬁ%ﬁwéﬁf) b}NH(%?ri? Sy et W%‘gr%"ﬁfg{aﬁ?ﬁ X AT 5% 0

)2 6
01/ 10876 Mrwhichgase@ompanent (h) spmpsises adrdentatemiosphineligh mgé&y opmulay| ) 2
1- napht h R | 2PN( et hyl ) P(1,
| bi pheny RGOSRkl A Wk s Bl UL oL 921 s
(2-i sdpropyl phatg ligdidblcatimpreparédusingqpocsdutes keswi jothe man skilled in the art

{21 590t oRgl il ZENIRL HLAN ot Y1) P2+ sopr opyl pheny!) 2

Examples of preferred compounds are
(2-methylphenyl)(phenyl)PN(methyl)P(phenyl),
(2-methylphenyl),PN(methy)P(phenyl),

20  (2-methylphenyl)(phenyl)PN(methyl)P(2-methylphenyl)(phenyt)
(2-methylphenyl),PN(methyl)P(2-methylphenyl),
(2-ethylphenyl);PN(methyl)P(2-ethylphenyl),
(2-isopropylphenyl),PN(methyl)P(2-isopropylphenyl),
(2,3-dimethylphenyl),PN{methyl)P(2,3-dimethylphenyl),

25 (2,4-dimethylphenyl);PN(methyl)P(2,4-dimethylphenyl),
(2,6-dimethylphenyl),PN(methyl)P(2,6-dimethylphenyl),
(2-methyl-6-isopropylphenyl),PN(methyl)P(2-methyl-6-isopropylphenyl),
(2,6-diisopropylphenyl),PN(methyl)P(2,6-diisopropylphenyl),
(2,4,6-trimethylphenyl),PN(methyl)P(2,4,6-trimethylphenyl),

30 (2-tertbutylphenyl);PN(methyl)P(2-tertbutylphenyl),
(2-methoxyphenyl),PN(methyl)P(2-methoxyphenyl),
(2-trifluoromethylphenyl),PN(methyl)P(2-trifluoromethylphenyl),
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(2-1sopropyl phenyl ) 2PN( net hyl ) P(Ph) N( met hyl ) P(2-i sopr opyl phenyl ) 2
Al ternatively, conponent (b) can be a conmpound of formula (Il): (R)(R)P

-C(R4) (R4) ) (11) 10 where R is as defined above R4 may
be the sam,yv%ﬁmc#'g‘f erent and is hydrogen or a nonoval ent Pﬁ%ﬁ@?@?

substituted hydrocarbyl or hetero-hydrocarbyl group. R4 is preferably

hydr ogen ore exanpl e methyl or ethyl or an

aryl group, &lﬁﬁwl)ﬁgﬁﬁ%ﬁgﬂ%hy preferred is hydrogen The R4

gr oups rra;(l-lnapﬂtlnyl]sm(menh)ﬂ)]’(mmmybh c structure. 15 The |igands can be

prepared u Kk man skilled in the art and

di scl osed th? ‘31'81; ﬁ%ﬁ(mefhé(ﬁgmé"phﬂy | es of preferred conpounds are

(2- nmet hyl plqwr,ao?,pjg %&g?p@qgw,g&] g,%n)FEt hyl phenyl ) 2PCH2P( phenyl ) 2 20
enyI)P 2

(2- nethylpheny nethylpheny (phenyl)
(2- met hyd p pyopﬂebgwt)é’ henyDBResapromylphenyl),

(2o DR GEAIpc prpsten
(2o ey T aRE et

(2, 6-di met h§| phéﬂ?ﬁ"%‘%ﬁ&ﬁ}’?’ et e, é?%%?ﬁﬁ“%‘é“ﬁmulam)'

(2-net hyl - 6-i soprop P (&F)?UZP NRy! - 6- |soprogml phenyl ) 2

(2, 6-diisopropyl phen 2PCH P( dii sopr opyl phenyl

(2, 4, 6-1% i nhe§ shabqyp(and gach R rmayé’phgq ey ki)f@r@oand is hydrogen
(2-tertbutydedp hgﬁqggxpf@rb% h%)‘})??/% ééh m?ﬁédréﬁ or hetero-hydrocarbyl group.

(2- et hoxypheny 2PCH2

(2-trifluoronet t&llph@feyab))ﬂﬂ@r@é(lbraﬁn fd Oaalkytgtduplfmhemglemé’thyllmleﬂfyl Il WO .
01/ 10876 ;, CT/ CB 2734 CH2P h )2
(1- napht hyl3rfﬂm§§f°fph%f§%f% Bhfnyl’('%%f‘%ﬂgyé (ff' Rgg‘%ﬁgﬁyf% :
(2- |sopropyh¢;if&|1§¢‘|ké&ﬁ%ﬁh& dlic 3Gctures opr opy | phenyl)Z 5

2-i sopr.opyl phen 2P rreth | ) 2P( 2- i sopropyl phenyl ) As regards conponent (c
S en TPy D i yp%@mw%@ﬁﬁep Wit the mas skilled Somonent (o)

and dlsclosed in pubhshed literature.

Examples of preferred compounds are
(2-methylphenyl)(phenyl)PCH:P(phenyl),
(2-methylphenyl),PCH,P(phenyl), _

20 (2-methyiphenyl)(phenyl) PCH,P(2-methylphenyl)(pheny])
(2-methylphenyl);PCH,P(2-methylphenyl),
(2-ethylphenyl),PCH,P(2-ethylphenyl),
(2-isopropyiphenyl),PCH,P(2-isopropylphenyl),
(2,3-dimethylphenyl),PCH,P(2,3-dimethylphenyl),

25  (2,4-dimethylphenyl),PCH,P(2,4-dimethylphenyl),
(2,6-dimethylphenyl),PCH,P(2,6-dimethylphenyl),
(2-methyl-6-1sopropylphenyl)1PCHzP(2—methyl-6-130propylphenyl)z
(2,6-dusopropylphenyl)zP.CHzP(Z,6-dusopropylphenyl)g
(2,4,6-trimethylphenyl),PCH,P(2,4,6-trimethylphenyl),

30  (2-tertbutylphenyl),PCH,P(2-tertbutylphenyl),

| (2-methoxyphenyl)zPCHzP(z-methoxyphenyl)z
(2-triﬂuoromethyl,phenyl)zPCHzP(2-triﬂq_or_omethylphenyl)z :

7
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generates an active catalyst with conponents (a) and (b). Conponent (c) is
suitably selected from but not limted to, organoal um ni um conpounds and

or ganobor ounds. M xtures of pronoter conpounds used.
kiR fiaiodve

Suit abl e oal um ni um conpounds i ncl ude corpdunds ormul a
*AlR3, where each Ris independently Cl1-Cl12 al kyl or halo. Exanples include

trinmet hy@b%@hw’mﬁ'ﬂﬁ“mhﬂ?ﬂ?' um nium (TEA), tri-isobutylal um nium

(TIBA), tri-n=octylal um yl al um ni um di chl ori de, ethyl al um ni um
-di chl ori (lenaph Z(umaphthybe chl ori de, - di et hyl al umi ni um chl ori de,

et hyl al upg pi ' MG met hyl al um ni unmsesqui chl ori de, and

al um)xangiép ﬁeﬁiﬁr@?gﬂe%@ﬁe nown in the art as typically the

ol i goner (Zisopropgiphahy!)HC(plengiP(BBopropylplieagh by t he controll ed addition of
wat er .to an al kyl al upini.um c ound, for exanple trimethylalumnium Such
conpodnd 'E&W%@Pﬁ?w@é‘ﬁ(mmﬁa '&?PPWPXlP{fr"é!Q! thereof .. Commercial Iy available
2l UMoXAnes _ arks e almponl (LW 53 omis i iy B sl BEBHRANINENC | C

conmpounds. The cyclic 2 umoxanes c e represente ormul a
[ RL6AL1Q)| ,Bea¢rates p astive satelyst) withosampesensy (a) and:(b).o ComponeRS(®) RIBAaly . wherein s

Is a nu B 0 | 6 R:, and R18 represent
hydrocap%gec%éoupép%ﬁoéﬁ gétg% S/D@R%(I)%{u% %ﬁﬁ??@ﬁgf“&aﬁb"&%ml e nethyl,
et hyl or dowipphndsr ddigsiresAifipydnadternmpxipoasdsahgialsabeiéd)ySuitablsoxane (MAO) are
preferred. 25 In.this context shoul d be_noted that the term

| t
" al kylal (eRReAlminium ompoynds i“ﬁi“ge caperunds etthe fmpla AlRy anhers sagh Riisnoxanes

avai | abl GndepeitRndy B-CY, iyl 6PhdIB.Y E£1é ifkcidde tRmeiPhlukfitium (YRLH2! | Y about |
Ot % but %@t i ona*l y u2 d"%yo 50m % of tﬁe cgrrespg{ldi ngum:(rl al’kyl al um ni um

for i nst dAetdylalugiiniwm (TBA), vidsobutylaluminivn (TEBA) tripectylalyminiomy | Oat %

trimet hyl gl . | : ¢§ al nt ai.n ot.h TMA and
TIBA. 30 %}g%l%@é‘ g%f‘ﬂ%g‘b’ﬁir‘r’o"@aa %%’?‘é’&%ggﬁgml}“ﬁ% i ilode.,

trial kyl aliethylaiiminiunaphiotide, ethylalumirdurasesquichiiorigey quantities of _

tri aIl yl al Fil um co QuRds. uot.ed herein ., are consider to conprise
corrpounds'“éol y%]ngn?lgp e and gfummoxangs. Alpmgxanes argwel ﬁ‘lﬂ?ﬂ'ﬁ‘ﬂ"@ 01/ 10876
-PCT/ GBOO/ 43 2yfiichlly tiecoigp@edé @inpbiuhdy wmém@an?de&gvép%}édrf?m@@on%ﬂ& fdgimnt - Wen

al um noxanes are enployed as pronoters it is preferred that they contain
fairly | GhwWaterde an aikylgluminium cempound; for kyampletrimethylaluminivourfich  Exanpl es of

1L RN SRS B IR Ul o

tritylt etareigenemlly bplieyeditoshe mixtirgshofilinéds and cyclic compduntp HERyelleroNi um

tetrajgpe %\ﬁ“ﬂ%f&“ B ¥tl.p)rgsgr§tg& Ey th%?"gl%nl{lm [R'AIO], and the linear alumoxanes by
the formula R"(R'®AI0), wherein s is a number from about 2 to 50, and wherein R,
R", and R" represent hydrocarbyl groups, preferably C; to Cs alkyl groups, for example
methyl, ethyl or butyl groups. Alkylalumoxanes such as methylalumoxane (MAO) are
preferred.

25 In this context it should be noted that the term “alkylalumoxane” as used in this
specification includes alkylalumoxanes available commercially which may contain a
proportion, typically about 10wt%, but optionally up to 50wt%, of the corresponding
trialkylaluminium; for instance, commercial MAO usually contains approximately 10wt%
trimethylaluminium (TMA), whilst commercial MMAO contains both TMA and TIBA.

30 Quantities of alkylalumoxane quoted herein include such triatkylaluminium impurities,
and accordingly quantities of trialkylaluminium compounds quoted herein are considered

to comprise compounds of the formula AIR; additional to any AIR; compound
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tetrakis[(bis-3,5-trifluoronethyl)phenyl] borate, I'(CEt2)2[(bis-3,5-
trifluoronethyl)phenyl]borate, trityltetra(pentafl uorophenyl)borate and
tris(pentafl uorophenyl) boron. 10 An alternative class of activators
conprise saVO4VHBI& cationi c oxidising agent and a non- c 86BN
conpati bl e ani on. Exanpl es of cationic oxidising agents include:

ren “Eoor o REPTRE PR e e e s e
t et r aki s( phemployidsHrémates it fs%géf@rl‘dd%ﬁa Bhﬁﬁrfﬁﬂ?w i&ﬁgsﬁéf% ﬂgtse In the

preparation of the catalysts of the presént Invention t quant1ty of
activating trisdiabumisiumeompoundst r om or ganoal uni ni um conpounds and

or ganoboron co t e, e i s. easily.determ ned sinpl e
testing, for e>r:g?rp| g,esb&;s'tn elepér%nﬁgrt%f'%mg?“"dgﬁl reues tgs.'ﬁ%y'egf ich can
be used %o piethyiberems dirmt@llﬁheqylmbﬁihm&trﬁphéﬂwbmfwﬂﬁylfe‘ﬁh(phaﬁyp)bbmg to
determ ne tPe acii vity.of ht._lhgﬂg,_oduced cat Iégﬁ It 1s _generally found that
the 20 quan rprny bosen difjethylp oBiym WF‘GF ypgophenybgrate) sediomat ons,

pr ef er abl y.ﬂentaﬁs[m&l@,s-ﬁmeﬁneihygbmwb&aieprr(@mzqggbgej,sﬁtom of Group V111
metal. In sone cases, for _certain tconbinations of conponent (a) and (b), a

pr onot er - ( cinfiaremetiyDpbenybermicctitylietra@entaflussephenyllbprateiandabl e choi ce of
met al  sour CRscrdehtal ' outilise a catalyst in which conmponents (a)
and (b) ar eﬁlggiﬁhﬁaﬂg%gﬂﬁégmﬁ?@h ormed single entity of 25 formula (I11)

bel ow. Mcor di nghy aleerfative klass afaptheators torhprise isalis@fa icationit sRidislRgagenPafacess for
t he pol ynerj sgt Lon .ar{d COF‘O|%IHEI’ i.satséi%n %f gl efins,. conprising contacting
the monomer f BOTPEYiRatg fompatihic anion. Examples obcatiopic oxidisig:agents peluderer i sat i on |
cat al yst or ferr@8édniilny, Hydio¥sbarsubltitsttd Wﬁ@g%é*f,l‘)r Fh2C qgm%’},g °€{1°‘.§_he formul a
(rrr)y 30 [\(A‘I:_f%?%L' )gM'"(S}ég(’AR)cm-rngl I.I%’ _and optionally (i1) a

pronot er , pyingrcompafitiy #ignsere BFadbGls. PR ftetrakis(phenylhworitoandst at e i n,
each L is - ' 76 PCT/ GBOQO 02734 independently a

nonoani oni cﬁgﬁ‘é’ﬂ%&%@‘%&"?ﬁ}'&?’%‘j‘?ﬁgs i ndependently a neutral group or

| i gand; 1®each the preparatitapefithecatalysteofithapresentiovention el quantity ofgotivatingr di nat i ng

anion with chegative charge of n. an I S a . bidentate phosphine
| i gand havi ﬂ’é" ;{oﬁé IR m%‘ﬁaﬂ%’%ﬂ“m cR“”ﬂ‘%aﬁ% prapnobpyon compoundsigo |
i ndependent beyentpidyed iseksily determinel 9 yimply testing FoPéxamplel By thelpréparhtiBhepy! gr oup,

with the proviso that at, least one of the R groups js a _
small test samples which can be used to polymerise small quantities of the monomer(s)

and thus to determine the activity of the produced catalyst. It is generally found that the
20  quantity employed is sufficient to provide 0.1 to 20,000 atoms, preferably 1to 2000
atoms of aluminium or boron per atom of Group VIII metal. In s'orhe cases, for certain
- combinations of component (a) and (b), a promoter () may not be required.
In some cases, by suitable choice of metal source, it is possible to utilise a
catalyst in which components (a) and (b) are combined in a pre-formed single entity.of
25 formula (III) below. Accordingly a further aspect of the invention provides' a process for
the polymerisation and copolymerisation of olefins, comprising contacting the
monomeric olefin under.pc)lymerisation conditions with a polymerisation catalyst or
catalyst system which comprises '
(i) a compound of the formula (1II)
30 - [WLYM QI AV (1)
and optionally (i) a promoter, '

wherein M is a Group VIII metal in formal oxidation state m, each L is

9
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phenyl group having at |east one ortho substituent, and X is a bridging
group of the structure -[N,r[P]y-[Nl- where x and y are independently O

or 1, or - where each R4 may be the same or dif fppéRitloodd¥ss | S
hydrogen%? lg]%%‘énoval ent .10 hydrocarbyl, substitauted h?/’g[rocar byl or

.- het ero- hydrocar byl group; p nmay have any val ue between 0 and in, and g is
an i nt egemdeRhddeN aGndhdgnidnic ERup of Ngdha! E' is Maependéntly aheh?@préup®y be 0, 1 or

2. Exanples of L are, halide, acetate, acetyl acetonate, alkyl, heteroal kyl ,
Callyl, hylsandieaghA is independently ameaklyicoerdinating ornos- fmﬂbnaéms Aniog Hitheén

