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WD 2004/ 063233 PCT/ GB2004/ 000109 PCOLYMERI SATI ON
CATALYSTS The present invention relates to transition
woreataloe2ased pol yneri sation catalysts and to POEGB208600109
in the polynerisation and copol ynerisation of ol efins.
The use of certain transition netal conpounds to
pol ynerise 1-olefins, for exanple, ethylene or
propyl ene, is well established in the prior art. The
use of Ziegler- 5 Natta catal ysts, for exanple, those
catal ysts produced by activating titaniumhalides wth
organonetal | i ¢ conpounds such as triethylalumnium is
fundanmental to nany commercial processes for
manuf acturi ng pol yol efins. Over the last three
decades, advances in the technology have led to the
devel opnent of Ziegler-Natta catal ysts which have
such high activities that olefin polynmers and
copol ynmers containing very 10 | ow concentrations of
resi dual catalyst can be produced directly in
comercial polynerisation processes. The quantities
of residual catalyst remaining in the produced
pol ymer are so small as to render unnecessary their
separation and peIWVMERISATION CAQHNINESTSal
applications. Such processes can be operated by
Theprspaetripvintign r¢lates pofawiion metaltbreedypel yphaspsion gatalysts and to

sol ut.ign or in ion,in drocar bon 15
P yfan e SRR SR s R e bl &

Pol yiTRhisS 8f ¢RirPfadsiRnTRAANRAHGAD BPolynd:ist 8 blows, Fdd

the gas phase (the "gas phase process"), for exanple

exioyplke| ethylies¢ ogprapyene, m&tli/ entatilishetd iorthepati i, GFre e lbédiegler-

NG oy bl ey P gl B by g R el

wﬂp&?ﬁﬁoﬁﬁagﬂﬁ lagmgé‘t%% %§c%ﬂ9%?]alurﬁlﬂlu§lh s ﬁﬁ’]d%lﬂht@ﬂto man
"solution process" the (co)polynerisation is conducte

cobymarm}pzrdcﬁssersgoﬂﬁlamlrfecmnmg)p@yoleﬁna) Qve dhaulpstdhreedecades,

f th b
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WI?%K:H Je@th B’%ﬁ a@ﬁﬂﬂb‘scﬁgt &%1¥8&1§1§1’eﬁ g %Bﬁol?ﬁlersacoﬁ%hﬂﬁg Qé}y

e hydr 6car bon di | uent. 'slurry process
lowhkentcampesm@tafresidyat egslysteai b&/‘@oZlﬁO@ftV Q6888 8 commercial
PCT/ GB2004/ 000109 . and choi 5{ ent are.such thaé
pom%erﬁe%war@ae%ﬁ yPRSTAURBtiRS Of ges I@h%ﬁs@gﬁ% TgRAIPiNEtRghe produced

g)}erﬁéllr g? {bv dracarde 1ch {uﬂ?e'agssar;gﬁle?egﬁl‘%ﬁSI? §§§re§’ﬁcﬁ/a1( 1;06 rmost

erate at relativ W pressures

co&mambbap]a(ueﬁﬁmba S)Jc}apt@cd:s@w daermpepahtﬂ:deay(ﬁo@rmmmmhe 50
to 150C). Commodity yet hyl enes are conmer.ci al

m@mw& ébthf: ﬁa%phﬁa?,l%ﬁlysqwtw (fff”éﬁ‘éﬁﬁ‘ﬁn%m% Preldamd aygp%é%n

o B S PR L SRl A fepeh M BB R PR hflofEf oy be
catriddgtut demsighy phage atle Sgiphpsel predeby') doeexahtpRs By fluidising under
polymerisation conditions a bed comprising the target polyolefin powder and particles
of the deéired catalyst using a fluidising gas stream comprising the gaseous monomer.

In the so-called "solution process” the (co)polymerisation is conducted by introducing
the monomer into a solution or suspension of the catalyst in a liquid hydrocarbon diluent

under conditions of temperature and pressure such that the produced polyolefin forms as

a solution in the hydrocarbon diluent. In the "slurry process" the temperature, pressure
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pol yners have rel atively high stiffness and are useful
for making articles where inherent rigidity is
wo egpaioeres Copol yrnerisati on of ethyl ene with PCTBE82004/000109
l-olefins (e.g. butene, hexene or octene) is enployed
commercially to provide a wide variety of copol yners
and@helict bLdilurgt ard sdenbbt He prodiuted ilhaer forPOLd @Rispension in the
sical properties. Particularly inportant
h%lef{vv@rdyw@r ety b(%‘?)ﬁ‘loﬁ‘f”é‘?sl ¢ a@e&ngwpéwéewtrﬁlam@h by
I
pr%ﬁ%{?ﬁe%fopﬁxa nedlé“il ggl%ﬁé a'gh gchr«]t e?%tru]}%f( gdeggl%g% ébst‘og 5@‘6’)
to CC(Qﬁmodff)h}G@?etBﬂaﬁﬂs)am@dicﬁnmfeﬂcihlmy@@h@%Bf @lrdriety of different
‘"referred to in the art as "linear |ow density
typrslapé gradee nléomap@ymﬁrw?éwy of ediyleae &1 tranpifien WT%IW@S%ma]}’StS
zhaa lt?fne pro&vgtlgl? n?é ¥alle§o‘ Q%%td%}(% §rn ald(%s RF &thﬁ?leﬁ’{ ’These

ressure free i on " of

poqe}tlhéfb a8 reBUOEly hp HiTRESs @Mr@@@mmﬂm&mg artléfRdyvhere inherent
extensively in the manufacture of flexible bl own

rigiglityns rﬂmlvér 6;99@1@{11*@@8@0@ cdleylene wﬂ’élrlnglaqulyolpﬁmol(@cgebutme,
a vari e% ﬁferent t

bR lobe s el EP e SR PG & B et sqmplypmers
difragedincRhabysidsn odfler hﬁﬁ&iﬁmﬁ phyishal 15’169%% | P{ﬁ’u@ﬁlaﬂﬁ ARSI tant

wth a wide variety of applications. Copol yners of
copplypyeksemedait @petymdn@m@ edryhtn@rvgidi lylgmrsl -Qliefihs eentxg/tremsﬁlon

hi gh er w
megtsrheatvl Bsors Bl bifos 3G b T d HiTbs.
THRE E@Jo‘]‘yﬂ@ﬁ Ak RCROBefedIB ¥RERd ¢4 QY thEXARAP Bnear low densi

bi scycl’opent adi enyl zi rconi undi chl ori de activated wt

pqij/anhl_sdem:ﬁ eje inasanyrespiede dingifar cattelspstediilow deotignpphkthylene
O her. derjvatives of netal] oc have

ct t
preé@cﬁd%gﬁ%%g brest G cioal Fyaljed e RS ok Yige. Such
HRLAPKFENGRI Lk 309G BRS i) Ve IR SEHEES HEADbIown

Pahd tact i |ty control. However, netallocene catalysts
filaf. this type suffer froma number of dlsadvantages

for exanpl e, high sensitivity to inpurities used
W&?fﬁwleweaawalawm@sqc EW@E‘W@P In %Yﬂr{?é%?%fﬁéfﬁ%fm types

t
'in 5SS H%%g?fyﬁ{%ﬂ%mn ch‘fn ?}S@&e%@tﬁ t?adéﬁleon xﬁétgleoas%cll (ézhalysts

ntrties expensi ve “al'ur noxanes to achi eve
le@dsttb W produttidn @if Efadesivith @svidé marpaty o1 qylititeons aCabylyinetnf
to a suitable sgvfort It has al so been regorted for

prapyps with pilaylepe WP%@Q@@@@@Q@WO @lgos agelso

ko, Coll. Sci.
u#%@ﬁ%%?@ﬁ%ﬁﬁ%ﬁﬁ%ﬁﬂé%hh Bﬁ shi, 274, Japan, Ni ppon
Kagakuedéat gdaks thd 9863df ceft3in, mét&ﬂ@:eﬁe t)lyMaedaxample

Noriyuki, Hattori, yahi, Coll. Sci. Technol., N hon
blwcmpentaﬁewd@&@mum@ml0r1@ea%féwatemb@rﬁdwomﬁbhmewded

caga]l}gg 'gvith f)gn(egi&g]ly tﬁgl? agf%uty Other derivatives of metallocenes have been

shown to be potentially useful for producing polypropylene with good activity,
molecular weight and tacticity control. However, metallocene catalysts of this type
suffer from a number of disadvantages, for example, high sensitivity to impurities when
used with commercially available monomers, diluents and process gas streams, the need
to use large quantities of expensive alumoxanes to achieve high activity, and difficulties
in putting the catalyst on to a suitable support. 6

It has also been reported, for example, by



5 (3) Kaneda, Noriyuki, Hattori, Myabi, Coll. Sci.

Technol ., Ni hon Univ., Funabashi, 274, Japan, Kobunsh
woebeRb (1985), 42(8), 485-8 that rhodi um cRepGB@8/000109

cont ai ning a di phenyl triazene Iigand and contai ni ng

tri phenyl phosphine |igands can be used in certain

sol (&K smédg Blokigrikivshil af@ERGKo, At BaiC TbembUNihén Univ.,
ynmeri se unsat ur at ed nmononers. 10 An obj ect of the

Fupa@gblnfm roram: NanpopslagakpKeiphold 983k al 169 sui t abl e
f | d
or écfﬁ?@é'é?rh\r% brglf § a&&?rﬁga{élfg ﬁx§gfpi“§clh881 ﬁflﬁc!}mn@!”

esp meri s

FuBkIORY, 874 J@;bzﬁhnﬁob@ﬁshf RbnGGRRA YIv8A), il (19), est7l9ys3ene with
hlgher 1-olefins. A further oggect of the invention
5 is t(8) Iéameqkdéloalwklnﬂﬂ@%d\dpfrable g $@rT<tqhéol Nihon Univ.,

tion f fins ropyl ene
rlital o g oeth kP BarepEERES Rl B o 18
ol egul Modiel EhSlexcé@bnRNPANE Blpﬂ@h)@‘ﬁﬁaz@ﬁe i drihe $6Mkining
invention is to provide novel conplexes based on

tripleqniybplrosphian i;gand@ vamrbe ndesl in Thigaip selyents tagathenwitbgarbon
a nhovel sation catal yst conprising
ta?%ﬁﬂ%gﬁﬁ? PRI F&%ﬁﬁﬁ%mPPgﬂgﬁtuon metal conpound

10 havi 0gokbe cff ‘ﬂll \éée'ﬂgmvgl@ud: Pi% bR vide adAthlyst suibdble for
(N)/MXYLZ N Formula A (2) an activating

pahumﬂsurtg/momomﬂs afot cxaatpd*t, oéﬁ'npomdcmp@laéb'tfedpcblymmsmg ethylene
organoal um conpoun and rocar
I R R e et 1oF RO S G e el Reeing Ao
fufth& J&@MPﬂh@%vegﬁ&y So ?W&rﬁ%ﬁr@veﬁqﬁoce&?fdﬂﬂpﬁo]mensat1on

nitrogen atons of riazene unit via carbon in said

ofrobefons adspedialbyr (Eﬁmspyiene(eﬂ)()ne 8 PR 12O @E3RABSs having very high
PCT/ (3B2004/ 000109 R and R2 integrally forma
15 mglegypeteiehfoup R3 bridging the ternminal nitrogen atoms

Of Y0%blHEAEH08 of Hldprilcfl GRLRAR iE1ATBYIdLNE Y TRBAYR: B based
oups ﬁblgnJﬁ%go grﬁgg d?b ent grou‘él V HExETbase
m1ﬂﬁ@pﬂmﬁ3ﬂthynaﬁbected
The present invention provides a novel polymerisation catalyst comprising
(1) a nitrogen-containing transition metal compound having the following

20  Formula A, and

Formula A

(2) an activating quantity of an activator compound selected from
25  organoaluminium compounds and hydrocarbylboron compounds,
wherein in, Formula A, either (a) R' and R? are monovalent groups connected to the

terminal nitrogen atoms of the triazene unit via carbon in said monovalent groups or (b)

3
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from (i) aliphatic hydrocarbon, (ii) alicyclic
hydr ocarbon, (iii) aromatic hydrocarbon, 5 (iv) alkyl

W@ 8061283 ed aromati ¢ hydrocarbon (v) het er ocyR¢T/GB2004/000109
groups and (vi) heterosubstituted derivatives of said
groups (i) to (v); Mis a netal fromGoup 3 to 11 of

R'tdnd K;emtcgﬂmldy fhainlaedivalerdt graupt Rali dben gt @drininél | inftrad@n atoms of
anionic group, L is a neutral donor group; nis | or
the triazeng it V1a cEbPR A SAdent | y zero or  integers such

thi F‘%‘hgi&? %%[%@;Rt %Elgﬁz 881 tl*e cﬂﬁﬁgﬁ%&ﬁtﬁ frél(_Hltde d%nt? S nffCted
fr(gn ()10| pEplRticandroBrbandiijl aNakcBO hydbePoriRBii iR bR ek |h|96ﬁbca1 bon,
ve as . bejng selected from g?) al i phatic

(l‘ﬁ;’%l% ehsHBied ftrpmﬁfléllyc}!%qrb@ fry t@@&b’@&gl oysignyl (vi)
he?err Ettﬁ g%%ﬁ%%‘f’&xdgéol‘é% ég LySsubstituted aromatic

car het'eroc s and (vi)

Mheh ﬁ’fe@ﬁ lﬁb)&‘sxt Gatpetodiar ¢ wag PMﬁﬁil@Talﬂ@bﬂa SihfHaRRe (Mhotalt N is an
(v). In the case that the group is 15 nonoval ent gr oup
anfRNiGEroRp; It e wrréh@lob BYRUP] B 1sf b@rn%llyl apd g médpemylenﬂy Zero or

atom f 9
1n{1§§]§ é@éz}llr étnt g PUI‘HE¥ y%c} grougﬁﬁ p heé Vﬂlaep%a%la(g%da[twgtstate
ofttheemetadbvp i s the di vaI ent group R3 an addi tional
hydrogen atomis removed fromthe said corrpound to

pr ovihgeneniwaksatadps Rl antl” suhdivalaneresddnate dafienicapove as

P REERR " ) PRI e bulie Ji G o FiByomaric

hy@ﬁfcbﬁb@n atPmlkyl Reseinded hidgie llg&iﬁéar%r? L8 ﬁl@tl@l‘déyg]f)(ﬁéﬁh}?s and

30, nore preferably 2 to nost prefera
(VII) Deteagsbbsiitated detivaEvanpl @sl gbugu(il alive lalthptrat that the group is

o RERRES R SR i e iy e s of o
hyﬁkﬁg]%ﬁ”@{o% ﬁbmct}is Ldig hP&r@Eé}B@{ &%t&t)@}%m cgﬁﬁs fHiE ft@@ﬁe%ase that

cycl opentyl and cycl ghexyl Exanpl es
thegromm ity e idyhiant gravprR’ gaxmﬁdm(mabh)pineg‘eyllaxom uspiemmyéd from the

ht h nt hr ant h cenyl | es of
so RS0 i Ry PG QR i YT GRAti b tey SR bralf o pond can, in
thcgéé%H B BF& HhaR¢ %ﬁmgt@ M ¢ e@%ﬁé bY lifferent carbon atlom from the first
, 6-di i sopropyl phenyl 4,6- trilsoprop
caﬁ)oam}lﬂms Tbésesieﬁhabgreupmplefemiﬂyz ba)rllalg nao BQ 180 preferably 2 to 20

2- |d|nI 2-th|o 2-f.uranyl
mest B{ﬁf?fg‘ﬂyﬂ t022q>a¥ alafq%w @mﬁ%r @}ﬁ%ﬁlmha@ﬁbxdrp@%rbon

gr&ﬂfs%lnﬁ] ﬁﬂ@gg ragf‘gll%ﬁ% ; H‘é)ﬁ} nﬁ%ﬂy‘l’ E}%ﬁp\lﬁ%d Qécbt%al bqlﬁr B ples
offshmahiﬁ)alldyohi@hydimttarbnn @oupKare Gy ANyl ectﬂ@&ipenﬂyyﬁfd@y)é ohad.

