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WD 2004/ 083221 PCT/ GB2004/ 001141 PCLYMERI SATI ON
CATALYSTS The present invention relates to transition

sed pol ynerisation catalysts and to ' e
ng&’?qu%ﬁg b yneri sation and copol yneri sation o?éﬂgéﬁog@?lm
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 ex_ﬂpLer_thse~——-——‘

catal ysts produced by activating titanium hali
i R
manuf acturing pol yolefins. Over the last three *166166*
decades, advances in the technology have ted to the

devel opnent of Ziegler-Natta catal ysts which
such high activities that olefin polyners an m@‘ I@'”““HI"NWM
copol ynmers containing very |ow 10 concentrat|

resi dual catalyst can be produced directly in

comercial polynerisation processes. The quantities

of residual catalyst remaining in the produced

polymer are so small as to render unnecessary their

separat i on and poyPVRISATIORCEATAT RS @

appl i cations. I’Tp'rmrczmr@g‘va at ed by
Thppﬂegemg mvsntngl It:]atrs tcprt:msrtmnsnetai-ltahﬁi paymehsatien calyitiand to

esosut n gl spe(gsn on u:lfg. hydr ocar bon 15

theffiysg e p P’mef'?i’ PRANEERPE eﬂa?t%ﬂ msi n pul k.

Oowmaugesbfa@kaw&mtﬁﬁmetalr&n@@mrts b@iyi’n)én?é PiaRd b a

varlety of different { pes and grades. :
sivlene or Br@pylsne,@fw@ esjabdikediin the pricangi The mseeftZitgler-

Naﬁﬁ‘?ﬁﬂyéé?%? Fibls, LEIE St pOAREE P R g bt e <
with avvganombtaﬂlc\oehipohld;huclsdsl mémﬁamnﬁmdnﬂ {sefubiderhanlal kOmany

maki ng articl e i.nherent 20 rigidit
o BEISTA BRpCesEE BT IR UHEE BAISFCt KHELHE 1o fhree daghiss,

advhn&dsgh tH%stec!hﬁglogy‘B ?&’?:%d to 1R & W&gloﬁﬁleﬂf:éfeﬂ@%?ﬂ ﬁaﬂ‘% a‘rlz%s?sqxzhmh

commercially t6 provide a e vari et
havgispelehigh gctmtlft?eéh% |Ol°ﬁnanl$'mams mtdwpollynmmrctoatanmpg yesi bk

Rarti.cul arl 0 s made
Cor%e&gaglpo syl ﬁ@taféf %ﬁ B%Yeiﬁlai}ﬁe&%?‘ @ﬁB?%f"iaLs usi ng
polym@nsitivh roced¥ey. al‘hebﬁlﬁﬁiileﬁ af AdsBAlTafl gﬁt feﬁ?mrﬁﬁ’gm ﬂﬂ%’_ﬁfoﬁuced
havi ng a den5|ty in the range of lto ese

POlYBSATY i fraaliyps @ﬁer&eéug@ﬁww lﬂaﬁlrrsepasatnwmaemnval ffier Ta@st

el AEARY, 605U B DNASDEH, B BT
mopmhgmsh:h;ﬂegaephape Gnd ucmliuthm dr esusp@Rionrie & $iquRl HydfRarbon

radi cal cat aI ynerisation of ethylene. Such
dilyegf, P eaﬁ%e P@W@f‘g‘%&}k@ used extensively in the

mn@sﬁﬁfoﬁftfp&gletﬁirl@ﬁgs Rk EedrRMBially produced in a variety of different
types and grades. Homopolymerisation of ethylene with transition metal based catalysts

*GOOUO2*

leads to the production of so-called “high density” grades of polyethylene. These
polymers have relativély 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 impottant physical properties. Particularly important



film Pol ypropyl enes are al so commercially produced in
a variety of different types and grades.
Honopol yneri sati on of propylene with transition netal
based catal ysts |eads to the production of grades

con s A VAP e ATME B PRI ibgon
megih Hasi‘ed@hﬁtysﬂs -abd ﬂlfelcﬁﬁoltjtmers&iasmg audenbivy inthé Sihig@bs0.91 1 0.93.
recent years the use of certajin netallocene catalysts

