;%3e96dJ6T3 3 1 MAR 2003 WO 00/ 20427 POLYMERI SATI ON CATALYSTS PCT/ G

B99/ 03152 The present invention relates to transition netal corrBIﬁ?éR 0
conpounds, to polynerisation catalysts based thereon and to 'thei i%q
t he polyneriﬁﬁtopﬁ&zand copol yneri sation of olefins. The use opcteiEIo0NS2
transition netal conpounds to polynerise 1l-olefins, for 10 15 20 exanpl e,
et hyl ene or propylene, is well established in the prior art. The use of
ZieglerNatta catal ysts, for exanple, those catal ysts produced by activating
titanium halides with organonetallic conpounds such as triethylal um nium
i s fundanental to many conmercial processes for manufacturing polyol efins.
Over the last twenty or thirty years, advances in the technol ogy have |ed
to the devel opnent of Zi elcfl er-Natta catal ysts which have ST hi gh

activities th Hmummﬁmummm yners and copol yners cont ai pj W
concentration catal yst can be produced dﬂ%ﬂ“ﬂ@'@ﬂlﬁm 'mgrmer ci al
pol yneri sati on premeszes. The quantities of residual ining in

t he produced polyner are so small as to render unnecessary their separation
and renoval for nobst conmercial . applications. Such processes can be
operated by polynerising the nononmers in the gas phase, or in solution.or
in suspension in a |liquid hydrocarbon diluent. Polynerisation of the
nononers can be carried out in the gas phase (the "gas phase process"), for

exanpl e by fluidising under_ pol ynerisation conditions a bed conprising the

target pol yol efin powder a@&ﬁﬂ&hﬂﬂﬁ%ﬁlﬂﬂﬂﬂ&&&k&iﬁﬂﬂ catal yst using a

fluidising gas Q kS] In the spo-called
A PR ARG A LARSEGH ol ROHRLex b

"sol ution proc _ neri-sation 1s con _ Ut oducing the
nononer i nidlyerdsativh cAAlySE baded piRiredrPahdab théle useihahy pélymBricatibh @hid d

hydrocar bon di |l uent under conditions of tenperature and pressure such that
t he producexpobmeyisttidn of dlefings as a solution in the hydrocarbon diluent. In
the "slurry SUBSII TUTE SHEE ‘ R 2003 20427
PCTI GBS/ 03165 TPOAEL-SRE Ferarmeth compputis P EoiREen Golng 6| Lent are
such that ghenphs, @elytedd op plopRie, [i9 W establRhsd FPRB PHO arkt N ThE Bsd bieler-
hydrocarbon diluent. These processes are generally operated at relatively

| ow pr essuNeya ¢dtalystexfanprampl-tEBe satelystsrpdgodungd toy mptvasiing tiganiyro hakdesrwptie 50

to 1500). In recent. years the yse of certain netal locene catalysts (for
exanpl e bi g@ﬁ?‘ﬂﬁ%ﬁf? gaf“.@ﬂ\}'rfif]é?@‘o‘?ﬁ tUﬁ@V@hﬁ"@PﬁUHE 'Sa@'flfj%?rgﬁ i3 al unoxane)
has provi dgsmmadcal Pﬁdc%sééé fdt ni@biRBluriak Ipylyoledins aCkvevihe Yast tIoMRY 6f thipt al | ocene
catal ysts of this type suffer froma nunber of disadvantages, for exanple,

hi gh sensi ¥éavs, agvanees inghe technodogithane lesda the devetapmant of iepler-MNattal catalysts

quant 1 11 o BN ERHERER it Ra R0 B BRI GRBmiery 75 y B AB
di fficul tigsncemtratidnt bPeestdlel Galyat %5 beditolifced dittcilpf QneHetBal polyimadiSition

Application W98/ 27124 disclosés that ethylene may be pol ynerised b

cont act i ngpiocesses. HTlrequaatitiesi of oesidyal eavtiustiremaimpizar ¢he producsdgmlymeraré so

pyri di necar bgxal dehydebi s(i m nes). and 2, 6-di,acyl pyridinebi s(imnes). In J.
Chem  Soc. Sl §54p e gnisseman I8 PRI AT PP T P EORETORHRECH ¢ e
gener al fogﬁﬂrﬁlcgticyg Bubh P%o%es(ses]caﬁmé%_b)é}akéﬂ Wﬁ@l&ﬂ)&ﬁ%iﬁg’ fHedhoHRlmESs WEEgaX is C
or Br are di'sclosed, but no polynerisation utility Ts nentioned. An object
of t helpr ephase, armnsoltitiomor i\ stispepsiow indkeliquid bydsiocarhoa dihsdnt.s Bolyeaderieatfomrof

pol yrmeri si gtg? and ol i gonerising nongners, . for I ol efins such a

B0l of i ne BT REIBRTH FHLDS SRR 1 D1 825 PIASE (Hieo 825 PSR PEACHRS, 4PY SXamie
ol ef i ns D4 B8 AP ( Pi S
e ene oD 6P pAD er ALOPYORRTOrS o coffprishi SO BBIORAT |

furt her obpewteraindtpactidledwtiilid desiredscdtaysinnsingdefiddisingpaostednpeangdsing the t he
pol yneri sation of ol efins, especial et hyl ene al one or, the

" | Of E) .
copol yrer i $atePEhmgnoBenyindhtsasealipd oﬁ%ill'té’d‘é’fﬁf 8 HiedRelpolymerisationsist o provi de

honmopol,yner Wale? : I .s., For
e i A S L T S s R K i
w de var i efijuidthygrocaiboh gilsent kndes cohditiomsxafitpingerature andl presduye bwdhi that, the
oligoners, linear a-ol efins, branched a-olefins, resinous or tacky .
pol yol ef i n@rodused polpelefn fosms as 2 seiptigmindhe bydrogaioan diventi i e slumyand sol i d
pol yol ef i ns having high stiffness. _ 30 The present invention provides a
transition metal conplex having the Formula A SUBSTI TUTE SHEET ( RULE 26)

SUBSTITUTE SHEET (RULE 26)



%O 001 20427 31 MAR 2003 PCTI GB99/ 03152 R~ RZ Z1 A (T/b). X Z2-. ?1 MAR 2003
1L)n " Z3 Forrmula A S wherein Mis a transition netal, |anthani de o]
actinide; X represents an atomor group covalently or ionically bonded to

the transit{,gp0 M b is the valency of the atom or grou N or
P, Zz is N @g or NRS; Z3 is one of N P, 0, S, NHRBF}@G&S)/O@F

OR3, SH, BIRGessPER tenmrRBFUr, RRBure agl-chaie, of(diimgyt are PRI Hie prRfiEedr PR3,

T T N R N o

diimne | qépdiy dpersted RerdaivdRlibRDrésdes (fOF ekdifplé 16u30ibhf)ARd PRE @l M when
both Z2 and Z3 are neutral, and 1 | ess than the oxidation state of M when

one of Z2tegwperauies(fanexample SAtahE°E).ar e |ndependently hydr ocar byl ,

bstituted h b t d b
?\thrg%;dfoca)r/ ?C"%r%%e%g‘et‘gég r?'ﬁﬁ%ﬁqﬁ%?%%ﬁg yﬁtﬁr({orﬁané"l%eterocycllc

subst i t uepfseyckgBRYadihyl R cBRMmdRhe3 R Yol atdPwitR aRinlbsthiRe) Bhs ﬁro&lﬁedi@&myﬁs bond;

R to RS are each indépendently selected from hydrogen, hal ogen,
hydr ocar byiith potdygtally highdadtiyidy. oHawbydr mhtatlmenhwdtabwrdﬁylhs type suffes fiotud ed

het er ohydr ocar b nd an WO ofr to RS when drogar byl may be
j oi ned %/o %‘f‘ﬁ%rra/ét%sa%ﬂﬁmaﬁgﬁ’ Hxamplies mﬁh §?ﬂSU’é'ft¥ t%m&%%wgéweﬁ yf romyO to

5 Ina pE@&\ﬁl’éF&ﬂlﬁN&ﬂ%l%oﬁkm@ﬂue@s A péécas§ {gu s%ﬁlmg Sthle AR sO 'V'
coval ent 20 bond. "Preferably Mis Ti[Il], [TV], Fe[llT, |

Co( 1119 Cb{rgd quantisief bf ]’:er@swe hl}lmo@u(els Itd> pthdvre[hxg}] actM’ty laingl }i;ﬂiwht[lds\uj Ta %
Ta[lll], T Y[111], Sc[11], Sc[Ill |
Rﬁ%lll} R V]‘he%%‘p’ﬁ‘}‘f’“‘fr% ‘1"]31’182}‘{’ 4] [Zr[l]\/] ﬁ#[d] ﬁ#[u}] Fi

a

I I

]

Rul I]w

VI, V[I 1], Pl polielildrl bRl b4 dlseﬂegas\(hatcythm\ﬂ RPoRnRlisiARl v the

e
conpl ex of the I nvention conprises the skeletal unit shown i'n Forrrul B 3
SUBSTI TUTEoi8ktBE if RilhFce2)n iromlorXbbMABL1ANIBSe R sBlected 2,6Rg (T/ b). X R~ ~ N

EEM |T]\ Fleymﬂmcarwqui%%%(ﬁvﬁqs\m %Ip?q‘MYkBYFIdI"FL‘S%EF‘[“P’?)ii 1 khm#oc Nh[ | |],

M1 Vis Rgky bro R8dd-bdes, RibbathainBAiV) bomtekds dpenidnblal borm a6t 111,
(1-(phenylimino)ethyl)pyridine} X, where X is Cl or Br are disclosed, but no
polymerisation utility is mentioned.

An object of the present invention is to provide a novel catalyst suitable for

polymerising and oligomerising monomers, for example, olefins such as o-olefins

20  containing from 2 to 20 carbon atoms, and especially for polymerising ethylene alone,
propylene alone, or for copolymerising ethylene or propylene with other 1-olefins such as
Ca.20 0-olefins. A further object of the invention is to provide an improved process for
the polymerisation of olefins, especially of ethylene alone or the copolymerisation of
ethylene or propylene with higher 1-olefins to provide homopolymers and copolymers

25 having controllable molecular weights. For example, using the catalysts of the present
invention there can be made a wide variety of products such as, for example, liquid
polyolefins, oligomers, linear a-olefins, branched ct-olefins, resinous or tacky polyolefins,
solid polyolefins suitable for making flexible film and solid polyolefins having high
stiffness.

30 The present invention provides a transition metal complex having the Formula A

SUBSTITUTE SHEET (RULE 26)



<
5 'Hf(I'II], HE(IV]), VI, VITTT, V[IV], No[II], No[lIl], or Nb[IV] X
represents an atomor group covalently or ionically bonded to th
transition metal M b is the valency of the atomor group X, Z~ |s Kﬁ ;
Z3 is one of MNHRBO2MRBR4, OH, OR3, SH, SR3, PHR3, PR3R4, (I~ R3)CT/GE§9/0382
(PR3)" or P(R3R4)O Jd is the oxidation state of the transition nmetal M when
Z3 is neutra® and/% greater than the oxidation state of Mwhen Z3 is
anionic; Q10 zbi ned to Z3 by a single bond and is hydrocarbyl,
substituted dr ochar byl , heterohydrocarbyl or substituted
het er ohydr ocanbyl , pr,eff(E/PEE)I y -C(RO)(R)-; R-to R o are each independently
sel ected from Midq, hal ogen, hydrocarbyl, substituted hydrocarbyl,
het erohydrocarpyl ¢r sybgtituted heterohydrocarbyl, and when hydrocar byl
any two or no of/R to RL nay be joined together to forma ring; Lis a
solvate 15 nolectiz¢, and nis fromO to 5, preferably 0. In a preferred
enbodi nent RZ is preferably represented by the structure zs Rz~ Rzo ~ ~ Rzs
20 R~9 and R3 by the structure 4 3 1 MAR 2003 WO 00120427 zs R24 Rzt ~ ~
Ru R~ PCT/ (¥88{‘ﬁ 152 wherein R19 to Rz8 are each independently sel ected
from hydrogen, hal ogen, hydrocarbyl, substituted hydrocarbyl,
het er ohydr ocar byl or substituted heterohydrocar byl , and when S hydrocar byl
any two or nore thereof may be joined together to forma ring. Rb to Rzg
are prefier apihgraimdé senaansitiop melple banghrnideqnagijride gefepesentean atemay group
hydr ocar byl , 0 but vl ,
sec- but yl | cova?éntﬁﬂ?npm%zlly@ontla&# toﬁ\ qygnsxttlgppx{e?a?&bxfau \}%!?E?%(l)il’ thQ gr

n-octyl, pheryp an‘i@eﬂnaw 24 0 N @, Ncmrloatrma’t Z3ea@rte ¢ 100, Bzmmﬁde may
contain two carbon atoms: fer3ably 4.to 8 10 gar nggtoms Pre erably at
| east one opI“h'@R FSH, $B, PHR], BRR' NRYDA QB cSir BR thdfﬁﬁdﬁ@@mtbyl

het er ohydr Ogc?gﬁeé&rogféo ?gﬁ%%fcﬂ%‘? j?lng& FJ prlg%@%zagéf 7 &'\%ér&oagio%fc%rrablt}(al at

| east one o east one oOf’ drotar byl ,

substi t wg ed ahy eiz@ &eHeRHeutriigt Bmehy ﬁyﬁ@ﬁrdlﬂﬁhnequaﬁdl 7Sik kiedx@dhtion state of the
het er ohydrocar byl . Mst prefer abI . 1S Rz, Rz' and Rzz are all

i ndependent kansitipe sretal M vdhen Ibytier)cimdbﬁ are seuset,i and tl dess ithasrthe exiation state of

het er ohydr o ut ed hetero droc

e prof or abt Y R B ER ot Fy AR AT Bt TeRIRAICcy hyrocitbyly Shpited

i so-propyl, h9dr*6'éhéb|yl h%é‘e?ortwpaehsbyl 8F §ubshw&ed heté?oll%?éc‘ﬁbyl RRORAPkIPetheP WXy ! ,
4- et hyl pent){ n- octy phenyl "and benzyl. R are i ndependent |y

preferably & f@rs phry of adxateb;dys:hqmbsmt@ahtaBl ryamjoinsd BUZ atb)keytlhpheﬂygle ora

Pr ef | phenyl
o 6 i ekt by FORBERRER L Y RAAE et indensngr by PR By by Ststet B heny | - o 4
di net hyl phelnyarocar@t Qhﬁ'ﬁ&mﬁ&‘& aytﬁauérbyﬁh@ttem BOSAWY L or auusaa@éoopyl phenyl, and

2-tert.butyl’ In one enbodi ment Z3 (NR3 or O, Ereferably as
defined in mh@rnpiwdagwaalpm aﬂdcavngthSrlnmrbI@é tmN wkerdiydrdvarlqylr msye ¢ joingdent i on

e o T b £l BBl s B by LT Y
6”5 bond f or med Tyt HEREel Sub Sy %".’%*Z"-‘??;%?@S A B B e e
atom The réeadni ng bonds on the atom ark
Preferably M is Ti[II], Ti[IIl], TifIV], Fe[Il], Fe[III], Co[II], Co[III], Ni[1I],
Cr[11], Cr[III], Mn[II}, Mn[III], Mn[IV], Ta[II}, Ta[III], Ta[IV], Rh[II], Rh{III], Y{II],
Y[III], Sc[l1], Sc[Il1], Ru[Il], Ru[IIT}, Ru[IV], Pd[II], Zr[X1], Z[INT], Zr[IV], HI{II],
HI[III], H{IV], V[I1], V[III], V[IV], Nb{II}, Nb[III], Nb{IV] or Nb[V].
25 Preferably the complex of the invention comprises the skeletal unit shown in

Formula B

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) 3 1 MAR 2003 coval ent bonds fornmed by el ectron
sharing between the nitrogen and the organic |ligand as shown Iné%ﬂﬁf% gb ed
formula for the transition nmetal conplex illustrated above.

coordinated to the transition netal Mby a "dative" bond when neutral, and
by a covalent bond if gpionic. 5 The atomor group represented by X can be,
for exanple, segected from halide, sulphate, nitrate, thiolate,

t hi ocar boxyl at e, PF6 , hydride, hydrocarbyl oxi de, carboxyl ate,

hydr ocar byl g8sub q?ed hydr ocar byl and het erohydrocarbyl. Exanpl es of

such atons o

re gp% gride, bromide, nethyl , ethyl, propyl, butyl,
octyl, dqg /( ph nyI nmet hoxi de, et hoxi de, i sopropoxide, tosylate,
trlflate r mat @, k@ 10 phenoxi de and benzoate. Preferred exanpl es

of the aton1 oup aréLhallde for exanple, chloride, brom de; hydride;
hydr ocar byl B&i de QforZ’exanpl e, FgreiunoBi de, et hoxi de, i sopropoxi de,
phenoxi de; carboxylate, for exanple, formate, acetate, benzoate;
hydrocar byl , for exanple, nethyl, ethyl, propyl, butyl, octyl, decyl,

PLery, SRR M SR, A TS BRI RRAIUE B CABSRURE,

ol ecyl o oy e A m"[mm“m y H&[sm?’emm ngﬁﬂfﬂﬁm{fﬁﬁ.r LRyl Sthor. and

g}) cohélh iﬁé@%&’ﬁ HI u\{ﬁ‘r{ile[g ﬁﬁq wrNé dnﬁarpvesﬁm% @Htplaw Iamdne
2 or iyl o8 e opy”%ﬂ f*ﬁx%g&%@"?eﬁe‘ oo DR S B Bt 1 e
hyl pyri dlalttﬁnléeg}o%px Z'is N or P; Z* is one of NHR?, NR’R?, OH, OR?, SH, SR®, PHR?,

|2p§,?|r g?/:,]é’ﬁ: 'tlg%rrBt %yl(sﬂl_;) or P(Rb& )04T61sttl§e ox1éat¥)n statgg%&grt?arnlgll rgrgltetc“(l ) met hy

2-Tornyl (\d-viiRhtz RuhatleAn! dnli: 16k deér theitheRiidbkiBR SN NTIARL(ZPE BxibaizEHY! - PyT |

di ne. Fed 2

ﬁ }‘ Orlﬁylj(lecﬁﬂfﬂﬁ to L3 yoysingte hend dndeis hydrosartyl, sahstioysd mydrasarddnni no] (met hyl ) met
D ot y 1 (Bt Gearhyl or uhstited beserphystrgoaiby TRy FEBIR UrRIPRY et hyl )

et hyl pyrirgleds.ifi@dpk Kde'ix@ly selected from hydro%en , halogen, hydrocarbyl substltuted
2-fornyl (2, 6-diisopropylylanil) dllsopropy phen %anlno (et hyl ) et
w

6-[ (
hyl pyri di ér@@}@ heter Qh}fmf(aﬂo}fbod substipitesihyetsrplydrocarbyl, and when hydrocarbyl

VAR 2003 To6h P BIEb LY R bt ebHlol PRl L £ B%Ghie? © 3 1

2- f onsy| (Iﬁolécﬂela‘ﬁﬁﬁhh@mmwmﬁ|1:)ref'ér8[b(}206 di i sopropyl phenyl) anm no] (et hyl ) net
hyl pyridine. Zr (NMe2) 3 2-acety

6- di i sopr opy! yR&dre rred e@bﬁ@wr #mmsﬁablwpredﬁm@d Py thestructure

2-acetyl (2, 6-diisopropylylanil), 6-(di methyl)methanol -pyri di ne. CoCl 2
2-acetyl (2,4,6-trinmethylanil),6-[(2, 4, 6-trinmethyl phenyl)am do] n-butyl) et hy
| pyridi ne. FeC

2-acetyl (2,4,6-trimethylanil),6-[(2, 4, 6-trinethyl phenyl)am do] n-butyl) net hy
| pyridine.CoCl. The present invention further provides a polynerisation
catal yst conppbsingz10 (1) a conpound having the Formula A as hereinbefore
defined, and (\2)_an activating quantity of at |east one activator conpound.
The acti vat oround for the catalyst of the present invention is

suit abl y R¥+dCt ed Y or ganoal um ni um conpounds and hydr ocar byl bor on
conpounds. SuNtab)e organoal um ni um conpounds i ncl ude conpounds of the
forn%ba AlR3, /whefg? each R is 15 independently C1-C 2 al kyl or halo.
Exanples |nclude trimethylaiumnium (TMA), triethylalurriinium (TEA),
tri-isobunglRilbyrthestareter®l BA), tri-n-octyl al umini um met hyl al uni ni um

di chl ori de, ethylal um niumdichloride, dinethylalum niumchloride,

di et hyi al um ni um chl ori de, ethyl ai um ni unsesqui chl ori de)

nmet hyl al um ni unsesqui chl ori de, and al unoxanes. Al unoxanes are well known in
the art 20 as typically the oligonmeric conpounds which can be prepared by
the controlled addition of water to an al kyl al um ni um conpound, for exanple
trimethyl ai um nium Such conmpounds can be linear, cyclic or m xtures
thereof. Commercially avail abl e al unbxanes are generally believed to be

m xtures of linear and cyclic conpounds. The cyclic al unobxanes can be
represented by the formula [R 6A10]s and the linear alunbxanes by 25 the
formula R'(R $A1Q S wherein s is a nunfer from about 2 to SO, and wherein
R 6, R', and R 8 represent hydrocarbyl groups, preferably ClL to C6 al kyl
groups, for exanple nmethyl, ethyl or butyl groups. Al Kkylal unoxanes such as
met hyl al unoxane (MAO are



preferred. M xtures of al kyl al unoxanes and tri al kyl al um ni um conpounds are
particularly 30 preferred, such as MAOwith TMA or TLBA. In thisgqopire2803it
shoul d be noted that the term "al kyl al unbxane" as used in this

speci fi cati onWo820d2@s al kyl al unoxanes avail abl e commerci al | y REH/GRIIEINS2
contain a propogsi ongetypi cally about |Om% but optionally up. 7

SUBSTI TUTE SHE LE 26) 3 1 MAR 2003 WD 001 20427 PCT/ GB99/ 03152 to
SOm % of the cgtreypondi ng trial kylalumnium for instance, comrercial MAC
usual |y conRArT{E appyoXximately | Om % trinmethyl al um ni um (TMA), whil st
comrer ci al MVAO\z@a¥ai ns both TMA and TIBA. Quantities of alkyl al unoxane
guot ed herein idclud&such triall ylalum niuminpurities, and accordingly
guantities of trialkylalumnium5 conpounds quoted herein are considered to
conpri se conpounds of the fornula AIRS additional to any A R3 conpound

i ncor porate RS0 2 | i.tabl e
hydr ocar byl %gygﬁr%o%gu it s%bgﬁ%g%@ﬁﬁeys&% rdwrr(g’ﬁ E’%?ﬁg’ﬁ}w@% ;ﬁ’eﬂ?{/‘?‘%(s Yon,
di met hyl phegybsagitearhydricaibyia hoaeihydbbablee substittzd hefersHydheay), kad afien

tri phenyl boron, dinethyl phenyl apmoni um 10 tetra(pentafl uorophenyl ) bor at e,

sodi um tot r Bydregaryl sustven e mprethorepfanay e ipined yogethsr 4¢ form a ring.