Si | met hoxy, et hox henoxy (i . H5) ,
Exag) Sé);)ﬁux([qbl%arorr@@e % g:gg?n gr)@yp@qirgpi)enyi}ﬁégph@ybj@phthyl

PR AR et W A BB B Mo

hyB(GEAGBR @Ebddp@@fb]lﬁ&ﬂzylt fdlﬁ?xhhsﬁyﬂi 13,6+ diisdpxapyRinesylQhd 2,4,6-
suitabl e heterosubstituted derivatives of said gr oups
trn(splyrop}él Examples of suitable heterocyclic groups are 2-pyridinyl, 3-pyridinyl, 2-
thiophenyl, 2-furanyl, 2-pyrrolyl, 2-quinolinyl. Suitable substituents for forming
heterosubstituted derivatives of said groups R', R? and R are, for example, chloro,
bromo, fluoro, iodo, nitro, amino, cyano, ether, hydroxyl and silyl, methoxy, ethoxy,

phenoxy (i.e. ~OC¢Hs), tolyloxy (i.e. ~OCsH4(CHs)), xylyloxy, mesityloxy,
dimethylamino, diethylamino, methylethylamino, thiomethyl, thiophenyl and

2 .
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(v) are 2-chloroethyl, 2-bronocycl ohexyl, o

2-ni trophenyl, 4-ethoxyphenyl, 4-chloro-2- pyridinyl,
wa2aueeshyl am nophenyl and 4- et hyl am nophenpdT/GB2004/000109

Sui tabl e divalent groups for R3 are any of the

af oresai d groups wherein an additional hydrogen atom
triveesh bbb  Bxdroplemnbf suitablrtredosudgitpeo dbdeativBe o SREPBGups (i) to

R3
RN T RTINS,
I .
PRSI 2608, ) I AOFRIBRL e S g

for RatreRnyan dhd%ofe@a‘lmghh@s e &l additidnaRBydrs@drtatbiiHas been
connects at each 10 end via a carbon atomto the two

fopraplhy weanovad frgyeridathsmscerd Yahacy bpadene uni ¥ in
gzl of at
3" ol oS e R KRR 1SRRG RTR, Behtih Mol byt e

riiggsanshe loppdrbaoal day bedot @dafiphyg oﬁijgfénoﬁltrﬂgérﬁ sHheY, ?h@stpgﬂﬁls or
selected from oxygen, nitrogen, sulphur or silicon.
silghough R and R2, can formintegral unit R3 it is

te ., Preferabl
Fy © aheos R MIFKE 30F, AERRSrrdr S850 wRl BT ER e
elﬂrvea @bﬁf}@ﬂi atblrytohk(éi 606 fefiifal ﬂlﬁ@?&ﬁataﬁg ofBfe@riRf Bt §hAB) ¥ormula

roups les of preferred al kyl groups are
AfrBt ﬁ\}ﬂrfa lsé@qmrlsesg m@ﬁat lejst 3lsatbph atcmes, indhuding the two tenmnal

d
N e N R
nl@@gan ﬁilphllra:b |sﬂ1,coHUA$thO\E)%l}glﬁ ]ezirﬁtﬁzfcaﬁ %I%‘P hﬁéjgrglr\ﬂ]r@ Gt 15}Jreferred
, V, Nb, Ta Ru,

th%GhN are pepagaiel grRups. amfﬁrﬂsl}’ Rpaecﬂ B? atwl sypélfate ﬁlcntlddﬂ gro\dps R
sition

| a‘mi s prf?rabi? EVNBCM?Q gfﬂfps an? M Pﬁgﬂa‘?l@ aB%{n ) groups-aExamples
of@)Eéi"Eﬁéd ﬂﬂy]e%-wﬁas%{ﬂé RiatL Fyl Gkl eﬁsaﬁr&@n lp(ﬁ‘)élt};l oﬂ'ert%@}m’écﬁmaﬂtyl '

lide, preferably chlori

Cthpﬁ¢16E1a¢w¢hegybamln hexyl. exan'pl e, nethyl, benzyl or
acetate or

X r,.box |
acet |‘%8reef (’iﬂéy e@ H&tedgﬁ?“héf%’g for 0 &k Higgegiodicdattg, more
préfeii8; sehdtedIrdth IS@XTldgl‘ Ho%, fpaiple, WW%hd%é Ru, Co, Rh, Ir,

et hoxi de or phenoxide.” Altérnatively, X ’can
NinBéaedBt, dncrh mqstwefﬂrabl\yeﬁk 12y - 180 of, Nbpdhj g FanCeNi, Pd and Pt. The

f d |
b SHEE SBHS Ti 771 F ekt NG a e Bogieb il PR b ¢ he
Saweflﬁranfﬂnﬁé SOEPK cAM, f@léxérﬂlgg paelrf‘ﬁl%gt ;%r%fepa% e)ochlopde or

nonoani oni ¢, dianionic’ or tr nioni c.

brmmi@r oI hwboctarhgé grdp, fdr erareplenmetbyl, desgl vopienin |a%§ﬂﬂo§ylate
or exanple 30 diethyl ether or THF;, an am ne, for

f%%zemmlee %?tépﬁ GREHARAREC: APrNitiss RY RRifion £ SKappieidithid-amide; an
allﬁﬁl@@%ﬁgﬂrﬁgﬁam fﬁ%gmeo?tﬁg)gggf)@“en%?ﬁ ggvtg Safll v%¥ )§ can be a
nodeperigmting ot h&akll&lcuerdmfatlng ahiog, fohaxgeple) f‘teﬂré’fﬁm@éﬁ&ﬁtb La
ﬂu%lr*lggted ary?boratcsor a triflate. The anionic groups X may be the same or different
and may independently be monoanionic, dianionic or trianionic.

The neutral donor group L can be, for example, a solvate molecule, for example
diethyl ether or THF; an amine, for example, diethyl amine, trimethylamine or pyridine;

a phosphine, for example trimethy] phosphine or triphenyl phosphine; or an olefin.

The value of y depends on the value of n, the charge on the anionic group X and
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WD 2004/ 063233 PCT/ GB2004/ 000109 the oxidation state

of the netal M For exanple, if Mis titaniumin
w@zi0daei2an state +4 and n is 2, then y is 2 iPCHGB200a/000109

nonoani oni ¢ group (e.g. chloride) or y is |l if Xis a

di ani onic group (e.g. oxide); if Mis titaniumin
thosiidatidngitate phthe metaldyid For exandple tifikhisyitdrswA in iokidatidn ¥ate +4

r Qups,are. ni oni ¢ groups (e.qg. loride).or.y is
and ity Dol iF Bap s et foht 106 Hleb oy iohitdep
digHighit Eﬁ)u?t(ag.r oxi8e) TN @Ruf in okiitiB Sla¥@ I PAn FRTPOWNL v is 3
(2) for the catal'yst of the present invention Is
if alliXt grbiips arg mlopodrechif gompe (garbilrida) o yum2cid opo Xngsumisc
.hydr.ocar byl bor an .conpounds.. Suitabl.e organ oal um ni um
GRPRIE SIS (FACPUGR A0 RS & MORPEPREmpounds, for

exanfle8ctil dtbM &b h Bt ca’ttaf}js} @J{tﬂ#re%lﬂ%@nﬂ% is suitably
tributylalumnium tri’-n o oct’yl al untnium

selettey fanuoiganestudingivh oomgdeynddiaed hydratarbylboremcohipothdie
and al unoxanes. Al unoxanes are well known in the art

Suiiable\ppga0gpiuiRiRIHE COMRFYRET inElude Bipo@HIaI R eompa dselor

a : : i t] : an

o A A BBk LN AhRIED, L

octylalomidiyihaétibplia luiminmunSdichl o6 deyidsihgd slugamuirechl bri dvesud,
cyclic or mxtures thereof. Commercially available

alynepAsand Bmpxangseie wall kpows i thejaghas dyriepl yehppligemesic of
N e i C ! CVG) i

col A U L A 6205, SRTRRBS ARG R o oo

allyRIGALDIS cangolid fbil ex@ ] etriuisibadlesitiymt [Beich 06MPbghds can be
R'(RL8AIO s wherein s is a nunber from about 2 to 50,

lingprg cyhisros i x e, theveqt. Goiammreslly papiiablerivmiyaiies g geperally
; . ) | Kyl groups,for ex | e
o U oeRUFESLARe s Sy S A T R AR S
caf bk reatsentey OF dafopyli ROFROPA KIIRad ReS b alumoxanes by the formula
dimeth Iphenylannonluntetra(ghenyl)borate, 6 1 8
RY® th/)eWh&(%lh eriy p bwber EomuappReapiObardwnherein R, R, and R
re@ré%e?%ﬁ%rgcha%%l g?&r{)‘%,”ﬁr‘é ergb%t/ r(ﬁ (tg %Jgtaﬁ(fyl gr%ﬁgﬁ I%grnélxlazn%?er 1%tet%’yl,

etﬁﬁbf@dﬁgﬁ I()J@ﬂ'@- 3,5-trifluoromethyl)phenyl]borate,
H+(CEt 2) [ (bis-3,5- trifluoronethyl)phenyl]borate,
t ri tEHamplesaf geitatad hytveepbidbyrbl bompowndante 25

T R e AR R
difethiyAENISERIRANRE§RhAELSSphERTHOREAERRMM Ni um
conpounds and hydrocar byl boron “conpounds to be

tetealqi] Oyed, Stsiflsaminephydphenytiboede, 3 (QEmi(ws-Best i ng, for
. le, by t ] | t | e
i eRreBinbuiiiCent ST ShR Mo ber s ref os of 30

trib(BEntARRRBEINS)) veR. t hus to determ ne the activity of
the produced Catalyst. It is generally found that the

quanrtitheprepavhtoyed the caalf$ts of duaprdsentinwantide tike quandty of
ac%gdt%%%ogltpgggd selected from organoaluminium compounds and hydrocarbylboron
compounds to be employed is easily determined by simple testing, for example, by the
preparation of small test samples which can be used to polymerise small quantities of
the monomer(s) and thus to determine the activity of tlie produced catalyst. It is
generally found that the quantity employed is sufficient to provide 0.1 to 20,000 atoms,

preferably 1 to 2000 atoms of aluminium or boron per atom of M present in the
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preferably 1 to 2000 atonms of al um nium or boron per

atom of Mpresent in the 6 WO 2004/ 063233
wEFONAeER26004/ 000109 conmpound of Fornula A ThePCEHG&RG8H00109

of the present invention can, if desired, be utilised

on a support material. Suitable support materials
coddpBund @deﬁiﬁﬂ[ﬁ)}\e silica, alumna, or zirconia,

magnesi a or ol ymer or prepolyner, for exanple

poI yTétemataéﬁéo tgenayeswgtrné‘fﬁ@tw@rzars IWSWCEMEW@QE @héyupport

m e Svudh AR TR RATERET 5 PRV BulERE ot ~rotie

m#Pese vt a Blg/ﬁ'lé bﬂ ‘epolymer, for example polyethylene, o] styrene, or
ﬁS bi s(,z3 dii s%]rplrjopyl phenyl )tprl%z}énl do 2|prgon| um

pOdJIY(éIIﬁlI@ﬁﬁYd“éw) 1, 3-bi s(2, 6-di isopropyl phenyl)triazenido

di chiorid
o e e etielep il RS hET TP ke BhGE B Sployes
in %1&6 (ﬁt@ﬂf{# Y the phdsehit idfention:
Bi s(1, 3-di phenyl tri azene) zi rconi um di chl ori de. THF

1, 3- B’ﬁ*b(sﬁz 4 d@s@mméphwnlybmﬁwu)kn rireonamn dehkiridsoni um
dib
o oo SRS iigeneRPyD RERYIS i iseliPkighy! ¢ ri pheny

| phOISPJBE aMaG®lddzbdidd Bitanium dichloride
Bis(1 phenyl triazene)zirconiumdichl oride. THF The

cat al &étssaChmanW@trmzeménBlrcmentdlcdﬂormn i f desired

han o e defi transition
?gélsﬁs:‘o?i‘rg’gg}ﬁ&émaﬁ‘?ne P’P‘I“Bh F}blogg‘? ﬁﬁgne or nore
def i neg;to Q@!rfrhé%ﬁylﬁi?én@btr&%&ﬁ@é’Efi’@onnhﬂ%1&@&3@' ysts of

the present’invention can also I nclude one or nore
ot heBistiN;pe@, ﬁaﬂnstopmwl;ﬂ]lemyi)tmwylpﬂalmnp‘hﬂmhﬁmsphme nickel(I)

catal ysts, . xa tran |t|o compounds of
t he é%éé—é@ganwwazg%}@ﬁwah jFh Zi”g"gfr% Natta catal yst
SYStElBoat ddTFs&saéfl tﬁ@@%@e&mgtl&%ﬁl ¥ §Ltred QbmPEE m ree than one of

acti vated support chrom um oxi e catal ysts
thedefinddpsntiyipe nesdl @bypdyndsThe catal ysts  of the pr esent
i nvention may al so used in con%unctl on with othe

cat abypegidiop r‘tfe) SRIE PRgOT BATeAefingd wppsHion I@Pt@h@mrf%%éh%ﬁ;atalysts
oﬁﬂiéﬂegeg‘jt fhgn 611 é’a‘iﬁ%ﬁéo%ﬂ&lhﬁé‘f)ﬁe%%eﬁe’oﬂ?e? R oﬂ}b%n metal

cop o yners of et ene or propyl'ene an
colmpaliedd dSIScataSU;Its‘, ﬁbleﬁamﬁleairaa&ﬁtﬁ)nﬁﬁétal cqumnﬂsn@f the Wpefumsln
produce only 1-butene, only 1-hexene o
cogx,vgltt}qngwqeg)]ﬁr-?\lpé@ cat@l)\(gnsm;t@ns,gngéwege hps&glyatalysts or heat

ac%'g%tte% gmf‘ft)o ?‘?}g ghI%Il‘l it %&ﬁ{e' c@ I[S (e geﬂn'i] bt%ﬂéta%a(efﬁgﬁ% %"g}ﬁétscatalysts

Situ senc
ofith¢ prebailt inventibihas ulap m;etd 1ﬁ&bgmnaﬁom\ainh bther catalysts producing

onI}rI ? olle an eelg’lae}‘ 1encsild?:ror %{Jtesgl]e)ét?ed pol?rlnrergéattlgg ?galétsolr yan%rm this way make
copolymers of ethylene or propylene and these 1-olefins. Suitable catalysts for
producing 1-olefins may produce only 1-butene, only 1-hexene or a distribution (for
example, a Schulz-Flory distribution) of 1-olefins.