These sprelyagys which pegraerg e rriermddayn terasoas lingardpy sensity
o
L T L

prodeéel Byoe nih piesserelferradisil@anlyised pelymetigition aif bl}hyld:‘ﬁef Shch
for produci ng pol ypropyl ene with good activit

polipescand £epokymgFt arg Hepdiextansivekyyn élzﬁmrmfactmwé@émble blown

ﬁlrlqetallocene catal ysts of this type suffer froma
nunber of di sadvantages, for exanple, high sensitivity

t 0 PoRPrdpyieass MBaRo cum@tbroiballynprodudddns b aktisty aY diffeadit
mononer s, diluents and process gas streans, the nee

and gragdese Hopepolyjneietion aSpigpylengwHb trpasition msteh hesed cefalysts
leagézl{& tﬁé( El{olalu na&tégrchtsxw dd \fv de%hg %%a écaﬁ%st (E]cg)oﬁ}nr?ers of

swta € Ssup an

pro@ifehe Gzlﬂﬂhteltl@Senel’brttdfrﬁo@mﬂ;lmith euhylreﬁe aliﬁJllilghﬁ(lﬁ@lbﬂKs are also
catalyst structures suitable for pol ynerising
u“%?dﬁ%? & in a tactic manner. An obJect of the present

Bk aR ks R R BF LA R RN BLerc ARSI @t B Ble

I ch can be used, optionally

biseyldpeatadienylzirtorioinyivhdrigle agtiwiteinwith aluérhxaig) rhafrpfomdeA
further object of the present invention is to provide

catélaﬁtaW@tp%%@ﬂwhb&h&cfawt)p r@hesderivgtivesnfyngiali %F’W@ have been
sh R ten@lly ﬁ%{ﬁpmﬁhéﬁg g&y%%ggleﬁé&%ﬁ ﬁ%b Xctf\ﬁ{

pol ynerisi ng et l'one ene al one,
motwophak yweeghit smdwgaced:itwdoatrel vidowevehimdtellocknotailysts oﬁ\ﬁhﬁshtype

high activit One aspect_of th sent_.invention,
suffr ipnya gum ¢ Lot HaTpaes: PO EIRI NG SCaBHBIY & Hepupitiss when

us%f@%%&&@@?c%@vaﬁﬁ?%&%ﬁi@)@%L(glgllghgﬁﬁg P QW D9 SFOIR W need
to use large quantities of expensive alumoxanes to achieve high activity, difficulties in
putting the catalyst on to a suitable support and synthetic difficulties in the production of
more complex catalyst structures suitable for polymerising propylene in a tactic manner.
An object of the present invention is to 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



wherei n the nonoval ent groups R and R2 are
i ndependently selected from-Ra, -ORb, -NRcRd, and
-NHRe: the nonoval ent groups Ra, R b, Re, Rd, and Re,
and the divalent group R3 are independently sel ected
fro on, (ii) alicyclic
%&lmﬁgét&?‘%t%%&g% tlég hydrocar bon, (iv) alkyl
(1)$Ilab§t101ﬁ mieed campleat havinpytiie dalboviog Férmulh @t er ocycl i ¢
groups and (vi) heterosubstituted derivatives of said
groups (i) to (v); E is phosphorus or arsenic; X is an
anionic group, L is g neutral donor group; y and z are
i ndependently zero ol; iRt egers such that the nunber of
X and L groups satis the val ency and oxi dation
state of the netal nd (2) an activator conpound,
wherein (A whe = Mis vanadium and (B) when n

=2, Mis a netf@’ from P, 3 togELin@f A he Periodic
Tabl e or a | antlhalj de rgiﬁe)gg )Zand the R groups on the

two units R2 / nl 2 O3 are linked to formR5
such that Fornul a A(becomss Formul a B. RBRZ\N / ----
0 ER5/-MX)y(L)z Formula B EI R2., [/ 3--- Oand

wherein the divalent group R5 is selected fromth
whepeiygihe mon@y@lgwouw R and_l%a%m c@nﬂgmth@electeﬁﬂrmcl} RdOR
NRCR-(JI\KJ%)%[{{{C-N(R) Ra'-N(Rc)- , -Si(R)2-Ra'- SI(R)Z-

R')2- ; the divalent groups Ra, Rb', and

the RebndvaienggronpkeR® RALRY, [RY, Sell RE¢arekthé dbalent 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);
Eis phoéphorus or arsenic; X is an anionic group, L is a neutral donor group; 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, and

(2) an activator compound,
wherein
(A) when n = 1, M is vanadium, and
(B) when n =2, M is a metal from Group 3 to 11 of the Periodic Table or a lanthanide