H+( OBt 2) [ (bi s- 3, St ik . '
trityitetra( pentg;ﬁtou%r é%ﬁgé‘%%%@élr‘%@g%ﬁﬂ} érilécg%%gﬁpawdﬁ%%egp%lgrg)lt? Ct§or on, In
t he prepar ahydeocagtiyl tfoEexapipdd, yeettfyl, @thyl, hepidp s ROipropyd eibugin sba@uguaa&j_ty of
activating conpound sel ected from organoal um ni um conpounds an

hydr ocar by| Byl na-pestyt orerentyn-hexyh 4-resthylpgnsyl, n-ochdihepylpad denayhdd by sinpl e
testing, f le, by the, £ f ||, test ' b
oon 19 oo P B R P Ay O S B BRI R oo

the actjovit yarpdn dtb@sproduced catalyst. It is generally found that the
quantity enployed is sufficient towpr%vi (zzlle 0.1 to 20,000 atons, preferably

1 to 2000 atons Biefestbiyratiastoos obBroR“pBf addii of hydeocarbylesubstitutede 20

conpound of, For mul )., An al.ternative class ,of, activatprs c rise salts
of 5 oat | onERSAbHT et AE B el SB R R P LoNBE pEREREIRE
Exanpl es of 1e6&{dn@ BF ROl %25 1a0Y aAgRR bae NE WHE R™, 84 RRIFEEUIYT) substituted

hydr ocar byl -substituted ferrocenium Ag+, or Pb~+. "Exanpl’es of non

coor di nat i nijydroeapiat,i Heterotydr anasbyhomsuBfituted Sb@rahydr@asbyl. Most preferably R",
tetraki s{ pheayl )borat,e ang.25 tetraki af | uor ophenyl ) borate., A further
napeot DTt ey BraBaite R LB sk AT B Py HOEREdt S P oo o
conpri sing fidibrohy&BBROYM s@istitui& ferBhY oty 2k ARPAREI HRARPGrptaRtdbly Of
at | east one activator” conpound sel ect'ed frodom organoal um ni um and
hydr ocar byl bdepmdentiyseledsd frndmeByl, ethple otpropyl Liswvipsofyhgebut8h sédebitylatert.ewi s
bases are |l known, in the art of .Ziegler-Natta catalyst pol ri sation
t echnol ogy%@)‘(hﬁfﬂ%@’l’d’@?ﬁ"&gs’é‘ ex(gI, 4H8ﬂ‘ﬁ¥18?mlewosct3§a%l§§’¥€§ﬂdt%§ﬂ1¥3§eerrpl oyed in
the present inveptifp’ amgdc Sc r ampteg,-al kenes
SUBSTI TUTE SHEETR( %%Eﬁ%%&aé?eﬁﬂ%%ﬁﬁo 3 8\%’%@205‘5 I pRUATEC- Bl

20  alkylphenyl. Preferred aryl groups include 2,4,6-trimethylphenyl, 2,6-diisopropylphenyl,

2,6-dimethyl-4-tert. butyl-phenyl, 2,6-dimethylphenyl, Z-methylphenyl, 2,4-
dimethylphenyl, 2,3-dimethylphenyl, 2-ethylphenyl, 2-isopropylphenyl, and 2-tert.butyl.
In one embodiment Z* is (NR®) or O, and R’ is preferably as defined in the
paragraph above,
25 In the complex of the present invention the transition metal M is preferably
Fe[Il], Fe[II], Co[II], Co[III] or Zr(IV).
Z! is preferably N, and more preferably Z', Z> and Z* are all N. Z? when'it is N is
coordinated to the transition metal M by a “dative” bond, ie a bond formed by donation

of a lone pair of electrons from the nitrogen atom. The remaining bonds on the atom are

5
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PCT/ GB99103152 (other than 1-olefins) or alkynes, primary, secondary and

tertiary am nes, an des, phosphoramn des, phosphines, phosphites, %thxRs 2003

thioethers, nitrites, carbonyl conpounds, for exanple, esters, ketones,

al dehydes, carbon nonoxi de and carbon di oxi de, sul phoxides, sul phones and

por oxt neSovALIHED o Bh B e Bh S GRRARL el @hilloeh A% ARULEAlc s Pases.
or the purposes o esen |nv I"on regar nonmer or

conononefas $hevefd the daﬁﬁbdlﬁo'tmﬁl& foethe I‘tt&hmheﬁm&teﬂ)asmpleﬂenuﬁﬁted%w&ﬂl al kenes
which are internal olefins, for exanp 2-but ene and cycl ohexene are

r egar ded 284 Znemoardlwﬁﬁigo@aé@gsmﬁnm@@léﬂéxé Hatiyey dend sthen pearad andy Lewi s
bases ar e d aromatic esters) for exanple,

di et hyl g’rYl ({Oﬁllgéﬁyb&{a‘ﬁ??ﬁo ral ne, tributylam ne, 10 et hyl benzoate and
benzyb be nzoat €Chelatorh lok grqmprrbpxesdn&rd msXeait beffot anpleseketted froanhalate,

conponents_ ( 1), 3 e catalyst system ca r ought
toggt her ngﬁi‘ﬁqet’é‘ﬂé éi‘aa@rt(h‘??)a Y{i’ées ggtf&'td“%mw%y?‘?mg%nponents (2)
and (3) %Eﬁ)oﬁgfé&ggge yifeypeuusﬂhﬁé@&}drs g@tﬂaﬁa hetefdiy@iotarth P E A@E forma

st abl e compou It 1s preferr bring-“together e|t er
conponentssci{ dfpmared g(@ps are chdonpden bronsdd, Snéthyl )etla/ﬂ;q)r()lsyl) butyl, actyl,diecylal st ep

bef | def d f bl t 1
Y and ( SPRER: B EGteiP O ElRR e PGP B R oH Ui TiBje) P, SRREa.  The
quantipt i §heRixiGCMRPNERbste ( Pleforr@NKafnplesIMhOYRth bigrbiS XPIrE Al kqn of this

catal yst 'system are suitably as described above inrelation to'the
cat al yst sxafptehehlpride dnemidey kydridsnhydrbeareplaxide tfor ofamitie mehexidé, Lewi s Base

3)] f erabl h d 0 rat f t
(1) Compattioe ipbieRofife FtnettostoryRe bo b P Eristity T the.
range 1: hehgoale; 29droe@ftyd T6id:@ndplo, metid)l, @R, ﬁl%bypﬁuﬁyh%cﬁ)ﬂt@cyﬁbh%t em can

br ought toget her, for exanpl e, as the neat materials, as a suspension or
sol ut i on behzylheubssituted hydrorarbyl; beferohiocerbyl tasylass; Bs@kvtemte( fao8 exanpl e a

l'iqui yd ocar t l.east .one of e S.volatile, by
ut 1118 ngPERE" VR E o ale T ORI R ik AR RERPESIE TR Bt ough
togetherlﬁhugmybqﬁgkhgd tenperature. M xing the conponents together at room
tenperature is generally satisfactory. Heating to higher tenperatures e.g.
up to 120C canthssobate ineleculgl npy besn edgr sushgs tqt@ha@n@ﬁﬁ@@%éﬁwiethﬁrxu ng of

t he conponan ar. I et her of
Corrponents (aic)ohoi(%ch%%g{h?%@ r??lc.iltathgl S Pr 1{3’ )? us%conﬂgrr)p rtgtglaﬂgz}]%@ghérpar ogen) or

i n vacuo.phbfptite.i s desired to use the catalyst on a 30 support nmateri al

(see belomb this can be achieved, for exanple, by preformng the catalyst
syst &h conpri SExRRleRferIplaxes of the presont igFRRte8Yindlbée i npr egnat i ng t he

The. suppor 1o @ OBl T e P b R SR o R YRR U 1

00 10427 [Bdtife. /@94 03152 or nore of the conmponents simultaneously or

sequenti al Ly. Sir t h itself c n hayve. t he

propert i sTagmy, zﬁeéfrffﬁ?tﬂl@w?)sg E@s@é gHHeti‘X{PhB‘éVIEHBPWIEB é@meﬁ’ryl‘ in place of,
conmponent Q& Fﬁ@;exanple of a support material having neutral Lew s base
properti I'S y am nostyrene) or a copol yner of styrene and am nostyrene
lie \2'5ny|bfdrinyt(é)tertﬁbe/lmmlr),ék[(/&-test knitylphmyﬂ))aaﬁm’](mcthyk)mbthtyhpy:xadme Fedksi red

Catl yat S HE H BeBr P SN e s BB a P oPAR BB YRS or her ¢ ypes

of transijjfhdmigy conpounds or catalysts, for exanple, _ nitrogen
containing catalysts such as those described in our copendi ng application
W I O 99/&2@@1(2 €diinqrirepylplani @2 ﬁleaopmwéih;sy&amm@](dmethyl) methyl-

2, 6-di ace r#%lnebls(z 4,6 trimethyl anil)FeC z. The catal ysts of the
pr esent tan aI so i ncl ude one or nore other types of catalyst,
such s tﬁmm 6-8igso &ﬁg 6'-['02 6QUM6;Blbp91@BényZ)aﬁﬁ1|1<g(méiﬂfrl)ﬁheﬂ@d-a' yst
systens, netaliocene- ase cata ysts, nonocycl opent adi enyl - or constrai ned

georet ry maskeee.GeClhat al ysts, or heat activated supported chroni um oxi de

catal ysts, e 4 t ent

o B T oA B i
exanpl e, wridigeaCrGlh um na, My 2 or zirconia, or on a polyner or prepolyner,
for exanpl e pol yethyl ene, polypropyl ene, polystyrene, or 20

pol y(am nostyrene). if desired the catﬁlysts can be forned in situ in the
presence of the support material, or the support material can be
pre-inpregnated or prem xed, sinultaneously or sequentially, with one or
nore of the catal yst conponents. The catal ysts of the present invention can
if desired be supported on a heterogeneous catal yst, for exanple, a



-

25 magnesi um hal i de supported Ziegler Natta catalyst, a Phillips type

(chrom um oxi de) supported catal yst or a supported netal |l ocene cat al3y1sMAR 2003
Forrmati on of the supported catal yst can be achieved for exanple by treating
t he transiti onOoeRe427conpounds of the present invention wth aPCIGBsIN3152n a

sui tabl e i ngx j >yt . R I ying a
parti cul at efghp 54’2?@%’? %érlggbflﬁémﬁpﬁg ?ﬁg déﬁé@fﬂ’?ﬁ%ﬁﬁ%@g‘g’l@gw R?e%rf %/heg

vol ati |l e di pyetme.ZAMNMep)oduced supported catalyst is preferably in the form
of a free f]low.n owler. T tit f support.pmaterjal enployed can
vary wi del y,'aF'EWR%'%éﬁ\{I\‘gPB"?WB’?ﬁ"ﬂgg&é‘ﬁ@ﬁ”@“ﬁ%&ﬁﬁﬁ“ﬁﬁ% of netal present
in the transizti eh: . ﬁg?ﬁ" %ET LE 26) 31 MAR
2003 WO OOI%8%%2“%@%’1%8@/]gglgzg%ééﬂ‘per e&gﬁ\%ntl ohC @%Jt her provides a
process 5 or24abetylf?dyorenimsthyizanit), &[(8, oo pivhsthEphagt)amidopi-butylhethylns,

conprising contacting the nononeric ol efin under polynerisation conditions
with the poPXng-Eelel on catal yst or catalyst systemof the present

i nvention. 4 frenred. > rd. 10f paring a
prepol yrror - DARAREH SR BERGRRD I ERerhl b BRG] By B A0S "2
cat al yst sypyridine.@oGl.b) contacting the prepol yner-based catal yst with one

or nore 1-olefins, wherein the catal yst systemis_ as defined above. In the

t ext herei nbel QWIhF Héesﬁ’_étriﬁif@%iﬁf‘él’w'Prqvédqsrﬁ%@ﬂisﬁt&“’i GREAlyFHEOMRING yst 10
systent,@s defi ”ﬁg eP&F&X &Hm%'%vﬂg%@# uld%%@%'e%ﬁ%%fop@@e%%e&%é' yst® as
defined above. The pol'ynerisation conditions can be, Tor éxanple, solution

phase, slurry phggen gaiva nfify dfat leagthagawctivitbicopoyn@r i sat i on
tenperatures ranging from-100C to +300C, and at pressures of atnospheric
and above, parti ébeactiyatoreamponnd for the o@alypzof the prgsant inwentiontigsuitablsl yst can

be used to I ise ethylene. under high ssure/ high 15 tenperature
process cong‘i??‘%(%éo%%ﬁgé? hfrﬁ’éllubrb?%%%ngs ﬂ’gc[ &qsr%?aﬁfygbro % %%"%P“ﬁ&'t ‘Ftﬁ{’le
supercriti catgafbilii@iem Brpbar@dhMuddeomunie bf &3 thRiuld AIRGONEYE baN RIRder
gas phase fluidised bed or stirred bed conditions. Suitable nononers for

use in the poepengentdnCidh: pkplcwdsloofExamplesringeda trimsthyletungnivay @MAbr

exanpl e, ethyl.e nd oc- ol efi .speci i cal l. r | ene, 1-butene, 1
20 pent ene, pl%llet W@%ﬁ‘é‘,‘”%@yﬁ“ﬁ‘éﬂ uet%@-% E“mffmﬁ('effg?éﬁgﬂx-l&g@@ﬁrﬁgw% nonene,
1- decene, 1lmétt§etemmium ditdiReN&hyldubinica @edttoride; diflefh3RRGEMEm chloride,

1- pent adecene, 1-hexadecene, 1lheptadecene, 1-octadecene, 1-nonadecene, and
1- ei cosene. diethylaluminiomshioridactipddumisiunyesqiieiieridey | at e, nmet hyl acryi ate,

but yI | at Lonitri.le, .vi tate, ,and st . f d
monomers. T oPeTiEBI R fande, At sBEERLE, ARy RhdTa R ShSHF B are
The catzd ySﬁ§ty§ft‘ﬂll}9Elihc@lﬁg%nﬁfricfcbﬁxlpbm@ﬂiémc&ﬂﬂ Frbafedasy tHE _e@hﬁf-dnte% addition

copol yneri sing ethylene or propylene with each other or with other
1- ol ef i ns soafwates td ahatkyhadymitivhesammpund.- foe ekaripe trirestigddumimhun. o8ecdne, or

ith oth i terial f | e, t hyl t yl at t hyl
XN TSRS B T Sl SO Ll RS S
| respect | Vrefonkiify BRAR) B8 RNBlor BARR MITE(ie 3k pBlSCIIRG Gltic el oyed.

pol ynmeri sation or copo(ynerisation is typica carried out under
condi ti ons tlatoxandrstaaritei rapreyentedchyutie farxyuire R '*Wédle rand dirdineshwumorsnes byal s

that aCES as tf?eafto%ﬁét Rﬁ"%@%‘&; \L%ergglgsiya-l;l% erSEEEEbgﬁ%Lt% 5%(,5)zmd wherein R‘6,
RY and R*® represent hydrocarbyl groups, preferably C, to Cg alkyl groups, for example
methyl, ethy! or buty! groups. Alkylalumoxanes such as methylalumoxane (MAO) are
preferred.

