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- PROCESSweNdio¥=D BY A Bl DENTATE Bl SPHOSPHI NE- GROUP VI I | P@}kﬁ;ﬁﬁyngx The
present invention relates to a process for the polynerisation ANg273e
copol yneri sation of olefins. The use of certain tfansition nmetal conpounds -
to polynerise 1-olefins, for exanple, ethylene or-propylene, is well
established in the prior art. The use of Ziegler 5 Natta catalysts, for
exanpl e, those catal ysts produced by activating titaniumhalides with
organonetal i ¢ conpounds such as triethylalumnium is fu many
comerci al processes for manufacturing polyol efins. Over HmmWﬂm&ﬂmw ty or
thirty years, advances in the technol ogy have |led to the devel, pRENt of
Ziegler-Natta catal ysts which have such high activities that
pol ymers and copol yners containing very |ow 10 concentratiﬁ”@ﬂﬁ@@@ﬂﬁ@ﬂka
catal yst can be produced directly in comrercial polynerisatt S.
The quantities of residual catalyst remaining in the produced F&¢her are
so small as to render unnecessary their separation and renoval for nopst
commercial . applications. Such processes can be operated by pol ynerising
t he i h P ,o.0r in solution or in suspension in a liquid
hydr Eggﬁﬂ%ﬁ?ﬁﬁa’@nﬁ&%iﬁﬁ}ﬁf i Bh ABIDENTARE BiSRHOSAHINE-EGROLR VIar g out
in the gas phase (the "gas phase process"), for exanple by fluidising under
pol ymeri sation conditions a bed conprising the target polyol efin powler and
particles of the desired catalyst using a fluidising gas stream conpri sing
t he gaseous MHAPResent invertion relates &d b pcbdéssaﬁout&@pblgm@ﬁﬁﬁéﬁ ahdle

a

(co) pol i sation i nduct ed by introducing t nmononer into a solution
or syspéér};ssolrl@g?ﬁag?ﬂé’%%ﬁ%'yst in a 20 liquid hydrocarbon diluent under
Forms a5 a Sol oty oo oo AN RESH el [ POy ineabl Sl ity oy bocas

forms as a solution in the hy uen process" the

t enper agxample, stsdener er propylereoisomelbéstablibhidrih the prisieh Thebsd dzigheduced L
g JA5N 2&(7) V\DptlléO??G PCT/ GBOO Oz734 polymer forns as a suspenston in the
[ qui d hod? SXaNstn

Q¥ aBRe, theprecatalpite prodyesd by actipating titanjuns halides edthat
relativ 0-50 b and | ow tenperature (for
Sx‘ginérﬁ&faﬂfc%?ﬁﬂ) Io%ﬁdi LfRh a8 mlﬁytx%\ém 'Sﬁg@&?ﬁ fo ﬁ@pg}j | ocene (

exanple 50 to 150C). 'In recent year’s

cat al yseamiiersial pracesies for iR @osg] Rieslemii QVerdhé HOf WY j de
activated wi th al upo ane)hﬂhas gr ovi ded cat al ystrs w th pot eﬁ{]dl al'l y high
act i vi t YPRrmadkances mibe sedhpelogy haverled jasthe dsvelopinent ofBeglaf-Natta tarlyses nunber

f di f 2 [ itivity to i iti.es wh d
L conmHRar Buct 1Eh AR Thot R POOAR b ) elalimpreptn G Psans, t he

neeld t ocansentratiaye ofwesidual catslysticar sp preuded airddtARSmntPciaHY idali
activi tgr and dﬂ%l culties.in putti gg the.c.z;t al'yst ?n _t%gi;&uslﬁ‘?é%f‘gn _
suppor t PTOEFSE% 01 B auaitiics pEresidus] gatalyst remaining incthe predysied pplyimes acmsgpounds

based Ogmall 43 t04Lnddr!y | Jl catalysts in the pol yneri-sation of
linear alternating cé‘Bgﬁﬁ‘e”F Heffs E@?éﬁ"n%"adtarﬁﬂ%é’ﬁf6@@%&8&%‘%‘“&%0! yket ones) .
Ri ehl, WCMr axch pici@dies Van befferated by pblymerifhg tht Npﬁo efd iﬁ%@éfss 15
ol i goner,i satian of ethylene using as catal yst a m ckel sle'ﬂ- t of o
1, 2bi s( Qmsg,(ﬂgrlg SOMHARSH sHspensieant a liquid hydrocarbon diluent. Polymerisation of
15  the monomers can be carried out in the gas phase (the "gas phaée proce;ss"),.for example
by fluidising under polymerisation conditions a bed comprising .ﬁﬁe target polyoleﬁh |
powdgr and particles of the desired catalyst using a fluidising ga} stream comprisiné the
gaseous monomer. In the so-called "solution process” the (co);:)blymedsatiOn is
conducted by introducing the monomer into a solution or suspension of the ca'ta'llys't: ina
20  liquid hydrocarbon diluent under conditions of temperature and bressufé such that the

produced polyolefin forms as a solution in the hydrocarbon diluent. In the "slurry

process” the temperature, pressure and choice of diluent are such that the pr’odhced
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EP 559032A di scl oses dimerisation of |ower a-olefins using as cagqala%gt
4

ni ckel

salt of bisdi phenyl phosphi nonet hane. WD 96/ 37522 and WO 9

bot h di swmeriosmst al ysts for ol efin polynerisation 20 conpr] I’\?Sl% a Group

VIIl metal salt, a pronoter and a bidentate phosphine |iga

080/02734

substituents may be phenyl or substituted phenyl. The highest activity
shown i polymer Exandsessussehsion if Bledifudd ﬁ%ré&g{;&é?ilﬁei;@n.r /ol . h.bar. No
I'S

ort ho-subst i ﬁ ut ed phenyl substituents are

t hat ceBfaA

p : cl osed. RAVE SOV i scover ed
hPRfERied abiglttyslyHowepressopes (ful exhmplen@- 56 bapah€Rsy one phenyl

substi t yghb

active

' S ortho substituent are surprisingly
cat a?ré\@%‘és:&ngafﬁlae %@F@/L@‘?ESM i on of olefins. Accordingly the present

i nventi on pr dwireteat ?eaﬂd’t(h@‘%éof&rrta?rhﬁlepa‘%(\f%réa%q)ts;k0 and C?{;Ol ynerisation of

olefins,. s ACLI T
condi t i BiSySlprantadisnylarceninmdichlonide activatad with M@la}ié}ha%)ﬁi&ﬁﬂéd‘@itﬁlgstgo
p

conpris : . a oup VIII netal; (b) a bidentate pho
| i gand E‘gtvhu(’ﬂagte'?ﬁg%@er?ﬁﬁg% ﬁ"jegﬂamtailmw sts1 g tRETIuEsD frona 34

conpri sing contacting the nonomeric oleri N uRdBP %ol yneri sation

i ne

(R) (R nmbepof-disidRantiges) f°’W9ﬁﬁ‘g§‘§?9 S&Si‘i‘ﬁtyi,‘v.gﬁ"ﬁf}ffﬂgeesgﬁlﬁ selected froma

phenyl
one of

substi t

gr oup or_ a substituted p group, WSEd M at | east
ﬁ@m&mﬁwmahl%mnmepydil@nmm\dmutm gad sttt tﬁ’é‘ﬁeé[ar'\ﬁ]bhﬁr Ply-[1V]
X- [ P]y- -

of the structure 5 -

bs a bridging group ) Iy
wher e x}hgg%qlf/&gﬂgg(?%%@ﬁ'é%ﬁeﬂgwgﬂ’ §t0 gchigye high metivity, andhdiffeuttiestin R4 may be
t helGanmputtingdhd ERE19RonABG duftably & or a nonoval ent hydrocar byl ,
substituted hydrocarbyl or hetero-"hydrocarbyl group; and optionally (c) a

promoter. A BPHXNPEA disclasesthatcaruin bidsntateeplisHific 86mpOk bRSEPE %ng a
pr epol YeRba ﬁq“eiﬁt al S%‘Hb %iont,acti ng1 one or nore l-olefins wth a
cat al yst sy‘;sjtem c?r%g’/se rﬁ’\é Wtsig thepolymerisatiomenf linearattematiagyst wi th one
or nor ecopalifiérs &F olefRS AR &rE&?mGﬂBﬁhX?ﬁol@%’eﬁ&?es 's as defined above. The

I n-anot her d

pr esent

i nvention al so enconpasses spect the use of a catalyst

15 syst em asRérll,i 4E8 Adistsaats 1994, t\ad 2081 (pare 1), 5530 ONOR, rsQbsdd NS-

15

20

25

30

oligomerisation of ethylene using as catalyst a nickel salt of 1,2-
bis(diisopropylphosphino)ethane.

EP 569032A discloses dimerisation of lower o-olefins using as'catalyst a nickel
salt of bisdiphenylphosphinomethane.

WO 96/37522 and WO 96/37523 both disclose catalysts for olefin polymerisation
comprising a Group VIII metal salt, a promoter and a bidentate phosphine ligand whose
sgbstituents may be phenyl or substituted phenyl. The highest activity shown in the
Examples can be calculated as less than 1 g/mmolh.bar. No ortho-substituted phenyl
substituents are disclosed. '

We have now discovered that certain bidentate phosphine compounds having at
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
comprises -

(a) a source of a Group VIII metal;

(b)  abidentate phosphine ligand having the formula
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In the text hereinbelow, the term”catalyst” is intended to incLydgAN 2004
"catal yst @g%g_gén as defined previously and al so "prepol yner-based

cat al yspvo 1 i ned above. The pol ynerisation conditi ons PEHERIY02734
exanpl e, solution phase, slurry phase, gas phase or bul k phase) with

pol ymer i i t a{ HWies .rangi iLrom -100C to .20 +300C, and at

pressur e@\a%q{@jg rrgg{)iﬁg I *@ )ari”c]’e %‘fﬁ% b%lWFFB‘EﬂdSPtIWSqJ‘F%?H gﬁ@‘ 3 Rhenylgyoupa. | f
desi r ed, ortawnbstitusddystengiogtolis, wisiethet fn} u i.gh
pressure/ hi gh tenper.at ﬁl?ge‘r pgocess c@ggﬁ%%?%gﬁi@/ﬂdf?ﬂiRpgﬁﬁkﬁﬁ% mat eri al
forns asPhé?"}%éfPUP ayng 8t leastiane grthetshiydtiswent, 4deX és abhigiging graupl ofike i sation is
conduct eg \pgder gas phase fluidised bed or stirred bed conditions. 25
Sui t abl e nononers for use in the polynerisation process of the present

i nvent i oiNHF[P]RIN]-ostr®RANalyalré kepdridenth}83P1Eor €L hyl ene, C2-20 a-ol efi ns,
internal ol gfins, cyclig olefins and di€nes, such as propyl ene, 1-butene,
1- pent erf&€RD: nashereLach Rygnayhetbe same ot differéng phé ischydtegantaemorovaRReNe,

| - decen < C . 1-dodecene) 1-tridecene, 1tetradecene, 1-pentadecene,
1- hexadglcygirlloed,é -’hsg‘gﬁageec‘?gﬁgf“f& f"éﬁ"éﬁ’é’ﬁﬁ‘,’derﬁgaﬁ &een#@d 30 1-eicosene,

st yr ene,optiohallye(® a peymbadaexene, norbornene, butadi ene and 1, 5- hexadi ene.

O her nmononers include ol efins which conprise an olefin and a pol ar
functional i t yA pEgferrae pradessheamprisey thetseepsndt hyl  acryl ate, butyl acryl ate,
acr yhoni KrJ - Vi cetatje, .2-vinyl 3 .g JAN 2004 WO 01110876

PCT. %EBOO%) (5’5"17@51 n% ,agi{'g?cg%ﬁéh@,ed ﬁ%‘ﬁh;??’bbs%ﬁ%%wgaﬂ@,or e -olafinsewiteacat e,

cu- undeacgatatyry kystérfiodt@d , et hyl undecyl enate, undecyl enoi c acid,
functionalised norbornenes and the like. Preferred nonomers for

honopol yheentagting therepelywerbased catalygt with onadr picvpyLelafns, The catal ysts and

process e, L nvention can al.s e,used for copolynerising 5 ethyl ene or
pr opyl en‘gﬁ%&ﬁhég%tﬁy%ttﬂéﬁgmdf %F?ffvegtaheve-m efins |isted above but

parti c~: t| =~YTHe preb@ Shvehti = - - octene, t hyl
met hacryl at e, rre?ﬁyl acr y~%§§@gﬁﬁo@ﬁ§%}§+ gﬁ%&?@ﬂ;%sp %/?tothﬂ'ﬁ ?f‘eea, ca\'ﬁlg%I
acetlat e)systemrasidefinedbatipme far therpobmuaisetiomefindefinkeny! al cohol , et hyl

undecyl enat e,y #]Hdgég:%k\enoi c,acid and functionalised norbornenes. The

catal yst systemd PrsHYpeloNy e tesmyratglyseds pyended doiinpludecgatalyst (a) a
sour ce XkQstem” @ defined drevigBil “« ' ¥ D b ne.ld gand having the
f or mul ajsgs shown abové_a, gﬁ%l?%g(% ?Jg%\aﬁegb%g&%td%rdo%g%g# ggc? ?Pﬁ?onents may
be added t ogekhepolgnenidation eonditignsoransdeq firexambley solatiem phae dirry ﬁhés@,e
presence_or abser%%ﬁh&: mongner ~(s).. As regards conponent (a), this is a
G oup VIEAF PR oM pplymerigationdemperatyrenrangingArom - HI®Lab,

t i j | [ i iLridi .and ti I 15
Cobart, oY MerBRlege o BRI d qraye. e trpin AT AsbP ey <
ni ckel dfidesrat) thalicatalystodrebgadetl it6 poRleris® efyRk @ dé #slure/fi2fPONnent (a),

which is the source of the Goup VITI netal, can | n@fl%g SI rrpl% i norganic
and or gdffBeragire process epnditinns wherein theepnlymeniomateriat fisms as emyellt incet onat es

and the i . S tallic and coordinatjon conplexes, eg.
kel 57 REErfe Siter PRCABBRITES BolymferalinC Spnduste-hinist ey phase
1, 2- di nefhuiidisedetiddeotastified el cohdifing)i de and (1, 5- cycl ooct adi ene) pal | adi um

met %I chloride.. As regards conponent Sb), this is a bidentate phosphine
|i g#id havi ngoUitablednanomeps forriiss im theupolpmenisatipn pratsHyf the Iprésengiingengionup X

whi ch h e -=X-~P~Y-~~25 where ea of, the N atonms which may
const i tg‘i?%h%grf) ?a{régﬁé%fnﬁf&{%a ?’cfé@’?‘ﬂ@t &é@r#ﬂ%“ééﬂt?’@%lqﬁnéscﬁﬁkﬁ us atons
are tri\oifidtanddiknel) &ubh | Sl e of, ridge. between
the said two Shosphor Ss g% g{r%w(é??’el@gteﬁerl‘) b%&st&ier’ il\E}gﬁg‘ She 40"?@%8[%?'3\7'3‘? é’nt .