metal and the R' groups on the two units
2
L~
E

R3/
N



di valent (i) aliphatic hydrocarbon, (ii) alicyclic
hydr ocarbon, (iii) aromatic hydrocarbon, (iv) alkyl
substituted aromati c hydrocarbon (v) heterocyclic
groups and (vi) heterosubstituted derivatives of said
' 5 ovi des a
aretg{ng%’(gﬁ)tiﬁgﬁ I£mcegtu ; hggﬁp ed{y ?&F%@Qﬁﬁérﬁ@oﬁow ng Fornul a
AL RR /Rl ER3 MXy orrruIaA n wherein the
nonoval ent groupsR are i ndependent |y sel ected
from-Ra, -ORb, -N -NHRe: the nonoval ent
groups Ra, Rb, Rc, and the dival ent group
R3 are i ndependent'ﬁ seI M(E)Q(szr om FoimahBphat i c
hydrocarbon, (ii) aligeycClic\hydrocarbon, (iii)
aromati ¢ hydrocarhb W,\blv) | kyl substituted aromatic
hydr ocarbon (v) hBtero 3CJ/I’@ groups and (vi)
het er osubstituted deriVatives of said groups (i) to
and Wherefn the dFRREPHOUP R’ & selcteieiing 1he>ﬁlvﬁetﬁl’gr@lrpsoRi‘-C -O-R"-,

, L tral d
o TR SR N R MY e B s

- X. gy sfy it i datd on
ST R 8 LB R AR
diviienad) aliphaBahydspcanben (i) atcyelicMyldfocarbdaf @ili) dromati &hgitdcadbon,

to 11 of the Periodic Table or a | anthanide netal and
(v} Hkylpubgiteied aragpatichydiagarbgp (Ydeterocyclig groupga(v) O

het S?urlr%s 1gh%fjdér&§ 1955'Bf|§§1dsglf&®s (B% (\ﬁpr mula A becomes

The invention also provides a transition metal complex having the following

Formula A:
R1
P
/ ;
RS
\ M(X)y(L); Formula A
5 n

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

the monovalent groups R?, R”, R%, RY, 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); E is phosphorus or
arsenic; X 1s an anionic group, L is a neutral donor group; 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,

wherein (A) when n = 1, M is vanadium,

3a



R\ / OE R5 MX)y(L)Z Formrula B EI / 3/ O and
wherein the divalent group R5 is selected fromthe
di valent groups -Ra'- , -OR'- -OCR0'-O , -N(Rc)Rd' -
, -N(Rc)- , -N(Rc)-Rd'-N(Rc)- , -Si(R)2-Ra-Si(Re)2- ,
(B)mn i 5?8 R ) metal h%mdd} P%WB 1902 4RSPdR0dicRBible Wlaﬁ‘ﬂamde
being in ependently selected from divalent (i)
metl aphteiR! dryuhsenahdowg uiiitsi ) al i cycl i ¢ hydrocar bon,
(iii) aromatic hydrocarbon, (iv) alkyl subst i t ut ed
aromati ¢ hydrocarbon (v) heterocyclic groups and (Vi)
hetazosubst|tuted derivatives of said groups (i) to
(v)| TRE nonoval ent groups Ra, Rb, Rc, Rd, and Re, and
the df val ent group R3 are defined above as (1)
/(y tic hydrocarbon, (ii) alicyclic hydrocarbon,
romati ¢ hydrocarbon, (iv) alkyl substituted
onat ¢ hydrocarbon (v) heterocyclic groups, (vi)
hgx ubstituted derivatives of said groups (i) to
hese defined groups preferably contain 1 to 30,
mor® preferably 2 to 20, nost preferably 2 to 12
carbon atons. Exanples of suitabl e nonoval ent
al i phatic hydrocarbon groups are nethyl, ethyl,
aredinkedtd form R \such texFormuils dpreopyts Borthul&Bt - but yI
Exanpl es of suitable ovalent alicyclic hydrocarbon
groups are adanankyl /no\bﬂonyl cycl opentyl and
cycl ohexyl . Exanplés of suj tabl e nonoval ent aromatic
hydr ocar bon groups aFé\ngn I, blphenyl napht hyl ,
phenant hrenyl and agt hac §¥ s 1 ui tabl e
nonoval ent al kyl 3b ‘sub £l aro ¥ Rydr ocar bon
groups are benzyl, yl, sityl, 2,6-
di i sopropyl phenyl 5 ﬁg\g 4, 6Otriisopropyl. Exanpl es of
sui tabl e nonovalent het@rﬁ/ycllc groups are
ridiny i 0 2-furapy
amﬁWB ﬂnotlﬂ@fiwa&fna OHB?% ﬁ%e’le %ﬁm&alme@ﬂwaﬁemo R’-
-OQJ"QGP R-@HRE. | NpRo)e X ARRFERY SRR be_g@tc %C}’Q‘egx f{F)Qmefﬁﬁy
he aforenentloned nnnovalent gr oups mhereln one
—Slcﬁ )2t- héhehdival egenoups s ROnandi " beinglindepen@ea sl 88 Rin

o0 OB LS BB (PR B e,
(1v) alkyl substituted aromatic hydrocarbon (v) heterocyclic groups and (vi)
heterosubstituted derivatives of said groups (i) to (v).