Mixtures of alkylalumoxanes and trialkylaluminium compounds are particularly
30  preferred, such as MAO with TMA or TIBA. In this context it should be note;d that the
term “alkylalumoxane” as used in this specification includes alkylalumoxanes available

commercially which may contain a proportion, typically about 10wt%, but optionally up.
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3 1 MAR 2003 WD 001 20427 PCf/ GB99/ 03152 Al so, polynerisation or

copol ynerisation can be carried out in the presence of additives t@& tc®ARr2003
pol ymer or copol ynmer nol ecul ar wei ghts. The use of hydrogen gas as a neans
of controlling the average nol ecul ar wei ght of the polynmer or copol yner

appl i es gener¥PI%20487t he pol ynerisation process of the presentPGHGBM/G3d52
For exanpl eto SOuAYS HERhE 85kr&BontiRC falkylaReHHGEm! 17 idMREA I8 mER&aVRO Wei ght  of
pol ymers or copol yners prepared using gas phase, slurry phase, bulk phase
or sol uti onuqb\hg)sg)lmjhynrgpriosiatatecb;nlmygtrtm%hbéalumhwrm(ﬁvmnyhﬂﬁ chymeggjein gas

ot or mi nbd pAPERAtR: bof R g X "R AL it ol o iherie

pol yneri sat inghide E\Qﬁﬁ?ﬁllﬁialﬁrﬁﬁiuﬁﬁﬁﬁlﬁﬁﬁeﬂ ENRAECbAth B RMhGESS JTAHYISaRindfitim

copol yners, especially ethylene polynmers, at remarkably high productivity
(based on téempovadatuofeddeteymae consideogiichocompripy coposddpef thadiotmuleiddiRy  of

I I dinth tal yst syst Thi hat | qtivel
Crar | quant P Gnabo dEABEi ol HF B hsn vty (R AR lehiRaret smersentl
processes using gRgmpleeeesiftade h&@r}?cﬂBﬂ@@r@h céEprﬁ}Iﬁ@QFé Witoxihbs,al so means t hat

when the pol ynmerisation process of the present invention iIs operated under
pol yrer r ectimesthyloanod] trietiydborérg dirahyightengammopiumtecaplhepshbempgr at i on st ep,

th I ing.th t al yst : id .h , _kn th I . g.
occurs 1 nRLURTBIEPEDAPRE RSV, B HRERYBaL | on pr ocasses) |
the amunt hraldetiflubtsheffRiodlars QORLAtetrdkid (¥ -ﬂBQHﬂIﬁﬁgmgﬂIggggényﬂ@Bra@é very

small. 20 Slurry phase ‘polynerisation conditions or gas p

pol yrer i sat Hi®E9h@is-3 Srasiflasrempthyt)pleny@sdryte isieflietrafpentafiheropheddiborae of
high or | ow densjt rades of pol yethyl ene, and pol ypropyl ene. In these
processes tI‘IIé“ﬁ'éIPS“r‘IIIé‘?Ii“%‘IH?‘G‘IYI)&S’ﬁ ‘ti ons can be batch, continuous or

sem - conti nuous. , e re-\Y .g. from
two to five reaCI{Iﬁ%ﬁIgﬁﬁgIoﬁggmﬁaﬁgﬂfﬁhé@g%{n?gﬁecon(IIIigI:Ig%gIIy ggch as

di fferent 2&ctivetimpeahpoas welectay fiioapergamahedmtmajbimposndsendisdesmatigytrdon n t he
different reactors. In the slurry phase process and fhe gas phase Frocess,
the cathl ysEomrowdn e Be epplepedis easily daterriapd by pimpls tesimng, forexpsplgnky theat i on
zone in the : i.C [ ' r (s ith
o i nert - gallFBAigh of SRt CHRIE o) cln L Lo B0yt s gl i o'

cat al yst sysgioaomé@s) @il thuod debemineahodctiviy of ik pesipedaatslysft It kgenanaitnt i on
and an 30 activator with or without other types of catalysts) or can be the

sol i d cat al $eund ghatthe gpansityemplpyedos sutbeiens to plgyade B4 ©a2Qi008: atomsy  he

| atter situgtl t hV. . I j : zone, for
exanpl e as gIelgécIFIIIYiIch? azg)g%aa?%rﬁ%?f/ Irgﬁnn%ﬁ%g@%gﬁgmﬂ?ﬁﬁﬁyg% d 12
SUBSTI TMTE ShifdundRilforai)a (1). 9 1 MAR 2003 WD 00/ 20427 PCT/ G899/ 03152

catal yst. Preferabl ){ t he catal yst systemor the transitjon, netal conplex

conmponent of t heABaAlgMALve glassic dFEvRHre GRIAPTSS seleofey Gatippic OXIdIHAg ASHKE 2BA and
gas phase p el ' i - TR &gl j.als.
Most pr ef ergIBIIIII/I%I) ﬁ@%‘*&?@ﬁ&@? a@%?‘éﬁ?%ﬁ%@g%gorf? Iétl on‘s‘tlﬁglgg%g%rggyc%dteéri al
prior to it ferioabigmy&idebarbylisabitingted nvaBiinmatsoor e ExSubleslf aosuppor t
materials are, for exanple, silica, alumna, zirconia, talc, kieselguhr, or
magnesi a. | Gprdigating eampdtibieanionsspeoBks , RChr iPEk , eHnkip@henlbosste and by
conventional_ techni s, for.exanple, by formng a solution or suspension
of the %%t aIeSt/rsangEpper?g#ﬁ’@mpg’eTyrp grag%;i tabl e diluent or solvent, and slurrying
the support naten firthehdpevd dfithe pri®nsidPdRioh FRdvedes alpolymtksishiid @aﬁng&ced with
catal yst can then be separated fromthe diluent for 10 exanple, by
filtration 8ysteswgpoprsingll)taccompoyudef thofiesnulind, (0lap retivasingdyentitysf at

di schar ged Fromthe .react or aay lastscﬁg_i at ed anld absor bed hydrocarbons are
subst ant i al eg?%%?é‘ﬁg%?‘”ﬁ@d‘a SBECCT BT YREOPGMNET 289, for exanple,
pressure Ie%yd’r@%b%o@@n%oﬂ%&dﬁ%nﬁ% ndufr@Plevik bisgcycl ed steam nitrogen or

| i ght hydrocarbons™ (such as et hyl en€). Recovered gaseous or liquid

hydr ocaB®ons nay Nemtrabbyeisddses aret wal lpownrie thesat dfcdieglemiatta Satalyst he sl urry
phase pol ynmerj sat.i on process the solid.particles catal yst,. support ed
catal yst, arPQny‘I?H‘S"Et&P te IHI“?H%r' é’E‘PIS%OQ‘g?Féese‘? t“ﬁ\étfﬁisewéﬁ?/a%%%@%or as a
slurry int i | ks . I I § } tanl

conpati bl e \I/‘l'\llﬁitp IIB’I(:%ZP I)H(ﬁs@%%w?%ghgﬁg%tuggé;gga?ég)I&%Iﬂﬁ%&qﬁ%&gmgk%%%essuch as
hexane, heptane, isobutane, or a m xture of hydrocarbons or parafftns.
Preferably the particles are fed to a polf%/rrerisation zone as a 20
suspension in the polynerisation diluent. The polynerisation zone can be,
for exanple, an autoclave yr simlar reaction vessel, or a continuous |oop
reactor, e.g. of the type SUHSHTUYE SHERT (RUWE a6y ure of pol yet hyl ene by
the Phillips Process. When the polynerisation process of the present

- " -, = o
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| oner the average nol ecul ar wei ght of the produced polymer. In bul k31 MAR 2003
polymeri sation processes, |liquid nonomer such as propylene is used as the
pol yneri sati omomedosam Met hods for operating gas phase pol ynmerrcHRGBIN3152

1 k i h t. Such th I i |
o tating Lathel Tian 1EARHTS bb alayionitriany Serorry ARALPIGD Sey A0St ol yst . or
a bed of t?)?g&ﬁo@ﬁﬁid@s‘?'p%ﬁﬁihin&%;pﬁosﬂh%é{ @ﬁfersbﬂﬂééﬁl%r&,hﬁtrﬁk&%arﬁbwﬂi m | ar

physi cal properties to ich'it s desired to make in the
pol ymer i satcoarpopnds; &8 xamplef asteisnketanesatlddhydds, carhon meoadkidg antheamdbo a stream

of nononer at .| east partially in the gaseo phase, der condjtions such
Chat ar T cdbtxids shipPotere Splarmid e, SICORET Tis s Eoraplerot dene

catal yst i r { : iaﬂgl i cool
gas (e. g rIal gg‘egﬁrge{}%géss%%ﬁg?%hﬁ &?)Bgegg’dk%rpq %#ﬁg Y%lohhﬁei (rgé.ﬁaed;ésvol atile
i nert hydr aneadmer)or comgaseeatisolefimoandmons rentrhblsevide bases grad ensHdweeerf or m a
liquid). The pol ynmer produced, i.n, and isolated fro s phase processes
forns di _re@ﬁfey'ew&tsfliaep mﬁemaieleﬁas,fm@aki 23-&7%&%@%%&&9%%; edps
substanti alt{e}'xtrtalrl?ééwig 6&%} }r{ tﬂgggseﬁ%?m’eﬁtic‘ﬂ@lﬂreﬂéﬂ@mem Bded Q‘B%@mﬁw iwuﬁgs in the
art, if any Trqurd is allowed to enter the polynerisation zone ‘of a gas
phase pol yraadi sehatiorespirg deseambie, dinsetiyldnilinef ditthgjanitine, nribinglapdhe,mer i sat i on
zone is smal] in relation to the quantity o ymer. present.. This is in

y .of po .
contradf t ethdbenzeate anc hengyibengogtee Ja dhis pRTHHATRSPERE Of Hheypresent veptionsd

Forms a5 a SRRl EIF (1A08 (s B S e B aa ARRBE, | Ccebs. san be
oper at ed ursianithrbedly os@rsny desired order. Howeadt] dothpondritn(®)wad (Boardi tions. |t

is preferred to operate under conditions such that nononer is continuously
recycl ed t Fompongis whish inienactiagstaelistrangly.daecgmlaifenmg sisblesasnoyadi on

talyst. _ ; . ! |
and cont | nuBBane sTERRRRIalF b RsAtler el o lcRER 1 PR SEMoBRARTTY
pol ynmenp sat(ilpand@ ) #ofreinatlal stef Béforeciatipducaipl the fifel dbfnddaddngineh0rPraferably of t he

pol yner, fresh cat alfl/)ﬁs; bei ng added to the polynerisation zone to regl ace
t he cat al ystomponhess larentld3 hare hentpeed insethenbafens coppenoptt(R) isHetredusddic Ebe

pol ymer. For i cal production i I : r..f.ormed
From the f uerifisid saPRBRes oF Faf (o) gHBESh IR biedRlafon S FRP R TBiay
MONOMET i N Fie SQICMANChs REEHIRE abdvelin watmﬂﬂftlﬂﬁdawlﬁtﬁéftﬂé PP RTIRV @M ThE

i npact copol ymer i'n a gas-phase process, propylene is polynerized in a

first reactauantityeef¢hs netpbl.gwie Base leamperane ()] b naefeebbhanch @aee provide avhi ch

t hyl th i s added.. Th It. IS, .an.intimate mxt f
o el AR o BRI ol By R B TR S B TR S o35
i sotactic phkyaigenyl ﬁﬁﬁZG.h@bﬂ@oMén_Ttﬂl?,r(aj £ (@ oftheBthBI% ByYsepy tanerogkity| ene

p

copol yner. A random copol ymer typically is produced in a single reactor in
whi ch a m negeden dortexemple, eothe nearBRatgrialip Prasyspensianoraedtionofdbeimgterials

| i Zi hai f | Net hods,. f ' h f | i di sed
bed” pr ocesbd FabndRtert ot M) fop Sxamtle 2 itd rERBEABHTY R ar e tef Bnd o' ! 2
pol ypropy! egg caﬁ@oyﬁltél islgﬂﬁ‘_{ﬂé, byudilithgahd vapbifoPheCSpdidnt. DEhORRhFdmets f or

exanple, in a vertical cylindrical reactor equipped with a perforated
di st ri Bt i ocandedireught tegetheoat anyltiesiksdemperatuee. dMsting thet eompeaenty degritheg at

thr ough | he PO EBRFBY e L TEbY S REORE Aot B UEReh FERET B Edhmib e be
roug e a e
and to Supp}yoo@&%‘erca omfaeéiaéa“?é.'.Szatamé\fe:&nfehﬁﬁmgofﬂz@% Redth.Uirdi si ng

i
gas generally conprises the nononers) normally together wth sonme I nert gas

(e.g. nitrogemneferred toesairyroud thedanpmg sogatieh ofisompditeatsdl ), 2 hame(3) in apmer,
but ane, pentane or hexane), and optionally w th hydrogen as nol ecul ar wei ght
modi fier. TH&QBers (e g mﬁrggaasoré'mfgpniﬁﬁ Psatesifgretor s th CatM¥stiid i s | ed

optionagj,l y . i r { i i.ndrical
port i onCor PiHpBa i s Sk, GR4Ah bERIRRE, o} Bidnd By Fpfonfile BE" ' 2
cycl one andc#hlyét sygt@ﬁ%oh@riﬁlh$ edthperentsf(i ) €2)=mbi(8) pavihipeé@atifig o supgorgas
stream The hot gas is then led to a heat exchanger to renove at |east part
of the heat materjgbprpferatilswith asolution theresf, or by ptegduciag|ty thesnpportmaiealong  or
at regular intervals to the bed. At start up of the process, the bed
conprises fluidisable polynmer which is ppeferably simlar to the target

pol ymer. Pol ymer

SUBSTITUTE SHEET (RULE 26)



20 i s produced continuously within the bed by the polynerisation of the
nononer (s). Preferably nmeans are provided to di scharge pol yner fr o tMAR g@@i
continuously or at regular intervals to maintain the fluidised bed at the

desired hei giygozdf@ process is generally operated at relativelotddoss
pressure, for exanple, at 10,to 50 bars, andt%h)ﬂt erafyres for exarrpfe,

bet ween 5P TRRE of Sy eomparsnissipianegusdy 8f sedpen eSECq HCIBRYed bel ow t he
sinterin bl AR Bale 24@csh BE BRPRYE £f

aggl oner g‘tn%%ﬁaq{sgﬂf%ﬁhﬁjaegﬁ%E%@ee%%uﬁ??gg bed 1Spr ogess for poFygngré%’s%rti on of
ol ef i ns tihgldreaf, comploved (By Ahexamplehdlarsuppqroingtesial lsvingomeutreblewio bases
normal | y renoved, frg’rp theggol yireri sation écg.ne éi .e., the flui d%,sed bed) by
means of RTRBCHiEY s PoL(3pingsyrede} enArarolyperl SHITisARd AUty AR (%0t react or
gas ener gi; i the top of the bed is led through one or nore heat
exchange%%@é@n the gas is cooled. The cool ed reactor gas, together with
any make-up gaFBhe dasalysieof the pyesertinventioheab élesicdd doneprisednork thantoae gfis phase
15 SUBSTI TUTE_ SHEET (RULE 26) .3 ~ MRR %dY~ v\g 001 20427 PCT/ GB99/ 03152

f1 ui di sedhpégfinsdicpmpenads: i Alterpaibeedys dhggatalysis ofthe prrsentiwenRtion san lsq s

desi r abl Vi i {i I - p‘ﬁgl | ove the
space ti ﬁ\g&%g{’% éorﬂg ?%g&iﬁéljotgé%sgﬁg%sg‘ugg i naékgﬁgo atsi((ﬁe%qfa?%gslr’? %ééérﬁﬁé bed
under condirbg@snsditifg thralysts RecH Agithiose dasafitedah esr ¢apenbidglapglidakion By

absor bi ng addi tional heat of polynerisation fromthe bed by the "l atent
heat ¥ eRptt8dt iExamplesfod such ethencataysthbiclude dypcdiaceiyipyndinehisBé.%ed enters
the heat g he volatile |iquid can condense out. In one enbodi nent
of the pr%ﬁeﬁwgﬁr F%‘?llz'on the volatile liquid is separated fromthe recycle
gas and rei nt r pelicaalysie ppfhatpeésent inbventidnecah @ldo inbhide, orfe@r reord et typeb6f
volatile liquid can ?:I)e seParat ed and sprayed into the . bed. |n another
enbodi men¢at@fst: fueh ps Bwee ot thevwpe uend in Benveptienal Liegler dlAtt qatalyseeystdmsd to t he

10 bed with the recycle gas. Thus the volatile |iquid . can b ondensed from
the 11 uf drerFepkad Butis ok Penfi A L spt At d sy B e 1o
the bed VEdthlyste Gy kst dadate®supidittddechi@Riamad@dt datadystd (g PreEGipetypegas and then
returned to the bed. The nethod of condensing liquid in the recycle gas

st ream aneft#lEsthrni ng the mixture of gas and entrained liquid to the bed is
described in - A- 00896 and EP-A 15.02 47 1t j ferr
reintroduce th he(:%ag%%%%géthleip gt ﬁr‘{f"rgmt%hée‘}l;r%%anssugég#tg? gl: ?L}pg)r%ﬂt%ﬁgargecycl e gas
usi ng t hesuphoRsderieFor bResble,Nsilbs, AimiRaMELI, BP4itcbHi, orba o wayhirng of whi ch
is hereby incorporated into this specification. Wen using the catal ysts of
t he pr eseprepolymen fororxamptiepolygtbylphra pelypoipylene.ipobistsane ondi ti ons, the

r. one or re of the conponents enployed to formthe catal yst 20

cat al yst,
can, %lOZr %‘3?&%\"@,“5'5?& ntroduced into the pol ynerisation reaction zone in

liquid form fgadeSxATRE BataRSts@af Bk YbinRA ih Bindi thépfdsende®fithe dipbsent . Thus,
for exanple, the transition netal conponent, or the activator conponent, or

bot h of t metesak mrphnsuppertonatenal adndspre-onpregnatddigrrirentixed, simultepgpaslpl uent

and fed to the. pol ynerisation zone. Under these circunstanc it is

B ef or r ed SHEVIAG Y OB SPAIH P& RDLERRIE) s 4hE SAYAR Sihanrastg

dropl ets jRkRidntan RUTES bSippBhted V& heTéPG%éiﬂE&m Qtalfit R RImple, Pr ef erably

within the range 1 to 1000 m crons. EP-A-0593083, the teaching of which is

her eb®5 i noagpsuat kaide suppdrtedsZisglec Niattz aatalyst, a Bhiflipgsayps(chromiomessde) or

i ntroducing a pol ynerisation catal i nto hase pol ynerisation. The
ot hods. dPRPOBER B REs e POt os SalncEE SHbishnl SISy e TRPerk

pol ymer i se&thlgaeogﬁ B€ GStied fBF@xa}?ﬁ;ﬁé %yttrehwem& ki@fsitidn AREA Eéﬂg?%séﬂﬂaough ngﬁ

usual ly requrr upon conpl etion of polynerisation or copolynerisation,

when it i predesiimedtiorowithaiinnatase pob yuitablesatri dilvent, foogaimplerivelatiieon or at
| east tenporari deactivate .the catal yst or cafalyst conpgnent of this
| vent | onyRE e, SRS RSB pRRS B Witk T RIS SOR K Y5027
30  the volatile diluent. The produced supported catalyst is preferably in the form of a free-
flowing powder. The quantity of support material employed can vary widely, for example

from 100,000 to 1 grams per gram of metal present in the transition metal compound.
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PCT/ GB99/ 03152 cat al yst can be contacted wth water, alcohols, acetone, or

other suitable catalyst deactivators a manner known to persons of £k IMARi 2003
the art. Honopol ynerisation of ethylene with the catal ysts of the invention
may produce sSWO®BRMREY "hi gh density" grades of polyethyl ene. TREKEBMMNISEr s

have rel atively ﬂ@é&e?&f-t var?tgo% %@ggﬁ:&gvﬂéseg éppcés%rf?@w&%&r}s%ﬁéxﬁﬁh ere

inherent rigidity 1S Tequired. nerisation o I gher
1-ol efins (espoysieriBgtionsXeslefity caaprify) conedtting the MendmeficiglefRuhddry of
copolyners differing in density and in other i1nportant physical properties.
Par ti cul ar | polympasetiom conditiassyritrthe pelpimensation sataliser eatallstsysigmeishen t h

hi gher 1-ol gfins;w t he t ts..of the | tiqon are the copol yners
havi ng a deﬁlge:‘e’é}lilHWﬁﬁt%' ?‘r%?ff%é’%gé%& ssd:_ogmfn. %§t8¥‘§ Ps$ﬁese_ copol ymers whi ch
are genes al hyprepdring faqitepdlyrhér-abed catdlysaby comeeting o stansiet MoRAhyRIithY! ene,
are in many respects simlar to the so called |ow density pol yet hyl ene
produced bycatalgstgygempindssure free radical catal ysed pol ynerisation of

i act ur coRr e TR B BB E b BE RN cauced by the

process of {whereintHepdthign syfemices dfinqyiteve, homopol ymer and copol yners of
propylene with | ess than 50 nmole % ethyl ene or other alpha-olefin such as

but ene- 1, pent enbithe text hereinhelpenthetiermi’ catalysheig értended toringlydextcatalyst t her eof .
Propyl epe pol ymers ,akso, may i ncl ude copol yners of, pr l,en i t.h, m nor
armount sn)of gsgegbcﬁsf ?ﬁdzpéﬁ%{%usﬁb?{@r?zsﬂ P%Pﬁ?/yé%ﬁﬁ feqwg"éﬁg%l}séf g‘ff\’,\n"ﬂi@bove'
normal | y-solid 29PndedlymBisation caidtiinb 8L Tt afiphs) sBRLI¥R DAY §ﬁ1@% phase
crystallinity, random copolyners of propylene with up to about 10 wt. %

et hyl ene, agab phapawtbuiopralsy vathspadpmdraatmomigmppratores banging2fomt-100°€t toy | ene or
ot her al pha-ol efin. Polypropyl ene honopol ynmers may contain smal | anount