TN 9 el iRpAe usd o e FBGERL OB DR g 2

triflate, (Rab(y.l )Po-rXalP[(&‘l)(lB))wﬂtefe,eaeiuRf tielepartienthisleeted fiont Hphdnylgroupthen M i s

ni ckel ad] S _pr. rred th n n ferred vaI ues of p,
q and ' af e‘Ps“b u ““g’hﬂﬂ'm i %I%“?“&Dgﬁﬁg‘srﬁ P
p=0, g=2angkenyl graqsmgcam onEBﬂhésstGﬁBﬁSandLX id d BrRipEhe 6u;Lofcm@I L' -1i gands

may be |inked together to formbidentate or nultident ate | i gands. For sone
cases, foftBWeain conpounds of the above formula, a promoter conpound nay

not be re whefel2d iinod he process of the present
inventionctwlJ @ﬂy—gﬁl’s ci%aﬁg@ Jéﬁé‘mu??lc})rthelﬁ aspect of the invention

c ;)m():’l ses-CBHp emhells eaéh Rbnawlbaathé kdvl)e ortc}iﬁ’er(arﬁ‘la)lﬂ’:%yﬁ(d fd'gen) () 2 )Iﬁhbvalldn) p(LI')q(A)t
n en el ect.e roma phenyl group or a
substi@u\t,\g’ﬁ{r Qﬁ'}‘gﬁﬁ XA’ %B'ﬁ‘ér ¥ OF3 E’flgé?“pl'east one of the R

gr oups ISpmapmwdny%mulaeth\imoan&ﬁx,ﬁ isan%Q Beteb@asd P Hort uent; X is a
bridgi ng group of the structure -N I:gaac\;/;\here gi s a hydrogen or hydrocar byl

group, or® menwmamen@aeww 2pe the sane or different and is
hydrogen gg l@&’&flf’ﬁ@rh e acétﬂ ahéflu?% aik&([iepen fylolﬂrdnagaﬁ/cp 01/10876

PGT/ GBBOO Q27 state-o e eac ‘a “nonoani oni ¢
group or theglkmﬁxamﬂessf Lt alﬁepohﬂe,matbpnmmuﬁe,ad p}g:sphnp: olsolwergmult;culwch Ais

I nde dent r at| nons di at| n| 0 is an
i nt eSZé] %@W ge’a‘hﬁx%ea& T, 8g¢ 3‘?\3’ %'B'é\‘e pad &)ggik g‘gﬁe ID'er abl yy
mFp=0 and SHiFs2 PR Ntriftatd, anTorGiil béthteSulfatePphospitite Siidlthe lilke. Mfhen M is nickel

or palladium, it is preferred that n = 1 and preferred values of p, q and m are

p=0,gq=2andm=0
p=lq=landm=2
20 p=2,q=0andm=2
and p=0,q=2andm=2
In some cases, the L ligands, L'ligands or L and L' ligands may be linked together to
form bidentate or multidentate ligands. For some cases, for certain compounds of the
above formula, a promoter compound may not be required.

25 Certain compounds used in the process of the present invention are novel, and
accordingly a further aspect of the invention comprises compounds of formula (IV):
[RHRP-X-PRYR)NCLYL ) Ay av)
wherein each R’ is independently selected from a phenyl group or a substituted phenyl
group with the proviso that at least one of the R! groups is a phenyl group having at least

30  one ortho substituent; X is a bridging group of the structure
-N(R?) where R is a hydrogen or hydrocarbyl group, or ~-C(R*), - where each R* may be

the same or different and is hydrogen or a hydrocarbyl group; m is the formal oxidation
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al so preferred that L is halide, acetate, acetyl acetonate, alkyl,
heteroal kyl, allyl, or hydride; L' is an olefin, carbon nonoxide, a
phosphi ne or a solvent nolecule; and Ais BF4 , SbF6, PFJ, triflate, aryl
or al kyl bJdV@P¥108M% ef erably each R group is a substitut e®CT{HRHR34r oup
havi ng at | east one ortho hal i de, hydrocarbyl substituted hydrocarbyl or

10 het erohy r9c t.i t yent . The cata utilised |n t he present

i nvention c Q? gi B'H'ﬁﬁ“geé' *ﬁt"ép"f’ W@“Bf”’ﬁ def ned corrpounds
and can al Sihdé;ﬁnﬂé‘tﬂsi aindutedl BrolipCoriligind; édchA B MRlependsMIyR \Oéaht&fcobmn

catal yst, such as those of, the type used in conventional I egle tta

catal yst syStRARgSo0 Rating BRIGR.R 18 B kinteger between ang5h Gy ) | @B@Fﬁ %,%ﬂ - or
constrai nedgggepnet ry based catal ysts, heat activated supported chrom um
oxi de catalysts 15 (eg Phillips-type catalyst), nickel and palladiuma
diimne Tatal ysts or P Wpﬁﬂmﬂtq—ZpprWndquﬂ; orantZ pal wsd g=1. Ths

catal ysts utilis | sent. j ny o] nsu or supported
on a suppo?]fo W&f e énlfarth %ﬁah tla% ?Fyili P%‘gm%r ﬂﬁﬁ %‘efﬂﬂ%@z&‘@e %irconia, or
on a pol yrrehyd@iae Iﬂﬁeﬂ%lymrcarbﬁﬁ)fnoﬂdﬂwh@h@sghmebhykaMt ni%{&ctlﬂﬁrdthﬂ)@l ﬁneb

e catal ysts can be

pol ystyrene ly no tyre esired.t
formed in SPFU sbﬁ“ ﬁlg‘ ﬂ%@é oplk ﬁ@"’é‘h BESerably H‘H’?‘é{] iBEQup ip 2 sebstitutednnor t
mat eri al Caﬂxeﬁﬂ ?(nﬁi havig&d lbﬁﬁt(?ﬂe Qﬁhtﬁ’flﬂﬂb Wmcﬁt’blﬁ” SlbRMERY i?hgrafro%{rbyl or
sequenti al %/ one &1 more of the catal yst conponent's e catal ysts of
t he prek®nt heterphydsecashyl Mlﬂuﬁntd&slcﬂe’tﬁtbetﬂm@ inthe Buscmmlwemwmmg'dmds
catal yst, f d | ek tta
y ag%?ﬁfg? IH%%%@ %hgl/lggg%omg H&ﬁl @U}l@s an%%gr? ge use l?g/OSX)PJI'IS Ol'h

catal yst, chrom um oxl sup po

support ed nwithbhocramerealicttypes of fatalyst isuchnasahost hEthewmQrséciaﬁ cofivénfibnast can be

achieved fo |le by treatin e transition netal rrpounds of the
present i nv%ﬁgégﬁgw ?aﬁa/’%ﬂt ﬂfﬁ%g‘ef"ﬂ%?"g Fﬁeﬁﬁt@yftﬁé’i"tmﬂm? padienylyoray anpl e a
volatile hyghe Yhsel 'cﬂﬁlyﬁs RREd defivita & Fﬁ&%%?onﬂﬁrh%dd@'caﬁﬂy&t@ the
product and eIPéBora |n O the volatile diluen The produced supported

cat al ys15 i s(eg MPWWS!)I:\B!CR@ end pAlladiufmroediimine catplygs gvmeand cPbalt quantity-

of support dgfdmfne%g@g t)_4ed can vary widely, for exanmple from 100,000 to .

1 granms per ' -gr present in the transition netal conpound. 11
ITAIll~ 11 WO Olmwst%@tﬂ:ﬂaaﬂﬂﬁaﬁéhém lhvm&apmatbems@ﬁoﬁétbombwmﬂloaat ion

or. copol ynerisatio enpl o merisatj on or ol ymeri sation,
may be carr? PP Bﬁlmfﬁ"rﬂfg c"d‘gﬂﬂea gﬁf‘@*%i p@% PLFifGonR ?/"‘E‘;@c? T ygen,

water, and grlepSlymefdtlekahsle b&g&hﬂm@ polypropylénd! polystjredeObsONs. - However, sone
cat al yst s or catalyst systens utili sed in the present invention exhi b| t
20  poly(aminostyrene).
If desired the catalysts can be formed in situ in the presence of the support
material, or the support material can be pre-impregnated or prexhixed, simultaneously or
sequentially, with one or more of the catalyst components. The catalysts of the present
invention can if desired be supported on a heterogeneous catalyst, for example, a
25  magnesium halide supported Ziegler Natta catalyst, a Phillips type (chromium oxide)
supported catalyst or a supported metallocene catalyst. Formation of the supported
catalyst can be achieved for example by treating the transition metal compounds of the
present invention with alumoxane in a suitable inert diluent, for example a volatile
hydrocarbon, slurrying a particulate support material with the product and evaporating
30 the volatile diluent. The produced supported catalyst is preferably in the form of a free-
flowing powder. The quantity of support material employed can vary Widely, for example

from 100,000 to 1 grams per gram of metal present in the transition metal compound.
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5 good tol erance of such potential poisons, and pol ynerisation or

copol ynerisation may be <carried out in the presence of oxygen, water or
ot her potgpbindkreP0i sons. Pol ynerisation or copol ynmeri s@creBowmgal so be
carried in water as a dil Uént, either as a soluti®on, suspension or

- emul sion. O her donor sol vents may al so be used as di | uent, for exanple

al cohol s (for Incspaqjiveoﬁﬂtetmlwneﬁswibhanwgolymisatiqnandmyqueemnbyed (for exanple
di et hyl 0 tetrah drof.uran) .and t ation or

Copol ymerelEersgioms; camb et i Yot ok e coRRRE T ) Feedst ocks as
nonomner s, subdantiblly@:xlude bikypeh, waters aind aherpﬁutammat Akt aPEdtalyse poisaisi on or
copol yneri sation can bhe carried out in the presence . of _ additives to

control FHWEYE: sepe Eﬁﬂ&?‘?ﬁ%?at%F Histemg utifiged im the presgpt inneption exbibif ogen gas as
a nMears Qigofd Q&&lﬁﬁﬂe dr @ﬂchtﬂb?etﬁ)ﬂeﬂo?sgﬁs IRd E&Wn@r'isaﬁ@ﬂ 8dopoiymeRtatibh ﬁl&?‘%y mer or

copol yner. may appl K generally to the polynmerisation process of
present icamredtoutin.t Fmesmmﬁnwgemmteogenthn:agotmahmwmo Rohynegigatione aver age

Turry piiebBomtsRid ey B Se Gk Nk d s Ribe s 3oRRS: Pl one. The

quantity sapehsion o0@mulgas OthePdoroRRIvsEnay dlscbetsed Beditent, fo? éxaisle age
nol ecul ar vvelght can be determ ned by sinple "trial and_2Q error
pol yrer i stohgl (fog examplesmgthasol, pihasel, ﬁeprﬂmql)s gthers (fog sramnle disdiathgas phase

POl YNRY | S@éritylroRRRNY Jnhmxkea'?ﬁl H:%ﬁidn%“ Bﬁ&&eﬁélﬁ%fs&lonfxﬂi y diddbeRaYCL i ON Of

hi gh or | ow density grades of ypropyl ene. In these
pr ocessesut nsngmu;lmleﬁs&@dwkeempmm which ey t;mtampotennal poisansnt i nuous or

sem - conti nuouy, e.g. 25

fromtwo to fl“\E/“'éo |p§f3"c'@§§ars% f‘ﬁrcor ese"sﬁ%f‘ %égﬁgar%ed;%\{{ﬁ%th% re%%&glogns such as
di fferentaddmvémmhﬁbwo@&nwbr&)pﬂ)(ﬁgﬁmommaewbrghtsj ons may be enpl oyed in the
di fferent reacgfors. the slurry phasge t he S phase process,
t he catal yst ﬁih @#'ﬁ’l F‘igeﬁﬁf%qséd“‘ﬁlﬁﬂ“s‘fqng'ﬁgmé Fheeﬂi'e‘l'aﬁf 5‘°[°f?|®arp‘51" risation
zone 150 tdpgnd ﬁﬁlﬁﬂi&for%oﬂﬁ%é yaakﬁlyﬁ%érﬁi fibttﬁ@ olﬁ'ﬁelﬁaﬂérypro%wﬂhe( e.g. wth

an inert gas) or as a slurry. IS solid can for exanpl e, solid 30
ccat al yst w@m%ﬂneﬂoﬂ expmplenkydeagen may be peeddd r@slmp the)averagd mpheulam vention

and an be the
ol i d car apgiSrBpiyhleisbrBhoctishelf lenBiel ok KR THof, 168} Bhokp Gk st B 7
latter si sounbn@hasetpb@mkatrmahmdnm waeﬁmlntybmbemgéxﬂgm B&éﬁﬂ&iﬁi

PCT/ GB00/ 02734 ri satl one, .for exam a solut separately
fromor t'® ‘fentB'F ‘%‘EE eﬁ’@"’é‘&ﬂ‘?"& ar weight %tbedﬁeg?"é‘F‘ggﬁ)mPﬁe "@gi‘%ﬂ yst system
or tlm)traﬂﬁa pblgierifation tes@P! ex conponent of the catalyst system enployed
in the slurry olynerlsatlon and gas phase polynerisation is supported on

one or nore suYpay phasepelymarisstionennditiopeergasiphgsetpolymerisatiop senditjansem i s
are particularly useful for the production of high or low density grades of polyethylene,

and polypropylene. In these processes the polymerisation conditions can be batch, . =
continuous or semi-continuous. Furthermore, one or more reactors may be used, e.g.
25  from two to five reactors in series. Different reaction conditions, such as different
temperatures or hydrogen concentrations may be employed in the different reactors. In
the slurry phase process and the gas phase process, the catalyst is generally metered and
transferred into the polymerisation zone in the form of a particulate solid either as a dry
powder (e.g. with an inert gas) or as a slurry. This solid can be, for example, a solid
30 catalyst system formed from the one or more of complexes of the invention and an
activator with or without other types of catalysts, or can be the solid catalyst alone with

or without other types of catalysts. In the latter situation, the activator can be fed to the
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5 supported on the support material prior to its introduction into the

pol yneri sation zone. Suitable support materials are, for exanple, silica,
alumna, zirconia, talc, kieselguhr, or magnesia. |npreggat, ?__’the
support nmat¥@ P08, n be' carried out by conventional techﬁ%géb,'& $r
exanple, by formng a solution or suspension of the catal yst conponents in:

a suitable . Of, I g%, LUk Y| -lrerpgﬁ'l .

t herew t h. e gﬁ%‘ﬁ’%rﬁoﬁgé‘xﬁa ePtlag%I a?ﬁﬂﬁé&%h rrea%grlg?glg%\?\ﬁg%tca af‘§*gets°3%n t hen
be separ at emdtalyst nPrefeeabl}i the: eatalyst aystene methp krensition riéthltcomples comporentpfitheit i on

t echni ques. ce the pol . product js discharged .fromthe reactor, any
LSS0ci at oo ARYSLBERBIPINN e SH eoletiehift RS phiss PPiirSon Ko
degassed, fsupporiddeniine YrRiord3tppbr® maiaEPMost preffublyithe tatalysi gyderdis 0as
purging using fresh or recycled steam nitrogen or |ight hydrocarbons

(such ad etHpparted)on thesuppast mnteris] prios &y itsingpdychign indo the polymeripation zarsy be

recycl ed togfk | | Nt e Yo - I'sation
process t hces'jggﬁe gﬁl&éﬁ%ﬁgﬁ %?’ féﬁ?‘i‘?&%t ?‘ﬁ%f “'ﬁ'gﬁé’p%’r@@?@%@f%@y’ gfe fed to
a pol ymer i sadgnesia. zZlmpregnatidreof the suppyrt prtariel cao be aarriad sitthyrepnventiondhe

pol ymeri sat,ign. dil uent.. .The pol.yneri.sation diluent.|s atible with the
pol ymer (s) te‘ﬁ'ﬂﬂ‘“&%?%ﬂ %Tflg’;l?y ‘gﬂ’&‘xgrﬁﬁolbtéma?{ syshension of h%cagﬂﬁggrgﬁg{enﬁept ane,
i sobut ane, iRk sditdblediMenm o bol¥éht and sREFing Bssupporpmaeibl thérewith. Ty @Ebemt he
particles are fed to a polynerisation zone as suspension in the