If desired the catalysts can be formed in situ in the presence of the support ‘
material, or the support material can be pre-impregnated or premixed, simultaneously or
sequentially, with one or more of the catalyst components. The c.atalysts of the présent

invention can if desired be supported on a heterogeneous catalyst, for example, a

magnesium halide supported Ziegler Natta catalyst, a Phillii)s type (chromium oxide)
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30 sequentially, with one or nore of the catal yst
conponents. The catal ysts of the present invention

w@ 200406328 si red be supported on a het er ogeneouBCT/GB2004/000109
catal yst, for exanple, a magnesium halide supported
Ziegler Natta catalyst, a Phillips type (chrom um

. sup}&d)rd@i) catalys\@r 2 Oippo63 2B 1IeCcEBR20BH/ E@ﬁﬂaﬁ@n os thepappetkd
catal yst or . a pported metall ocene cataly

cafy ¥ macsieve gorseaalﬁalet%reaeg% HieyEnsidign “hsial sempevs of the

{ t

D o o A b, o R SRS

hyidnetatbodi $luening afparticakanpippoa meandrad with th@mdﬂﬁ@tamb @Raporating
slurrying a particul ate support material with the

thg, P’B@Uétdlg‘ﬁ]élt AEREPHICER guwwtﬁ@cwwtl? petantly @hthe ftrm of a free-

t | t
By PR RS SR SRR oy R
exaripdy fradh 100000yted @amns par gtamiodeheyal phaent iexlepigitionaftal

100,000 to 1 grans per gramof netal present in the
copnonaflt i on metal  conpound. The present inventi on

furt-h%' Igge?ly 11@/@?‘(10% f%Ft p18 1d J a Ilg)gesrs)%% a]‘lteluga 10%”3%(1 '
ORI 7ol PRy’

cc@a@@h&@ishtftgl dmeolﬁﬁﬂs:; ﬂ&xﬁqFﬁs@g eémmctm@dﬁé moﬁ&hw@élleﬁﬁbh@&
conditions with the polynerisation catal yst of the

pPygiasation aghtionsryvittslie pabimervatitorastadyst of thgpeesent lnﬁwx@g
honogq usi ng. .t he-po isati,on __praoc
i R S A R

pIBEQRP Y SR f tli?:l«ﬁrézféﬁt invBRieNLe, f@ﬁ@kaﬁ{p}’é %ﬂglengrlﬁBgﬂl?lE&d butene,
MONoNers are e;@y ene and propyl ene. Sui'ta

horono red styfase. Hsadenred makemes epdhylensrandpsomidenehe

ot ny PGB T By ERE S e o R RBEE e b1 hieflaion
proBdsHYE ﬂﬁ%&@ﬁﬁi’wer@i%h%?@ethﬂ@ﬁeh)SJroﬁFethB L hteAY, qph&@ﬁmt

acrylate, butyl acrylate,” acrylonitrile, vinyl
ma@etmn@ne—én@t@teymﬁv mAtlparrylate; whedlny] penytaed, dntyddeplatc es s

.EQ orda 'thég}% resent invention is the 20

oL ff)ﬁe\PP &’F?ta ﬁ[}J‘F ene and or propylene with
Comﬁl%ﬁfoﬁléﬁ‘/‘}ﬁ&&ﬁ% Elroesgs in a@o%aheéwnﬁ%ﬁeyﬁregen@mvgnnon is the
esters, vinyl esters and vinyl aromatic conpounds. -

c@amm Estum‘ of eslwltmztﬂné oc prupyteme msthapeohetmatsespiected from 1-
xen 4- et hyl pent ene- 1 et hacryl at e,

Olﬁfélew?ry PO SRR WIS e g w, aréww RO, BAmps of

sﬁ%ﬁfe@%ﬁron&%@rs%‘i%f %ﬂféneﬂr RhE edmbP@ gﬁ)@ﬁ%ﬁet ;ﬂn?ﬁﬁl}{] rnethacrylate

processes are the hormpo yner’i sat |
m2thyt :lmeylhtenbxpp]l acngate sarylomtrde, yinyd rayd:teueearmirstyrene
copoly |sa|on of ethylene with one or nore
pr op¥ imgaﬂ%waﬁ@sef %ﬁalezlwmﬂwélﬁ%t@@éﬁfthﬁw or

thg %gs 9 51?3?&%@{)&%?%%&)&?&@ dr SMI)t}ﬁensaﬁ{;n %&Hﬁlﬂ% WHH Iohe or more
of propylene, butene, hexane-1 and 4-methylpentene-1.

The polymerisation conditions can be, for example, bulk phase, solution phase,
slurry phase or gas phase. If desired, the catalyst can be used to polymerise ethylene
under high pressure/high temperature process conditions wherein the polymeric material
forms as a melt in supercritical ethylene. Preferably the polymerisation is conducted

under gas phase fluidised or stirred bed conditions.

Shurry phase polymerisation conditions or gas phase polymerisation conditions
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slurry phase or gas phase. If desired, the catal yst
can be used to polynerise ethylene wunder high

w@e@smen2sd hi gh tenperature process conditions MMEGBR004/000109
the polyneric material 30 fornms as a nelt in
supercritical ethylene. Preferably the polynerisation

ar¢ partionlddy beful fonterprghstiphabia ghidendiysgatesiof pbiyethgkinbeth
conditions. Slurry phase (ﬁ%l nmeri sati on conditions or

thesedrpteasss ﬂgfomm@mlsgi PP G %8P BRSAtCh, RPIDRYR/BEIDE3
2
c B e S Phas GhfooRRLh Bt AL bladd3fodtse 1 el
gehhedg f@f odks pegnthatipolzgnemi thatdronofeoui dulae SOIc:da nribesolid
bat ch, continuous, or sem - continuous. In the slurry

Caar%s@r FraBRIEsanalilited sphid coipElsyHrpdeared from ﬂaea@oawg% A and
anf ﬁtw&gg o @M ¥e {h@qPﬁ@ c&rH@le:P% Mﬁﬁﬁe{ 'Iﬁ%% fﬂgerésq Cgtrll&ﬁ tlliJ] tlvator

ormotf a particulate s S SO

cagbarfpd @, thapolymél1haﬁoackoﬁe,lfbﬂemaipaﬂ ¥ssd saytidng ﬁep‘aaﬁﬂ? drom or
fromthe co and an. activator, or can be the

togﬁbﬁw%ﬂﬁsgﬁd Amapl@ﬁe Preferablydhq eptalist sustern gf therransiien metal

co lé)y ng]eg@(g Otffg %thlgst gstérg%gﬁ)%})égﬁlg gﬁe?sgdrr%p (ﬁglggliqsaftl% and

ga\sllphlilsetﬂwﬂﬁ@i satloi® Qrﬁpb@ﬁed%af @pp@k yhatdiRal. CRlosd prsferabyysthem
or the transition netal conplex conponent of the

Cagedysh Bypigm S%/%Jpéﬁﬁt%%l a)w@on mnatereal Hrigy wtspmrgcilmmpg antp dhe
h
R s el S D e

zitc®nRURRY kied o @i, ar ﬁhlgl{é@irat h‘?@ie@ﬁét%n dIthdupbBrt naderial can be
i ntroduction into the pol yneri sati on zone. Suitable .

cam@b@ﬁtbywan@man@ tephaiques rfowampﬂee by §<prhmn@a selbtion ma
zi_rconi ki esel esi a. e

fpiS Rl o s Sb Pt hin Sl AL B s Py it ng the
sUPPHY Alkdri BHerdvB Bl UTHeOiBSort fn@fen@%ﬁﬁpi reB¥até PR Ith B8taBst can
sol ution or 15 suspension of the cata?yst conponent's
thplmbgseslaret@cﬂr@ndhft dnétwmt for exmhplenty, filaatios buevappragon keghniques.

® e TR s rolPAR At e OSe B R el o Bvab o

su{pb@rtéﬂ &ale@wt eer fedeas @rmhﬁnerﬁméﬂ i&nre%ith%s% gy@@&ro@tag @Qurry in
echniques. In the slurry phase pol ynerisation process

the pelyswrisatiquaditvient. éyef@fabbatﬂlalpyﬁmles ore fed tpp pollyeﬁrisation zone as a

oGRSt Tinvng satiy frfip BB BOToRESHodn rut vt o cxample,
arPdutt8Rle: or B S r8RkY¥n YBKeIPBF 4 LGRS o® Bop %C{OQ &@g. of the type well

pol yneri sation zone as a suspension in
ket yntbe rrmatlfaomledmﬂ nedyethyldieebypbé 9}mlh1npss?ctb¢asm Yiree tloan
f.or. exanp an autoclave or simlar reaction

pq?zé@%ré&iaﬂ% Pm&e%gdﬁtthwem@t y6piqngis cpigied opt ydepslury gopdjans the
p%ﬂh{&ﬁisalﬁegw ﬂl@ferr'ﬁ?y @lﬁttalt' ) ?erﬁ% rﬁgl!eya%gt;é/ b‘%ﬂ qn@syf gfeli}%?bly

I ps Process. merisation proce
altolve 1pP@ STt pmlymem;atlon tempeﬁ:arnrel iegdrefierhbly meidiitamked belpw the

conditions the 25 pol ynmerisation i s preferably carried
tegiperagyre gt \tvglﬁg él}eagq}ylgeraqgme@@ topeéEn pY ERisF Hb‘lh9 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
weight of the produced polymer. A further useful means of controlling the molecular

weight is to conduct the polymerisation in the presence of hydrogen gas which acts as
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above 15C. The polynerisation tenperature is
preferably maintai ned bel ow the tenperature at which

w0 b@4ped2girer commences to soften or sinter in PEEGB2004/000109
presence of the polynerisation diluent. If the
tenperature is allowed to go above the latter

claentparsél apeit. Geoetallnghohighdrehe eactorativoanf0getsken employed, the
Ad{%stnﬁnt of the pol%nerisation wi thin these defined

loxst fhepyeage thodecpisn gawght ahthp perduged RelYi8®t ul  neans of

cont l!lé.e%g[hgﬁr}g F@H’ %fsaég & iRhe 8%(}?‘1&01]#@2&% Exée?rggetnqg]ecular weight

produced po further use

ofabeipolginkt mgcdpbbynm hpslids genersiy @hthe p&lyineriCAdAYEEcekNSS the
pol yneri sation in the presence of hydrogen gas which
Prgans Iy entia. \WoT sHeupleesisaEepeTy bppird4p oolycodie aveign molecular

S A L S

plavepelgectitition dbaditivy. ditte Eitntihef pyad sRObY BBRbloyed to give
The use of hydrogen gas as a neans of controlling the

thg desired &V agEe BIgl sk lapieight candte dersminadybyesimple ‘tieg) ohg meer”

I rally to the polynerisation process of the
pgip%gggﬁgﬁﬁﬁbention. For exanpl e, hydrogen can be used

to redihods fdiepamMenges fHakesdlimerisarih fiicefbs RRIWETBES WA in the

copol ynmers prepared using gas phase, slurry phase or
arg ofllﬁhi ethodsteeseralp inyetie] agautilrm@@ohyj ptirkipgsvibiabieg or fluidising) a

' f rogen s to be e oyed to give the. .
B el B BB OO0 B B PRLeR i Bt
piSIEPI @opdrfieto tRAGVIBEH R1s desRE] WTBAkeSAMOFb ISt Sitiod Brocess) . -
Met hods for operating gas phase pol ynmerisation
coptapiag § catalyse apgfaeding dhaetora straam ofintonoBgr it least haxdislly in the
enerally involve.agitating (e.qg. b tirring, L
ol alrarn et PRUTTE g} taPonl b b rsomi polymggiges in
cotfact Rah 1R @edly RN ¥RBEd.(Th€bed B lo¥ABAII@ M ! A€ 28@&WBn BF cool
simlar physical properties to that" which'it is

gadés Brreeyclesl grakas imronoher)poldjorepiasit liqgud (roeesddtile inert
e R e
pdHH& pre@REH il AR8 iDUsdy fHat gaég)h%ﬁan:'?%%eg?erstfo1%s alf%;\j:g%/ ais%lid in the

mononer pol ynmerises in contac the cata
palyreeriration Fire dpdds frse Femeoadubytactidlyeitelfyorh hiquiad dis ik el

of coaol e.g. recycled gaseous nononer) and/or
ot s ARGt & B afs 40y Ginafl TS aftinato onie egeamisation
. or
IRV ORI Eh e DR SEOREDATL U o o
thg gsanittasiEpgynegssest hdhepolgineseitioy zans dl'hisid in chhigas2
i sgation zon nd is free from_ or substantially

“EOL neL E@a ) >

s W&énp B PIogeses Wagreinshgaelymekisdapmadolipsabecd 18 Rispivewf, and

e r [ doqui dqis, ter. the .. ..

S s Prpcchtes brcih MR VRS Yol Rinbitpia ditvent
pr oCBssat Iphasgpacdesd gandfe dpedddinidsr isa@, kerhbateh, af s@Ral<d

. the %uqntity,of Polyner present in the polymerisation
copiyEous peandjtions. Itagprefested te gperate under conditions such that monomer

is continuously recycled to an agitated polymerisation zone containing polymerisation
Qatalyst, make-up monomer being provided to replace polymerised monomer, and
continuously or intermittently withdrawing produced polymer from the polymerisation
zone at a rate comparable to the rate of formation of the polymer, fresh catalyst being

added to the polymerisation zone to replace the catalyst withdrawn from the

10
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"sol ution phase" processes wherein the polyner is

formed dissolved in a solvent, and 25 "slurry phase"
wpe@eneraxs wherein the polynmer fornms as a suspRCFGBR004A00109

a liquid diluent. The gas phase process can be

oper ated under batch, sem -batch, or so-called
pdymﬂmmnmmnah\cﬂdeQHmhmedpMynsrpreferred to operate

under con itions such that nmonomer s continuously
r ecy®IRgPe wn%saél@wg&%ﬁ %éhey%?% HYVEBFO, BA BT %llmtwgs

LT LA 0r AL Kb, St RoNACTENRIES Ry o oo
flaoned oupinskdbed polynteeisstidntnditipns t hdr awi ng pr oduced
pol yner fromthe polynerisation zone at a rate

conmpyhghrEng B’et‘ﬁ@? ft o the PEsRfEYEBO DN deh gasgdagrer |
p({l{g;ﬁgxhsa 8 @(IJ tlior}ge ha %ata@gg S{jﬁﬁ oortIH Q)(Plt% é{p%gg%gmfpo@gd to

ace e ca al'ys Fawn from t

fo2 QK &6&3?53 3 &Y &R0 bO QI cediatoytire bblyaietioniohaBa tion zone
with the E)oduced pol y ner In the poI meri sation

indigekBemofor expmnp) Paéé?é‘rﬁo lytiopémap Hiertlpi ?héib?@é sThus, for example,
thé ?Irz]géla&fﬁll%al c&ﬁf&%k?l& Mle a@tnt?%igr co%fpon%a s A ep Fhehom)_

are era

cd‘nhpUnents e@h b¢ disddivddes sbﬁﬁecpﬂﬂ AT & 8ikidn® an@feadb theOttymérisation
Wien using the catalysts of the present invention

zagad éh)dgratbeq@warﬁmstpmay s prdenastihe bauidiconiagming e component(S)
cat al

. f.t

PE Rl af S8 Mo for F s lpPEr o bp B it o

p&ﬁeamfwﬁﬁlrth@ ?Jn'g@'l' t6 @600 o0 HEP- ALGB9B{)SBJ Iﬂ@e tfegcﬂmlg 60Khich is
exanpl e, as a solution in an inert IQUId | uent

hértmgnwrg@ratefdanqgltbls spedifecatiparisdosgna prstcass foom@demng aor
the ac vat or.both o

P‘&!HR&’&% ﬂ’t‘ gata ‘ﬁ‘ ! gpad%%ﬁa’r‘vé@lﬁe’?efw‘a?f} i J@?f fflﬁ‘fﬁadﬁ figeippd in EP-
Acbsl99@m cadd shiRsb1y emble @8l MEBLIyEREEA DN ;ﬁ@&%s OMEQ SFesent

these circunstances it is preférred the liquid
inyemtomiifflesgred.he conponent (s) is sprayed as fine

G A YA A St o
toﬁhﬂ(e(m%o BPedp DRI BprobhRnd, Qﬁ?f%]ﬁgeﬁ’gatl@ﬂ Ic6fYitiSns Gan be s,

her eby i ncor porated |nto thi’s specification, disclose
llcanqrb(bldle)s slufrgior scrium@dpjtasm gorahtisﬁlsp &loymopol yssdrs ofpmpylamwmd
ase risati met hods di scl osed
cqnmibnss A reBdes B gl %ﬂ%edy@aorﬁ fioppgomer I-olefins
i :
LAY Sf?%fe?‘*ﬁblf%ggéﬁ‘? L

sﬁﬁﬁﬁh@m@n&&&mban@@eﬁICQm -olsfienpl oyed to make hono- or
copoléners of qﬂﬁlene t.he pol ynerisati on conditions

can PENgHe progsss pi G .paeswathlog i 2Bl asetioe g process
N L AT L S
woight lormapolenae amdespetyrerobefiopglene. Thus, for example, the present
invention can be used to provide high molecular weight homopolymers of propylene or
copolymers of propylene with 0.01 to 20 weight % of one or more comonomer 1-
olefins, preferably selected from ethylene and C, to Cj;, 1-olefins and having a weight
average molecular weight in the range 0.7x10° to 2.0x10’, preferably 1x10° to 1.6x107
most preferably 2x10° to 1.20x10".

