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WO 2004/ 083221 PCT/ GB2004/ 001141 PCOLYMERI SATI ON

CATALYSTS The present invention relates to transition
woredoaloszased pol yneri sation catal ysts and to POBGB208601141

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 |ow 10 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 FENPNARIPATIONICA PRI 2
appl i cations. swmémn;g?vmt ed by
Thepriesame iventign tehates totransitors mietal-baedgatynpdrization cdtaliysts and to
h solution or in suspe sioq in.a liquid _hydrocarbon 15
thefiusg, e PmerisHHoRend 20R0 PeRRGBY LA N bul k.
Co g, . ' if. a
var T B e RO L BOP B SRR £ B oAU
exakigre ptiyjeme or satpylene,df wetlleylablivhewir thetpiianait! The usesfHticgler-
ased catalysts |eads to the production of so-called
Na %‘fa&ﬂyqﬁ% A %{;@mp{ﬁ thnss cplypls PRduRg nectivaties itanjygn hatides
; i .are. .
Wi oS REBlc E ol Eueh by LA TGt A i dtler ko many

conmergial prhcesSepiol ymenfasairing pobyblefinky Deserhailish tHtgfendes,
-ol efi nz &‘gg but ene, . hexene or octene) is enpl oyed
4

1
advapsfidh Biedrqhpology prus/iedé e euronmentar Yivplerciga Gatdysss which

. ) ry . . . i ikt
SR N B S S R B Bl T
conPEF2GBROOFE A1 44talye Dol berprosucsddi=dly in@BAMIYTEEI Si Ng

et hyl ene with higher 1-olefins using transition mnetal
polygesption pricgssess Brequantitiesiforsidual satalyst wgatniegivsthe praduced
These copol rs_whi.ch ar
po BB 5 2RFm 3N £ P 80 SoBPRRATR SIS LS

conttearglal ¥pplicaliyst ISyl prcedtecdnbeBppatd EHPSAymessifg Rl t o
the so-called "low density" polyethylene 5 produced by
mOoRgyRerR iRy the greBRASE.OTfiR sRlutieipicialsusnensipy deal liquid hydrocarbon

ditdRt h bRALLO0k p%%;aé&y Eneﬁﬁk. Such  pol yners and

copol’yners ar e ‘used extensrvely in the manufacture of

f 1 eQoahr@dley pyWethilchéd are commercially produced in a variety of different
types and grades. Homopolymerisation of ethylene with transition metal based catalysts
leads to the production of so-called “high density” grades of polyethylene. These
polymers have relatively high stiffness and are useful for making articles where inherent
rigidity is required. Copolymerisation of ethylene with higher 1-olefins (eg butene,
hexene or octene) is employed commercially to provide a wide variety of copolymers

differing in density and in other important physical properties. Particularly important



Pol ypropyl enes are al so commercially produced in a
variety of different types and grades.

woleovogd2gner i sati on of propylene with transitiPOT/GBR@EK/001141
based catalysts 10 |eads to the production of grades
with a wide variety of applications. Copolyners of

copRlyRyt$ it BY bobobjrvseiiCetBylch& Wit hy, H5 ol 1@1&%&1@1@1011
and hi gher 1-olefins are also use materi al s.

mefabbasqad Cgtélé(ﬁfg arenibe a@,l@lmenséxamgra dmslat indbhermge af 919;1 sto 9.93.

far bi scyc e adlen i rconiundi chl o

Tt Bprr S B W AE GFisiaPE e e Bt ey i ey

polyéthleRTtaedn Bhnyrefpedty st@tthvibliNe sdXIRA "HRF ﬂé&%ﬁ H6l 9(?1 ene
netal | ocenes have been shown to be potentlal ug Z

pr Oﬂmedﬂwdu@bugh @rqs@mry @6@ E@dléai @aWylSm g@measatnomcﬂ“ ythylene Such
nmol ecul,ar ntro

polfiBe i 2t Eoars g “Bfeniifply e frdhadifiontdf o Hfete blov

filmpunber of di sadvant ages, for exanple hi gh sensitivity
to inmpurities when wused wth commercially avail able
nonBelgpropyldndsirenalso epdmeradbssodasdsh pearsty of kiiaffera&dypes

uantl i es .of ex ensi.ve alu

g3, SRFnopR LG ReR of BPPYIFRT R ey Bl PAgcRiNs
I t
B N S RALLy of BERITHIBAE | fpolymers of
propeiend wih ethiytene ou tegsolgmetsabittecthplengpaid/inghdrsii-olgfins are also
ropyl ene in a tactic manner. An object of the present

1EGBH6@% % is to provide a novel transition metal

conpy

ot Tyt Y lhe taPo P Rrki PR alBC LB s i blhle
blscfwtdphmladxebylend:ormimcﬁlhblopde sativatddnwviginhlunxbse) thas pf(ﬂivdeﬂe

catf o R o e R OHARB 8113 DT erm aubsee peaAoppcatve been
shoRf! BB pbieh e rf&é@ 1908l i Bl oBPRhERER BB Tty O

opoy rsi eW|t

molecafar areight/art@/tact@mg cagfpelC tHofevieh enemilﬁﬁﬁﬁlé cdtilyetB bf s type
vi des a nhovel tranS|t|on metal conplex 30 having
Suff%ﬁ oA MERPH P Bsadianipgss, for V@%@M%H}VIW to impurities when

e R R e o oo ol B Br s S, P

to use turge cﬁhanﬂﬁEHJof expBiB(i\Fe) dRmordds td\kﬂ@eveilgm&tmoﬁiﬂﬁ&ﬂﬁes in
t%:é)u ps Ra, Rb, Re, and Re, and the dival ent group
pu

ﬁaeéataima@p%w@bv syppast ansksythstie difficelfiepirethe production of
n’lO}%y

G b
arom glp%ﬁ%%t (%{g{éér I%L st a%l fog Pé@ﬁegﬁ@@??@%% Qra&?‘%{ ¢jrpanner.
hydaa @Bj’ebmf the i)rebéﬂt @ﬂx@ﬁﬁ@ﬂl isto provide a novel transition metal complex

)

which can be used, optionally with an activator, for polymerising unsaturated
monomers. A further object of the present invention is to provide catalyst system and a
process for polymerising monomers, for example, olefins, and especially for
polymerising ethylene alone or propylene alone, or for copolymerising ethylene with
higher 1-olefins with high activity.

One aspect of the present invention provides a novel transition metal complex

having the following Formula A:
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groups and (vi) heterosubstituted derivatives of said
groups (i) to (v); Mis a netal fromGoup 3 to 11 of

wao bw4@gn2endi ¢ Tabl e or a | ant hani de netal ; E iBCI/GB2004/001141
phosphorus or arsenic; X is an anionic group, L is a
neutral donor group; nis 1 or 2, y and z are
i ndependently zero ugtegers such that the nunber of
t he val ency and oxi dation

X and L groups satisy
state of the netal The nonoval ent groups Ra, Rb,

Re, Rd, and R, And di val ent group R3 are defined
above as (i) alfighatic\hydrocarbon, (ii) alicyclic
hydr ocar bon, (i{i ar onfdt)gL), 15 hy¥dragarbon, (iv)

al kyl substitutea{QIo tic hydrocarbon (v)

het erocyclic gr ups()(ni) het er osubsti t ut ed
derivatives of saidgroups (i) to (v). These defi ned
groups preferably contain 1 to 30, nore preferably 2

whdr It toQ 12.carbon atons. . Exanpl es
oin s R R R R g, ek gl 25REE b pa-OR

-NRSR& andt-INHR®: et hyl , et henyl, butyl, hexyl, isopropyl .

the 2nd tert-butyl . Exanples of suitable nmonoval ent 20

16 oneYAlent EroRps Rockr Bonk g pedi BS aad sheadiaatent grbup Roateor nyl |

. . | . f i tabl
L IR e AT T

arorbatjrhleriydcarboma i 411 subdiaed bkonet hyari i
gnngégggles of sui{ab*gunonovalent aﬁkyl a@ﬁ&gﬁﬁ?ﬂ%égwﬂm

Ra(Yie hefgrasehstituseshdeghvetipes efiseidamroms! (i) o gy | |
v P Py GRS 800 o prpantisnan i
AL qphery . o Fur gt = Snc Y Ep Oyl ondk BB o2,y
and £ gpindepandentlyi ageg eirintegers spclRbat thainsmbtoof Xxadp) gousantisty
the Vga?%fﬁgéﬁ%%a%ﬂgﬁf%r%fh(%{rﬂ%tgﬁ%af orement i oned nonoval ent

erein rogen atons on the said 3
VOTRE dduird9 31w TCBROGY R9 e is
alg\fg‘lﬁeyncy bondﬁt’(]aaqﬂl fﬂ 3%@&@89{0@%}1 0§ﬁ2{3gﬁe

repl aced b}; : ;
defipedeabay g as @halingrteihydrocagoon, ib) aicgelinstiyidretartio, fifly aromatic

nycrp OB BSH REORLe Rt oo G Bovproeyelisrgron, (v
hetefois@ditutbd HerivAtiveoiQaid bl ()TN0 TH Qs P
ete rresr captto, e ?184):(53‘;6'*%3}(]1 @SNIEI?% )}f)ﬁm@é%q%écgaéé}negl BEONR) Prcfferably

cont@ipdalps}oan@_rmpfmb}y ?E> t|m4 R%X%%S)t pi'eémllxlylz(tb.le.carb@%&clsrhé) ,

X .e. - : ) , X oxy, meslityl oxy.

EX&“E&S%—B’F %‘ﬁtagjfe r’f‘%ﬂﬂv%gb?lwﬁ?ﬁféc ]é)‘%o‘éﬂr%/@%/ﬁypé?ﬁfﬂ meth%, ethgfll,
ot Lo : | f t

M s e T

alicygliohydroearbort gronps dry bddrhadtyl, aordodnyi, @yEshaiit) hend c?_&gﬁaéy‘is

het erosubstituted derivatives of sai

Exa of1 su'gt abg)le
nép Sm)) suﬁa etr%oni)@al@% argmatiohydipenrhra grohps are phenyl, biphenyl,

naphBry RS AN G lanthdcdhit T | of SR XYRhSaY! |

D e o AN R B R e
substtutedtangthaiic Imaipdrartydn. groups are benzyl, tolyl, mesityl, 2,6-
diisopropylphenyl and 2,4,6-triisopropyl. Examples of suitable monovalent heterocyclic
groups are 2-pyridinyl, 3-pyridinyl, 2-thiophenyl, 2-furanyl, 2-pyrrolyl, 2-quinolinyl. As
regards the divalent group R, this, for example, can be selected from any of the

aforementioned monovalent groups wherein one of the hydrogen atoms on the said
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R and R2 can, if desired, forma single integral
di val ent group R4, wherein R4 is independently
wa@edoeoseeal from t he dival ent groups -Ra' - , - O RUI/GB2004/001141
-ORb,-O , --N(RRd"-, -NRc)- , -NNW-R'-NW- ,
-Si(Rc)2-Rai-Si(Re)2- , and -Si(Re)2- ; and wherein
motidValehbgibul ¢ RplacBd By RYalBacy bdjl to f@iPthBRecdd®ond on the
. i ndependently sel ected fromdivalent (i) aliphatic
divilgutreseur Bon, (ii) alicyclic hydrocarbon, (iii)

e AR b BARER 5 o e
R®, Ret1et s uhe RP bl esh denblatiygs bimo, SRbsh, SR Rrd Ia)n%d:’) cyano,

(v), and Re is as defined above. Al't hough R and
alk@gwnmiemenia, hydgral andsilyl. Baamples of ghefiegnoeps ahanethdigy ethoxy,

t A pref ly.Rl and R2 are
O i A R L T BRI —
amiBB RANAE Gre AifRAySRMNo2dibBYR:o, Wl ISHRY BRI, BEL YA &
hydr ocar bon, aromatic hydrocarbon ~ or” al kyl
mersegts giaups et thranethylcthigptend aEhemplys ofipidy] evgs are trinZsthylsilyl
md SR, oS SHEALL BeFro G - B agy T gtaus O to
) hﬁq.&l&ro%m;ym-ﬁ%%w&le% gL Fgﬁzlﬁs 4.%?%@%hé§ry1e,;4é§1{rigrg-z-

two separaf € R2 groups
pyridived, 4adinetmdsmomoghaty] akd-npshylanmbphdyse groups, R

and_R'": R2! . and " are linked. For exanple, R' and,.

R Boapd Kccan, #w@alr?fﬁ%ff& hiipgle duegrp] dilent waup R Puhereink’ is
: ; BB . aMX) yLpZ_4-or d
indgbeREGY Sg%eg i éh&%%rgfidfpgc%s OO RO SRR
“N(BF v I NR)-BF R RS -SKRD5-BF @)y , sl SI@RED- | amhwhéein the

i val ent yps regited above for the dival ent grou

diviggnt eronRs L& pRSBnerei pdepRRAIHY seleetRd fropt Gynleai(ipaliphatic
hydggcgﬁb%?} (if %tliﬁgéut%{ﬂ%ﬁmﬁb%égm’g%&%ﬁﬁc %fdaggar%q AN sSsubstituted

units
aromatic hydrocarbon (v) heterocyclic groups and (vi) heterosubstituted derivatives of

said groups‘ (i) to (v), and R°® is as defined above.

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. Preferably, R and R? are
separate, identical aliphatic hydrocarbon, alicyclic hydrocarbon, aromatic hydrocarbon
or alkyl substituted aromatic hydrocarbon groups.