The monovalent groups R?, R®, R¢, RY, and R®, and the divalent group R> are
defined above as (i) aliphatic hydrocarbon, (ii) alicyclic hydrocarbon, (iii) aromatic
hydrocarbon, (iv) alkyl substituted aromatic hydrocarbon (v) heterocyclic groups, (vi)
heterosubstituted derivatives of said groups (i) to (v). These defined groups preferably
contain 1 to 30, more preferably 2 to 20, most preferably 2 to 12 carbon atoms.
Examples of suitable monovalent aliphatic hydrocarbon groups are methyl, ethyi,
ethenyl, butyl, hexyl, isopropyl and tert-butyl. Examples of suitable monovalent
alicyclic hydrocarbon groups are adamantyl, norbornyl, cyclopentyl and cyclohexyl.
Examples of suitable monovalent aromatic hydrocarbon groups are phenyl, biphenyl,

naphthyl, phenanthrenyl and anthacenyl. Examples of suitable monovalent alkyl

3b



di val ent group R Suitable substituents for form ng
het erosubstituted derivatives of said groups Ra, Rb,
Rc, Rd, Re and R3 are, for exanple, chloro, brono,
fluoro, iodo, nitro, am no, cyano, 5 al koxy,

YR ' f.18h koxy
suBEEE Soal B RA A S M s B E RSO,
diiiopfqplyllphynjl}and 2,4,666B{rahia) E,xamgley Ioﬁﬁ;j?abl’éﬁﬁbﬁqﬂamyheterocyclic

Exanpl es of am no,.groups are dimethylam no L
SoRpLATR PR, FrRYFdNY: AinapheRyl 2enemyh dPyaPlY L daviaplinyl As

: t hi L 3 P14 ' [ I
e MR T En o AR S o) RIS D be BT fmah Bl
afocfmesitiohedbinendretl ent geauips wvihereirechedeithe Aydruges adéms an che said
groups (i) to 10 (v) are 2-chloroethyl,
2- bronocycl ohexyl, 2-nitrophenyl, 4-ethoxyphenyl,
4-chl oro-2- pyridinyl, 4-dinethylan nophenyl and
4- et hyl am nophenyl. R and R2 can, if desired, forma
single integral divalent group R4, wherein R4 is
i ndependently selected fromthe dival ent groups -Ra'-
, ~-ORl'- , -OR'-O , -N(RRd"-, -NRC ,
-N("=Rd'-N(Re)- , -Si(Re)2-R--Si(Re)2- , and -Si(R)2-
; and wherein the 15 divalent groups Ra', Rb, and Rd,
are independently selected fromdivalent (i) aliphatic
hydrocarbon, (ii) alicyclic hydrocarbon, (iii)
aromati ¢ hydrocarbon, (iv) alkyl substituted aromatic
hydr ocar bon (v) heterocyclic groups and (Vi)
het erosubstituted derivatives of said groups (i) to
(v), and R is as defined above. Although Rl and R2
can formintegral unit R4 it is preferred that they
are separate 20 groups. Preferably R and R2 are
separate, identical groups. Preferably, R and R2 are
separate, identical aliphatic hydrocarbon, alicyclic
hydr ocar bon, aromati c hydrocarbon or alkyl
substituted aromatic hydrocarbon groups. Wen n = 2,
there are two phosphorus or arsenic-containing |Iigands
on the transition metal M Under these circunstances
there are two separate R groups (R' 25 and R'') and
two separate R2 groups (R2' and R2"). It is preferred
that at | east one of the pairs of these groups, R
and R'"' or R2i and R2" are |inked. For exanple, R' and
R'' can be linked to formR5 as illustrated in
Formula B below R3 R2'\ / _ O ERS5 R MXy(L)Z
Formula B E

3¢
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R2" \ 3/0 4 WD 2004/083221 PCT/ GB2004/ 001141 The
divalent group R5 is preferably selected fromthe

W&L}Xﬁlfﬁ%l groups recited above for the dival SQ‘QS%%‘R’%”“’“

S the present invention further provi
transition netal conplex wherein n = 2 and the R

ro on the two units 5 R2 /RL. ER3 2 QO are |jnked
mofgVAieHY grass ILTFRICHEY & KelrfyDanch RS Hirsscpendhans o the
divaRhogoup RB R2'\ O E\ R85 MX)y(L)Z Formula B R2 3,0

10 and wherein the divalent group R5 is selected from

t heSitablg substityenss fos forrBng het@@ogipstituted dedvabyes 6F said groups R?,