In general, weight average molecular weights in the higher regions of the above

11
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are preferred. Preferably the copol yners conprise

propyl ene and one or nore olefins selected from
weedwloenas and C4 to Cl2 1-ol efins. Using the pporess008/£000109

the present invention and suitably adjusting the

process 25 conditions it is possible to achieve the
rapg@tian be achiofedbygn) watght tavebRgealimitem1are] (¥8hGHH the

honopol ymers and copol ynmers of propyl ene. Thus, for .
casaiahist: é%/) to hee prEyeRprsapekase FYAPENS Peaqivetdrt(3) prinyiadasively

j L ec l.ght I r.s. of propyl ene or.
BB FRLAE U RhnglEl R 4L BFRRR S T3 B opBEGEN iR g bulk
propfed, (SisthglMIBNANE theltrarBltihi Mdal iRMES @nahby afPlc§eb&sting in
fromethylene and C4 to Cl2 1-olefins and having a
thpebsghee Slchaindragter agtng (ug.dn theedbgerceiof addrs adlemgualdydrogen or
: 0 07 referably 1x106 to 1.6x107 nost
”%%g?%%%ﬁW§§&%%ﬁ@‘$8C%E@§%ﬂ ~ In general, weight
av er pgepBpy echdipopRl @it andlcd BRI R YRS pRIcedsE 1
above 1?%0 2004 063533 PCT) NS P By the
PregenaEERsEehrafly hayeaadicrsteredebemrsiyl kdweakyitiinbelmved that

Level (if an in the ..cocatalyst, to use
s Bt beP sl i aet ReretdlmiSand Cony v sap be
achRvad by Shirabld AVAIBRANEStBALdAYsts RARRLALUAE ngé&)ds or additional
operating at high propylene pressure or i1 n bulk
cagad ybs/krerven in(tBg anti & prgvidafstereoregdartpoéymtaransi ti on met al

int onpl ex 6 erating in 5 the absence of
chai A Trfiznainir Sl breput Gvenlion e S ameee) gomaiaeaet!
coRbRMBALMN inAUARISNIr at relatively | ow hydrogen
concentrations). The propyl ene honpopol yners and
copol ynmers produced by the process of the present
i nvention generally have atactfsc stereochem stry.
However, it is believed that Ithe producti on of
i sotactic and syndi otacticypr | ene pol yners and
copol yners can be 10 achi ¢veg’ by suitabl e nodification
of the catalysts with co dhgﬁt MXglands or additiona
catal ysts known in the art t ovi de stereoregqgul ar
polymers. A further aspect\ of e present invention
provi des a novel transition nété} conpound havi ng the
Formula CRA N (NWMX yLZ N nRsR5

Formula C
wherein either (a) R4~and. R’ are monovalent groups connected to the terminal nitrogen

atoms of the triazene unit of Formula C via carbon in said monovalent groups or (b) R*
and R® integrally form a divalent group R® bridging the terminal nitrogen atoms of the
triazene unit of F ormulé A via carbon atoms; |

the monovalent groups R* and R® and the divalent group R®are independently selected -

from (i) aliphatic hydrocarbon, (ii) alicyclic hydrocarbon, (iii) alkyl substituted aromatic

- hydrocarbon (iv) heterocyclic groups and (v) heterosubstituted derivatives of said

groups (i) to (iv); ,

M is a metal from Group 3 to 11 of the Periodic Table or a lanthanide metal; X
is an anionic group; L is a neutral donor group; n is 1 or 2; y and z are independently
integers such that the number of X and L groups satisfy the valency and oxidation state

of the metal M.

12
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15 Forrmula C wherein either (a) R4 and RS are

nmonoval ent groups connected to the term nal nitrogen
w@ar@amexBs3the triazene unit of Forrmula C via ceBCDGB2004/000109

sai d nonoval ent groups or (b) R4 and R5 integrally

form a dival ent group, R6 bridging the term na

ni t rByenoztehemt gfouphR’ amd Rémmmamtgmmp Rbamdefinddl aioie as (i)

o G O P AP AE AT TS ded samanE om
hy(ih)claladoh Qh@%bt‘ér&@gﬁ t%r@ﬁ}%oeﬁrrd é(%héter%g%b%g&kécpdeg%%ﬁ\?e%\%f ban:

al kyl substi rocar
grh@se(r)do&wb [ Ehu}}le((ﬂﬁ‘]('))Ssedagldu}éS\/I}4 Res z&rddsqv{krsfetdbw &shtain 1 to 30, more
rou s_(i (iv Mis a ngetal

f d
PP LD, S b P oy SHe | BerbaRRIosa Renples! stabie aliphatic
hylde'&tafb%P rgﬁ‘%ﬁallnethgl eaé/l eﬁlf/"f’%?/ﬁ éogmpgl %{cﬂ%ﬂ bultylI %xgmples of

neutra or grou n-i’s
smtmhziephq«tbnhwfrocarbblegﬁmﬁs sig Gldath ity Hjtﬂo;mﬂmaﬁd efcleherind
groups sati.sfy the val ency and oxidation state o

E’iaﬁ@l??é%fé}“tmle PEY\BbeEDieA GeaDAE Indcerpo G ws e10eZ i toly,
m%?tpp\gz&a&g%)g é)?/gﬁ%leﬁ%na d4 (Bﬁ ‘?(5}) oﬁbé?%%ﬁplg% HP F ﬁfe he{erocychc

grabpscye-ipgribingt, agatidaty), thhdpheﬁ}lkyfurﬁlbbbsl blinkb1§ 2-quinolinyl.
aromat i c. hydrocarbon (iv) heterogégllc groups and

SunigblerspRiibadnts for symies hv@pﬁwgwd watwezgroé spid g@fpl)psgl?o) R* and
RUYror Jﬂ?ﬁa e %QIS’ 085086 ORs oFp: 54 do, Exgtlr%}%glq?o c§81r eﬁﬁlg{ liglyéfroxyl

cont ai ’nMor e

anfis@iefatioky 2ethéxyl Bhépkh it ADOHS), @Iﬂﬂ‘x@* gs. D@C?HA(C@Q e

al i phatic hydrocarbon groups are neth
XYBHPRH, @iwnylom @pmetbyliarralam dneélmtlammoymethgiedmbammoomomethyl

thl%y % 3@!@11? (ﬁ)r{?’g E}é%éﬁ ? E) 8{?81 gegos stgﬁd?gali%gfaves of said

gr@lﬁs)(i) t6 (I\k)i‘atré Qiﬂlﬁﬂoéﬁlﬂ}ﬂ MBbidndiyEloREaN, @ﬁ‘ltl@ﬁ&%ﬁ' 4aé't§oxybenzyl
benzyl, tolyl, mesityl, 2,6 6-diisopropyl phenyl and

4- gllqroez pyrlqhgzdpﬂ@pwhylmmolesl anfd %mﬁthablhmncbréteéln}dnapdnthyd;

10 SR o SR 2 et
ri @Bﬁhe%ﬁé‘ﬂéaﬁoﬁ&ﬁn E@fdr@xﬁhﬂpf& )%Vggzl'iﬁ§5éénuglﬁﬂhur }?hosphorus or
erivatives of said groups

Sﬂ@@anple chloro, brono, fluoro, iodo, nitro, am no,

g%: & heg{at Hy(i%fldr %ytlonpgﬁey %%a](ulm $s hoa(l& et@%%éytf at each

ayhayd &aﬂy A¥BS t
enne Ve oo %nyl amt&)él'léi’t;@rg tglqniéltﬂﬁl rhbfbgég? e{i‘%ln% g{] E%YAZ%H% 89t in Formula

C.tR1 sretablyl ooimipyises B&ampbﬁs lc}fst 3 uarbaib htxenhememdmhhé twaitegdlinal

Ca%’oe ﬁ‘?/ ﬁ%‘éﬁﬁ p 1@%‘5@6\& e 3 ﬁé@&)ﬁ |hetelz> fﬁP&nﬁ é%‘@??%@/ from oxygen,
nitfo %y hﬁﬂ nc?ﬂékhcon"’R@ Bké?&%bl% g@:rlgésryéhalrhoﬂt ﬁ@aﬁtt ?}c}:ﬁr‘pon atoms,

_ 1ar|notoluy and" 4- et
1nclud1ng the carbon atoms that connect to the terminal nitrogen atoms of the triazene

unit. Although R* and R® can form integral unit R® it is preferred that they are separate
groups. Preferably R* and R are separate, identical groups. R* and R’ are preferably
hydrocarbyl groups and more preferably alkyl groups. Examples of preferred alkyl
groups are methyl, ethyl, isopropyl, isobutyl; tert-butyl, adamantyl, cyclopeﬁtyl,
cyclohexyl and n-hexyl. |

The invention is further illustrated with reference to the following Examples. In
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When the group R4, R5 or R6 is heterocyclic, the atom
or atons present in the rings as the heteroatom can
wheootoe32exanpl e, oxygen, nitrogen, sul phur, phpSpG82Ws/000109
or 20 silicon. In the case that R4 and R5 formthe
integral unit R6, said unit connects at each end via
tha Ezamnples al hoimijudations of wi@/nioddtifiersahsitivd mha@enls ated@Ber@érmed on a
the triazene ynit in Formula C, R6 suitably conprises

copVerHinAl WU/ N 3imosphass Guiogany Hae uying Faadasd Selenit lpe
1] : 3 ' 1y containing one or

te{r:r}tﬁf?iﬂeﬁ’g%rel?%ﬁglgg{nl%ﬁég}{%{ﬁ@g%?%% oxygen, 25 nitrogen,

Esuhpbdr, or silicon. R6 preferably conprises a chain
of at |east 6 carbon atons, including the carbon

LAt oneyniliests of dherlagandtle-bise.4-dlisapreny phienyldigiererat ons of
the triazene wunit. A though R4 and R5 can form
integral unit R6 it is preferred that they are

separate groups. Preferabl R4 and R5 are separate,

i dentical |groups. (B4 amd R5 e pref er@bl oH
hydrecast ﬂjmf ands or e ‘er. mﬁyl r odpgko
Exany of prefierred al ky : e hyl ,

et hyl ,™i sopropyl, isobutyl; t-b adamant yl ,

cycl opentyl, cycl ohexyl and n/he The invention is
further illustrated with reference to the foll ow ng

Exanples. In 13 WO 2004/ 063233 PCT/ GB2004/ 000109 the
Exanpl es .al.l. i pul ions Qf air i sture-sensitive
e T B bR o R BB s So gt ot 151
. 8 | 14 | .
CHRERAARS P TRSBURt S TSR LG UE R ApAR
(9gl1auk 5baxmol) Ex 80piné of dibthd) dth&y Mhbesiusiod fvat berréd gavem

1, 3-bi s(2,6-diisopropyl phenyl)triazene NHz ONO THE 1|
tegperptupe jordphangthen thy $adyents gs wellasnhe Bparefctsdispamylgalcohol

: d LS ver eri.od
gy e 0 IR 0 PG IR 30 AU BRI v
pesiol wif B dwuafsitteskd fihe ratiutt ditdBeRataRydeasiilé. Mehe £8ulfidg oil was

m;: 50 mol) in 100 m of diethyl ether. The solution
digggsvedtin thegaingmumasraunt efpitpacbheee frskcobBid taneldChefhet drpstalline

sol vent s..as we t he.by-pro i soanyl, al cohol .
et o BV RaPl v aRa vt OEiRSledd B on At B ety vin
sl dnhoris GRARFOEMNRES AltH KR RVEle as WS, Oﬂleﬁ;rg)&lclﬁ QHE dried in

since the final product is tenperature sensitive. T?]e
vaces ol 15°n@.5@; I Swasol; 60%). 'H NMR (CDCls, 250 MHz, 25°C) 8 9.15 (broad
s), 7.26-7.03 (mv), 6.84 (d), 3.20 (broad m), 2.96 (septet), 1.19 (d), 1.11 (d). *C NMR
(CDCl3, 250 MHz, 25°C) 6 132.39, 127.07, 123.26, 122.74, 118.50, 28.02, 23.55,
22.42. IR (KBr pellets, cm™): 3405 (s), 3255 (s), 3050 (m), 3066 (m), 2958.4 (s), 2795
(m), 1646 (s), 1588 (s), 1558 (s), 1507 (s), 1456 (s), 1402 (m), 1385 (s), 1373 (s), 1362
(s), 1317(s), 1290 (m), 1267 (m), 1207 (m), 1188 (m), 1142 (m), 1124 (w), 1103 (s),
1095 (s), 1045 (s), 1000 (s), 986 (s), 967 (s), 954 (s), 919 (s), 854 (m), 813 (m), 778 (m),
745 (m), 714 (m), 668 (m), 645 (m), 545 (W), 526 (W), 460(s), 422 (s). MS (m/z; FAB+
ionisation): (M+1) 366. Anal. Caled. (Found): C, 78.64 (79.07); H, 9.90 (9.40); N, 11.46
(11.53)

1.2 Synthesis of 1,3-bis(2,6-diisopropylphenyl)triazenido zirconium dichloride

14
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15

15 dissolved in the m ni mum anount of nitronethane and
cooled to -20C. The crystalline product was filtered

w@edod/ogd2sh a previously cooled filter and washedr/GB2004/000109

successively with small anounts of nitronethane until
the filtrate was white. The product was dried in

vacuo at 35 5.5g; 15 mmol; 60% . 1H NMR (CDC13, 250
15 (broad s), 7.26-7.03 , 6.84 (d),

3.20 (bread~Ng ,~2-96 (septet), 1.19 . (d 13C
NVR 20 (CDC13, 250 MHz, 25C) 6 132.3 27. 07, 26,
122. 74, 118,50, 28.02, 23.5,F 22.42. IR (RBr IIets

cm )2 3405 (89, BISHI®); (M, 66> Ay, 2
(s), 2795 A, 1646 (s), 1588 (s)7 \1558 ().

(s), 14§ » 1402 (M), 1388+(s), A3 (s) 2
(s). 13 1290 (), 1267°(m, 1907—(m+/ 1188 (m,

1142 (m), 1124 (w), 1103 (s), 1095 1045 (s),
1000 (s), 986 (s), 967 (s), 954 (s), 919 (s), 854 (m,

1,8%13(2 ﬁ’)dnsaﬁﬁp)(lﬂhenygﬁla&é}& (@.90k; 795‘ﬂnrﬁ prePfd (@B lesceibed in 1.1
545 (W) 526 (W), 460(s) 422 (s (m'z; FAB+

ahO?é s diseplyed 1@|\Wi19hysl@6”uram CGAInely ang F@@m@ywthcbl aly ). b%;

2

788 Bl Sy methe? wlShes oiobbn s Sasy ot s recidar dpyand

s,lmurtsmuslmmkbfehla@ﬂ lcgighu]lakdd M&%&%@@ﬁﬁ%ﬁ%f ZrCl4(THF)2 (1.5g;3.98
PCT/ GB2004/ 000109 C N THF 2 11 .

mmp@)'pp TiHEY @75mpl). Mihewreactien fvmied to a cloudy yellow suspensmn upon

! 3 TR RS P 06 GG Foreptace
wilh %g}\gmnnw ﬁq@nlry&hay dm@ha&, @m x(lﬂ)' KRy ﬁﬁt@ﬁtd% }erﬁm 1Lice a’frﬁ@'

nmol ) upon whi ch there was gas
SOémmwasdﬁyereﬁh@th bb}@ltama; mvmdsprsctlplrtateﬁa jdlowpoadit iBa 61% yield.

ek FEHEGH 2 kg 2RI aﬂ%‘g%ﬁw Bhrorgt mheammtingtyd THE)
3.1k gsept-ghe3 s g{e%“ I fBRdd LW c@m‘a {%.Ee%yfﬁﬁv h 2. PHP B $hRBr

f'ormati t he conp
peﬂketspmad) Gaoe(m), éﬁui:@d msexs)unew (E)epBHcam) 1@\81 {’m)‘ n63{ry),

14l 5 T e T e F o Homen AT G Rt T et dhe. 1128

A BRI AL AT S PSS, ik 2 Shp ! ) o
(npp7 2B Ho€ Ooy. di nated THF), 3.45 (septet); 3.15

(seqt et); 1.73 (broad in; coordinated THF); 1.29-1.11
CER (KBr

2.1 Synthesis of the ligand 1,3-bis(2,6-diisopropylphenyltriazene

This was carried out as in Example 1.1 above.