When n = 2, there are two phosphorus or arsenic-containing ligands on the
transition metal M. Under these circumstances there are two separate R' groups ( R"
and R ) and two separate R* groups (R* and R™). Itis preferred that at least one of the
pairs of these groups, R* and R" or R* and R*" are linked. For example, R* and R"" can

be linked to form R’ as illustrated in Formula B below.
RO
2 O
R \E/
A
R\ M(X)y(L), Formula B
E/
o

e _—0

4
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2 are linked to formR5 such that Formula A becones

Formula B below. R3 R2'\ / O ER5 MX)y(L)Z Fornul a
w®2004881R221\ R3- --0 10 and wherein the dival erCT/GBowY/001141

R5 is selected fromthe divalent groups -R- , -ORlLl- ,

-ORb,-O , -N(RRd"-, -NNR -, -N(Rc)-Rd'-N(R) - ,

- Si Th arviReit %‘gﬁﬁ@s s pr,efe%lﬂly seltddrém the ERG1HE YR Mecited

groups Rai, bei ng i ndependently Sel ect ed
abqwecfmthqdwal@hgrqup)li aI i phat| c hydrocarbon, (ii)

aI I ?}{&4 dr ofl?{nlﬁ%g Jurgl}ea R%otvllieo %3%1:1161&18 d etal ac{??n%rl]ex wherein

n:fuagrﬁrtggy{élgf@pgbgqp@wmlgw ) 15 heter osubst ituted
derivatives of said groups (i) to (v). Mis preferably

a Goup 3to 11 transition netal, nore preferably
Gowp 5 to 7 transition netal. Nbst preferably Mis
van dlaﬁl M can also be a Goup 3to 6 transition
/" Exanpl es of groups suitably used as the
d fg nt group R5 are -CR2-, -CH2CH2- 20
CH2-, trans-1, 2- cyclopentane
Rﬁrans- , 2-cycl ohexane, 2, 3-butane, 1,1'- biphenyl,
1 - naphthyl, -N(Me)-, -N(Et)-, 1,1 -biphenol and
- Si( 2-. The divalent group R3 is defined above as
i ndepenidently selected from (i) aliphatic
hydrocarbon, (ii) alicyclic hydrocarbon, (iii)
aromati ¢ hydrocarbon, (iv) alkyl 5 WD 2004/083221
areﬁﬂé@zﬁ%/@gﬁéﬂﬂhm BURRITA htﬁe%gm@sr SRS Bh%QBQIC arbon
(v) heterocyclic groups and et erosubstifuted
derivatives of said gr |) to (v);. It is
preferred that R3RF§ an aIk | "substituted or
het er osubstituted- ar t|c ydrocarbon group. More
preferably R3 is an substituted or
het er osubsti t ut ed dﬁval MO pheny FeneulgrBup. The
1, 2- phenyl ene group\g referably has the said al kyl
substi tutuent or hg atomin the position ortho to
the ring-carbon % @ to the oxygen atomin
Formula A. The 1, 2- pheH§ ene group is optionally
andswhatintthi eﬁkfaleﬁt gtitbﬁp @f igple2 tedf frdrh ehedient' E@ISNRY, -O-RP-
pQS|t|ons 0

-O-, -N- (R")Rd- -N(R")- , NR)-RI-NRY)-, -Si(R%),-R*-Si(R®);- , and
-Si(R®),- ; the divalent groups R?,R”, anfl R* bemg independently selected from
divalent (i) aliphatic hydrocarbon, (ii) alicyclic hydrocarbon, (iii) aromatic hydrocarbon,
(1v) alkyl substituted aromatic hydrocarbon (V) heterocyciic groups and (vi)
heterosubstituted derivatives of said groups (i) to (v).

M is preferably a Group 3 to 11 transition metal, more preferably Group 5 to 7
transition metal. Most preferably M is vanadium. M can also be a Group 3 to 6
transition metal.

Examples of groups suitably used as the divalent group R’ are -CH,-, -CH,CHj-,
-CH,CH,CH,-, trans-1,2-cyclopentane, trans-1,2-cyclohexane, 2,3-butane, 1,1°-
biphenyl, 1,1°-binaphthyl, -N(Me)-, -N(Et)-, 1,1’-biphenol and -Si(Me),-.

The divalent group R? is defined above as independently selected from (i)
aliphatic hydrocarbon, (ii) alicyclic hydrocarbon, (iii) aromatic hydrocarbon, (iv) alkyl -
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phenyl ene group. Wen any of the defined nonoval ent

groups Ra, Rb, Rc, Rd, and R and the 10 divalent
w@e@maps32BRa’' , Rb', R, R3, R4, and R5 are het erBCl/GBR@4/001141

the atomor atons present in the rings as the

het eroat om can be, for exanple, oxygen, nitrogen,

sutstitupddarompiolfiiedadson @) hétktocFeHe- gr&lfﬂs%na ) ﬁééms}ﬂbstmitid

phosphorus. Mis_a netal selected oups
derb\fatltf?ﬁé)fpéhdi gens O4pi(e);. oy prefrretl ehxaaBl ys arl lkgkdubstitated or

an al sp be s d.from
et oglmsﬁ:ug&fastoréaﬁ fso%arr %WBBW y&%ﬂrggq %ﬁy ?{Tﬁ%al}iﬁllk&ﬁl c
sutgtifitdal oX hegfosBstithied deXBmPl ©.planghd up PRt ¢ Zal?Ae%ylene group
chl oride or brom de; or a hydrocarbyl group,

pregseahip hes thersaif plkyl B};_b;sggnmagt opledeTy Iatonau‘r:me lpoxiyibatoero 16 die
PSP S SSHPA e O oRSFRASEE B, BT B
optisaliphidstifieddiarne 8f nRkdepthe 8thef reﬁﬁ%nﬁg ggﬁho@oﬁthe 1.2-

acetyl acetonate; or a hydroxyl r exanpl e
pheggleng groapnon- coor d| nating or weakly-coordinating
tetr fI uor obﬁg tbe dfI uorg nat ed

ary sl b BF BERedt mb iy Gk hik{he
diviient dreyssatre ROT RYI T @ ed renge H&&o’cﬁrﬂﬁpﬂ%gﬁﬁfh of ag) present in

nonoani oni ¢, dianionic or trianio e neu

the @@g@as ihe digtpm@t(umnalbbq foroaxamplnpkgzen anisoparg tselphod, @ﬁbdp@orus
pr exanpl e diethyl ether or THE (tetrahydrofuran);

OF SN B ne, for exanple, diethyl amne, trinethylamne

or ine, for exanple trinethyl
Byglbrgfe%ly?ﬁﬁgﬁ%ﬁgl phosphi ne; an olefin; water; a

phosphi ne or
ny«ﬁg an@al@plen‘r@d ﬁ@unﬁug@s 8do dil efithe Péhedicabblﬁ mf)fqe)/prbﬂérably
t he charge

en n the value of n
Sel%ﬁ AR i 61 551 6p PR SeRcd REMGRIauR? o SoMeb argerably
vanhiiamret al M For exanple, if Mis titanium in
oxi dation state +4 and nis 2, theny is 2 if Xis a

o nbzerangeTiic guup Qi)ce(nel@, fcﬁh:lxampléea halide, prefegablyichloXide or @
oxi de) |fM|st|tan|um|n

bmle;&‘?eg '3{‘) F.rt] Eyfir : oﬁ)@ g& Pa i1 Pﬁalingie Biethyl, bowayl 08Bheny]; a carboxylate,
| |
for %ﬁﬁg%{g%g%%eu 1ace1talteI 'ﬂle(ﬂilé'e ag %mﬁe & exgmfgeir ? u@lg’ﬂa %e' an

alkcgmdru ffori aampbbl, m'ethmmde ghcmrie ()ﬁgheneiﬁd@eén RREY14d3onAt 6 2
ni oni c, is preferred that n is'2.
hydggi O %rrwﬁw}ee?’%?m scrsmpteerdiningou skl eordiosting anion,

for %@aﬁﬂi@, b LI 8e fﬁﬂmngted\aryl BBraior 4 hiftake The dnionic. Qroups

X may be the same or different and may independently be‘monoamomc, dianionic or
trianionic.

~ The neutral donor group L can be, for example, a solvate molecule, for example
diethyl ether or THF (tetrahydrofuran); an amine, for example, diethyl amine,
trimethylamine or pyridine; a phosphine, for example trimethyl phosphine or triphenyl
phosphine; an olefin; water; a conjugated or non-conjugated diene.

The value of y in Formula A and B depends on the value of n, the charge on the

anionic group X and the oxidation state of the metal M. For example, if M is titanium
in oxidation state +4 and n is 2, then y is 2 if X is a monoanionic group (eg. chloride) or

yis 1 if X is a dianionic group (eg. oxide); if M is titanium in oxidation state +4 and n is
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s 01 001 (r)(c) OR In the present invention the
conpl ex conpounds having the Fornmula A and Fornula B
w@am4jogs2ent al ytically active by thensel ves, orPOEHEB2004/001141
require the use of an activator to render them
sufficiently active for use in conmerci al
1, tlp@ yreyif shiX gouiitarpnonessiesic gARGRI(eH. RBloYide] &ey e %H%X
'gmbnvsen 1 an further conprises a catalyst systemfor the
POl HEFMERE BEHPAFE- (LR andihepthrsiomenoanienie Biinprefdjedahat
nis@npl ex conpound having the Formula A or Forrmula B as
her ei nbefore defined and optionally (2) an activator

confpsetiedarlyligre fFived aompleatcompo ongQiie thosBABNE thel anhﬁlE
cat al yst tem of the present_invention 1is suita T

sel ectled /f r olp.&hganoal umi mhuny conpoinds and ~ Ph.

_Ph
or gargpolqn_Eogpoeunds. le al um pi NP
co @ ds Vv cri al or Vri\g:ﬁi;l umi /v
conpeands, | T@T “eXanpl e, I‘I@?P}%D{:ﬂ ni um o //\> o
triethylal Ghinium tributylal oni%hium tri-n- O OR
octyl al um nium ethyl al um ni um di chl ori de,
di gf lyd gkt i i dey nmet hyl.al um ni ym
di ohi o do. %‘vﬁ@@;}}agﬁ%ﬂ s é&‘f‘é’ﬂ‘t‘rb‘%ih&&ng the Formula A and
Formulady pemieadatatyticafi actisle) ) thersulves) @ndaptediRE ai8e of an
xanes are well known in the art” as typically the

Al uno
actigitordg dender themydisientastivn farane becomepmiad golyyerisation

GQRLr . it f ter. to an al kyl al uni ni um V
pro conpo%k%‘?gwggggifgdﬁ%g Iépltn b nn‘lé)fl@?g?rlfﬁmpﬁ%ﬁ a catglyst system for
the pdymenisation ofmsagiritedRdhomey €drrisig M Xt ures ther eof .

Co rcially avail abl e 25 al unbxanes are generally

belDurRlgX samprued hagingdhe Fomuda A orFotmuladBas kagabefore

defiS"RA The cyclic alunoxanes can be represented
by thgﬁgg?ar% a [RI6GAIJQ S and the linear alunbxanes by

t h@)fanragtivVaioRba{gdh8dl O S wherein s -is a nunber from
abroggt 2.to 50, and wherein R16, R17, and R18
re

e aefatarpampenndymplgyesinshe patalfstrspdibm oFithd pre€t invention
is sufthigy! , for exanple nethyl, ethyl or butyl
R T A ST,
Suitabl@orgdnd¥RRAAh 08BBSIn BER2PARLOQLEAL - alumini
o h%;! pheny | ammon; Ut et T a( phe]?l(/))lll ?’l])%lr é{l g’lummlum compounds,
for eﬁrppl)ﬂ wrathylpheiinmb breghydalumsipnembub/dalominium, tri-n-
chfég’g‘:ﬁt’%a %&W&ﬁmﬁ Idyc%gnecfef gi{eﬁlgpaﬂl?nﬁljnliju%g 12%3%/,' Jborate,
methlybiluraiingh dohforidle SditdetHyldioh ieh Ryl enyl ] borat e,
. H+(CEt ZO?PL( bis-3,5- tr iylfll uor onet ﬁy thenyl ] bor at e,
tns(gemqﬂyp{ erylg)@bnmaEJMumltctmhbmnyér)eb.lc\)ﬂAMIﬁomés ?re well known in the
s(penpt afl uor ophen or on. xtures o
art ago %%%@%}q‘ﬁ rﬁfhlgplalfnﬂg EQTH%‘E]{W& ¥ an be prepared by the controlled
addition of water to an alkylaluminium compound, for example trimethylaluminium.
Such compounds can be linear, cyclic or mixtures thereof. Commercially available
alumoxanes are generally believed to be mixtures of linear, cyclic and cage compounds.
The cyclic alumoxanes can be represented by the formula [RIGAIO]S and the linear
alumoxanes by the formula R”(ngAIO)S wherein s is a number from about 2 to 50,
and wherein R'%, R", and R'® represent hydrocarbyl groups, preferably C; to Cs alkyl
groups, for example methyl, ethyl or butyl groups.