- RG)eRd ' 1310 N(R) - - ‘- N(R) - : . .
RO H %‘R;% LR &e g%)%?m?’lea"%%r&a%?‘t‘éﬁq°‘”?’ ipfiQ, 1ifFQ, Zmipg, cyano,
alkgx uscapeo, hiRiroxyland sig. Beiniides ITARRD @edtipk YresAbtBEA1L Bhoxy,
from. diyval ent i)iﬂ) al i phatic hydrocarbon, (ii)
phepoxy (i O Cslidr ©bdP RS QG (Ehaylyioxyymesieiaxyofxamples of

i g it. i .bon
amirlofRko s ¥ giRiASArbb 2o BB e BYRIBERHON Elnlgs of
megpiognoupsese thiorsathyl, t@fophqmyl.(E))mlr;ﬂés(oﬂsily]\grb?psmrﬁlfrﬁﬁabﬁsﬂyl
[ 11t ; , r efera .
o AR B R b B Bl S0 Yo
. ] i N
OB oD S 2 Dol S Koo

pyriigel £dimethdapirRphenybandG-methyla@igieayl. 20

RO, B0 5o OB Syt v B, whsin '
independently selected from the divalent groups -R*- , -O-R?-, -O-R®-O-, “N-(RR?- ,
N(R%)- , -NR)-RI-N(R®)- , -Si(R);-R*-Si(R%),- , and -Si(R%);- ; and wherein the
divalent groups R?, Rb', and RY are independently selected from divalent (i) aliphatic
hydrocarbon, (ii) alicyclic hydrocarbon, (iii) aromatic hydrocafbon, (iv) alkyl substituted
aromatic hydrocarbon (v) heterocyclic groups and (vi) heterosubstituted derivatives of
said groups. (1) 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 (RY
and R" ) and two separate R” groups (R* and R*"). It is 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.

S

AN
/E\ /

R® M(Xv(L) Formula B
yiL)z
/\ E/

4
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bi phenyl, 1,1'-binaphthyl, -N(Me)-, -N(Et)-
1,1 -bi phenol and -Si (Me)2- The divalent group R3 is
bove as i ndependently selected fro
‘Ngﬁ&%ﬁggfg hydrocarbon, (ii) alicyclic hydrog}égéﬁﬂmymnhu
(iii) aromatic hydrocarbon, (iv) alkyl 5 WO

nyor BEANBGR: 0y Kerareiarbieeged F9E & divlsn) e roced

abh\%tfefmsumwntggoa gRrderivatives of sai-d groups (i) to
It is preferred that R3 is an al kyl substituted

)
r” Thes e puertinvention fusihorpides/dansistonisostalromppex wharein

bstituted
. L FUERER, P pRARh Ol 12" phenylene group. The

1,2 phenyl ene group 5 preferably has the said al kyl
subiﬁltutuent or hetero atomin the position ortho to
t he’} r rmg- carbon at om bonded to the oxygen atomin
For a A The 1, 2-phenylene group is optionally
subHituted in one of nore of the other remaining
pa@Sit\Qns of the 1,2- phenyl ene group. Wen any of the
Rdef i nefl nonoval ent groups Ra, Rb, R, Rd, and Re, and
tNe 10Qfdival ent groups Ra', Rb', Rd, R3, R4, and RS
ar erocyclic, the atomor atons present in the
rings as the heteroatom can be, for exanple, oxygen,
nitrogen, sul phur, phosphorus or silicon. Eis
preferably phosphorus. Mis a netal selected from
areGinked $o B R Shclothat Py A Beliotnek #otiula BObEloR, ef er abl y
15 sel ected fron1C}oups 3to 7. It can-also be
sel ected from G oups tT}Jé Mis preferably
vanadi um The anlgﬁ\c groug X can be, for exanple, a
hal i de, preferably chkgrid¢ or broni de; or a
hydr ocar byl group, gsor net I gft;'al?zyl or
phenyl ; a carboxyl at\e, e, e or
acetylacetate; an o Ede; a& anide for exanpl e diethyl
am de; an 20 al kg for lexanpl e, nethoxide,
et hoxi de or phenOX|de fan/écetylacetonate or a

' an&‘%zﬁgr%m{tbe dlvglgptdgrﬁléqe # sglﬁf:tsci( ﬁomFlB? glgalgﬁtggrggl%o kdl " %)t k{l g