Waer e allthentenead epnterien | toseny, iledpeenay etridecery, drdddecertes 1ithdacrhent, two of

the th f f t hat titute the brid
i T oot eaCT R JHT oS, 1 FreadoRPRe | FPoisaere-asiadsornss f crpmadscene,
adj 30ent1-&itOsdnk nstirdRe, D-bctage, (csré]ogéﬁéﬁe,goq%ﬁleﬁe %?%l W% atngqg%hc%;% %F.Obm | S

more likely to be directed to"a nonoval ent, prererably or up which
i s di reQthgr monemersiecludreolefispebich cempriselgeokfinanb utpohdrifehetidagiyngl form

art of < J 2004 WO 01110876 PCT/ GBOQ/ 02734
P metﬁyl methgcrylﬁ‘l\le, methyl acryglte, utyl acrylate, acrylonitrile, vinyl acetate, 2-vinyl-
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the bridge itself. Wiere y = 1, the phosphorus atom forning part of the
bridge nmay alternatively be pentaval ent in which case two of the_lgogm 2004€
di rect edk{@ M@@dj acent atons to formpart of the bridge. The other three
bonds can’ ¢ 8ME; nple be directed to three . 5 nonoval ent &€CTGRI0OL734
preferably to one nonoval ent group and a doubl e bond for exanple to oxygen
or sul phu be understood that the structural unit

hus it wijl
[V -] Pf*?,“ﬁt”l@?f"?’ @%tﬁlé%ﬁ@w, methyl depestenoateyoamdseyiéhyRalcohd)] %ih#nF’RS] y
e

- or - - = I where R2 and R3 are a ned
bel ow Ho“&i*vﬁ‘ﬁﬂg’eé%ﬁﬁéﬂ%% e, s fied MO menes nd ke likes Pustorten ¢ he
f | a- grs-fof R6AYYOIl i i h di ff t
,aﬁ&”“maan'&‘“%"‘{rﬁg?‘es o Habn provales aRAGt e AR AP YRR by or oup (for

e>r<]arrpIB e, mﬁt Ey Extg gs_and@m@mé¢f,t_}\qim4enoj¢n %&M?Tseaf&%&wﬁé{.ﬁbgheryl :
phenyk, tg ..substitute rocar byl group (for exanple,
trifluoro ﬂeglh?ﬁ & ?re‘l"?ﬁlgk’f/ﬁ’eﬁ‘ﬁ??h Ofhg 8§/W3tﬁ;9 olefing figted Rbove bt particudn-iy
het er o- hylbhbuteae,blrhexpne 4 niekipitpeaxenazpl g. X di net hyl am no, 15
di et hyl aM gL hyl phen.oxyl,m_l?ret hoxigh%ér‘f%%lm%w] F{%@%ﬁ%fmgﬁ&l THMd y are
i ndepend t}?lyacﬁ' Ye> acrylppitrilgy vingacetate; stypmeemiethybl-peftenbie %-ﬁﬂ%}éﬂ%o‘c
formul a T - ~2) X -~ -~Z- . P~')~~) (I) where R, : x and
y are deﬁl%oer](?tae%]y\})éjgdggg%'aﬁr u??‘%’%ﬁ%‘ﬁéﬁ@@ﬁf‘Ifyﬂ@'@hdgscémfhwmms.phenyI gr oup
of the R aroups s amoitsydemeethed Bl e orthred B BgineSidesbor rmssoutsent .
sui tgﬁl e @Etﬁé’!‘l’t%ﬁ@tﬂﬁ@ ubidentatet phasphin®ligdndialig th@forfila aq%h {S{édr ocar byl ,
substituta%gvg%q %czfxrb I het er ohydrocarbyl. It I's preferre PW8t - each R
group is‘a sdbs?i tpulf’gﬁ yp@iﬁ_?fm@?%ﬁpTh‘_WiCﬁglPaneﬂtea@y benddal togetheribst i t uent ;
Pyt ocar byl OF ooy (F seSdlly #F By btk PGP BPSERKe of sbSesgs ofronomerts). but y1
phenyl, benzylAsifgardseoriposynt-(a))trieisnr GFIpAITY miebil- tho 6l ‘é/‘fﬁ%%ﬁ”te”t s
i ndependent! oS ci(elﬁ fromC, tq Cs alkyl groups.” In palrﬁ%i cul'ar> e al kyl
substi t uent may’ﬁ'é’ F %b%%WQ'%IPéBQ%@HWWmBWm aad platinumSRoR) OpYy!
and 1%rt leobalt, .nickel andpiIaG; ' : |ternatiyely be a polar

subst i t uent Sl?(lfh as aél EI&I‘(J?;?% %ﬂéﬁgéffrﬁ%?cé‘?ar#ar gﬁg'seﬂlﬂﬁﬁi_ypd palladoyy, and

t he |i kemorgpadisulagiyrmsefiegrediis ckel. 30 di et hyl ami do and the |ike) or

perfl uoronate [ ou r exanpple trifluotonethyl, perfluoroethyl,

pent af | uor ophg;fg?p%fﬁag {‘E'ewﬁ’FEé‘bthe yourceiof thedamosp riéjl aptal, @ar iddfudengigprendent | y
be addi t irfurgadiy asd!8dahic i rtgﬁo, ta,and/or para positions. 5 -
g JAN 200 V\%Hcllll 108% P%%J?%ﬁgg?g%?&"ﬂ 3, cAhELAiES PRatyicAseonaies Rnd gheoups may
be |i nkelike agwehes otganbmletailtcyalﬂid@oﬁdiﬁdti&ntl{oﬁﬁyle,&:?%ire ,eé%gzgaqlsb@%(% \g?ofratcr:g g;(ra[\t o

subsjq tu t aken together, .may be a -C4
cyc Isiodh ex gﬂ%&r’?ﬁ‘g?n r alﬁgwc ¢ }é‘l‘d‘t%'élefuh?-tdlmgthasyetthnnhmidhep&ibtorﬂiﬁe andenzene

rin an t ; : hyl : substituents on adjacent R
g ( dl,matllyuaacﬁdneaeﬁsgug;&@ nf‘egﬁyé,g{ég,ﬁ@ j

groups may so be link ably hydrogen or a hydrocar byl

group, nore pAsfregands gompéhent iis ladid : fe.methyl or ethyl
ek G ol i SRR REN Mg S

or an ar Qu referably phenyl or substifut

a hydr océir‘%%aﬁ&ﬁwsme&mm%wmum whidhstas thet seliclfte hydr ocar byi , nore
preferably a C- to C6 al kyl group. &ggqﬁhively, R3 is an aryl group for
exanpl e phenyl or substituted phenyl-* Yegards x and y, these are

i ndependeherecach of the N Rtarhewhich ynay o%lﬂ_ﬁkitﬁtegfsaﬁtaefﬂgoiﬁhge B,f.xg? Eﬁ%}g&gg & Lconponent

(b) corrp%ii{l S ahbi ent at e phosphi ne |igan

(R) (R ) B FR W%%%‘?m&ﬂ@rt@vﬂenm the Patemabatdidy coestinbOyat offheThe

l'i gands rideditmbtaPalegdidis) riocedures known to the man skilled in the
art and disclosed | negglgllila}gﬁg'g%l?%? ﬁttoﬂ}se(?'e'lékaﬂ%Fséglv'antmremetave&nbonpounds
are 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
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met hyl phenyl ) (phenyl ) PN( et hyl ) P ( phenyl B JAN 204

nmet hyl zPN{ net hyl ) P(phenyl )2 20
net h § J%&( phenyl ) PN( et hyl ) P( 2- met hyl phenyl )(phenylP ’GBO‘WT"’“
met hyl phenyl ) ZPN( et hyl ) P( 2- net hyl phenyl ) 2 N

2-
2-
2-
2-
2- et hyl P t hyl ) P( 2- et hyl ph I

2- ?so%r%'ﬁ%z ;nlgN( ?lre% h§/| )I%( 2y| gogpgpgllzphenyl )z

2. 4. di mot pmhﬁéen%l N SR BBl el B e B8 may altermativety
S ety %’S""‘pﬁ‘é‘:‘é" "‘ ””%“““ ﬁf‘?’%ﬁﬁ%‘fﬁ;’ﬂ% e oS TR T :
2, 6-di i 8p° %W&y bprdsxap fon ¢xaomie othree

24,5 Itmcmawxﬁ 4%.2 I%h‘? ;ﬂ.ﬁ ,f‘qvﬁ h '”EIEQ/ 1RheR IgIe) 1%

> le fion {e L%rr%\;p) d ouble’bond for |

2-
2-
I

tertbutyl phe

met honymhﬁayd: bxﬁd(mmtduwh)xP( 2- met hoxyphenyl )z,

trifluoro yIphgl I)z;ﬂém&thI}‘PZtr|fluororrethylphenyl)z6 WO
/10876 (2-p H&H nAesqtaesthat thestougserahymip HdHy [Bz-[NJ- is intended to

i Eapglt Eﬁ%déf)hl%gﬁi{%ﬁ%%ﬁ%ﬂ@i 19T J=TPL-INR®)]- for example, where
|sopr Bphp RE myé A2 BRMined bl Hovievon paauhednaﬁu l}lé §5oup -[N]-[P),-[N]- is of

e e e
n tlefﬁQ[ Wﬁf“*?ﬁﬂmﬁﬁ%@ﬂﬂ%ﬁeﬂw&”@ i op B eRiale megor Sty p
Co) ~4) syl Ty, -ty iR ROAoRGT GRORIORRAind hotley e def i ned

above, and,each be the sane or different and is hydrogen or a

monoval eBYdIRG, PM’(&'PB? |(f0f§ﬁ’5§91ie,t tiflaerometind, onethgxymethyleamisyd; phedolbaad thel

R C f I
methyi ok @HEIEbA oMYl BRER (- Rure Beboishaiinod dikéckfmingy pref er red
i's hysir ogizhylabiino Rmetty né’@)/mléﬂloky & dnd e TB), EHkiafidylareict ure. 15 The

| i gands can be prepared using procedures known to the man’skilled in the
art and HI@EWS@EHY Prgu b‘F‘lP§I’I&§@I ar compenent () c&r depl compoing oé famubd(Ixonpounds

RS SO T 0
I R

2-

g i sopr OPW pl E’ﬂ-}“ II;) izemPCI-IZ gﬁcgmgﬁgﬂﬁmt&’dhﬁ?ﬂhw;bﬂelﬁ lzgroup or a substituted phenyl
i me i met hyl phen

(2, 42@ ?II}/’.,S‘FI&?@}/I 92'?@42&(52 that gt mtwppﬁ&wﬁtg

groupgls a phenyl group having

(
(
(
? Moty BARER TRl ont A R ERpidclads, byt g pepfmigt o hlide,
(
(
(

I\Jl\)

6- di i hpdrocmpll sebyit)tePEEBERbA-oHheforsHyaRYdaPIE Y o) referred th .
6-tri met hyl phenyl hPCH2P( 2, 4ﬁ6 trimet hyI Sﬁgﬁy z&e erred that each R

2-
2,
g fer t blgf%pp(ﬁ éﬁyb;tgp@qmbegd géqqptjmmgph tgasti 9re ortho substltuent preferably this
S T eSO R AR BN eny sregs G oample.
25  methyl, ethyl, isopropyl, tert butyl, phenyl, benzyl and the like) More preferably this
ortho substitutent is independently selected from C, to Cs alkyI groups. In particular, the
alkyl substituents may be independently selected from methyl, ethyl lso-propyl and tert- .
butyl. This ortho substituent may alternatively be a polar substxtuent such as an alkoxy
(for example, methoxy, ethoxy, phenoxy and the like), amido (dlmethylamldo
30 diethylamido and the like) or perfluoronated group (for example tnﬂuoromethyl,
perfluoroethyl, pentafluorophenyl and the like). The R' groups may optionally” -

independently be additionally substituted in any ortho, meta and/or para positiohs.

5
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( 2- phenyl phenyl ) zPCH2P( 2- phenyl phenyl )2 ( 1- napht hyl ) 2PCH2P( 1- map ANy R0pD
(1,1 -bi phenyl ) 2PCH2P( 1, 1' - bi phenyl ) 2

(2-i sopr @bﬁ’/f’é "1 ) 2PC( phenyl ) ZP( 2- i sopr opyl phenyl )Z 5 PCT/GB00/02734
(2-1sopropyl phenyl ) 2PC( et hyl ) 2P( 2-i sopr opyl phenyl )2 As regards conponent

(c) which,is a pronoter; this may be any conpound which generates an active
catal yst MIBRCHE SHRRSesatsony 83 EEQVPS (isly. bediminpd hegethef ¢ fors syalit strhiotufi] fpt ed

from but WA . n. ni conmpound nd or ganoboron
compoun 3 s?ﬂaﬁ/l{piét itflr;B eéﬁgcfehg?uc? %ﬁ%ﬁ ggloaﬁﬁ% %@%&g&gg Bs'gg'[iu é‘éﬂ%o Ssite fyme 10

or ganoal uparhofarcyolohesemeting, 06 Imag®ec0 lOEAda; 83.,Mere each
R i s independent!|y (Cl- 2gal kWor halgw&éﬁ%lagegt?fd;c ‘SugcijqegféAl}en‘zene e
trinmet hyl Pﬁma%l'@/ﬁ(ar thylenecarayn)alsubstituents o Edjncertt R -growidithay AbaiBe Ni um
(TI BAB, tifked-octyl al um nium nethyl al um ni umdichloride, ethylal um nium

di chl oride, dinethylalum niumchloride, diethylalumniumchloride,

t hyl al um ni ' j | al,umi ni i ¢chl oride, and
AR st o LT RV R R T A
ol i gomer i allod @ngup fatsexatptemethgl Greothyiepan e itptodd ropctably Sl s orddlichi 08, Of
wat er tosp%gaﬂl kyl al um ni um conpound, for exanple trinethylal ummniu uch

conpound "be linear, cyclic or mxtures thereof. Comrercially avail able

al unoxanes ar ' to be,m xtures of |inear and cyclic
Corrp%nd;ydTthugE@ﬁ%}ag% a ljfrl;gé;aggyégr%% hgter?*éyﬂf%%aé‘?ﬁ]é’dswuﬂﬂédfor nul a

[ R 6A20] ratattiyd rhoregaéfe@byDEAREE t or, . )| wherein s is
a nunbergfrom a oug ZQ?f)eSOiygng V\hﬁe?r’eklyné}%ué, %@tgﬁgﬁﬁ @Iag)edﬁle%'gﬂ?

hydr ocar B9T © SEheny} ek ibstitugedphenyl. C6 al kyl groups, for exanpl e methyl,

et hyl or butyl i Xanes suc S hy| al unoxane (MAO) are
pre%lerred. 2% llx%t Ellqgxcdc?lﬁbgi@sggpeslﬂgfﬁe&%f)’étpyn@f’ég'e ﬁ’ﬁéjﬁraPWe" %@r!ﬁﬂf(e both 0

"al kyl al unwdhishetasacompetint (b)tddhfprisess bidesdtd ﬁibsgrrﬁﬂe gg% @%'ﬁ%’ § Ranes

avai | abl rciall ich may contain a prop ty

Oont % bumn‘g@ &PV&B )K%’gswhe% Rgand Ré avoas defipedidbong. t 1 al kyl al umi ni um
for igstance, i Q usual |.y cont gi ns approxi mately | OM %
trinethyl al um’ﬁﬁ'}!ﬁ%{‘%,b“@ Fi’*’&‘Sfl ES\HI%BF‘Eﬂean%kvate &be mpm skilled in thesartand
TI BA. 30 aquidistiosedin piblighelMiteraniypxane quoted herein include such

trialkylalumniuminpurities, and accordingly quantities of
trial kyl al uni fi*amplesaipreferced;oompolridsiaet n are consi dered to conpri se

conmpounds_ dditi.on to any ALR3 conpound 8 - g JAN
2004 m@ﬁ’%@%@@]‘%@%@%ﬁ@h@wa@%t ed within the al kyl al unoxane when
pr esent . (2/hethylhenglPXenetyBPeHRARN),0yed as pronmoters it is preferred that
t hey on&gi n fairly |ow | evels of  or no free trial kyl al um ni um conpounds.

Exa hels Wegﬂﬁ’thswlxpmaﬁblﬁ@ﬁ%lﬁﬁhpmh}dw\eayla(ﬁhelltylﬁi nes, trimethyl boron, 5
1yt e KRR LRSSk 3P et hy! phenyl armoni um
Ly kP anynne ?ﬁ&mpm%ﬁgﬁqﬁﬁg%l ] borate |

tetrakis[(bis-3,5-trifluoronet

{_! ¢ ( |OtEt )"f?R‘EPE‘Phl?'M)aPN(mhyJhE(tZFiydt)prppylghdt:M)ar i ei il henyl ). b 10
ri r uo n a ri s(pentaf | uorophenyl). boron.

An al>/ter a??@'g&fé’ﬁé%%’y@%%@ﬁf@'@ Yil%'?"é,’éfts of a calto i oniyc oxi di si ng

-agen?5 an@,4dintsthylpledn i)gm@mh)qmg;&imemegl?g} Exanpl es of cationic - :

oxi di sing agents 1 nclude: ferroceni um byl - substituted ferroceni um
Ag+, or Bfrdimethylphanyb,PN(meshd)R(2 G- diatethydplenphat i bl e anions are BF4 , Shd b

the. pr eparmbSl:S SRR Gt ks st busopramsintera e quant iy of
acti vat i(ﬂgﬁ-dﬁm&p%i&ﬂ&l%‘?ﬁﬁaeﬂ{mﬂ6%&8@%@%&%9orrpounds and or ganoboron |

conpounds to he e oyed is easily deter inple testing, for
exanpl e, o tnmethy emPNtmethybRe, 4,6t teintetidpidngd, whi ch can be used to

pol y4ger i 5e u \tie t he nononers) and thus to determ ne the

acti Vi t)ﬁgﬁ 'S(F'E'&ipﬁ’?'@ﬁﬁ%&mﬁé‘yﬁ%%f?“bﬁylP@"@{Qner ally found that the
(2-methoxyphenyl)zPN(methyl)P(2-mcthoxyphenyl)2 . .
(2-trifluoromethylphenyl);PN(methyl)P(2-trifluoromethylphenyl),