Examples of suitable organoboron compounds are
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or ganoboron conpounds nmay be used. In the preparation

of the catalysts of the present invention the quantity
w@boo4@gevat i ng conpound sel ect ed from or ganoaPCFGBRAANK01141

conmpounds and or ganoboron conpounds to be enployed i's

easily determ ned by sinple testing, for exanple,

dmieﬂﬁflplﬂnﬂﬁﬁﬁﬁfnﬂmt@ﬁa@ﬁer%ﬂ%bfaté ?ﬁt?r é@éfg#&ﬁrl)%fa‘@ rt]rgﬁ% ?l% ron,

used to polynerise small” quan

dimgtyInbenwlammoniime tqﬁaﬁ@ntamhomml)bprm sbbimnpr oduced

tetrgl? ! 1¥ %t rlsffuga(}r??tgflgpﬁ][e @ﬁtgﬁﬁg%gﬁﬁbt ne qugggl ta%/oms,

tnﬂﬁb@h@ﬂ@b) Yleﬂyl]%ra%@Qﬁtyﬁ%@%e&ﬁﬂ@érk]%ﬁé‘x?ﬂﬁ%@f ;{ﬁgr on per

at om of M preesent in'the  compoun mila A or B
tris(psnigfuoregigydiosel. ddegureh ef ogenefuaiiinabmpsuidseind s

o sel ected fr mﬁ&?g i oni c- bondi ng conpounds
rg?}lab%oécém@%}l lin@%g a Cdl 2 type of layered crystal
St rGhépRparbRordf thh @M§lyst§ |o?ifhe &Rk fﬂn%ntﬁ)rn tho Q ﬁff‘gﬂgﬁ

y- conpounds

layered conpounds; (b r opo
actlwm)conmougé sl eatetl ﬁamtohgmoahimmupmumuna{h end6richiGtiodsn

o ns g) he .acti at ed cat L] yst of the present
PR ‘é‘ﬁ‘%’ﬁo ¥ SRS l%?as deteypined By sample tegting, forapagds by the
prepabat@RS{TsBAI tSY "s‘ﬁnﬁl@%ﬁmﬂ%ﬁﬁi Be @& th E)%gﬁ‘%e(f%g@&%ﬂ r\#%}e% Ig)f

capabl e of receiving at |east one ron pal il
the wapekxs)eihdftonsto dgteaninicdine gaivity by thereadide@ratalysh It fye

zengio i Busg W GrraliSBnmiyydon ?@%Egﬁﬁﬁo?&g@%ﬁﬁhggﬁ 000 itoms,
prefBﬁBling t& bexr ra@&nff)ﬁ/a‘iﬁlﬂ nitthoY Bbidh %e?gto?n Cfiﬁ Ceﬁgﬁa

type (b- ay m neral S, “or Yon-R
ConmayaieﬂananUhdSB (b 3) heteropoly conpounds and

ted | ant hanoi d conpounds. The Lewis acid
rﬁAﬁHQS %O?g ‘f ﬂg Gegpe o QZD’BtOTﬁﬁt%NI&ﬂméfﬁdebyﬁ@dﬁ@m c
zeoI (b1 s for |
nea g TarbRREY b S A O Be HEA CBf e of layered
m xtcuyséd strbaneof . 30 US Pat ent 6399535 di scl oses a

cooir(ggg ]téll ng cat al yst system capabl e of pol yneri zi ng
ol e Yhravdningrals; ey iogexghange lavered gpmpounds; | east

one (Han ly onstrai ned geonetry,

bi deaeAS }0% {?@&%@X}‘@ggﬂgl PCT/ GB2004/ 001141 | i gand

con(hmmhMQg@ﬁmmﬁamhﬂnndmﬁﬁ#mUﬂaﬂp0Und or tridentate
and cont aining transition netal conpound capable

The 3§t1\(a,§9r anlaypdde thoastiseted pynlystofithe prevint fnviehor atag by of the

o< AR 3, PN AR e B i

capablengftcedving @t RAstioné eleomst BdifartPiB 3RB1Obf BEhAG an ion pair by
acti vat ed upon cont act
reaction with the transition metal complex. The Lewis acid 1ncludes the afore-

+ mentioned (b-1) ionic-bonding compounds having a layered crystal structure of a CdCl,

type or Cdl type (b-2) clay . clay minerals, or ion-exchange layered compounds, (b-3)
heteropoly compounds, and (b-4) halogenated lanthanoid compounds. The Lewis acid
further includes SiO,, Al,03, natural and synthetic zeolites which have Lewis acid
points formed by heating or a like treatment, arid complexes and mixtures thereof,

US Patent 6399535 discloses a coordinating catalyst system capable of
polymerizing olefins comprising:

(D as a pre-catalyst, at least one non-metallocene, non-constrained geometry, bidentate
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5 wth the catal yst support-activator aggl onerate of
(I'l1), wherein the transition netal is at |[|east one
woreones32sel ected from Goups 3 to 10 of the PepCTdBe004/001141
table; inintimate contact wth (11) catalyst
support-activator agglonerate conprising a conposite
ligddll cofthinddg ' i ' i iti
e o B B AA o R o ARG i rongiton
metabcapre@daaph(B)f Gt) Hegresdctivated ipom comdcaiwithrtye batylsstesipport-

material having. int bet the | ay d
-actfipF pedTompale ol D) S (e Rt Beameoniact i A

orgh@InMNSE cOMPERA, @&t InVRhRhiRUIhUTE 'b?f)&ng LoRedd %t%glgztontact

“the pre-catalyst when the pre-catalyst Ts in co
withiltercatahest sairaltystivaiop pgglomeantd of 4y rwisgeh onetratséionsakdl is at

| ayered.material .having a cationic_ conponent. and an
leasy A R OE R T OMGHORES iL ) o B PEBANE Shbrirn aieatf gontact
witRresent 15 within the interspaces of the | ayered

material, said |layered material being intimtely
(1) astatyst suppdrtactivateod gEldnnwoatg aninprisixg deonpopicneia )ak tdakione
. the a onerate in an . anmoupt  sufficient to inprove
inog e AP BT s L Sa Wi Adp ey 1k By hiBin ik, and
Cr, 0Ly ATRS) A/ By 6
T gt o 0 SR B PePEST Ber ] betveen
the taykmstand suffiwidnh & et dcidityy whén presan mespotidi cathlgat@ppat

system enpl oyi ng the sane pre 20 catal yst but in the
ac“é{%tﬁé?&géora raf, fativelgiporsrratalyst yhemthsipresatalyst is|iy gentact

it HIRRQLaly | AL % €oni i unt:s_of .
R A o O B R i U D B PR alonic
congpyEwtrand ah enitictonapoment) whedein®i @ caalBeImptient is present

sufficient to fgrovi de a ratio of mcronoles of
withip dhe-mtessnases ¢ighg laymied srateril. sridleyeyeg pwtariah being intisately

. . : .about 500: 1. .The
oss RO UTH L Rengnd O BB hpSnchy ni? B Ap sty i B prggunt
suffidiente@irapysst tRPactiyiy eMhetodidthaling s&alysi SR fop Boaferilfig
enpl oyed with a catal yst support-activator
ethydenin BpmomeTecxessed ay KB of polyetbigesgpermamidof caelyist sydtend per
i 1.1 i vat or mpound, it can be.
hou 361k O 8 oAt LR Son SRRy osleet BPulSine the same pre-
catatyt bad i theatesdtad fRUhecORAp6IREt AR B & tBe eARBA! SipPbrt-activator
ronotin catalyst activity. Pronotors of 'this type

aggipmergigpwhergin the amennfs of heprecatalyst andatalysesigPort-activator

nsLti tal .in.the. c | ex.i.s vanadium US .
oeeloh R Wiy B8 57 el Q5P R s Gy R0 iR eimos agrgmotes
of pe@tahlysits gadihd ¥RdaglysthifpoRl2a0a8} agg'l&h&mec&'m% BESut &3 to

be pronbted using a variety of halogenated organic

abog rdhe layesed maigripl can beafob exemple s mgrhéatité cley. Tharatalyst
200(;‘1/]?83221 PCT/ GB2004/ 001141 . hexachl pr oet hxl ene,
SYStB T R PG RV BRRRS AR e dap 3 Catalyst suppOrt-activator
agglonitratt 65 HOCABEPRYUS 8899530kiN@sireyanpl es of hal ogenat ed
organi ¢ conpounds that can be used in this manner are
et Hyladdition o ﬁxecmtimtan e@mihdibtar a {dbkthgowdnd employ
cata?itlkzzu(fl%ht?tri]ésoor cgretéin lﬂgloggrtlaetencf éO%Lp%Z]ngéSZ th%lt gr% capable of promoting
catalyst activity. Promotors of this type are especially useful in the case that the
transition metal in the complex is vanadium. US Patent.5191042 discloses that certain
vanadium-based catalysts activated with organoaluminium compounds can be promoted

using a variety of halogenated organic compounds, for example, carbon tetrachloride,
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refers to the disclosure of Cooper (T. A Cooper

Journ: Am Chem Soc., 4158 (1973), 5 which defines in
waiwsmesi2an organi ¢ halide activity i ndex basePCDGBR(Iv8/001141

ability of the halide to oxidize certain vanadi um

conpounds under standard conditions. For exanpl e,

hexaetilbeethyRhe dehkybicteide, Deasddldngdt mdrERcdd N3dichdropropylene.
tetrahydrofuran at 20 C., and other |isted

Othene %ﬁt(é&a&g@aﬁpé OZERIS GOPRS IS Hhatcan be luged indhBis granner are
eth%l &Itatg r‘é?o r&%&@# anh%aﬁhtgleglohﬁé 6\?5 Y’gtehp 5 191042 also”

etrac ori Sire

refdmtootge antlesurd @f Woopat(Qt A Cdopes Jpuraf And. €hetr0 sue e41 5‘&3(3973)
having a Cooper | ndex raﬁg g from about 0.01 u?
whigh dgfinegon thle 1 ppeorganis el iy Byl bascgoam the philipo fihe

halﬁ%%o??fﬂ %Qﬁ%kﬁné’cﬁ‘%%’ H)?ﬁl?r?cﬁ der, s?%l od:éo t?onls Fo%; example,

nown I n e ar

carb&ﬁteﬁschu&ﬁiess advidcanabatisity bef ﬁf@&ﬁl@ydi&ﬁﬁrzﬁﬁatfm@@ taddher
Pat ent . 5191042 and to other prior art in this field.

hswmhzﬂb@na@d emmc ¢omypnilokavietredctividies of fom aboutfPL by gmater

or gani as .a,15 pronote but  the
ol O BTAR TReRbrE Rt SRBHE Rihe S 8 el W Chasapitiogl
profotdrR iPpeReRH th DNERbHAVERD Cd)cf el BRIck shgiRe bl dbbﬁte(‘ijI up
on a support material. Suitabl e support naterials

to dbowt 3G. Srheaysawpbesh oiotess, espleanilng conbinatigowith vanadium-based

catfy S Gies ity Pa Koimpn ieor g oy PeRas OF fin b susharompters
refE ORI BARAE BNFS Patéf. S-IiI@?OZt?Jlﬂd‘%Woﬂger h%r gﬁ)‘oye é@ﬁelﬁf In the

transition netal conplexes that can

presdng invahtadnys is pﬁssmteaomnqﬁwmm hak@enated] prgamca“s)m;imand as a
transj ti on netal nﬁon t,of the cat | ysts system of

propigEet b 0 ROTFRAIBAE apoyp yre Reefpfedon® ph Ph Ph Ph
Ph The §a¥41§4 o/f the pre_seg %véllmcfn 0-51’1 %éef re\i ﬂe ﬁtﬂﬁsehl 0?‘11/ &ppm@

maﬁﬁaPVSmtaE’le sﬁppdrt maéﬂalsZmeor( exa@me silu:a,(dlu@r{a; eﬁm:ohlaQ]
(NMea) x ~POy onae Py OP
maswv, Wmﬂwﬁpeﬁz%a polymey gr zemnzer( ﬁor/ exenzlmlzethylene

po%%fkgﬁ%%ﬁ%&%e)'o }71Gz 10 WO 2004/ 083221

The following are examples of transition metal complexes that can be employed
as the catalyst of the present invention, or as the transition metal component of the

catalysts system of the present invention:

Ph Ph
)ﬂcxz }T,C,z }“C’z \P,> Ph, pn Ph\P/Ph /‘O
‘ l TiCl, )z:ctz ) T
>_/_\_/ < 2§ > Ph_ Ph
Ph\P/P'I Ph Ph h\P/

ap
G O A Qi (2
U e

10
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\' / / \ PhPjPh PhPRPh / P, \ P ~z P\ 11 \l 1B
"'12~Qo-Ti-o0Ti-OOSCASdA Ne/ \ (r) Ti--0 d
w@hooThgs2ent al yst or catal yst system of the preRenGB2004/001141
invention can if desired conprise 5 snore than one of
the defined transition nmetal conpounds. In addition to
ed transitfon net al co
yhst systlel fht he pres

nnr
g%tﬂe, e j!?g othzéézyg
rd;,n :&“ ”’Et @MY‘D%S t; ”% '&r(gxlm 3 -

conventl onal Ziegler-Natta catal yst systens
‘ fne based catal ysts, or 10 heat actlvated

The catalyst or catalyst systentof the
nvention can al so used in conjunction with
al ysts producing only 1-ol efins, either
|nS|de or outside the polynerisation reactor, and in
this way nmake copol yners of ethylene or propyl ene and

the -ql efins.,. . Suitable cata stsfor r.aduci
o fdyt b Cbatssr b A ISR it Ry B8 il doggprise
moﬂe’ih@n ShesdthdaéMRA tfaﬁt@iﬁoﬁl‘t%@'c@m guneishul z- Fl ory
distribution) of 1-olefins. If deS| red, the catal yst

or dmadsitjon tosyistanmos arprb defisdrimasitinn sietal compbheds, the catalyst

or Qe Wafent s o dFosP SRR aB vat Bs® el 06 IO oiher types of
trafitioal th@RERUFo¥n @Y orSAEIRRL K& elx){mg}@' Ths@ivn Etaf@érrﬁgéunds of the

the catal yst conponent’s. "The talyst and cat
type ysadancoiventieng Zesghert Nattavaatel yso BIySOEmmS nfetaleseticeblasbé catalysts, or

hea] e o R S BG R 36 o P IRDA- Do cab il e
cataydthat E:ltbl?ﬁ g&ét@ﬁ df ?ﬁb’ﬁ%éﬁ%ﬁ%ﬁ caﬁlﬁ@%qslac? ﬂ)o(fﬁcﬁlg@lc%ﬁh with

a suppor netal | ocene cataly or ma

othen,qapxbystsqﬂod:lamag gy ledefinze it um&t&xi)rfoﬁltm&)(t&lapb@ntb)‘lsatlon
r eat the transi tl}’%gﬁ ﬂéﬁ& conpounds of the
rea‘HP’é 2 - this ke PR RPRa ostaYIEns o RIOBpnesstddhese eolefins.
Suithble@Riystd RF @&ﬁtmgq Glott® by bBGRKAS RARAN. Sy Hekl
a partlcu at b rt materia g e pt oduct an

a distribptiom{fonexahipde, \acﬂcatllzLEoﬁy disteibiition) b€ 1jylefhic ed
is_preferabl y in the formof a

s u pport.e at aI

df:sp{;a‘ ti‘ﬁ %Qr catglyst SNPEGHR paTy ebfongg(,b positu isghepresgnce of
the }Jpport material, or the support material can be pre-impregnated or premixed,
simultaneously or sequentially, with one or more of the catalyst components. The
catalyst and catalyst system of the present invention can if desired be supported on a
heterogeneous catalyst, for example, a magnesium halide supported Ziegler Natta
catalyst, a Phillips type (chromium oxide) supported catalyet ora éupported metallocene
catalyst. Formation of the supported catalyst can be achieved for example by treating
the transition metal compounds of the present invention with alumoxane in a suitable
inert diluent, for example a volatile hydrocarbon, slurrying a particulate support material
with the product and evaporating the volatile diluent. The produced supported catalyst

is preferably in the form of a free-flowing powder. The quantity of support material

11
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WD 2004/ 083221 PCT/ GB2004/ 001141 enpl oyed can vary

wi dely, for exanple from 100,000 to 1 granms per gram
woRommsRrkl present in the transition nmetal conpoI/GB2004/001141

The present invention further provides a process for

the polynerisation and copolynerisation of 1-olefins,
emﬁl\b‘}é@@inesfabn@ldé![y, ForeR@MpLOATh 190 080 GBNE A&k BE: %Qﬁl of metal

mononeri ¢ ol efi'n under pol ynerisation conditi®ns wth
preseng ipdle yimansitivateial compeliydt of  the present invention.