2 Ly a
(typical |y B0 andagt psgsseses ok seosnhsre ARt 8bavs, paaceatlsfrom HY tordpBidees of
t he honopol . al t i gnicf t Pr ol yners may
be- pr oducedtuirigs Bt bt Wl R entierty T CRE BRSREMET
oc- ol ef ins. tdngepltsre robLéRaitians aferdi-the pelymikfic alaterfdl FdrhiagAtrhdlt inow so t hat
useful products can be obtained w thout separation thereof. Typically,
usef ul pr op§URsFEitiad edpleng nBrafergbly sheralymersplieriscondyeed nndaiigeypkasd have
i sotactic iRQgi ve. ny.tinmes above 95. Copol yners typically
wi |l have | gg}léifsg?go (%csﬁﬁnggibggg%@f%ﬁypi cally 30 above 80-85. Dependi ng upon
pol ymeri sati on c@ithibld @Bforker9 ¥t ustlinithe palyinerifition)recss BOIhE PRéssntihbéntival t
flowrates frombelow 1 to above 1000 may be@&ro uced in a reactor. For 17
SUBSTI TUTE SteEfoT egaunle ig)ene a8d Oware-pivies, \spediivadly 42apstere; GbBEDL0B152 many

appl i cati ons ol ypropyl ene ith a from?2 to 1Q0 are typical .. Sone
iobs suth”aBend LBEREE SRR Bads ThopielfurodPes Lanerm 15FeE80 Tro 2000,
Per oxi de copR@ueats 1 1MYedfe AddRIAcdR, Bidhaldeife Of-pBitaBideRs 8 - R¥adERAS - 1-FOr

et hyl ene based pol yners, peroxides can be used to give cross-l1inking in the
pol ymer . Foheptigecenee paxctideeene,of-ndriadérensRngriegigosene Qibleymonemensénalxdede
conpounds may, be added duri extrusion for controlled theol o t 0,1 ncrease
Che el ¢t 1 P ErERaGTista Jield! SEUpEae adiat ErPauR HRY A5OR R chal ne
and has theggfdeC brefdrrdiQhbhdnites ﬁ)@%brﬂgpé\ﬁﬂeﬁﬁgoﬁiﬁ‘é&%ﬁgré Oeyieml sl ar

wei ght distribution (Mv M) or pol ydispersity. typi cal reactor

pol ypr opyy| epmoppleneler with an MFR of 2g/ 10 min. by controlled theol ogy 10
treatment with p Loxide in(ﬁn extry&gn may form.a 80|Iﬂ¥ with an, MFR of
20-40. By varyi n§ t Frtalysrpand BiRetR Of BF INGRHOR FULAISR be BFrdi ToT BeROINIRE TS

peroxi de, t ' : 0 14 W he_
Dependi ng uggﬁﬁ?ﬂQJﬂggb% tt%%%%ﬁgﬁéggﬁﬁggﬁﬁﬁf'ﬁgﬁgfggﬁgﬁﬁﬂgﬂgk’géﬁ%%F%es
are typi cal Byméthypenpeareal, eqhdiatteme dreviffodtiieremofianenid aiatepialssiog lexasplacmethyl
scavengers, 15 antioxidants, stabilizers, and the |]ke. GEnerglly, t hese
addi tives amethagebig etk acrlats, Byl acrypteaprsyionssle; yinsiasgtats, #pd syFineal | y
fromabggt SO to . : LG : %939 m based
on the g% yner. }rﬁ&ﬁé@t&%@&;ﬂ)&&me@?&?&ﬁ%ﬁy%&g& %%fgonégg%’é@}eng O T he

i nvention i polykerfibmopopolyneibatiorsis eypieatly eardried ralt hyideraspditiogethat nt o
pel l ets. Exanpl es of uses for polynmer 20Q conpositions nmade according to the
i nvention i sebstandallysexclude pyysens waiee and ather al§ thakact g gatalystauisessnded
webs, noul ded or thernoforned products, and the |ike. The polynmers may be
blown into filns, or may be used for makilhg a variety of noul ded or
extruded articles such as pipes, and containers such as bottles or druns.
Specific additive packages for each application may be sel ected as known in
the art. Exanples of suppl SUBSTH'URZE SHEETI (R&FLER6) ude slip agents,
anti-blocks) anti-stats, nould rel ease agents, primary and secondary
anti-oxidants, clarifiers, nucleants, uv stabilizers, and the like. C asses

Y o - o, -, = N



(3uch as N, N-di al kyl hydroxyl am ne) and am ne oxi de (such as dial kyl nethyl
am ne oxi de) antioxidants, hindered am ne tight (uv) stabilizers, %hé&ﬂﬂl ?%3
stabilizers, 30 benzofuranone stabilizers, and the like. Various olefin

pol ymer addid e described in U S. patents 4,318, 845, 4,

4, S90, 231, Z‘t%‘g@’?gﬁ 4,876,300, S, 175,312, S, 276,076) S, 326,%%%;&9%%‘52

S, 344, 860Als, fSlomadsation st copoRmepiSitionkan SeB&Ticd UL inthEprieséridbloEadtiifives 31 MAR
2003 WO 001 20427 PCTI GB99/ 03152 Fillers such as silica, glass fibers) talc,
and the | feonttel pelyaier 9§ capelymer malequlabweightint s al so may be added to the

PPl atr ared’ s nThRESF of R bhs siieets b colOIMERE BerpdWENLGAR Vol ¢ 4
Preparati efthefpo d?rdfldobalyﬁrediaiagﬁﬁfg@ﬂ:‘il to the polymerisation process of the

l
| ~anii).6-f(2. 6%?3 sopr opy~henyl Zam no~] grret h~) met hvl - pyri di ne 2a Conpound
2a was’ pr Bffaene dnventignt Wer sxamplpriydeasgn 6an be ugedytorpduce e ayerage molesyieyr i di ne,

(a0 i) st r b B aepolynds Risates bingRhd ey fiinpfSe bifpnads &' vene

i nt r oducegolufléiepKa8 poiydreriFatiéniécndivass S The Geshty of Rydrodenfgal tolee diloged Af ter
renoval of the volatiles acetonitril eiggGO m ) was added and refluxed until
di ssol ut i éhgivethecdnsiredgverage owiaculanpisight candel datefaniped by sireple Giwakandst al s of

[ CsH3( CHN( 2, 6-i _PrZCSaFSé)tégHNEN(Z’ 6-i- Pr2- CsH3))] Al Me2 la fornmed which
were filt ‘frg'&i P&M“%‘bﬁ REte 15 (2) Pentane (40mL) was added to la foll owed
by sl ey addi ti qRepolydierRatich pioRkisraT tif %_M@Tnﬁfnveﬁﬁérﬁﬁro$ﬁb§ﬂ$dlﬂﬂer§ and & further
3 hours the pentane was stripped ofd: The aqueous phase was then extracted
i nt o chl ocepaymers3 expedinllyiethylériel podymeats, ag ranearkeluly highpsoductivity (based onithe

d t i | yticall 2 .14 g, 809 .. Co d, 2a;.

Spect ram RS RPIY o GantRe Bpedihd'oe ot auEiBhl ot RS RIS, 17 m
CSH3N)  1Hkatal st@ﬁ@n}%eéﬂﬂ]that}eﬁtively v@%hﬁﬂal]iquaﬂit?es Ebtidnsfioaidddl, 7Hl,
4.48 [d, 3 J(HH 8., NH, 1 H, 4.3 5[m CHWw, 1 H, 3 .31 [sept., CH MeZ],
3. 02 sept complei/ary corsumef dn cERmiekdjal procgsdes Trng theaprdeeds of the pregertm  24H, CH
Me2] . MPLE. 2 P ti f 2-f |12.4,.6-tri nmet il.~2,4, 625
o o L
in anal Ogggéafeﬁlﬂnﬁelt Bol%ﬂ%? réBUedy RBAdiTIONs tR& dEShotCenipPd S séhabaridR3- COH2) ) Z
(5.0 g, 0.014 nol) as the starting 2,6-bis(imno)pyrid ne. Conpound 2b was
obt ai ned ateq) thtis aving theicatalyst, gooatiduesethdrepf .if thegpolyiben(e.gCompounidn Riost MRS S

spectrumni z 385[m+. “H NWVR 13}. d 8.38=[s,, 1H 30 CsH3CHN], 8.16[m
CsHsN, 1HfFommercials rl)t%‘lig ,SPhﬂtg‘%P yBeisafjon R‘i%ce%g%ﬁiamﬂlbt %fj._t‘%“f‘ RAH, Me3-
C6H ], 4. Bl e HodufeBoGvinsn cabe virdhmMH » 2.2 - 2.0[m M3 19

Sopsr TorERe Eepriip the plodubedpotymen caflbe infimdi] | 2,2 © & OLT C6Hz) 18

H an@ol. 47[ d, SBirfy phasé)polidhirisatiéixedviditions oPgapplraae polymerisation conditions
2-fornyl (2-tert.utylanil).g-f -tert butyl phenyl lam n t.hyl .nmet hyl -,
e 5 il peb bl nebdikiBnat Pith b S S Retis b e | med
for 2a usi 2vd - s o tartin

ang B%Eﬁp%g Inl t*n%ée &@g@észthé Eol?mgnsﬂrog]&nﬂfﬁbﬂs @i IbF BRicK, g

2,6-bis(imn . Conpound 2c was oObtained analytically pure in good
yi el d (3. &dntipuon® %y servhsentsypeut. r Eurthefinort] Gnd MrinordDéadyPisEnay bEQsed, egar at i on

f 2- tyl (2, 6-dij ~ vlianil)..Q 2.6dii | phen~ i di net h
1y, Y ot by LSy Pt BV P Pries B e easiar P oM Ap O Bl 6 to ¢ ha
out | i ped ft%p%ﬁtg?%: %ﬁ%\%%ﬁvaﬁbhsﬁﬁé be %ﬁb%é&in(tﬁc 1ﬂ9renp§9&9rsnﬂ{ ) as

the starting pyridine. Conpou was obtai ned anal ytically
pure in gahesiyire pHade3rodesy and 1196 gas phaselpsscespehe catalystiizgehdmally Midteretaadpl es
1-4 24 20 Exanple. 1 %a): R4, R6, Rz4, Rz', = H R9, Rz, Rz'., Rzz = i-Pr
Exanpl e 2 tapgfprreinto e polymenisagion gone inthe fompwof apaticylgte sohdygitherps a dry

powder (e.g. with an inert gas) or as a slurry. This solid can be, for example, a solid

catalyst system formed from the one or more of complexes of the invention and an
30  activator with or without other types of catalysts, or can be the solid catalyst alone with
or without other types of catalysts. In the latter situation, the activator can be fed to the

polymerisation zone, for example as a solution, separately from or together with the solid
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SUBSTI TUTE SHEET (RULE 26) Rz~ Rzo A 3 1 MAR 2003 WD 001 20427 Exanple 3
(2¢): R4, R, R9, R22, R4, R') = H Rio, R~ t_Bu Exanple 4 (281 MAR42003
R' = H R4, R6 = M; RY9, R2, RZ) R2z = i-Pr Preparation of conplexes S
EXAMPLE S Prw@a0anszan of 2-forny~2. 6-diisoprop~ylanill, 6-[(2,BCT/GB99/03152

di i soprop"vl phen m, noj,~ne | ~met h ~~I -pyr.j.di neFeCl ~ ,conpl ex 3a

PCT/ GB99/ ﬁi@?&?& rably %%ap%i. 9o the sifjon Metal AmAIe HURPAReR RE theo | (1
Om) at 8Qtalyh sFstepedtplBfedih tRslkPy plyfheridatda aldBAd phiake pulfaHérdaRén 9as added
dr opwi se at 8%0. §The reaction | Or?ﬁy?(t_a?lg tur negwgl upe. A‘?t{%’? stirring at
80C for | spppried o9 ankermare supportmaterials.oMast preferahly the satalyshsystemger at ur e.

The reaction vol une s reduced.to .a few nl and. di.et hyl et her.added to

ot ec! i at SPRATEH BB SuPod T EA SERELT S MHroBReIRade R ORISR ke

L S R B L
- , - ; ui a

si ngl e cr ymmegiesi: rlapregriatipaof thesuppartimatesrabcantiteaamed obt/bystawentomhi ng of a

hot acetonitrile sqlution o a. ., EXAMPLE 6 Prepar.ati gn of

21 or (2. ACEIRFEToMARKARPIS PLRTFNGA SHBion on Gty PpACI Petalyst comporents

am no] ~met:h~ I | di ~ ggrtm{ - AG 8. was
pr epar ed bl;h/ a)agrglﬁgﬁ%ldgggﬁts&r%ﬁ{éﬁ%d ?E’g?hgﬁelg%? d fgr §gﬁfl§egqn%ﬁl:g%ezs‘§%§1 1S g,
1.18 mmol }matediaPthug tngregnated wit8 cataiyls) canMhasbes pspatatedrfronnite dibent[fdd] , 476 (M-
- (], 441 [ W+ %Ot{{‘ EXAMPLE 7 2S Preparation of .

2- f or N r | P2mMAs, OyHiltrationpravagorahion fechRigne: Oaﬁ%ﬁwmp)yawr REdpeds Aisphargedn —|

i di neFeg) ~

Yl ogous o, BE RS, iy STHES apifatdiritf iar ot B8 U GRRERICIG AL

360 TN 201 50 EXANPLE B bropar ot op of aetormyi (o b at pasreoore A1
- ) reparation o - for , -

| L. anil Le-ffﬁ@rereayql%ﬁ%pymigﬁ&ﬂ% ordighhBYqragarkons (ﬁn}lélf‘l(ar? P'-?l}’\ﬁ};“lr)zicf)%é%i

compl ex 30 Al SLBSTA AV SEERI BB ABJcied b the PBRmaARoNQAD! 20427

PCT/ GB99/ 0
15 In the slurry phase polymerisation process the solid particles of catalyst, or

supported catalyst, are fed to a polymerisation zone either as dry powder or as a slurry in
the polymerisation diluent. The polymerisation diluent is compatible with the polymer(s)
and catalyst(s), and may be an alkane such as hexane, heptane, isobutane, or a mixture of
hydrocarbons or paraffins. Preferably the particles are fed to a polymerisation zone as a

20  suspension in the polymerisation diluent. The polymerisation zone can be, for example,
an autoclave or similar reaction vessel, or a continuous loop reactor, e.g. of the type
well-know in the manufacture of polyethylene by the Phillips Process. When the
polymerisation process of the present invention is carried out under slurry conditions the
polymerisation is preferably carried out at a temperature above 0°C, most preferably

25  above 15°C. The polymerisation temperature is preferably maintained below the
temperature at which the polymer commences to soften or sinter in the presence of the
polymerisation diluent. If the temperature is allowed to go above the latter temperature,
fouling of the reactor can occur. Adjustment of the polymerisation within these defined
temperature ranges can provide a useful means of controlling the average molecular

30 weight of the produced polymer. A further useful means of controlling the mole:cular
weight is to conduct the polymerisation in the presence of hydrogen gas which acts as

chain transfer agent. Generally, the higher the concentration of hydrogen employed, the
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Compl ex 3d (0.29 g, 61% was prepared by an anal ogous route to that
outlined for 3a fromFeBrz (0.15 g, 0.695 mvl) and 2a (0.32 g, 0.35bMAR 2003

nmol ). Mass spectrum nlz 685 [Mf], 649 [M~ - C], 614 [M -2Cl]. EXAMPLE
9 5 Prepara® /§H42‘2 acety~2.6-dii SOprop~xI anil),6-f12,6
di i soprop~ phensq amno]ldimeth ly,)met~l-pyridi neFeCh corrpl excg'/GBég/o.%]sz

(0.46 g, M\%rt\haqumagparohctullaywelghmfahc)gtodscedqmtymero t hat outlined for 3a
fromFedz (O. é % R and 2d 0(159 b 1. 1& m’ml&ij1 Mass spectrum
o 50 (M1 SBEUPAYTeON Bggerste, [ Qd FenginesyoR ARRRIMIONS Tphieddbat | on of
2-for W“‘Z,tﬁéﬁblZﬁnQHEﬁfb\ﬁ'rﬁ@cﬁﬂh|| 6-[~2 6

di i sopropyl pheh~) am no~~net hyl ) net h~pyri di neCoCl ? conpl ex 4 Conplex 4 (0.48
g, 709 was pr dfatheds fiyr aperating pasgehase Pabmmsatmrtpmwsmstdrewmﬂl Krown3a the om

Cod 2 (0. 15 .1 I n S ctrum
1 2 569 B Suchisgeshpy Benbrely o0 helafiie Sty SeiRpbiatit o RgREE! b of
2-forny1~3efodl 'chtﬁB'Bf P ¥%bed offhe ltf)rggc ﬂo%e@ (i.e. d:olymer having the same or similar

di i sopropyl phenyl yYam no] | net hxl ) met'hyl - pyri di neCr Ch conplex 5 20 Conpl ex 5

(0.42 g, mgrglca/l@somnmmetiatbg}udmt amia!umgdumak@uttbepolymmmn imonm)for 3a
fromCrCIz§.0 15g % and 2a %0.57 1.22 % Maﬁ ectrum
mz 592 [ GRMaImEg fﬂhﬁ'yﬂ @%e bg thefgto 2 kﬁﬁf‘]’“ 9%0(‘%?@ sepaf 'Hlt €for a
single cr Yat B g of a
ot acet oty BERY ulics cbafliory3t el AR H G RionGihe b BlkACLS i
2-fornyl ~zcﬁtadt withphopathlydt dmihe bed - The?bﬁds gsmmilgopyblphebyyhamidmwmf taydl

nmet hyl ~pyri di neZr (NMe7) 3 conpl ex 6 Conpound, (1;003 2.14 mmol) was
di ssol ved &2 (8- & 1§eYRieq B&seousyman9 Qda@rd% lsOé“ct 5 249 %Féﬁé“e(tzo )

sol ution g 2)4 A ately
becane or atn"gédclgnlr}illggo%5 ﬁésgoqshnéo% e5twl111 %R%iégetn ﬁe};&ﬁlgégt[g aﬁg@ ver ni ght.
cool i ng t gpotymenpredeedai, Lamexsbh&dtfcdrmgaepmS pr@meeﬂ)rmsdhﬁeem anelid mGhel ) 22
SUBSTI TUTE SHEET (RULE 26) 200 wo_oonoa27 PCT/ GB99/ 03152
(250cn8), ﬁqymferrsworaﬁ@nwé l%/ﬁ'j‘Feameé)réBPﬁwﬁ’é]rlﬁ eefromyiguids| A5 isowell krwed i n

5 noet 202 R HIGRIN PR G Dt Gis slBHb1 ot e SRR 8B R,
pyridi ne Tga@ib fﬁﬂlﬁﬁe&aﬁ&eprac&shi ulaﬂﬁty‘@}’ﬁkw’di dithepolymensatlon zone is

CsH3(CMeN( 2, 4- Mez-CsH3) )z (1.1 Ifgm 2.79 mol ) was dissolved in
t et r ahydr Smalldn r%lgmrmqthaﬁwan@am lyter pregent;. nTlawsa%é@ratﬁ@ﬁ sofsautny col d

bath. A Scﬂé\%op ogéssgﬁ?hééelé%ﬁﬁl r?erh]se% gc?dlsﬁ(o?‘?\g[i'nr?g ol%eXtSQH@“sl 9 mol)

was added se 't I mno e 'sorut ron and stirred for
60 mi nut esphaddreproeesses wmraiﬁtméipdlmafumarsermspedsléxtmmlimﬁdddhdxtbath and
stirred for a further 4 hours. The resultant purple solution was cooled to
78C, Mith an abka &prarhest pracesoranchs Qpepedindsrinteh, serabbateh.orr sorcatiedy 3(THF)3

(1. 0359, 2:chRflIBRls” cORIEdE MY it Prebetei 3O VAL AL AL LRBRRRY sadfied: denggbse.