Dol y mori0s atmusrial A ARBreEmAd With GARIYS Gan theitbe ssparsted fomhe ABeTbIE D) ¢ an
t | L i L . Q. f
aut ocl ave %ﬁb{%‘nﬁ Wlfr% 5 r'e¥ipo %ohniﬂﬁ?s?‘(ggfﬁ;kg% El;/l?g\ér ;Lr@&lﬂ:t isCfischitbed € 0. O

t he type e manufacture ‘o ne by the Phillips
Process. Wfeom thegeactar] anymssasiatédand pbsoced hydsocarbensaresibstantially eemdved, i s

carried out der rr ndi t.i o t he  2°- | V@i | | S, . -er ably
carried outorla@ggs‘fdz%'é‘rté? ﬁ@ﬁgrbba/v °§5&"$ prlr%gféggurreggp Qﬁﬁy S%tﬁg\%’gé@%% The
pol yrer i satfre3h of fagjpeléddtedns; nitfoget 6F kb hydroduibons (sutieas dilnfiens).t Recovéredper at ur e
at which the pol yngr ,ggranances to soften or gﬁi:nt er in.the presence of the
pol yner§3s atgasepuaer hydrecarhons may Be resygiedcto;the pAYBERSAINZO8E above t he

latter tenper at ypene shirfHpHabdp édagﬁcg:' thé 88lidYaftitles of Githtgétnent of the

pol ymeri sation wthin tthese detine tenperature ranges can provide a

usef ul nearsyppdrtadeatalyst, refgd tohepelymerisationrione either ps dryppyder osfas aslurmyinduced
| CA : . ol no: i isto .
P ontuct  t hahbBoibrdies ek MR sBlynfedBiof lliditis cfiplibeith e polfield) | 2 1

€ “presenc gen gas whi acts as
13 lumii \¥od@italyols)SandGidy 80 alkanssuch ahbdxand, hemafegisoganes or Beiturabf y, t he

hi gher the cqncentration of rqgen enpl oyed,. fhe | ower the average
nol eculé?r v&é’ﬁﬁﬁ?’ gps ?r@rﬂjﬁdggﬁ%V?Rg&Fﬁ%/?feﬁﬂ#? %W‘ftgogtzio%asp gcesses,
l'i qui d nDNOjYBRensibi th thé polyMBkIdagSiediiuenty S pdlymerisation zone can be, for example,

an autoclave or similar reaction vessel, or a continuous loop reactor, e.g. of the type

well-know in the manufacture of polyethylene by the Pﬁillips Process. Whenthe
polymerisation process of the present invention is carried out under slurry conditions the
25  polymerisation is preferably carried out at a temperature above 0°C, most preferably
above 15°C. The polymerisation temperature is preferably maintained below the
temperature at which the polymer comimences to soften or sinter in the presence of the
polymerisation diluent. If the temperature is allowed to go above the latter temperature,
fouling of the reactor can occur. Adjustment of the polymerisation within these defined
30 temperature ranges can provide a useful means of controlling the average molecular
weight of the produced polymer. A further useful means of controlling the molecular

weight is to conduct the polymerisation in the presence of hydrogen gas which acts as
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the pol ynerisation nedium 5 Methods for operating gas phase pol ynerisation
processes are well known in the art. Such nethods generally involve

agitati nglé‘ﬁ gDy stirring, vibrating or fluidising) apchesoszrsatal yst,
or a bed e target poltyser (i.e. polyner havizpng the same or simlar
 physical properties to that which it is desired to make in the

pol ymer i ];&aim oangférapesis )Genenlly, aha higiger theavhednyration eftgydfogenl ﬁmﬂoi'éibﬂidﬂ 0 a
stream o m)n mer at | cas i 0 gaseous phase, under

. condi t i ofl@Wer} %aYW%%QP%E%tL%PTQH@ng pol ymerises in contact

with the cat aly giikipdlyi2fisdiRf protees) figuil mdnBRRF fich s propYIeak B¥sddg addi tion

of cool t]gl;as (e.g. recycled gaseous nmononer) and/or volatile liquid (e.g. a
vol ati | e thepolymerisptioromediB®n, or gaseous nonomer which has been condensed to

formg liquid ¥§H?E t RiBwigashehase

processes for)r% grmrase ﬁ?é/ (ﬁ%@%&ﬁ(ﬁ#ﬂ&i ?%%}%%saa{iwolﬁr zone 3‘?\% Is free
from or astlfchnietimds gerderatly 1ﬂvommagnnmgc(e gAs; stsnnge Mibrdting on fluitlisinghose skil | ed
in the a uidis allo tQ ent ]v‘?llg?/rrerlsatl nzone of a

t,. IL.f
gas phasre’eﬂ8f w@ﬁ/ts%rm 9 thrtetset ¢ ety i POy aping tAFaIE of HEnla

pol ymer i %ﬂa%#xé%ﬂ propeRtiek fo thafWhich itfis de@.lréa toQhakleGn fﬁeqmmﬂ&atrox pficeftp! ymer
present his'is in contrast to "solution : p ase' processes wherein the

pol yner icontagingaicatalyst.cAnd depding theretolastraem of menomer at leastyprtishiyinthe pr ocesses
wh h
ph gg gfog r O{Lg ol EXJEE urldRf &ﬁrdﬁﬁa E gﬁt:é%ﬂ prlofitht b%k{hxﬂepﬁélﬂﬁé}:tses i, g q gas

an be opera sem - or’ so- ca
'cont i nucwataccwithlthe oat:iyst intthe bz:dp mh'é bed e(genmllypmbhﬂday tinckeidition oficdolons such

that nmononer i s cpntinuously re yc d to.ap agitated polynerisation zone
Cont af ni S (o8 ROFRL BTN ol So0SHy R Bk BRI ov: ded t o
repl ace pglivdeeiod st BRionom&dvidéh Ke Bedn dbRdSsk¥d & fobh b SigiNds. tEmt | Y
W t hdravm n produce polymer fromthe %ol ynmerisation zone at a rate

i

conpar abl Rolymeripreduced 8, ad iselated frpmngasphasecprogsssesforms direatly asglidingbe bei ng
added; 4 o S,;Aiﬁnafghrmohé dﬂrﬁeé%ﬂ. bPahSR Otfa@gg;@ﬁﬁor qtaidySAs % formthe

pol ymeri sat1on zone wt prodiuce ypi cal production of
. mpact  copdhoseskitied in(tht)qmb,l lt]myrhthdnsrﬂw»\fedmremtbethé polymerisiiomeorerofa in a first
react or |s r acte th. the sec nd rmno r.in seg ond r.eactor For

manuf act U8 éar*@f‘é’f‘ﬁﬁsé 9140 86"86? VErsAtign 20088 se process,

_propyl enesmdﬂ&n matwmelt aht'i’c %ffwd:l{nﬁé _):(r@ﬁﬁﬁ Orhis hsSiA @bt fC%slgién 1 r ansf er r ed
to a second reactor in. 01110876 PCT/ GBOOL02734 which et hyl ene or

ot her conR}isATER" °‘Fe§s°&dﬂ’§l’fm the polymer js formed dissolyrd ipgselventiand“slugy a2 i sotactic
201 YPASIARE 0S50 el SV RATRRIA RR Bl o copol e
m nor anount oFhesgas phase process can be operated under batch, semi-batch, or so-called -
“continuous” conditions. It is preferred to operate under conditions such that monomer
is continuously recycled to an agitated polymerisation zone containing polymerisation .
catalyst, make-up monomer being provided to replace polymerised monomer, and
25  continuously or intermittently withdrawing produced polymer from the polymerisation
zone at a rate comparable to the rate of formation of the polymer, fresh catalyst being
added to the polymerisation zone to replace the catalyst withdrawn form the:
polymerisation zone with the produced polymer.
For typical production of impact copolymers, homopolymer formed from the first
30 monomer:in a first reactor is reacted with the second monomer in a second reactor. For

manufacture of propylene/ethylene impact copolymer in a gas-phase process, propylene

is polymerized in a first reactor; reactive polymer transferred to a second reactor in.

14



conononer (typically ethylene) is added to pol ynerizing chains of

propyl ene. 5 Methods for operating gas phase fl uidised bed processes for
maki ng pol yet hyl ene, ethyl ene copol yners and polypropylene are wel |l known
in the art WOPI08% ocess can be operated, for exanple, i nPEI/GBPIGZEY,
cylindrical reactor equipped with a perforated distribution plate to
support the

b tri bute.the, i fl t
ChPPOUn | hEhR gty e OF gt FomORg TS addeft o TGRS R RS THBTERER ¢ or vob 1 o

10 renove {shRciERlypRépyRak Xhdss with ¢Halhs of #fanibia phsFleadethiendetpplymeroaonNer for -

sation in the bed. Thus the fluidising gas general |y conprises the

m)nomer E s% randesn gapalymerdynieally js rroduced iva sip weseﬁem‘ﬂma Riner ?emglt ofig t [ ogen
i ner ane ent ane oOr
hexane) ané(q{'&fol OEQ‘P@ﬁ%%FWEﬁQd%%ﬁ@i?’%%ﬁ ar vve Qjfréndl fi eP The hot

f1ui di s$ng gas Me‘élogsfmgopcrmngtgasphaspﬂoidnsembeimdcessnsfirméahg)pt ionally

t hrough a vel q uction zone n be a I ndr i rtion of the
react or haeﬁ?l ‘éﬁ%le'% stgﬁeftfcgng @F‘)sa éagﬁy?r]op ggeaf%gelfgnov%lpélﬁ IO'ghor filters
to di sentr pioBessichtCbe Gpkditell, Bateiaplesin'd Rfidal\ & lif@fcables@ainaquipped With agas i s
then led to a heat exchanger to . renpve at |east part .,of the heat -of

pol ymer i saPeriprateddistaibytion plate i gppprt phebed apd t%@ﬁﬂb‘ﬂf&é‘!&’s‘?‘?'@ﬁ‘g fudisiag | ar
intervals g srnjaé'mtﬂ‘frgu %ﬁéd'?‘r'fl’ohrelﬁ?nﬂm %@cﬁ&ﬂftﬁlﬁﬁhroﬁ%}ﬁth%gd Sv&QgPr i ses

fl ui di sabl 8 polyner er ab e target polynmer.
Pol yneit0 i Ben[nvedwdmdt quxolymetimbhﬁom thiabed ariddo isenphbmondeer o yrrerl sation of

t he nononer r ef [ rovided. .t o disch r from

t he bed coﬂél?'%fffbslﬁgﬂlmgﬁ age[d ﬂeﬁﬁ\eﬁ d?sff&eﬁaeﬁf'?rﬁ“x cﬂﬁ?ﬂiegg}?%%'{éj’ﬁgfdl sed bed
at the deshémfallyfigeiher withsonid iAet s (e mgegamhﬁeﬂmﬁfoatbeds fuchael atively | ow
pressure, for exanple, at 10 to 50 bars, .and_at, 25 t res for

exanpl e,  bBEHERs ethene, REPPEDS, butancs pentans Ardexans) and fptip Ymﬁygmsﬁ&m ai ned

bel ow t he gioRbabé Wl 1! wﬁ@hafﬂuimgéamb ﬁmﬁms%pame\sedﬂ probl ens
of aggloneration. Tn the gas phase fluidi sed bed process f

pol ynet$ saledoptiosally thepugha \telm:lth esductionzene éthis ggn bw:@x@mbﬂmlen of the

pol yneri sa igsat i on
Done (1 o. reabtbr bRAR 0o dafiRbahd Ye dHRY REyc STl BP Al PR HTRR DS
descri bed sdiid\particlés éronthe gascstieam. The hetrgas ijithen 1ed tma bdatexchangef tot he bed i s
| ed through one, or e.heat exchangers wherein.the cool ed. The
cool ed reald¥vedy as‘f%“?ﬁ%%ﬁ(?g?g ¢%§¥%Aspf€%§§fyrf8$ with any
make- up ga&amhﬁoﬁstm af RVt Rtkrbdls mﬁe badts At Qfard diFoftReiprobeéds [thebdips phase

fluidised bed merisation process of the present invention it is
desir agq) e g@nmsgs/ﬁ jdisable polymer which is preferably similar to the target polymer. Polymer

is produced continuously within the bed by the polymerisation of the monomer(s)

Preferably means are provided to discharge polymer from the bed continuously or at
regular intervals to maintain the fluidised bed at the desired height. The process is
generally operated at relatively low pressure, for example, at 10 to 50 bars, and at

25  temperatures for example, between 50 and 120 °C. The temperature of the bed is
maintained below the sintering temperature of the fluidised polymer to avoid problems of
agglomeration. - |

In the gas phase fluidised bed process for polymerisation of olefins the heat

evolved by the exothermic polymerisation reaction is ﬁorhially removed from the

30  polymerisation zone (i.e. the fluidised bed) by means of the fluidising gas stream as
described above. The hot reactor gas emerging from the top of the bed is led through

one or more heat exchangers wherein the gas is cooled. The cooled reactor gas,
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additional cooling of the bed (and thereby inprove the space tine yield of
the process) by feeding a volatile liquid to the bed under conditions such
that the |iguid evaporates in 5 the bed thereby absorbing additional heat
of ponnePFggppﬁﬁ fromtheibed by the "I'atent héat: of ngﬁ effect.
-When the hot recycle gas fron1the bed enters the heat exchanger, the

vol atlle t e _present

i nvent i onCJ g}%ﬁqﬁw #@e“sre gfrgg ﬁ'n?’ﬁ)erﬁ ﬂebe? W@Fggs %nd

.reintr odﬂnldrsed;bqlbpcﬂymémauon}irowsheftheﬁres&h inventionrit lenesirable,to pheidéol at i Lle

| i qui d cap.pe separ at ng sprayed.into the 10 p | n_anot her enbodi nment
of the pP&%ﬂﬁ%@%Pfgﬁ%ﬁ@ﬂa&% improve thespace tw@# fithe@reaess) bed wi t h
the r ecys& foeding a volatRe liqiR t&%@wllﬁd&l &m:ﬂomﬂcmmgﬂ %gaé%m&'n hhe
fluidisin 8as stream erreégl ng fromthe reactor and recycled to the

bed wht ht thesebyabsorbing a homhwmmsaumrﬁnmd\ermwmm ‘Ytentand t hen
t dy, d |
et oam ant ot BfapBfiionT Bl 3hRE 18 hof AR o B b i@ M IeH ¢ Lot he bed

is descr BMdngen_, tEPvd!aﬁlBﬁQlﬁ@ i:anami:d&ﬁe Aut C[ﬁéih@érﬁbodn’heﬂtﬁbf fHeqrésenited t o
rei ntroduce .t ed,liquid bd separate from the recycle
gas usi n™ FW&"‘BP @gt@e Eﬂ‘gé }sisg ‘Fﬁ&n ga%rand eeinteordyced separgtelychi ng of

whi ch i sietiRibed] Taes, Bstexhfple] the oonathé ﬁqtﬁ@ e e sea&rhea ana%&eu B the! he

cat al gsts of_the present i nvention under gas phase risatron
condil?i ohed- Inrpeothgr emboadimens of the@rasent inyeatiasr the Mda%lehpmdmsychdﬂbd;eed to form

t he cat aky, e r.i sation
reacti onbz(g%lethl i c)fc&r%§ bj ofr];%tﬁ? Bél&llégédﬁ%&eh?b gcé’ %‘f %?'Pgﬁe lﬁ&ﬂﬁgi nert

li quid dighustream e'ﬁ’rugng from mmmbeandtchebé feeyciéd todhe bl with reo@ilgaRest . or the
acti vat or_conpo or ,both of thesge co ents can be dissol ved or

slurri ed“fh° géép {%Fcfr mﬁhﬁé‘?ﬁ’d&ﬁﬂs?’é nPR? BFW& sation zone. Under
these 25 ci rcmhﬁﬂﬁa%fbéndeﬁsurglﬁfuﬁnh%k&%lé a8 Wréhnf Rl rBluiniPing e
corrponent(s) IS spra%ed as fine oplets into the polynerisation zone. The

dropf@t &dhesiofigas an e Bguid {9 ‘thﬁ ped is described-i EPrAt09896 0 andiEP-Ans .
EP- A- 05989819471 ﬁ‘t‘%sg A 8 réhtrMILER cﬁnélﬁ{eﬁlﬁémdQ&Srtﬁ)eoﬁe%tsg% rt: ?g?n E)E' S

speci fication, discloses a process ucin
cat al yst therecycle gag usingthepeoqesd desaibied it ouyUS Fahent nﬁmn'ms tik teidhh@em in

EP- A- 059 sui t d in the polynerisation process of

t he presg}%?c | nveel{g” %OT?rg%ggqt?gﬂs%a%% B8%gh not usual ly requi red upon
conpl eti on of Wirhysig tieadatalysts@f theqReehtifRnlisibiden aw(}ﬁi%ym fondesired to
ter at ;g'{)dotgé Ci satlon or copol%rl sation 16 V\gsgﬂl/l 876 PCT/ GBOO/ 02734

or at’le ¢ s3talyst, efonetor mere.of the compasents employedtofbyms thesatalyshent  of
this inv t ol s,
B o €Al ES¥bxaih iR, bRl oS ifihe BBy RALAGA Ridcitb Jont B 1Rhuia 15 30F

example, as a solution in an inert hquld diluent. Thus, for example, the transition metal

component, or the activator component, or both of these components can be dissolved or
slurried in a liquid diluent and fed to the polymerisation zone. Under these

25  circumstances it is preferred the liquid containing the component(s) is sprayed as fine
droplets into the polymerisation zone. The droplet diameter is preferably within the
range 1 to 1000 microns. EP-A-0593083, the teaching of which is hereby incorporated
into this specification, discloses a process for introducing a polymerisation catalyst into a
gas phase polymerisation. The methods disclosed in EP-A-0593083 can be suitably -

30  employed in the polymerisation process of the present invention if desired.