-OtFt oajiwg{ R, aNER )-8 NI(RR)JR m@e)gi asmk YARF BH@® AL, hd

triflate, The ani oni,c groug b bé t he sane or
noe

-Slé#f):r—eﬂ@rﬁwaém SFAPS Rn&p@mlj g mﬂanﬂlsomlc;:ted from

s O 8R0S ity o PRl Hbon,

(wwalkymbsmth@ aromaum&h()emma(mymt%uma)gro@e and(ip, for

di et h trimet hyl ami ne or pyridine; a
hetﬁ??é‘;%ﬂmﬁ%i deF’b’F‘y\?)? é’gjé?‘% SEouPHEY BY)- phosphi ne or

tri RPRM¥ferably 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,CH;-,
-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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phosphi ne; an olefin; water; a conjugated or

non- conj ugated di ene. The value of y in Fornmula A and
wo6lsReNYs on the value of n, the charge on tﬁ@mﬁ%o 001141

anionic group X and the oxidation state of the me af _

M For exanple, if Mis titanium in oxidation state

+ 15,12, hen is.2if . Xis a nQani oni ¢ group
S“b(sgig‘“.igycgﬁ?}&?*?"qhéd‘ Ao LERLETPGCIC iotes LY DRteEosybisifped
derfientivesoofisaiid)gronipk (#té 601 ik @ gﬂ:ﬁ&éd}hﬁmﬂ@hﬁ Mty Phdbiuitd or

and nis 61, theny.is if all X groups”are
hetgrosuhshiugig omptisysirqcagbon groupr Mies prafergbly R 3s arf alyle X

; ' [ 008 6o Oh oxide) ‘and.the other

sulliRAR! o DB IR Gy B £ bR gfoSb,, TPE 1 2 PRy feRe group
prefernyly bed the baid pikgf sibstédtuentirg hetercaaem M ositien bRBs  the
. having th fgr(g‘ul ﬁe Ph, \ Ph Ph, [\ Ph Ph,, p&g}muph P\
ring GOy aipmaspicq e gxyeen afom ip FepmpleyA. (Tl 1,2 pbenyleriscgroup is

tasially SibREituEATR SHA ST 67! R ViRt i 3L ¢ of
opt he %r esént i nvention | gﬁgolﬁﬁ?erl rgﬁn@gﬁ)g%:l%éé%s (fi?’t%%n?f
ph%w@ana@mgm ni um conpounds and or ganoboron conpounds.

Sui neal um ni um .caonmpounds ihclude trial ky- or

T h o FORRABAT SR SO BRG s rplude TR
divarehngbipsl e, RF) RY, Wh RY, ab@ RAYeHettfd 1t the atom or atoms present in

tributylalumnium tri-n- octylal dm nium
thegings psing hetarogipmeasthes far @eample,cxbigdna hitogen, smipbii, phosphorus
or §IBJaY! al um ni um di chl ori de, di nethyl al um ni um

chloride, tris(pentafluorophenyl)al um nium and

al uBusqaafesblyphosphommes are wel | known in the art "as

typical |y the ol {goneric conpounds which can be

pr e%glf‘ 85‘¥°6§} Se’ﬁ‘é‘e‘i gﬂﬂ PRy togld iftheoPeriotiaabler mprs paeferably

1evtded/ecth GO of -
Ty Tt T 7 IR b ccRHT Broups 3o ; Migpreferably
vanadiupt.c or ni xtures thereof. Commercially avail able

al : I bel ieved.to be m xtures of

i iR oo X AR R o eURIE AReIAC prrderalpyrchlonde o1
broadidsyox ahgdocatsy £k SLM1E Inddiyl  HeBz1! | agﬁ;:

and the ﬁi(r)}ear @?Iugm)xanes_ by e‘?the_ fo%ﬂu(bl&gH%‘@L(a%l Al %aé,
for Sxraprip.Regateor aogtylpgstate; ap oxidairmamide, for ex@mpledicthyhenide;an

d s t _hydrocarbyl groups,
slkide, &5 chpmBR mibEMEREN or BESRSR! & aceligishBatropny
hydegxyy.| OgiforaxtmblegKamap be a hsaopiramaig SiiirdakB}-Eoordinating anion,

: or ganohor C ounds are
for exa(i’nprIe, k%etra%oro%cqgte, a?luognated aryl borate or a triflate. The anionic groups

X may be th_c 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 (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 2 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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di met hyl phenyl ammoni unt ei r a( phenyl ) bor at e,
trityltetra(phenyl)borate, triphenyl boron,

di met hyl phenyl ammoni um t et r a( pent af | uor ophenyl ) bor at e,

1’tﬁ§ﬂ’a LY EroyPs Ae e BIoBie SRR (B AT h ey i 2 if ome X

grohb‘(is(fﬂiah{oﬁm godp Geg. bxité) andtienshényik hiphemibliboltas Qreferred that
trityltetra(pentafl uorophenyl)borate and 5

nig%j s(pent af | uor ophenyl ) boron. M xtures of

o SPRSEL T, R B A PR M

the prpese mv,e,ntl on the phiantity eh activat Png/ \ _Ph

conpound e from oranlu Qi conpou Bn\d P
org oro 7 co nds t Ple eny % eas j@
det gd bYo -w e te g0 7O @Exaes e, » ’1_7[2)\\