Sui bIe noner.s for use | maki n ofjopol yner s .usin

Che TRePHER ROZEIOH e Raydes f Prasahdp MRGoOBZEAton an
coﬁdMﬁéﬂsbﬁdSh 8f Rolching, SYRoRKSs oﬁ&@ﬁ[és% nefn R¥LBREN the

but ene, hexene, and styrene. Pref er noners are
moemhymenbﬁa mdd@mmm%metlom@t)r@mqna ytith ﬂmpo}yaremsaitmn easadyst of
the ol maki n&gcopol ymers using the polynerisation process

CEHFSSEREBTROBNt i nvention are et hyI ene, propyl ene,

1- byhieftfe mbnOBUR6s usé in MRk HRANBferdusids t

nmet hyll rrertnhgcr yl ate, methy %acr ylat'e erbrlljstu}/% at:p%w-ﬂensa Hon
progess\oif threi dfithd presant mpentioretras for ewam;ylb atinflare, geopykinyranee,

h and di.enes, SPugth ﬁé but adi ene hexadi e e and
eXEPEI BYISBET s Pl r! RONRBFSrne, Jengan raay PR%ul arl y

Pr ebRkRInBhORES For ﬁe%ﬁﬁkgﬁ%ﬁol‘gh{e& ﬁsﬂ?ghtﬂF gégmen ation

invention 1s the copolynerisati of et

propessy tlenmreseint imvexﬁmmranerethylese,lpecp;éﬂuef Mmtei:e bhe;fdnrasé}-
@é‘ l'ic Cld esters 'Q% esters and V|nyI aromatic
me %ﬁ

8E?ﬁ8 1 egichp methymetaagrylals methyhasrgiae, buty} acrylate,
t
acr%lgnﬁlg g I" claﬁ&%e Qﬁ)ﬁl ?hlgfg?? ?ég&’(%% aglgt%ﬁ}‘e%i g?&lf‘ %Qt beutadlene or

. hexadiepk aml tyalécﬂeﬁns; mch aaa@etbeieneand styrene.

Pr eferred poly gat ion pr ocesses are_the
rlypre egﬁ BFOcgtsHy) ;pegrEdagice vathghe present invention is the

coﬂa@,@%ﬁs@a (ﬁ[ﬂlbl?@nan%fo&rgﬁ'@ﬂx%n%%tl%oni?&fb%e\fgljgléc?ﬁ #68 1f

ene wt one or ropyl ene

olefiex angrhil: a&ﬂcbst@rmhbryémm h@dlﬁnyﬂarorﬁhﬁ@ c@nhpbigids e8xhBpRs of
rocess for the coEFélﬁyrrer i sation of ethylene and or
Smgb meg arg, 1 oyiRRG olrBexeng f-Bicthydpeniessr 11 methyd methacrylate,

meli G b TR NMCPRBBARAL, B! il BT RAET Y 2t e

acePaff@redpinlyérisagmeproceiseae tie/iednépodredrisation of ethylene or
nor bor nene and substituted norbornene. The

thehomppelymsaisatinn Afareniansios cepelymetisation of séuvisne withuine or more
of FaREns, SOl RPRrDRR 4aRe bt Do e o0

red e’ CAL can o pol ynerise

et hyllsnstefettodara ﬂil’oékﬁs QRS wﬁﬂﬁh&maﬁ&mﬁtﬁﬁeﬁ@aﬁ §GRESylene

conditions wherein the polyneric material 30 forns as
with camonomarssejgeted fion béutee@,hlyh@wee IPmethyinghtepe-tlhmethyl

e i ol SRR AR R oD R SRR B er i ie
dieBORYETd BN, YoriRSerR¥a8 BubRiBBhéBBtdeas conditions

The polymerisation conditions can be, for exampl.e, 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.

Slurry phase polymerisation conditions or gas phase polymerisation conditions

12
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12 WO 2004/ 083221 PCT/ GB2004/ 001141 are particularly
useful for the production of high-density grades of
w@oioyesizgl ene. I n these processes the pol yneriBEl/GBr004/001141
conditions can be batch, continuous or sem -
continuous. In the slurry phase process and the gas -
are piréis€lafly QSaiStor tHegrédictiby 6f hlgﬁ-deﬁﬁfy%i'@ddsy)f beHet®ldnBeIn
pol ynerisation zone in the -form of particul ate
thesggIroegssesfhespadpmpigsagor gendiigonsicgn be Jaam eontigpousrliseii-ed

con, SPA oy R L T SRR

genSRANP f@Xtoah®PSlymleAsdifdg zbad inthe fht dfal padiculitb 8oldd t THigkSid
can be fed to the polynerisation zone, for exanple as

candestor axaaple, ansepilnted spyd eatelistoystemdernest frountthe edraplex of

C ferabl al yst syste r,t
Forfplg & of PRl asfv b 57 B et S sl ity RibRE ST B 14eF
situB &, eB RRhY 65h b el B thIpelynyerikttidiPlonREfor $RAhPR agAdolution,
gas phase polynerisation is supported on a support

separatedr framn, or Negsther yridfthe eﬂldycomée)e dtrafoyaily thecatahyst system or the

d
o R G oSy PP PR b Baedh S ap thesye
pol}?xﬁ@rﬁ’@ﬁbn ARA B4d fHaSe ﬁd‘l?meﬁsﬁﬁoﬁ‘ ¥ARPhSited BON Qe material, Most

loride, srlica, alumna, zirconia, talc, kieselguhr,
pre&rahha@ﬁe)etaéyst mtﬂnegmap}imtﬁdc@m atﬁwepomgpgmaﬂ priett terifsantredustion

tg}cafrleel out b ntlon tecag

inte e Do e, § ST gP R i iy ey R il mpenepiym

chl&@d@h%%& a@tﬁﬁfﬂﬁnﬁf&ﬁla' ﬁl@kﬁ%léﬁ’&' @rrﬁb @ﬁt I re"gﬁbt\/&{ﬁf the
and  slurrying the support naterial therew

supponp poateriaasrebé edrriechors hympne@mnddeuhntques dat evtaylaﬂe (ba(rformmg
en be separ at he di l uent for .ex

a S gh, O G gPgIon S5 o) o EHeH R 1 S artali CURRSC oF gyt and

slumﬁgee%w&% haflal ARrWIAC ERR shP@tgrt?&Ia{eglaP%'hE hﬁ%ﬁgné%éd with

catalyst, or 20 supported cata are
catglpdt pae thien dbisepuratoh fosi thé élueas fatrexampleby fittratios o evaporation
sl.urry in the polynerisation diluent. Preferably the

techpidiSScl es are fed to a pol ynerisation zone as a

SUSHERAS LR p‘ﬂa§e;k§)1ﬁ9eﬂsﬁ§%ﬂ ﬁl%%:esg @h@édll‘d%ﬁlcleler@ cata

polynerlsa i'on Zone can or exanpl'e, an aut fave
supportad catdlgst, are dat uomrpolryanae;btiommm etthat asdrg pewleog as a slurry in

reactor, .eg.of th %e ff wel |  know in the manufacture
the pplymsrigation diliicat. blife FPE’ Yok ppitisies proted4Q a polyEerispidomzpne as a
sus@&ls}’ormé'tﬁéiéelgﬂglggaﬁﬁ k. tI'H@ ﬁ%@%ﬁé&‘éﬁ@ké@ﬂe, I example,

arrie ur ry cond
an ANdilaEy drsahllarreasiopvedsel, abh yoxeambhemop wéacddr, &g of the type well
tenperature above QC, nost preferabl above 15C. The

knqypinthe massfacaiie pEpriestayiencey the Bhulies Brorsss milf hodheied
pol?@ Q/an'ten E)rocegé'r&ec[)élﬁfélgeﬁmt ?ﬁve}weﬁ: ﬁ ctaH?edQ)?llt %ﬂﬁ%e’r sﬁx%ﬂﬁ%%ns .the

or sin resence

polpﬂbﬁ%bhf‘r@pﬂemﬂa‘td%l bat€iBd outl 4t atté}ﬁpéreﬂmb@w 0eC; BoglprefeRbly

o above the latter tenperature, 30, foul i ng of the

abgvedeter Thapolyaetipationdpruparatrs is @ref@nablypmlywmwiq%ﬁle
ran

within efi;ned te cap. prov
tentfelfiF o3BG BF PUOREr I RGeS o s PR §Een I sl Cottne
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
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wei ght of the produced polyner. A further useful neans

of controlling the nolecular 13 WO 2004/083221
weFOnAeER2004/ 001141 weight is to conduct the PCT/GB2004/001141

pol ynerisation in the presence of hydrogen gas which

acts as chain transfer agent. Cenerally, the higher

weighis EOOGRINES Bk F@m&fxﬁ_sitmriﬁ PR presERLOYERLrb S8 gak WML 4dBEas
average nol ecular wei ght of t'he produced polyner. The
chaystganster pgento enenglly, the highercthe sonsenizainnr afllydragen kmployed, the

aver nol ecul ar wei.gh 5 of the .pol ymer or

lowg 5%‘8 I%?/ ﬁfg%@ H‘SE?CP@ W&é%]i’g P gﬁhleyp f‘f‘%‘_"?@%"lg@feﬁy’ merisation
Pr OL@SiBe @ hiy/l®ge® EASRAméY 8NEdRdllidgOthe 8¥&9PY Hiolecular wei ght
hydr ogen can be used to reduce the average nol ecul ar

of thepefpimenpr mo%mqrgpphesggp@aymtbe pp]gp@riedimspm_gesg a_ﬁthe
e v ot RO B R G B e

. wei@HdfPo8Edre ogbdt%cljyﬁgél@ pEtpaict 8din@ L8¢ kR e "DLSE Hflﬁ% 8}‘\’?(519@&

can be determ ned by sinple "trial and error
phageplpmmeiissgioneandisions . Theequaotity of bydogen gas todegaplpiedse give

ol.ynmerisation processes are well. known in the art.
the Bekiged e B ol HIAr STEPSPT Fa b Sermminac Y ol tgal an civor
polsthbridatiBltessl brating or fluidising) a bed of catalyst,

or a bed of the target polyner (i.e. polyner having

t heMsthods for opersitingigas phags palsinepsatipapro@sses ard Well kidniie in the
it s desired to nake in.the polynerisati on process). .
art. et egemaTy Brvenyectbito oot DA Sl e KB Bespr dhndising) o
o TGS £ 8oL B AL R BRI HESmi
physwalgrepertied tprtbativelaish itns desorad tcmakd infthé helyartiaitiont prodess)

he bed. The b i.S nerally coogl ed by the addition
conlgiipg g tatalyit ang fesmedROFElo PG R IROIRBISS blep LAY I the

T D
conkdctjwitt the detady20n fiel bede Thp bedlispederally casled bg eleatddition of cool

from s, phase processes fornms_directly a solid in
gas{fg IGS%?W?%WW%}@%WO#@? Higd (3-8 velatile mnert

Nt i f L o j :
hyRRRRTR Pioedherh el ACH S en EndeBcfth fornf PRY) P be
polgnérgsrodived ol aydesdlaed from, gasphasoprosesgessfophigdiectly a solid in the

pol yneri sation process the quantity of liquid is small
polyrperisafign zepe qndl is fige Tgm At wbytaaflalbbiyr%ﬁpmd% nds isvelhe

| i i Qn Thi s i.S - L

ocBEHTRELSRALAT, B A gk BSOS ' Girion
zont Of Agak pﬁasagbhyﬁ_[ériisz[ﬁo@ modegeie quamily of Shbidiiy sk §frelation to

processes wherein the polymer forms as a suspension in
the quantigy,pEplymeepresent Thide @aénvﬁawnpmee dhisgain ¢ratrast to
« »under. ch, m g batch, or. .so-.called

softi5h ?Ihz?s% go.cesse? glthferréln fhe pP{yn}eg 1spﬁbgpgl fhéﬁ"l{’%d lélpaesi,oéxgeéxt, and

contnods™ "conditions. 1 _

“slumq&fas&’gﬁdd:ésb&%h&éiﬁ thd PRYmOOEARES a Silsp&idd MUOIGLY diluent.

rec to an agitated pol ynmerisation zone containi ng

pol M&S Phegeqroces capheadnesated wdee batph,rromirbetchbesi soecalled
“co trir?uvolug’egontd?tiorn%.p IItai(s: %re@eorlré/ 0 rolpgr% ¢ under cr:r(?nrditio%% Céuch that monomer
is continuously recycled to an agitated polymerisation zone containing polymerisation
catalyst, 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
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25

continuously or intermttently wthdraw ng produced

pol ymer fromthe polynerisation zone at a rate
w@eopasaki e to the rate of formati on of the poPgNEB2004/001141

fresh catal yst being 14 WD 2004/ 083221

PCT/ GB2004/ 001141 added to the polynerisation zone to
addeé pi the polyheersatia ysie tovrdphate avdcat0dyswith@rawn form the

ol ynmeri sation zone with the produced polyner. In the
pol F%?EP‘P%%‘%‘%WWW@@%“@POWRM esent invention the

pr L1 r.ahl: hase fluidi.sed
o R pORAR A AE: oE RS ot 3 B3 O e
prefensbly gdsathyist Buidfsed besthr@isedtpolydweRbii@conddfinsgas phase

pol yneri sation conditions, the catalyst, or one or
rmr%]hS’f‘ ugipg thegipdydhekthe piseey éay endon fedemephphasat al yst