Although not ﬁsually required, upon completion of polymerisation or

copolymerisation, or when it is desired to terminate polymerisation or copolymerisation
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deactivators a manner known to persons of skill in the art. In the polyners
made according to the present invention, each polyner chain 5 contains a
C=C bond, preferably at its end. This double bond can be useful for further
cheni cal noWOfB47¢ on. Branched et hyl ene honopol yners can BS3/GRORIBLd by
the process of the invention and the degree of branching controll ed.
Dependi ng ;FF& t he use t he pol ynmer product, mnor anpunts of additives

are typic %ﬁcﬁ“ﬁ’ﬁ‘bﬂ’F cetalysh of cwtalystsomppaant efthisirvention, thei d
scavenger s cathstdah bemmwnﬁ Wafek, |l cBR6IS, acRBRE bk Gﬁ;ér fdﬁqtgg @gtgrgétke

Cenerally, these additives are |ncorporat ed at leve Ut 25 to 2000
ppm typic @mtpemramhwmgpmmofsw@nthppm and nore typically 400 to

1000 ppm basedypg, fs"mgﬁ' ses for ositions
nmade according to thte] I nven ﬁéﬁgpgesfee"lfmve eﬁ%é’%&g" éﬁﬂ uded
filns, Bl omntams mﬁ:—Ctbwpé,sprefepblymnsiacu Whisﬂouli5bdimuiaded ussfultforefurtRéror ned
products lé'br' ant add t| Vﬁ"a a.gﬁ 3 e. Fill ers such as silica, glass
fibers, tal® 'i“?rk Leng °5‘QB yrers ganbe prepasest by the pracess nay be
added to. bhﬂlemﬁ)eﬁtﬁaﬁ; amﬁeasgfeeema&mnﬁ@em?odau the art. The present
invention is illustrated in the followng Exanples. 20 EXAMPLES Al |

mani pul ations vPependingugemthe use athe aplxmenproductonidpt amovnts ofladditivestast ed
th t andar d
L g M A Rt

procedur es. Were ob m-cont *ers (Aldrich
Cheni caf Oenthxlda&sr%ahﬂm]semroﬁdqs)and thedike. Geadrally, diebeadditives ardbt hyl - al unoxane

and. modi T SRRt o FLAIRKSNG 2210000 it Bptally bom Thon's6% et 1650 >
H+( Ot 2) 2t pbrh;adﬁdﬁﬁdrbliyphﬁy 400 fol 1000 9L Busk PPN pbiyient © Was pr epar ed

according to Ilterature procedures (Brookhart et al , ganorre} allics 1992,
11, 3920). Pol yExamplesqfusss) arpquejm@pmﬁmsm@momngw giaventioneat i on

chr onat ogr gRinde (ERBoMShbE, mi cron
columms, tri cheor obe%zene el uenteggihﬁgbt& ow ré?&g anb%gd%?ﬁ% m n (nom nal)
at 1508 us meylded prtheamoformedi pmtbmt tsdlgbe@mtsraddﬂadeymghhgghel:\lcl\:/g ng- Itevel s and
conmononer i ncor et gr an spegt roscopy

usi ng sanpl e so fﬁ%r?é%ch%‘éﬁ’ = ﬁber%t % aﬂﬂleéfkﬁ’r""c'%atmg agents, and |

C2D2Clal 1, Eoldurhnts alsd mapbemﬂeo tie pbRmide cdripdsfiond asliiva Hy@eHé @OO/ 02734
130C. Exarrple

1The present invention is illustrated in the following Examples.

20 EX LES
All manipulations were performed under anaerobic conditions unless stated

otherwise. Solvents and gases were dried and degassed by standard procedures.
Chemicals were obtained from commercial suppliers (Aldrich Chemical Co. or Strem
Chemicals) unless stated otherwise. Methyl alumoxane and modified methyl alumoxane

25  were obtained from Witco Chemical Co. Silica was obtained from Crossfield.
H'(OEt;)tetrakis(bis-3,5-trifluoromethylphenyl)borate was prepared according to
literature procedures (Brookhart et al, Organometallics 1992, 11, 3920). Polymer
molecular weights were determined by gel permeation chromatography (GPC) using a PL
gel 2 x mixed bed-D, 30.cm, 5 micron columns, trichlorobenzene eluent and a flow rate

30  of 1.0mVmin (nominal) at 150°C using a refractive index detector. Polyrner branching

levels and comonomer incorporation were determined by "H and '*C NMR spectroscopy

using sample solutions in p-xylene-d; 110 °C or C,D,Cl4/1,2,4-trichlorobenzene at

17
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Preparation of (2-isopropylphenyr)PN(nethyl)P-2-isopropyl phenyl)

(2-1 sopropyl phenyl ) 2PN( et hyl ) P( 2-i sopr opyl phenyl ) was prepared as foI | ows:
S 2-isopropyl phenyl magnesi unbromni de (prepared by treati

t ur ni ngs WY 375 nol ). with 2-i sopropyl br onobénzene ?%E g, 0.075 mol) in
. tetrahydrofuran, in the presence of one crystal of iodine) was added

dr opwi Sev&é&(ra solution of PBr3 (2.9 cnB, 30 mmol) in diethyl ether. The
sol vent -enoved under reduced pressure and P(2- isopropyl phenyl)2Br was
. i sol at edExgigplequt further purification, in 70%vyield. NEt3 (10.9 10 g, O.]|

" nol) and N%EZZZM sol utlon in tetrah drofuran 5 5¢nmB, I 1 nmol) were then
added t o Brepargtion of Gsisoprepylphes (P 2+ise l:hl or onet hane (80 cnB)

ol vent was 1 *‘ﬁéﬂﬁh%ﬁﬁﬁe@‘uﬁiﬂf’ﬁwﬁ@“ﬂ WiphlbgtalBlige 0o

a whi t5e Qaisbpiopwpheaylamgminumm:dg(pmpared hyﬁtdaang)inagﬂébxenyuaings@g, 40%

b | MBS ahf horsomp R Rangeg CLE o 675 mbD PlrlaRShah, i the

(2- et hyl ghresende)otBhk BBEMAY 606 ire) OFal Yl deaIdpwise @ NRAGERBRY2/0ain*030 Ng a

simlar ‘procedure as described for Exanple | onlé with the follow ng
P

di f f er encemel) in diethyhether.cHiel selvgntowss aemevsehuaderrpdusp@ pressusy apd B&-i ng magnesi um
turnings 4(3: ﬁeﬂﬁﬁ@a@&ﬁm&" &n’ﬁmﬁt Ry Mrfﬁ@?ﬁfﬁ ﬂ\fefb% gigldoﬁitnglo? dldg q

tetr ahydr resence one  Crys ne)
dr opviitse g, ©.lamelp hnd NMePE(ZMBbmtnérﬂertthdroﬂﬂamﬁ[ﬂ omi, rlnl dmaﬂhyére tieenher . The

I t d d 2B
Sol at ed. Sgpd 10t PRASRMER P ihe 6 oD fhprretedhage () Gy e harg et
(2M sol utjegiling ixtupé tvad Nt urbé e for @nﬁour& TheS6R WiTrembRt@iundéided to the
P(2- et hyl ph %I)ZBr (22 25 nmol ) in dichloronmethane (80 c¢cn) and the

resul t i ngefdyord pressupgandsthp prasiyctavasiselatedas a whitpsolid by repested washingowitls. The

sol vent V\@i_fﬂ __t roduct was isol ated as
a white so %‘%g%gglpw V\éshqﬁ%m m #Q?‘ﬁﬁﬂ g‘%zlpe“t?yl eld was 70%
31P('H) Nidan(ple® Cl 2) 8 = 57 ppm Exanpl e 3 30 Preparation of

(2- et hyl pheny| I h

(2- et hy | pHeRs e ENYH S prepared by foI | owi ng a
similar procequle ﬁkﬂ)?m wa &6ty Tolldvng @ kit NG

di fferences: ct m‘l) 0111 %%/%%9732%%% HIyphea'élématglnem unbr om de
(2M sol utprgwdpwvéldssmpd&rﬁsmpho onlyrwith the foflonving Jiffepgncesadided dr opwi se to a

SO UL 0N gyt 3Gl iboithomid® heg BN y ehedil Bhfhckiu ing 15 3975

20  mol) with 2-ethylbromobenzene (0.075 mol) in tetrahydrofuran, in the presence of one

crystal of iodine) was added dropwise to a solution of PBr; (2.9 cm®, 30 mmol) in diethyl
ether. The solvent was removed under reduced pressure and P(2-ethylphenyl),Br was
isolated, without further purification. NEt; (10.9 g, 0.1 mol) and NMeH, (2M solution
in tetrahydrofuran, 5.5 cm®, 11 mmol) were then added to the P(2-ethylphenyl):Br (22
25  mmol) in dichloromethane (80 cm®) and the resulting mixture was stirred at ambient
temperature for 24 hours. The solvent was removed under reduced pressure and the
product was isolated as a white solid by repeated washing with methanol. The yield was
70%. *'P{'H} NMR (CD,Cl,) & = 57 ppm.
Example 3
30  Preparation of (2-methylphenyl),PN(methyl)P(2-methylphenyl
(2-methylpheny!),PN(methyl)P(2-methylphenyl) was prepared by followihg a

similar procedure as described for Example 1 only with the following differences: 2-
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resulting mxture was stirred for a few m nutes. The sol vent was renoved in
vacuo and a m xture of P(2-nethyl phenyl)2Cl and P(2-net hyl phenyl ) 2Br was
extracted fromthe .5 residue with toluene and filtered through a celite
col um. TheVPiOMI®76as 80% First NEt3 (2.73 g, 27 mmol ) ’Q%QW"M/EHZ (2M

solution in tetrahydrofuran, 2.27 m, 4.5 mmol) were added to the m xture -

grcﬁl((z)rgen:atrﬁ%tﬁﬂe‘t%ﬂﬁ%%esﬁ "ﬂglé &géaglmphenyl %Eétée"\(/\é%gé@sl ‘&‘)‘T'R?blvaﬁlngl ent

t enper at ur adawdmpwawmmﬁmofm(sgll\tﬂniomotqma. M defer i i and the 10 -

product was?w?pl ated as awhite solid by repeated washing with nmethanol. The
yiel d was Mﬂ’e’mmﬁmﬂm for agfew "E}B"tp!b hemolysnt|veas fermovegd dnr vaciio andd

2-nmeth RASfre PR 'ﬁ?e}flﬁ@?x
22 gt hggphen{/l )2 Kl(nrrwtéwﬁé/}{gg‘*%gﬁ %xyp 2wa‘gasprgﬁ%t%§°wh?ol | owi ng a
15 ‘si mi Par rpsidueawitirtolugae ddsiﬂterddetltoﬁghaEe!mlmﬁ 'ﬂidweld\mghsm%eﬂrﬁd | owi ng
diff 2 treatin
gnes um SR FRTLE L oD e B RRIsr Cotaibon, RorBentn, e6Tam a0l ) i n
t et r ahydr ofmmeélweteraddédtoRh€HBHER 0O P (29 dded
dr60|r0\?\n }s/ert) mmgg)stglettl n, c(),tl‘ct PCl ) &hgﬁﬁaﬂ){dlamp@q?‘g?}?g%eﬁg?ﬁ?uran (100

3
m) and t hd2-88Bu? )s‘Pl W@E’Wﬁ&@eﬂmﬁaﬁﬁt*@gemﬂgmmas stiered 20 relrr;)ved
in vacuo a BFw henyl ) 2Br
s ot o et oo €080 AR MR SO S R ElEd BRSER" Y ) 2

col urm 10 Th@rodpicewas iselated 496 white sollid NiFrépegtad Washing With smeshhnol.aTHe y.blamdylve H2(2M
solutlonl t ef 2 4.5 mmol) were added to the m xture
of P(2- net B&ygﬁgwéé%ﬂéﬂzmmoxyphenyl)ZBr in tetrahydrofuran (20
m ) and t hE&xdfmpleasul ting m xture, was stirred under reflux for a five

hours. The sol vent was rermved |n vacuo and the roduct was isolated as a
white sol i SR Oh<ay iy Llgy et ' eld was 60% 31P{'H}

2PN oLyl )p(2 Ak ﬁ%‘%ﬂ@@!’ﬁl’? “@%’W@"P&%&%ﬂ?’éﬁ R g o

(7.5 mkdl, smtar proyeduasascieswsibed fu Exmnpbtlrmxlyy\dntloﬂxa mm@@dlfrer)mmdar a

t t I d.to -78C and t um .
A L T D G o M T

Cheni cal  C0.154 indl) vith D-bebnedakiisble @.b‘ﬂ mof) In 1@FBydrofirafilin thédtesence of one
crystal of iodine) was-added.dropwise to a solution of PCl; (3.2 ml, 0.37 mol) in
tetrahydrofuran (100 ml) and the solution stirred for a few minutes. The solvent was

20  removed in vacuo and a mixture of P(2-methoxyphenyl),Cl and P(2-methoxyphenyl),Br
was extracted from the residue with toluene and filtered through a celite column. The
yield was 81%. First NEt; (2.73 g, 27 mmol) and then NMeH(2M solution in
tetrahydrofuran, 2.27 ml, 4.5 mmol) were added to the mixture of P(2-
methoxyphenyl),Cl and P(2-methoxyphenyl),Br in tetrahydrofuran (20 ml) and the

25  resulting mixture was stirred under reflux for a five hours. The solvent was removed in
vacuo and the product was isolated as a white solid by repeated washing with methanol.
The yield was 60%. *'P{*H} NMR (CD,Ck) = 53 ppm.