After 20 minu hée reac rom-t

room t enpeg abmtrxﬁxoaylgzrr&ygtaa to Jm@twfeuq;bl}ir&nmmnQaﬁm@t@mmtghﬁ)lymawanom m xture
15 were then renoved in vacuo and the reaction product extracted into

tol uene (1@plysBnakerne mogemenbeing rg@wduwf@rp@wn maémqmma,saridsm at ed by

flltratlonaddre t ive r oI|

(1. 269, - SoA U BAUER: Rttt Gt AL AP FRE A8m e pRLFRESRIGE {es s
wer e atshylme ath 24te c%nﬁafasww@kneadtefdmmﬁﬂome bllymeSSQ’%fsh)danl gingm (1M in
t ol uene, b”J)pl ied by Aldrich), and MAO (10% wt soI ution in tol uene,

suppl i ed m ﬂmgolyrﬁemmraons to repiage ehelcatalsewpbdrpwarfosatthon The
conpl exes 3 es 5to 11 and 13 to 15 above were

di ssol ved %qurgﬁrésagﬂaéan? Wnt%e@é?]@c%a%fr and the cocatal yst

(et hyl al umi noxp&eﬁ MAObr88uctioR ok inf[AM &polirieR) hbmop Ay MeNorafed ffRim Hredfigl e
16. 10 MeAICl z, 8Mso utlonln
monomer m a first reactor is reacted with the second monomer in a second reactor. For

30  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

which ethylene or other comonomer is added. The result is an intimate mixture of a

14
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hexanes) introduced. The tube was purged with ethyl ene and the C?rgé ?nts
stirred under 1 bar ethylene at 25C for the duration of the poly ZMAR &3
After one hour the polynerization was term nated by the addition of a ueous
hydr ogen chI‘MPi“&'é"“z%he solid produced was filtered of f, washdfFMppi/e3

met hanol éﬁ%@ aR! d t he
hydr ocar bon sofdﬁprgéw%%ﬁ%hé ?!r I e ‘E)Sl\jcgﬁ ré#}%?t'ﬁg%a sium ufyﬁﬁat e,
filtered aanddrheopuiymer tiypicalyripprodoted in elsmgbdeaauon/m(wh]ch ﬁ&uﬁu%ﬂ'daﬁl’MSEa SHEET

(RULE 26) 9 1 MAR 2003 WD 00| 20427 PCT/ GB99/ 0315 2 Tabl e 1 Schl enk test
et hyl ene ;s@ngﬂ?@megéwwsﬂ@r%w&enakusﬁg deddgpolymesizing ¢ propylepeEx. cat al yst

Gl |/ bar 16, THGoRbHE spbARRbEG T SoRSa e %S%gﬁ 1616, 335
(0. 02) B/ 4G RAGRL B8 poRRlchl ARGbpRTTKRe 32wt KAGNRird O ls, LDROL6. 64

(0.02) 8/ 40010. 03216. 75 (0. 02) 8/ 40010. 15518, 87 (5, 2@2/1004010 87*11216. 98
(7. 8) 1. 78/PFQ0ess £an bpgmwated, foexamply) in smrgealmlmdrm repgtor pquipped with a

[ gn pr cssurie et ddibhap plafbih e e fefehil BB RO i MNGE Ty

out under g’hs&trbﬁrﬁglﬁﬂuéﬂ the/bkdr The ﬂllllel@ﬁg gas difputatiag thdogh tHeedlservesast or -was
then cooled to 3 5 or 50C. |sobutane .5 litre) and triisqgbutyl al um nium

(T1BA) werfémone thedieaef pokimarisationgdzem 8}6 bﬁéﬂé@ to spply m@gemer fafe TI BA was

s 1 10 oRRFATEn e PRI vk piRAE B Spctedl Bhpt e bt L °"

achi eved. nbtmalipiopethef withlsothé marugras [ed. weRspehion indieh 5&r§$nst§ih€h§9rm| ex 6
initial activation with trinethylalum ni um(TIVA) 15 (0.05 mM, 0.1 mmol) was

fol | owed byethas, eihone, mrowm)buwag, Rentane Phh"%ﬂ@oﬁﬁdrﬂ%ﬁonhﬂx wagéludroghteasf eact or

t th t

Comput er doeror Lttt i TF rebiiiRHER G et B E A Bt s on
time was ]led[l@EﬁenaW?ﬂ{}oﬁ mdl@di Bduetion ﬂﬁ)er(b}{"s &diﬂoeraeaﬁtxﬂhcgqu SEtHer e
i sol at ed, washed with SUBSTI TUTE SHEET ( RULE 26) 1 MAR 2003 WD

00/ 20427 aqactoukavifgl a widst Hiameler)zand, il destrad, |ancy&lqmmudmr<ﬁl/tsrs 19tdigoTain fine
solid particles from the gas stream. The hot gas is then led to a heat exchanger to
remove at least part of the heat of polymerisation. Catalyst is preferably fed
continuously or at regular intervals to the bed. At start up of the process, the bed
comprises fluidisable polymer which is preferably similar to the target polymer. Polymer

20  is produced continuously within the bed by the polymerisation of the monomer(s).
Preferably means are provided to discharge polymer from the bed continuously or at
regular intervals to maintain the fluidised bed at the desired height. The process is
generally operated at relatively low pressure, for example, at 10 to 50 bars, and at
temperatures for example, between 50 and 120 °C. The temperature of the bed is

25  maintained below the sintering temperature of the fluidised polymer to avoid problems of
agglomeration,

In the gas phase fluidised bed process for polymerisation of olefins the heat
evolved by the exothermic polymerisation reaction is normally removed from the
polymerisation zone (i.e. the fluidised bed) by means of the fluidising gas stream as

30  described above. The hot reactor gas emerging from the top of the bed is led thr;)ugh
one or more heat exchangers wherein the gas is cooled. The cooled reactor gas,

together with any make-up gas, is then recycled to the base of the bed. In the gas phase

15
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Exanples 17.6-17.7 PCT/ GB99103152 A 1 litre reactor was baked out_ under a
nitrogen flow for at |least 1 hour at >85C. The reactor was then obdl

35 or 50C. Isobutane (0.5 litre) and MAO were then added 5 and the reactor
boxed in ni{ipdBha7 The MAO was al | owed to scavenge for poi sopcrdoblfsisa
reactor for at least 1 hour. Ethylene was introduced into the reactor until
a pre det @msn@becbn@lymsﬂé@mrpéoms ofithiei psesent. invandion i is dosirabledp meqvide i n

tol uene (84lRkHEOSBRIAAERIRRA SRR Fihrb MDLER AR EHSH MR AgS then

i nj ected and sure a ne

t hr oughouby fd&&m?@hwlmnd: Hauit @6 tHelbedhdéPcsnditiout suchahatt the lifeid eaa?bérdté.ﬂﬂ of
addi tional ethylene. The polynerisation tinme was 1 hour. Upon term nation

of the ruﬁletmétheé@hstzthsowg itiongd heatiof pplamersatinn Sresetheiber bs dhes datentHC) |

et Dol g0 85 Y8R 0 oLl SRR 0, 1 o

(mmol / equiexondAd3f the VeREl uﬂﬁ@dﬁr&m@éﬂr&e dubaIn'6rR éth il e bf ’metﬁfeﬁﬁtmm|
/ hl/ bar17. 13a (0.025) MAO (10/400) 235105. 22117. 23b (0. 027) MA

(10. 8/ 400)@smmghezmlwle33bncw SRS mm(ngvham@ygksfgamn@mmm@eect Spa2&JIVAO
(8/400) 2351027, 8%11017. T / 400) 250108, 945 15 * dat a’
Mv 896 00BYO ﬁ?r?bféljrgéﬁ fsivﬁ%arWPq ‘ée N%wg)‘gg%c?ébgééﬁ?aé“% ‘Fﬁisi;"ﬁ%f*éfgggi
ethyl ene ped YINBhbARE ERBoAiHL Hﬁﬂheges@mheeﬁusn ke Yokl Mglid éme}aee% iyt or
(mrol / equi v) MAO ml Tenp CPressure Ha/ bar Yi el d PE/ gActivity ¢

/ h/ bat@7. 6&d ¢oh ﬂmgymw 'Hﬁﬁ/thﬁwlaﬁlalﬂmd&a@Bizoﬁ’d}me@i mﬁ)tnmxdlsmg

10. 8/ 400) 34010*12. 9150 * s 1- hexene ,added, t,0 re BSTI TUTE
(SHEET (RU)EEs oyl e“?f&‘“&/ﬁi?“? P DN GORD? TP Ieage dhaeigy ‘lé‘-‘éy S99k a Ex.

L ORI IH0E 0 AT e 1000C, 0,1 200
branches per 1000@ethhdlofengenshglivpiidm therecy®OEES stream and returning the
mixture of gas and entrained liquid to the bed is described in EP-A-0089691 and EP-A-
15 0241947. It is preferred to reintroduce the condensed liquid into the bed separate from
the recycle gas using the process described in our US Patent 5541270, the teaching of
which is hereby incorporated into this specification.
When using the catalysts of the present invention under gas phase polymerisation
conditions, the catalyst, or one or more of the components employed to form the catalyst
20  can, for example, be introduced into the polymerisation reaction zone in liquid form, for
example, as a solution in an inert liquid diluent. Thus, for example, the transition metal
component, or the activator component, or both of these components can be dissolved or
slurried in a liquid diluent and fed to the polymerisation zone. Under these
circumstances it is preferred the liquid containing the component(s) is sprayed as fine
25  droplets into the polymerisation zone. The droplet diameter is preferably within the
range | 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
employed in the polymerisation process of the present invention if desired.
30 Although not usually required, upon completion of polymerisation or
copolymerisation, or when it is desired to terminate polymerisation or copolymerisation

or at least temporarily deactivate the catalyst or catalyst component of this invention, the

16
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5 Oxye~en-cont ai ni ng conpl exes EXAMPLE 18 Preparation of

2-acet~rl ~2s, 6-diiso_pro~vlylanil), 6-acetyl-pyridine 10 31 MAR 2003
2,6-diacetyl pyridine, (2.0 g, 0.012 nol) was dissolved in ethanol §40 m )
and one equiWaP¥M42pf 2 6-diisopropylaniline (2.31 m, 0.022 Rhgl/B99/03152

intr Oduce%étfag,{si onesk Eonthded mhcimgr};anesh ,%Easn@,cdr%ul,(eT@ﬁtJbﬁa&ww m xture

was stirre refl ex overnight. e solvent was taken to dryness and

adsor bed dleaaivaidrs e manndr knawetb persanstofiekill apthefarn chr omat ogr aphy col umm.
Elution with m_xtures of .,hexane: et her ve 10 in erate . yield .38 g,
ssit, Compound! wowggieebaégﬁg s @@éﬁf Tgfm;ff.ysts E;ﬂwwebé N p&]ass;uessg[ q.
7.2-7.0 [m BH° Ar lfh%’.’sét? J%s, 3%3&10%@1? "2..753&31& ,e'%glf%%ﬁm?,ayf%ﬁ CHVe2] |
i92|9D [ §, 3ﬁﬁn6§h/h?maie; uskfull Tof ohakiGglartickdyisiereambierent sigifity isGequiretive2] . EXAVPLE
reparatiopn of, . N

2- aceor| ( ?@p&m%bv%gf gthulane yitB higherbolpling (e HIFRS -hsxensias cterel@Aconpound
11 was pr : | S N I AL ERVA : :Q, 1 Mol
has 11 ont QTR e vty S WRpR RERUAL nglh UShith andih olbeLfpsriaft i ™)
M in Tol ueneperfesOFBiftiendhnly impdranticopolyn20s majle hp dopayhenisag; aowdermivgtit . The

cet oni t 1 TR SIGHTS VR MegHa RS Mt THCRGTT AhREUTETEES BB af ned
in 79%( 1.4 k6log- i ' 34 0.
!szsper}/(g((ad tﬂenragé%%ﬂgﬁgq(tggf%.')?ﬁeg:é]gﬁ a% e?rss hcl) %/rgé!‘ggeé%%ége?}% gl%}gftﬁgéngg 0.5 h

and the rdipedrilow denditypelytthilent, @rsini marfyeespacds$irhile to thelso clid 1p@feadsis was
stripped off and chl orof orm BSO, m ) introduced. The alum niumsalts were
then filtPobgthyleneprgduged bydhe highpressurs flegradical catlysed pelyiperisatien ofo 30 gi ve

08 30 oyt g RRRANES i colfRifers PESES Rhdyal i shdpoprady I (1PC19)
- 7.0 [m flkibld bk, 2- CBH3] . 27 SUBSTI TUTE SHEET (RULE 26) 3 1 MAR

2003 5 WD 00/ 20a27 PCT/ GB99/ 03152 5.24 [s, br, 1H  C MBZ_O—q, 2.70 [sept,
3J(HH)157, 2H, GHopEspe polypery produged byjthe prosgss of theiinpentiog include pegryigneand 1. 1

S [d, 12H, . | [ P '
2- <[ac etyl ~(}§),gép§§'|%£% 6 5@%58 Pﬁgﬂe ?ﬁ #plg?y%eﬁ%f%e%gﬁgﬁ%ﬁg ?“Peﬁ}ﬁéenll—egogloﬂ{e{:onpl ex
12 Fed 2 (dbphbSolgfin duchSsBiéne- mi,\g;emdh@wt-m}imenmte- NobhépeN, ¢rifixtdrgs at 80C.

A suspension of 12 (0.40g, 1.18mmol)_ in n-butanol was added dropw se at
80C. The rthereps diropslens polymers alshmay include copelpmerstaf pronyignawithaaneror 15

T e R gy BBl S B0 SRR ABERS A A, o0 "
producdy aspolyriwrl eﬁFﬂWHne c%iaﬁﬁh@%y;ﬁ‘db%&%ﬂithlﬁm%ﬂtﬂdni dopeEnicrsdfs W th
diethyl et hperg)py gx% wit ugltg lagbutol'04v?/t.% e(tgﬁene, and impact copolymers containing up to

about 20 wt.% ethylene or other alpha-olefin. Polypropylene homopolymers may contain

a small amount (typically below 2 wt.%) of other monomers to the extent the properties

of the homopolymer are not affected significantly.

25 Propylene polymers may be produced which are normally solid, predominantly
isotactic, poly a-olefins. Levels of stereorandom by-products are sufficiently low so that
useful products can be obtained without separation thereof. Typically, useful propylene
homopolymers show polypropylene crystallinity and have isotactic indices above 90 and
many times above 95. Copolymers typically will have lower isotactic indices, typically

30 above 80-85. )

Depending upon polymerisation conditions known in the art, propylene polymers

with melt flow rates from below 1 to above 1000 may be produced in a reactor. For

17
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20 Mass spectrum mnmlz 465 [M+], 430 [M+ - C], 561 [ M+ -2C1].
Preparation of 2-acetY1l~2.6-diisoprop~ 1~ anil EXQNPhER??&B
, 6- (di net hyl ) net hanol - pyri di neC conpl ex 13 Conplex 13 (0.44 g, 80% was

prepared by weo ogrpakpgous route to that outlined for 12 25 butpci@©BIsREs2
(0.15 g, 1.18 nmm] ) .and 11 (0.40 g, 1.18 mmol). Mss spectrum mlz 433 [ M

- d], 397MRNY appicktjonsp golgpRpylemes MEthSHEER framyto 169 are typicalyfionmpases\wo

00/ 20427 P ' ' .PCT/ 99 . in the

pol yrrer 1 st fauh BTy &b YERIEROE 43650, B ' nd o
(10% wt  sol ut i oPRedoRidedongitindSmppbé fidedio dhgenecdt)progylePpsiymérs; Feeh! enk
tube0 ~0~Ier i sati?)r? 5 The cor?pl e%’s 123and 1%1 madepr?n Exarrp?lesrs-zo and 21

above (0. Ogthyient hasgd pelymness peraxitles canshesysed tregive erosolinkengein(the palymeantort he
cocat al yst (et hyl al um,n MAQ - 8.0 nmmol . 400 equi v i nfroduced. The
Cube e plFTEtPRR S gk BAS: e preartndPb et R e oY b BEISEE byl ene
for the duﬂaﬁx;ig)éktﬁxfsiénﬁ%r BOMYIIRE rHedldgd o intfea®d the iRl MOV ratd18f pciBEr | zat i on
was term nated by the addition of aqueous hydrogen chloride. The solid 10

produced wRerokidetagtsga boedk long polymenghains ard hasibe effastiofrath dncraasisigdVIFRSchl enk

(ol Y Act 1 908 BRROTRB PSRl TrE M R R RO TR b R SHEP 0 paBb el Ty
g/ mol / h/ bakidé p&%{%rd%ﬁl&%) ef with Q9 MBRLEE 01BRi. Byl ontrolled rheology _
(0.02) MAQ( 2/ 100) 2510. 021 EXAMPLE 23 Preparation of 2-acet r~l(2.4,6-trineth

|y ani 19, 6tegtment with permtide/inanentyudes mag §roma pgymen with apMER 0H20-40nByeCl
conplex 14 The 2, 6-bi s(i m no).pyridine, H3(CMVeN( 2, 4, .6- Me3-.C6H3))2 (0. 7g,
1.76 rmol )"%?%P%Q’@Fv&ﬂmﬂ‘ﬁ ‘%ﬁe%’fjé’ﬁ%f‘socﬁ’gﬁ‘gﬂ’gs(usi’@' REPXISfict 'écﬁié}f“e%&;{’%}‘erg 78C i n
an acet oneAsH dy 60 205@bLatddowh i@kl on of nBulLi ( 1.6min hexanes,
Aldrich, 1.21 cn%, 1.93 8 mol ) was added dropwi se to the

2, 6- bi s(i m no) pPepehndieg spduthewmse afttle polymerptofignt, Ronamotrds of Additivasaazei on 20

m xture was repoved from,the cold bath and. stirred for a further 4 hours.
The resul t&mcagﬁwﬁ%‘)% eﬂt“i“Bﬁh?/ﬁgy'ﬁ?fcf?@aﬂatt@“-s‘?%s agid Y2 YNBESet one/ sol i d Q02

col d bas h, ;aidiBnaUSRBHBERNaMI thE R, _?G&\Qraﬁf,etgese]ad(?iﬁy&rﬁ% incBhfyrhhat i N

tetrahydrofuran (20cnB) added dr opwi se. ter 20 mnutes the reaction was
renoved fr taveksio€ abmit@ Stxat2008mpgms tyipicalydfrarmn abagrittte mpant 4000 @poy endingite. The

vol atil e conponen of the reaction m xfure were 25 then renoved in vacuo,
giving a d%ﬁcaﬂ)’ﬁégé‘bllpé? PRHdas ?’b@‘?@ﬂ}yf‘ﬁf'o pentane ( 150 cnB)

In use, polymers or copolymers made according to the invention in the form of a

powder are conventionally compounded into pellets. Examples of uses for polymer

20  compositions made according to the invention include use to form fibres, extruded films,
tapes, spunbonded webs, moulded or thermoformed products, and the like. The polymers
may be blown into films, or may be used for making a variety of moulded or extruded
articles such as pipes, and containers such as bottles or drums. Specific additive packages
for each application may be selected as known in the art. Examples of supplemental

25  additives include slip agents, anti-blocks, anti-stats, mould release agents, primary and
secondary anti-oxidants, clarifiers, nucleants, uv stabilizers, and the like. Classes of
additives are well known in the art and include phosphite antioxidants, hydroxylamine
(such as N,N-dialkyl hydroxylamine) and amine oxide (such as dialkyl methyl amine
oxide) antioxidants, hindered amine light (uv) stabilizers, phenolic stabilizers, ]

30  benzofuranone stabilizers, and the like. Various olefin polymer additives are des_cribed in
U.S. patents 4,318,845, 4,325,863, 4,590,231, 4,668,721, 4,876,300, 5,175,312,
5,276,076, 5,326,802, 5,344,860, 5,596,033, and 5,625,090.