6



20 quantity enployed is sufficient to provide 0.1 to 20,000 ato

preferalb‘hlssoi%@&gzooo atons of al um nium or boron per atom ﬁ%r(g%o %ﬁ{l(zgg"

nmet al . ases, for certain conbinations of conpone
pronoter (c) nmay not be required. In some cases, by suitable choice of

met al sourge ut|I se a catalyst in which conponents (a)
and (b) @e%%i’widpﬁifn }S‘S%&r%enﬂa &Whyl e antity. of 25 formula (111)

bel ow. A@CﬁpﬂtmhmﬁnétH%mtnagﬁm of the invention provides a process for
the pol ymerisation and copol Sation of olefins, conprising contacting

t he nondidel rlnpltﬂnyl’)zHN(mmih,sd)P;ﬂb,llybmheml on conditions with a polynerisation
t al yst t h d of the f I
(1 SoregmShpt e AR Woeromfsnibopt | onal 1y (11) a promoter,

wh dat i tat h L i 9

g 32&5 20 4 %@Bﬁﬁé@)ghh@rh%g& 6%‘?%% % Indgnlt IO; :1 ?mﬁo;nm gﬁfc grloﬁp or

i gand d@ 1s¢1yopyl¢bgedm)dENkl (mgﬁhﬁ)hﬁ(enmh)d)P(gﬁmppop}anddngapd each Ais o I
t t

negat | veCrapgwsem HER G e BB R GarderRempr Rk gand having the

formul a (R“‘)(Rlie%a'twé cg’,(,g{,r) g@ica;t{\/g Q%Rr%ﬁSPnBoffoﬂnbﬁ endently sel ected

froma phenyl group 5 or a su rou "the proviso that

at | east one of tKRHR )Brﬁ(lp"s)(ﬁ“);- H(R)‘I)@{iyl group hawq]g at | east one ortho
b t t X, f th t t - X-[P] Y-
aner 19 " Share R of tofied ahtrnand hshar hay b e cpmappa “ekfmra[eﬁ“m}ar]mi@“y be

the sane opﬁ nﬂinfofvﬁl"eﬁmbyd?MrB J&K&&Bﬁa gxy&rocgrbw&oﬂe%r%%yg )ﬂr ocar byl ,

substituted hydrocar het ero %ny val ue

bet ween 0 and Rhis pratﬂerqblyshyd:ttngembeger, tdEL thr@u?nﬂréxa nftRIRIr&chyphen m =
2 then % nples _of L are halide, acetate,” acetyl
acet onat 8”‘ P‘W;?/Bro"rﬁ’e!’éﬁf?fé"lﬂf)?lhe“)’&lRM‘CUIMVdTTP&EednﬁhIdﬁ@gm KEhe E§<gmppsas of L'

are an oj Plblg,lmﬁ Rp&m&&h Struduiehosphine, a solvent nolecule 15 such as

wat er, diethyl er, ace acetonitrile, and the |like. Exanples of A

are BF4 |, SbF&he lighfids, cahlbef;irqiaeed@di ﬁ)r@EecﬁJrMnM & e n¥dd! skt in PRRORPPat €
and the |i |V|IS nickel or palladium it is preferred that n = 1 and

preferreﬂ“‘%g’isﬁl@? pyblighed ligeratues: e p=0, g=2andm=0 p=l, gq=I andm=2 20

p=2, q=Candn2 cases, the L l'igands, L' |igands

or L and L’ ||E3‘§ﬂ’ gbsgrg% @%ﬁ@é@gggﬁer to form bidentate or

mul t i denamethyiphemdXphérgt)PEPRR(phamdys, for certain conpounds of the above

formul a, a ter_conpound may not be required. 25 Certai n conpounds
2rmethyipbemi s POF:

used, i eadpPEH:Pépbepylssent i nvention are novel, and accordingly a

further i nds of forrrula | V}:

u) j-tj? PQ%%%&%’EIW héd}\’)?@:ﬁ g@d’?‘%@?&hg}ﬁ{(&%@ uer ein each R ig W
|ndepenc(eﬁhémymbgd)zﬁdtHzP@zmathpmwl)zgroup or a substituted phenyl group
with the_p g\égﬁo that at |east one of the R. groups is a phenyl group

havi ng a@ enyh):RHR(2rqtbylphes¥i t uent; X is a bridging group of the
Sh et B MR A BodARRR D Moo DY, o oup, or - LR -
hydr ocar@ﬁ-dgmhgaphenyl)gpmﬁ)(tgnm.letrglﬁh@aﬁ)zon 10
25 (2,4-dimethylphenyl),PCH,P(2,4-dimethylphenyl),.
(2,6-dimethylphenyl),PCH,P(2,6-dimethylphenyl),
(2-methy1-6-isopropylphenyl)z'PCHzP(2-methyl-6-isopropylphenyl)z
(2,6-diisopropylphenyl),PCH,P(2,6-diisopropylphenyl),
(2,4,6-trimethylphenyl),PCH,P(2,4,6-trimethylphenyl),
30  (2-tertbutylphenyl),PCH,P(2-tertbutylphenyl),
(2-methoxyphenyl);PCH,P(2-methoxyphenyl),

a

(2-trifluoromethylphenyl),PCH,P(2-trifluoromethylphenyl),

7



- g JAN 2004 WO 01/10876 PCT/ GB00/ 02734 state of nickel; each L is N
i ndependently a nonoanionic group or ligand; L' is independentl y'z§ Heit2Ph
group Ory .~ each A is independently a weakly coordinating or

non-coor\gpng?p%g anion; p is any integer between 0 and m%ﬂ@]’wzﬁﬁ eger
between 0 and 4. Preferably mep=0 and q=2; nm=p=2 and gq=0; or m=2, p=1 and

g=1. It 4s.al r t hat i s\ halide, acetate, acetyl acetonate,
al kyl , F%PB?%’@%@Y‘;E’S?@&'P ‘?"YH{?'SPX%%; L' is an olefin, carbon nonoxide, a
phosphi Fﬁgﬁﬁhtﬁylﬁpmﬁp(l-ﬁéﬁhﬂﬁﬂ%e; and Ais BF4 , SbFs , PF6 , triflate, aryl

or al ky orate. Preferably each R group is a substituted phenyl group
havi ng 6t 11-binbenyhhBCHeR{ol 'Huphiegil), hydr ocar byl , substituted hydrocarbyl or

10 het epphydr ocar byl tit .The catalysts utilised in the present

i nvent i g%l%gﬁopyfbha@}z?gg&begmé- S%?@'?Q}}‘F&}ﬁ/ﬁbne of the defined Eorrpounds

and §an(@-is%ﬁrdﬁlﬂlﬁﬁﬂ)z'?@(ﬁleﬂ%l)mﬁii%r&‘f)ytlﬁéﬂgﬁ‘z or nore other types of
those of the typ

catal yst, such as e used ih'conventional Ziegler-Natta
cat al yst systAstegandstcomposentdchwhiel is apaimstes, thismmydeanggenipadidwiich or

constrai ned geonetry bas cat al ysts, heat i vated supported chrom um

oxi de. cdearipte anactye SRR, vl Eodonnsianrol ), ‘Chranusenbles shtebln uim

a-di i m ngjeerdatomity ii : j I {0 . The

catal ysts utilised it(r?llb'g h@ag? gds}g)rrl [ nb’?ﬁﬁ??n%aﬁd@gkgﬁgﬁ%gé?%éﬁor support ed

on a sumeapounds. eMixthresfofpramatepttempeudds aray Asobe nsed. BythBleor zirconia, or

on pol ymer or .prepol ymer, for exanple pol yethyl ene, polypropyl ene,

pol 38tyr ﬁ%’}oag'}mgb’ & ?%Hﬂdﬁb‘ﬁ'ﬁ%ér?gﬁwpgs ﬁé'g‘ﬁr’%ﬂmtlh atdiejseachais be

formed ijRd&jehderd b 0 Frelcl gd A 18ing suppor t

mat er i aIl c?r? g%tgréel-ieﬁ;yri@gﬁgg 28 f(])':'rxrﬂp le':!r§n xXe ,ett5| rruﬁ){lgﬁllgbnﬁs ﬁgﬁ‘)’

sequent i takthylaluminluno (EEA), trivsabugflaluimniwat(ZIBA), taanpapkhisiniuke cat al ysts of

the present Jinventio an,if desired be supported on a heterogeneous
me‘ﬁlés‘ﬁﬁé%ﬂﬁm C'%a"éfs emzaiww dighjqrides dimsshladaminiug chlorides t a

cat al yst’, )
cat al ystgjefyiaiiniihiuRs KT Wby orted catalyst or a
supporteclle taltll Ilolgen%m%ﬂgfeéfag‘g{a%gr rrat%cgﬁéhcl) e supported catal yst can be
achilévednétbylakminiphsedgpichtoriie] agl dlbmokaress iAlumoxanet ate wellpovatim thé afthe
present invent l}’;ﬂ vv'h,t h al.unoxane in a suitable inert diluent, for exanple a
vol at i | ASHRIFYYNE Sligomeris FompRynds peueh ean becrrerarpd by therrongrolled addition ¢ he
product gehieVRPH At ide di | . . C upported
catal yst is tgr)r/eferﬁ lékgpﬁrﬁwhg%@%ﬁ%ff‘og Wﬂgﬁé%eﬁgﬁ%’gﬂv@gﬁe%? quantity of

support cemtpeunds cantd ineat] oyslic srevhiktivies Heyeofl Wortmardlie aliiRblelidndRMet 0 1
grans per mof netal present in _the transition netal conpound. 11 g

JAN 2D0 &® rll?qf& beliepedriadmpmptyres of linear and cygliccsompoundse The eyelic
| VO O iy e ot
P opaly b Riheg kaf 66 RepHEhted By RO LI IR M GTP LBV EE inl A IRGIBR 0, o'

excl ude the forenla Rif @'SAMD)( whehsi s id MirbérSrdri aboiey/ 1380, aag vt R
poi sons._ fHfoweyveq;, sone catal ysts or catal yst systens utilised in the
present Rnvit Rofepsessny hydmocarbyleroups pasferabbr Gy de (Csgliokataugs, fepexample and

pol ymer i i i SR rI i sence of
xyaon, eyt BuBA of G| KEEDL. PRI ARTRXanR il ds B Qbrighal{ DRSS

copol yneprefertedon may al so be carried in water as a diluent, either as a
sol ytion, suspension or enulsion. O her donor solvents nmay al so be used as

di | dent, for Huyggantent dohenld berntedshatthederme {‘alitislumoxaneinasi used irothisopanol ) |

th ; i f . h f d the.ljke.
ol y ror | PepIEEARIPEILRY b foiERcs abiiiei} ESREIGAIN bR BRY chBBINA o' ude
ol ef i n fpregsitiomk sypicallabowErOwtY)Mbue Bpicually @pitai SOvAYE, @FtheddorRep &g Al SO)

pol ymer i s%il ?n or ,copol ynerisation can be carried out in the presence of
addi ti ve@ialkylayninium; fopinstaace, somuegseial MAO wsually doatainesippreximatehe] Qs of

hydr ogen fgas - TAPA 1 ng. t Verage. nol ec j 15 of
t he pol ;tmer lé)?lﬁg@g@ﬁ@&er nﬁ;%g%%%%gﬁéﬁlmﬁgoﬁﬁéﬁg’gmm§§$:rgl?‘kprocess
of tite. Quetitivs of alkgniirdkanEQuoRYAHERIR inchiddIsRER BridlRlaliMinisRImbarifi@duce the
average no| ecul ar wei ght _ of ppI%ners or copol yners prepared using gas

phase, st 3cpoptinghy Ausntities of lugiiniumicompetinde apasey heseinsare iconstdered
diti [ .Q b I d t [ the desired
aver age. worommuifis bbbt SEnPYRRET A Rudifonytf A BHG obolilG 20"er ror

pol ynmerisation tests. Slurry phase polynerisation conditions or gas phase
pol yneri sation conditions 8




are particularly useful for the production of high or |ow densi t_ysgjﬂdquof
pol yet hyl ene, and pol ypropyl ene. In these processes the pol ynerisation
condi t i oW® ®AAMe batch, continuous ar sem -continuous. FUIRGTE@BRN2E34 one or
nore reactors may be used, e.g. 25 fromtwo to five reactors in series. .
Different, reaction conditions, such as different tenperatures or hydrogen
concent r ARGo5PRratagwishin dhalisylalimonandwheh pleseren Whsadiifindxared atdie Sl urry

phase pr as.. phas rocess, the catalyst is generally netered
and tran%ﬁ@?@gggﬁﬁéﬁ?ﬁg ’ﬁgsl Wﬁ@ﬁggﬁ‘?téﬁeyz‘iﬂi’éa‘i‘ faisly, low levels of omnpdreti cul at e
solid ei thislkylaRndnidfycoppiihals(e. 9. Wi th an inert gas) or as a slurry. This
solid can be, for exanple, a solid 30 catalyst systemformed fromthe one
orhm)re of corﬁﬂaéx?é@f»l fsutahde brgaeol%dron ﬁam}bofﬂ_i%mé bulr’li)dﬁesyﬁnmtmb b hout
othergty t or, can be the solid catal yst al one w th ‘or

wi t hout g’? lé’?ﬂ’?f/b%ég"%ef%‘ﬁyi%tfeﬂl?%‘?“‘?'ﬁteﬁrﬁ@%]ea.‘(‘ﬂl&m@i-truﬂmttaﬁphmmbca-atei, vat or
can be f edpHenylbbfonl 2dimethylbhdNardRisHi [ G200/ 02734

pol ynmerisation zone, for yg)xa%e ggmﬁ%egnjla t?’%@,@ms@é‘gp% r§;°’f§° H®Br toget her
wi th t heteEkisi(bisd SHyifluorameshymehyl] bomte 3'CORS),[®Ys3,8m or the transition
metal co nent .0f the.catal yst systemenployed in the slurry

pol ymer i ?ﬁ@éﬂ&gﬁﬁsﬁ?ﬂlﬁﬂ@&%B'a(ﬁ%é%’ﬂ‘éﬁmphw prde et on one or nore
support es(péntalforoplemi) Bogder abl y the catalyst systemis 5 supported on
the support material piior to its introduction into the ,polynerisation
zonel9 sui t abl d\salisenativerciase of adtivatore corprisesssRIBE & catiodié 6idisflp 4 nd

Zi rconi aan%g_lc r&él etsegle%uhr .bor magnesi a. I'npregnation of the™s _ppor"t
materi al “can c88_ ngtespmpati VU0n st catieniaionidining dgentsanclogd.e, by
i Lent o o e P e er OB, A" B T SR The
support ¢@ordimating abmphtihie anipnegeBRY SHOLN PRt edtdakis(PRyhiikeRGSepar at ed
fromt he%gi k%fnfﬁl{f&fr e%@@ by filtration or evapora%,l on tecﬁni gues. Once
the pol yier B torepagn #§ed fromthe reactor, any associated and
absoredIihdhs fiSo ' ved. .or degassed, fromthe

pol yner by, oflﬁgxarrp(l) e,BgB%gg’_g%?’2“}"2‘%‘]—‘%"%’&’%?“%}hﬁ‘%‘f*@&b@&%%@lnsresh or
recycl edcempeund selectedcfeom orgdnoghmifiyay aesyduags ar(cﬁb‘x“g'ﬁn@{%rﬁxg géﬁtng&ades to

Recover 15 gaseous or |iquid hydrocarbons nmay be Tecyc

pol ymer ieg%frf‘Blﬁy‘Z‘ﬁﬁee.as‘?y (Fqser?mae%mwlqowm, o1 examples by thepreparaisisof he sol i d
parti cl esmalf . tal yst re fed tq a polynerisation
zone either taeglaéda?H %%)Whglﬁc%tjggggeggglp%&'@er%ﬁ S?’ﬁ@qﬂﬂr%éﬁfg%mwrmrmem. The
pol yner i & thustaldétesmine iise ativipbf tegpratihdedidamiRe! mggg,)e,gg,q-og@g ﬁ-la%’ﬁ}e( s),

and JRY be an al kane such  as hexane, heptane) ’i sobutdne, or a mxture of 20
hy drc ar SREDpsmployed issutficieng to.peovide OHe to 20,0091 etonas; epréfechblyo 120 2000

pol yrer i &akis OF akR; i tR_th I risation diluent. The

pol yner i sat isgﬁ zonglu?g%'a%oz’?ﬁp g?ﬁg%go %",“Pg%ﬁgm%% Hy3Pmps casesyfergertaimct i on

vessel ; eambinatimsioficompohen fay Sdqbyra plﬁnﬂ)terf@ fR@ nbVHE egﬁiré know in the
manuf act ure oip 'ol%et hg/l ene_by the Phil Iiﬂzs rocess.. When tche ' -

pol ynmeri sati o %?’B gases, by suitable chojenof matadsauros, if is possible ealutilise ainder slurry
condi ti Oggal ; ' j i referably. carriged out at a, tenperature
above 0C, ?r%gg?n ﬁv?%%é aﬂl yleg%g%)gﬂ'ld @b:greﬁ?én%ef ReRrefprmsd singlpentity ofe i s

pr ef28r abfoymulai (Mpbelov. Aetordirighea fighee asiedt 8 @b iMVahGbn Pﬂﬁricﬂz !améﬁsg ?WE nces

to softe‘?} or,sinter in the presence of the polynerisation diluen t he
t enper at i @oPyegisptiorend eopglymasisetion ofelefing, cemptising eoatactirg théoul i ng of -t he

react or LSt f..the .ynerjsationwthin these defined 30
t enper at ﬁ?ﬂo@%élg ﬁ@‘ghb'%rﬂ%%r%gué% 8?'%1'*?%‘% BPOB'HPﬁY'w‘rSWQW ¢galysi@raver age
nol ecul agataAgaétgthemfwhiHecmﬁp.du@ed pol ynmer. A further useful nmeans of

controlling the nol ecul ar wei ght is to conduct the:polynerisation.in the
presence of hJh? Ge@Rogadoffhe formuda @1Bs 13 g JAN 200 WO Ol / 10876
PCT/36B00/ 02734 chai n transfer §] ral ly, the higher the
concentration of hydrogen enﬁ@%d},qm?ﬁéﬁéﬁ“t he avergHQ nmol ecul ar wei ght
of the pnddwptiedalpol yner. In i) XpfsdhoteEr i sation processes, |iquid nonomer
such as propyl ene,.is used as the pol ynerisation nedium Methods for '
operating gaswg?fﬁngp‘élaﬁféﬂpégﬂ watabindfoavalasxidationsedtt nkrasiLisn the art.
Such net hods generally involve agitating (e.g. by stirring, vibrating or
fluidising) a bed of catalyst, or a tged of the target polymer (i.e. polyner
having the sanme or simlar physical properties to that which it is desired
to make in the polynerisation process) containing a catal yst, and feeding
thereto a stream of nononer at |east partially in the