Example 5
Preparation of (2.4.6-trimethylphenyl),PN( methyl )P( 2,4,6-tnmethylphenyl )2

30 i) (2.4,6-trimethylphenyl )ZPBr _
PBr; (7.5 mmol, 0.7 mL) was dissolved in tetrahydrofuran (20 mL) under a

nitrogen atmosphere. The solution was cooled to -78°C and mesityl magnesium bromide
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added dropwi se keeping the internal tenperature below -50C. The reaction

m xt ure was vvarrred to roomtenperature (-20 mn) and the solvent was
renoved IF' Toluene (40 nL) was added to oily respgriepeondriashe
stirred s urry was heat ed #0 90C for 1 hour. 5 The:tol uene supernatent was
.isolated by filtration and the solvent was renmoved to provide an off-white
gum 31 HskfpRedifromysidscioCisentehl Cbs 1rMde diethyhiethér, 19meawhtlsiml) war gel y a

o Do e obpis s 98 ,mm Smpersire el 306 Th o d e
(2.4, 6- t Iy irRieR + FELd0OVhinfind tfle &ﬂ%t Wes R VEEMWatito. Tokidnd he
(2,4, 6-trinethyl phenyl 2PBr corrpound (crude, prepared as detail ed above :

75 ol (A0wels) whsaddédﬂednly mestfiuc andthe rstulrtrhslmj( Wwaés hdajeddn Q0TC f@tlﬁgoluam ne (2.8

3
t et r\aﬁdr@?"&? MBt : rrtlvgaesl'\slgé iﬂ%ﬁ@m&?{b&"[\@ﬁﬁe Fﬂ(‘&"t“gﬂ?f" Ptafiov O °t ed to 40C

over ni ghtproﬁheaﬁmtgﬂmnmﬁalyﬁs shodddaheerild amb cortlinml) was
added. The resulting off-white precipitate was isolated 15 by filtration

(900 ny, lawslymsingleispepips(Samal-y 8po) which was eensistent wishuthe degiredence for the
formati O“erfnoBﬁE ﬂggb&ﬁ% hagand (8 = 62 ppm) in approximately 30 %yield.
e and Was '

The crud I n preparatlon of a ni ckel brom de conpl ex
descri bedi) methiyl ~gaim n

1
(-1 <Bbr oy BW@@!&#@@E@%E By 'ﬁ%@dﬁégepbﬁeéﬁaﬂ@a“e&sabm ows: A
Sol ut i on 75 GrRASHRRRARIVEd i ielorbr@UBRED i) oo W ARIGHRS (ALY s O Vs

cooled to a ter‘rtEerature of -78C and a sol utlon of 2-isop ro_F henyl
12

i t hi um (Sidedet] ylmnenvaafaédedfdrmw@dwépbﬂemmﬁytr%twdrqﬁvrem Q BuLi to

et r ahyar LA L R S oy 4P SR TRON R YRS B uge) 1
ft irri ngt m?rba?dea‘:mn?l @0emb) ?aimaeﬂ.\c:réheﬁéiuﬁr?éldcﬁbwgitd 12%01[)!3&?1 g?e:suhg,gr 2I I '(I)'\r/1\§d
ol vor v BeBREen logb TR LS el Bk pilisiag teciuds P BRG VG FE00 o) and

wat et (60forfiflon6Fife AAFELIAH @ 262 Bhik) i piAimdE1p 38 b LR Thcrdgs epar at i on

funnel. The organic layer was sep dried over M, and filtered

t hr ough aligand weas usetlin prephration oﬁarmnkdsbrm qopplext deseyibed imExamplmhls removed

under red q‘gl essure to give an off-white solid. Trituration with

met hanol M cnB) gave a fl uffy Wmte soI id. The yield was generally
ef (2 oy OPOBT, P2y 1

found to Be

2parnatid bfgl)f CD2C12) 8 = -50 ppm 20
WO 01/10876 P | GBOOr 734
(.;)L CE--lsopropy p enyl)zPEﬁrB-lsopropylphenyl)z was prepared as follows:

A solution of CLPCH,PCI; (1.3 g, 6.0 mmol) in tetrahydrofuran (20 cm®) was cooled to
a temperature of -78°C and a solution of 2-isopropylphenyl lithium (32 mmol, which was
freshly prepared by addition of n-Buli to either 2-isopropylbromobenzene or 2-
isopropylphenylmagnesiumhalide) in tetrahydrofuran or diethyl ether (20 cm®) was added

25  dropwise. After stirring at a temperature of -78°C for 60 minutes, the mixture was
allowed to warm to ambient temperature and was stirred for a further 2 hours. The
solvent was removed under reduced pressure, dichloromethane (100 cm®) and water (60
cm®) were added and the mixture was transferred to a separation funnel. The organic
layer was separated, dried over MgSO,, and filtered through a sinter. The solvent from

30 the resulting solution was removed under reduced pressure to give an off-white solid.
Trituration with methanol (2 x 10 cm®) gave a fluffy white solid. The yield was generally
found to be in the range 63 to 82%. *'P{'H} NMR (CD,CL,) § = -50 ppm.
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Preparation of (2-trifluoronethyl phenyl)2PCH2P(2-trifl uoromnet hyl phenyl
(2-trifluoronmethyl phenyl)2PCH2P(2-tri fl uoromet hyl phenyl )2 was prepared by

fol |l ow ng | r procedure to that described in Exanple 6 only with the
fol |l owi ng glocsﬂlmgg?ences 2-trifluoronethyl phenyl 1ithium ’(’%’ZGH?P&;@m ch

was freshly prepared by addition of n-BuLi to

2-trifl uombjgy;l br onobenzene) was. used in place of 2-.isopropyl phenyl
lithium The yield vvas generally found to be |n the range 60 to 80'/0.
31P{' H} Nrepatatiomiof (2-trifluoronse s sh

“of :
(2.4 6111 et Ei#%ﬂﬁ%ﬁ@%@%i%a@%@m rﬂéfrﬁﬁgﬂv&ﬁgwmem@ ed by
fol | ow ng fdlmmaanulmmeauraomtub@hbaﬁaexmhﬁd 6 ohlyEwiil e Folfovang Y W th the
sy BB et PR LR vk e
2,4, 6-tri Faditiyh BfEBﬁmehHmeﬂglbg&ﬁo%&n ?sﬂs _2-

[ sopropyl phenyl lithium The yield was gener e in the range
40 to 70vdsopmpyiphenyl fighany. Cﬂm@givessene@nysom@mbeﬁmphgeeowmr ation of
(1- napht hyi 20 (1- napht hyl ) 2PCH2P( 1- napht hyl ) 2was

pr epar ed by %#ﬁ’gﬂ’g rpp[ﬂ’ocedure to that described in Exanple 6
only with the follow ng di fferences | -naphthyl lithium (32 nmol, which
was fr§shl repared by addition of n-BuLi to 1-brononaphthylene) was used
in pl 4 Mﬁ%opropyl phenyl lithium The yield was generally found to be

N the T 2gdion bopBoiddRyph B AGT -k Netfighend§; 5 PPM 25 Exanpl e 10
Preparation o -1 sopropvl pheny opyl phenyl ) Ni B The
mesityl PNP i ~tpmethaiipbenyDsPCELR (34, é-tdmetﬁﬁﬁh@ymﬁvs préiﬁﬁedtgr 0 5 mol)
and Ni Br2 : a Schl enk
t ube and fﬁr y ugo? Qﬁr'g @%ﬁqgﬁegé(l%d?ﬁ%?é%m@é% yd’é’gbt?'ﬁgql Wé"gsol ution was
folr med andiffenenca® z,eéanmeuhylphaxysntlunme(dz ﬁimd’l ,GehicH ﬁml smylpli-@gmdq,ym gh:1 dThe ]
sol vent wasg,.[.eno vacu t he pur ily solid was _washed wt
pent aﬁ% 23‘5‘8{‘3'6°¥&'g“ﬂ %@é"df‘?tﬁﬂ] en Wﬁ‘l‘"@ﬁﬂﬁgﬂ!@ﬁgme‘s‘?ﬁg‘“ plese 0§ 2\as dri ed
under vac opgrpﬁe.wmmaalwyselémmeﬁuy ?oknmwmrihéfi%&ud&%%
PCT/ GBOO/Q‘27;3 single signal at S 45 ppm
}NMR CD,Cl) 6 =-31.5 ppm .
Exam g]e9 ._
Preparation of (1-naphthyl),PCH,P( 1-naphthyl); :
20 (1-naphthyl),PCH,P(1-naphthyl), was prepared by following a similar procedure
to that described in Example 6 only with the following differences: 1-naphthyl lithium

(32 mmol, which was freshly prepared by addition of n-BuLi to 1-bromonaphthylene)
was used in place of 2-isopropylphenyl lithium. The yield was generally found to be in
the range 40 to 70%. *'P{'H} NMR (CD,Cl;) & = -46.5 ppm.

25 Example 10 _ : :
Preparation of [(2-isopropylphenyl),PN(methyl)P(2-isopropylphenyl);]NiBr; -

The mesityl PNP ligand prepared in Example 1 (565 g/molé; 283 mg; 0.5 mmol)
and NiBr,.DME (309 g/mole; 155 mg; 0.5 mmol) were weighed into a Schlenk tube and
dry dichloromethane (40 mL) was added. A deep purple solution was formed and the

30 reaction was stirred at room temperature overnight. The solvent was removed under
vacuum and the purple oily solid was washed with pentane (2 x 10 mL). The resulting
purple powder (320 mg, 82 %) was dried under vacuum. 3'P NMR analysis showed a
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Exanpl e 11 Preparation of

[(2.4.6-trimethyl phenyl)2PN(nmet hyl ) P(2.4.6-trinmet hyl phenyl)Z]NiBrz The
crude ”E??Mllmﬂélp ligand prepared in Exanple 5 (27 ny) gitdydhosozsVE (309 5
g/ nol e; ny; 042 ol )--were wei ghed into a Sehl enk tube and dry

. dichl oronethane (10 nL) was added. The stirred m xture was heated to 40C
for 10 rsinglelsifmabPit@® 45 ppmi.pl € sol ution was forned. The reaction was cool ed
to roomtenperature and stirred for a further 2 hours. The reaction was
filteredsampleddpve i nsol ubl es, and the fil trate was evaporated. The purple
oily resd LY 6 p . kg 10 purple

reparatid .
powder wa a single sharp

Si Ignal 'Ette cﬁldﬁﬂnwltyimmd Nﬂllalc’iedom Egamldhﬁ (2\7 mg) ambNﬁsDb@j(wS mpl ex.
P
sgh?lgﬁ igep’s@ﬁgﬁ gé%nﬁgiﬁw% eéeg m% a b&llgn?(r}ubé % Jﬁy}hc%?on?quan to a

i sopro pydlo »oba)s A6BEdTTHE ¥linrdd ﬁm@@%@matdahe 29PQ forAD HinGeSamich plﬂplEX anple 1
(5.5 ny, . mol ), nickel bis(1,5-cyclooctadiene) (2.8 , 0.01 mmol)

and H( cae!wpwfo@wé "Tha reagtipgvasseoipd sqo'wewpmermr@m(dls@rrsd a 0.01 mol ).
Thi s sol was al | owed
t OI war m {dl(-)th%% H@Esegﬁsh(b) ?%%%ﬁ%élgl\%\sa@%?}dgﬁr}%géea}gg %H & g}l?gg;gagll)l’ essure and
t he Sc hl evajorated sThe pupletoily nesisine kvaf washed WAihtchm 2a %tmbls p‘heresultlﬁg et hyl ene.

| yner4d sat i,on run.for 1 hg anmbient te e i ng which
{1 ek nePEe PPYSErutl diepaeectm NPl SBRs8 ShovErgrel taGattl o2 cloply
of et h%t%.ﬁf; th whith WisRas1tent withahé B&ird@Sorhgixnl nat ed by t_he addi tion of
dilute aqueous HCl, and the resultant polyner isolated by filtration,

washed vPelymerisations and dried in vacuo to yield a white powder. The nass

of pol yegh recovered was 1.0 g. The 25 activity of the catal yst was
100 g/ nw%%ﬂﬁg%e nol ecul ar wei ght of the polynmer was Mv (wei ght average

nol ecul ar yvelgﬂﬂ)(—73°(_l:)2(w&6¢(_Sﬂmbmanbdﬂedauesalymkmﬂsmtuh&agemtlgﬁﬁ) = 32000,
(b ah nelonepinrsy e B P absrprphsm s preghred OB b et Mnan ot hyl o
0. 3. Exapph endel), aftkeé mh»r@ems&adxaﬁ)wsn%?obmm ) &rid BIYORt)[(bisAl 4-y t he sane

)
‘way as Exanple 12 onl 2-eth hen N( Me) P( 2- et hyl phenyl )2 (0.01 mol
asypr epatfé{;‘gmm YQC(W Oégg\@ (ﬁﬂ@gﬂ( '(;‘fu)s sc()lutxon w>a/s st1rred¥'or)1 ( )

(2-1 soprg@i@# A Zpp .l 22 WD
‘01110876 @%#%& fvgse yI eggw?@g%%rded'r%sgﬁl&gg%%.s e nol ecul ar
wei ght oflegassed }noﬂgrrreducadipreksurearmﬁé) Schlenk vessel was then back-filled with an

20  atmosphere of ethylene. The polymerisation was run for 1 hour at ambient temperature

during which time the catalyst solution was stirred vigorously and left open to a supply of
ethylene at 1 bar pressure. The run was terminated by the addition of dilute aqueous
HC], and the resultant polymer isolated by filtration, washed with acetone and dried in
vacuo to yield a white powder. The mass of polyethylene recovered was 1.0 g. The

25  activity of the catalyst was 100 g/mmol.h. The molecular weight of the polymer was Mw
(weight average molecular weight) = 120000, Mn (number average molecular weight) =
32000, PDI (polydispersity index) =3.7. The number of branches in the polymer was
(branches per 1000 carbons) methyl = 2.2, ethyl = 0.2, longer than ethyl = 0.3.
Example 13

30 A polymerisation was performed in substantially the same way as Example 12
only (2-ethylphenyl);PN(Me)P(2-ethylphenyl), (0.01 mmol) as prepared in Example 2
was used instead of (2-isopropylphenyl);PN(Me)P(2-isopropylphenyl);. The mass of
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Mh = 4000, PDI = 2.2. The nunber of branches in the, polynmer was (branches
per 1000 carbons) methyl = 8.5, ethyl =.1.1, longer than ethyl =1.9.
Exanpl e 14‘? S Rey Mer i satlon was perforrred i N subst ant i apt¥ichbiessame way
as Exanpl e 3 only (2-nethyl phenyl)2PN( Me) P( 2- net hyl phenyl )2 (0.01 nmol)
as prepared in Exanple 3 was used instead of

(2-isopr Opyélpétﬁylyde)r&w\lé%)»\% 8:5 & The aplEcHBEWYEhtoOf tHd wolyhe wae Mw paloget hyl ene

recovered g The. nol ecul ar wei ght .of the pol ymer was Mv. = 23000,
= 9000, 1‘0%40002 BI=P Hhermyapernf brnshesin theinohmes Was (bysnches pes 19 % anches

10 per 10086k gﬂn@ﬁ.MﬂEts 1= 171, fongeFitaA RIS L P.9A POl ynmeri sation was
performed in substanti al ){he sarre way as Exanple 12 only

(2- isopropMﬁﬂ)ZPCHZP(Z i sopropyl phenyl)2 (0.01 nmol) as prepared in
Exanpl e 6 was ug

(2-1 sopropyl phenﬁ%ﬁ%ﬂ\)@ﬁ%pe JB‘F% Bﬁ%’m lxg‘egﬁ'aefgygsf]t:"éalmptl M nati on by

thfa addi ti onﬂy(ﬂd- dlphmya)WP@%ethﬁmnﬂmam in:jrﬁcrl)aastprepﬁreﬂaiﬁ Exafpleged and
t ol uene renoved under uce res | e yl.ene ‘as_a vi scous
oi | / past e. Was Hsgd msiead °¥)& ‘5‘?}?’9@{3 éhgﬁg\é@g)d’rs@&' BJ‘%‘Y@ g+ heppass @t i vity of
the catal Y§6lyé’ﬁﬁilen% r@covG/eEmﬁL'OIE ﬁﬁ@nﬁ%ﬂﬁ%ﬁght"&'tm ohftfer W3S MAPLY BT Was Mwv
= 1500, Mh 11700, PDI =1 e nunber of branches 1 n the pol yner was

(branches %@00,119@(? QQQpbBHI;T 2/%e {The Inumbe of branpigesén thgipolymer was (boanghes t han
ethyl 0. g E?B&B‘%"E"'%g“éﬂ‘ﬁflyqe“ sation was perfornmed in substantially the
a

sane way
(2-trifl uo_l::mﬂé]_yjphenyl )2PCI—|2P(2 trifluoronethyl phenyl). (0.01 nmol) as

d d d, of .
(221 sopr Op'yrnpﬁxﬁwvﬁrﬁﬁf%?w@%@%ﬁ@%g&u}aﬁeﬁww the s ¥8Y 83 BANGI2 i nat i on by

the additi gy (’i—xsdbﬂob}lﬁh@W@%om&ﬂwmﬁﬂﬁm 01 ﬁ:mtars%p%a in sol ated and
tol uene renoved under reduced pressure toylél’e E yethyl ene as a viscous

oi | / past e. Example frivas used instead of (Rrisepropylphes 2-isoprogylpipmwagnd vity of

S0 s bt nP Uk o GRS, HE Bty B v M

(branches wpurtol@fresmvibursler redoded Ipressutétcﬂyneld POlyethipighe as mscbus oilfprgeer. t han

| g;rrlrgl W;ygagh%?sﬁﬁge‘{%‘ﬁﬂ?f@m“ sabl on er%g%fatab l:bcot antially the

(2,4,6-tri gﬁhwhpl'mayﬂo)&ﬁ’ﬁ'ﬂaé& dft&ﬁmwtmwenmbeﬁ& IQIJO JPDI 3 1.45
prepared 14 The number of branches in the polymer was (branches per 1000 carbons) methyl = 18.0,
20  ethyl =4.0, longer than ethyl =
Example 16 _

A polymerisation was performed in substantially the same way as Example 12
only (2-trifluoromethylphenyl),PCH,P(2-trifluoromethylphenyl), (0.01 mmol) as prepared
in Example 7 was used instead of (2-isopropylphenyl),PN(Me)P(2-isopropylphenyl), and

25 after termination by the addition of dilute aqueous HCI, the organic fraction was isolated
and toluene removed under reduced pressure to yield polyethylene as a viscous oil/paste.
The mass of polyethylene recovered was 1.2 g. The activity of the catalyst was 120
g/mmol.h. The molecrxlar weight of the polymer was Mw = 1900, Mn = 500, PDI = 3.8.
The number of branches in the polymer was (branches per 1000 carbons) methyl = 45.0,
30 ethyl =22.5, longer than ethyl = 9.2,
Example 17 . _
A polymerisation was performed in substantially the same way as Example 12
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Exanpl e 8 was used i nstead of