. e hntr c | nt he

polRHisal B o AL e S RN BEbit & sheiEormpapenie gmployed 1o
forretianpitalyst @an, dos@lamipl@beliftracedi@td theipgWinteriihlistehction zone
. .Thus, for exanple, the transition netal conponent, or
in liggd fem; fpaexamplsngsonwhttiongp ap étert lifuid ddeent.1 Ghus, for example,

) [ lved .or slurried jn.a_..iquid
v SAERAAERER, SRR R RO R e b
coniffoRe®ts Carl bIBcANGRsr shirribd inPd B48A HRtert AR FdH8itHe polymerisation

cont ai ni ng the conponent (s I's sprayed as fine
zongy bpder theserpisumpiangrs| it ivprifeaed e lignidecontiming thepdoatponent(s)

- i [ ref.eraply within the r e, 1 1000 .
s s S o TR o g D, e
prefeeibepyithinaBé Rgatled 1000 Midrbhss BIRACHII3084 |1AD tealthifg bEPRARN is

a process for introducing a, 15 polynerisation
herghytingopperatedtintodhig speqifieationplisojores o pandessifor fittedueingads

i selosed .in EP- A-0593083.can. be sui.t abl ] oyed, in

potfnSFRBS S e Toingt e Phaw b ERismBors, bibRethofnBisriorerin Ep-
A-0593083dah @6 -suff&tﬁ% BRMBRYBA irl tRY BOERAsd L {16Fesh Bffﬂe csent
. hovel conpound having the Forfmula C, ‘suitable for
nvengionithdpsied.ransiti on netal conplex 20 3 R2' / R ---

0:%@1 E R5t' 5 Ftorn%llétg C E.R2"/ \R30R21 erein R3, R2

. REHTEFCR WY et HEpPrVidaiRay chermpesd fimgshe Hprmula C,
suitAB18 ErabARing ArtRiBBion dtetslebinpeg for R2 or hydrogen.

R3
R2'\ / — 0] R20

RS '
\ Formula C

/E
R2" \R3 - 0 R21

wherein R?, R?, R® and E are as defined above and R and R?! are monovalent groups
as defined for R? or hydrogen.
Preferably the ligand has the formula:

15
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25 Preferably the ligand has the fornmula: 15 WO

2004/ 083221 PCT/ GB2004/001141 Ph PHOI R R h OHIn
wa@2dounszer enbodi ment of the present inventi onPCTI6EBeO0HH01141

provided a process for the preparation of a

catal ytically active species conprising reacting

together 5 (a) a ligand having the mula C R3 R

/| ---ORR0 E R55 Formul a GhERZ"/ OR21 (b) a

transition netal conpoli A(E%gT‘ d?lonally 10

(c) an activator wherei nd E are as

defi ned above and R20 R21 are rmnoval ent groups

as defined for R2 or hydrogen, the transition nmetal M

is selected fron1CEoups 3 to 11, preferably vanadi um

- G AR S R LR A FAETR . o
15
O A T A

het @) adigehdbaking thediopiplaglibsti t uted aryl, heteroaryl,
substituted heteroaryl, alkoxy, aryloxy, hydroxy,
boryl, silyl, amno, am ne, hydrido, allyl, diene,
sel eno, phosphi no, ph0§phine, car boxyl ates, thio,

1, 3-di onat es, oxgi R8nates, nitrates,

sul phates, ethers, oethers and conblnatlons

t hereof; and neutr donor group, for exanpl e,
ethers, amines, thirkethers, phosphingg.andhe like,
20 optlonally t wo oﬁ nore. L groups may be 1inked
together in a rlng ucture and nis 1, 2, 3,4,5 or
6. The activator gan BQ nyoR#! the activators

descri bed t hroughout thﬁ speci fication. The reaction
is preferably conducted in a hydrocarbon solvent. The
catal ytic species can be used to pol yneri se nononers

in (bhe tABsides nded Conpeeh PPN ah® bptionally

(¢) an activator
wherein R?, R?, R’ and E are as defined above and R?® and R?' are monovalent groups
as defined for R? or hydrogen, the transition metal M is selected from Groups 3 to 11,
preferably vanadium, L is independently selected from halide (for example F, Cl, Br, ),
alkyl, substituted allyl, cycloalkyl, substituted cycloalkyl; heteroalkyl, substituted
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine,
hydrido, allyl, diene, seleno, phosphino, phosphine, carboxylates, thio, 1,3-dionates,
oxalates, carbonates, nitrates, sulphates, ethers, thioethers and combinations thereof: and
neutral donor group, for example, ethers, amines, thioethers, phosphines and the like,
optionally two or more.L groups may be linked together in a ring structure and nis 1, 2,
3,4,5,0r6.

The activator can be any of the activators described throughout this
specification. The reaction is preferably conducted in a hydrocarbon solvent. The
catalytic species can be used to polymerise monomers in the manner described above for

the catalyst of the present invention.
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25 the catalyst of the present invention. 16 WO
2004/ 083221 PCT/ GB2004/ 001141 The invention is
wo eootthga22i | | ustrated with reference to the fol POWGB04/001141
Exanpl es. In the Exanpl es all nanipul ati ons of
air/ noi sture-sensitive materials were perforned on a
conVieninvertivh iy Agtherliudehted JiMGERAGIE td HeltbRGFTHL ﬁﬂaﬂﬁ:les In
i ng, st andard Schlenk line techniques, or iIn
the %ﬁélinf’ legg Hé]llféloglls Qﬁ élr/mmstu@ SE)mtrm Hlalbnaﬁatfaiepetformed ona

con%&xﬁﬁ%bl%va Eﬁﬁ?ﬁ}g a me ? Ergﬁ'g gema %ﬁlq-ﬁém g é‘iapgmp mghlenk line

tec}nﬁ@tﬁs; @nnw&mbqﬂlew@o{;@b@p efficient fume
cupboard To a rapidly stirred and cool ed (0CQ)
Example b{catalystsynissis 5 .52g, 240mmol) in dry THE (80ntl)
E;x_aglﬁﬁ@ﬁa 10 nltrogen at nosphere was sl ow y added
tert- butyl phenol (38.8ml, 200mmol ). The suspension

Syntieesisif il rere.Covdyl-2- @RFthé BAREE AR -ERr 3h and the green

solution filtered into a two-neck flask fitted with a
The fgflpingaerriien ses casieg @ﬂhmeﬂnyefﬁacmﬁamemhpl»mard e To2kaSiaY;

st SR BB RSP Rt dh¥e b e hmmpDingyy APFC8whdeder
nitr&geRi A OGBBreal RIS B ded B %‘erﬂ'bﬁ(tgfﬂ)'hgn(wﬁ 3 BIE rbO%trrllnrlgl? dTﬁ‘e

15 roomtenperaturé for
susm@mwe lsumcbatewmrtenpmmmmas aad detrpar dol@ibn Mt&ted Ifo a

h d al cohol h
wodf PRt B dore Seono.aerohg e Stz
280M4ﬁidlﬁw9§ RKide@EF Fovi19 6@g%nrﬁt§'&§rn{cfm Gb :S??e %%%phl%%{]%%ontaining

guenched wi th wat er

an1;5(c5.em)g) afl0P€ wrdgam hitrdgay @imospBere S Q‘B@hﬁitﬁﬁe WECHAR She e 3
1M NaCH 75m), 3M Nadl (1 x 100ml), dried 20

Wi t X
room @w&mrer for iéb dIgive wthwchbrmhaneewbmmmm portion-

d
s T N g
temperquredﬁor Th éupigoetbich awalsite prediprdte fcﬁH{er ’I%g r@a)étlﬁﬂ Wa8Then

rrat ogr apha%a um na éneut ral, +3 hexane
Wi 1§, Water{309s}) ang dujtprl avith) EtOA4 (N&ml)( C]Zb@lcﬁ);anlslayer was

sepa?atéé%%_}g?shgq\vitgﬁ(]\d ’Nagﬁi (2(:7({ é@ )3§M ]%;gl &:ﬁq(anél)ﬁgfeﬁ (s,
(Mgsg)m), fiésied, 2d tBe balvéh iéntbyer &ﬂbﬁ%ﬁﬂh@%ﬁﬂéﬁtwﬂg CRRE 1

To a slurry of

r@? und 1
tertb]_u}tl-@ onecﬁb@hzmy e & fyobyry hignide rithe (Rodiibé $ras further

pun?g Eﬂ I AREYR a§°gr%§1¥ﬂ Was add ga?%?ﬁzt(ﬁ ia%gﬂ?]lé]u(% e,
17215l 86 fiok). I?FNIVﬁ‘{GE@H) W@’ k%lgc@ﬁqéln s %0352“(3 78C

Omol ) was added to theé solution
2H, @E@z@i}»&ﬁﬂf@ WsOCHR)) 143 (sy 9, ICHHYM t enper ature for

Examphle 1lgegass ed

Synthesis of 2-tertbutyl-6-(diphenylphosphino)phenol - ("Compound 1"

To a slurry of 1-tert-butyl-2-(methoxymethoxy)benzene (9.714g, SOﬁlmol) in ether
(50ml) was added n-butyllithium (2.5M in hexanes, 20ml, 50mmol) and the mixture
stirred for 12h. Chlorodiphenylphosphine (10.8ml, 60mmol) was added to the solution
dropwise at -78°C. The mixture was then stirred at room temperature for 2h. Degassed
2M HCI (50ml) was added followed by degassed water (150ml) and ether (100ml). The

layers were separated and the solvent removed from the organic fraction. The crude
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2M HO (50nl) was added foll owed by degassed water

(150nl) and ether (100m ). The |ayers were separated
wa@ea4ose250l vent renoved fromthe organi c fraceCDOB200R©G01141

crude 17 WD 2004/ 083221 PCT/ GB2004/ 001141 yellow oil

was di ssolved in THE (50nl) and 5M HCO (50m ) added.
elToheoilrimat disgolWebin THIF (5006 eat f
y' After cooling, et her( So%ﬁﬁy%nd V\g{%g?ﬂ)(%gigpﬁ )qﬁ]ggg)égre was
stirggdanddieatedat g(b Ciprdh.pAftat eoodiigHEher (30th])simg vetér(l 0@&hY added

. . Lt o ol . ith
=ivift SRt BLBHARERHC T Thtreinfisiings Solirstre oprtmsge pbirica
WitheTHF § Sagpaidadqaenangnhfiga 2000501 Qlotsv[dan%d’e&n gﬁlig ?1;13}%%{7\%%)

washed with aqueous ammonia (3" X
separstedoanddlee ergenic KagBmufurthhewsdied twithraquesusfanhheniaq3 arsdmi),

R e B Sk B B B e v

o Gaeyliali. 6 JOhugantla g RRRION e

(ne@aalcﬁé%diz zpECARe 5Oe (PGobpourd, "5 a0 thiflosin(l0.£33g, 32mmol,
639 $1eTd) pito Bl e o ol QBB B 08 . 6. Finci, 6. 9P .
680U NMR QIR Ty Ohise b B shr. 20052.098 oSk S, 71, Ar-

H) 72, Y H, VBBHS = 7168z, \r-ABB.58 (s, 33,1 :
e 1313.515 128.8 lgl. 5,(S %%C?CI([%; C)Q{ 3%&%&((361)6)'5

1
158( 4 (BS) =28Ha, Lelar) 395, B/, 1B8.7NVR.1,06D6), 12%6; 12321,329.0,

' 1 t hesi f
LSE Rt AR Ry FLATEER oo EKBARGE S ors -
32.% l‘s@,rmisr(azf/zt)_‘egwgq\gje_ Na derivative of Ligand 1 ") THE
(50nl) was added to a m xture of (Conpound 1) (4.11q,

Examplabenl ) and NaH (1.08§, 45mmol). The resul tant

i t 60C for 12h. After cooling t
Syniglgl st b e S e bbb erYige o and t he

(hereK@BES"thetNa WBS RN e W Libaddlr( 20ml) . The THE sol ution
was reduced in volunme to around 15m and hept ane

THY 6¥mnl) wasadiied tgpwiingirewf (CGongropad a) &.1 hat 2f3ﬁﬁﬁ&?| afVNaH
a O%Zhﬁat‘ é\ﬁo tenmperature. The crystgls were filtered,
ORBBmals Koo EAPRE slusvasGiipd 4l G fpedoiunter conbiogho
rooth QerfipdStut i | ' | 80, .;
B e e ool ! BYC oA RS Nt i T
(20mpB, The T8EF saHtich, 0. reffioned dn velnmédo Rfsuntt,1 561 94d ha,;hlalw\@)ml)
C6H3), 7.15-7.04

D6): S 7.52-7.44 (m 5H, PC6H5 +
add%%vg{g’ W}p@()qqs%%a}ls g}agﬁ)&@_e@ Qv%rrAZhleﬂ,ro% fEnperguB3-hesTystals
. 17- , 1.64 (s,.9

wer.éc( Hgﬁlg)@g?’ﬁshic.l %ﬁ%eﬁtgﬁ%% %Qﬁﬁ&%‘%ﬁ%&érf@&% 0 R',\v/ﬁ'a’le Na
deriy@B@R)f Ligandl 11(3G8¢08.3 MABC)68% Hékdd, Ail-Cled I3, H{OQ)&PNa: C,