18
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The resultant soluble reaction fraction was isolated by filtrati on3 @%ﬁ 2003
dried in vacuo to give a dark blue, highly air sensitive, solid in 3

yield (0. 7g, 29 SUBSTI TUTE SHEET ( RULE 26) 31 MAR 2~3 wo oonoa2-~
EXAMPLE 24 PC‘IV W¥3151 Preparation of PCT/GB99/03152
2-acetyl ~2.4,6-tn I t | pls, ~

butyl ynmet h~- pyri gugi %ﬁg&%ggig%@asiﬁ tﬁc Jn%@ﬁlyl mn é%'g??g%e%d

Cs H3( CMeN( 2¢dlpbravie3albiidy b added to ﬂtmiymmlc))mmttcﬁtsds ksovudg theart.

t et rahydr of ur an 00 rﬂﬁ .and cool to - &éhc an acet o[%e/sol id CXZ cold
bath. A sol uti on ‘3¢ Rigs§ ‘imt'etmem&* W@F&Qrﬁ’é (HY'P% Xa@peHens, 8.31 mol)
was added dpppdtsfontdli ¢2, 6-bi s(i m no)py~di ne solution and stirred for 20
m nutes. The reaction X ure was removed fromthe cold bath and stirred
for a furt hEXAMPOLE'E. The resultant purple solution was cooled to -78C,

wi th an acetone/sol id CZ coI d bath and . a 10 suspension of CoC 2 (0.981 g,
7.56 nmol , Rreparation of 2-fopnyldo-disanion: ylandh6:4@6-5 4 ded dropwi se. After 20

m nut es thed{ls% 38 i e vhig xdﬁ')%lﬂl bath and stirred at room
temeratureMﬁ%FM% of the reaction mxture were
t hen renoveQonipouat 2a.wdsPréiave ‘aadablgtdprpamdsal id, and extracted into a
pentane (SCcnB) and_ tol uene (100cnB) mx. The resultant sol ubl e reacti on

fraction was i sol(hl Bhe 2.8-bisfimino)pyrging & sHHEHNR 8¢ -Fravaddn)(§- e \e0H mabk red

solid. 7 ot d l'ica
vethyi 3 uns shahe VRlIhF (i aRP RNl SARIREEORE L P AN ORZS LGde
to silica (&@lpint@dack. T ichoiRixtee way strasd lréﬂu@l)fomz ﬁbuﬂaaptﬂlaemmdwat ed
under flowi ng 20 nitrogen at 250C. The silica/ MAO was heated at 80C for 1

hour before© mm‘@lvtdmtqnanbéﬁ@nﬂ)swa@ agdedrindeeilyiedtuayil diseplatiore P epoliag uo.
Compl ex 14

and sil,cal t ol uene (20mL)
and t hen he?i? 5%0 %qujﬁ]a wgﬁﬁe%cg%y\%ﬁ%’ﬁ r%W’Qflll}?é was cooled to
room t enper @HL¥)(CHMeNR, 641 PE- COTHRI AR LY fned whickAvére HlteRRY drdtbolldéied.
vol atile conponénts of the reaction mxture were then removed under 25

r educedlpr essur e (3} Persann (dmperastaddes tod agplaved byl slasv gdditign oExmpmpuat 26

byl ene. & Y8Wing & et AP TRIP BRI § P Qo R PG TR THARede fpe e " ©
tol uene, sua%lécﬁﬁ ahxse%ﬁtrth&mmraéée if16 ¥RIBFofbrne N&s stsdtr@dﬁq&@a &&¢H srgr et al

suppl i ed by drich) and net hyl al um noxane ( (10% wt solution in
t ol uene, sungS@darM/taWrtuoa)ryndssgog’BVaﬁnaiytltéb'tpsrﬂ}l GU%E I8I0%E SHEET ( RULE 26)

31 MAR 2003 wo noaz2- PCT GB99/ 03152 Th |

tests are shown | mpgind 29 Mass;spectiymy p/z4 g?Mﬂéé%Gﬁ%@P)g@ngéﬁ%qw

ni trogeng | uef EEm! 8 h GRS C 1Oy, 3t72pR5EH, TN eHy east or1 Has ienuseo! ed to
CsHLN, 7H], 4.48[d, 37(HH) 8., NH, 1H], 4.35{m, CHMe, 1H], 3.31(sept., CH Me,],

3.02[sept., CHMe;,], 1.49[d, 3J(HH) 7, 3H, CHMe] and 1.3 - 1.0 [m, 24H, CH Me;].
EXAMPLE 2
Preparation of 2-formyl(2 4,6-trimethylanil),6-[(2.4.6-

25 trimethylphenyl)amino](methyl)methyl-pyridine 2b

Compound 2b was prepared in analogous route to that outlined for 2a using
CsH3(CHN(2,4,6-Me3-CsHa))z (5.0 g, 0.014 mol) as the starting 2,6-bis(imino)pyridine.
Compound 2b was obtained analytically pure in good yield (3.91 g, 75%).
Compound 2b: Mass spectrum m/z 385 [M']. '"H NMR (CDCL): d 8.38.[s, 1H,
30 CsH3;CHN], 8.16[m, CsH3N, 1H], 7.71[m, CsH;N, 1H], 7.23 [m, 1H, CsH;NJ, 7.0 -
6.7{m, 4H, Mes- CsHs], 4.5[m, CHMe, 1H], 4.35(s, br, 1H, NH]J, 2.2 - 2.0[m, Mes-
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50C. Isobutane (0.5 litre) and triisobutylalum niumwere then addﬁd ﬂ @&e
reactor boxed in nitrogen. The al kyl alum niumwas allowed to sca 9113@

poi sons in the 5 reactor for at least 1 hour. Ethylene was introduced into

t he react or Wenar20421 pr edet er mi ned over-pressure was achi eved.PCM@BIOA3 2y St

solutionl'_ in toluene was then injected under nitrogen. The reactor

pressure G2 8 BT andhb A7 [dorKHERL T, Qmébhout the pol ynerisation run by

conput er - i addition of additional ethylene. The pol ynerisation
time was on termnation of the run the reactor contents were 10

i sol at ed, hegicbnwif hfo test. nithed-l2rett. bandpleniyi®tnina}(mettadmethydven at
40C. Table 4 Results of high pressure ethylene polynerisation runs using
procat aj y@¥Edine 2¢nd 15 RunProcat al yst MAOAI (i Bu) 3TpC2H-~Yi el d

PEACt i yi t - ' 1o .

(6. 41) s LiobouRat HR VRGN %&%5%‘315?5%/‘?6'6*’6%@@?3@§‘§%0“5}“%arri ed out
over a peUSHS(CfBl’I\I(QOt-m-EsHﬂ)HBQ §20.013 Mb)ad RO artivg 21R68AmiddypMidise?. 8; Mok
62000 15 (ii) Gas Phase Test A 3 litre reactor was baked out under flow ng
ni trogen ploar 2¢ wap ebteingd anapiedly pree beond vieb(3elt £.070360X. Sodi um

chl oride charg ng an average particle dianmeter of |ess
than 1 mm and ﬁ%@?ﬁg&é‘é‘é}{gp&?‘@w& under vacuum at 160C for nore than 4
hour s was Fagogdl Efpl | owed by trinmethyl alumnium (3 m, 2Min hexanes,

suppl i ed 20 By Al dr i ch) The react or was then closed and heated to 78C. The
al kyl 18| uRreparasonos 2sdcety : 2. pr0i sons present in the reactor
for 90 m utes ed four times, by pressurising to
4 bar w t A od was added to the reactor to
give 0.02 mapoema% pfreaaréavmqnsm SIVLES e 3% Gahgl yst (0. 30g)
as prepared above was injected under nitrogen and the tenperature then 25
adj ust ed (CHYOMeN(6-pBly Gekli)3al(3.om, (d/a)sloadldlba\setdiesmrmrgrﬁ b rhiinhioo)p90dine.nut es
bef ore bei ter ated.b n he eth e fr act or using

ni t rogen, %8 OPF%“C'B&?%@FE%‘ Fe“f’ﬁ‘ 1@@%?1 Zl% i ymer was washed
with water to g,}asglsl W]( RULE 26) 3 1 MAR 200J WO 001 20427

PCT/ G B99/ 03152 rem)ve the sodi um'chl oride, then wth acidified nethanol
(50nml HCUEx@mbietdets net hanol) and finally with water/ethanol (4:1 v/v). The
pol yner was dried under vacuum at 40C, for 16 hours. 39.68g of dried

pol ymer was produced. 13C IVMR 0.2 butyl branches per 1000C 5 GPC data: Mw
481000; WMnh 48000; Mm Mh 9.9; Mk 120000 EXAMPLE 27 - Preparation of MAO on
silica Toluene (200nml) was added to a vessel containing silica (ES70X
grade, calcined at 200C r¥ernight, 20.5 g after caicination) under an inert
at nosphere. The sl urpy s nmechanically stirred and MAO ( 1.5M 62.1 mmol,
41. 4nml) was addﬁglo V) inge. The 10 m xture was stirred for 1 hour at 80C
bef ore renovi ng excy 6l uene and drying under vacuumto obtain 15%V w MAO
on silicain RS fYe yiel d. EXAMPLE 28 Ethyl ene homopol yneri sation

pnpl ex'’8 supported on MAO' silica The reactor (1L) was
heat ed under flowng nitrogen for 1 hour at 80C before being 15 cooled to
30C. Tri-ispgetyl alum nium scavenger (3mL, 1Min toluene, 3nmol), and

i sobut ane / ) were added. The reactor was closed and heated to 80C,

et hyl ene wy tted such that the total pressure was increased by 8 bar.
In a separate—essel, precatalyst 8 (10 mpl) was m xed with MAQ ES70X
silica (0.33g, prepared gs described in Exanple 27 above, 15 % w w MAO on

silica) and to
R6

/A

Example 1 (2a): R*, R%, R¥ R¥ = H; R"” R*® R* R¥=i-Pr
Example 2 (2b): R, R® =H; R’ R® R¥ R% R* R¥ =Me
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20 added. The mi xture was shaken thoroughly and the catal yst parti 5'1631;&)3'%@3
allowed to settle formng a blue coloured solid beneath the col ourPe

t ol uene supernatent. The catal yst was shaken again to forma slurry with

t he mxtureW‘hPQé@E‘Ed directly into the reactor. The reacti on REEGBIY@¥Ed t o
proceed f ef hepmi gat L y uttphng off the ethylene
supply ang’&%rgﬁfl (38*%‘3 ?‘e’afzé:nftgglr1 Eiriesg‘urquég gﬁh tl!g'ol ymer was 25 recovered
after dryEBsgmpled @dp®R*rRE enHeRf, Rov#a)RFIR* 2 R2‘4 ander reduced pressure.
30 32 SUBSTI TUTE SHEET ( RULE 26) 3 1 MAR 2003 Clainms: 1. Conplex having
the Formula A R2 ZI (T/b).X Z~-M T] ~ [L]n B\ \Z3 5 Fornula A wherein Mis a

transitio Y e or actinide; X represents an atom or group
coval ent | pr Pa?xon.ok‘@ gded to the transition netal M b is the val ency
of thesat ®RAVPDE®IP X; Z1 is Nor P, ZZis N, P, N, P- or NRS; Z3 is one
of I~-T, P_ O S, NHR3, NR3R4, 10 O—l OR3, SH SR3, PHR3 PR3R4, (NR3)', O,
S, (PR?,)PI'e atiorof 2rforppl(2 Proppifyiags: g:%he proviso that the Ilgand

j oi ned t0 iy g§R¥¥gnen§§§.%g&@ﬂ@ﬁ@%ﬁgﬁggh&gé@gg By and that when

neutral i dation state of the

transiti opeg @boy \M}@ hwézm@s'a@beé% RStS-BIREAI]L G nEl 8b°te§%usfp@§§%r{ he

oxidation state o ne of ZZ or Z3 is anionic;” A and
i ndependenfRy (m%gphéﬁ lmyrhpl) in &batdet vasiadddd Idympvasaatbfy]"(l Reheeeastipulr ocar by

VB ) S
doubl e bo@g dlrtgq-o&ﬁ ;{ﬁp r@a‘f‘He k%‘éﬁ@ﬁ@&lﬁ%% &E&‘f"&' cgr 099”

hal ogen ocar stitute ydr ocar by et ero ocar

substi t ut d&tk@&ther&dded&ﬁr@@@&té tHeOpribBua @s Qﬁlu’&(boh\&iee,r\ollnyld nac wﬁsgtiu,emt;nd any
two or nore of R to RS when h}/drocarb may be joined together to forma
ring:; L i dvashedghtegtimngsoyigediethyleshgr (A0md from o0 to 5. 2. Conpl ex according

t I Ti[Il Ti[Ill Ti[IV], I
corii), PR RGP Tt Wit w1 [Mq[
I
I

1, Fe[Ill], Co[ll],
, IW,Ta[II] Ta[III],
Ta[ I \/115 Rm[izisls]specﬁb[ri bﬁ/} 59‘6[[M[+] CNI[ 561I |]M ScilL | ] , Sc[ | }

Pd , , (1], Zr ‘N% Hf [
ﬁrw]tals Rﬁ?q pt}xtab}qbfpr p|s]n,g1q\ﬁp/§t%1] B ['2\9}10n3 u

Ru[Il], Ru[l 1],
kta@eggy &lPWg %o

III 13

alm L I Fe[ll], Fe[lll Co[ I'l

CO[I W%Sf’ﬁgj“Mé’r"F ?f‘kmé‘ﬁﬂ“{“"“ FF1][ \I\th[lll][, }\/h[l\lj[, RL[II],[ RL[III],
Ru[l\/] PHXAMPLEIG 1], Zr[I11], Zr[IV], H[II], HjIII], H[IV], V[II],

V[III], VLIV], No[l]] Nb[I ; and one of Zz and Z3 is anionic.
4. Conpl exrepacationqig- ., HIRE (&thiherein either ZZ or Z3 is N
andlajomedt M vatlhet | ex habngtheforrrula

wher eil M D G117, Co[ll1],

Ni ( :\/{ ) ?q@plé;(@?om d Jl(%i : 8%? ILJ\aAE )pre Il%y]a’n a%'lbg!)ll;s] roubdio Mhe odat{'[eh Igr3aR ~ \N
o from FeCl;(0.15 g, i.18 mmol) 1amd 2b (0 44 g, 1.18 mmol).
Mass spectrum: m/z 512 [M'], 476 [M" - Cl], 441 [M" -2Cl].

EXAMPLE 7

25  Preparation of 2-formyl(2-tert.butylanil),6-{(2-tert. butyiphenyl)amino](methyl)methyl-
pyridineFeCl2 complex 3¢
Complex 3¢ (0.37 g, 60%) was prepared by an analogous route to that outlined for 3a
from FeCl, (0.15 g, 1.18 mmol) and 2¢ (0.47 g, 1.18 mmol).
Mass spectrum: m/z 540 [M'], 504 [M" - Cl], 469 [M" -2Cl].

30 EXAMPLE 8
Preparation of 2-formyl(2.6-diisopropylylanil).6-{(2.6-
diisopropylphenyl)amino](methyl)methyl- pyridineFeBra complex 3d
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R6 QZ3 Zr(ll), zZr(l1l), Zr(I1V), H(Il), H(I1l) or H(IV); Xreprgsentﬁbz%’b
atom or group covalently or ionically bonded to the transition net 1 IW\
is the valency of the atomor group X; Z3 is one of NHR3, NR3R4, OH, ORS,

SH, dSR_3, PHRSOOE?R?EM, (NR3) -, O, &, I(PI\R/IB) ' OFZSP_(R3R4)O, lTPicﬁ"/%ﬁWoslsz

oxi dation state tr ition nmet en i s neutral. gr eat er
than t he &’HQF’f 8ﬂ (é'ggtge 63%meaﬂ%y§"£\ﬁ®8ﬁ?‘&m%§ tp ?’aﬁloﬂtrlm?;ﬁtﬁqlas j oi ned
to Z3 by i j I itdn ted hydrocar byl ,

het er Ohydﬁﬁﬁgﬁ(g?@%%jtﬁte ngggr(gﬁgg’r%gg?m%&pr eferably -C(R9) (R~)-

. R~ t o RMassspesidapende68’ MSeb4e (Md- CilofdMr-@§8n, hal ogen, hydr ocar byl ,

substi t ut ﬁg hﬁag%gr byl , heterohydrocarbyl or substituted

het er ohyd and when any two or nore of Rl - R- are hydrocarbyl,
substi gut erqega_fgg@f@f@g&tp@B%a%r%ﬂgﬂﬁaﬁaﬁxlups- subst i t ut ed

het er ohydrocar byl ,” sal WO or re can be Ttnked to formone or nore
cyclic sulmisopropyipsenyBdmindd(dimbihR) R gl-HridideReliexomplerBdi ng to claim 1

whi ch conprises the skeletal unit of Formula B R2 Rl -Z1 R8 (T/b). X R ~ N
-r M T] ~ [ LComplex 8 (B46g; 62¥a) was pheparsidibylen iasalagquis iryte To fhat bJtlined for B,
Fe[I1], Fe[lll 1], LI, NGDL LT, 1], C[111], 5 M[II],
M[ITT], NRPT Fb&g%%ﬂ} ,1-1%{‘%“P|)]a,“d|%d[(b-\?}’,& }(3:51% FF'}?l)'Zr[I 11, ze[110], zr[1V],
HEE11], Higbdd dpectirkd Ml 536 [y, 58 bt ] cVidovive Mefi 11, 1-Tb[111], or
Nb[1V]; X represents an atom or group covalently or ionically bonded to the
transilfi orEXAMRLBAOD is the val ency of the atomor group X; Z1 is N or P,
Z3 is onelg)fN . R PHR3, PR3R4,(NR3)', O, S,
(PR3)' or PERER Lonviylanillo(@.85f the transition netal 10 M

when Z3 iSdms@@gbhe{g@gmlndlgﬁahglmahgt@ﬁamw@@% Wmpfedle Oof Mwhen Z3 is

ani oni c; 'S J Ol ne 0 y a sl ngle bond and 1 s hydrocarbyl, substituted
hydr ocar b)ﬂ:omgll%k ar0lag, Joes)hyds [REparetdist dnldabiogoitloafeqb YiHt @G ALY kFor v ef er abl y
-C(R9) (R1) -; to Rlo are each independently sel ected from hydrogen,

hal ogen, Hyemd&e&lHPI15 &ubkt mmaleahdRadPdas byP mmel).er ohydr ocar byl or
subst i tut het er.ohydr oc I en,,h byl 15 any two or nore of
R to! %Ssnsé’eftgf 'e'H?zt S%gejfwel»%?g[%f%”agﬁ W'Zgy]i's a sol>/vate nmol ecul e,

and nis from0O to 5. 7. Conplex according to claim®6 wherein n is 0. 8.
Conpl ex according to claim6 or 7 wherein RZ is represented by the
struct ure BXAMPLIR?b ~ ~ Rz6 20 R19 and R3 by the structure 35 3 1 MAR
200 23 R24, F erei n R 9.1o0. Rg are each independently
sel ect ed SRR Beet I <o G e CPRFIFEREBV-"subst i t ut ed hydr ocar byl ,
het er ohy dr Eah iy IpBEnyHARRAG IEHERU) MeALBAIRMYCFQS 8bRYlex 52Nd When hydr ocar byl
any two or nore thereof nay be jolned togethér 1o forma ring. 9. Conplex
accor diong Compleaisqoazv{cﬁg%)mvﬂﬁpr‘eparEE? ar salogdep@nckantthat oaeined fed34 r om

an

hydrogen and C, to C8 ’y rocar byl , are preferably independently
sel ected fiomGRinI15 athy? mmpl}%artsb% (0.57¢9122apPY). n-butyl, sec-butyl,

phenyi anssn gt RRRERY s KA IR, CRBRTYS Ry

cont ai n at sih@a stystaW -G dacAbO§Edy ReRlobtaateldby4ldvwedblifdiob® Rofdd@tBhitrild .
Compl ex according to claim9 or 10 wherein R-9, R2, R2~ and R22 are each

i ndependensalytionefrfocar byl , substituted hydrocarbyl, heterohydrocarbyl or

subst i jut eﬂ_@[ﬂ %ohydrocar byl, and are preferably independently sel ected
from rfet hy+ ﬁ—— n propyl, iso-propyl, n-butyl, sec-butyl, tert.-butyl,

n-pentyl, P@%ﬂwbmﬂo@g 6-dﬂ%@§%ﬂl;@;§w[gz @-octyl, phenyl and benzyl.
12. Conpl ex according to claim1 or any clains 6 to 11 wherein R~ to RS
are each i duropropgiphenyl)agingl(methsl)inethplbpy (N9 31 bx 6
2,4,6-trinethyl phenyl, 2,6 i .

Compound 2a (1.003 g, 2.14 mmol) was dissolved in toluene (20 ml) and added

dropwise to a toluene (20 ml) solution of Zr(NMey)s (0.571 g, 2.14 mmol). The solution
30  immediately became orange in colour. The solution was then heated at 70°C overnight.