10 gaseous phase, under conditions such that at |east part of the NPAN Ry
pol ynerises in contact with the catalyst in the bed. The bed is ggneral' y
cool ed bywblagredgli tion of cool gas (e.g. recycled gaseous oner} and/ or
volatile liquid (e.g. a volatile inert hydrocarbon, or gasggﬂlé;myﬁér

whi ch has been condensed to forma |liquid). The polymer produced in, and

i sol at ed independentdy ®hdhBa f .yl | olid.in the 15

pol yrer i sat ielf)en zgtﬁye.a.nd irgafg?ge gr%%rag@ ﬁsid%&%gﬁg(ngpﬁ&af‘?‘étéﬂﬂ% o5 qui d. As
i's wel | Khgand; eashihésinderientiérsly a weakhecaurtinafiig 8nor-tebtimalisg AlibRVRA, ,{ 0
enter thefo?&%y#éara'.‘s’at}ilon zpne aba@g{as phase pol ynerisation process the
quantity or | oERd Vs R ﬁrﬁ%og%la? [saRidentate phesphinesligand having diesformnlat 0 t he
guantity B/ O - LSt inS - trast to "spolutiqgn phase"

pr ocessesm Ggr’)ei.n thgﬂgyyﬁ‘gheﬁ;éégﬁ néédﬂglggés?lgF@lz‘ﬁsqﬁ??teélsgﬁ‘i"\?éﬂt","ylﬂaupsI urry
20 phase"oh# Bihstitued pheaybgnouphwitl theyprevisé ealat REstoneYSRRNR ! Qf’i‘)uh?isaa | i quid
di | uent.dﬂ'lgé;I ﬁg% Bhas.e pgﬁcess can be operated under batch)”sem -batch) or
so- cal | edP USIETPHP fatng & 85t1Qng 9&tho substitugnt.candr X ésia bodgipe gecup afbier

condi ti ongnfemg® t hat nononer is continuously recycled to an agitated

pol ymeri sati on zone containi ng pol yfnerisation catal yst, make-up nononer
bei ng pr otNdePl;-tNI-ephearc & andly\anenidepshdempoosr 1, gnd 25 continuously or

interm ttggglp)é/ ‘W, t hdram ng produced pol ynmer fromthe polynmerisation zone at
pINeF AR

a rate cor Myebethe synerar differept andhis hydrogearor afmi@sdvaleat al yst

bei ngoadngréarg)}),esdggg%fgarﬂxgpgvéaﬁﬂl ?ﬁ@%&g&fﬁ@%ﬁﬁﬁ t he catal yst w t hdrawn

formthe pol ymerisation zo IBHs . For typical

product i dhmay havpanyt vabapiestweer 6 andaireRdl YR infeperBewebRBahle. Fbf St 30
nononer in ap’-F:arh'ﬁ!tﬁHr eact ?lr is reacted with the seconé nmononer I'n a second

react or. P3P @ Gracthen pmayhel G deoréd hyl ene i npact copol yner in a

gas-phasqg,m;ﬂg > J Lyjnerized in a first reactor; reactive
pol yner transfgs??felag{egﬁﬁhg’qugeﬁ?’ fgge ltaSFtQi“ﬁteiﬂEyl’ betﬁr@hﬁl’ﬂb‘mhm@l#nleG
PCTI GBOO/tbe fike, Enanytiesasfiy lagtian SlefiRtdafbon ,ggmmrp]{?§ aRded, vﬁ}ﬁ L Eesu tis
an IE%: mat e, m xture of a isotactic polypropyl ene c a?ns "W t_h Chay ,_§" f a

r ang grsb‘ﬁ'i} F‘%W_é?n"é;c digthyhrthero pestonee pcegmxtrdg;ohnmthohbé.%Bm?pueswf@aaﬂempﬁ,

pr oduce -Apfi- | i C m _por . anou of . a_conononer

(typi cal 1578t hotorsies 8B BEMho ! SiBrd, phosphateanahe fike Mg Wi nickel

Met hods fasrpabipdiumt itﬁgp@ﬁ@fd@hﬂﬂ&l=f=|l%dip'i&@n9@dalﬂf§&§§§f&dflﬂ% <='malki ng

pol yet hyl ene, ethyl ene copol yners and pol ypropylene’are wel'f known in the
art. The process can be oper aP&l0, FoR asdampl®, in a vertical cylindrical
reactor equipped with a perfor(:l:tf:d _c_iilstri butjon plate to support the bed
and to distribute the i ncom nB f 128 Gi ﬁnﬂ(j“g% stream t hrough the bed. The
flui @sing gas circulating t hpeugly £ panles=serves to 10 renove the heat of

pol ynmeri sation fromthe bed and to supply nononmer for polynerisation in the
bed. Thus the fluiddsing gas P& Rywndempr2 ses t he nmononers) normal |y

t oget her pw LNer & (e. 9., nitrogen .or inert hydrocarbons such as
net hane, Dg!tsﬁg‘ﬁg éEE‘r %‘g}n%%ﬁaﬁt‘éﬁggﬂdﬁé’ﬁiaﬁ?gelorha#&%my baX‘ﬂkQSbﬁOEQﬁh&t toy with
hydr ogen fasn bidertatd 6 mukidehate R@hdd. Jofib S as . enenging from
the top o[) thg} bed is 15 led el(;l%?i O§nZlﬁrfq}ﬁr%gégsh%Ag‘ﬂ\?g%%(:él&?nﬂ%%éﬁ%n zone
(this cafPB¥e foreya, adremeter pompound iy hétcberrequiret. havi ng a wi der di aneter)

and, 2¢f desir ne and. or. filters to disentrain fine solid. .
particles f ro%gétrhagn g%@b‘g‘fnrdéé'ﬁ?d. ithe pencessLf the Present invention are mavel, aadchanger

t edrdi £ i.sati | [\
IO?G‘E g;ﬂ;\éﬁw liégl@?zi{i?ﬁnﬁoaged %l?hg?ﬁ% %‘gﬂ gﬁhﬁ%&eh@@bé&@g ‘ﬁ%’q‘b‘ﬁh‘ﬁf start up
of the pl[é’t )P%g(lfsé@{msliné@mf)s(@é(mfpj ui di sgbVe pol ymer which is |
ferab Y Q. t t pol . Pol i duced t] |
B thi ¢ iohefendl ) 8 hiPohdinty seiBGed Hom mahertharaup e subr@misctiopyimmans
are provigteep thﬁéhWSBQhﬁQltYéﬁtror%r(g’rfhéﬁ?g{)(ﬁ%sgsog'%nUPUS| o indl & ul ar
e at esrr

intefvals to maintain the fluidi se L PP R Ving Rt 16t cess
is %er&PF?r@Béﬂhﬁtéﬁemxnea htidging grdupvofphestpudtare f or exanple, at 10 to 50 |
bars, and 2 2rat ures for, exampl e, between 50 and 120 C. The

t enper at ur gi 31‘%5'}%%%&32503 f"é‘{rﬁ%‘?'h?rélyﬁé‘&%? BPUPREr SCR Y- wikere eagheR bnay beof t he
f1 ui di sedchepame®mrdiffereay sidis RYARLENS Lon... l.n & he ‘gas, phase
fluidi sed bed process for po?ymgri sB?P%ﬁgg#'%gféﬁph’sgt%befé%a]g&ﬂﬂ“?‘@ﬂ by the
exot herm ¢ pol ynerisation reaction is normally renmoved fromthe 30

pol ymeri sation zone (i.e. the fluidi<éd bed) by neans of the fluidising gas
stream as descri bed above. The hot reactor gas energing fromthe top of the

bed is | ed through one or nore heat exchangers wherein the gas is cool ed.
The cool ed reactor gas, 15 - g JAN Zpp4 WO 01110876



PGT/ GBOQ OZ734 together with any nake-up gas, is then recycled t_ostm E@§e
of the bed. In the gas phase fluidised bed pol ynerisation process of the
present YRMAM®n it is desirable to provide additional cREVEBHTINe bed
(and thereby inprove the space tinme yield of the process) by feeding a
volatile Jiquid tq the bed under conditions such that the |iquid evaporates
inb5 thesc?é?jot’i’fﬁffab CE&sBr“b‘feﬁgﬂ%f‘&&mWamﬁemgr@vp poligand; Lsist i on from the
bed by t hgdepkadedny atRAtraliroBY SPREAL: Qkh £5di fhe hot recycle gas
fromthe bed ent e%’s _theraﬁ%rgtygxc%%?gg%h *ﬁge‘ﬁ@%‘?ea%‘?‘ﬁ@w HOUAMELRRIense
out. | n eneorcbouinaing anior; pds mrycinesger betweer 0 and )¢ iv gh ﬂitéée?bktiw%h% s
separated fromthe recycle gas and reintroduced separately into the bed.
Thus, foﬁngfanpl e, the volatile liquid can be separated and sprayed into

the 1§ bed. In anot 1i -t he sent. invention the volatile

liquid is recycled %Fﬁrﬂpﬁﬁ%ﬁlg%ﬁé& BgélgV‘Zq@%’sqr §’_tqr?é‘la\ﬂ611a¥ti e

liqui d calsotprefermed ¢ha ddisthatide, abetafe| b '1%@:@%@@,&1@{1{%@1@{ gilyf],go;{)rom the
C e

react or §n8 an,be recycled to the bed with recycle gas, or can
separ at edVf? fean glefipy carbppsmanexide arphosphinere salvent endbemile; The Anist hod of

condensi 1 icgt)- doyt : r r dr rning.the, 15 m xture of
gas and H'{‘F g?ﬁ%’?#‘?éhpget ﬁﬁtlﬁjeﬂgg§%fa§£‘ﬁ§{§Fq%@eﬁa°$#lI§59'i€5@8%‘b§¥“%d

EP- A02419h@nyl groupshavires etleasd oh@ortkd nalr@gwoédi@lpmw%myd}ﬂahﬂq bpto the
bed i(?pa at e fromthc? r&%}/cl e gas usi ng the process descri‘bed 1 n our US
Pat ehy  588EEONYdreqazbyl substityent.The gatalystsiugilisedrinithe presant poeatiendcanif degifeds

speci fi cagi i ts of, th resept invention under gas

Shase oty arise RO oA ot i S84 Y5hBodhts arg ot S5 Bt prdin chpmectiam ¢ he

conponentwitheonal anyadrel athéraypest dTRatfst! sk aCiBse bPthe b in Bhvetidrnfluced
anple, as a

into the_pol ypﬁrisation reaction zone in liquid for or ex

sol ut i onZiselenNatiesatalystfypiemai meteHocengthased datalysts amploeyclopentddienybidri on

nmetal co i vat,or. conponent ., or both of fhese conponents
can be dg@g&gﬁsﬂeeg %:ongs#\&rb%%eddg aﬁ‘ﬂy S e _ HVed tﬁ\é’?ﬂor%f’ﬂcfhf%‘“f‘bo’ﬂ%catalyﬂs

pol yh®ri ¢eg Phillipgafise cdilgs), ridkependpalfatifu "ﬂﬂﬁ@?atélgstk 3r R{n‘? %SJ Ec?q‘%ltt he

| i quid containing the conponents) 1s sprayecf as fine droplets rnto the

pol yner i §¥adddimieseataiysts. dr opl et di ameter is preferably within the range 1
to 1000 mcroRs. EE@A-OS 30&3_? the teaching of which is hereby incorporated
into this speciFi@HRYSHULIEEd ¥} the pressntipyention cap be upsuppaTied pgsepported on

pol yner i aalipgdtt GidteHay For bxintld s 33his0 he fethads

di scl osed i !rjlmE}fD A- 055530{33 can ge&sa’u??‘gﬁgypgg‘gﬁ{p%%%ég Elﬁo%—ﬁgo e{/l%ri sation
process #8fepohangsy faremamplepoiyetioderief pagpiopglene, Aolyzoueate, Bet usual |y required,

upon,conpletion of polynerisation or copolynerisation, or when it is
desi%gdnggﬁlkwg}ﬁeg'e ol ynerisation or copol ynerisation 16 - g JAN 2004

WO 01/ 10876 PEFi&IRQaNE : i cliyvate the catalyst
or catal yst g:orrponenttQ%?ﬁfﬁKi&écﬁlgéeﬁ??‘%%?x{e%@g% é%?s%%ggh%b%'p%ﬁt acted with
wat er, afaterials or thestuppert nuaterial ban bs pietiaipregnasidadryiémiked CliinvRérRbasl ofBNNer
known tosgers€r]§' of. .skill in ':Pge art. In the polyners nmade according to the
present PRUEREHER Withone prypereat the catalyst companenss.a The-catalypts of theatresesbl v at
its end. inkdhGorl e4ir t hen m.cal ,podi fication.
Branched et hyl ene hgﬁgggfbfrrsgp g&g%&néﬁé“%tf L%Péecgjsbcegflﬁgngf S’Ea&%!e’oaf t he

i nveft i omagaesium helidesppported Zinglerd¥attacacabyst P hiktips typRIERIniigmuB@ie)t he use

of the polvner product, mnor anounis of additives are typically

i ncor por ﬁ't’%oc?r{eﬂt‘:&%ﬁlm °56I59Wq%df‘?ﬁﬂh%ﬁ’6ﬁat§‘¥é% Eoymatipei of thevsuppestes] 10

ant i oxi daadafst Sinty 4d | | ke ner al | t hege
additives alrilgt i ncorApd(})‘?cgvtgg50%?5ﬁé&/ﬂﬁétrgﬂ?ﬂétﬁ)ﬂ;ﬁt{g@éﬁ%ﬁﬁgﬁ%%{"df 9gﬁheal |y

f r om abogres8at inversionuwwith sl0Mopmrs inanitable imertydliveat, lfor d@mplea ¥98@eppm  based

on the pelyner., EXx |.es of uses for polymer conpositions made according to
the i nveﬁ‘ﬁ’é’ﬁaﬁbﬂ& 5@&‘&5@ m&*w&tﬁﬁwnmﬁte&&\ﬁn@&w grofues and levaporatingrs |

tapeso SpheNnasied; S, rmed product | ubrLcants,
additives and the lﬁ?&e.Théﬁrwgggﬁ%‘ﬁJnaetsngh@E% prﬁ%&%&' ﬂ%ﬁaf%‘m ?Q‘f %Fe’and t he
li ke, nuélowang pewdereihe quantdy obsupporthatefiblsmnplyeduandaedides, FiexaRiprTer
conposi ti.ons @é owg b'y the art. The present invention is illustrated in
the fol | &8 &rﬁP sBrepy pesglppl elsmetal presantinithe iteansitine meteompored. under

anaer obi ¢ conditi ons unl ess st at ed

11



ot herwi se. Sol vents and gases were dried and degassed by standard .
procedures. Chem cals were obtained from conmercial suppliers (lﬁxllijt"f‘[‘!hmm
Chem cal ?&9 g7t rem Chem cal s) unl ess stated ot herw se. Mt % al unoxane-
and nodi 1120 et yl al unpxane 25 were obtained from Wtco ERE/GRIYO2734.
Silica was obtained from Crossfield. :

H+( CEt 2) 2t et r gk I S = L t hyl phenyl ) bor at e .was pr.epayred
accor di ng--t-o ?ﬁ%‘ﬁ?%‘g‘r’géwﬁﬁg‘{éf&@’%ﬁ@?ﬁé@%ﬂ t,ec%'ﬁ'%?fg@f’g?qai cs 1992,
1.1, 3.9polymeFsitioneor copblyeetisationahgbscamied odehmdericoRdlibys ®gd per neation
chr omat ogra hy. @YGPC! ESi ng a PL gel 2 x mxed bed-D, 30 cm 5 mcron
col ums, ‘EQ%EE%F' & eater, ardiother materials thaBmay fict] as@atalyishpgisamsi nal )
at 150C gfy r j i tor. Pol ymer branching | eyels and
cono 85 one Fﬁ‘lﬁg‘?s é@%tc?%ws%gorrecg tegﬁeﬁsdﬂg?e‘iw éﬁc? rﬁ?ﬁk’/ﬁ‘@%éﬁ‘ﬁ%&s copy
usi ng sagpbe taledanté afsuch porentiall pikensll dd pblynterati : g
c2DzC1~/ 1, 2, g-t richil orgbggzene at 1‘7 - dg J/Arﬁétzlgxégrco 0(% /?Lr(')sgt}%n may be
PCT/ GBOOF#!£8 #ut ijhe PEssangsi of oxysgene peptertarathesfpatentiab poisomsy | Rblgmeyisdtisn
(et hyl ~ i SQ=R 1) - . . ]
(2-i sopr gééi’%ﬂ@%%éﬁ%%ﬁBeﬁ(aE!‘ids‘BaYacSﬁ’ﬁ%@HW} ejther a5 a30tian, as ol | ows:
S 2-i sopsuspghgitresy tmblgions iOlHéHdUhBﬂ@oW&ft?ﬁﬁP%ﬂso% dsedak hn%.fﬁgpéa%

br onbbenzene >’S g, U.075 nol)

t urni ngs §c9 % 0.3 75 nol) with 2-isopropy
in t et r aRifahels (fos gxample methanob sthanel, isopropancl)ysthets (fdr exampRalicthfetifgded

dr opyd se j .PBr 2.9 cnB, 30 i).in diethyl ether. The

sol \F/)iéént \t/\%%h?%%rggj %@Jgé I'F%dﬁ%lgﬁ‘eﬂ?ag'?&ﬂ’ 508%;1%%%9%% RYFLdBr was

i sol at edputiitgerudé olefin Fesd § hd ' WhRichQXa v .9 10 g,

03 o) e Narn (saniesdsiieks bd fshomtns, Wichiiay tétsdin polendal ot 1) 9o

t hen added t oAl$% PP grisetnoprydophlymeris@Rm ¢adbencartidd dum idithdpresengeiohane (80

cnB) and | tj 1 xture was heated under. reflux for 24 hours. The
R e o KR

sol vent was renove '§ product was isol ated as
a white solidThy¢ uk€BE i 1 ' iel 40%, .3"' P{'
NVR I(CDZ?JIZI) S §u57@p?r(r}$ g% ?E;?grgrp'?lméhg(’g?éeﬁgg?g}t’%BhEmg'Fy”‘lé-"g‘il%@%W S
met hlp_1) obthepolymrsiericppgigmet may phpip eI tetheydolytétisatib botesbfihyes

repar ed ol | owi ngLa simlar procedure as descrjbed for Exanple 1 onl

\F/)vi tﬁ thep%?'{‘éweﬂﬁn%igf?’e?’?é’ﬂtpé% hyéraggy P}ﬂwiﬁwSﬁgg%%duaﬁﬂmewgeq&Rmed b§
treat i ngwehhnes| rd : i - ormpbenzene
(0,075 o) _iﬁ b rgﬁydgrcg? ﬁlryg%,rg‘i”ﬁpatrﬁgﬁﬁ'ragég%@é“g il P@?{}&@F PBFSE 9 ne)
was addegplutierpphase polymerisationt Gonditiohs. PBh& q(antRy of iy did@enpad th bierenshileyeay |
eater. The,_. %ve t. was rem)veg nder, heduced pressure and .