X%JEEC) = 6Hz, Ar- C) 136.16&1@{-@, 134.0 (d, 2J(PO) =
72.88gH, 7.08 Feand: €3062.96;(HAr6.95. ' HIMRA(QsBs): DI 525Y.44 (m, 5H, PCoH; +
Coll3), 7.15-7.04 (m, 6H, PC4Hs), 6.82-6.76 (m, 1H, CsHz), 6.63-6.57 (m, 1H, CsHs),
3.17-3.12 (m, 4H, OCH,CHy), 1.64 (s, 9H, C(CHj)s), 1.21-1.13 (m, 4H, OCH,CH).
PC{'H} NMR (CeD): 5 171.0 (d, 2J(PC) = 17Hz, Ar-C), 139.1 (d, *J(PC) = 6Hz, Ar-
C), 136.6 (Ar-C), 134.0 (d, J(PC) = 18Hz, Ar-C), 130.7 (Ar-C), 127.4 (d, "J(PC) =
24Hz, Ar-C), 122.7 (d, *J(PC) = 17Hz, Ar-C), 112.3 (Ar-C), 67.6 (CH,CH,0), 34.8
(C(CHa)), 30.0 (C(CH3)), 25.0 (CH,CH,0). *'P{"H} NMR (CsDe): 5 -17.8 (5).
Example 2
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30 24Hz, Ar-Q), 122.7 (d, 2J(PC) = 17Hz, Ar-C), 112.3

(Ar-C, 67.6 (CH2CH20), 34.8 (C(CH3)), 30.0 (C(CH3)),
WQ@2009/0§2e2CH20) . 31P{1H} NWVR (C6D6): b -17.8 (BJT/GB2004/001141

Exanpl e 2 18 WO 2004/ 083221 PCT/ GB2004/ 001141

Synthesis of (Li and 1)ZMC12 (M= Ti, Zr)- Ceneral
SyrPeeadUL Brand\ ML, (10n= Of, ZheGdRrerbdahieve of Ligand 1

(2 equivalents) in THE was transferred to a solution
A splotion pEeNg deregtiye pALIERE] A@ egtivelees) at THBovas transferred to a

f 2 h I t d dth
ol P Gha A B R R et e o 55, The
solVielOMb REndRE a8@ ltneqeéid@@és@ra@féd%amehlgfd%ﬁé Hé&eg(b%g Sdaah.
was washed with pentane (20ml) and dri e& under ‘vacuum

Remevige the solwentgavslaerorare pngsligtafathsy whesihed ofith hdngand?2 Oml)

1) 2Ti C12 "Conplex | A"). Reaction of the Na
anda‘ié}eud\}‘ékéF’(i‘“ea%B‘fmggé%[ﬁ&hﬁc%j&lﬁ’%sg, Immol) and Ti C14( THF) 2
Exdnfbld 649, 10 0. 5mml) gave the conpl ex (Conplex |A) as

an or ange solid (0.357g, 0.45mol, 91% vyield). 1H NWR

Syntigsive)f (Ligasd DBTICIOE " Complex 121). Ar-H), 7.65-7.62 (br

t,.. 2 -H), 7.30: 7.2 3H, Ar-H), 7.03-6.65
Reagop Sneiyi c@fﬁw\?@ihgﬁd]&@%%ﬁs}{nn@%d@%mm 017
0:5 Exanp a?? élgeld%gf pé‘?‘ ni hesii lé)pg‘f@?%SL?IS%I%lége%Og@(&337g(d%%nr]rpmplég 1%
yield" J. NRa(et:De) 560168 Ko t2Hj matH)yR687.62 @andH, Ar-H), 7.30-

.1 0 | d ZrCl4(THF) 2 (0. 943q, 2.5 |
72@@9&%@%«%&@%@% (n; 0851, (sf OHa oA} 261H SR

5 119 4 +. | H Ar-H), 7.00-6.66
C(d(ér?ﬁg?é}ﬁf %&Nﬁ{?{, (GU3E 52@9 s &g 3) LET { 14  NWR

ExanfgdéBh: 6 -1.6 (s). 20 Exanple 3 Ethyl ene
pol yneri zati on_usi ng Conpl exes I A and | B - Ceneral

Synghesis & (k- igandbp gy i(Xeempax 1B e perforned by addi ng 5M

2 X ~cat al yst ip.5m t
e N R Y OB Ll AR b B 00 3¢,
2.5m8nddY g0t (YdBpRx 1B) @ﬁswggz.@hnﬁé,cgsaggkéwf“Hg@&ggﬁp‘%%@i:&z_.

run for 30mn and termnated by addition

7231 Gysan/ .0M-H),ris)-6.66 émp b6 Kndr-A)ak46 &oll SHeO(WH5)s). >'P{'H)
NM%g@qbiQ f. 300mL. MeCH, -filtration and washing with

O ég‘ﬁl( "3a Et hyl ene pol ynerisation w th Conpl ex
Exa@le ol | ow ng the above procedure yielded 2. Oy

Ethylene polymerization ﬁsing Complexes 1A and 1B — General Procedure
Polymerisations were performed by adding 5uM of the Complex (pre-catalyst) (in Sml
toluene solution) to 100m! toluene containing 500eq MAO under 2 bar ethylene
pressure at 25°C. Polymerisations were run for 30min and terminated by addition of
10%HCY/MeOH. Insoluble polymer was isolated by addition of 300ml MeOH, filtration
and washing with MeOH.

Example 3a

Ethylene polymerisation with Complex 1A. Following the above procedure yielded 2.0g
of polyethylene, corresponding to an activity of 390gmmol*h 'bar™.

Example 3b

Ethylene polymerisation with Complex 1B. Following the above procedure yielded 7.3g
of polyethylene, corresponding to an activity of 1460gmmolh'bar™. .
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of pol yethyl ene, corresponding to an activity of
390gmmmol -1 h-1 bar 1. 30 Exanple 3b Ethyl ene
w@odogmeResati on with Conpl ex 1B. Fol | owi ng t hePEbG®Be004/001141
procedure yielded 7.3g of polyethylene, corresponding
to an activity of 1460gmol -1l h-1bar 1. 19 WO
Ex&0614/4083221 PCT/ GB2004/ 001141 Exanple 4 Propyl ene

poJ ynerjsation with Conplex |.B. The pol ynmerisation
Pf%iﬁn%t’%asaiwné’a&i ?P@gpeéleConpl ex B (2.5Min | On

ol REOb el A0 RN SO AL LG R IBAELR0
100Hhlehcpiny kOftainSat M (moggraua TRA LIS ) uabet 1aF Piopalead

by addition of ~2M HO (50rnl). The layers were
5  presepartdl bd Thsdobecrispiganivers rachr dPminandiemminatst &gt additinn of

2 0?0t 55 A v i

2MAACY @ 0 B0th BN ateh E30mIR Aridd (188 SON Blieea GHE M DlveheFomolRg to

'éhfld of pon£ner was 5.3g corresponding to an

yieliqudlyprenylefe thatmagrevisd-underagrum faol kot e yoeld pfigolymer was
anples,. Ac = Aceta O Metihy] al um noxane Tl BAL

5'3?&#%30%185&?%??}%%%2&% E %arls Reaction Schene

10  NotesBHkhe Ekan)i¥OM | OVOM --~ R R 5.1 "5.2" P +2' Pr2NH
MOMO CI -'"Pr2NH. HCI N< "5.5" \ / PCl \ / PCl R
Ac=pAgtate5 . 4" H20 11O L BuLi Ph\ / P~ H

MAO = Methyl aluminoxane
TIBAL = Tri isobutylaluminium

Example 5
15  Reaction Scheme -
Li
R "R N
w4 ng; @_P
+2'Pr,NH _( MOMO‘@
Sl iprNHHC) ,N‘< "5.5"
P\ e P\ R
Cl Cl

|l5‘3n ‘ "5.4“ leo

0
w0 /@\ i. BuLi @—ﬁ'—H
MOMO L. I R ii. (CH2OTosyl),
R iF’-/_% oMom ¥ MOMO
s Ph
o) K.
"5'6"

Ho _/——OEQR Ho %~ Y R
R R OH AH; _R P OH
Y Ph T B Ph
.

ng, gv

Synthesis of 1-tert-butyl-2-methoxymethoxybenzene (Compound “5.1>) :
See Note #1
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H (CH20To MOWsyl)2 R I ~ ~PO~~ Ph R OVOM MOW/ \ R
553 "5.7" H >C/J')QI RHI R R(r) h OHAH RP Ph
wW@R004/083281° " 5. 9" Synt hesis of PCT/GB%004/001141
1-tert-butyl -2-nmet hoxynet hoxybenzene Conpound "5.1")
See Note #1 20 WD 2004/ 083221 PCT/ GB2004/ 001141 The

Thé fullloww qugactbacyasoanidisout &f 4n eficRYE funi Apbehk e[;?ec{]§(11utlon of

board. To a solution of 2-tert-butylp
2- f%gEWE)%%Q&%&%% Be?:} mplasy disyadvied im 115 bitrks of@amd dERIaS gade thf

flask fitted
(e A e s B AT ot wemmidtcg g

sodiB2 (18, g,excesindanel rdabor @ACAIlWEITh Yot FRWh - OmLE d
(or(ﬁziours ?hen refluxed 5 overnight to conp gtgﬁpﬁe

overEghtp SAMPplete e geacHan.oft sntgtagn ofAEOMEH ved formad i3 o 3f litre, d3
efflc ent doubl e surface
neck §ﬁ§§ﬁ§%‘§r l"’?‘%rké‘%s?%‘}#%’qé%@ ?F&d T N S S L T
droppihg Ggeiel m}ﬂ aemé:ﬂlogelﬁlg‘g&éhﬁﬁ wg@fr Batﬁtat R—"I:‘ l%B’thE RR vl fM¥ion of AcCl
Al , .
(203 gg?leté Iﬁlgwri%gé@ ﬂgmhqéfz@t@ne 029 glﬁl(bm)aleﬂ) wnha caalyalcydnhdnt of

Kk
2 QP Dh oo B Blae R @ esiiainsfescion pttermict
Aftaddiitioarnfdic ABE] e tdactiiemi-aaetit Oftrdl 265 Y65 Lﬁes agldrtfl? ﬁrogpmg

for 30m nutes and the dropping funne rep ace

fungel perlsed THE: a septwnl Whe i solitismdf sonhiyph ehedcdite addidiesl divinula

' andglgéqn%ﬁl:t?oe rﬁﬁ(dstltlrrg g Cf{)]ieg our-?:ﬂ gggpélgge: tlkn% %eeagp&]? ,r Ek}e peggtgont r?ux 18

deactbacddibyahe dddidod BE5AH]stIF QrMQﬁaCﬁﬁ golmlgla) 2ld gtn%{l 'g\l??r a fuﬂher

solution and stirring for
60 riayinhe decomnoss sxAvEMZIOMEL. hithex GO0mis) s ad?deddd@ theiidses

Sepa‘fm%pgﬁg’ GRa0% a7 Seed Pt LR00l Mol Grilied wibacnd dred
0t a-
o U a6t ot phonat %@?ﬁ”@@ S USPGH Be RpRbRD bl aes

remeygsh by MSW rﬁlar ough ¥ halsmdumglal’@hﬁme usisg hbxtinlélaabltﬁﬁlatlon solvent.
sol vent recovere (. compound "5.1") was

The f%CﬂVFﬁe&&nW CoSRPad 3 R i by flashdiztillgsionswdere,
redubZd HRGs1e, 470680 4 mn@t@. 2848 2678 Bave) Rk 29 M,

CDCls) 8 1.420(s, 9H, C(CHs)3), 3.519(s, 3H, OMe), 5.253(s, 2H, OCH,0), 6.92-
7.33(m, 4H, Ar-H).

Synthesis of ( 3-tert-Butyl-2-methoxymethoxyphenyl)phenylphosphineoxide
(“compound 5.6”) :

Reaction completed under N,.

To a solution of PhPCl, (14.0 g, 78.2 mmole) in 200 mls of dry toluene was added
1ProNH (15.82 g, 21.9 mls, 156 mmole) and the slurry stirred overnight. The

precipitated iPr,NH.HCI was removed by filtration leaving a solution of "compound
5.4” in toluene. A shurry of “compound 5.2” was formed by addition of BuLi (31.3 mls,
2.5 M, 78.2 mmole) to a solution of “compound 5.1 (15.2 g, 78.2 mmole) in 100 mls of
ether and stirring at RT overnight. The slurry of compound 5.2 was added to the toluene
solution of “compound 5.4” cooled to —78°C and the sohution allowed to warm to RT

(room temperature) and stirred for 1 hour to generate “compound 5.5” in situ. The
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20 CDC13) S 1.420(s, 9H, C(CH3)3), 3.519(s, 3H, Ow),
5.253(s, 2H, OCH20, 6.92- 7.33(m 4H, Ar-H).

wEytogRres of PCT/GB2004/001141
(3-tent-Butyl - 2- net hoxynet hoxyphenyl ) phenyl
hosphi neoxi de ("conpound 5.6" Reaction conpl eted

reactthﬂleﬁasl‘&actﬁﬁttéﬁb}aacﬁﬂidﬂ ofa00 @tls Bhistifed 40 And 10d %ﬂ?ofz M
in 200 ms of dry toluene was added i Pr2N

HC{ &151 %@ﬂ@g fortt puss. sTheigganiprphasy veas gopaneted| washgd Mﬂhr%e 400
mls, c}ﬁ%ﬁﬂlgﬁtwat%gﬁd dRE§ %JVQJ %8 ‘% gol}lg%w(?a ﬁtgno%eed}% ] ﬂoto-Vap.

ration | eaving

Thd @udep@duds vﬁdslp’uh‘ﬁeﬂﬂoy ﬂ@ﬁﬂ&ﬂtﬂmﬂ cﬁro&at%ﬁ%ﬁﬁﬂﬁ dihkY as
addi ti on of BulLi g(ml:%ms nol e) to_a

chiigigfion pre(Rr @ 8hpgnd Yeldrof @pslezveaowml ». ﬁgtﬁV’é)S%)n“I’C{EH}
] f R s ring at RT overnight. The

NMsgﬁer?yMggﬁ @8@ Sﬁlzd%égrﬁwas added to the tol uene

Prepahtidr o1, 2fEthaeapmind3 SerdBugpgoled to -78C and the

solution allowed to warmto RT (room tenperature) and
methpx ypethox yphenyliphgpylphosghing oxide ! (Companmd 57°9'ses Notsi#2Zihelow