On cooling to room temperature the toluene was removed and heptane (60 ml)
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20 di.i sopropyl phenyl, 2,6-dinmethyl-4-tert.butyl-phenyl, 2,6-dinet Q;I phen
2 met hyl phenyl, 2, 4-di nmethyl phenyl, 2, 3-dinethyl phenyl, 2-ethyl ph IMAR
2i.sopropyl phenyl, or 2-tert. butyI . 13. Conplex according to claim 12
wherein Z~ i\yomwzam Z3 is (NR3)' or 0'. 14. Conplex accordi rP&"E/GB%ﬂ/ﬁﬁl@f
clatm L L ifodioe® He dehilia dpbericited % b BAE Gl 800 20 if e Ak e
Rano , and

di et hyl et her, secon ertiar

a phosphi n@maﬂ@ell&orasw@ms aﬂc%dlse‘@:rztlQomwlﬁnhmdbmm%leﬁtlyfﬂ%umﬁ andX is
selected fromhalide, sulphate, nitrate, thiolate i ocar boxyl ate, BF4',
PF6 , hydr icaliectad (882 &r 69%dxi de, carboxyl ate, hydrocarbyl, substituted

hydr ocar byl d ~i 30 di ketonates. 36 3 1 MAR 2003
16. Conpl ey%ggg&g% '?%; éﬁwb@‘vﬁierel n Xis selected fromchloride,

brom des mEywMPLEAhYl, propyl, butyl, octyl, decyl, phenyl, benzyl,
met hoxi de, et hOXI de, isoprozpom de t os Iate trlflate formate acetate
phenoxi de Raepasationcafi 2-acaivi(2. Eeimatiaandh b-feo-dignethyinhayyljamidalin-hytybinsthyl

conpri ses S l o o V 7 o

2-fornyl (Z%Wni 1), 6-((2, 6-diisopropyl phenyl)am no] (et hyl ) nmet
hyl pyridi ”th@@b?s(muno?pyndme C5H3ECMeN 2,4- Mez-C6H3)R 0. 994 2 69 mmol) was
2-fornyl (2,4, 6-trinethylanil) 2,4,6-trimethy eny amno](rrethyl)rrethy

| pyri di ne. F@sslotved in tetrahydroﬁjran (30 ml) and cooled to -78°C in an acetone/solid CO; cold

él Lgr Eﬁlgj( g A so &oa}lnoflrzBu?un E (gmtinel!;exanest de?x }?qyflS)c%m 518% gnmol?%vas gg e@" “pyri

2 forml ¢ fngrogMBsr%ge R0 rbiaHindypfrdik@sditlin MERALEYP BEBEh)RE TRE fOREY! ) Met

2-acetyl (2, ﬁmdniuiesmsrmmdvydi froinl the Eolfl b2hGnd stirsaaifoop furhlee A yhoyesi Tie) restiltmat hyl )
t hyl di ne. Fed
ool ( 2 mitgle obsrupy Ry sasidtp B ith 2aRresensisolis Coneald bath a0 et hyl ) et

hyl 15 pyrld
2-fornyl (2, %ﬂgimlgs)o(?p%o%%/ ] $0a3n4|llg)2 89 [n(rbo ! GM Slnlchg(l)%tre(t)rsh dr anl()zocmr?oﬁd(j nmet hyl ) met
hyl pyrildi ned@p®ise. After 20 minutes the reaction was removed from the cold bath and stirred at

2-fornyl (2, 6-diisopropyl yl ani |l 6-[ (2, 6-diisopropyl phenyl)am nol ( et hyl ) net
hyl pym/dl( nerog,n( mwngggzq)gvemlght) The [vglatlle componeFr)lts o%%hepreact}/on)nuxture]vsgere yh

2-acetyl (2, §; r

2-acetyl (2, % g:“f"gg‘g{"g’p’y‘l"%{’% % %a{ﬂgb rre% %E% nﬂ% tb eﬂg(@g@) '

I2 aceéI yl (2Fatta@retsmtmtsbmmehatmﬁﬁ[aét%mw&xﬁmatembﬁﬁlhrah@nyﬁ& mcﬁm]uazcbuwl ) net hy
pyri di ne. Fe or

2-acetyl (2, giveadarkiplugyhighly piy sensitive, selidin gdogwiad (Ooten§?¥eani do] n- but yl ) net hy

| 25 pyr,,di %(%LE }8. Polynerisation catalyst conprising (1) a conplex as

defi ne& in=any preceding claim and (2) an activating quantity of at | east

one acti vatmepaafigroofhacdP(2 Lattamethlaaitonl( @l Hneisi eyl idnidbEnei n t he

activator is sel ect ed from 30 or ganoal um ni um conpounds, hydrocar byl bor on

conmpounds vl ieg dinec¥Eh gemplendi di si ng agent and a non- coordi nati ng

conmpati bl e A 20 Cat. ' r th i vat or
is select edﬂ? ﬁ]bfsﬂ%?)rwpglpé?#SW‘fWG' %1 éﬁﬁﬁ(é aﬁgell gér?f“f@i st
tri-isobut ydiabahm tena(mr%ﬁ)ran ﬁlbo miPard JY6iRd 2907%%:% aﬁ'a&%d@@h@r@m ST

met hyl al um ni um di chlori de | al um ni um di chl ori de, dinethylal um ni um
chlori ds, dath. h&xlsalulmnmfuﬁuhh(lcﬁm dﬁ)exmds,yAldhmnl[ﬁ?mnﬁe%Q&lrmhbk)rwa,‘.@dded

met hyl al um@pum;esqw chl qri de, .and, al upnpxane ordl ng to

any one of EPBIVIFE 1a8hq &6Ius(inipglpKadinesghiion &n alréﬁ]arfeg?@ Lse-i STHNE 22,
Cat al yst aC,ﬁQ‘?Qh st rQ %L/@d Hblﬁ%?é"&ﬁ% &ith aﬁc{'ﬁlr&ﬁ%rr 2hurth8M HohiaS Q‘Hesreﬁﬁﬂaﬁ@t ed

from al ken ot her I nNs ynes, primry, secondary and
tertiary anpmpls somnodesas qoblzd pb 67846 dels an pdeosphlbiE€ O, phlddyaki, taad a setutiens,
t hi oet hers, r| | es, esters, ketopes cgl dehydes, carbon qon xi de and

carbon di ox‘i’fd% LR §Qi688s!- 847 mmab Addri H‘tetrahydmﬁ“an (30cm”) added _

30  dropwise. After 20 minutes the reaction was removed from the cold bath and stxrred at

)
n

room temperature overnight. The volatile components of the reaction mixture were then

removed in vacuo, to give a green solid. The resultant solid was extracted into n-hexane -
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10 boroxines. 23. Catalyst according to any one of clains 18 to 22 which is
supported on a support naterial conprising silica, alumna, MC Z &1 MAR 2
zirconia, or on a polynmer or prepolynmer conprising polyethylene,

pol ypropyl engo o@gdsyst yrene, or pol y(am nostyrene). 24. Catal yedr/@86963519
to any one G |ch co i re than gne 15 conpl ex as
defined irf é@f"&raﬁl@f'?ﬂlw tge‘( atigcoxapo%e ﬂ%ﬁ?‘@ﬁ OB ESMNE] 7 XAHALOSIVE | ai s
1to 13 ply e@nid{'iﬁt((ﬁf'/g ris% ntate nitrogen-containing Fe or Co conpl ex,

whi ch is preferabl I ace yI pyridinebis(2,4,6-trinmethyl anil)Fed 2. 25.
Cat al yst ML@JO any one of clainms 18 to 23 which conprises a conpl ex

as defined,in any sui fabl e for
t he pol yneriEsas s ) ‘ At HHEEIND iy t
system5 dﬁ qq@p cB peq 9cat aI ysts rmnocycl opent adl enyl - or constral ned
geonetry or heat activated supported chrom um oxi de

cat al ysts (lhg ZJEkbnk(imms);iymame oaFR(CMeN(2,2aMePCeld HRA111aE, 2.1 ndly was i sat i on
or copol ynerisation of aol efins, conprising contacting an ol efi n under

pol yner i safissvaddn mtquwﬁ@ﬁm (304m) gah caqled to K ip gn aﬁ@OMSQi'é‘f(FQeaO dn any
di
precedi ng glal 7 s Ak npéﬁ&%gﬁggsgﬁgg {i’%{agess; %&A&% rf‘7%§ ng 3 Ini og,gwa aGdd%deF’.S of

a) preparing a prepo cont'acti

1-ol ef i ns didpwise taahawaiis(mmitqpmdm@mlaﬁéﬂmiﬁhe:dﬂbe@@hmms baseaféa@tadxﬁl yst
with one or nore 1l-olefins, 30 wherein the catalyst is as defined in any of

cl ai mel016 fuxtpue wasgempresiiaan thaeald Bathgngd stirdfon DB rer 4houme Top resufant

pol yneri sati o conduct ed ] esence of ge S..a | ecul ar

wei ght rmdP’f"i-pgerSO?%'Qn wgs €oolgd ﬁfNjg goglltg?" agﬁg@gg@?ﬂ@@&@p?%ﬂ} Bn%ﬁy one of
clainms 25 g 3r7sndf(f}ﬁ*’ﬁ€[](”ltljﬁ% 8104)3/5@3&'%%[‘ Aens)tih %@ﬁh?dr%ﬁfr% (ﬂdcﬁ}{"‘ phase,
slurry phase or gas phase. 3 Process according to claim29 \/\herel n the
pol yner i satddad drepwisndAferel) mmdess tipeeaptiaswas tanalied ddnbthd cobiinith kodis. 5 31.
Process accor dj ng to claim?29 wherei nq{?h&fql émeri sati n is conducted in
slurry phaS¥redrtIpomiemrIavE erighi i Higoirlat!'e sompensatsgt thegreactignempgturg

conpl ey as wied ﬂhgﬁ%rﬁ&e%}’v&‘bo GhatEredctidh p"rBd@& eﬁtr&é’c&@ln!(é toth&e (166 cm®).
pol ynerisation of 1-olefins. 10 15 20 25

. AQ@u. A{ . A. Alhe ASulbarit ,solAbleMcﬂou\ﬁramoh wasﬁls@lAted bg(dilﬁéndbﬁadA@dARyMa wUR. AA. A,
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EXAMPLE 16 - Schienk tube polymerisation

The complexes 3 - 5 and 7 - 9 made in Examples 5 to 11 and 13 to 15 above were
dissolved or suspended in toluene (40 ml) and the cocatalyst (methylaluminoxane, MAO
25 - a1.78M solution in toluene or for Example 16.10 MeAlCl,, a 1.0M solution in
hexanes) introduced. The tube was purged with ethylene and the contents stirred under 1
bar ethylene at 25°C for the duration of the polymerization. After one hour the
polymerization was terminated by the addition of aqueous hydrogen chloride. The solid
produced was filtered off, washed with methanol and dried. The reaction mixture filtrate
30  was separated and the hydrocarbon soluable fraction dried over anhydrous magr;esium

sulphate, filtered and the volatile components removed in vacuo.

24

SUBSTITUTE SHEET (RULE 26)



{ ] b

7| )v|'wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca

ca] ca] ca] ca] cay] cal] ca] c”a] c<al] ca] ca] ca :J"
*?#, 5~yt 0] e WOAWHFa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] RGI/6BI¥RRca] ¢

a] ca] caU]
D! zupj e’

G SXheat (B FEu PR LR e

a] ca] ca] ca] ca] cal] caU] c

a] ca] caj ¢
3d33} xsni
] ca] ca] c4
: Wk<<===9

EXc

d

]G@PPB’&‘] c

'Yl"%?c aﬁ :

Rl

cal

= YL ([ *n L1JL1’)11’)

]3c1a]“é5] 299?]

pﬂ\cpl (]Bcaﬁ cai] ca?ca] cajcalc

a] cd‘lféél ca]

c&}rt@f\ec

| 33
aL]g{ﬁ%cal i

| Rr&ssuEg]

ca

e

lcaYield ¢
89
a] calfcal

cla] cAftbay

ca ca]ca]ca

i

gﬂ]ml‘] ca ca] cal ca

] ca] ca] ca
B~BBB! Cp(
alcalcalc

| qa]ic
a]léa'l] ¢

3840.02)

] cag/ead ca]
] v L LOAMMM
caLWﬁ:%QJ] cg

bbbbbb

caj ca] cg

1] ca] caj

NOOHOPP+({
a]J caj] ca] ¢

a| é%

r\

%f@a] (oF:

[}
VII

1] ca] ca] g

1] cajca]l

a]c ]ca

C ab 4GITCHAAA
| cBpéa]

ca] cal]3ca] ci

]calcalc
]ca]ca! N

a] cg] ca

TR

a] 671] €

allca] c

FPean

h] ca] cal ¢
fal] ca] ca

] cal XXX
"' g " aabh

Bl

‘%H“??gb

i 168 cal

W]c

caU] cal ¢

a] ca] ca

I c%] cal

ca]ca] cal Ci

] ca] cajc

a] ca] ca] ¢

c=ccReef LghhQj

alled) ¢

j ’>kkk2(};la]

Fa] Ga4em] C3

i m 1

| ca] ca]
ppr\W st

]jt

ajcallc

mu7upki

b 90
lcalcalcal

ca] ca] ca]

cal] cal ¢

a]16§]

ama]z): al ¢

a] c&é‘}QQa] c4

| ca] ca]

4 D{'\IJN

¢a] ch] ca

bl N\ 1

cajca?calc

h] ca] ca] ¢

aU] ca! uws
cal ca] ca]

LTvx*~' 6)f;

a] ca] ca] ¢

gﬁfﬁ >c7a]

52?’@%]”83

’ca]gé‘aq ca] ¢ L

a] ca] ca]

I‘IyD /\JJ
ca] ta] C

aalll o1 ~
caoocolear

a] ca]ta] ca]

af-ta] ca] caj

cal ca] ca

al c 'a]

e 1%@

cal ca

2T I GRT C
] ta] cal ca] ca

Icajdalc
| cal ca] d

ajcalcy
tal cal co

cajcyxalc
—JY8?13:36T

]calcalc
'] | wrmhc

“Y]]11ca]
] ca] ca] ca
]caUl ca] c
a]ca! D+.°
]cra]l cal c
LTVYT r SNx

cap®a]
B}@?

cgjga)cal
lcalcal

cal ] ¢
lcalcal [P

al cpj ca]
v CTUT(

caltalc
O lwql fa

| ca] 3] ca]

cal cal] ca

apdalyal

ba] c&18a] cd

" ?-(’:E cd)@ ]c}U]é

] caI]Q:a] Q

I'Fq\ \AT'I

a] ch] cal

lealeonl

cal calc”al«
ca] cdpca] c

onloAalll o0l

ca] cMal ca
h| ca] ca] ¢

a]cOaU]c

J v UMJ

aJ calc

\JMJV

cha

Wy crg

t~al ca] ca
] ca] caJK

KU

{vpj e_zU wgl fa\ W ca] ca] c*a] ca] c”a] cha] ca] caV] ca] ca] ca] ca] ca] ca] calU] ca]c”a]c
~a] c”a] ca] thqlidgieldca] cal] ca] ca] cal] ca] ca] caD] ca-1 oUYR' zuoi d_YT| wgl fa\] caV] c
a) ca] ca] c’\a] cMal ca VLca] ca] c™a] cMa] ca] c™a] caV] ca] cal] cal] ca] ca] ca] ca] c"a]
cha] crd] ¢ é‘%i]"é &]\Jé‘"’bl fka] cra" - f DHps}! yR[ K} wr | gb] X| wgl f a\ ] ca] ca] ca] ca] ca] c”a
] ca] c™a] c”a] caV] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cha] ca] c”ha] c”a] ca] caV] ca] ca]
cal] c”fa] c”a] c™al : Oa. loq;

{vpke  ZU fBX tal B
a] ca] ca] ca! c’\a! ca]70a| cal cfa] caV] ca] ca] caV] ca
aj c"a] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] cMa]ca]ca] ca

. 3> ONI$0j
SRSB4 SR SR BB AR B east AT R T8 ca ca

] ca] cal ca] eée
fand triisobutylaluminjum

sued bsiginediaidhc”a) cal] ca] ca] ca] caV] ca] ca]ca] cal] c

N +6Tk{ vql
aJ caV] ca]cal cal]ca]ca]calc

a] ca] qal cades%cwa:] &@L@@&&?&M@%@ﬁi q8dteedneqd Sake
"a] c’a] c"a([l"dB]xcw]eoe!‘ta]:xcadL]edea]ndah@ m]:tomlﬁ])ca] mm]tocq]ena]‘lw’]‘&]ms allowed to

Ayl s~#} Kaswzt nhcYT] e Z] ca] ca] ca] ca] c*a] c™a]c

Zi"ci”a]lXE]—L%epz Plotas Ear|ROiPE ] Bl ealroniat e lgg]b,gg]agﬁ% Ledlsalcedisal geal cal e
JMK
Ikl @) PesaPli € readh k6 oL ileadld Gl £l ol olleaBlt abiaan el cal cavl c

0=HW SMm' 67%11&11@[1{\ Vid casd cﬁﬂhe&bmlescad fitéa aa]xaabmez]tbaﬂxmaﬂm&]m{ﬁaiumﬂmc al ca] ca

]ca] ca ca] ca a] ca] ca] cal] c”a] cal.ca] ca] cha!l <C7TUWbn~y &)
| wr rrhc Xj e(Of &ﬂ’]’b}) dapme] o 8]’%‘3]"&3]’ éﬁ‘}‘&ﬁ‘] eEMAQ losgscthpr Hyeched 'é'H’Ff:a] cralcal ca
)Lél gagﬂ? ﬁﬂx@ﬁ%gaﬁ%%}&%??rf Efgarljf af@%@%]‘%“é]“?&]i%‘% ca]1 gﬁw a]ca] caj ca]

ca] ca] ca] candg]compate ear}te@]eﬁaa]ddaio@ajf&a]ima]ma:kh&leﬂeSMﬁay pdl$Herisation time was

)| *+. E/ /1 {00| w mhc"Y] ajca ca] caj] ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] cal
ca] ca] ca] ch@u;ra]-'@a] m@a}lea]ogahecrapé AT OATRHPHA PR isalatig) Washed il 4h44] 555
M6[ 666p7v7x77788Y9vIy9| 99999| wr mhc| wr mhc”Y] ] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cagsca] ca] ca] ca] ca] ca] ca] ca] ca] cad4DEi K
-l

g10%&: () - &$l 109%& () - 109%& () - 109%& () -f 109%& () -
09%&' ()-f-10%& ()-SYWMO%& ()-3 ° 109& ()-1Z 10%&' ()- YMLOY& () -3
xy z{ | iK610% ()-189UBSTITUTE SHEET (RULE 26)

%409 () - @O%& ()- EGIMPI K- f 61
| MLOY& () - P]



U& ()-&L10% U& ()-Y10% U& ()-101010?710% ()- 11109 ()-@ b  7i K- K&10%

U& ()-10% U& ()- 110% U& ()- @' 10% U& ()-10% U& ()- @ 10% U& () - #1G% MAR 2003
U& ()-7|)v:iK-K#L10% U& ()- "F10% U& ()-y Z 10% U& ()-10% U& () -, z#10%

U& ()-S 10%wW8' obho@t0% U& () -: JNi KA710 ULO U&? 10% U8 () - L6f #ka%ki8)06152
/'s110% U8 ()--"10% U&

- & s110% U8 ()-9%&Z" 10%, .
U& () -} _=7eayepysHég.ap %“(C)‘ @ai dge ?"(*) Yéfg)mmatéo-%low&' ()-L310%& () - 10%

& ()-10 UgzaBs L1GAE ()- ' 110%4& ()- "1 10%& ()-&

"109%1& () -W’ “TT10%'Y& () -g?aB=710!, S) 10%K’ () -

, Yd0%& () - AgHAkEOHeatior Mds bakeki0oat dindér 4 hitfogen AGVEE at Jeast! 11KMAN&E £85°C. The

#, 5~dE=710! @ 3&10%1&' () - @ 10%H& (;O-j @ )

109418 () - @FastoD a8 tiien- coplerhig 36)or, 0P Godsabytyne (O:énlisE) @nd MiAQovege (her MidedH 10H

10H? 5  and the reactor boxed in nitrogen. The MAO was allowed to scavenge for poison in the
reactor for at least 1 hour. Ethylene was introduced into the reactor until a pre-
determined over-pressure was achieved. The catalyst solution in toluene (a toluene
solution was prepared to which was added MAO) was then injected under nitrogen. The -

reactor pressure was maintained constant throughout the polymerisation run by

10 computer controlled addition of additional ethylene. The polymerisation time was 1 hour.
Upon termination of the run the reactor contents were isolated, washed with aqueous
HCI, methanol and dried in a vacuum oven at 50°C.

Table 2a High pressure ethylene polymerisation runs using complexes 3 and 6

EX. Catalyst Activator TIBA | Temp | Pressure | Yield | Activity

(mmol) (mmol/equiv) ml °C | C;Hy/bar | PE/g | g/mmol
/h/bar

17.1 | 3a (0.025) MAO (10/400) 2 35 10 5.2 21

17.2 | 3b(0.027) | MAO (10.8/400) | 2 35 10 3.7 14

17.3 | 3b (0.025) MAO (8/400) 2 50 10 1.9 7

17.4 | 3e(0.025) MAO (8/400) 2 35 10 |278*] 110

17.5 | 6(0.020) TMA/MAO 2 50 10 8.9 45

(8/400)

15 * GPC data My 896 000; My 161 000; Mw/Mj 5.5; Mpk 388 000

Table 2b High pressure ethylene polymerisation runs using complex 9
EX. Catalyst Activator MAO | Temp | Pressure | Yield | Activity

(mmol) (mmol/equiv) ml °C | CHybar | PE/g | g/mmol
/h/bar

17.6 | 9(0.0009) |MAO (0.356/400){ 3 50 10 083 t 92
17.7 9 (0.009) MAO (10.8/400) 3 40 10* 12.9 150

* 50mls 1-hexene added to reactor
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2,6-diacetylpyridine, (2.0 g, 0.012 mol) was dissolved in ethanol (40 ml) and one

equivalent of 2,6-diisopropylaniline (2.31 ml, 0.022 mol) introduced followed by two
10 drops of acetic acid. The reaction mixture was stirred at reflux overnight. The solvent

was taken to dryness and adsorbed onto silica and loaded onto the top of a

chromatography column. Elution with mixtures of hexane:ether gave 10 in moderate

yield (1.38 g, 35%).

Compound 10: Mass spectrum: m/z 322 {M']. '"H NMR (CDCl): d 8.58 [d, *J(HH) 8,
1S 1H, Py-H), 8.14 [d, *J(HH) 8, Py-H], 7.95 [tr, 1H, Py-H], 7.2-7.0 [m, 3H, Ar], 2.81 [s,

3H, CMeQ], 2.75 [sept, *J(HH) 7, 2H, CHMe,], 2.29 [s, 3H, CMeNAr], 1.17 [d, 6H,

CHMe,] and 1.16 [d, 6H, CHMe,].