(2-1sopropyl phenyl ) 2PN( Me) P( 2-i sopr opyl phenyl)2. The mass of pol yethyl ene
recover edudaingsi¢® 9- The nol ecul ar wei ght of the pol ynerpovasBooinz?as 686000,
Mh = 148000, PDI = 4.8. 53Exanple 18 A polyneri sation was performed in
-substantially the sane way as Exanple 12 only

(1- gap_ht I&zﬂy)(gﬁ%f&i(ﬁizéhmwm?&%(@ﬁr@ﬁgﬁ@lwgﬂﬂ)zm.epamm)l aisrprﬁxfwﬁh e g W?ts
use I NSt ead. O -1 SOpro en - opro e an arter
.terni nat iF5AMBIF & s “ss@ugte#@ﬁ}@rlﬁ?&f@ﬂ&@ﬁ%‘%&%@&?f%‘%@% )LI_%? raction
was i sol %%&ioﬁmiy&maﬁ@&o&%leyﬁ@l 0.4, TRE RloletAEEBShIUTeRSpUIFndravas Mivd

pol yet hyl ene as a vi scous oi aste. The mass of ~ pol yet hyl ene recovered
was 0.2 ¢ 686960,Mn=d4Ba00, REM Ft#-8.0f t he pol yner was Mv = 9500, M = 1900,

PDI =55. ]Ex 1réurrber of branches in the polyner was (branches per 1000
car bons) T&ﬁ%"— 19.0. Exanple 19 15 A polynerisation was performed in

subst anti al | y A pelymedsatioawasperformepinaubstantialiy the saheweayas Example 12vas added at
t he begi nning of th 0 risatjon. The mass of e | e hexene copol yner
recover ed® -fepbt@ip%@ﬁemﬁyww Aeglbas R’FP”L‘?%‘"%%?H@SWMG br anches
per 1000 £ a£dacitg2-isdBidpylphenyd ﬁ\l(ﬁk&f’(ﬂis@répﬁphe@lﬁ'ﬁﬁa gftetQerdlinatich bR (50 )
was added to a Schienk vessel ¢ arged with"(2-

i sopr opy | addision of dikig agueays 3B}, 2he orapnivfigation avay isplatedeng telpenegemovedeExanpl e 1

(5.5 , I j . | 1. bi £yl , 0.01 mmol).
Thi s lgﬁgl u‘fnlqg'gr]e&ggs;a ‘%etslg“(r}g(ta\({d]iﬂg1 gﬁ’(’%{h%&ﬁeﬁ?se%&%ﬁséﬁﬂ%ﬁ' ﬁéxﬁﬁt ure and then a
t ol uene gmilyethytene edcovered s A2 THameleCAiGYeigit of debcpedymer avas Mw rd3500,1. 4 nl |
10% w w sol utj Lo taluepe, 25 2. | . 200 ui val ents). Th ol ution
was then%&a@g’cﬁ ﬁ]n"égrl' ?@Hd‘&@gerﬁfgé‘g&é L) p°§’ﬂl$’ E’Eﬁ&é?ﬂg)‘?é’% i?é%as t hen
back-fil|Qebopkyhetyt 2ig@sphere of ethylene. The polynerisation was run for
30 m nutes at ‘anbient tenperature during which time the catalyst solution
was stirriExampleyt® ously and | eft open to a supply of ethylene at 1 bar

ressyge. The L0 . s | | us HCl, and

Ito he 30 resul ta’%ki aﬁ%ﬁ%&@sﬁ%‘?ﬁﬁ%&%@ﬂgwg‘%f&a%gﬁ%éyi&m%%tone and

dried in oy iheteney$ mil)dvas addéd atehqegihning of e polhserisdtionoThemnisslofne recover ed
4.1 g.,Th tivit f th t al 820 .. h, Th I I

wor ght of SiEegRgTnsepter frosveisons 04 LRSuier BE R el SR8 02734

40000, PQyas(branthes peE1000Baftons) méthyd @ buty=tste pol ymer was (branches per

1000
Example 20

20 Toluene (50 ml) was added to a Schlenk vessel charged with (2-
isopropylphenyl),PN(methyl)P(2-isopropylphenyl), as prepared in Example 1 (5.5 mg,
0.01 mmol) and nickel bis(acetylacetonate) (2.6 mg, 0.01 mmol). This solution was
stirred for 10 minutes at ambient temperature and then a toluene solution of
methylalumoxane (MAO) was added via syringe (1.4 ml, 10% w/w solution in toluene,

25 2.0 mmol, 200 equivalents). The solution was then degassed under reduced pressure and
the Schlenk vessel was then back-filled with an atmosphere of ethylene. The
polymerisation was run for 30 minutes at ambient temperature during which time the
catalyst solution was stirred vigorously and left open to a supply of ethylene at 1 bar
pressure. The run was terminated by the addition of dilute aqueous HCI, and the

30 resultant polymer isolated by filtration, washed with acetone and dried in vacuo to yield a
white powder. The mass of polyethylene recovered was 4.1 g. The activity of the catalyst
was 820 g/mmol.h. The molecular weight of the polymer was Mw = 98000, Mn =
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carbons) nmethyl = 1.3, ethyl = 1.8, longer than ethyl = 0.7. Exanple 21 A
pol yneri sation was perforned in substantially the sane way as Exarrpl e 20 5
only [(i sotw‘%’w,)ogﬁlO]Z (2.0 nmol) was used instead of MAG, 4 zl73 anount
of polyethylene was recovered. Exanple 22 A pol yneri satlon was perfor med

i n substantially the sanme way as Exanple 20 only nodified-MAO (2.0 mmol)
was used i4p9b6 fﬁ)l@iZMA@heﬁmﬁl'i@lok‘bﬁﬂaiéQintﬂig%lgm&%%%m&ﬁﬁ‘ﬁemoreCOVered

Exanpl e 23 Tol uene m) was added to a | enk vessel charged with [(2-

i sopr opy| p1ageps)) rek-hyethybe 1.8, opgerdhan ¢thd10.7-2] Ni Br2 as prepared in

Exanpl e 1éi§ g! 4y9. 0.01 mmot). A toluene solution.of nethylal unmoxane (MAO)

was t hen 15 syringe (1.4 mM, 10% w w solution in toluene, 2.0
mmol , 200 equi Apelpmearisatidihwassgerfotmetin smmxmhdmmchsmxdmplemduced
pressure and th |, eak ssel..was then bac i1l ed i th an_at nosphere of
et hyl erfe. ﬁi(ﬁgq@gﬁa#gﬁ“m%\’f’eamﬁ% W'egsﬁ‘ﬁjwmrﬁﬁf t enper at ure
during whigolyettyldBe WaSreeateréd/st sol ution was stirred vigorously and |eft
open to a supply of ethylene at 1 bar pressure. The run was term nated by
t he additim&éo di l ute aqueous HCl, and the resultant polymner isolated
byfiltration a white
powder. The nass o?’ﬁpos\f%eﬁ Ige%@p'rﬁ%dc@\gg?seghv& thgs%&%%#%XXh %’?‘Pw ty of the
cat al yst vmﬂyrﬁ&dlﬁgf-m (2.0 nimalywhswsed indtead of MAGE A]sﬂaﬂrtx))omsfadded to a
Schl e ves harged with (2 25

isopr%y f ?r?f’ﬂ‘{ﬂfﬂa(z i sopropyl phenyl )2 as prepared in Exanple 1
(5.5 nog, M__I) and ni ckel bis(acetylacetonate) (2.6 ng, 0.0lmmol).
This solution was stirred for 10 m nutes at ambient tenperature and then a

t ol uene sol ut i dielusne (30mbwes pdded;ta A Schignkoyessehehasgrd Withl(Zr syringe (1.4 n,

R T b i A

previ ous| ymgpOdsumbl Al teluenS shlatign eﬁmghﬁdMQMe M@masmhdi&ddbd umd

t d b Th h
G i ng i R Ch o T i 5fen LGRS 4t 200 mifRlobl Thbaen™
mai nt ai nedvs&h&me@assgdmdeufedw peéssurk aild ihe.lsbhl‘é\(k ﬁh&éel%?ﬁex?%kiﬂw 02734

with an atmosphere of ethylene. The pdlymerisation was run for 30 minutes at ambient -

temperature during which time the catalyst solution was stirred vigorously and left open -
to a supply of ethylene at 1 bar pressure. The run was terminated by the addition of

20  dilute aqueous HCI, and the resultant polymer isolated by filtration, washed with acetone
and dried in vacuo to yield a white powder. The mass of polyethylene recovered was 3.0
B. The activity of the catalyst was 600 g/mmol.h.

Examples 24
| Toluene (10 ml) was added to a Schienk vessel charged with (2- -

25  isopropylphenyl),PN(methyl)P(2-isopropylphenyl), as prepared in Example 1 (5.5 mg,
0.01 mmol) and nickel bis(acetylacetonate) (2.6 mg, 0.01mmol). This solution was
stirred for 10 minutes at: ambient temperature and then a toluene solution of
methylalumoxane (MAOQO) was added via syringe (1.4 ml, 10% w/w solution in toluene,
2.0 mmol, 200 equivalents). This solution was then injected into a 500 ml stainless steel

30 autoclave which was previously pressurised to 8 barg ethylene and heated to 50 °C, and
contained isobutane as diluent. The polymerisation was run for 1 hour during which time

ethylene was fed on demand and temperature was maintained at 50 °C. The run was
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term nated by venting of volatiles and.the resultant polyner washed with
dilute aqueous HCO and acetone and dried in vacuo. The mass of

pol yet hylwbcal,impvered was 22 3 g. The nolecular weightp@fchétiafd YNEr was
Mv =.65000, Mh = 17000, PDEzs= 3.8. The nunber  ofi- branches I n the pol yner
.was (branches per 1000 car bons) methyl = 1.5, et hyI = 0.3, 5 longer than

et hyl (hnﬁma&drbyuentﬁig dfazblah!,es andthe psailtdnt pol§mevadhad ﬁﬁth dilutefaghédis on ES70X
a_vessel containing silica (Eg7OX gr ade,

I
:IQI ¢i ned ga‘gte)e' &ﬂgﬂfl n %@%Ehameero palvethylsee wroveradowas 223
at mospheaidlecliaeweibh 6fthé potyHESwaInN6500b, Mn L 17006, PYLl3 W@hgin?ébé\{l 62. 1

mmol, 41.4 nL) was added via syringe. The€ mxture was stirre 1 hour at

80C bef opébruaeqhsmmge e&lmgrswascﬂmmsamuooarcynbn@)mw- Iy ethyh=08, obt ai n 15%
M ant itative yield. Exanple 25 - supported

[(2 [ soprog en I ) N( met hvl ) P(2-i sopropyl nhenyl )21 Nickel conpl exes. 15

Met hod A_MWPN( met hyl ) P(2-i sopropyl pheny) z] Nri (L3r)

The PNP nicke pared in Exanple 10 (40 pnol) was m xed with

MAQ ES70x P2 atiQ ° pared. as descri bed above, 15 % w w MAO on

silica) and Iraiuuﬂ“@oo&@_ WP‘Q@ en t horoughly

and the saqlid particles .)%aavﬁéagqsgﬁgghﬁo g%{“%é?gla or ggan

or ange- c 6% Gﬂ?‘bﬁ 2081G avepnighta205g #fter calcindtiand uader oh insrtatmopherepdhaat ent . . The

Z )‘gggg?;gglzxﬁ‘gﬁ#%%fzhﬁﬁ#ﬁi %\i}&@ﬁ%ﬂd’?&b ?i 5 %/ftAZyl mmoF 'i?%ergtbe\%s LyJEr i sat i on

[( 2t i Isomsaznmzt 23 fﬁhﬂyﬁmwmmd oP( neummotmv&f@heaﬁboxxlagleﬂfeaggmbne(almag 3= )
acetvl ac ona e gno ng
was ni xe VW‘C'&&%@E‘?‘“(&%\S’W&% s'hcw)quyﬁaattva e (20 nL) was
added. Tma magr.eu Ijl ; , ; BYMNgLgg col our ed
sol ution mas f or med. .l g, prepareda gescri bed above,

15 %W/Wc - Si I [ ca) vvas added The m xture was shaken thoroughly and

solid. beneath a co ur shet Frsgglfé’(rangl%u I—;)-?'S%%"grted catal yst

sl ung 30 was mheHNmmkeltdompiexmﬁaeaaqmﬁnimmanaowmmmﬂnmarm{hes (See Table

d[ (2- et hm‘éﬁ"%&ﬂi@ﬁg{ hﬁ preparedasiescribed ghovey S P whw MAD pnsilica) and
ac et yl ac edl@eR (20 mL) $as ¥¥del 1THORikRrd vl SHALY tﬂgr%géhly and the solid particles ..

were allowed to settle forming an orange-coloured solid beneath the colourless toluene -

20 supernatent. The supported catalyst slurry was used directly in subsequent
polymeﬁsa_tion_examples_ (See Table 1). C
Method B - [(2-isopropylphenyl),PN(methy!)P(2-isopropylphenyl);]Ni(acac), (acac =
acetylacetonate) : _

The PNP ligand prepared in Example 1 (40 pmol, 23 mg) was mixed with

25  Ni(acac); (40 pmol, 10.4 mg) and toluene (20 mL) was added. The mixture was heated
briefly to about 50°C and a purple-coloured solution was formed. MAOQ/ES70X silica
(1.0 g, prepared as described above, 15 % w/w MAO on silica) was added. The mixture
was shaken thoroughly and the solid particles were allowed to settle forming an orange-
coloured solid beneath a colourless toluene supematent. The supported catalyst slurry

30  was used directly in subsequent polymerisation examples (See Table 1).

acetylacetonate) . -
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The PNP [
Ni (acac) 2
was heat ed
MAQ ES70X

gand prepared in Exanmple 2 (40 nol, 20.4 ng). was m xed with
(40 .trol, 10.4 ng) and toluene (20 nL) was added. The m xture

i y to about 50C and a purpl e-col oured sojuti-Bh,
g‘l’(ﬂlgqu(l.o g, prepared as described above, 15 tﬁo'/b w

f or med.
on

silica) was added. The m xture 5 was shaken thoroughly and the solid

particles
a colourle

ver e ghk PNPdightd &%@ark@snfsyampre@ gg r@{eagrzgg ;ggfy)&s,t&t&g?& #fhi d

ss toluene supernatent. The sup arry wa

beneat h
s used

directly i MNiGoi)e@Qamolplf.4/mg) arsltohuene (22 mly)ives afdide THadnixeurd was keatedl e 27 -

supported
acetyl acet

R SR EHEC i Pl b s Bt DS B |

acac =
8 no)

was m xed \(1.0lg, plopared acdetcrited abBVe, 1506 WWIMAOUH diRh}\Wasadied The mivas added.

e was heated briefly to about 50C and a ‘col ourless solution was
f or med. > MA®yagshaksn thoroughlyand thesolid partiplay were aliowedstorsetsle forming an oramess w w MAO

The m xtur

on silica)

particles

cbfBiireB 3 bentht o UolthHEs tdiiche sifHiEEh: T BHEHeS AAfsd difir©

were allo to sett orm ng an orange coloured sali

l'id
d

beneat h a &ab usad| directly inlsubsequentipalymerisetion exiitnples (§eedlabled).cat al yst slurry

was used d
Exanpl e 28
j (2- met hox
acetyl acet
m xed Wth
The m xtur
was formed

E_):grﬁélle)ﬁ7i—%g@g%%&i!fr%thﬂp%e%ﬁ iij ir%g;hyq ii_’(sz(n?grﬁ?yllp%sénél igiﬁlga-ggcizl €
yaher\ucotilabibrpd) hs) R( 2- met hoxyphenvl )} Ni (acac 2 (acac =

20 N

1)

onat e%rbThe PNP |igand prepared in Exanple 4 (40 nol, 21 ng) was

SoQRE ISy, 4 1) R g5 AL s St

2 BNP)lizandmprepaied in Example 3410 pmel,t181mg) rwas iixedwith was added.

sol uti on
15 % w w

MAO on si | brefly toabowtd®80 andlé eoloiriesssolutionaas Sbrated MAZESTOX ilicaq 1@ & he sol i d

particles
a colourle
directly i

supported |

beneat h

[ d to.sett)e form an .orange- coloured solid
%&%ﬁ%ﬂ%ﬁgmﬁme Yo Wi, g@p‘ﬂbﬁ"ﬂ‘@h‘”%%%@?‘ié’f“é’l"@l“@“’% was used
ShakeiDHResiRAly dnd kheBIid patitled wek AllBWEPto(seRR fdifiieBanlOrangebXanpl e 29 -

(2.4.6-trimet hyl phenyl ) 2PN(net hyl ) P(2 4 6-

tri met Ay prelayred spliddpeneatiyp solongiess taliane supsmstent. Thesppnosted catalystshmtye 11 (785

g/ nmol, 54
as describ
added. The
allowed to
t ol uene su
11111G 1
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2R

Example hvBINR-18

2~ W DONKIE

Exvohengih PN

beneath the col

setlle formng an or ange- col oured soli d _
%ﬁ?ﬁ#?ﬁf%upported catal yst slurry was used directly in 27 -

The PNP ligand prepared in Example 4 (40 umol, 21 mg) was mixed with
Ni(acac), (40 umol, 10.4 mg) and toluene (20 mL) was added. The mixture was heated
briefly to about 50°C and a purple-coloured solution was formed. MAO/ES70X silica
(1.0 g, prepared as described above, 15 % w/w MAO on silica) was added. The mixture
was shaken thoroughly and the solid particles were allowed to settle forming an orange-
coloured solid beneath a colourless toluene supernatent. The supported catalyst slurry
was used directly in subsequent polymerisation examples (See Table 1).