1203

preparat| ormof smal | test sanp‘Pe@I whi ch can be use®

pol ymeri se small quantities of the nononer(s) and

thus to determne the activity of the produced

cat alyst. It is generally found that the quantity

or eil'g%/ gﬂix)agb{% E%’}) ;Elggs&g?l\(% Ft‘all_r?stjs m&g%@%h%&@es%hplwéentlon
is saitabty eélemmﬁesmgandalmﬂilﬁluncammmds aid (E(gﬁmﬂﬂo&)n%dhﬁpoﬁnds

15 EP1238989 di scl oses the use of activators (Lew s

Suiggbgengarcalwringym ceRReYHSs 1clydsrrialkyuerdriaty - abmsiymygompounds,

0 e st al

for%tg ér{rtl tur n@@%ﬁl&mgﬁm fn%ﬂh%ﬂd%% t}h%ér{&l[rg%neﬁ: ange
octylayeniledlnn;cetrgdnjmdﬁnum(dbclﬁc)ndeeﬂleﬂ@mﬂrymmwpblunda and 20

b 4 hal ogenat ed | ant hanoi d conpounds. The acti vator

w@aum ighipridse dimpesiyde]umitinm {Onéif:, the present

trlsI F%Ylgg\tsu ?d&gg&é)ugﬁn ﬁeuvr\}tl gﬁda%lli1 Q%I%'g t ose CO%%KEGJ%@V%% CIH the

art effypizlally dfe dlpoeievic cgmpouridsadticlocun el peefarahbypthk condleds
capabl e of for an .i on reacfion with the
addiy 4 %tswor?éltaﬂngamw co eurgivﬁprsexaapbe frimatipdduminigm.
[
SugH ot {TERt MR, cheiior iz RBRLD CGATERNIG hvailable
alufdok 2nds\apegdnierlly belieyed ta bamirtunsrodlliagarpeyclionnd xztgeamgmounds.

| ayered conpound b-3 et ol
Thg B S OB B I eE i Y B SOLE PHAL B Hesaa
alu%&ﬁﬁ@rby' tﬂ@fdﬁﬁiﬁﬁl R1IPR 1 AMBY OB nerBALU sl mashr %g{ %ﬁﬁl't $ to 50,
zeol1tes which ave Lew s7acid points forne
andheheremR Gy Rd, aridd’ Ucmaﬂenehud,rocarb}d goopp| pexfeeabhyndil to Ce alkyl
m xtures there t ent 6399535 di scl oses a
o 1O SR MERYL S ST oot o of

Examples of suitable organoboron compounds are
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pol yneri zing ol efins conprising: (1) as a

pre-catal yst, at |east one non-netall ocene,

non-constrai ned geonetry, bidentate 8 WO 2004/083221
WOEPHEER04/ 001141 11 gand contai ni ng transi tTOHCRELYPO1I4A

conmpound or tridentate |ligand containing transition

. metal conpound capabl e of (A) being activated upon
dimegyinheny ammonimiciealphanyboraia;srnetraabenyorte, triphonylboron,

inRAGSHERY I o und iehﬁ%@ﬁtaﬁl@rgﬁ%}lgﬁ%og—%gVs%ﬁ%l’%(lji _upor

contact™ w an organonet youn
tetrpkis[€his8 - if momaptii)phafyl Ibeiateg HA@EH)HbLENB spon cont act 5
M th th at S ort-activator aggl onmerate of
mﬂf?f‘ﬁ"}e&ﬂﬁ)@ﬁ@yﬂbﬁgﬁt‘” ?q%glﬁgqakqeaﬁﬂmogpeqyg%%ate dast one
tris(PRAAG oS Eh& ) Bron! Mi'x@ré&ﬁ%rg%ntﬁu&x%i?ﬁx CBH‘I? fidslRd! ¢
table; in intimate contact wth'(Il) cat Pyst
organpheEm cogpopRdstrary kegedner at e conpri sing a conposi te

of t e .. hnor ic oxide co nent .

et 38e BpirERaloB cud LAY bio R i5asiion 9 dusmrigrof and
actiyGting atpoandlsdldtedafiorh eR@hoANIRinidA cEAPHRIAD biWorleAYdPoRsh

mat eri al havi ng i nterspaces between the |ayers and
compoppds todigemplayed isfasily dajermiped by sirarle tasting,tfor exatmipée, by the

re ' .10 activate

Pl AR S Sl RIS P i S i of
the wionhmet(s) and tiaisyts tetsmpipothe aatitityiies prog@leatBRBEE It §ai d

sengRS o i i et BTk sQipienito DIRVIG g oHOMIO rloms,
prefRFBHE NMto 12000 takink SMGirhiffugl &P&?&'E%é}fat&ﬁ] 8¢ M:%r?geﬁpin the
[ ely

material, said |ayered materia Ing in
compoynd phFermwlp Arerdhi d i nor gani ¢ oxi de conponent within

th : i t fficient i
t nEEIZ TR Ee e U SR Mo Rhenas i leSipa o 1 o
pol y(bel) icricbondiighytnegioandstaeigla, CEptyps 5£6 CAS rﬁ% &flayered

pol yet hyl ene per gram of catal yst system per our,
rel &H%t/%sw fie activity of a corresponding catal yst