2.2 Synthesis of a titanium complex of 1,3-bis(2,6-diisopropylphenyltriazene

@ 1) 12, ., tol @\L

2)2 TMSCL Cl

N/'H + Ti(NVey), T

15

N
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pellets, cm): 3057 (m, 2925 (s), 2851 (s), 1719 (s),
1617 (w), 1587 (m), 1523 (n), 1464 (s), 1378 (s),
wa3d®ao6ized , 1327 (in), 1262 (in), 1241 (), 12RCFT/GBRQ04/000109
1179 (w), 1128 (w), 1090 (w), 1040 (m, 1005 (nm), 960
(m, 926 (w), 848 (s), 802 (m, 774 (in), 760 15 (m,
1 7-st(12 Erﬂlxsolﬁﬁﬁylzzﬂényl)tlﬁiaﬂ@{lﬁé% 222 noyol Res idssseved Retoluene (50
and 1, 3-bis(2,6-diisoprop | phenyl)triazene This

mlb:a& he a¢litiewayeanaglaiad ko @ salution g B&EMezm(O 5g; 2.11 mmol)

t.h f
ing S oy Bl P T A B 3 Yoy 144 B Frpr o RO
texﬁn?)eratu}_ i wiNcEtheZofchir okt shiutiilYRghdd N ah driHge/MovnNTRE

15 2004/ 063233 PCT/ GB2004/ 000109 1
soBeBl w(lszreﬁmdﬁql sifsr oplplcphpreyduye ancazplaeed(\aatsﬁrsshm dizglled toluene

e LR e B e W St ai Brcbiertae sy ant 432
mfn@l)%on vbdch HBR s o ngtsconéym Qhad Rl 81 LR EHn 3b1ouf OFhe

hé solution was allowed to warmto room tenperature
soﬂmohWMQ:\caponath and ltlougolidfwasheasbed With dlaxanar &eldt5o ‘Va)er NMR

nd
(RS A o E0 . 2ad b F B eprems 01 (Toatror BPddse ] 38

(d§ ﬁ?zd‘b ﬁs (:EPFI{/{f(K*qL%%gQ%{%V&fa. g@b n(}a{)egé%g(s)’%ﬁ? ) g3 (m). 1621
(nv)mm (hf);sr.’Q3vQ&$ m@sﬂ (s)g h123T@),00680 ¢HardE (0O, a33r4e(dﬂ ngzv (s),

was evaporated and

1285100, 28 WWRaEd (vt GRB1B00 (0. APdA G5y 02 HANFRO6 (5), 985

oG9, 890y G2 gl T80 oo RS LR

Edddl&Br pellets, cm1): 3050 (m), 2958 (s), 2795 (s),

1733 (g 1621  (in), 1583&éa 1523 (m, 1467 (s),
31423 ( Synitessef thelicandd B-pisjadamarurigzene1 287 (s),

1257 (m) 1213 (w), 1177 (w), 1119 (n). 1056 (in),
1044 (nm), 1021 (s), 1006 (s), 985 (m, 933 (w), 897
(SNH,842 (W) NO798 (m), 753 666 (M), 599 (w), 550

(ing). Exanpl 15 B,A Synt s of..the nd
1 i s(‘adarfant y1 f2r7§ gzene/] | + + H,0
" H

Isoamyl nitrite (13.42 ml; 100 mmol) was added dropwise over a period of 1.5 h (using
a syringe pump) to a cooled (0°C) solution of adamantamine (7.56g; 50 mmol) in 100
ml of diethyl ether. The solution was stirred at room temperature for 18h and then the
solvents as well as the by-products (isoamyl alcohol and water) were removed under
reduced pressure (0.05 Torr) at room temperature over a period of 3 hours since the final
product is temperature sensitive. The resulting oil was dissolved in the minimum
amount of nitromethane and cooled to -20°C. The crystalline product was filtered cold
with a previously cooled filter and washed successively with small amounts of hexane
until the filtrate was white. The product was dried in vacuo at 35°C. (4.38 g; 14 mmol;
56%). 'HNMR (CDCl3, 250 MHz, 25°C) &: 9.28 (broad s), 2.02 (broad, s), 1.65 (broad,
s), 1.55 (broad, s), 1.36 (broad, s), 0.93 (s), 0.91 (s). >C NMR (CDCls, 250 MHz, 25°C)
5:48.10,47.27, 46.14, 44.16, 38.23, 36.26, 34.17, 30.79, 28.70. IR (KBr pellets, cm™):
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Et 20 + 273 K NNON + + H2O H Isoanyl nitrite (13.42
m; 100 mmol ) was added dropwi se over a period of 1.5
W 2q0u®63263 20 a syringe punp) to a cooled (0C) BOCI/GB2@A/000109
of adamantam ne (7.56g; 50 nmol) in 100 m of diethyl
ether. The solution was stirred at roomtenperature
33‘3@«@3}/26&@})1311@0 (ma9osqt)y@$ms<sps26mtdo a59;1; (w 1560 (s) 1545 (s),

t
wﬁm TR et o o BT L 6 0LT A3 130" (Pt . 1145 (9,
R TR0, BRI I, LR IS O gl 71
(WMKMJMVS$@£N@¢)|n the mini mum 25 anmount of nltronethane
and cooled to -20C. The crystalline product was
filtered cold wth a previously cooled filter and

3'%\ﬁtsi i eléfsco%ﬁﬁ té’ §1n¥1 C\Mn li % gm‘én riarz]teeﬁ(eane

dried in
vacun_at ,35C. (4.38 g; 14 nnDI; 56 "H NMR ( CDC13,

2504, 25C) 8: 9.28 (broad s), 2. 1.65
(br s), 1.55 (broad, s), 1.36 . 93
(s), 0.91 (s). "C NMR (CDCL3, 250 :

48 10, 47.27, 46.14, gzgh Blol 38. 23,

2 30 \79]—] 28. +7Q‘ S, €Cm ]ll/) \ + (TMS)NMe,

2007 063233 ISCT/ &2004/ 00109 333&(113', 32@4?%) E
3170 (w), 2905 (s), 2847)(s), 2656 (w) C! 1592 (s), 1560
( 1545 (s), 1499 (wnmd451 (M, 13

(s), 1284 (w), 1259 (W), (M), 1]
(s), 1038 (w), 982 (M), 967°«S), 934YSy, 854

(m, 839 (s), 807 (s), 773 (m, 716 (w), 642 (w), 552
(w). 5 3.2. Synthesis of '"a titanium conplex of
1, 3-bi s(adamantyl )triazene 1) 12h, r.t, tol N,N2) 2

R e eeo? (L b it iy B e
soﬁti'tro%%gas Anfdattl SRy Waasiogﬂtltg%odfvﬁé\m/@;t)o@ SRk s u%?&n&hi in

sol uti on was cannu s| ow a so I on
toI[Ie(lé\WEZhH c006leB amd20°@Q. Oh formatjoni of thd wm{ﬂﬂeat(rg&n%mperature the

soﬁ:lg%ggg@?a F(-éz’%nogqqgg/] brfo%rgﬂu? nTlcl)I: sghr/];lt %v%rsrrr)elzn?g(ve?ltun[igror?duced
pressure and replaced with freshly distilled toluene (50 ml). The solution was then
treated with TMSCI (0.54 m]; 4.22 mmol) upon which there was a slight colour change
to a reddish brown colour. The solvent was evaporated and the solid was washed with
hexane. (Yield 63%) 'THNMR (CDCl3, 250 MHz, 25°C) 6: 1.90 (s, broad), 1.87 (s,
broad), 1.63 (d); 1.53 (s); 1.45 (s).

Example 4

4.1 Synthesis of the ligand 1,3-bis(adamantyl)triazene

This was carried out as described in Example 3.1 above.

4.2 Synthesis of a zirconium complex of 1.3-bis(adamantyl)triazene
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solution turned to an orange/ brown col our. The sol vent
was renoved under reduced pressure and replaced wth
wo e@ghb3p3zi still ed toluene (50 nml). The sol utiPCT/G&2004/000109
then 15 treated with TMSCL1(0.54 m; 4.22 mol) upon
whi ch there was a slight col our change to a reddish
brown col our. The sol vent was evaporated and the solid
was washed with hexane. (Yield 63% 'H NWR (CDC13
Rz 25C) S: 1.90 (s, broad), 1. S,
; 1.53 (s); 1.45 (s). Exanp 20 4]
sts of the ligand 1, 3-bis(ada |t
was carried out haghdestri bed |n]&ExarrpI f.
apre 4.2 Synt hesi s23fTNSCL r coni u ex g
1, &pbi's( ad‘a&%ﬁ%’]ﬁ% tria %{%@m >33 T (TMS)NMe,
/ GB2004/ 000109 1) 12

2

2 \\ ,H+ Zr(Nve : ST
2 5 1, 3-Bi s(adama Wit r i a4 48 ol )
di ssol ved in of toluene (50N\GL7.. ution

s cannul ated slowy to a solution of r(Nve2)4 (1.0
g; 3.74 mol) in,75 mM of toluene cooled at -20C. The
sol ution tur ned to an orange/ brown col our after 18h

of stirri nq roomtenperature. The sol vent was
1.3-Bagedaamaniy ideasse &hals éﬁSan@el)vwacsrdlssWeém 9t telusne (30el)..

LY 5005 R LA AT BELPS o

mBéfl t8hen& &dddet! atCh@y eTHe%oﬁﬂfoﬁQﬁih@@toba[rP(yi@née%rB% COlO-‘Ep ther 18h
sol vent was evaporated and the solid was washed

of ptrringras roquyitepheratess) Thiel SoINMR WBDSDBye B0 abbdzand replaced with
br oad

frf‘fglé'? itg e%l tolfeémCS@gl}l? g%%%)]%t > \gzégg%'frgggchwgtb GﬁwégP (;0 96 ml;
7 Gkl PhpdRr ek fHebORa Pl RPLMDEY draakd @% @édlgﬂg&%ﬁ{{)&&é

A solution of the transition rreta conpl e
Theeslyenepas edppratesiindithodolidswsweshed withnpediboh (Yleﬂﬁ 76%) 'H

N CrCR P oHEC h 80T b Pratbct Gt ogDLb61 ). 452 (9
1‘§$&)7wgﬁ)@us pol ynmeri sation. The

Examples 1 to 4 — Catalyst Preparation and Polymerisation of monomers

A solution of the transition metal complex (5 mmol) was prepared in 50 ml of
solvent from which 1 ml of solution was used to do the polymerisation testing. The
catalyst activator was injected into 150 ml of the anhydrous polymerisation. The
Schlenk flask used for the polymerisation tests was then degassed three times and filled
with ethene (25°C) or propene (0°C) at a pressure of 1. Once the temperature of
polymerisation was established, the solution of transition metal complex was injected.
For polymerisations in bulk propylene (example 3c¢), propylene was condensed into an
autoclave before catalyst injection. The temperature of polymerisation in this case was
25°C. All polymerisations were run for 1h.

Polymerisations were terminated after 1h by venting gases and adding 20 ml of a
5% solution of HCI in methanol (MeOH) while stirring vigorously for 30 minutes. The

-polymer was filtered and the remaining aluminium salts were then washed out with

water. In the case of polypropylene polymers, the organic phase was separéted after

18



Schl enk flask used for the polynerisation tests was
then degassed three tinmes and filled wth ethene

W@ 28@p6x283 propene (0C) at a pressure of 1. OncECT/G82004/000109
tenperature of 20 pol ynerisation was established, the
solution of transition netal conplex was injected.

filtFzdion pamﬂ yinesol wat ivansenavebukikg propydvepeatoe xarepber 3e) soluble
@ e was Co densed into an autoclave before

po SFQV 8¢ Dpei i tBhsolyeé t enperature of pol ynerisation

EXP%?EQL§P%§§§“§Q§”’ﬁ§F§€fﬁ¢ pol ynmeri sati ons were run

. re termnated after | h by
V e n tTha gom@&&&n&fh@yed chelisn g3 -Bi0(208-diddopeopyBhenbsiatdnidotirahium

i n nmet hano while stirring vigorously for

5 dlcetplmempéged aﬁﬁescr&sﬂyh’éﬁalmg 1 3boge-ed and t he
remai ning alumniumsalts were then washed out with
water. In the case of pol ypropyl ene polynmers, the
organi cARRage was separ atredd af t exctihy\WO 2004@@@3233pD1
PCT/ GB2004/ 000109 filtration and the sol vent was
r emoved AW majicd r ot d°Eyapor at or (gtmmekawel) t ife 1891 ubl e

pel-ypropyt-ene—fracti-on—+nthe-soelvent—Example 1~
PollaynerMézQ/?H?f‘\EFest Resuldtlenthe Tonpl ex enpl dy8d wad!l
1, 3-bi pl|sopropylphenyl)triazenido zirconium 5
dlchlor de prepared as described in Exanple 1.2 above.
Tedt AQUIAGTIBAT Feedl Actprupeny M§ PDI (Al / M3pati o) 10
(O (g/mmol.atmh) (x 103) 1 a MAO TI BAL 25 -et hene 575
1985 2180028p0/ 25) 1 b MAO/ TIBAL O propene 15 305 10

(

The conpl exes enpl oyed to formthe pol ynerisation

Exabfl ¥ sida WebBnidisdtiokr tissRagagant yl ) tri azeni do

titanium & zirconiumdichloride prepared as in
Ex arfibk esmpBxanempgloggrtitoviere thegolynkirsatiedcdsalygwwed=N Ad
-~ 0 = Ti : - =
10 1,3;@5@3?]@[9\'1?&1)1{(@(%%0 Maniu-ll;{ &(Z:%l)c’oni%lrn éié‘r})xloridAg pr’epar'élg asClm ]égamples

3 and 4 and were as indicated below:

Ad
N:N/
']
Ad/N M wCl M = Ti (3); Zr (4)
~ =
Ad\l\{ 7 Cl Ad = adamantyl
N=N
\\Ad
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Ad 15 20 19 WO 2004/ 063233 PCT/ GB2004/ 000109 The

follow ng Table indicates the results of the
w@eingoe2ssat i on Tests: Catal yst Activator T FeRCI/GB2004/000109

Activity Mv PDI %4 (Al/Mratio) (C (g/nmol.atmh)

(x 103) 3a MAQ TIBAL 25 ethene 442 640 27.5 N A

Th(aff@@d\%%% Tab1eVAGE B r&suls @Pﬁh@go &ribd®or?T&tsl 2
(500/25Y 3c MAQ/TIBAL 25 Bulk 5690 6610 3.8 3.1

Ca(@abB0/ 25) propeoe 4a MAD Tl BAled25 ethanety85 89BIvr oDl  %my
NA (50 o) 4h MAOQ' TIBAL O propene 15 N A N AN A
(500/ 25) ?Aéﬂﬁatl& t he(dl ydi sper E&JW“(? ﬁHE@AWi/ i)

hrereir it MTare as by th e—pe ati=ar
chr onmat ogr ap CA\@net ho sgeme?ﬁﬁlg’l%e 2 640" 275 N/A

hown in the art
descri pti @soopis)the 5 application of these nethods to
t he nmeasurenent of Mw Mh for pol yethyl ene and

pol ypr opNEHEIBALt he pPesdiiop®@®kanpl e$38 s provided 29 12

foIIovving( le 8 in this specification. "%m™"
refers to ercentage of nmeso, neso, neso, MESO

pent ad daheymmed for 29ol ypiepy! enesdoy CL3 My sees 31
Macr onol ecul es volune 6, page 925 (1973) and 10

vol ume 8, (PY5)687 (1975) Jproguanpl e 5 5.1 Synt hesis of

1, 3-Bi s(2,6-diisopropyl phenyl)triazene |Isoanyl nitrite

(11, 7g :100 nmmol) was added dropw se over |h to a cold
490) solphmBAL 2, 6-75 | sepeapy! ani lgsne (8. %qs  SBoad N/A
mol) in 100 m diethyl ether. The reaction m xture

15 was st i($¢®2)at room tenperature for 18 h and then

he sol vent he excess of isoanyl _ nitrate, wer |
%K’/apor atl@g‘q/ﬁ%uo at Br odiPRBfper at UPe. The Ig/tAI’]er?WA N/A
volatile prgppnts

“PDI” is the polydispersity index Mw/Mn wherein Mw and Mn are measured by the gel
permeation chromatographic methods well known in the art. A description of the
application of these methods tc; the measurement of Mw/Mn for pol‘yethylene and
polypropylene in the present Examples is provided following Example 8 in this
specification. '

“%my” refers to the percentage of meso, meso, meso, meso pentad determined for
polypropylene by C13 NMR [see Macromolecules volume 6, page 925 (1973) and
volume 8§, page 687 (1975)].