Example 29 - supported [(2.4.6-trimethylphenyl),PN(methy)P(2,4,6-
trimethylpheny!);INi(Br),

The PNP nickel complex prepared in Example 11 (785 g/mol, 54 umol, 42 mg)
was mixed with MAO/ES70X silica (1.0 g, prepared as described above, 15 % w/iw
MAQO on silica) and toluene (20 mL) was added. The mixture was shaken thoroughly and
the solid particles were atlowed to settle forming an orange-coloured solid beneath the

colourless toluene supernatent. The supported catalyst slurry was used directly in
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WO 01/10876 PCT/ GB00/ 02734 subsequent pol ynerisation exanples (See Table
1). Supported Pol ynerisations Exanples 30-35 : Supported catal yst system
honopol v%bﬁ@%on Results for Exanples 30-35 are presemrcasBomziabl e 1. A
general procedure for 5 sypported honopol yneri sations is given as foll ows
-1 The reactor (1L) was heated under flowi ng nitrogen for 1 hour at 90C
before lzabseguenopolgmerisatiGéxamplesifBseclablesl)] vent (500 nml) was added. The
react or s sealed and heated to 50C, ethylene was admtted such that the
. total prg@ﬂﬂﬂl@uﬂgﬁéﬂ% by 8 bar. In a separate vessel, a slurry of
support etExg gkg@.tgsl % 2 oRntbriestioh0 to t he reI event .
Exanpl e as descri conta I Nl ng was shaken and

i nj ected di reéiem;ltsﬁmmsﬁ@a’c&awpm@d =pfre§193régermel nreegdureddr was al | owed
to praceeg {4 éoﬁdg‘i’%ﬁ&#@@"g%'f‘%?ﬁg" mo fgbd € 1 before termnating the

pol ymeri sa ylene supply and venting the reactor
pressure. Rec d\‘lmremttanllyymas heated dndemﬂlommganmg;htfomhiﬂmr av%?@heforbef ore

wei ghi ng and su anal Tabl e, | Exanpl es 30 5

ot hyl ena UBsBH Yt CIsoPismneatintt Gop iR et Thed Pt yaset

Br anches/ang lﬁéﬁe@hﬁsd\c, et} 1Enelh A8 BllnithedL0ODtE: tn8 Sotfesilre 2 i RAGE @700 23
.6.5 31 25B 70 225 73000 7300 10 1.8 32 26 95 96000 700 143°28.1 "33

27 80 7 SHearoingceparats vessel] a slyrry p8supportedcatatysy itolusspe)(preparedmccadingg 60 2
3630 -- t t
30300, -t the e B3R SR AR R IREH BB >3 o0
?t 90C) bafggcted d%&tlbﬁto@xmﬁt@dnﬁd& ;ﬁeﬁureT'Ilme reactivhovas\aflewed o o ecbe&&)rh | - ene
125nL I sobut The r.eactor, was sea ter heatin
{07200 I pime descnbe n TPl | HFrdrs minatis She RRYRGTSATOR PE ST SELS| oy onbod
by 4 bar . ethyleri sﬁﬁﬂf‘ﬁxﬁi&nﬁﬁ‘éﬁx@lmacﬁnrﬂ'éé&fd Flcovds! éﬂjgdlf,'rﬁéi'w&airﬁhyﬁ in toluene

(prepared according to containing 4 was shaken and
i nj ect ed Qﬁeﬂwttluydql’wﬂ@mﬂhée E%W@lshlnmmbmﬂm@reﬂalm et hyl ene upt ake was
108 . )

28 Q! , before termnating the
pol yneri sa
Example| Complex | Time | Activity Mw Mn | PD | Branches/
Example No. min |g/mmolh 1000 C
30 25A 60 210 62000 | 2700 | 23 6.5
31 25B 70 225 73000 | 7300 | 10 1.8
32 26 95 24 96000 | 700 |143|  28.1
33 27 | 80 7 55000 { 400 | 143 47.1
34 28 60 143 177000 { 2500 | 70 | 4.6
35 29 60 2 363000 - - -

Example 36 - Supported catalyst system, copolymerisation with hexene
The reactor (1L) was heated under flowing nitrogen for 1 hour at 90°C before

20  being cooled to 30°C. The reactor was charged hex-1-ene (125mL) and isobutene (375
mL). The reactor was sealed and after heating to 50°C, ethylene was admitted such that
the total pressure was increased by 4 bar. In a separate vessel, a slurry of supported
catalyst in toluene (prepared according to Example 25B) containing 40 pmol Ni was

shaken and injected directly into the reactor under pressure. The ethylene uptake was
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supply and venting the reactor pressure. Recovered polynmer was dried
overni ght under vacuum before weighing and submtting for anal ysi s. 1.0 g

of polyethylene was isolated, giving an average acti vi ty of 17
1H NMR anal®WQP¥1%%ous 4 Me branches / 5 1000 C atoms and ﬁ?"ﬂgz&%hes /

1000 C. Exanple 37 A polynerisation was perfornmed in substantlal ly the

Aol 1 amre R e 06w it el R R Feriond i BT i °

pol yrer i satsuppiymd;vmng dferreabtarrprésube tRetbverbd polyher \sﬁmewayerﬁ:ghtﬁifﬂ&p' e 20
was . used | nstead of nic

Il adi I 1
B?s( :cla'tj ;} a g’f'&’)’ g%@luggag ‘{li’m“HPﬂfﬂ”P ysisc 08 %‘HW&F}HBH%W ’f?}éﬁeﬁne (0.2
mol, 20 e |H@Jn€£\feﬁégela&1\§9|dﬁ?§/n€x§olrﬂ )Hm%ahh‘if‘sﬂs éh&%%@%&’e Bhn The

polyrrerl satlon was run fo hours. A s anount of 15 polyet hyl ene was
recover &d. @Qﬁﬁﬁt@nsm%lbﬂllbmﬂheséi(?@ﬂms perforrred in substantially the

sane way a%@_ﬁﬁlz only the toluene solvent was not dried and degassed
prior to u ss of polyethylene recovered was 1.0 g. 20 Exanple 40

A pol yneri sati oA pdymmsaf mw&berfonﬁedmatsmtanﬁhllyythé eneSwdiEas\Exdmple 1Bxanpl e 12
only water Q@% added at thesqtht of ¥] rlsatlon and t he

pol yneri sat9 s?“?RY"FneP’(?F usedyipstrad of gthyens, ‘HB‘P%P hpalyrersieeover ed was
0.4 g. Exanrjseechlerd A pol ynerisati on was perforned in substantially the
sane vva)(/) as Exarrpl e 12 only diethyl ether was used as solvent instead of

t ol uend 8f pol yet hyl ene recovered was 0.6 g. Exanple 42 A

T 1) GG S ity b S B © 12
pol yet hyl erpalladivne@l) acetate (.61 tmmbl)wassedinsteaddt nidkellifig(ddetyladetodePdrd1D 876
PCTI GBOOY Ozsgr?lﬁon of tris(pentafluorophenyl)borane (0.2 mmol, 20 equivalents) in toluene (5 ml)
was used instead of MAO. The polymierisation was run for 20 hours. A small amount of
15  polyethylene was recovered. o
Example 39
- A'polymerisation was performed in shbStantially the same way as Example 12
only the toluene solvent was not dried and degassed prior to use. The mass of
polyethylene recovered was 1.0 g
20 Example 40
A polymerisation was performed in substantially the samé way as Example 12
only water (5 ml) was added at the start of polymerisation and the polymerisation was run
for 5 hours. The mass of polyethylene recovered was 0.4 g | |
Example 41 |
25 A polymerisation was performed in substantially the same way as Example 12
only diethyl ether was used as solvent instead of toluene. The mass of polyethylene
recovered was 0.6 g. -
Example 42
A polymerisation was performed in substantially the same way as Example 12
30  only methanol was used as solvent instead of toluene. The mass of polyethylene

recovered was 0.4 g.

Example 43
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A polynerisation was performed in substantially the sane way as Exanple 12
only mundecyl enyl alcohol (5 m) was added at the start of polynerisation
and the vp&Wﬂ;F;d' sation was run for 15 hours. The nass gicrRighshens’ a
-undecyl enyl"al cohol copol yner recovered was 0.8 g. The pol yner was
- anal ysed by NMWR spectroscopy which 5 determ ned /139 nonanol branches per
1000 carbons. A pBlyherisatibn waSperffimedth s i Qaré ey ddpl3te This Sly t
Has Been Repl acgd ~ ~l1 I!I?I i 1111\1??tig%la?§|)&%1ﬁ1 1T 1! I%L N CLAIMs: 1.
_ Process fanly etwadesylepylalqobek (S anl) wasiadded o therstart of polymerisation aid the, conpri si ng
contactin he. Qner.i c.ol.efin under pol psation conditiagns with a
pol yneri s‘g’}hereﬁ'sgggoaq\‘g%ﬁ f%'rlgélgPEfl ‘Sg?m %s"lf éﬁh“?‘éﬁ“@?& Pﬂ@g‘é’h@a) a source of
a_ Group \dopblyet fdcoveved Wis G18 gi A8 palymepWwas4iiysel by MR spbétiistspytvsicll or nul a
(R)(R)P, - X - P(R %éR‘), where each R is independently selected froma
pheny!> gréstgminsd 19 qlibranches pshAMACathodtp with the proviso that at |east
one of the R groups is a phenyl group having at |east one ortho
substituent, and X is a bridging group of the structure 10 -[Nx-[PJy-[N] -
where x and y are independently O or 1, or C(R4)2 - where each R4 may be
the sane or different and is hydrogen or a nonoval ent hydrocarbyl,
substituted hydrocarbyl or hetero-hydrocarbyl group; and optionally (c) a
pronoter. 2. Process according to claiml| which conprises the steps of : 15
a) pr e(f)ari ng a prepol yner-based catal yst by contacting one or nore
l-oleflns with a catal yst system and b) contacting the prepol yner-based
catalyst with one or nore 1-ol efins, :
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wherein the catal yst systemis as defined above. 3. Process according to

claiml or 2 wherein the Goup-WIl netal is iron, cobalt, 20 nickel or

pal ladium 4. Process according to any preceding cl ai mvvhpé.ﬁ onent

(a) is an WRMGMI. or organic salt, or an organometal | itcOP t0ordi nati on
conplex. 31 11ttt car "reer il IjIlII'III"I PCT/ GB00/ 02734 WO ¥

A/108' /b * ¢ L 5. Process according to any precedh
conmponent (b) is a compound of the formula (1) (R)(R)P
-NR2- P(R)(R) (I) wherein each R is independentl Beeh Replaced pheny! .
group or a substituted phenyl 5 group with the pr c;h"fs I’Hm]’ﬁmt_one of
the R groups is a phenyl group having at |east Hllent ,

each R2 is the sane or different, and R2 and R3 are each }'t ndependent | y
hydrogen or a nonoval ent hydrocarbyl group, substituted hydrocarbyl group
or hetero-hydrocarbyl group, and x and y are independently O or 1. 6.
Process according to claim5 wherein R2 and R3 are €ach i ndependently 10
hydrogen, nethyl, ethyl, isopropyl, n-butyl, t- but ohexyl ,
phenyl, ‘tolyl, trifluoronethyl, methoxynethyl, n"l“r mmll) llﬂml hoxy,

- phenoxy, dinethylam no, diethylam no, nethyl phenoxy of net Hoxypheéhoxy. 7.
Process according to claim5 or 6 wherein x and y are both zero. 8. Process
according to any one of clains 1 to 4 wherein conponent (b) is a 15
compound of formula (I11): (R)(R)P -C(R4)(R4)- P(R)(R) (Il) where each

R is indefdA¥M&Iy selected froma phenyl group or a substituted phenyl
group w ththe prQkser fhla?:t)lyﬂ{en&a‘ﬁ@ﬁEn@élﬁo@fneﬁ%oﬁ%f &Eﬁ’d&?&omﬁnsﬁn phenyl group -
havi ng at | east one ortho Substituent, each be the sane or

di ff erent a;nntactmgnwmgg@ner@roleﬁnmdmmmemon wymlmmw a polympesisationt ed

hydr ocar byl het p. 9. Process according to claim3$8
wher ei n eacﬁt?’k c%{aﬁab%gtﬁ%%{@}’é%@ ?éégen or a Cl to C6 alkyl or aryl
group, pref(e)rabhyswreébﬂé(‘:rm@ﬁﬂllmetalphenyl or the R4 groups are linked to

forma gycljc stru ure. Process, accoy di to any preceding claim
wher ei n%ea R 3 ef“i‘?Eféﬂ\?Flg’éﬂﬁ de "e’i"f'@@gfrom a phenyl group or a
phenyl gr oyr'y &&"lypt MJP(RQ)(N‘)t\bhé?@Edcﬂal |§1M&B’p@ﬁd%hhy’helectéﬂlihﬁﬁ b phéngDgroiesir ocar byl

or heterohydrocarbyl with the proviso that at |east one of the R
or a substituted phenyl group w1th the proviso that at least one of the R" groupsis a

-(IvVR2)x -(PR3)y

phenyl group having at least one ortho substituent, and X is a bridging group of the
~ structure | ' '
10  -[N]-[P],-[N]- where x and y are independently 0 or 1, or
-C(R*), - where each R* may be the same or different and is hydrogen or a monovalent
hydrocarbyl, substituted hydrocarbyl or hetero-hydrocarbyl group; and
optionally {c) a promoter.
2, Process according to claim 1 which comprises the steps of :
15  a) preparing a prepolymer-based catalyst by contacting one or more 1-olefins with a
catalyst system, and
b) contacting the prepolymer-based catalyst with one or more 1-olefins,
wherein the catalyst system is as defined above.
3. Process according to claim 1 or 2 wherein the Group VIII metal is iron, cobalt,
20  nickel or palladium.
4. Process according to any preceding claim wherein component (a) is an inorganic

or organic salt, or an organometallic or coordination complex.
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groups is a phenyl group having at Teast one ortho substituent. 11. Process

according to claim10 whereiR _ Is a substituted phenyl group
having at | east one halide, gﬂmmmu('mﬂumstltut ed hyp Bbdshaor 30

het er ohyWPOYAPH| substi ttued* i A the "ortsho*posi tion. ég&ocess accordi ng
- toclaim10 or | 1 wherein each of the R groups is a substltuted phenyl

group haying piocb&asto 1 hrly Pedddfh Qﬁﬁﬁ%k iPdofipbtent WY S8 ¢ ubd This
Sheet Has' Been I-%Lepl SorGiHE 10y tedifle 360h WbreieofBblient 1) i68 colpoud [0 5
St "oftheformuta @ 1111 PCT/ 6800102734 C L M S perfl uoronated

substi tut ent a h | so-propyl,tert-butyl, phenyl,
nmet hoxy, et ho@s@ﬁ{ W mﬁ\b} mz(lkﬂ)dl et hSI alr?1yd (Ii trifl UO%/OWE'F[)hyl Y
per f 1 uor QaLhyl eacfPR! RG ﬁﬁﬁdéﬁ{lfm‘&w&'ﬁoﬁﬁpﬁﬁénk@&p oPi st g@{@part oa

substituents are J Ol ne orma - SO as
benzefie grovg with the provisodhatat least onelpfithe RS geoups fsraephenyl tggoupl having ahleasti n

t | ect ed the fo
(2~ ety PBHENYS FORRURG SRR oM RGPl R and R ave cach
(2-met hy hﬂﬂ%ﬁﬂiﬂbx}t&ﬂ{yﬂfﬂg@h vt ) Ropbeienk hydrocarbyl group, substituted hydrocarbyl