P(2- et hy p%@ ihe F\é@é‘é"%ﬂd}’a 8‘35" WFiBhbean be dstermained, by simpleftrialandNet 3 (10. 9
g, @0 nedrpr mbdpdaldon gassol ution in tetrahydrofuran, 5.5 cnB, 1 | mmol)

were then added to the P(2-ethyl phenyl)2Br (22 25 nmmol) in dichl oronet hane
(80 cnB) and Shury phase polymerisationrcenditions bi passphaat palyietisitidnasanditivnyr € f or

24 h The.. sol t d.undeyr. red d pr, dth duct
wass | sol e iy el 1 gh prodicrionathish ofdewidesios smdssatipahvsthyiere yi el d
was 70% a&i&“)’ﬁbg%ﬁg%% 02<§éss:es Wﬁ ﬁcﬁg?ﬁeﬁﬁéml Bnditiofs ChTEAA, 0" Of

| 2- met hvl pheny met hy v

(2- met hy Pty ePsdmiEtntihyds2 Fuethahqrecond or wase facins Rdy By ufdd, k@i ng' a
- si misar @r ocedure. as descr.i bed for Exanple 1 only with the followng
di f fer end 8 tW9 Ipghive reactors A sesans 4 Diffsrent reamtips qoaditiomeoyuch agdifferent

met hyl ph j i ' ' ' ther: 40.2 80. 4
DL} v on BoReh Rt s ¥ iy B4 Midpe BeRSGey réstigrsln
di et hyl drerslymaphhse peocessaridtthaganphese procsss; thé tatast i&%&né&aﬂ)ﬁm&é@aﬂaﬁ@. The
sol vent sJenpved in yacup and a m xture of P(2-methyl i)_henglﬁlr)zd and

P( 2- met h%‘bﬁﬁ%ﬁ T%BF“%H&!YWP%% #nerip the form ofasparticulatet solid eitherras axdry
filtered : i iRy 0% JFirst NEt3 (2.73 g, 27 °
nol angé‘?gée];& %gﬁ(dzl%\l/l&gg?{}%ﬁa;g {3étﬂgg§§l?%f?8na?gar§?r SKagip W,wﬁfgS mrgl)

wer e30addeatalyst systermfioxmed frooif thPofe BE vyt BheswipleREslofihd iRicAtidRiRY Aheny! ) 2Br

(2.64 g, 9t rrml‘géi in dichloronmethane (20 m) and the resulting mxture was
stirred ATUVAHSVEH of wiBerathsrdypesiof satalistsiion gar be thenslidstalyst alaae withnoved

i N vacuogp &%]f‘\éa i - Whipte solid by regpeated

washi ng wi ?ﬁhgr)r%t t&%otﬁ) e §/a:i\€5 3 Ia/gls’g{?g%{ gglf’gionlh}e t@&ﬁgéefe%go__tﬁgig ppm

Exanpl e 4 Preparation of (2-m~henyl)ZPN(methvl)P(2 nmet hoxvnhenyl'l, ~

(2- met hoxyphenyl ) zPN( et hyl ) P( 2- met hd2yphenyl ) was prepared by follow ng a

15 simlar procedure as described for Exanple 1 only with the foll ow ng

di fferences: 2net hoxyphenyl magnesi unbrom de (prepared by treati ng magnesi um

~turnings (3.79, 0.154 nol) with 2-bromoanisole (0.077 nol) in
tetrahydrofuran, in the presence of one crystal of iodine) was added

o o o o NANA N NN ~N N~~~ o - Il NN




20 renoved in vacuo and a mixture of P(2-net hoxyphényl )ZCA and -6 JAN 208

P(2- met | )ZBr was extracted fromthe residue with : and
SRR pEfebibfy

filtered throu a celite colum. The yield was 81% Firs 3 34/3 g, 27
mmol ) and then NMeH2(2M solution in tetrahydrofuran, 2.27 m, ‘4.5 nmol)

were ad : ] Xt phenyl ),2¢l -and P(2-nmet hoxyphenyl ) 2Br
in tet rﬁ%ﬁsﬁﬁn%ﬁéowﬁ%%ﬁg% %&B%é¥esseafl¥alt%1§g'm-?ﬁtroég\%ﬁgw ith¢ didunder
refl ux fatalyst.f Preferhbiytise catilpstspdteard tNGGarsaiBHVHetal Eblﬁ%\ﬁk'eoﬁtggmfrﬁ'% egoduct
was isolatﬁyg as_a white solid by repeated washing wt hanol . ﬁ'e‘yield
was 600CatBLyst systgm Oye%mhz)slugy:pc&mwmxommasep}as@pdpmemam iof (2 4

6-trinme = triysret hx.henvli,h 30 i) )

12. 4. 6- :S?%{érﬁﬁr}?ﬂ nﬁ"eﬁ%'ﬁ%&wwﬁ}%ﬂﬁf‘ MOgirefesa Y.FHEX“_‘%&&St dYsemised in

t et r Shy dupgartedron e supportindesriabprivr b AGEMrSdUBHOR RO The ,ES!%:%HL&{%O% 2}\@3
cool ed - 78C and nesit magnesi um bronude 19 g JAN 2004 fr10876

. |
PGT/ @0&%&2‘7‘3&%%51&#@&%@@ Af ejagnle; ilicheatimina, Boconial tdc, Mieselgdhe tdry |
™

th , ~1. i keepi ng t i nt er.nal
Cenpel at o) TupreBtion 3R RA5H shéia)cAF pe SRS hul B coBensnale enper at ur e
(~20 mi tgchaiggies, for eaimpbe)tby\fesning ARBRE0h Br Y@HeAsio ak%%taﬁy;kgrc%bﬂmﬁs added

to oilyvresi,dax)gq&ﬂg the stirred slurry was heated to 90C our. 5 The
t ol uene "&# 5t nfRsSql ek, and glustying the sapparh matetial therevith eThe wWaporemoved

to pgovi f: Wi P NVR anal ysis showed the crude product to
cont ai nﬁ?’?gfgsém?ﬂﬁéﬁﬁgs%hﬁ%@y %Sa@thf'?.%@ SEPH %t_%a‘gl%ahglfst ent with
t he desierarpley ipyHlofacionbi BeapopstidA4BEhnidued. Once the pol is di

12.4.6-tri E@t hyl uhenyl hPN( net hyl | ~2 4(i g t r?crfet ﬁ}’f’&’r‘?‘eerﬁyf‘ld“fb'ﬁ‘!%se°”afge-"

(2, 4, 6- 9190 8YY psPEitedoing absatbéd hydtecarhomsae substntidlty éretdabove
3.75 i i i chl th 2 d triethyl 2.8
) was Ok e R e s Bl o [os ot e phrging using

t et r ahy direslf or seeycld ftearil-nitrbg oNMiEHt hydfddatbdfs ggu%ﬁfl 45 @th‘g’%ﬁei(‘ %&%&:kﬁ 40C

overgi ght. The solvent was renoved in vacuo and net ha was added.
Thel? es 8R3e0HS opHauidihydrocptbens may he ceapaled its Hhespalpmasisatipn Zohé.r at i on (900 ny,

105 %. 3'P is of ,the, crude showed eyvj dence for the fornation of
t he desired %ﬁ%‘?’%ﬁzﬁéi’%@?ﬂ“ ?Prhlﬂ'ﬁfsﬁsiyt\ﬁ%f‘gldﬁ’%d% of aatalysttere crude

|i gand w@ysporedcbatalyspra2e BddAol :pblfierfsalibf $6he Q{&P}gﬁgﬁg@[@e%égggq ed in

Exanpl e 11. xamle 6 Preparation of (2-1sonropy o'Br op, Lrl
hen | 2thepolymenisatipg dilbenty Mz pohigftizationadiluenyis goamutible witisthppehaied) as

foll , ' f : . ) i hyd
L AR i -t
2-1 30pr bpdopAeBYS of pdrbiiia s KrdfrdMPihe pahidid) a)’x‘@gc?’c{ %%BJ)MmWi%B%%nQ ¥s gddition

of n-BuLi to _either 2-isopropyl bronobenzene

2 |ms?) ;)pr o SYAPSREPR inithg m@b’ﬂmﬁh@tidr?ﬁbwmr. i Theeptolphgisatibnrzane can is, %l’rl?élanﬁié&é e ][ ( 220
C wa ropwi se. After stirripng at a tenperature_ of -7 or- 6
ni nut es,§n ?ﬁ%%@?ﬁ%@“@é&“&??'bmadt ST REPRITPUS IBOR FRACKEND & i the &YRénd was
sti rred welltkndwf 1 the fianéf: iLEPR educed
pressure, dichl promtaﬂar?gﬁ%(ig%pdgyn%yﬁgé% h’f\gﬁa{léﬁﬁ%ﬁ% V\Wgﬁgﬁ g{fded, and the
M xt ur e PRlmerisatingf procesd of thespreseptinatation ik earizd. out hedarshiary Condifidis thes

sepgg at %g dri ed aver %%%4 and filtered through a sinter. The sol vent

fr ofny 30 PPEIEHStAY 1 REF tREHEARY 2f 8 feRIatyrRiabovediGe B@shprefesebly to gi ve

an of f whdvee1 5501 i Th ' il | o ve a fluffy
white solid. The yieeiﬁ‘d“m‘%*iﬁé‘%‘ﬁe“}“m%*“#%&ﬁ?@‘%"éﬁ’“?‘ﬂéﬁ?@@%ﬂ@l%g to 82%
3' P {' HfempaRatuGDRAGViFh thepolifiermpmmétides to/Mdfihl ckQftér iR PleSente-ofghe AN 2004
PCT/ GB0Q/ P2734 .Preparat i of (2-trifluyoronethyl phen~~ P~ -

CH-P( 2- P%CGB?the@ﬁ‘ﬁth@Hhe temperature is allowed to go above the latter temperature,

(2 111 Uamg BT kY heab@F il SERFZRARisthde: ot K B L BN, i YRS BERRGY °0 DY

30  temperature ranges can provide a useful means of controlling the averééé 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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following a simlar procedure to that described in Exanple 6 only with the
following 5 differences: 2-trifluoronethyl phenyl lithium (32 mulg JaMNi 2oy
was fres&,byo Hrgﬂared by addition of n-BuLi to

2-trifl uSPodethyl br omobenzene) was used in place of 2i soprBpyPEMARE

I|th| um The vyi eId was generally found to be in the range 60 to 80% 3'P

{' " ’E\SWF(r:lIQ m?ﬁé%ﬁ%ﬂﬁtl %&ﬁgg éﬂghxgﬁt?ﬂ%ne?rhcep rsﬁchrh%} f\ c{;ogen employed, the

(2

(2,4, 6- tlqwm‘tthyhpérege/mbméﬁlalZR(e%héoﬁtHerprUMd@H| ) )2 was prepared by
following a sm}) rocedure to that descrlbe in Exanple 6 only with the
fol | owi ng di f 8 Bﬂ‘clé‘gymaﬂiﬁﬂeﬂtpm%ﬁew;qyﬁbmnomﬂt sHoliras pBpylamelis useliash was
freshly pleSpa Agfi tion of n-BuLi to

2,4,6-tri rnet%‘ﬁﬁn%ﬁélnﬁagney unbrom de) was used in place of

2i sopﬁr opy!| pheMéthbds furwaraTihggys plhaie\pa Bﬁicﬂi ﬁbcéé@éﬂ'ﬁe%ll%o{vﬂ ih bR range

40to 70% (Cb2d 2) —-3 anple 9 Preparation of
- napht A% %}mﬁemq meﬁllhuwom agnsammwly)szm PibtativgpiTi hydidiag Vs

d d h t d bed Exanpl e 6
22?56‘Cﬁ RO RE Syt O Bed b TareBLBSTOL f o Plie o q%pel#mmam ch vas

freshly physieal propeytiaddithdtavhict it is &éslred tOmake BY PR QP&HQ d?,'t? used in
pl ace of 2-iso ro%%phenyl I|th| um The yield was g nera?tf ou&g)sto be in

t he r angECHiNY lysy, pad feedimgthereioaCt BAMBoEmor@GmEr ab femst ﬁﬁt:ﬂlyafmhe 10
P t PN~pret hy) P~2- | nhenyl , N B
The o BaRofly phasé, kAR sﬁﬁ%a%‘se%h*@ahﬁeg e ofibe glompier polvmamerds 0 5
mol ) anconta&@ritDNe da8Ngst i fhelted. THS baBis &néramoblegﬁgghy‘%«gg of Hof, 2

Schl enk tubé and dry di chl oromet hane (40 i, ep purple
sol ut i on8¥HE-§ seewsled-grgequsan@mmeashanilion vm)asleshqmd éclg.at volstileiregtnper at ur e

ome v hirREEROf, oo diniafRRr Sty e ber RS dergy I fopme lsbidie The 320 1y,
5 1, o e g o1 i ol
Pr ephY at PRmsfisgtionzope@nd ﬂﬂfﬁmﬁiyﬂnphlesgblstaﬁm(llydi'd&&d:ﬁ(lﬁufﬂ 6A4 FsivaltlioRien, ~1 h
N b 2. vt TG HRE e Ay e shd BN B SRt s Shopplmedsationgone b enk

t ube andggly phadé pblyaiepiRBidiEptBcdss 'thé)qd’ﬂnllg)l’\@éﬁ %ﬁdthe-ﬁﬁ?xkitfo%gzorrperﬁ u; :a\(,:\?lson

heated to 40C for 10 mi nutes and a pur tion
was cool ¥aall i relpsionite threquantityofpadymsern presedt.f hisisfinicomerst & helution The

evapor at RS RISCSEHES et e RAGaS formeqabisoledin A spusinend BNm20 ). The
SOl o ar b o AL PR TSP ST e iy KA 1 SeciTea
conpl ex. Pol y,ﬂnp.ggaphms)rmsmmbémpe’ﬁnﬂed uadétafarch, abrmbbatch, 2 stichllss added
to a Sc hJ‘ced?llfxnxg 7% lonﬁfhongeﬂ is pre?erged 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
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15 i'sopropyl phenyl ) 2PN( et hyl ) P(2-i sopr opyl phenyl )2 as prepar edoé ﬁxn%})l e
1 (5.5 @ 0.01 mmol ), nickel bis(1,5-cyclooctadiene) (2.8 df‘

and H (XM 1P%f6s- 3, 5t ri f | uor omet hyl ) phenyl ] borate (10.3 W&T/QBQDNZTMDI)
This solution was stirred for 15 mnutes during which tinme it was all owed
to warmtqQ OC The solution was then degassed under reduced pressure and

t he Schi"di&h ¢thylene opather pRmonRIAsis Fqlqeéd \bietresudtris 20 intimate pivgure affa et hyl ene.