Example 5
5.1 Synthesis of 1.3-Bis(2.6-diisopropylphenytriazene

Isoamyl nitrite (11,7g :100 mmol) was added dropwise over 1h to a cold (0°C) solution
of 2,6-diisopropylaniline (8.9 g, 50 mmol) in 100 ml diethyl ether. The reaction mixture
was stirred at room temperature for 18 h-and then the solvent and the excess of isoamyl
nitrate were evaporated in vacuo at room temperature. The other volatile products
(isoamyl alcohol and water) were e\}aporated at maximum 50°C (0.05 torr). The

resultant brown oil was dissolved in about 20 ml nitromethane and the solution was

20



(i soanyl al cohol and water) were evaporated at maxi num
50C (0.05 torr). The resultant brown oil was
waele@snszasl i n about 20 ml nitromet hane and t hePGDGBRG08/00109
was 20 WD 2004/ 063233 PCT/ GB2004/ 000109 cooled to
-15 to -20C. Atan precipitate forned during intensive
cosled ka 115go oR0theA tm pxreoup&hﬂammeslaiummgdamtem gm‘]ﬁg ofnihag
the walls of the fl was filtered

mtyﬁ@ﬂweﬁomoe @p@ S((ratfbmg ﬂ%é)ls o the Hawt ﬁ%%evtegf iifered apy2)°C,

wliih (i €431 £ 08 SIPERALHIA S APHABIIT GOl

terﬁperﬁmfﬁ urglef adusmn@Ios t&un}ZQ(lé]ﬂQH% g@0WH H = 7 Hz, CH3)

3.20 (4H, , 7.2 6H,
"HENMR Q%OW?P@%& Fem, anti Wmfezzﬂr-?d 82414 slHIHLa H)i’ g CH3) 3.20

(4l ,CH%- 2?2\574#}'_66@1 @% 08 S or S, N syl e 0% (am, 4,

Ty 318 ng) 62 o (40ph OEDH) phBr(w )st NH:),ZE n@mzr(eanny m{Ar} -H);
di chl ori de. THF CH3
5.243C BehasigpfahgiBis( 2s62dmsoprogfmhcmminazcne mrcomumrd(rthm}dz THF
CH3 - HRO H3C H3C CH3 N=Nt H3C NH CH3 H3C CH3 CH3
syn - 12% A sol ution of cH, HaC
1, 3-bi s(2, 6-diisopropyl phenyl)tridzene
mol) in THF (40 10 m), was f
n-butyllithium (0.5 nm of a 2: .
mol ). After gas evol ution had ceaged™ he
was filteked at -78C into a'$ol ifts on of PFCLA“2THF
(0.25g: 0.62%mol) in 40 in] of THRntiThe% reacti on
m xtur g was al | oned -fON@arm up to room tenperat ure
Wher nirght — Themi xtur e was then filtered
{iltrate evsz?ﬂ'*ated to dryness. ThHe residue
was taken upcwyi th toftiéhe (20 m) and He
HaC CHg N==N
HsC NH

syn - 12%
A solution of 1,3-bis(2,6-diisopropylphenyl)triazene (0.45g : 1.24 mmol) in THF (40
ml), was added dropwise to n-butyllithium (0.5 ml of a 2.5 Molar solution: 1.24 mmol).
After gas evolution had ceased the solution was filtered at -78°C into a solution of
ZrCly.2THF (0.25g : 0.62 mmol) in 40 ml of THF. The reaction mixture was allowed to
warm up to room temperature and stirred overnight. The mixture was then filtered and
the filtrate evaporated to dryness. The residue was taken up with toluene (20 ml) and
the solution mixed with 200 m! pentane (200 ml). The precipitate was filtered, washed
with pentane and dried in vacuo. Yield - 0.31g (55%). +FAB-MS: 963 (M+), 526 [(M-
L-THF)+], 456 [(ZrL)+].
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15 the solution mxed wwth 200 m pentane (200 nl).
The precipitate was filtered, washed wth pentane and
wa@leioadoi2ss vacuo. Yield - 0.31g (55% . +FAB- MS:POGBB2004/000109
(MF), 526 [(M L-THF)+], 456 [(ZrL)+]. 21 1. WO
2004/ 063233 PCT/ GB2004/ 000109 IR-i-Pr i-Pr [/ \ i-Pr
i-Pr NC O N N N, N i-Pr UUi-Pr Exanple 6
6.1 Synthesis of 1,34BRs(2,4,6-tri | phenyl
triazene CH3 H3C . C/ \ NH2 | -
- i-AnOH N\ CH3 - H3C NH N CH3 I soanylnitrite
(17.6 g, 150 mmmol }p; dded drOpMA e at_p0C over 1
hour to a solution of 24, %5 hylanlllne (10. 1g:
75 mol) in diethyl eth Q/M)\NThe reaction 10
m xture was stirred at r\omtréncp\r ture for 18 hours
and the vol atiles evapor*ted n acuo. The resulting
oil was diluted wir -Pr20 m ) and
cooled to -30C Scrate¢hing\the wal Ns_of the flask
with a glass rod gale.— ow |tate whi ch
was filtered, washed th col d nitryaeyhane (5 mM) and
dried in vacuo. Yield - 3.9 g (36.9 %9. 'H NWR (250
MHz, CDCl13), 6, ppm 2,3 - 2.33 (overlapping s, 15
135®) 6.94 (br. s, 4H, , Ar-H), 9.17 (br. s, 1H
N- 6 2 Synt heS|s of

di benz Iy and polynerlsatlon of éthylene

CHj

i-AMONO  HaC CHy  HsC
HsC NH, -
- i-AmOH Ne
NH N

CH3 - H20 H3C CH3

Isoamylnitrite (17.6 g, 150 mmol) was added dropwise at 0°C over 1 hour to a solution
of 2,4,6-trimethylaniline (10.1g : 75 mmol) in diethyl ether (150 ml). The reaction
mixture was stirred at room temperature for 18 hours and the volatiles evaporated in
vacuo. The resulting oil was diluted with nitromethane (about 20 ml) and cooled to
-30°C. Scratching the walls of the flask with a glass rod gave pale-yellow precipitate
which was filtered, washed with cold nitromethane (5 ml) and dried in vacuo.
Yield—3.9 g (36.9 %). 'H-NMR (250 MHz, CDCl;), 6, ppm: 2,3 — 2.33 (overlapping s,
18H, Me), 6.94 (br. s, 4H, , Ar-H), 9.17 (br. s, 1H, N-H).

6.2 Synthesis of 1,3-Bis(2,4,6-trimethylphenyl)triazenido zirconium dibenzyl and

polymerisation of ethylene

Toluene (0.5 ml) was added at —78°C to a mixture of tetrabenzylzirconium (10 mg : 22
pmol ) and 1,3-Bis(2,4,6-trimethylphenyl)triazene (12.4 mg : 44 umol). The reaction

mixture was allowed to warm up to room temperature during which time the colour of
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Toluene (0.5 mM) was added at -78C to a m xture of
tetrabenzyl zirconium (10 ng : 22 nol) and

wa2®4B6162, 4, 6-tri met hyl phenyl )tri azene (12. 4 PQI/GB2eb4/000109
nol). The reaction 20 m xture was allowed to warm up
to roomtenperature during which tinme the col our of

th2 20 Miio12 M%WMOWH@E@@MG’: 009 4i0r%ed 4teors edropdratmre for 45 min

onipeiogeds & Fapd s fed Mt fh oS Bt wided and
th@@'@la%r sﬁﬁﬂeﬁ%ﬁl ahylenéegq 1§54 Hbé@o%ﬂﬁas)lv{%%cﬁ‘éﬁﬁﬂmﬁ%d HCI (10

the reactor supplied wth ethylene at 1 bar over
min A MdVed kenoddded 6theirgacainol niiGhure dfeer thel end o t}M)ﬂ)cﬂm)iem\ﬂnen

added to the reacti m xture_after the_en t he
Twrﬁﬁlﬂt?@é@?l@(ﬂm o HBorr curgrd B an%wh@p gt inVacuo. Yield

1%?*3{‘%1@%W P PR RTINS

=ar2d18000, MN/I\/h=463 Exan‘ple??lSynthesis
B|S-N,N—(2, opylphen%j)trlazen Iphenyltrlphen
SYymthesist $ oh W azenyiphenpiriphenyphosphine
ndpBdhl (1.5 m 3. 86 mml ) in hexanes was added
ise at 0OC over 10 min to a sol ution of of

AJZ ﬁ\v{b]as fduBordd i ISBpLDﬁyS mp FBe®ryinjriol) ia2exranet Tuad llgded dr3p‘8@e at
n tol uene i. The reaction m xtur

i
0 Q qu a8 myp tg %wml@rhﬁ%@fa értés<2ﬁocinssnrowlnp}&ﬁul)&rﬁéwe (1.41g:

AR ST 0 S By
for 80 nidih oW th’eﬁaﬁdthﬂ{bnmphbwh@epﬁényfﬁdhﬂdrbﬁdk@(ﬂ)f @078 1586 mmol) in
erature for 3h and the sol vent evaporated. The

THB?(E) Uuamlhzas agided ol hetpsulfing siddenen reagtionmizire Bagstired at room
sol,ution

e RRENE A Tl o PR REEboRRC, IR SG BL R ggiveme

(aBHECIP] 1 Al)e MépSank 6MEA) widdebd Wasthkisblgbs as \ﬂik%fb@d Upon
with cold heptane and dried in vacuo. Yield - O.

st mn%an oFangeiied, costidlangt precipgateafas feinhady aiﬁlgchg\mseﬁltergd Washed
di 440 t.h t
WG ol Bns ety e au088 T PuahH e atig of

filidte FAvE alliitionally 1.3g (44%) of the desired product.
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3 CH, /NH n-BulLi,
t rans- Ph( PPh3) 2Ni C

toluene cH3 / H3C N
NNf cH3 N 200C CH3 \ N',
w0 odowee33 H3C CH CH CH3 CH3 CH3 CH3 H3C rrBEGBM04/000109

THE -

PPh3 N(\ Nf CH3 Ph H3C\ CH3 CH3 Analysis.

El emental analysis, calcd. (found): C - 75.60(71.26),

H- 7.14(6.27), N 5 5.51(2.85). 'H NVR (250 Mz,

C6D6) , ppnas, 1. 10 (6H, br. s,rCH3), 1.26 (13H, d,

JH H 5—z), 1,44 (15H, m [CHR) CiH, m

CH),, 4748 (I m CH), 6.34-7.10 (#8H, | C(Ar}-H),
7.18°7879 X8H, m C{Ar}-H); 31RMMHK NWR (101 Mz,

ceD6), b phm  25BAT;todBe( Cl, INH3) CHat 2. (1,100 : weoPifPhy),NiC
734 (2)- Mt N2, M- i |- Pr; 55%}@@)- vt -
i - Pr2- CoH3NBH2; 279 %@@)- Ph3PNH3+; 263 70) -| H PP+ toluene
262MC36) - /-Pr2 10 C6H3N3Ni . 7.[24.EtHiyl ehe

ol i goneyisatiBn using Bis-N N (|2 6- opeqpayl phenyl

triaze phenyl triphenyi phoslphin el (R A

sol ution of tfe nickel conplex |(20 prredar ed above

(para 7.1) and N (COD)2
scavenger was st
for 1 15 hour.

m xture after t
traces of hey

. “K\\’/

CH; N7 Ph

eres and oct enes.

24

(100 nol) as phosphine

tirredsat 70C under ethylene (1 bar)

@ &Z- M5 anal ysis of the reaction
e=congl,eti on of the reaction

shows

Analysis. Elemental analysis, calcd. (found): C —75.60(71.26), H — 7.14(6.27), N —

5.51(2.85). "H-NMR (250 MHz, C¢Ds), §, ppm: 1.10 (6H, br. s, CHs), 1.26 (3H, d, Jius
= 7.9 Hz), 1,44 (15H, m, CH3), 4.00 (1H, m, C-H), 4.48 (1H, m, C-H), 6.34-7.10 (18H,

m, C{Ar}-H), 7.18-7.79 (8H, m, C{Ar}-H); *'P{'"H} -NMR (101 MHz, C¢Ds), §, ppm:

25.37; MS (CI, NH3), m/z (1,%): no M, 734 (2)-M'- Ny, 720 (100)- M*-i-Pr; 557(100)-

M- i-Pr,-C6H3N3Hy; 279 (85)- PhsPNH;";263 (70)- H-PPhs* 262 (30)- i-Pr2-

CeH3N3Ni.
7.2

Ethylene oligomerisation using Bis-N,N-(2.6-diisopropylphenyDtriazenylphenyl

triphenylphosphine nickel(IT)

A solution of the nickel complex (20 pmol) prepared above (para 7.1) and Ni(COD),

(100 pmol) as phosphine scavenger was stirred at 70°C under ethylene (1 bar) for 1

hour. The GC-MS analysis of the reaction mixture after the completion of the reaction

shows traces of hexenes and octenes.
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WO 2004/ 063233 PCT/ GB2004/ 000109 Exanple 8 8.1
Synthesi s of Bis(1, 3-di phenyltriazene)zirconi um
waltwhben2szle. THF N CI C N NI \Z' )\N N O PQOI/6B2004/000109
solution of 1,3-diphenyltriazene (1.0g: 5.1 mmol) in
THE (40 nl) was added 5 dropwise to NaH (0.61 g : 10.5
Exmpld 8 1, 3- dlphenyltrlazene is comrercially available
: After thelevol i gas has

at -78C into a solutlon of ZrC14 2THF (0. 969 : 2.6

mol) in THE (40 m). The reaction m xture was

allowed to warmup. to roomtenperature and stirred

over ni ght. The m/ re was then fittered and the

filtrate evapor al b 0 dryness. 10 residue was

di ssolved in tol ¢ (20 M) and ¥ sol ution nxed

with pentane (200 m The precypitate was filtered,

washed with pentane apd @ri iN vacuo. Yield 1.35g

(93.3% . 8.2 Ethyl eng r+SQt i on usi ng

Bi s(1, 3-di phenyl tri dzene nigg\ﬁ\n1 di chl ori de. THF 15
€N arried out as

as conpl ex,

descri bed in Exanpl e/6. 2 ng,
bi s(1, 3-di phenyl tri azeng) zi r ¢oni di chl ori de. THF

. . / an MAD ( 7y 560 equiv). The
ethylene pressur: as 1 T~ the\p nmerisation

Aschbaet Leeiemmirese o e Padloimsib (Phed v e
dré@?ﬁw Sﬁoggg 21%% t1 :r3 ﬁ‘@ﬁlﬁ’ﬁt y !G%S"r?. um C@%&vaﬂable

frémiAtedtidtyCldrhighls c Alfer thdevdiu(iGOBY 2as=han ice}dsedi the resulting orange

bi s(1, 5- dlcycloogtadlene 25 WD 2004/ 063233
soptiPP GEs U0 1 69 C tipaqt SACH2 TbHI (Pl Cgp & mpl) in THF

(46 I}{M.Wﬁe &95‘[10%%%{%1]3 Xxlag réﬁo@@djtop\%r}ﬁpﬁppfbyxjog&etemperature and stirred

overnight. The mixture was then filtered and the filtrate evaporated to dryness. The
residue was dissolved in toluene (20 ml) and the solution mixed with pentane (200 ml).
The precipitate was filtered, washed with pentane and dried in vacuo. Yield 1.35g
(93.3%).

8.2  Ethylene Polymerisation using Bis(1 ,3-diphenyltﬁazene)zirconium

dichloride. THF

Polymerisation of ethylene was carried out as described in Example 6.2 using, as
complex, bis(1,3-diphenyltriazene)zirconium dichloride. THF (11.6 mg :17.7 mmol) and
MAO (7ml : 560 equiv). The ethylene pressure was 1 bar, the polymerisation
temperature was 65°C and the polymerisation time was 30 minutes. Polyethylene yield |
was 0.25 g. Activity was 28g/mmol.h.bar.