EXAMPLE 19

Preparation of 2-acetyl(2.6-diisopropylylanil). 6-(dimethyl)methanol-pyridine 11

20  Compound 11 was prepared in a two-step procedure:-

Firstly, 10 (0.60 g, 0.0019 mol) was treated with two equivalents of
trimethylaluminium (TMA) (1.86 ml, 2.0 M in Toluene, 0.0037 mol) in toluene (20 mf)
and refluxed overnight. The toluene was then stripped off and the intermediate
recrystallised from hot acetonitrile (30 ml). Yellow crystals of the intermediate were

25  obtained in 79% (1.14 g) yield.

The intermediate (1.14 g, 0.0024 mol) was then suspended in pentane (30 ml),
and water slowly added over a period of 0.5 h and the reaction mixture left to stir for a
further 2 h. The pentane was stripped off and chloroform (30 ml) introduced. The
aluminium salts were then filtered off and the pale yellow solution taken to dryness to

30 give 11 (0.75 g, 91%).
Compound 11: Mass spectrum m/z 338 [M']. 'H NMR (CDCly): d 8.30 [d, J(HH) 8,
1H, Py-H), 7.84 [tr, 1H, Py-H], 7.49[d, 1H, Py-H], 7.2 - 7.0 [m, 3H, (CH Me,) »-CsH3],
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10 EXAMPLE 20

Preparation of 2-acetyl(2.6-diisopropylylanil).6-(dimethyl)methanol-pyridineFeCl

complex 12
FeCl, (0.15 g, 1.18 mmol) was dissolved in hot n-butanol (10 ml) at 80°C. A suspension
of 12 (0.40g, 1.18mmol) in n-butanol was added dropwise at 80°C. The reaction

15 mixture turned blue. After stirring at 80°C for 15 minutes the reaction was allowed to
cool to room temperature. The reaction volume was reduced to a few m! and
diethylether added to precipitate the product as a blue powder, which was subsequently
washed three times with diethylether (10 ml)
Yield: 0.45 g (83 %).

20 Mass spectrum: m/z 465 [M'], 430 [M" - Cl], 561 [M" -2Cl).
EXAMPLE 21

Preparation of 2-acetyl(2.6-diisopropylylanil),6-(dimethyl)methanol-pyridineCoCl2

complex 13

Complex 13 (0.44 g, 80%) was prepared by an analogous route to that outlined for 12
25  but from CoCl(0.15 g, 1.18 mmol) and 11 (0.40 g, 1.18 mmol).

Mass spectrum: m/z 433 [M" - Cl], 397 [M" -2Cl].
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stirred under 1 bar ethylene for the duration of the polymerization. After one hour the
polymerization was terminated by the addition of aqueous hydrogen chloride. The solid
10  produced was filtered off, washed with methanol and dried.

Table 3 Schlenk test ethylene polymerisation runs using complexes 12 and 13

EX. Catalyst Activator Temp | Pressure | Yield | Activity
(mmol) (mmol/equiv) °C C,Hsbar | PE/g g/mmol
/h/bar
22.1 | 12(0.02) | MAO (2/100) 25 1 0.90 45
22.2 | 13(0.02) MAO(2/100) 25 1 0.02 1
EXAMPLE 23

Preparation of 2-acetvl(2.4.6-trimethylanil).6-{(2.4.6-trimethylphenyl)amido(n-

15 butyl)methyl-pyridine FeCl complex 14
The 2,6-bis(imino)pyridine, CsHi(CMeN(2,4,6-Me;-C¢Hs))2 (0.7g, 1.76 mmol) was

dissolved in tetrahydrofuran (10 mi) and cooled to -78°C in an acetone/solid CO, cold
bath. A solution of nBuLi (1.6m in hexanes, Aldrich, 1.21cm’, 1.938 mmol) was added
dropwise to the 2,6-bis(imino)pyridine solution and stirred for 60 minutes. The reaction

20  mixture was removed from the cold bath and stirred for a further 4 hours. The resultant
purple solution was cooled to -78°C, with an acetone/solid CO; cold bath, and a
suspension of FeCl, (0.223g, 1.76 mmol, Aldrich) in tetrahydrofuran (20cm®) added
dropwise. After 20 minutes the reaction was removed from the cold bath and stirred at
room temperature overnight. The volatile components of the reaction mixture were

25 then removed in vacuo, giving a dark blue solid, and extracted into pentane (150 cm®).
The resultant soluble reaction fraction was isolated by filtration and dried in vacuo to

give a dark blue, highly air sensitive, solid in good yield (0.7g, 73%)
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dropwise to the 2,6-bis(imino)pyridine solution and stirred for 20 minutes. The reaction

10% & () - #10% & gg-F! 10% & ()- S$F10% & () - S310% & ()-9' 10% & () - r W st puuwdE
1 )- -

mixture was removed from the cold bath and stirred for a further 4 hours. The resultant -
purple solution was cooled to -78°C, with an acetone/solid CO, cold bath, and a
10  suspension of CoCl, (0.981g, 7.56 mmol, Aldrich) in tetrahydrofuran (30cm?®) added
dropwise. After 20 minutes the reaction was removed from the cold bath and stirred at
room temperature overnight. The volatile components of the reaction mixture were
then removed in vacuo, to give a dark brown solid, and extracted into a pentane
(50cm’) and toluene (100cm®) mix. The resultant soluble reaction fraction was isolated
15 by filtration and dried in vacuo to give a dark red solid. (0.79g, 19%).
EXAMPLE 25

Preparation of 14 supported on MAO/silica
Methyl aluminoxane (24 ml of 1.78M in toluene, supplied by Witco) was added to silica

(5g of grade ES70X supplied by Crosfield) which had been heated under flowing
20 nitrogen at 250°C. The silica/MAO was heated at 80°C for 1 hour before being washed
toluene (5 x 10 ml aliquots) and dried in vacuo. Complex 14 (42 mg) and silica’MAO
(1g) were slurried in toluene (20ml) and then heated at 70°C for 60 minutes. The
reaction mixture was cooled to room temperature and agitated occasionally over a 24
hour period. The volatile components of the reaction mixture were then removed under
25 reduced pressure at room temperature to give a blue solid.
EXAMPLE 26
Polymerisations
General: The reagents used in the polymerisation tests were Ethylene Grade 3.5
(supplied from BOC), triisobutylaluminium (IM in toluene, supplied by Aldrich), 1-
30  hexene (redistilled over sodium metal, supplied by Aldrich) and methylaluminoxane
(MAO) (10% wt solution in toluene, supplied by Witco).
(i) Slurry tests
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10% U&' () =l | 7" 10%, 48 ()~ 4" 1006 L&' () 21\ 4" 1006 ir &, (

"1 10968 ()THef Bwilﬁ’fo(‘%“‘% @%&“‘6@% i“%%ﬁé&wt’)“-‘ T ‘f‘)l) ﬁ‘g" %%% baked U 10

UD* dEMN  “dul Q@R a%ilidG8eh flow rrOfest ) hodrldHB8°C ) The reactor was then cooled to

10968 ()-10%3& ()-9CGL0%& () -bndEMN ! 10%G

f/° 11098 50fC-Is ©5 erenamidansoputylaiimionmemene-then addedangd the reactor
103 () -b[o'x/eci) %\dn\lftwggen. The alky! aluminium was allowed to scavenge for poisons in the

5 reactor for at least 1 hour. Ethylene was introduced into the reactor until a
predetermined over-pressure was achieved. The catalyst solutionT in toluene was then
injected under nitrogen. The reactor pressure was maintained constant throughout the
polymerisation run by computer-controlled addition of additional ethylene. The
polymerisation time was 1 hour. Upon termination of the run the reactor contents were

10  isolated, washed with aqueous HCI, methanol and dried in a vacuum oven at 40°C.

Table 4 Results of high pressure ethylene polymerisation runs using procatalysts 14 and

1§
Run | Procatalyst MAO Al(Bu); | T pCoH, Yield PE | Activity
(10"'mol) | mmol/equiv | ml °C bar g g mmol™
b bar
¥ | 14(6.41) 0.55/860 3 50 7.9 39 7630
2 | 15(55.83) 5.58/1000 3 50 7.9 35 800

* Carried out over a period of 60 min.
¥ GPC data: My 629000; Mp 19000; Mw/Mn 32.8; Mpk 62000
15 (ii) Gas Phase Test

A 3 litre reactor was baked out under flowing nitrogen for least 1 hour at 78°C before
being cooled to 30°C. Sodium chloride charge powder (300g) having an average particle
diameter of less than Imm and having been pre-dried under vacuum at 160°C for more
than 4 hours was added, followed by trimethyl aluminium (3ml, 2M in hexanes, supplied
20 by Aldrich) The reactor was then closed and heated to 78°C. The alkyl aluminium was
aliowed to scavenge any poisons present in the reactor for 90 minutes. The reactor was
then purged four times, by pressurising to 4 bar with nitrogen and then venting. 1-hexene
was added to the reactor to give 0.02 bar pressure followed by ethylene (8 bar). The
catalyst (0.30g) as prepared above was injected under nitrogen and the temperature then
25  adjusted to 80°C. The polymerisation was allowed to continue for 90 minutes before
being terminated by purging the ethylene from the reactor using nitrogen, and reducing

the temperature to below 30°C. The polymer was washed with water to
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mechanically stirred and MAO (1.5M, 62.1 mmol, 41.4ml) was added via syringe. The
10 mixture was stirred for 1 hour at 80°C before removing excess toluene and drying under
vacuum to obtain 15%w/w MAO on silica in quantitative yield.

EXAMPLE 28

Ethylene homopolymerisation using as catalyst complex 8 supported on MAQ/silica

The reactor (1L) was heated under flowing nitrogen for 1 hour at 80°C before being
15 cooled to 30°C. Tri-isobutyl aluminium scavenger (3ml, 1M in toluene, 3mmol), and
isobutane (500ml) were added. The reactor was closed and heated to 80°C, ethylene
was admitted such that the total pressure was increased by 8 bar. In a separate vessel,
precatalyst 8 (10 mmol) was mixed with MAO/ES70X silica (0.33g, prepared as
described in Example 27 above, 15 % w/w MAO on silica) and toluene (10 mL) was
20  added. The mixture was shaken thoroughly and the catalyst particles were allowed to
settle forming a blue coloured solid beneath the colourless toluene supernatent. The
catalyst was shaken again to form a slurry with the mixture injected directly into the
reactor. The reaction was allowed to proceed for 60 minutes before terminating by
shutting off the ethylene supply and venting the reactor pressure. 28.5g of polymer was

25  recovered after drying the reactor contents overnight at 40°C under reduced pressure.

30
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Claims:

1. Complex having the Formula A

*\

_TH)X
Z—»M[T]
3 N [Lln
\23
5
Formula A

wherein M is a transition metal, lanthanide or actinide; X represents an atom or group
covalently or ionically bonded to the transition metal M; b is the valency of the atom or
group X; Z'is N or P; Z2is N, P, N, P or NR®; Z*is one of N, P, O, S, NHR?, NR’R?,

10 OH, OR3, SH, SR?, PHR?, PR’R*, (NR%), O’, S, (PR*), P(R’R*)O, NR? or PR?, subject
to the proviso that the ligand joined to M via Z', Z* and Z? is monoanionic or neutral,
and that when neutral it is not a pyridyl diimine ligand; T is the oxidation state of the
transition metal M when both Z? and Z> are neutral, and 1 less than the oxidation state
of M when one of Z? or Z? is anionic; A and B are independently hydrocarbyl,

15  substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl, and may
together with Z? form part of a heterocyclic substituent; B may be joined to Z? by either
a single or a double bond; R' to R® are each independently selected from hydrogen,

halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or substituted
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Ta[IV] Rh[II [111], Y], Y[III] Sc[11], c[II Ru[IT], Ru[III Ru[IV], P (1],

Zr[11], Zr[II], Ze[IV], HE L], HE[I], H[IV], V[II], V{1, V[IV], Nb{II], Nb[III],
Nb[IV] or Nb[V].
3. Complex according to claim 1 wherein M is Ti[II], Ti[IlI], Ti[IV], Fe[lI],
Fe[IlI], Co[II], Co[I11], Ni[II], Cr[II], Cr[III], Mn[II], Mn[III], Ma[IV], Ru[Il], Ru[III],

10 Ru[IV], PA[11], Z[I1], Zr[111], Zr[1V], HE[IT], HE{IIT}, H{IV], V[II], V[III], V[IV],
Nb[II], Nb[III], or Nb[IV]; and one of Z* and Z* is anionic.
4. Complex according to any preceding claim wherein either Z* or Z* is N” and is

joined to M by a covalent bond.

5. Complex having the formula
15  wherein M is Ti(II), Ti(ILI),
Ti(IV), Fe[I1], Fe[IlI], | R?
R
Co[I1], Co[IlI], Ni(II), —-Zl/
R8
Cr(1I), Cr(111), Mnf11], \ _amx

Mn([III], Mn[IV], Ru[Il], R’ / \N —MIT]

20  Ru[III}, Ru[IV], P4(II), ¥ — 2
Zr(I1), Zr(III), Zr(1V),

HA(IT), H(II]) or Hf(IV); X
represents an atom or group covalently or ionically bonded to the transition metal M; b
is the valency of the atom or group X; 73 is one of NHR3, NR’R?, OH, OR?, SH, SR,

25 PHR}, PR’RY,(NR% ", 0, S, (PR?) “or P(R’RYO; T is the oxidation state of the
transition metal M when Z° is neutral, and 1 greater than the oxidation state of M when
Z? is anionic; Z' is N or P; Q is joined to Z* by a single bond and is hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl, preferably
-C(R)(R'Y-; R! to R'? are independently selected from hydrogen, halogen,

30 hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or substituted
heterohydrocarbyl; and when any two or more of R!- R'" are hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl, said two or more can
be linked to form one or more cyclic substituents.
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8. Complex according to claim 6 or 7 wherein R? is represented by the structure

20 Rl9

and R® by the structure
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and a phosphine.
15.  Complex according to any preceding claim wherein X is selected from halide,
sulphate, nitrate, thiolate, thiocarboxylate, BF4", PF¢’, hydride, hydrocarbyloxide,
carboxylate, hydrocarbyl, substituted hydrocarbyl and heterohydrocarbyl, and -
30 diketonates.
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Complex according to any preceding claim which comprises
5  2-formyl(2,6-diisopropylylanil),6-[(2,6-diisopropylphenyl)amino](methyl)methyl-
pyridine.FeCl,
2-formyl(2,4,6-trimethylanil),6-[(2,4,6-trimethylphenyl)amino](methyl)methyl-
pyridine.FeCl,
2-formyl(2-tert.butylanil),6-[(2-tert.butylphenyl)amino](methyl)methyl-pyridine.FeCl,
10  2-formyl(2,6-diisopropylylanil),6-[(2,6-diisopropylphenyl)amino](methyl)methyl-
pyridine.FeBr,
2-acetyl(2,6-diisopropylylanil),6-[(2,6-diisopropylphenyl)amino](dimethyl) methyl-
pyridine.FeCl;
2-formyl(2,6-diisopropylylanil),6-[(2,6-diisopropylphenyl)amino](methyl)methyl-
15  pyridine.CoCl,
2-formyl(2,6-diisopropylylanil),6-[(2,6-diisopropylphenyl)amino](methyl)methyl-
pyridine.CrCl,
2-formyl(2,6-diisopropylylanil),6-[(2,6-diisopropylphenyl)amino](methyl)methyl-
pyridine.Zr(NMe;)3
20  2-acetyl(2,6-diisopropylylanil),6-(dimethyl)methanol-pyridine.FeCl,
2-acetyl(2,6-diisopropylylanil),6-(dimethyl)methanol-pyridine.CoCl;
2-acetyl(2,4,6-trimethylanil),6-[(2,4,6-trimethylphenyl)amido]n-butyl)methyl-
pyridine.FeCl, or
2-acetyl(2,4,6-trimethylanil),6-[(2,4,6-trimethylphenyl)amido]n-butyl)methyl-
25  pyridine.CoClL
18.  Polymerisation catalyst comprising
(1) a complex as defined in any preceding claim, and
(2) an activating quantity of at least one activator compound.
19.  Catalyst according to claim 18 wherein the activator is selected from
30  organoaluminium compounds, hydrocarbylboron compounds and salts of a cationic
oxidising agent and a non-coordinating compatible anion..
20.  Catalyst according to claim 19 wherein the activator is selected from
trimethylaluminium (TMA), triethylaluminium (TEA), tri-isobutylaluminium (TIBA),
37



“7<|[: Fs'z 10% Y1! 109&& ()- Y/!10%&& ()- 3.#10%&& ()- F,:! 10%&& (%-

109&& ()- F)s! 109&& ()- C7RS|[:-10S S Y YO1098 S& ()- 3Y9109&& () - 3\MsMAR 2003
1098& ()- s6m 109&& ()- Y4M 109&& ()- Y&3109&& ()- STUbn~ bAL0S S Y

"1 10980ME ()- ! 109VEME ()- #109VEME ()- L1O%VEME () -

| % 109AVEME:rdet 1R BinSh hifh, Syt EAAUGSHIBnINHEHIOHNE JANYI{ hmil Figlidlesdd, ) - M

Yg#10%&&' M S 10%v&l Al0S S
LOMENE: (dgr)ne Gylrhumain N&Bﬂgﬂdm%mlmum Horidrys xi?ém(l)mum)@% 6()-

10%VEMNE! & 10%' S&
e %ﬁ?]}l(r)lﬁw%&%ﬁ/& gﬁ'N%Mm%ﬁéa%&lu%{@?e? )(? 5P H R |(%:vu410

10%s' s& (2)1- %M%Stsa&bc(r}lmg#emymm&f ¢lpims| B30 Birther coBpigiage &e\ftyal z

Q}Sloé/' (el % ef gh| [ NA41010' 10' 10" VOMLO% & ()-- J 4#10% & ()-F @

19%5 & (I‘) W3S 935?#10%& ()- J(y#10% & ()-huwz}|[: NAA1010 ly,10% "' & () -

ngég/‘z)& (?1ocy gt a@c&rﬁmg'té‘%%lm@l(\i'herélilx@%né%tx(a) Le\&l\éjlﬂfé 1s‘%efe):t‘ed £8ht - NA41010
- ()

410% ' & (ajke@ks OqtlperWﬂDm&fmith)(n)es prm%ﬁﬁb@)dar)zam%ert&ry )1m1me$,0% & ()-

ié?_f}gl(g?améio ﬁ‘(zs})%oraﬁ h)gspén(:ﬁ P o§3hit6%e.]ﬂgrs( )thloét)n@j\g,hxpx rllpwiters

s! 109 & Kedoned a ‘K‘fdé’s (:Qrbgn Irib(ﬁ%/ﬁdein&ca(rboxgdmg&cyﬁ&pl@m&esoéﬁp% fid 9

109YY& () - g&|[ @/‘#10%2‘&()- f 10/R'&()-~ <Fz#10/R'&(

TFz#Jl@ty&&O(c)mesmw & ()- 1"10MR & ()-14;9/[:rQQ1 310WR & ()-

it S oo Al P 12 oA (i

9" 910MR &ndtpriabeowiptisinlgféit|da; Mukhina, ¥, #ﬂﬂ%@ﬁ& 61 on kYo ®&pfepol
YY, #10988&8' ()-. |3 #10%& ()- <l 3 #109%%' & ()- <%3 #1098&' () - #> $ A%/&l[ vu4l
< gY2" 10%Pmgrising m%x&%ﬂmp@} jopylene PO HERE, OF PONAHNOSYRNE) - Y, #10% & () -

P, A0 0 Sl %@Jﬂ%é@%‘%@ o g E)mpgaes e fagong 7

14" 16% &o(n)piem abl dtfih6ddn) diy(9f-clailds|] to #2088 &niplex dd defiréd A&Sy ¢f claims 1
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1N (c?e-ﬁned in a{?y of(clalms 11100{94 phgs) a furt(l')xe/f) catalgrst suitable for the polymerisation of
20  1-olefins, preferably a Ziegler-Natta catalyst system, metallocene-based catalysts,
monocyclopentadienyl- or constrained geometry based catalysts, or heat activated
supported chromium oxide catalysts (eg Phillips-type catalyst).
26.  Process for the polymerisation or copolymerisation of I-olefins, comprising
contacting an olefin under polymerisation conditions with a complex or catalyst as
25  defined in any preceding claim.
27.  Process according to claim 26 comprising the steps of :
a) preparing a prepolymer-based catalyst by contacting one or more 1-olefins with a
catalyst, and
b) contacting the prepolymer-based catalyst with one or more 1-olefins,
30  wherein the catalyst is as defined in any of claims 16 to 24.
28.  Process according to claim 26 or 27 wherein the polymerisation is conducted in

the presence of hydrogen as a molecular weight modifier.
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