The pol r i ent e during,which
time t h)eﬁgg%‘%tgla‘{/dé s@?g?er%”r%"{/svaq{éthé }{A&ge ran r"bB'sﬂPy eg%ﬁp@p B‘bﬂﬁ“?b 4 suppl y
of et hyIrtﬂ'fdz)mit:opiolymm~ wpitaliywisgroduted g smgl% réRA S iRabifch Didod anidddlt bf pn of

di lute aqueous HClI, and the resultant polyner isolated by filtration,

washed WOmongeer Gygicalitethylre) is %ﬁdﬁdéﬁ@owmgmh&nmfpmppbwer The mass of
pol yet hyl ene Mgﬂ\%??‘ﬁdc’rp néﬁgsg?asgﬁ@%% fp'r%’%tgye@&;)(t e catalyst was | 00

g/ nmol . h. The nolecu Bt average

mol ecul polyetiyite) emytba%&ﬂ)lyn%rs &nw ﬁb@brow&hélﬁfb Well Retviin thehghtphe 32000,

PDI ( pol ydi s ers ty mde&g . The nunber of branches in the polyner was
(br anché’§°‘iﬁ§ Opesatsd ICWEBIH?I inca yertical sykindrical Bactor eqripped witlhn et hyl =

ame e Ao Aty B TS oBBh P h S e o odp BB Rre 0. 01

Mol ) agapseean dd'ough fhecied] The flaRiisins L4k dlﬂ%ﬁtaﬂﬂ%tlﬁﬁugh the bed serves to
(2- |80pr opyl phenyl ) zPN( Me) P(2-i sopr opyl phenyl) mass o? 5 g JAN
20040 Worerapythedi erisatiga fromt theibhg amhtp mmoe@nwafsr o 5 g The

nmol ecul o] = 2. The
nunber %}p l))@@éangﬁog 'lltrrlllgtﬁ ﬁ&) J;Eﬁ?i/%:ﬁi{ﬁé%"% %arseﬁ?(?ﬁfé‘yy ﬁgwpﬁﬁ@éh%@%%'ﬁ?)(s)rmt hyl =

8.5, et fm}bhnﬂl}itoketﬁeﬁmrsohﬁaﬁ’erﬁgmde - nitrogen BX fHER P?ydwcapod%s EQ+W££er I sation

was performed in substantially the sane way as

(2- net hw%h@wpl}lzmm@ezbmmpmhmw hexari€). apd qmohz)llyamtlphmag@das n

Exanpl e

(2- |soprngp %en@gy 'Bﬁ{l ﬁlge)ﬁ&hqt&lbq’%ﬁ%gﬁneéﬁ%}'gy‘ﬂ fropp thetar Sf the bsdiiset hyl ene
recoser ¢eli owtiorll e veek ¢3000, M
= 9000, PD?W— 2. gtm‘?’ﬁg nxnbe‘?ﬁ%gga&gﬁ%ﬁlgts(tﬁcﬁnr% d)%h?/‘arrgéalggﬁ%ﬂaﬁc hes 10

per 100@33&&?'6&%"@8 Frpidey diamepery aHCExfédnsired :aEr:yAlqne landrer fikers ito disewtsaip &né or med

I( 2 ;sg g;trsggél F?%éaﬁ%%f \QP FE%E’I ﬁﬁeﬁ l‘(‘%‘ooalh"r?'ﬁﬁ’ﬁ}ha&&erﬁ? epared in

Exanpl er&nw@auém peAYFERCh&L of pol fi
(2-isopropyl phenyl )2PN( Me) P( 2°| g%%’r“%%ﬁfa 18 31%“ 'srPJetfgaba?{‘ er term nation by
t he addiconanaystydir antrwdequet@wlmnhe bék At gamutp dfithe prooessyshe begol at ed and

toI ne renove uce ressure to ol yet hyl ene as a vi scous
oi | gast°8"‘“?ﬁ%d%§ g%?p W&héhgqu?géﬂxé%gﬁ Ehe(f%@eb%’/dméf ety of

t he cat & yduv@bcsiie ner was Mv =
1500) M E 1ul OCO lg%f)ﬂﬂ]})?tghx t‘?ﬁggﬁlgytrﬁ%]ﬁ ra{ﬁg Ee)fs‘&:cerll{rl chﬁ) {)s%lyrrer was

( br anc h®sefgeably meanscase pmmc)edmetdrgcha:ge p8lyiner HdnetheyHedcodtifouslyrogat t han

EBBZ!{ a;t |%ﬁ?'5{‘%ﬁg|]§ a{fl}g“%y"a@e E@g}%{{gecg t&)ﬁ?ﬂﬁs#e\%shexg%r : ?‘nglgoclegs 1S
(2 L0 | ienealtpbpanan YHAGRA IER! Brobdurd IROGARRAL ML ROGESD bér( fhPdh o) as

prepare le 7 was used instead o

(2- ﬂéoprtclpy«trphgm/fo)‘zmﬁple) lR(tﬁreersdpranﬂylapﬁetnymeaempdra&ﬁre@fttﬁbrbeﬁeﬁ m nation by
t he addi ti.on. of dl?(ﬂl;t ueous HCl, the organic fraction was isol ated and
t ol uene MaAASH bg eringtempetatyre OF the ‘?‘llé‘lﬁ@ﬂ palyer inaveikpreblemsofs cous

oi Upastggg'meem of pol yethyl ene recovered was 1.2 g. The activity of the
catal yst Was 120 g/ mol . h. The nol ecul ar wei ght of the polyner was Mv =

1900, Mh = 50@,th©phs phale Suidised bedlphﬂfessﬂbr poBfirfisgionofldifind ehe/N&k Was
(branches ea 1000 ca bons) neth = 45.0, .30 ethyl = 22.5, |onger than
ethyl = e By d F’é°t SrTIC B%‘bfwaﬁt@atfmﬁmmwmlbrrm@lqurfr@nblzq antially the

sangg m)ﬁo@ﬁn@@{m}j\ SoreX(i €3the 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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.- g JAN 2004 WD 01/ 10876 PCT/ GB00/ 02734 only
(2,4, 6-trinmethyl phenyl ) 2PCHZP( 2, 4, 6-trimet hyl phenyl }z (0.01 nmog) a8 2004

prepared_] | e 8 was used instead of

(2-i soprgjﬁgqlgﬁwl ) 2PN( Me) P( 2-i sopropyl phenyl ) 2. The mass BET/EBPYBITRY| ene

recovered was 0.4 g. The nol ecul ar wei ght of the polyner was Mv = 686000,

vhn = 148000, PDI = 4.8. 5 Exanp]e 18 A polynerisation was perforned in

subst angolggﬁn‘eg,wphémgéwicewaasxs Fﬁé?‘qdzmdﬁ? base of the bed. In the gas phase

( 1- naphfiidiss® B BEG AL Brbee @ TR rad i, Example 9 was

used instead of _Z-S,i sopropw%%egélgf %,B “)lgﬁtﬁggrﬁo&sgféﬁ%ﬁ’;‘f@g’dﬁnd after

t er mi naadditioray codlingaafdhe besh(aofl tigkirehyt impaonecthe Spatel timé HiRld6BS pfocksshCt i on was
ield

i sol ate@)f%n& t ol ueng renove 0 .under reduced pressure to yie

pol yet h{¥ &AENa& V9 f&f%@%‘ﬂ 0t tupderiganditions sueh thet thetliquidevaperatesinr ed was
0. 2 4. ' : . = 9500 % 1900, PDl =
5 1.SgTht§a%38ngté?% ﬂ%? igﬁﬁ iﬁsdn.?(?]nag E@e‘at gg%&@@%gon('\%?xgﬁﬁ%g%d t@élv{}'el@(s@‘tc ar bons)

met hy|  heat of evapBration” effe@. [Whén thelhpiRicy S8 ghofronPthe bel RTcREGeihBat
substantiﬁll ‘E}P‘e ) way as Exanple 12 only 1-hexene (5 m) was added at
t he beg™f F’F%r ¢ VRRtisdiapiksanseandense ophelmersserabodiment efitbe pessente copol yner

q.he: {n_the,pol r s (branches
bor 1000 Siieh the SofddleHyfidWBra Bl FINPAREIIESY ol ded R ROl OB ot Seprate S0 i
e oL phamy) 2 e oo b Ty A aolae Doidtvaibe separated and sprayed i the |
(5.0@ ngl,yedg %f%%r ?’g‘ggéi"}?ﬂ&kélhewr@e%devwiaaég@ndaél)e l(%gi ismegycled 4 thaol ) .
Thi ' | ) at .anbi ent er,ature .and then a
Lol veneb AR MERCRL BAE THRhd SR bR b 18 Tanflised FRL R dising 4. m

| O% W vgasaitrehin@mdrging done iR, re2oPard difie.re@RLd@UhY BLEWithrecybieasSg) Ut i ON
was then degassed under reduced pressure and the Schl enk vrg%ysgegavﬁiagllthen

back- f i FANRE SpPmatesdrirom thesismuele sag andithen eaterned e thedbedrer i sati on was run for

30 minutes a ' ture. durin ich tinme the catal yst solution

was stirred ?/‘lhggj}r%us %/écgﬁgg'{sgﬁ "B tt’%geﬁ\i'\@ﬁﬁwt"?ﬁmé? JtemEngde ) par

pr diSs ur mixtifeeafigds akdent kel 1@3@% 1Y bed & RAeridddon F-Adb0sY60 1 ARy RpUg- HCl . and

the 30 resultant, polfymar i solated by filtration, washed with acetone and
e

dried i9%24188do ki Pys t© sgitradupe theeondenised liguid info the byd s¢paraaéonecover ed

was 4. YA e al,yst 0.0 h. The, nol ecul ar

wei ght t T?%ﬁ%@ﬁ%&%@ﬁkﬁd%‘%@ﬁe?{“ RMM@}%%&”}%BN Bdoachipeef) | 0876
PCT/ GBO®hidR 3Herd)0indorpBRited-into fhis dpesifioatidier of branches in the pol ynmer was
(branches per. 1000, carbons) nethyl = 1.3, ethyl = 1.8, longer than ethyl =

0. 7. Exanpl eWhenasisg| thereatalysts iof theapreseptiniventigtunder gabphaapobieyisitim same

NAG" A RIS B caralpl ¥riobe R it ot G eohpatitns stipiased oo satayst -

pol ymer ¢amafor@xain@le, BE intdTBEH infb ieolyaibrisation réabBord 30 i le 20
only modi i ed- VAO {2, 0_mmol) vas o pRlyierisBtion réafiont 8e HuRobm o) © 20
example, as a solution in an inert liquid diluent. Thus, for example, the transition metal

v

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 usually required, upon completion of polymerisation or

copolymerisation, or when it is desired to terminate polymerisation or copolymerisation
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10 pol yet hyl ene was recovered. Exanple 23 Tol uene (50 m) was addeql,ATNo ﬂ S
Schlenk vessel charged with [(2 -6 2004

i sopr opyMHEMEN2PN( met hyl ) P(2-i sopropyl phenyl ) z] Ni Br2 as PEHOBOGRT3H ,
Exanple | (8.0 ng, 0.01 nmol). A toluene solution of nethylal unoxane (MAO)
was then added via 15 syringe ( 1.4 m, 10% w w solution in toluene, 2.0
mol , 200 % lpastigmparasily dedstivatoithe casalystas catalyst dempssad of thiinverribac g

pressur e _Schl.enk, vessel en back-filled with an_at nosphere of
et hyl engc.a te%holl’%/%t?cgﬁq Wgtﬁ W/ﬁ?\:\%@ﬂg? SraceiPng; AL etbST %Pc‘tag‘ﬁtﬁa@ﬂﬁ“ t enper at ur e
duri ng weaevatdrsa rhdieC R & p&rsldraRiRhSAdr F€d Vi gorously and |eft

open to a supIg of ethylene at 1 bar pressure. The run was term nated by

I
the addition ﬂgQDOWemmamouﬁng—mt,heapmkenhinvemmni taohtpadyhstehaini sol at ed
by ficlt Lan, i t t drj ' uQ t jeld a whit
powaer . Prieta OGO ol Fuedsubisbonia be et b fuihg of t ne
cat al ystchemfcabRodicatiaH. mancﬁéé(@giy%?e%ﬂmgﬁb%%s EdPbdhrepdfad b9qgee;groggssa

Schl enk vessel charged ysiith

i sopr opydfieinyenticaandthiedepreedfibsachimgydoptreligd.) 2 as prepared in Exanple 1
(5.5 ng, 0.0%,muol.) and ni ckel hijs(acetylacetonate) (2.6 , 0.0l mmol). .
This solutio wgd@iqppg%gsre "fgi’ﬁé%gp'&d“&hﬁméﬂ'{ am@FﬁSégngdMéV%@dﬂthen a
t ol uene gitballyiiRcorpbratef it Ml WIRHL} fnl}(@ 5}/@& | inge (1.4 m,
10% W w Z%I u_{yi on 1-?n t olluene, 2.0 m?% , ft eqafaggfg@n%éé‘?gngﬁi s sol ution was
t hed0i njastioxidantptstabilize0) petoxiteaiand desliket d@dneBdliyathiese hadieveshireh was

previ ous| uri.sed to.8 b thyl ene and heated to 50 C, and cont ai ned

i sobut ane " &gfeﬁ’d’ér\?".e s@faboy %%e RRSY typisaliy fiomaboyt $hte abawt 1000 whi ch

tine et hizb\'r?,'iﬁd‘x“rﬁﬁ kRfically 406 t r mai ntai ned at 50 C. The
run was 25 g JAeN 33%04%\0 g???%%?%%%%?@ﬁgg%gc}%{erm nated by venting of
vol ati | es Snaﬁ)tang)lwe@mseafw pplyln;errrebmpaftieﬁli Mtiﬁaicﬁolrdihg t@%ﬁﬂ%&%tﬁﬁj and
acetone .a ri I n cuo. The ss_ of pol yethylene recovered was 22.3 g.
The nol éﬁfaﬁ‘%er“%ﬁgf’&?“ ﬁ%"?-r@“‘b’gﬁ}g&s’mm’ ¢aEsosPunbonded o, PDI = 3. 8.
The 18unigg SRS I : r 1000 carbons)

net hyl = 111'1&’55d, $)‘i’at'?ﬁyl :nia&é%guﬁgh%gﬁ&t"\}{g%dé@ %g?g&:he%l.ei&e'&pported Cat al yst

Pr epar at i ons Fillerpaucit asailicaf gls@iters, B87 Wid thé URBCRAAnghdent@anddded to a
vessel co&t ai ni gg silica (ES70X grade, calci _n_ed at 200C overni ght, 20.5g
af ter cdPAURRES 8lRe Maydedded (e polimes sompositions as kaown by the amhis

yringe. The TATSFE" EREnd bty e BTG REART L [Srovi ng excess
tol uene and drying under vacuumto obtain 15% w w MAO on silica in
quan}i t %Md Exampl e 25 - supaor ted [(2-isopropyl phen r~l
PN( fret h propyl phenyl ~]" Ni ckel conpl exes |
All manipulations were performed under anaerobic coqditiqns unless stated
otherwise. Solvents and gases were dried and degassed by stahdéi'rd procedures.
Chemicals were obtained from commercial suppliers (Aldrich Cherﬁical Co. or Strem |
Chemicals) unless stated otherwise. Methyl alumoxane and mbﬂiﬁcd methyl alumoxane
25  were obtained from Witco Chemical Co. Silica was obtained f’rb_m Cros‘sﬁeld. o
}F(OEtz)ztetrakis(bis-B,5-tn'ﬂuoromethylphenyl)borate was prepafed according to
literature procedures (Brookhart et al, Organometallics 1992, l_..l,l 3920). Polymer
molecular weights were determined by gel permeation chromatography (GPC) using aPL
gel 2 x mixed bed-D, 30 ¢m, 5 micron columns, trithorobenzer'ie.eluent ahd a ﬂov;r rate
30 of 1.0ml/min (nominal) at 150°C using a refractive index detector. Pdlymer branching

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

using sample solutions in p-xylene-d;o 110 °C or C,D,Cl4/1,2,4-trichlorobenzene at
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.15 Method A - f(2-isopropyl phenyl)2PN(net h~) Pj 2 i sopropyl phen~I ~ éL~A{N| sﬁx h:
The PNP ni ckel conplex prepared in Exanple 10 (40 pnol) was m xed v\* h&
MAQ ES7O>§V§ioM 6(1.0 g, prepared as described above, 15 % w w MAO on
silica) and toluene (20 nL) was added. The m xture was shaREW/GEOGh| v
and the solid particles were allowed to settle form ng an orange-col oured
solid berigase the col ourl ess tol uene 20 supernatent. The supported catal yst
slurry was uSed directly in subsequent polynerisation exanples (See Table 1
). Met ho®&xBmpld { 2- i sonronyl phenyl ) aPN( net hy~P(2-i sopr opvl phem~l nl Ni
acac~~acac = acetylacetonate) The PNP |igand prepared in Exanple 1 (40

~t nol , Preparationeofif xeOD N lIbhé] ) Codlex )1 VD " bhenvl)- 4 n'g) and tol uene
(20 nL) was gged. Thei m&((bure was heated brrefly to about 50C and a

pur pl e- col our &6 ST ERYIBRenYAP NinetsP(2aopEgHAhenyl) ves prdpafedths fBfiGHaTr €d as
descr$ bed-ighyrupyl : .Sl l i ca s added. The nuxture was shaken
t hor ough nggﬁ dﬁé R&é‘sy Z{?’%‘ﬁ&wﬁ‘%ﬂ@ é’§ (%Pﬂ)egw&ﬁéﬂng magegsiung tufrnings (Ryg,an

or angeco guol3 stithd2-ize rémebene rpatept. Th
supported_cat al yst sl ur?ﬁ,%b,was usglcﬁjég?%égﬂ?qﬁﬁl)iryugeiréaxf&ﬂg’r?}bl‘ﬂ/ﬁﬁri sation
exanpl esP{EEEECFIANE ciysfal of joding) avaz@ddeds dnpporisectd a[ioﬁnﬁinfbmg?.%\gmfi gy hYl ~2
et h~phenﬁ{,ﬂaj1}ﬁ(ﬂﬁ¢,-};r tE&Cﬁe§§ﬁt,¥tl acet onaége) 6 - g JAN ?0 017710876
PCT/ GB0O/ 02734 h:l e PRET i gand VRt ayAsTeroy ‘B&éﬁﬁ@cg pzBsyre ramid, P(20. 4 ng) was
m xed wi ishpipgipbeny)BBt 4asisolatkd, Withoh . ne s added. The
mi Xty e wa%lhe ted briefly to about %g%%haeﬁgggﬁ%ﬁ?’g’l @-#&gﬁ%oﬁgbl(&@?on was
fornily. #aF BrotpandNMet, M splgtiorpinagtaatydrafrades Srdnded] ahqy geﬁiﬁ heg W W MAO