. 221 PCT/ GB2004/ 001141 reaction was
+Re gg%%gorxﬁ %‘aq’l er ftion of 100 mis of distilled H2O

To @B@luﬁ&@oﬂ*@nﬁfouﬁd M6 td(d.0 gnsh 52 hﬁl‘idlgﬁ fS‘Orml% otf quIf’at EBGC

organi ¢ phase was separ at ed, washe
(lc%ce@mgk Whe adfledatosvly &ual dRi28cnk 2ér MNAQ. S%mfﬂhkambﬂhe (erd:nge

sol iR FERARY K s P R e R Gu LI UPRaiveabds-
tosﬁat@ |(5156 |gal 5.0 'i*nrﬁ@l'e)/%ﬁé addll 119102590\?& he 'iﬂmu%% alef (R slﬁn? Hafined

ow ol |l 19.3 77.59
léb@mayd éoril7h@r tlmmmeﬂmt ar %\hom a‘he teaRtidi immwzls cooled to

ST T i S e e

extl??tgﬂ g@g@g?@gﬁéh%n%%aﬁg) %18%% gﬂﬂ;l?ﬂe@f)(jl\ﬁ %@%@@e@ Washed

witlf B xeY0anlstafi)0 awisdrieddhever §azm4y TRa IDCMMasZSnmved @nder Macuum

and%g%gelslélmg%wzaigcﬂggfn% e an Jll" @V\?c(é[gggwés%@covered by
filueiong OFwobe2075. t PRI 498, ¢ 11{3}- (ﬁulpi!ﬁ% %@?W&gﬁsw

in]ots over 15 m nutes then
pprist Crystads fugtable fhnsiructdnmlrdeteerhinamad wees is@latedUufGn a Baszene

reacti.on m x oI ed to 15 room tenperature and
solyfion o 8’5‘@8%&3 Biereéﬁfvlé}* B¢ INdigngts preveaceppbafey/SR

| d the .
dinshEifom it ol B MR W8 QOERTS 33ROReRIS 17 o
Preppi@@icnef 1d?-BeishnodiothideR BMBuThe-HdMxyakenyORBMBIbHoBSIRAe

cyum and the residue triturated with hexane
QﬁﬁéMMﬁ@crude product was recovered by

A sample of “Compound 5.7” (6g, 9.05 mmole) was dissolved in 50 mls of HOAc and

5 mls of H,O added. The reaction mix was heated to.reflux for 2 hours, cooled and the
product extracted with EtOAc, the extracts washed with 50 mls H,O dilute NH; then
H,0. The EtOAc layer was dried over Na; SOy, filtered and the solvent removed under
vacuum. The residue was extracted with MeOH at RT to leave an insoluble material
and a second fraction was recovered by cooling the MeOH solution to —78°C. A
separate deprotection of “compound 5.7” (RS/SR) isolated from above lead to the
MeOH insoluble product. FW 574.64. Yield (MeOH sol. RR/SS) 1.5g (28.8%),
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filtration. FW662.75. Yield 45% 31P{1H}-NWR (101
MHz, CDC13) 35.41 and 35.69 20 ppm OCrystals suitable
wo ooo4msR2ect ural determ nati on were isol ated freem/aB2004/001141
benzene sol ution of "Conpound 5.7" |ayered w th hexane
. ilndi cating the presence of a RS/SR diasterioneric
P Had r NMRL B{01 HyEMED(CL) B 4640 dplﬁmywd EMBBIPAsHIPRS/SR) 2.2 g
42%5,@@%2{1&% of 1 ,2-Ethanediylbis _ _
(42300) ¢ EHBHIR (B0 )iz $HRA0. phepml phosphi ne  oxi de}
Pr6595ﬂ)9f‘ g-éle}li' 1624 (815 ARNE v dr R £ (84,

. O ved 50 - it St
(“Comphiafd 59Ue Reattion c@apleicdmnfépiNyvas heated tareflux for
cool ed and the roduct extracted with Et OAc,

2 hours, _C | '
Top ﬁ&ugﬁ PE G ampRIsays «RR#S@@OH{Z& I-P0onandle)tia SNrBof théwas added

] dri 0 .. Liltere
AL BBy R AR RS OR YER L B3am, bdstioligo »
shurey of BiGt1HG (014, VR Sthiblelin $@miLMES, ABrrbd SHHRLE allowed to
terial 30 and a second fraction was recovered by

setticqid; fHpred] and/toeadionmis heated tyg@ux for 2 bpwsatoeled and

i e 5.7" SLSR) i | ated f
5 TR, Sy ) o G
extrdtipdidin(d\vEthty. Sie. etiR1ayS) wis REsHed SviA x 502Als \Aﬂ:lé? a[{}]c_llzdried

2004/ 083221 PCT/ GB2004/ 001141 31P{1Hf- NMR
ovepeaX)s, §liad pod gpad urvdes vacyunb RadensstionRBls SRyer2e® YP {'H)-

At P Sy U T e S e

isolted by ertr i | i 0
S R R IR R g
P Hi}d%(l@ﬂ MianBGhi 554338 PpR, 88) MeDH 2d, RR/SF yisld )l g

on B L D L,
Pl b N (8 S 0. S

6 43133 whidelpartinld-edwnsion @f & ednapounil 5. $TRREES ) gaveefiditly préducat
31 I co0 and deactivated by the slow addition of
P@M@ﬁl‘% The product was recovered by 10

Notéxtraction into ether. The ether layer was washed with

3 x 50 ms .of H20 and dried over Na2S™, filtered and
#1 dMétbod uotd dfibbeat; uirBpidRac End. s dbiumal Vefs tie Hevehl Society-Perkin

31P{ 1H} - MHz, CDCl1l3) 6 -43.26 and 6 -43.33
Trarbgﬁﬂimﬁ\x/%lﬂ\%?éﬂ%ﬂe products were isolated by
) o Ry t Qg OH.insol. {RY,SR. i el
2 R oot o B B Ao A B dediRepg Robaecafie, B,
Synthests, 1984, M@ sol . RR/'SS, yield 0.21g 15 (30.9%
EXEIBlE{éH}-NI\/R (101 MHz, CDC13) 6 -43.25 ppm Assignnents

. 1H-NVMR 6
A cgr_ngound 5.9”

Ethylene Poylmerisation. A Fischer-Porter Reactor was filled with dry heptane (200ml)
under a nitrogen atmosphere. The reactor was placed under 2 bar ethylene pressure at
room temperature and DMAC (1M in hexane) was added. Where used, ethyl
trichloroacetate was also added. The catalyst was prepared by addition of a toluene
solution of VO(O"Pr); to a toluene solution of ligand “compound 5.9” (prepared in

Example 5) (in a 1:1 molar ratio) and activated by addition of DMAC (30 eq.) followed
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31P { 1H}-NMR 6 -43.25. Notes 20 #1 Method of
H bbert, F.Spiers, K J., Journal of the Chem cal
womimesdz2Per kin  Transactions 2, 1989, 377-380PCHEB2004/001141
Modi fi ed Method of Wfe, R L.; Vanoort, A B.;
Vandoorn, J. A Vanl eeuwen, P., Synthesis, 1983, 71-73.
by fanpfe 6mab Rhtnsiernstht Irmtdilfmlahﬁd: ﬁfrISTﬁilﬂJ ﬂie’lﬁitalyst was

" t he | d d 5 9" d
et TS e R o ot o SO o
0
polﬁﬁ?l?%og%%éé’gt% ﬂlﬁ%}ter &. %g%lglap?g}_f‘g\/:%sérbﬁ%ag@ %Ha‘i‘?f Vfcuum'

- DMSC 1sedhl’r;eltlgyrhalqmﬁﬁlﬁuﬂeoﬁ>de room tenperature and DVAC

(IMin hexane) was added. Were used, ethyl 30
R‘~'4Ut11r1rchl or bafebraloadiies al so added. frl@emmét al yst was

pr epar ed R{ éddltl on of a toluene 8? |on of

VO OnPr)% 0 a tol uene sol ution oP " conpound

5.9" (prepsl eRfhicloacEkame! e 5).ofnbla 1: 1 rml ar ratio)

and activated by addition of DVAC (30 eq.) followed 23

WO 2004/ 083221 PCT/ GB2004/ 001141 by stirring for 2

m n. Aftﬁu %Hlngrlng the_reactor mxture for 5 mn, the
cat al yst was ™ nj ected. The | ymeri sati on was

term nateghthymaddi ti on of 2M kit and MeOH and t he

pol ynmer collected by filtration, washed with MeCH and

dried at @meuwg@r vacuim DSBE i s dimethyl al umi nium

chl ori de un 1. Catal yst | oadi ol DMAC =

0. 85nmol A°H E’ trichl oroacetate %@ﬂ?ﬁpbﬁﬁn Tine =

I h 10 Exotherm— 2.5C Polyner yield = 1.93g Activity

= 193g/ mmol . h. bar Run 2. Catal yst |oading = 5. Omol 15
Rup@AC 0. 8€atab'lstlomlhg/| trichl oroacef.aumot 1. omol Run

Time = ll_S)K/}/QC Exot herm = 43C ;

= 0.85mmol
Ethyl trichloroacetate = 1.0mmol
Run Time = 15min
Exotherm = 43°C
Polymer yield = 10.23g
Activity = 4092g/mmol.h.bar
Run 3. Catalyst loading = 0.5umol
DMAC = 0.99mmol
Ethyl trichloroacetate = 1.0mmol
Run Time = 1h
Exotherm = 3.2°C
Polymer yield = 0.72¢g
Activity = 720g/mmol.h.bar
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20 Polymer yield = 10.23g Activity = 4092g/ mol . h. bar
Run 3. Catalyst loading = 0.5pnol DMAC = 0.99mmmol 25

weedogos2ei chl oroacetate = 1. Omol Run Ti ne = | PET/GB2004/001141
Exotherm = 3.2C Polyner yield = 0.72g 30 Activity =
720g/ mol . h. bar 24 WD 2004/ 083221 PCT/ GB2004/ 001141
Clains: 1. Atransition netal conplex having the
following Formula A°*° R2 Rl (RIEPMXx)Y(L)Z Formula A
O 5 wherein the nonoval ent groups R and R2 are -
i ndependent|ly selected from-CRb, -NRcRd, and NHRe:
t he nonoval ent groups Ra, Rb, Re, Rd, and Re, and the
di val ent group R3 are independently selected from (i)
al i phatic hydrocarbon, (ii) alicyclic hydrocarbon,
(iii) 10 aromatic hydrocarbon, (iv) alkyl substituted
aromati ¢ hydrocarbon (v) heterocyclic groups and (vi)
het er osubstituted derivatives of said groups (i) to
(v); Mis a nmetal fromGoup 3 to 11 of the Periodic
Table or a lanthanide netal; E is phosphorus or
arsenic; X is an anionic group, L is a neutral donor
group; nis 1 or 2, y and z are independently zero or
i ntegers such that the nunber of X and L groups

Clagnas:i sfy 15 the val ency and oxi dation state of the
metal M 2. Atransition netal conplex as clainmed in

L. o afvirasifipameta camplex baving the fellowige Fopsuleri:t he two
units 25 WD 2004/ 083221 PCT/ GB2004/ 001141 Rz

R2
|~

{ ,
E/ i

R3/
. M(X),(L), Formula A
\/A

wherein the monovalent groups R' and R? are independently selected from -R?, -OR®,
"NR'R®, and -NHR": |

the monovalent groups R?, R®, R®, 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);

M is a metal from Group 3 to 11 of the Periodic Table or a lanthanide metal; E is
phosphorus or arsenic; X is an anionic grou\p, L is a neutral donor group; nis 1 or2,y
and z are independently zero or integers such that the number of X and L groups satisfy
the valency and oxidation state of the metal M.

2. A transition metal complex as claimed in Claim 1 wherein n = 2 and the R}

groups on the two units
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RL I/ ER32 arelinked to formR5 such that

Formul a A becones Fornula B below. R3 R2'\ / O R5 E
wogoosp§Rr Fornula B E R2" O R3/ 5 and wherBCTGBh@4/001141

di valent group R5 is selected fromthe dival ent groups

-Ra'"- , -ORY' -OR'-O , -N(RRd'- , -N(Re)- ,
-N(R@:)-EZ'-N(RC)- , -Si(Rc)2-R a'-Si(Rc)2- , and
[ R ; the divalent groups Ra, Rb', and Rd, being

- S
i nd ﬁgndently selected from divalent (i) aliphatic
a(d arbon, (ii) alicyclic hydrocarbon, (iii)
mati c hydrocarbon (iv) alkyl substituted aromatic
Ruaydr ociar bon (v) heterocyclic groups and (vi) 10
tergsubstituted derivatives of said groups (i) to
(V). A transition netal conplex as clainmed in Caim
1 0P 2 wherein Mis a Group 3 to 7 transition netal.
4. Atransition nmetal conplex as clained in Claim3
wherein Mig a Goup 3 to 6 transition metal. 15 5. A
are finkerktotfoom Rmsuch th@Td?qm@i@ AdecomisiEutmalyB drdowef t he
preceding Cainms wherepg Mis titanium vanadi um or
chromum 6. Atr S|2Fdh\ﬂ§tal conplex as clainmed in
Caim2 wherein anadijum 7. A transition netal
conpl ex as clai med ghy one [of the preceding C ains
wherein E is phosgﬁo?ﬁ?\\ @% A transition netal
conpl ex as clai ned any Wke pr 8RB q ai ns
wherein the anlonlcEgroup is selected from halide,
a hydrocar byl p/ car bhxyl ate, an oxide, an
am de, an a|kOXI e; anypaeelyl acetonate, a hydroxyl and
a non- coor di nati ng

and wherein the divalent group Rg 1szsglected from the divalent groups -R*-, -O-R"-
-O-R”-0-, -N-(R9R?- , N(R%)-, -N(R)-R*-N(R®)- , -Si(R%),-R*-Si(R%),- , and
-Si(R%),- ; the divalent groups R*, R”, and RY being independently selected from
divalent (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).