NOTES: In the Examples

MAO = methylalumoxane

TIBAL = triisobutylaluminium

TMSCI = trimethylsilyl chloride

Ni(COD), = nickel bis(1,5-dicyclooctadiene)
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The pol ydi spersity of pol yet hyl ene was det enni ned
using a commercially avail able Waters 150CV. This
woreiohoeB2ehabl es the nol ecul ar wei ght di st ri but PONGBXANDN00109
of polyolefins (e.g. polyethylene dissolved in
1,2,4-trichl orobenzene) to be determned. 5 Cel
D&efmRat drot RIS ogT AP XD olsQRAER 4RI IRNEBYlene.
nol ecul es in solution according to their nolecul ar

Thy méyctlwa&l?yld# wakictiese mﬁé}iﬁtemaméd v4iBg @D@n@mlplﬂﬁemaﬂable
WSS D At b e AR Bl B RS S LRt By O

pd}ylﬂb’iﬁ%’(st(@% b@ly&ﬁﬁleﬁ& ensdivad inngf MJt@clﬁﬁoBerszﬁE}ttb 88 d&krmined.
nol ecul ar Fromthis the nol ecul ar wei ght

G@d?@@matwaﬁmmwgmﬁﬂhméﬁﬁcmw%lpoamermolecaﬂ@sun apktion

F 1 | or ob
scgpig B dfEto BT ek VA GRRER B e iRE Riedre sauipment
hals DREEEal toifed Mith IPRArasielisHal seanddiag (SY. %W&ﬁ:g, th@e%ﬁiéﬂtal

GPC chromat ograns at tenperatures up to 0- Cis the
GY¥atchranaeQam. is pon\{esteétmmnmmslntbr profisyastacimetomprfingdlagilar

bl 1.0
whighiTom g S malsGi BETER: SEBAS b ane o BERETE o
call ABate@NE G l‘gﬂ’ene"@t'rl%ﬁl'éhﬁknzv&b Hised ang @vat&i‘ teﬁﬁ‘)@ratures of up
pol ynmer |s use e.g. 3 Shodex colums, 107 A 'linear

todll7d A Gforfler t98Endeithe JEVIHEAGTBILT S' handbooks f or
i ndi vi dual col um nol ecul ar wei ght ranges. (c) An
TledyStehMised k@ bbialrt GP@ chfonvitedra@bausptraturésdip BABOEATLsithe
Index (RI) Detector. 20 (e) A single capillary
Watese b3GGY- [tvs 3 neereadoby systie calBpuEngini t s are encl osed
(YSHIER AERLS DR TR ERELBARG, SARBEAL" | Lomper atur e

nvi ronmen lllpore 150CV filter

(B3 @seuds ¥f GFE%]L%TSQpﬁﬁﬁ)lﬁﬁe o gled' aﬁﬁélﬁﬁt&ﬂ‘ iy leBRBtAElgHt range
25 for polyethyl ene sanpl es of gr content or

Oﬁ:tbﬁpalwmeﬁga Ursmi |eeg- S, Shedproer!umas, d i bn@@@nd 10’5} Geethe

la rator a nment cl udi

mp P Fieg P PRl B BT s el el Phssics
(cY il @tcﬂﬁﬁ’ed@ﬂﬁlﬂ{ h ng-vel khiadeis. Reagents used:

1,2,4-Trichl orobenzene, HPLC grade, e.g. FSA. 30

(ﬁ$3ﬁﬁéﬁb&ﬂﬁé¢éﬂuhﬁﬁ@aﬁwo Monodi sperse pol ystyrene
reference standards with i ndividual certification data

(e) psdiggle cipiliitg vystesitL@dpdetefor.

The above units are enclosed within heated ovens maintaining constant temperature

environments up to 150°C.

(f) Millipore 150CV filter assembly (Type WATO 76615) used externally/manually
for polyethylene samples of high gel content or containing fillers, colour materials étc.
(g) Usual laboratory apparatus and equipment including a four-figure analytical
balance, volumetric flasks, vials and measuring cylinders.

Reagents used:

1,2,4-Trichlorobenzene, HPLC grade, e.g. FSA.

Santonox R®, Monsanto.
Monodisperse polystyrene reference standards with individual certification data issued

by Polymer Labs.
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WD 2004/ 063233 PCT/ GB2004/ 000109 Pol yet hyl ene

Standard Reference Material (SRM 1484a. Pol ystyrene
WERM/BER33 Preparation of Pol ymer Standards ThRCT/GB2004/000109

1,2,4-Trichl orobenzene (TCB) sol vent containing 0.20

0.02 g/1 Santonox R (hereafter 5 referred to as TCB)
Palgetindenmmb thydangd RBefeadrice Mdteridl (2RMOA484r.9g. M I 1 pore

fiItraté E' with 0.5 m filters). Single calibrant
Polyityrame §E1 é'ons of 0.015% (hi ghest nol ecul ar wei ght)

Pri@irddiod ePPBIvheaeRakrqfrol ecul ar wei ght) w v (normally in
10 solvent) were prepared. This is achieved by

Thedla.figichirsobsorsgnedT CBbsolvent comajning (2 0gt .95/ SaB@ok Br(hdreafter

N I N
fileerd)] Sfdle tBREr ity solibnds @0 (eghasts@lecOlr weight) to 0.250%

(l%séﬁ%lgélfag %vle}(gs )évc/i\s: n{g}lé%g&%/\j QS rﬁ ngg‘ré g{egé)rl]g)mdn% LS ?suallcﬁlirczved by
hea @GO IIAhérR0Sent Mak@CUt 895 M GIdr 1(:PBhor9 DSR L RVdOOnce
(w'vy% 15400000 0.020 (i.e. 2 my in 10nm TCB)
dissgyed (5 roHUZD reIBINE FEHHHON OYa2gien ¢eBI0EMbicgEINPERY5Z00
D, 838 o 27 hOBs) 158000010 RO A6AA0 0y 4281t are 1
2?3%80 o 12‘3}3%{3%50&0?125 Dl KA By Mg g lited
beBO0WitDsEGEtedcPO@NEUIREY 1050 0.250 580 0.250 30 For
nol ecul gt ' ' r medi . .shown choose
i nterme Pg%é@agﬁez%lﬁ?#%i ong%gefltéﬁpé%g‘g&@he t ot al
runni ngi4opgof the cali br am209ae0 @8 in ¢hi PCRMt
sol utions containing nore than one pol yner have been
used pr¥d¥0BeY that the indi%2§ual pol ymer peaks are

1950000 0.025
1075000 0.050
629500 0.050
275000 0.100
156000 0.100
66000 0.125
28500 0.125
20650 0.125
10850 0.175
4750 0.175
3000 . 0.200
1700 0.200
1050 0.250
580 0.250

For molecular weights intermediate to those shown choose intermediate concentrations.
To reduce the total running time of the calibrant samples, calibrant solutions containing

more than one polymer have been used provided that the individual polymer peaks are
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27 WD 2004/ 063233 PCT/ GB2004/ 000109 wel | separat ed,
e.g. one solution containing polystyrene standards
WO 20456632328. 5K and 3000 nol ecul ar wei ghts. PrRPQOHEGER03/000109
of Sanpl es Sanpl e sol utions contai ning approxi mately 7
3 ng polymer were prepared by 5 wei ghing accurately (4
wdll gpairatedaé. grnae)solutibn cantainiigddl gstyresephmdikds 429.5K, 2BEK and
m .glass container) and adding 25 nl TCB solvent. A
3008 niplecylageigtyer ed magnetic fol lower was placed in

I%ﬁ%?ﬂkﬁﬂﬂ%ﬁhlﬁ% and covered with alumniumfoil to ,
nt evaporation. The sol ution was heated
Sahipl@o1@VER cahtakdfy apbbdxifatel o783 hﬁ%ﬁbcﬂyﬁl&t Weretph@apsd Byer

was 1o dissolved. At approximately 2 hour intervals
welgiing geauratey (e figwg belaceonigrs witablgseqsprackede.goh0ml glass

net i  pl.at iryer stirred for 1-2
cof G et g S abil Gph o aRe S oo Bisgdnigngtic ollower
wisIRLH M BT ohided HHcNRERSHM NulBnidinsHaky i@l Y@ went
ranging in Mv from 5,000 to 2,000,000 Daltons. ,
cvipaatidny, about 3 ml of the polymer solution (at ca.

155C). is transferred to rousel_vjal (at . ca.
The 335 ion Tis HEGFG 01 GhOVAST 157 Gao e s kY BHE hispolymer was
ORI AR DO o e
on(ecahgnetie tipt platelseirrer difd dtirfetifori R miguteeditis edniddle méde range of

.WATO 76615 filters were used. . Apparatus Preparation
U eng SORRETRIYTRS phEwRd BBTFsPaY L0 Gpsol vy RAAYFHS agfteatsep Mw from

5, G208, 000 T Rns. FEX %%9%%{%52{01@%&5% G Al 1550¢)

0C, 20 fnjector -naxlimum conpar erature of
is IrofiEerredGolawamsisel wiEXatnaam £90haTharsslitidrenieihfdctedentofthe GPC
150C. . The conpartnent tenperatures are programred from

- systemnyithowh Heting wnless thorelyghnigye continspoidugl Gafadvst matesial gel

‘ e ri £ rni t
o SEUTIE) i DS PR Rk Ry UL AL
AgekdtuoPrephetisef racti ve i ndex detector, the VI
transducer and the injector should then be purged as
Theelo@FVorainmpent sansisipoitrepanigaratedasettonshe sanpl e
solutions in the carousel have been placed in the
Punyy oREGIW0 AYEPATHBFY fempeguEetifCset is all owed to

LBy A ' e hour (and
fO P2 R L G TR0EF ow rat e of 1
Cotluhis hmaSinubh eompartdatiecémperhisrsett 1300C.a sui t abl e

sensitivity, e.g. 256 for polyethyl ene.
The compartment temperatures are programmed from room temperature to 60°C (pump)

and 140°C (injector and columns) over a period of 16 hours (i.e. overnight) at a solvent
flow rate of 0.1 ml/min.

The reference cell of the refractive index detector, the VI transducer and the injector
should then be purged as described in the 150 CV lhanual.

Once the sample solutions in the carousel have been placed in the injector compartment,
the column set is allowed to equilibrate for a minimum time of one hour (and preferably
two hours) at a solvent flow rate of 1 ml/min.

The RI detector is set to a suitable sensitivity, e.g. 256 for polyethylene.
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28 WD 2004/ 063233 PCT/ GB2004/ 000109 Calibration
Procedure A typical GPC injection sequence for the PS

W@ adoitloers3 on standards is shown in Table 1 bePOIGBIIv4/000109
frequency of calibration is at |east every 3 nonths or
unl ess the nol ecul ar weight distribution (MAD) val ues

CalgnatiorPranetfuse 1484a fall outside their acceptable 5

r.an ee conput er/| abar ry.control charts for,
AP QRS PR L e SE L TP e <oy i ot |
béER. Bt fichdl GdaliBatiSR AU NGt &Ry PRiohdlsi P hftesOfhe molecular

standards (injection volume 300 1) | NJECTI ON SAVMPLE
weightidivobution AMBAR) vaduesFodM6 ahdbivi1 4844 faliSvtsidestBiir acceptable

2065Q, 1050 15 6 629. 5K, 500,. 3000 7 275.2K, 10850,
raft0S i PR e ROTEBiol SRS T FEUIS 9B BpEcs

Calculations = The cabmqgmqmom%%%ﬁogbgggﬂgd A third

integrating the pol ystyrene cali
oAdEypipd IGRibBaraple dgjactiandSequéncedbi P ealtbramainestaddards (injection
wei ght (or in terns of e.g. ol yet hyl ene nol ecul ar

wei ght usi ng val ues cal é’@?“é?i‘eegoqll”bm t he appropriate

Mar k 25 Houmg nd a val ues) tpst el ution vol une

i s used. Oq“ﬁ‘é%gﬁ?g‘go@al i bration &@?ﬁkgs been

est abl i shedl t he sanpl e nol ecul a6wei ght paraneters

are determ ned using the Waters M || enni um sof t war e.

The foll owivg nol ecul ar wei ght 18#@anmeters are

cal cul ated fromthe G°C sof_twar1 MM - nunber average
nol ecul ar wei ght 30 Mv - wei ght "avérage nol ecul ar
wei ght 4 5M

5 1.95M, 156K, 20650, 1050

6 629.5K, 28500, 3000

7 275.2K, 10850, 1700

8 | 1.075M, 66K, 4750, 580

9 706

10 1484a

Calculations

The calibration plot is obtained by integrating the polystyrene calibration peaks. A third
" order polynomial equation of calibrant molecular weight (or in terms of e.g.

polyethylene molecular weight using values calculated from the appropriate Mark-

Houwink K and o values) against elution volume is used.

Once the calibration plot has been established the sample molecular weight parameters

are determined using the Waters Millennium software.

The following molecular weight parameters are calculated from the GPC software:

Mn - number average molecular weight
Mw - weight average molecular weight
Mw/Mn - polydispersity

Mp - peak molecular weight
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MV Mh - pol ydi spersity Mp - peak nol ecul ar wei ght 29
WD 2004/ 063233 PCT/ GB2004/ 000109 For further

wo pdoserrsd on on the GPC net hod of determ ni ng BEEEB2004/000109
paraneters reference should be made to analysis GPC
literature and to, e.g. the Waters M I I enni um

Foh antke Biformatoh yarkpgPeneetitidof ddtdrovhing thené pammikiensreiegence
rel evant to the neasurenent of these gfranetﬁrs.for

sheydfl pp iy ﬁ@ﬁ@]gﬁéﬁ@}’@éﬁer%rﬁﬂr@ tgi €& dhe,ags Millennium hangbook.

Poﬁﬁggggéqﬁtely 20nmg of each sanple is pressed into a

m at 190C for 90 seconds under a pressure of
THeGkMbwiglififoahatidnes Fetswnt @rthe frichsorémenploddede para@@rets for
vial with 10m of stabilised 1,2,4 trichlorobenzene
polpEorH SIS SRPRSW t h agi tation at 160C for a period of

&golt@@(ﬁgyrs. Once dissolved the sanple is transferred

P 0°% vial and placed in an autosanpler kept at

App8matdly DOeig tolf eaddr RERRSisPressédinsd etliih figmtd16 98 @l ot 903econds
care should %e t aken as undi ssol ved hi gh nol ecul ar

unger ghtessrae ef PAN.daai! pf be Resﬁlﬁéntﬁ?lﬁ]eltstpéacﬁ% én d¢jhvial with 10ml of

ml.es oul.d not bhe jnj.e e - N :
s QB2 E bkl b PUBELEHL U AR R1G for a prio of
twBOhSHRE OB ¢ Vel ItBS sdthigb T eiEeraddinetoGPGRAR @ al fandl tp@tbed in an

wth a 40-position autosanpler. Calibration is carried
autesempisr fgptPLt 1 S Paring Bleyseqesealetranseaiemibg solutiga care should be

le i.s inj.ected th h a single 7.5 - (dxl
offoR RSl e gt eape e TR e sy sveh
sahf& sbuliof B Mieci@SHlotthdGPN a sanpl e col umm tine of

six 20 mnutes. Detection is carried out using a

Chrefratoggraphy | ndex det ector. For high throughput

ur poses the Mark i nk nstants.c en are
TR B R SRl 1320 PSRRI A M R AV 5RO, fited
whR UL @sBdnl dhtdshRpRe] YARbrakiah & QAidd@t@sRictHIEEasical polystyrene
manual 1y or by aupo cal cul ation routines during HTR

staplerdst i on. 25 30 30 WO 2004/063233 PCT/ GB2004/ 000109
Tl%I sae{mnl:ﬁe is injected through a single 7.5mmx150mm (dxl) high throughput column

kept at 160°C with a TCB flow rate of 1ml/min, resulting in a sample column time of six
minutes. Detection is carried out using a refractive index detector. ‘

For high throughput purposes the Mark Houwink constants chosen are k=15.6x1 0° and
0=0.76. Molecular weight averages are calculated in the Polymer Labs software either

manually or by auto calculation routines during HTA operation.
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What we claimis: | A polynerisation catalyst
conprising (1) a nitrogen-containing transition netal

W@ oovpoer2ad having the followng Fornula A andrGI/EB200M000109
N MKyLZ Nn Formula A (2) an activating quantity of
an activator conpound sel ected from organoal um ni um
conpounds and hydrocar byl boron conpounds, 10 wherein
in, Fornula. A either (a) R and RZ are nonoval ent
groups connected to the term nal nitrogen atons of
the triazene unit via carbon in said nonoval ent groups
or (b) R and R2 integrally forma divalent group R3
bridging the termnal nitrogen atons of the triazene
unit via carbon atons; the nonoval ent groups R and R2
and the divalent group R3 are independently sel ected
15 from (i) aliphatic hydrocarbon, (ii) alicyclic
hydrocarbon, (iii) aromatic hydrocarbon, (iv) alKkyl
substituted aromatic hydrocarbon (v) heterocyclic
groups and (vi) heterosubstituted derivatives of said
groups (i) to (v); 31 WO 2004/063233
PCT/ GB2004/ 000109 Mis a netal fromGoup 3 to 11 of
the Periodic Table or a |anthanide netal; X is an

Canhoni c group, L is a neutral donor group; nis 1 or
%ﬁ d z are independently zero or integers such

W HWGF g% unber of X and L groups satisfy the val ency

'lan:jyzgéo%érfggtlcﬁ}@attaq stegmgﬂgg tal M 5 2. A

0 I"sat1 on cat yst aimed in Caim1 wherein

t he (thaaitedgenicogtamigpstrarsiticantetRZ oaippuseh@ah e theffoDeVwing

net hyl , ethyI et hyl enyl, isopropyl, tert-butyl,
FormwaAt3nd cycl opentyl, cycl ohexyl ., phenyl, biphenyl

napht hyl , phenanthryl, anthryl, benzyl, tonI,

nmesi tyl, 2,6-diisopropy|pheay| and 2,4,6-triisopropyl,

2-pyridinyl, 3-pyridinyl, 2ythiophenyl, 2-furanyl,

2-pyrrolyl and 2-quinolinyl.