A Pt i b T
2- et hy] 3

e

(2, 3dai Ww&ﬂzpﬁmyﬂy} :mm nmpmny) Rttty tebiutg} hhiéspyh eyglohexyl, phenyl, tolyl,

(2, g: g: E&f'ﬁ'ﬁfﬁ gtﬁil)r g"f 1%"&%’% béeng, eﬁ*f{%‘phpiﬂl%n%)% élmethylammo

(2

Eg ge;hyld@hﬂaﬁﬁﬁ,gﬁethjlagigw@aﬁg&tl) HeMyphidnbky d2 et hyl - | Ihsoplr;)gyl phenyl ) 2
, I 1 Soprop eny PN( et P(2 I 1 sopropyl pheny

(2,4, 6-t ri-met rﬁ/ﬁ‘l’% é’lﬂﬂ'ﬂ I°}'§(“§"eYF“B"P‘Fq Yré"leﬁ’wl‘p??%yl )2

(2-

tertbuy yl -~
o ot hord Y P RS 8 Wthﬁg Gheoft BaiRutoy #)r}hwh tomphent (b) is a

(2-t rHiSf | tmnmmd'gﬂfph@dy(ﬁ)ZPN( met hyl ) P(2-trifl uoromet hyl phenyl )2

(2-phenyl phenyl ) 2 )ﬁp{ Ii,g enyl)2

( 1- napht hyl ) 2PN( w@ﬁ@ﬁﬁ r?gﬁﬂt A, ?Q"? m |

(1, 1' - bi phissny tach RlGsiatépehddnfly sélectéli fodre ayphe¢nyl group ora substitated phenyl
group with the proviso that at least one of the R! groups is a phenyl group having at least

one ortho substituent, and each R* may be the same or different and is hydrogen or a

20  monovalent hydrocarbyl, substituted hydrocarbyi or hetero-hydrocarbyl group. B
9. Process according to claim 8 wherein each R? is independently hydrogen or a C
to Cg alkyl or aryl group, preferably methyl, ethyl or phenyl, or the R* grohps are linked
to form a cyclic structure. '
10.  Process according to any preceding claim wherein each R' is indepehdently

25  selected from a phenyl group or a phenyl group substituted with halide, hydrocarbyl,
substituted hydrocarbyl or heterohydrocarbyl with the proviso that at least one of the R
groups is a phenyl group having at least one ortho substituent. '
11.  Process according to claim 10 wherein each R' group is a substituted phenyl
group having at least one halide, hydrocarbyl, substituted hydrocarbyl or |

30  heterohydrocarbyl substituent in the ortho position.
12.  Process according to claim 10 or 11 wherein each of the R! groixps isa

substituted phenyl group having at least one ortho hydrocarbyl, alkoxy, amido or
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25 (2-1 sopropyl phenyl ) 2PN( but yH-P2—-seproepylphenyl ) 2
(2-1sopropyl phenyl ) 2PN( phenyl ) Pim W I )2I ]
2-i sopropyl phenyl ) 2PN( et hyl ) N o] en
22 [ sogr OB)%Y‘SH@IQ%‘% 2PNE met hzl g P m mm mgiysgpr o&%ﬁﬁg%ﬂzw 30

(2- et hyl phenyl ) (phenyl ) PCH2P( phenyl )2 (2- et hyl phenyl ) 2PCH2P( phenyl ) 2

e

PCT/ GBm’ OIZHx&ﬁox}(, 2thory, [pheuxg dimgthiAainido)( dieﬁh?lhhjdophﬁlilpfdﬁétﬂyl Ipetfludtoethiyl '

[ ~11 " | phenyl ) 2P henyl, *Cc L Ms
(2-i sopr opy?'pﬂ?éﬁg}‘?‘?éé‘&&“g“ g%%/qg)wp gﬁé‘ﬁé}? §\§sntXest are}/ox)\e% toforma-
(2, 3- di met Nl SREYGH parord UBRich fingieny | ) 2 5
(2, 4-di net hyl phenyl ) 2PCH2P("2, 4- di met hyl phenyl )2 (2,
6- di met hyl pi%e ny | Brosuss ewopdingstocinypreesding claigy wherein component (b) is selected from
(2- met hyl | phenyl ) 2PCH2P( 2- et hyl - 6-i sopr opyl phenyl )2 (2,
6-di i sopropyfgp‘ﬁen | 2P CH2P(2, 6-diisopropyl phenyl)2
(2,4,6-t1] n(atrhmhﬂbmvbwﬂmﬂmetﬂym‘(ﬂdﬁm hyl phenyl)2 10
2- tert ut 2P ut en 2
Ez met hoxyp #g%%ﬁ&mﬁ%@ é’hsl)zy :
(2-trifl uor % g DiphendHPNGRER lgp(nfrﬁeﬁ@upheﬁ}uﬁ nyl)2 (2

ph yl)

phenyl pheny ) 2P enyl pheny (1- napht CH2P(1 -naphthyl)2 15
(1,1 blcbhe@ym thﬁMvM’ methyPR@riyethyphenyl)

Eg : 28&885 pﬁ%%‘émgﬁé l%(%lg?@lﬂhé 8%: BEZ%: gg 14. Process accordl ng
to any pr ec(edsa;gopylmenyl)yﬁhl(methylmmmopmpylphm)d)i s an organoal um ni um
compound, opcaRobat R SOy o S asaliyglaguoal on € oxdising. 20 agent
precedi ng Cdzg-wlgrpnbﬁymmmmp(i 4-Mirhethylphenyl), : ' '

15  {2,6-dimethylphenyl),PN(methyl)P(2,6-dimethylphenyl),
(2-methyl-6-isopropylphenyl),PN(methyl)P(2-methyl-6-isopropylphenyl),
(2,6-diisopropylphenyl),PN(methy!)P(2,6-diisopropylphenyl),
(2,4,6-trimethylphenyl),PN(methyl)P(2,4,6-trimethylphenyl),
(2-tertbutylphenyl);PN(methyl)P(2-tertbutylphenyl).

20  (2-methoxyphenyl),PN(methyl)P(2-methoxyphenyl),
(2-trifluoromethylphenyl),PN(methyl)P(2-trifluoromethylphenyl),
(2-phenylpheny])zPN(methyl)P(Z-phenylphenyl)z
(1-naphthyl),PN(methyl)P(1-naphthyl),
(1,1’-biphenyl),PN(methyl)P(1,1°-biphenyl),

25  (2-isopropylphenyl);PN(butyl)P(2-isopropylphenyl),
(2-isopropylphenyl),PN(pheny)P(2-isopropylphenyl),
(2-isopropylphenyl),PN(methyl)N(methyl)P(2-isopropylphenyl),
(2-isopropylphenyl),PN(methyl)P
(Ph)N(methyl)P(2-isopropylphenyl),

30  (2-methylphenyl)(phenyl)PCH,P(phenyl),
(2-methylphenyl),PCH.P(phenyl),
(2-methylphenyl)(phenyl)PCHzP(2-methy|phenyl)(phenyl)
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al unoxane. 16. Process for the polynerisation and copol ynmerisation of

ol efi ns, corrpri sing contacting the nononeric ol efin under polynerisation

condi ti oRg & Polynerisation 25 catalyst or catal yscrayswemsahi ch

conpri ses ?\% a corrpound of the fornmula (I111) [GL}P(LL)OIM Q] (A")(.-pY.
s—a—Goup—MIlnetal i

~\11l1) and optionally (ii) a pronmoter, wherein Mi : - n
f or mal OX(ﬁ%{hgﬁhﬁﬂm}@(gﬂﬁ{hylphé@lﬁo I ndependent | y ' oup or
ligand; L" i's independently a neutral group or |iga Il " ,

_ i ndependefA-ethylgheny C}*ZE%‘P@YH‘%R"Y% or non-coordi nati i

f or mal ) Ja’@"ﬂ _ any val ue between 0 and rn gis an

i nt eger 3?%%@@?@%% S E%en ‘&g%ia‘%}‘ghllllllllllllllllll L fill WO

01/ 10876 (2 3-Hinettylitet@lPCHPR)3-dimethylphénylt | | PCT/ GB00/ 02734 * C L MS *5:'

bet vvee 0 .an sphine ligand as defined in claim

1 or any §4%W§?ﬁ&%%%é@afﬁ"ﬁ'¥ﬁ’g§yﬁéccordi ng to claim 16 wherein L is

hal i de, a@?ﬁﬁhﬂethﬁﬂ%ﬂbf@@ﬁ?&'@&ﬁwthy@h&ﬂ)g het eroal kyl, ally], or hydride;

and/or L' i's an olefin, carbon nonoxid hine 5 or a sol vent

nol ecul e; %:mﬂWFﬁﬁOPSOIBlPP?“YQMbPﬂ:H‘eﬂ\yl‘ﬁ'ﬂﬂc’af@y phsyl:z or al kyl borate,
sulfate g@élﬁl = ess according to claim 16 or.
17 wher ei ’ |s ni ee?ﬁj;ggﬁ%%g%dg%o lqﬁﬁﬁf and mare p =0, g =2 and

m=0; p Q&G-tdmtﬂylphu@ih&(}mq,ﬁanmdmpmmyﬂﬁ p O g=2andm=2. 10 19.

Proce a i N m wherein the olefin is ethyl ene,
pr opylﬁgnei‘%? rg’ﬂ §"ylffp%§%(gﬁ%&"fﬁ Z‘h?e 4- net hyl pent ene- 1, 1- hept ene,
1-oct ene, (j.meﬂm%nylj,paﬂgqaamtﬂwpmggpe I-dodecene 1-tridecene,

| -tetradecene, 1-pentadecene tdecene hept adecene, |-octadecene,

1- nonadecé?ré"ﬂ“PI‘HP‘?}B%IEI??QYDQp}k%@é“ﬂwmﬁ'&fhé"d?éenygycI ohexene, nor bor nene,
acr yi at o, R ROR R BB ) Ol 1 T, 3 di ool ane, et hyl - 3-
but enoat e (lmﬂﬂlwl)zﬂcﬁfh(l-mﬂah)é)z m undecyl enyl al cohol, ethyl undecyl enate,
enecseng) & RS aRRLERSHRRY SorforPonenes, 20, ocess accordins
: (2-isopropylpheny!),PC(phenyl),P(2-isopropylphenyl), :
(2-isopropylphenyl),PC(methyl),P(2-isopropylphenyl),
14.  Process according to any preceding claim wherein component (c) is an
organoaluminium compound, organoboron compound, or a salt of a cationic oxidising
20  agent and a non-coordinating compatible anion.
15.  Process according to any preceding claim wherein component (c) is an
alumoxane.
16.  Process for the polymerisation and copolymerisation of olefins, comprising
contacting the monomeric olefin under polymerisation conditions with a polymerisation
25  catalyst or catalyst system which comprises
(i) a compound of the formula (III)
[LpLM(QNA e (m
and optionally . (ii) a promoter,
wherein M is a Group VIII metal in formal oxidation state m, each L is
30 independently a monoanionic group or ligand; L' is independently a neutral group or
ligand; each A is independently a weakly coordinating or non-coordinating anion with a

formal negative charge of n; p may have any value between 0 and m, q is an integer
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i's supported on a support naterial which conprises sili ca al um na, Md 2,
zirconia, 20 polyethylene, polypro ene, polystyrene,

pol y(am nostyrene 21. Praoc f m ﬂﬂﬁ any precedl AR ch S
conduct ed |ﬁy‘ﬂgg87 hase, sl Hw H” | hase or sol u% Ion p{%se

Urs]e of Ft catal yst or catal yst systemas def imed in any of clainms Ito 20 in’
the polynmpeiaah paiq@ ATRURRh cfah Tk 8ny(deV) 1/ (1V)
[(R)(R)P- - ) i? alnﬁ(g{s {aa)t%&o)g%ﬁn-g)s/~mk1erelr?ea(ﬁ:rﬁ %‘“@fs
|ndﬁpeﬂdentclayns%toeﬁt ed from a phenyl group or a substituted phenyl group, °
W t teprwstat t .l east, on rou

havi ng at 9taas Toffe a&?‘?’ﬂ%‘ggﬁ@%ﬂf g&?r&g;@halﬂ Léglgter %‘E;e%afg%gép}%%)f gt he P
structure 3Jfkyl hetefdatkyl, almedrﬂ\yﬂﬂdd Sndaorhy‘ds agﬂéﬁxobarhgmdmonaxidwh plgussphme or -C(R

4)2 - where each R may t he, sane ot ffere n or a

hydr ocaf by [oF  seiygnt "Fﬂl‘?cé‘let H@/‘?’ﬁ ﬁeﬁF4o§W'Efa?) k"'bvrf“h f’h%% @"&Eh Lis
mdependentolrgh& AREOARJoPRI=C; group or ligand; each: L' is 35 . This Sheet Has
Been Repl ace PIIIIlIIIIIIII LEErerrrr ettt i WO 01/ 10876

ch/ GBOO 02834 Provdsyrenardingity clainn bhion b wharein M ismickelgandthe ualues ofpi ¢

in ependent a Loor |n i ng (ofo} rd.L L : i1s any

i nteger b gharf)pankdd)a dq ?65’ anll tegg‘?mbe? e %%gﬁm 22’. conpound
as cl ai nedol,q=(2aidrﬁ1%&vvhere|n nv-p=0. and gq=2; mFp=2 and q=C or 5 n¥2,

plandq 1. 25._ A conpound as cl ai n claipns, 23 L
hal i de,1%cdPat eP'%Fé’é‘t%FF°’dH'§é?8%?r§°°g§\g m 3%%%%1?‘?&5 15 € glyr‘gerelop hyldfl de;
L' is an 0|p?$F;i|¥!‘ene CRERERE, 'T%ﬁeéhéiq.heﬂenef)mmﬁiaﬁteﬂé-l al-hépreteNt-ob@AetUl €; A Qs

BF4 SbF6 , triflate borate. 26. A corrpound as cl ai ned

in clains 2@nens, E—Qemerlevndeemhl-mdqgmu tridecenes | ftatradecene d-peptpd BRERYI group
Egrgpghat | el?ei%d %Qx?e ?r tePttgd&@bé qeoctiax%gclaﬁ&ﬁheceﬁé“?%d&&feeﬁyxjaﬂg pocar byl or
ydr ocar

y
butene, cyclohexene norbornene, butadiene, 1,5-hexadiene, methyl methacrylate, methyl

£D

15  acrylate, butyl acrylate acrylomtnle vinyl acetate, 2-vinyl-1,3-dioxolane, methyl 3-
butenoate, methyl 4-pentenoate, o-undecylenyl alcohol, ethyl undecylenate, undecylenoic
acid, and functionalised norbornenes.

20.  Process according to any preceding claim wherein the catalyst or catalyst system
is supported on a support material which comprises silica, alumina, MgCl, zirconia,

20  polyethylene, polypropylene, polystyrene, or poly(aminoStyrene).

21.  Process according to any preceding claim which is bonducted in gas phase, slurry
phase, bulk phase or solution phase.

22.  Use of a catalyst or catalyst system as defined in any of claims 1 to 20 in the
polymerisation of 1-olefins.

25 23. A compound of formula (IV):

[RHYRHP-X-PRYROINCLYL YA ~ AV)

wherein each R is independently selected from a phenyl group or a substltuted phenyl
group, with the proviso that at least one of the R! groups is a pheny! group having at
least one ortho substituent; X is a bridging group of the structure

30 -N(R? where R? is a hydrogen or hydrocarbyl group, or -C{R*),- where each R* may be
the same or different and is hydrogen or a hydrocarbyl gi'oup; m is the formal oxidation

state of nickel; each L is independently a monoanionic group or ligand, each L'is

_
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independently a neutral group or ligand; each A is mdependently a weakly coordinating
or non-coordinating anion ‘P is any integer between 0 and m; ‘hid q is an integer between
Oand 4.

24. A compound as claimed in claim 23 wherein m=p=0 and g=2; m=p=2 and ¢q=0; or
m=2, p=1 and g=1.

25. A compound as claimed in claims 23 or 24 wherein L is halide, acetate, acetyl
acetonate, alkyl, heteroalkyl, allyl, or hydride; L' is an olefin, carbon monoxide, a
phosphine or a solvent molecule; A is BF, SbF¢, PF), triflate, aryl or alkyl boraté.

26. A compound as claimed in claims 23 to 25 wherein each R! group is a substituted
phenyl group having at least one ortho halide, hydrocarbyl, substituted hydrocarbyl or
heterohydrocarbyl substituent.

g
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