3. A transition metal complex as claimed in Claim 1 or 2 wherein M is a Group 3
to 7 transition metal.

4. A transition metal complex as claimed in Claim 3 wherein M is a Group 3 to 6
transition metal.

5. A transition metal complex as claimed any one of the preceding Claims wherein

M is titanium, vanadium or chromium.

6. A transition metal complex as claimed in Claim 2 wherein M is vanadium.

7. A transition metal complex as claimed any one of the preceding Claims wherein
E is phosphorus.

3. A transition metal complex as claimed any one of the preceding Claims wherein

the anionic group X is selected from halide, a hydrocarbyl group, a carboxylate, an

oxide, an amide, an alkoxide; an acetylacetonate, a hydroxyl and a non-coordinating or

26



10

15

20

25

(D) ¢ pompplex é?ma‘elaw&?y}%g? Epanula ¢ 35rrdaiiied an amy, one o

WD 2004/ 083221 PCT/ GB2004/ 001141 weakl y-coordi nati ng
ani on selected fromtetrafl uoroborate, a fluorinated
wa@eopk/ok2eate and a triflate. 9. A transition PEL/aB2004/001141
conpl ex as claimed any one of the preceding O ains
wherein the anionic groups X are nonoani onic,
weakilandwdingting artion seléaed fromTetifFlucfoliorans Hhdthatet @yl borate and
tr&ﬁg)l ex as clained any one of the preceding C ains
ein the neutral donor group L is sel ected froma
sol i ine
. vvat}.e@(?ltagsrlﬂgIll g%%}l S%Ig? ﬁé %@Cﬁﬁg%%o (813"24} e e(éneng t;ialmxwherem
the aniangi groups erteahomnmlna»,( dmﬁfqnmlnﬂdn@lﬁoﬁllcal med in any

one, of the ere edin ims_having a fornula sel ected
10.¢ ¢ ofnfrangiiph! C‘P’HP%E as Ffam%arpmnwf the pRcediygCha0T ovherein

f ol v:eri satiaon
e Gl B Pﬁ%%%%é@?s%%ﬁ%??@mﬁ 8 R TEC AR
an aefi oeatet dnavconjggtthe oFnonohghteddieakai med ln any one of

the precedl ng .15 Cainms and optionally (2) an

1 act arsion vk Geraplet sompopnd af sjajmed ja snersoithe presading

r JFormula A conpound is the

Clah%)sr%@aggﬁoglg%gﬁng{éas clained in Caim2. 14. A

catal yst systemas clained in Caim12 or 13 wherein

t he actlvator conpound 20_is selected from

oPgan al rme um corrpOLﬁ’fds/an(SJ\ pF’ganobor on qupéﬁds Ph

Rcat” syst CR C\Lay d a@erﬁ

: act\A vat on‘po‘i/s fro
AN
O OR

At HyTG ni um %

tribut@al uminium tri-n c‘ﬁylalumnlum

et hyl al um ni um di chl or.i de, diethyl-al um ni um chl ori de,
met hyl al um ni um di chl ori de, di net hyl al um ni um

12. chl A catelkyst aystlem(fpethieqabl}mmrmaﬁ@ﬂw Uns@ra¢daioRbiBR comprising

al unoxanes, dineth henyl anmmoni unt et ra(phenylt) ]kl)or ate,
t eprecedmg

ClaithsRighptipirgny | ammoni um

tetra(penta I uor ophenyl ) bor at e, sodi um

) areautlakﬂosﬁcﬁxhpcamﬂ 5-txi fl uoronet hyl ) phenyl ] bor at e,
2)[ (bis-3,5-trifluoromethyl)phenyl]borate,

13. w i W? brsy§tpae slaimed BpRHY (12 hdessie thedfamula A compound is
the F&rnRPBULALLHA SPASIE D PRGN

14. A catalyst system as claimed in Claim 12 of 13 wherein the activator compound
is selected from organoaluminium compounds and organoboron compounds.

15. A catalyst system as claimed in Claim 14 wherein the activator compound is
selected from trimethylaluminium, triethylaluminium, tributylaluminium, tri-n-
octylaluminium, ethylaluminium dichloride, diethylaluminium chloride,
methylaluminium dichloride, dimethylaluminium chloride, tris(pentafluorophenyl)
aluminium, alumoxanes, dimethylphenylammoniumtetra(phenyl)borate,
trityltetra(phenyl)borate; triphenylboron, dimethylphenylammonium
tetra(pentafluorophenyl)borate, sodium tetrakis[(bis-3,5 tﬁﬂuoromethyl)pﬁenyl]borate
H+(0Et2)[(bls 3,5-trifluoromethyl)phenyl]borate, tnty]tetra(pentaﬂuorophenyl)borate

and ms(pentaﬂuorophenyl) boron.
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27 WD 2004/ 083221 PCT/ GB2004/001141 16. A
pol yneri sation catal yst systemas clainmed in Caim12
w@e001/8832kerein the optional activator is provPCEGBR4@01141
Lewi s acid selected from (a) ionic-bonding conmpounds
having a CdCl2 type or a Cdl2 type of |ayered crystal
16 st r dapalyreerisati¢i patelystysystenl a8\ 1aimbe ireCRiman Jran-eGHange

l.ayer ed compounds; c) heteropol y-conpounds; and (d)
OPWE%E@%W%}&?PP Ir Wgﬁéhﬁg‘&?ew&%ﬁ@tgdlﬁmm pol yneri sati on
2l : aj i f Clainms 12 to

@ Qe i SRS nEviBl T PE b S bR e i
strindirogenat ed organi ¢ conmpound. 10 18. A pol ynerisation

cat al yst sysﬁem as clainmed in Caim1l7 wherein the
(b) st mietals OF it e hrngsrcardrmpasndschl or i de,

) benzyl brom de, benzyl chl ori de,
©REKegR o AR

oroacetate and 2, 3- or
(d) baBgehatdd lanthpnag ybmpeyndshl or of orm (CHC13) and
n-bytylchloride. 19. A polynerisation catal yst system
17.3s Q1 palymeriseriomeafalysieygemas slaimsed i any ong of Slaiesri@itnd 6
' L material  selected from
i B8 itk pRindhe S URRO LTk oG spmbSima.

18.chl arpotiemerisatiol yatEyst@ystpheR elayied in GRim A7 wherein the promoter
nerisatjon catalyst as clained in any one of

, |
1s S%%a efhirogpearpon; igtraghdereden hexachlomithyilens, benzyfeomade, ned

- ' th t al
berf3icflotBh, il ke SroBERE M 23° 60T 3 ThoShtb s B Nidigfoim

(CH@Lpinsi-baglchloziderd in any one of Clains 12 to 20
wherein in addition to the defined catalyst there is

19.pr eAdolyrestisaiion eatzlpstsystem as claimed inomymet aff ClaiatsdRyts 18
ed.from Zi egl er-Natta .catal yst systens, . . .

whEBLETHEGULAT & £ RuSor i Bot Sellell Sop Yitd hirgige, zirconia,

maghisROagabsRifi BTbHAR, APolAnG R Blepdlytner22. A process for

the pol ymerisation and copol yneri'sation of 1-olefins,
20.cy cAdwhatarisatiomeitalyst ds elhimediorpyiose nf) (aintsak? forl® wheeein in

mNo [ | efi.n, under .pol risation conditions. wth
addFRBOTEHS FeaPed o BGe iF Db g Brangreag ey i pr one
polghefidifg Mplekdst 0 21. 23. A process as clainmed in Caim

22 wherein the process is for the honopolynerisation
21.0f A-pelysiarisatiameitalyst peclhindienmyponeof iaissl Ecioed Wiieen in

(A B SRR Gt R phy i Bl giBricrapoIRg et
BRI NG A lh BTRA o
heat activated supported chromium oxide catalysts. :

22. A process for the polymerisation and copolymerisation of 1-olefins, cycloolefins
or dienes comprising contacting the monomeric olefin under polymerisation conditions
with the polymerisation catalyst system claimed in any one of Claims 12 to 21.

23.  Aprocess as claimed in Claim 22 wherein the process is for the
homopolymerisation of 1-olefins and wherein the monomer is selected from ethylene,
propylene, butene, hexene, and styrene.

24. A process as claimed in Claim 22 wherein the process is for the

copolymerisation of 1-olefins and wherein the monomer is selected from ethylene,

propylene, 1-butene, 1-hexene, 4-methylpentene-1, 1-octene, methyl methacrylate,

28
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20

propyl ene, 1-butene, 1-hexene, 4-nethylpentene- 1, 1
-octene, nethyl nethacrylate, 28 WO 2004/ 083221
weFOnAeER2004/ 001141 nethyl acryl ate, butyl acrBCEHG8B2004/001141
acrylonitrile, vinyl acetate, vinyl chloride, styrene,
but adi ene, hexadi ene and norbornene. 25. . A process
methyl adrglateebutylacdlateaoniilef vigyn@etatte vagPERIBABE, isGRbheON
o& etggl ne .and qr propylene w th conobnoners selected
butpdighs, hexadicag and potherusme. 5. 4- net hyl pent ene- 1, net hyl
met : te. . | at.e,.
2 e PRl VS 2 oisBit he eI iign of thytene

ancoyrgiropyl@ieefitingornardntsrs slectanflod ubsitbdd) i 4xBes bor nene.

26. A process as clainmed in any one of Clainms 22 to 25
4-mgrlstRanEne e Ir&ﬁ&’fl dacdhacsylatg apeihtpcpdetc migracgdstsparaglenitrile,
: ut. | S risati
isglEak, 55t A0 BORE RS 8Hlyrgpormen.

26.C ahpBo@8s ascl@medtie bgy ond SECIBIRCES® 15Swhde@ahé pRfedss
the presence of hydrogen gas to nodify the average
carpigd] @t ingdsr ghePhRe, PPy RBasesr selutieripinsk pabsimerzationiconditions.

27 TR R U A PRI G p) %R ndeBhh S fEeptiS
carfféd inahépiteerCe oEhRB02dRER IR thodif tHMe@df@ nSlecuf w«ﬁght;dzf‘%he

E are as defined in daiml or daimZ and R20 a
progyced pebmesFal ent groups as defined for R2 or hydrogen.

_ hayi la.i . Ph B ~
2020 oS OB PYL B S o G

comipleal ytically active species conprising reacting
together (a) a |igand hglvi ng the Formula C

RZ\ / T~OR%

/

5
R\ Formula C

v \
R2 R3/OR21

wherein R?, R?, R’ and E are as defined in Claim 1 or Claim 2 and R* and R*! are
monovalent groups as defined for R or hydrogen.
29. A compound having the formula :

i<

OH -
30. A process for the preparation of a catalytically active species comprising reacting

together
(2) a ligand having the Formula C

29 .
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29 WD 2004/ 083221 PCT/ GB2004/001141 3 R2' ROR20 E
R5 Formula C E R2"/ \ 3 -,0R2" (b) a transition netal
w@oooposael M L)r, and optionally (c) an acti var@r/GB2004/001141
wherein R3, R2, R5 and E .are as defined above and R20
and R21 are nonoval ent oups as defined for R2 or
hydr ogen, the transiti Mis selected from
Groups 3 to 11, B%Qf rableS anadium L is
i ndependent|y selected fromhalide (for exanple F, O,
Br, 1), alkyl, substituted allyl, cycloalkyl,
substituted cycl oal 'Kyl ; het eroal kyI , Ferglh i ut ed
het er oal kyl , het er ocycl oal kyl, substituted
het er ocycl oal kyl , ary substltuted aryl, 10
heteroaryl, subst®% ut et JeteRTaryl al koxy, aryl oxy,
hydr oxy, boryl, silyl, F:‘am no, am ne, hydrido, allyl,
di ene, seleno phosphi no, phosphi ne, carboxyl at es,
thio 3-dionates, oxalates, carbonates, nitrates,

s ul (5 81’“@§Slt1@19 Feetal copmpwed Mék ) andapéenblynat i ons

neutral donor group, for exanple,
ﬁgfgﬂagﬁ%%gé t hi oet hers, phosphi nes and the I|i ke,

whﬁﬁhlfﬁ[lﬁ? | B° 4MDE @fe 450fefinkd 5RYRAI Rﬁg’a&ﬁlﬁl IaRk R dnbRaSH %?Jups
in a rlng structure and nis 1, 2, 15 3, 4, 5, or 6.

as d@ﬁne%f%%@é§§dmé¢n5tt1ﬁ\%tf§}lséb>éirfa¢tﬂldﬂ ipselected framyGiaab Byo 11,

pre%?ag)r% \gaél?lg%% e];II \Mé]fl pen E‘ltgpﬁek?tggg? E%l}dget@cg'ne%la{%p?edF éi ﬁr, D),

alkyd oélmmemtea@myp RyE@BSIk g0 pesHRId SRIdafk1; Qfete}cé?kﬁf élﬂ)%tltuted
cycl ool efins or dienes conprising contacting t

hetfﬁmlbﬂeh«tt@rogycé@alhylum@atum hetresodysioalloh acyinmusnmmi argl)
hete§8ar¥1 tsw%ftl&%g? %%terlo%fay 0"’}(%;} allr\}//ﬁ)xy, %roxy, g 5 gﬁ}d/l Iaxr;nnccl) %nrlrr]le
hydrido, allyl, diene, seleno, phosphino, phosphlne, carboxylates, thio, 1,3-dionates,
oxalates, carbonates, nitrates, sulphates, ethers, thioethers and combinations thereof: and
neutral donor group, for example, ethers, amines, thioethers, phosphines an;i the like,
optionally two or more L groups may be linked together in a ring structure and n is 1, 2,
3,4,5,0r6.

31. A process for the preparation of a catalytically active species wherein the
reaction is conducted in a hydrocarbon solvent.

32. A process for the polymerisation and copolymerisation of 1-olefins, cycloolefins
or dienes comprising contacting the monomeric olefin under polymerisation conditions

with the catalytically active species claimed in Claim 30 or 31.

30