/N
N/

Formula A

(2) an activating quantity of an activator compound selected from
organoaluminium compounds and hydrocarbylboron compounds,
wherein in, Formula A, either (a) R and R? are monovalent groups connected to the
terminal nitrogen atoms of the triazene unit via carbon in said monovalent groups or (b)
R' and R? integrally form a divalent group R’ bridging the tenninai nitrogen atoms of
the triazene unit via carbon atoms;
the monovalent groups R' and R? and the divalent group R? are independently selected
from (i) aliphatic hydrocarbon, (ii) alicyclic hydrocarbon, (iii) aromatic hydrocarbon,
(iv) alkyl substituted aromatic hydrocarbon (v) heterocyclic groups and (vi)

heterosubstituted derivatives of said groups (i) to (v);
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10 3. A polynerisation catalyst as claimed in Caim1l
wherein the divalent group R3 is fornmed by fornal

wo etmwed23df a hydrogen atom from a group sel ece@€GBR@A1000109
met hyl, ethyl, ethylenyl, isopropyl, tert-butyl,
adamantyl, cycl opentyl, cycl ohexyl, phenyl, biphenyl,

Mnia phhdiyll fromp Kizogns bo i1 of thaPhrigdic Thigaoy b ,larttl(ﬂdnydle metal; X is an
nmesity 6- d||s ropylphenyl and 2,4,

AP %‘Poﬁ% a n@t ‘Prtﬂr #AUP; 8 lSp?y 2] %hyn%ﬂd Z %’e frrﬁeéﬁr?éﬁﬁ}}’ Z€ro or

r

ey et ff“s%*{%%?é S EIL E gRe TP e enct andpigption sae

ofpheaediing Cl aims wherein R, R2 and R3 are
heterosubstltuted derivatives, of sald grouP (i),
( i) Ho,l)plilf)rlsa‘r(qu,§atqjyst (agylamaerﬂdm\m% pvhepgan the monovalent groups

h
RYBACRD WRARRIURR nlcthy3 SR &g@&ﬁ@%@?{%@n Qteﬁgt}%l%qoaqamantyl
c;&lftﬁj)eﬁﬂyl )Cb'clomsdyh@hynylﬂlhblﬁmyfl nﬂﬂﬁl‘iﬂ;(yhe(nlant@ryl £86415 benZ0, tolyl,

tol¥loxy,,xy yl oxy, nesityl oxy, dinethylam no,

mgsiatA/P-SHf arsoPRcRY! WArAA antilisepTopyh wireeimyl, 3-pyridinyl, 2-
|5 A polynerlsatlon

ﬂﬁﬁ#%ﬁ@s? 1aﬁﬁdng%gﬁ Q¥“?§$%%@“§f the preceding Cd ains

3wher gipdlyridiBa@si0etialiRt as RAiroed BRI Thisn NetHRrRE el ditaléftGroup R’ is
the atom or atonsiggesent in the rings as the

fonmed by ey eovabp b}@aogen@mr@irygemgronp selogjed from methyl, ethyl,
oo bou BN RS, Jathabh S8nelh Rcitheahangpd, bohent

n@hﬂiyquahéna?ﬁtwl @ﬁth@l%@&ﬂl fblyﬂneﬁ@qﬂ R dAEPr&SPealBand 2,4,6-

i dentical groups. 7. polynerlsatlon cat al'yst as
trnwmt% Z-pyrdinyl m-syniayle?-thirpheanit 2Fi2raayk 2eyiksplyl and
2%Hou§ 8 A pol ynerisation catalyst as clained in any

[ P the preceding Clains wherein 30 Mis selected
4fr OWA%lynTérlsaIZ&n ceh’ﬁlyst\l{s cMQnedTﬁ,an%ne MPthe PYheMBing@ainfUvherein
Co, Ni A pol ynerisation
RGA aﬂnylé% aafzshmrasu’cetjmtctd dzem af@m obfsatdharoyprse@e dingiiCi(a) os(v)
323 04/ 000109, the
o FhTHE o5 B ape gl ot ie&?‘g 8 FoRT 4 TR dPSEBYR 1io,
arﬁﬁ{ob@%ﬁb adior, 19)dr 64641 aﬁ’d‘hﬁq’méﬁgxy, @i%?%';ﬁl‘é‘noﬁp(l eA OC6H5)
pol yrerisation catal yst ‘as claifred in any
totylexyrsylylaxy, ®CW}@®6’I» ﬂln)ﬂﬂsylanlmoduedlytmrrdnmanﬁhge‘dmylammo

wea - oordl [ 5 11. A polynerisation
ﬂ%%?élé ‘ﬁgm% ﬂ@%n%ﬂy@ﬁﬁrn1lo wherein X is sel ected
sfromy ﬂo%é}fsbﬂﬂ&[ 94@89&%@ clafrh&Phl a‘ﬂztoﬁg oyl r&gﬁﬁg%lﬁ% wherein
triflate A polynerisatio cauiy
thergraupyR oﬁé ODR3 tsHthmexchd andjth€laginrer wdoes @iresent in the rings as the
heteroatom are selected from oxygen, nitrogen, sulphur, phosphorus and silicon.

6. A polymerisation catalyst as claimed in any one of Claims 1,2, 4 or 5 wherein

R' and R? are separate, identical groups.

7. A polymerisation catalyst as claimed in Claim 6 wherein R' and R? are alkyl
groups.
8 A polymerisation catalyst as claimed in any one of the preceding Claims wherein

M is selected from Sc, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Fe, Ru, Co, Rh, Ir, Ni, Pd
and Pt.

9. A polymerisation catalyst as claimed in any one of the preceding Claims wherein
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the activator conmpound (2) is an organoal um ni um

conpounds selected from trinethylalumnium tri ethyl
W@bkaomioed2sam tri butylal um nium tri-n-octyl al unPei/GBR001,000109

et hyl al um ni um di chl ori de, diethylal um niumchloride

and an al unoxane, or a hydrocarbyl boron conpounds
thsaliegt gebuprXdm selected from halide, hydrocarbyl, carboxylate, oxide, amide, and .

di et hyl phenyl ammoni unt et r a( phenyl ) bor at e,
allkgxidey| t et r a( phenyl ) borate, tri phenyl boron,

102'03% pn&'yeﬁﬁ@éf ABIRNH LgtAGRERY &id sarapheny) 3 BRERLEX is a

nohedobaknanglr svedki§-doviditatiap anehhy| ) phenyl ] bor at e,
H+( Ot (bis-3,5 15 trifl uoronethyl yl ] bor
Ugrit wno&m%r(saa?ﬂ &t r8 SHERT Pdorak & @H}&rel 1S 58ediea from

f . A pol t
IR PRI bRk P ne o

120herg pGlyhf&ﬁsﬂﬁinaJayaﬁkyst hsclaiupaan aegoonofths yppedihg Claims wherein
material. 14. A 5)0| ynerisatign catalyst as clainmed in
thepeivigior SomRaw (2) {3 Y eppelmifRTEFqapounds sgeriekirent ed

‘ trifﬁeﬂg)laﬁlinln}]ﬁlﬂn t?le@ nl%mnﬂl{l qggh@la Jﬂ%%ﬂﬁﬁ'tﬁ 2 B%@laﬁl%lx%{

repo yer | | on cat al

etleyl @Rl uinndi elyri @) Gleﬂfy]eﬂhﬁanﬁmﬁ@ﬁwrﬂg afdl ah ﬁlilmdmﬁ@d‘ e B
the nitrogen-containing transition netal corrpound
hydsecariylacken ¢anpawdnecledtet figma A is sel ected from

d1gﬁe§}¥rp&§{\ﬁ%mn%é{usf&e{rg(gxex%li‘)%n%é e) 1Vt t'yﬁeZtFan}ge%yﬁf)orgf%n{r{Jprﬁ]enylboron
dlﬁ)earyﬁjh‘éﬁ)aaﬁnﬁ)lnhﬁ@ Hﬁﬁ?ﬂ&l&ﬂ@ﬁb&pbél{yl)ﬁéﬁm deditit ani um

di chl oride, adanmant tII azenido titanium

temkj$ﬂ(b:1613cﬁetrlﬂuiercbn@b)quﬁﬁﬂ@ﬂf%tﬁ,r}ﬂ 4DE)dbisAiT-c o ni um
trlgﬂugmngqrﬂ%x jg)l ﬂl%lf_lﬁ) 1eite tr1 g&%%ﬁtgﬁgozrg}r)}le)nyi)gora e'an

trllcy(p%m%ﬂﬁ&%gl‘}erﬁd)tlfdrmt hyl phenyl )tri azeni do zirconi um
benz

IBis-W Nlme@saupn satplyoimasl osheng (1) ami cméxﬂylnqaﬁe‘mdurtgﬁllpmmy

B PR R AnIEPI S SRETSIREGRISHAdl chl or i de. THE. 16,

14 cah@)oy3herRstid @itdTRd ab BlafRdd AM8aif 13 McRILGB ALt material is
clainms and further conprising 33 WO 2004/0632

selRCTHdGBR0 04icO.COL0Da, arqoataahlytgmsgecbr@qméyinérrqymrepolymer
i egler-Natta cata taI | ocene- based cata and
1feat s oSO T TR R e i
wil r@fnocﬁgﬁftr 915 cbhginRRY tYﬁﬁloﬁ%étQQoﬁﬁGUﬁ@mlﬂﬁ@ 'f&?&WlﬁQ

1-ol efi s conprising contacting the nmononeric
Fdnﬂl:eAnmse]erdeﬁfrpml yneri sation conditions with the 5

I
B TR S o el en i TS Qe ©f the

1,3-bis(2,6-diisopropylphenyl)triazenido titanium dichloride,
1,3-bis(adamantyl)triazenido titanium dichloride

l,3—bis(adamantyl)triazenido zirconium dichloride
Bis(1,3-diphenyltriazene)zirconium dichloride. THF
1,3-Bis(2,4,6-trimethylphenyl)triazenido zirconium dibenzyl
Bis-N,N-(2,6-diisopropylphenyl)triazenylphenyltriphenylphosphine nickel(Il) and
Bis(1,3-diphenyltriazene)zirconium dichloride. THEF.

16. A catalyst as claimed in any one of the preceding claims and further comprising
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18. A process as clainmed in Caim17 wherein a nononer
sel ected fromethyl ene, propylene, butene, hexene,
w@nw4m6328Ene i s honopol ynmerised. 19. A pr ocessP@E@FGB2004/000109
claimed in Caim17 wherein ethylene and or propyl ene
are copolynerised with a conononer sel ected from
a citabjsefelqvtedaicory IZicgladN ai:ttaecsxtaé}fS,t, métadcepsbased ca@lyanand
Vi nyl omatic. co 0. 'IA‘ ransition met al
he?f@r?élﬁﬂﬁ%“??a‘i’\?ftﬁ%di‘rﬁ “#BP ifegeelysRa (MK yLZ N n RS
17FO0r bR cLss Whiehe b@lyﬁieh@ﬁfon(a%}] cgﬁol%‘l@nﬁ%oﬁ €1 'm%\é%bﬁﬁ‘)hsm g
groups connected to the term nal "nitrogen 15 atons of
cotthetingrthapenement - cﬁéﬁri:mdwpalymemmmoapb@nonmwshrdtd;

ponoval ent  grou R5. integrally forma
PoeAISEn ‘@F’g 1%6“%‘{ g ge Pﬁ@etpé‘?%#%@f%msr oéen at ons
180f tphngrocésrs 282RRGe N dlal 179 éx@wnﬁa AohbReF &R BER Thylene,

noval ent groups R4 an and the dival ent group
prclﬁl@lemleebutmée pe»remhe,rptrﬂd;st}aeiees henhopcﬁ]ymm(ad) al i phatic
hydrocarbon |i) cI|c hydr o bon, (iii) .alkyl
9subst PROGEEES & B KW%%P%@S%W iy 5%92&% 8&%? ic
AR %’C(e%&?ﬁﬁ%ﬁfsﬁ*g%ﬁfﬂ?ﬁ B g

antl RényPefonedc cothablugl. or a | anthanide netal; X is an
anlonlc group; L is a neutral donor group; nis 1 or

209 \A HARFiGorematal pRrepRdSAYING the FRreWE S such that the

nunber of X and L groups satisfy the val ency and

oxi dation state 25 of the megal M 21. Propyl ene
honmopol ynmer or: propyl ene copoljyner havi ng a wei ght
average nol ecular weight in the range 0.7x106 to

2. 0x10. 34 WD 2004/ 063233 /P 2004/ 000109 22.

Propyl ene honopol yner or prgpyl legopolyner havi ng a
wei ght average. nol ecul af Wei ghft i the range 1x106
to 1.6x10. 23. Propyl ene Ronmopo)ynmer or propyl ene
copol ymer havi ng a wei ght ‘averldge nol ecular weight in
the range 2x106 to 1.20x107. Rs

Formula C
wherein either (a) R* and R’ are monovalent groups connected to the terminal nitrogen
atoms of the triazene unit of Formula C via carbon in said monovalent groups or (b) R’
and R’ integrally form a divalent group R® bridging the terminal nitrogen atoms of the
triazene unit of Formula A via carbon atoms;
the monovalent groups R* and R and the divalent group R® are independently selected
from (i) aliphatic hydrocarbon, (ii) alicyclic hydrocarbon, (ii1) alkyl substituted aromatic
hydrocarbon (iv) heterocyclic groups and (v) heterosubstitute;d derivatives of said
groups (i) to (iv);

M is a metal from Group 3 to 11 of the Periodic Table or a lanthanide metal; X
is an anionic group; L is a neutral donor group; n is 1 or 2; y and z are independently
integers such that the number of X and L groups satisfy the valency and oxidation state
of the metal M.

21.  Propylene homopolymer or propylene copolymer having a weight average

. molecular weight in the range 0.7x10° to 2.0x10".
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5 24. A propyl ene copolynmer as clainmed in any one of

Clains 21 to 23 conprising 0.01 to 20 wei ght % based
wo@roothes2sdt al wei ght of copol yner of one or noPEI/GB2004/000109

olefins selected fromethylene and C4 to Cl12

1-olefins. 25. A propyl ene honopol yner or copol ymer as
22.c| aPrapulenn hamyppolsmendr [@ppyleme copotyser havipg e redighttakierage.

i R T R

23. Propylene homopolymer or propylene copolymer having a weight average
molecular weight in the range 2x1 0° to 1.20x10".

24. A propylene copolymer as claimed in any one of Claims 21 to 23 comprising
0.01 t0 20 weight % based on the total weight of copolymer of one or more olefins
selected from ethylene and C4 to C;, 1-olefins.

25. A propylene homopolymer or copolymer as claimed in any one of Claims 21 to

24 wherein the stereochemistry is predominantly that of atactic polypropylene.
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