[y PN (6 en

~ISOPI

o ; t .
on silicg . Xt was shaken thoroughly an e solid
particl es dv?l/ew?g ﬂg%jf@dw'esag r,?%y g’hf?’llbéﬁf g%%ﬁ*w@f)an dighigrgmethiape (3ftcrsY) land theneat h a
col our | exssulting uext@rs WasSh&dtEn tal.yst slurry was used
directly i,n subsequent pol ymﬁ?eggﬁﬁggg%ﬁgsf %&@Xﬁ'ﬁmaé removedander e 27 -

suppor t dFIPFSS RFEINE nectbelproductaial isolatdd & awhity Eﬂhﬁﬁ'}’}éﬁe&ﬂ%d 8&%#6# acac =

acet vl aqﬁgﬁgﬁﬂ%%oi 'l?e PI&’, I i gand p}rig&ired in Exanple 3 (40 ~ , 18 nmg)
was m xed with NS $96- p. RbF)Y NMR(GR)Clant=t5dIppane (20 nl) was added.
The 161 xtExampl@g heated briefly to about 50C and a col ourl ess sol ution was
formed. MAQ'ES/0X silica ( 1.0 g, prepared as described above, | S %ww
MAO on Eparaiong 1wl RPN{nsétHyIsP (pasihdibRdsen t horoughly and the solid
particles werg all.oned. t ettle formng an orange 15 col oured solid
beneath a coI@uéf%}'%IBé\g"tYDFﬁg?fﬁe@ﬂWrﬂib)éphqnyrfmssupmed byl folRbving & indilat rY Was

used di rpeeéddurd &% e v i;sat.j ml es. (See Table 1). Exanple
28 - sur?gortegl f!cg%*errlzt hox%%‘gﬁb?%%ﬁrmqﬁeff H%érféfiv}sn%@yl ~~]" Ni | acac) ~

| acac = ctsdrhenylmagnesiambrohind dreQBy e i 4 (40 ~nmol, 21
ng) o4as 15(% %ttg 0 Ni (oaca‘;::)ﬂgJEb Zgggﬁnpf?‘h%g@ﬁ%’)%%@g% G)e%e({%-%b nm.) was
added. The) W AsBylReamebenzens (99 Sfmel) irotetrabydrofifieh, dn thedprasbnbe 6f 6! our ed

LUt _ il .0 d i bed ab ,
75" 55 v i SR AP oo O BIBXAE Lt 36 o iyl

the sol iethepaFhe solesnt was eerabvead@flie; fedagid préssduré @nﬁ@éﬁﬂzt l@gﬁgﬁ&our ed solid

t ol uene supernatent. The supporte W& urry 25

beneat h.a (io(iéourl es L

was uselFOl dY’F'}P‘ﬁti“m%&ﬁéﬁtoanlO.sgt deeb;aﬁalmeﬂﬁgm'gamhsn 1).
Exanpl ej 2.4 6-trinmethyt~hen~rl)~nethyl)P12 4 6 :
0Bty Dhar PR e CmBieh Y adfed e she P CotthehenyeRciem ¢ 11

785 g/ manol) BudighiotometR ovAs) M ' 7 ili.c .0 g,
ot e he desggggﬁ R fB0\E) BAHE b MBS0 GlleiSRalibidi 9 o )

was addedPefHur roufad hetsalvent wiroreoogbd yndertediRdgRbdstreRAllthe! €5 wer e

al | onedpidauseivhd fsofa%c{;%snagw orange: col oured solid beneath the col ourl.ess .

tol uene_super nat ent. e sﬁgf)ﬁ?le TeRtated, washing with methano cBhealyieldovdsy i n 27
70%. “P{"H} NMR (CD,Cl) § = 57 ppm. ‘
Example 3

Preparation of (2-methylphenyl),PN(methy)P( 2-methylphenvyl)

30

(2-methylphenyl)zPN(methyl)P(Z-methylphenyl) was prepared by following '5 T

similar procedure as described for Example 1 only with the following differences: 2-
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- g JAN 2004 WO 01110876 PCT/ GB00/ 02734 subsequent pol yneri sati on~dxdMbl 288

(See Tabyg) dihrosrguPported Poiynerisations Exanples 30-35 : Supported
catal yst System honopol ry~nerisation Results for Exanpl efﬁ%’“&i’%

presented in Table 1. A general procedure far S supported
honopol yiethvRkh I S: Gl . | Lows .The actor (1L) was heated under
fl owi ng nit :"yg)genﬁﬁggﬁe%uﬁ%b\érg&a@?é%%%‘étf@r’é dﬂféﬁﬁé’t%%"ﬂ,(ﬁ%mmdl)snfamt ane

sol vent #dgied dnepwisato aselation SNBCK €261 ol ¥&: ; ted 1o 50C
et hyl en;efﬁ\fl@ﬁ admi tted such that tﬁe_tot’al %P’Z@@h?ﬂd'%gl ?ﬁ%raggéé?i by 8 bar.

In a se RE {(wdtueq wagstiredifoy a fsw suimyses. t Bk sdvemt Wab rdnfovied in @A o lgepar ed
E—Eﬁ:bﬁ%ﬁ °-%"%ﬁ?@ﬁeﬁ?@ﬁﬁé@g@kﬁgfﬁﬁwgﬁiﬁléz%??v@'s%25'95 frégﬁ@:agl?reg'i i 6.
before t i in tﬁz\mﬂoililoeg ?ﬁ?ﬁl\oi&gléé gtﬁﬂﬂ] r?é’gg'&ﬁ h’ggquﬁy IFé'??E supply
and vent g](?ﬁé g’ggd{“BPBﬁPéélmﬂrWeﬁeWeobdopm setrahydrafurah, € @y ey i ght
Bxanpl oo S50 36 eiR! N R Ak e hbherd e Clandi by B ©

No. Ti me (Ri6dAs; 9 minky) iMdi kth . .
csozgzgoz 06200027?623%@‘5%;5%@255733%8%%0'%8‘?19%%5?2%6%‘6@?@614328. 1332

7807550 Amneranus i Gafew min0Es.2 0O 2614t 36AA6MBEBAAcu0 and tHexanpl e 36 -

Suppert olvperisation with hexene The reactor~(1L) was
heat ed S’g%&e‘%tt ?{%\?v"tfr‘n“;“ﬁ%? ?1 6”3‘3% Sol &f%ﬁfﬂ? Rashipg withfraetharmd Bbe piglcwas ed t o

30C. Thé.OP/eaﬂP{)‘rH}l\Mlﬂ@Dg@g)ge@gJﬁ e (125nm) and isobutene (37S nL). The
reactor was seal ed and after heating to 50C, ethylene was adnmitted such

"t hat th@’—‘@-ﬁkﬂ@ipressure was increased by 4 bar. In a separate vessel, a
slurry fesy0po _catal yst | ol uene_(prepared according to Exanpl e 25B)
cont ai n%?;m% = I(E)fiE(Qf STrake & cgmoyyphenyl into the reactor
under pr essun2.mdthexyphBy IR PR (e KB - g JAN 200 1/ 10876

PCT/ GB00/ Q2734 nmni tor e ?or (90 n(,ﬂgg'fhégg"163?{‘21"”&5?[%6’&?1!%9[3@?‘9’%4 sation
by Shut SHBr sracedure astdesdribed fonifxdnypladdn nhugefonswrngfm&éno% Sure.
Recoverﬁgﬂpig! iﬁxmr was dri %d overni ght under vacuum before weighing and
submitting %{ng%qeglpq rorgidg (RFEPgr6d P tiepling magresivitstiraingsl(3. 74, vi ng an

aver age0askinvely widf 2-dron 07 anal ysis shows 4 Me branches / S
1000 C at oms a?ld 11 Bu bragﬁgl?e@'olw?ﬁm.eg éa“S*i"\A&eﬁ&SW@rqu on was

per f or nEgysiahogiodisted mias atitled dropwisa e awalatias oEP@iE%?ﬁ he 0% r?{oﬁ Jbar propyl ene
was use aliaﬂs%{e%(} of (g)th | ene, A small_ anount of pol ypropyl ene was
recover 6 2 G OBIARSI P B and the salwionsstirredrfona Sew enifiwesreThd solwenbsdaant i al | y

t he20s anenv@)edas vEXR R I j | ce 1 ) was_ used

i nstead of nickel bi s(dgdcl?al?‘ ;‘chdémg‘ﬁe‘%A’QR@crybgtgﬁi‘%&ég'%‘?m’(}}men}’l)ﬁr

tri s( peWearxigantehfomthy besidieovitiDtohueneahd fiROreadHioiah SRER: shftekl $h0C (S M)
vas useg.jqn te@d,/of .Mﬁgﬁé‘T&g pol ynmeri sation was run for ours. A smal |
amount Of 1‘§ﬂsp Vet iyt & g,é’%do@pl%@nd then NMeH,(2M solution in

tetrahydrofuran, 2.27 ml, 4.5 mmol) were added to the mixture of P(2-

(4

methoxyphenyl),Cl and P(2-methoxypheny!),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.Cly) 8 = 53 ppm.
Example 5 '
Preparation of (2,4.6-trimethylphenyl),PN( methy)P( 2.4.6-trimethvlnh.envl)2
30 1) (2.4.6-trimethylpheny]),PBr -

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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' [ [ [ lally the same way as
9 A polynerisation was perforned in substantia
g:%:g ?2 onloy %/he t ol uene sol vent was not dried and degassed pr8 dANt 0k

Wo3 20 Exa A
. The nodrepol yet hyl ene recovered was 1.0 g. r’rp*j y
ggleyrreri satiori was perforned in substantially the sanme way Q@WF@ 12

' i on -and t he
ooyt iémﬁgedmﬁ%.m“ﬁmig%ﬂaﬂapéggg.SJTﬁél%@5%?%&%@@@@@63hgas
géﬁegm%gggg"&%ﬁg@ifépigg :t nlggeltlf:ﬁ;én?r?urﬁ?e hﬁ)mewusgﬂ%ameﬁ%&%tmltrgixﬁgiei@ag of
bol ynor | ool ol 1Ot REP 2 SinEenalih Spivgmi wes @a?@em%oafamm 12 30
01 el byl ene 2 ecouor oot elE s ind S it Bl Wtk Nebied S DR Io0 howr
82} {%g%%g%‘%mweiw&d tefiltratiomasd By JoeRE thak Perﬁw%%ttg“t lally the

-uyndecyl enyl al cohol (5 nl) was added at the
start of PEMSAPESHG A4 FMBamsier shewsdbthonmuda prodicrtoLontayr s. The
ol yner recovered was 0.8 g. e
mca)issrrg]; \%;%u%ﬁ3%‘&%@1%9ﬁwﬁﬁz%ﬂ@%@b%&ﬁ?@“@*ﬂf@rqﬁ%w 1.9 nonanol
Br a%chesbmom&ﬂlimumnd;o 15 20 25 30 30 - g JAN 2004 CLAI Ms: f 1. ~
Process f. e .pol ris H}IOI’] of olefins or the copolynerisation o
et hyl ene")glha.%-tn%etl}/vn enyl);PN(methy()P(2,4,6-trimethylphenyl), -
10 The (2,4,6-trimethylphenyl),PBr compound (crude, prepared as detailed above
3.75 mmol) was dissolved in dichloromethane (20 mL) and triethylamine (2.8 mL) was

added. Methylamine was added dropwise (2 M solution in tetrahydrofuran, 0.76 mL,

1.52 mmol) and the mixture was heated to 40°C overnight. The solvent was removed in

vacuo and methanol (20 mL) was added. The resulting off-white precipitate was isolated
15 by filtration (900 mg, 105 %). *'P NMR analysis of the crude showed evidence for the

formation of the desired ligand (6 =62 ppm) in approximately 30 % yield. The crude

ligand was used in preparation of a nickel bromide complex described in Example 11.
Example 6
Preparation of ( 2-isopropylphenyl),PCH,P( 2-isopropylphenyl),
20 (2-isopropylphenyl)zPCHzP(2-isopropylphenyl)z was prepared as follows:
A solution of CLPCH,PCl, (1.3 8, 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-BulLi to either 2-isopropylbromobenzene or 2-
isopropylphenylmagnési’ixmhalide) in tetrahydrofuran or diethy! 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 .ﬁthher 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:Cl3) 3 = -50 ppm.
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.propyl ene with each other or with other olefins, corfpri si ng cong%chmQUmhe
nonomer | ;N under pol ynerisation conditions with a p ' ,on

cat al ysmﬂ/@fgi’dgl yst system which conprises 5 {a) a solurcgkxﬁb@gﬁp VI
metal ; (b) a bidentate phosphine |igand having the fornmula (Rl)(R~)P - X -
P(R~-) (& %we each R is independently selected-froma phenyl group or
a~subst aﬂ“e phenyl group with the proviso that at |east one of the R

gr oups Breparapbreof/(2-gifluoporhethiyipherst),PEAR(2anfuerdnehdplsaiyi); uent, and X is a
bridging gro the 10 strycture: =[NJx [Ply-(N] -.where x and y are

i ndependent | ¥ rqmeéy}aﬁwybp Té‘é’é%-taﬂwwq&gﬁpml)a%s piepargi bt and the P
at om i Spolib il £AMIIRF pRE desBfibé ' Tpy, be the
same or 0di fféerent lan%xl%i gﬁ'ﬁggﬂr g{gagﬁesg&b%dq&rloﬁ%avﬁaﬂ%%%gﬁ@g%ré@?‘,’w bstituted
hy diSoc adiffptences: Ietrifhurémethpipheryy lithiumo (G2 maid, Whichprdsdreshlyprégaredbpr onot er .

2. Procesgs.accordi to ¢laim1 which conprises the steps of a) preparing a
pr epol t—‘%’a‘%fghg(:‘g‘?éﬂ zgélﬂéwowsw&&qm%er@ﬁ@)ovaswpé inplaceefirs with a

cat al ysj : ' r r-hased ¢ | wsf, Wi th one
o oy aeqPPUpenyF gt TREVAR! hRPebdRu BRR BB G Bt v, 5.
Pr ocess’' B¢y NMR) (CD,ChLpé #-31 ppm2 Wherein the Group Vi1l netal is iron,
cobalt, nickel or palladium 4. Process according to any preceding claim
wherein conmponent (a) is an inorganic or organic salt, or an organonetallic
or choorg;‘d ;U]E%n conplex. 25 5. Process according to any preceding claim
wherei n—cormporient (b) is a conmpound of the fornula (>] (RY)(R )P -~2)x

- ( PR3h, PreiatioP OR(2 4 B=trinvdi e P22 n%-{rifetRAPRer), di fferent, and R2
and R3 are each independently. % rogen or a nonova ent hydr ocar byl group,
substituted MsfbocnashyiphanylP GH.Pla¢SrtoingohylphimyDawsy pregarediby 6. Process

di ' wh ' d. h i d ly byd ,
ety S« Pifsr siHEA S b g A5 B B PR .7 SEparoiakytE phenyi

tolyl, differences: 2,4,6-trimethylphenyl lithium (32 mmol, which was freshly prepared by

15 addition of n-BuLi to 2,4,6-trimethylphenylmagnesiumbromide) was used in place of 2-
isopropylphenyl lithium. The yield was generally found to be in the range 40 to 70%.
$Ip{'"H} NMR (CD,Cl,) & = -31.5 ppm | |
Example 9
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 diﬁ“ereng_gé;_.; l-haphthyl lithium
(32 mmol, which was freshly prepared by addition of n-BuLi tolillibromo.naphthylene) i ‘
was used in place of 2-isopropylphenyl lithium. The yield was ge;gerally found to be in
the range 40 to 70%. *'P{'H} NMR (CDCl;) & = -46.5 ppm. |

25 Example 10 | -

Preparation of [(2-isopropylphenyl),PN(methy)P(2-isopropylphenyl);]NiBr, _

The mesityl PNP ligand prepared in Example 1 (565 g/nfb_lé; 283 mg; 0.5 mi_ﬁol)
and NiBr,. DME (309 g/mole; 155 mg; 0.5 mmol) were weighed into a Schienk tube and
dry dichloromethane (40 mL) was added. A deep purple solutiozﬁ :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. *'P NMR analysis showed a
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.31 AMENDED SHEET - 6 JAN 2004 trifluoronethyl, methoxynethyl, anisyl,
phenol , nethoxy, phenoxy, dinmethylanino, diethylan no, nethyl pherdxyAlr2004
met hoxypheweitygre/- Process according to claim5 or 6 mhereh%ﬁ@&?\é are
both zero. 8. Process according to any one of clains 1 to 4
conponent (b) is a 5 conpound of formula (11]: (R)(R )P -C(RQ ~4) -

P~1) (R dingle §ipgBalea Y ey be the same or different and is hydrogen or a
nonoval ent hydrocarbyl, substituted hydrocarbyl or hetero-hydrocar byl
group. Bxampleddss according to claim8 wherein each R4 is independently
hydr og el C =40 10 preferably nethyl, ethyl or
phenyi ,—Mﬁ@lﬁﬁ-@fbﬁ% cthylpheny PN (mef 248 henvINABr1 0.

- Process ' ' ' I n, each. [+Sel pendent |y
el ot o e B B BB B 8 N ONE RO e,
hydroocag/byle; 1Subgt 0.042 exndl) dvee aveighed dito RESchleakdBOSRT By dicHidrBnleftaner OVi so

that at, | east one of the R 15 groups is a phenyl group having at |east one
ortho sglgs‘?‘ﬁ Wéﬁf“@g@l Theshered anigaise was hgﬁt@d)tmﬂﬁ%lﬁrfmd Ovhwekisanéapargle gr oup

is a su ' ving .at .l east one halide, hydrocarbyl,
substit ﬁ%‘?’ﬁ‘@’ﬁ%@ﬁ?@%hgﬁ%ﬁ Q?"gﬁf}g?%é 19 RRA™ LeMmRsrptuge ARd ?tH¥quf8r Brt Ko
posi ti ofurthtP2 hBunc The reationdiadillefedlodieMove imblublesed RleTIEAE Y

f the R
groups is a 20 substituted phenyl group having at [ east one ortago
hydr ocaf¥@prrated.- Kkigypuraleiaily residpwas weshedawishihexine (2 20eml). Theatsilthy y a

et fyy/l , b SQx I - but yi l,, .meth , .eth , ph :
i i Pl b R undef il P B Gt i ey soslg o sigml
pent af | ucB SRAGDI whithSbad sflstend ith e AiRALRInGAYPST i tuents are joi ned to
forma -C4H4-unit so as to formpart of a benzene ring. 25 13. Process
accor di Bglvmerisagionsecedi ng cl ai m wherei n conponent '(b) is selected from
the fol L:ovm' ng: (2- met hyl phenyl ) ( phenyl ) PN( et hyl ) P( phenyl ) 2
(2-nmeth ) 2PN( et hyl ) P( phenyl ) 2

2- met hyl ph i t.hyl I h 1), 3
(2- ot byl bhony 1) Su me i o2, Wby TSl SRR Vst Efida il -

Eg_]ei hylsph@:py ﬁﬁgﬁarlﬂzﬂglélmthty?m-fgobwmhﬁmyyl)zﬁs r;])repalrt;dzin?)Féxa'&'n'\?lgl:\l 1 5[55 én - .
-iso ny. - 1-SORIr o en -
5N 2003 L5 BOR Wk R bR e dstadioned o f 7 8.5 wredeand BR@BRN s 5,5

2, 4-di I : i IR I .
( : YOrREADY b Hnig{tﬂgll(%g%r%, g})g:rﬂn@%ﬁg nglrl]s:%Mylﬂt}@ was stirred for 15

(2, 6-di et hyl phenyl ) ZPN(
( 2- met hyinuges cgnpwgypgnk:bhimwik yZRhlowedso WRR tarotdy IThe sbRitiBh QR kieny! ) 2

degassed under reduced pressure and the 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
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 1.0 g. The.

25  activity of the catalyst was 100 g/mmol.h. The molecular weight of the polymér was Mw
(weight average molecular weight) = 120000, Mn (number average molecular weight) =
32000, PDI (polydispe'rsity index) =3.7. The number of branches in the polymer was
(branches per 1000 carbons) methyl =2.2, ethyl=0.2, longér 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 preparéd in Example 2
was used instead of (2-isopropylphenyl);PN(Me)P(2-isopropylphenyl);. The mass of
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5 (2, 6-diisopropyl phenyl)2PN(ret hyl ) P(2, 6-di i sopropyl phenyl )2  _ g JAN 2004
(2, 4] 6- twhaeherss phenyl ) 2PN(net hyl ) P(2, 4, 6-tri met hyl phenyl pér/cp
(2-tertbutyl phenyl ) 2PN( et hyl ) P(2-t ert but yl phenyl )2 /GB00/02734
(2-rriethoxyphenyl ) 2PN( net hyl ) P( 2- met hoxyphenyl ) 2

2-trif DiyRhE Ydcph

(2- pheny | Bhomt) SER ot Pt P 3. phanyerAar bieyt OF QLI IFUAINE 8901 ) p
1- napht 2()%9, ?H‘Jﬂ@n e'gi)d thFtN(' nﬁbmbbd's’(ltl me pdﬂyqnlaewyi {tanches per 1000
2-1so0 P i o

(-1 sope BRI EER B Yolooed Bt By Biehyl ) 2 15

(2-1i sopE&mb@h&myl ) 2PN( et hyI ) N( rret hyI ) P(2-i sopropyl phenyl ) 2

2-i sopropyl phenyl ) 2PN( et hyl ) P (Ph) N(net hyl ) P(2-i sopropyl phenyl) 2
22 et Eyl BKeE?yP() %’iﬁ) (DylP@SéP%fphémﬂ)h)sgbz(tantm')yhéé ;;ﬁmmwgy ag’ékgﬁiélp%e)nyl )Z 20

2 giﬂéblgaeny% }é%ﬁié{%&@%ﬁﬁ M@Wﬁﬁeg&% (}{)l(} 1( rE')lmo as prepared in Example 3
F;o%?@gsﬁhﬁﬁgﬁ_%ﬁ 2}5%' EE%I?Q yﬂ%\de}Pﬁ 1Sé)propylphenyl)2 The mass of
3- di relypthylehe recoyapdmMaPOx 8- 'Hleﬂ'ﬂblbwmlhwabgh) a8f the polymer was Mw =

g g: %@W%e% ? %Egé 'ﬁhgéﬁqﬁhyﬂlfgﬁg}%pg in the polymer was (branches
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Example 17

A polymerisation was performed in substantially the same way as Example 12
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A polymerisation was performed in substantially the sarﬁé way as Example 20
only modified-MAO (2.0 mmol) was used instead of MAO. A small amount of .
10 polyethylene was recovered.
Example 23
Toluene (50 ml) was added to a Schlenk vessel charged with [(2-
isopropylphenyl),PN(methyl)P(2-isopropylphenyl),]NiBr; as prepared in Example 1 (8.0
mg, 0.01 mmol). A toluene solution of methylalumoxane (MAQ) was then added via

15 syringe (1.4 ml, 10% w/w solution in toluene, 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

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
g. The activity of the catalyst was 600 g/mmol.h. o |
Examples 24

Toluene (10 ml) was added to a Schlenk vessel charged with (2-

25  isopropylphenyl),PN(methyl)P(2-isopropylphenyl); as prepared m 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 toluené'solution of
methylalumoxane (MAQ) 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 stam]ess steel

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

ethylene was fed on demand and temperature was maintained at 50 °C. The run was

25
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complexes
15 Method A - [(2-isopropylphenyl),PN(methyl )P(2-isopropylphenyl),]Ni(Br),:

The PNP nickel complex prepared in Example 10 (40 pmol) was mixed with
MAO/ES70X silica (1.0 g, prepared as described above, 15 % w/w MAO on silica) and
toluene (20 mL) was added. The mixture was shaken thoroughly 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
polymerisation examples (See Table 1).
Method B - [(2-isopropylphenyl),PN(methyl)P(2-isopropylphenyl),]Ni(acac), (acac =
acetylacetonate) :

The PNP ligand prepared in Example 1 (40 umol, 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. MAQ/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
30 was used directly in subsequent polymerisation examples (See Table 1).
Example 26 - supported [(2-ethylphenyl),PN(methyl)P(2-ethylphenyl),]Ni(acac), (acac =

acetylacetonate)
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28 10%& §1) 0 4 Ii%%ﬁf%s @3%%;%3% g )év gmls@h;{@W(af added. The mixture
! ~6$]$%&w€13 saR6h kWb GRIRY ¥6d-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 27 - supported [(2-methylphenyl),PN(methyl)P(2-methylphenyl),]Ni(acac),

(acac = acetylacetonate)

10 The PNP ligand prepared in Example 3 (40 pmol, 18 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 colourless solution was formed. MAO/ES70X silica (1.0g,
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-

15  coloured solid beneath a colourless toluene supernatent. The supported catalyst slurry

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

Example 28 - supported [(2-methoxypheny!),PN( methyl)P(2-methoxyphenyl )2]Ni(acac),

acac = acetylacetonate)

The PNP ligand prepared in Example 4 (40 umol, 21 mg) was mixed with
20  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. 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
25  was used directly in subsequent polymerisation examples (See Table 1).
Example 29 - supported [(2.4,6-trimethylphenyl),PN(methyl)P(2.4.6-
trimethylpheny!),INi(Br),
The PNP nickel complex prepared in Example 11 (785 g/mol, 54 pmol, 42 mg)
was mixed with MAO/ES70X silica (1.0 g, prepared as described above, 15 % w/w

30 MAO onsilica) and toluene (20 mL) was added. The mixture was shaken thoroughly and
the solid particles were allowed to settle forming an orange-coloured solid beneath the

colourless toluene supernatent. The supported catalyst slurry was used directly in
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10 to the relevent Example as described in Table 1 containing 40 pmol Ni was shaken and

injected directly into the reactor under pressure. The reaction was allowed to proceed for
the time described in Table 1 before terminating the polymerisation by shutting off the
ethylene supply and venting the reactor pressure. Recovered polymer was dried
overnight under vacuum, before weighing and submitting for analysis.

15 Table 1 - Examples 30 -35: ethylene homo-polymerisation

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 (prepéred according to Example 25B) containing 40 pmol Nij was

shaken and injected directly into the reactor under pressure. The ethylene uptake was
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A polymerisation was performed in substantially the same way as Example 12
only 1 bar propylene was used instead of ethylene. A small amount of polypropylene
_ was recovered.
10  Example 38
A polymerisation was performed in substantially the same way as Example 20
palladium(II) acetate (0.01 mmol) was used instead of nickel bis(acetylacetonate) and a
solution of tris(pentafluorophenyl)borane (0.2 mmol, 20 equivalents) in toluene (5 ml)
was used instead of MAO. The polymerisation was run for 20 hours. A small amount of
15 polyethylene was recovered.
Example 39
A polymerisation was performed in substantially 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 sarﬁe ‘way as Example 12
only water (5 ml) was added at the start of polymerisation and the polymensatlon was run
for 5 hours. The mass of polyethylene recovered was 0.4 g
Example 41 N
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 N
A polymerisation was performed in substantially the safﬁe_. way as Example 12
30  only methanol was used as solvent instead of toluene. The mass of polyethylené

recovered was 0.4 g.

Example 43
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-[N]x-[P},-[N]- where x and y are independently 0 or 1, and where each of the N atoms
are trivalent and the P atom is trivalent or pentavalent; or
-C(R%), - where each R* may be the same or different and is hydrogen or a monovalent
hydrocarbyl, substituted hydiocarbyl or hetero-hydrocarbyl group; and
15 optionaliy (c) a promoter.
2. Process according to claim 1 which comprises the steps of :
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,
20 wherein the catalyst system is as defined above.
3. Process according to claim 1 or 2 wherein the Group VIII metal is iron, cobalt,
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.

25 5. Process according to any preceding claim wherein component (b) is a compound
of the formula (I)
RDRYP -(NR)x -(PR%)y -NR?- PR')(R') @

wherein each R? is the same or different, and R? and R® are each independently

hydrogen or a monovalent hydrocarbyl group, substituted hydrocarbyl group or hetero-
30  hydrocarbyl group.

6. Process according to claim 5 wherein R? and R® are each independently

hydrogen, methyl, ethyl, isopropyl, n-butyl, t-butyl, n-hexyl, cyclohexyl, phenyl, tolyl,
31
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8y v dEnteiorameiyh sphiqxymethyd gy phynoly methoavgphenoxy, dimethylamino,

A0 SR (A Uil 1 S Siowe (- ssionta 0-9
3S109%&7 () - 3PALAU dckording t kP& 4 dr 6 wherein x and y are both zero.
8. Process according to any one of claims 1 to 4 wherein component (b) is a
5  compound of formula (I0):
RHRHP -CRH®Y- PR)R") hy

where each R* may be the same or different and is hydrogen or a monovalent
hydrocarbyl, substituted hydrocarbyl or hetero-hydrocarbyl group.
9. Process according to claim 8 wherein each R* is independently hydrogen ora C;

10 to Cq alkyl or aryl group, preferably methyl, ethyl or phenyl, or the R* groups are linked
to form a cyclic stfucture.
10.  Process according to any preceding claim wherein each R! ig independently
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!

15  groupsis 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
heterohydrocarbyl substituent in 'the' ortho position.
12. Process according to claim 10 or 11 wherein each of the R' groups is a

20  substituted phenyl group having at least one ortho hydrocarbyl, alkoxy, amido or
perfluoronated substitutent; preferably a methyl, ethyl, iso-propyl-, tert-butyl, phenyl,
methoxy, ethoxy, phenoxy, dimethylamido, diethylamido, trifluoromethyl,
perfluoroethyl or pentafluorophenyl substituént, or two adjacent substituents are joined
to form a -C4H4- unit so as to form part of a benzene ring.

25 13.  Process according to any preceding claim wherein component (b) is selected
from the following:
(2-methylphenyl)(phenyl)PN(methyl)P(phenyl),
(2-methylphenyl);PN(methyl)P(phenyl),
(2-methylphenyl)(phenyl)PN(methyl)P(2-methylphenyl)(phenyl)

30  (2-methylphenyl),PN(methyl)P(2-methylphenyl),
(2-ethylphenyl),PN(methyl)P(2-ethylphenyl),
(2-isopropylphenyl),PN(methyl)P(2-isopropylphenyl),
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(2-isopropylphenyl)2PN(buty])P(2-isoprbpylpheny])z

(2-_i50pr0py1phenyl)zPN(phenyl)P(2-isopropylphenyl)z

15 (2-isopropylphenyl)zPN(methy])N(methyl)P(2-isopropylphcnyl)2
(2-isopropylphenyl),PN(methyl)P
(Ph)N(methyl)P(2-isopropylphenyl),
(2-methylphenyl)(phenyl)PCH,P(phenyl),
(2-methylphenyl),PCH,P(phenyl),

20 (2-methylphenyl)(phenyl)PCH;P(2-methylphenyl)(pheny!)
(2-methylphenyl);PCH,P(2-methylphenyl),
(2-ethylphenyl),PCH,P(2-ethylphenyl),
(2-isopropylphenyl)2PCHZP(Z-isopropylpheny1)2
(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-me’thyl-6-isopropylphenyl)zPCHzP(Z-methyl-6-isopropylphenyl)z
(2,6-diisopropylphenyl),PCH,P(2,6-diisopropylphenyl),
| (2,4,6-tn'methylphenyl)zPCH2P(2,4,6—trimethy1phenyl)2

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

- (2-methoxyphenyl);PCH,P(2-methoxyphenyl),
(2—tn'ﬂuoromethylphcnyl)2PCHZP(2-tn'ﬂuoromcthylpheny])2
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15 (i) a compound of the formula (III)
(L)L )M QA Y mpyn ()
and optionally (ii) a promoter,
wherein M is a Group VIII metal in formal oxidation state m, each L is-
independently a monoanionic group or ligand; L' is independently a neutral group or
20  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
between 0 and 4; and Q is a bidentate phosphine ligand as defined in claim 1 or any of
claims 5 to 13.
17.  Process according to claim 16 wherein at least one of the following is met: L is
25  halide, acetate, acetyl acetonate, alkyl, heteroalkyl, allyl, or hydride; L! is an olefin,
‘carbon monoxide, a phosphine or a solvent molecule; A is BF,", SbFg, PFg, triflate, aryl
or alkyl borate, sulfate or phosphate; n = 1.
18. Proccss'according to claim 16 or 17 wherein M is nickel, and the values of p, q
andmarep=0,q=2andm=0;p=1l,q=landm=2;p=2,q=0andm=2;0orp=
30 0,g=2andm=2.
19. Process according to any preceding claim wherein the olefin is ethylene,

propylene, 1-butene, 1-pentene, 1-hexene, 4-methylpentene-1, 1-heptene, 1-octene, 1-
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'Process according to any preceding claim wherein the catalyst or catalyst system

is stipported on a support material which comprises silica, alumina, MgCl,, zirconia,
polyethylene, polypropylene; polystyrene, or poly(aminostyrene).

10 21. _ Pfocess according to any preceding claim which is conducted in gas phase, .slurxy
phase, bulk phase or solution phase.
22. _ Useof a catalyst or catalyst system as defined in any of claims 1 to 20 in the
polymerisation of 1-olefins.
23. A compound of formula (IV):

15 [RHRDP-CRY: -PRYRINTLIHL (A ap) 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 one ortho substituent; each R* may be the same or different and is hydrogen or a
hydrocarbyl group; m is the formal oxidation state of nickel ; each L is independently a

20 monoanionic group or ligand; each L! is
independently a neutral group or ligand; each A is independently a weakly coordinating
or non-coordinating anion; p is any integer between 0 ahd m, and q is an integer
between 0 and 4.
24. A compound as claimed in claim 23 wherein m=p=0 and q=2; m=p=2 and q=0;
or m=2, p=1 and ¢=1.
25. A compound as claimed in claims 23 or 24 wherein L is halide, acetate, acetyl
acetonate, alkyl, heteroalkyl, allyl, or hydride; 1! is an olefin, carbon monoxide, a
phosphine or a solvent molecule; A is BFy, SbFg’, PF, triflate, aryl or alkyl borate.
26. A compound as claimed in claiins 23 to 25 wherein each R! group is a
substituted phenyl group having at least one ortho halide, hydrocaibyl, substituted
hydrocarbyl or heterohydrocarbyl substituent.
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