Sysi®z) @Tol?i, gi}ﬁ.?fﬁﬂnérgﬁ, (ﬁ'qgﬁeﬁh%xgenglf%é%#c}ﬁﬁ]oug&} In the

absence er Conponent e catal yst
supdb3) heteropolytcompoundyt amder at e; wherein the anounts of

"t he pr.e;cat al nd cat al yst. support-activator
agg|(§'#zP§P%e’\ﬂ¥??‘3W%éﬂn81 "iﬁ’“}pﬁl“f‘q?at gpcont act are
Thesibfivdt6d @iployed i HR\deatd Ja@il?s@optfh? B}e@&ﬁmeﬁﬁox% i %%P% of the

pre-catalyst to grams of catalyst support-ac
typelisnlesed imER123898¢ i€ desiteduSuéh Lewis acidbanatthds® @othpoukide which

. i f le. a. tite clay.
capdi STLEEeTEL Y 5t o5 echin oofan XaBetl of o Briow et
reacliop withethe starisition readlabinplexs TBB DetvisHeld M&u@és the afore-

aggﬁl o&er ate as described in US 6399535 :if desired. In
menhigaed (boh) 1eric-bprding empousds kavinsslayered erystalstiveture of a CdCl,

LA ey M RN
heterapohytanpgunds, and (b-4) halogenated lanthanoid compounds. The Lewis acid
further includes SiO,, Al,0;, 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

g
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catal yst activity. Pronotors of this type are
especially useful in the case that the 30 transiti on
the conplex is vanadium US Patent.5 042
wé‘?@gl{%ﬂggs that certain vanadi um based cat al V B2004/001141
activated wi th organoal um ni um conpounds can be
. onoted wusing a variety of hal ogenated organic
hg%g 3 J

FRTEHRS “%Woei%ﬁ?ﬁlcempew%rﬁn@ Fte,ligangraogtaining y@sition
mofif Ot 0AAE ChorBieTERTNOAL B upb kil HBSHE YD support-

benzyl bromde,

- actiyat@r @ggitbmgmmf @Wm(ﬁé beingtdrverted ammh e(mtﬂft whthl spgenat ed

that ¢ be u n this manner are
oraiifftfic £ AP oI etiotd P Bl Af Peine 80 valiipon contac
with tHelbaall b &%bﬂﬁctlﬁﬁﬂﬁkﬁﬂkraﬁégﬂ@ﬂ 2y e’ the t&aﬁfsﬁ{&mxﬁaa] is at

t he di scl osure of (T. Cooper, Journ
leastipmprimember selegtengrqny @T@)ps 3530 Wh pﬁﬂled’@tlpdle satiley i attinentd caamact
witRf gani ¢ halide activity index based on the ability of
the halide to oxidize certain vanadi um conpounds

(I wadbyst sipporthactivaco mgglbmeﬂ:& coﬁm’nsﬁﬁg&r@)}rﬁmsn&@ﬁ (@91t least one
reactivity of 1 in

. .tetrachloride is ass
InOYEBIC DA AOTBP BT S81c0t Bom Sy AbOre el AJP @ Ti0y, 260, and
Crzb§ Iaﬁ’(g&gaatt fég%tqélg %H gon?é?ﬂag Hlt}gr%ﬁ %gﬁﬁﬁﬁg%}nltéréé)%{sz%s%etween

ffom about to grea r'e
the dayetsand sefficahLewis deidity)vdreniprestist vttt fRctatadystSpport-

ated 10 ronD [ referred to use those
cct 9T FREISIn 5, Br e P ek PSSR ATE Coggtls poontest
witB BeltataBft subpertlaevar spploheRO IBH %y%red%ﬁ ﬂ‘fzi] %lalll}‘n ghRationic

conbi nati on wi th vanadium based cat al yst
Corlgmétilt@nﬁyn waionicioemmangnt, wWheeeimsaid cativohid mmpimbntl ib presdnt

i T e R

asséaiatedhwith pmdsmganmmadé tamipontnti veitiie ffl dgbRniePate MPAMGRY
al ggenat ed grgani.c conpound as a 15 pronoter, but the

SULRGGHS &0 HRRr Ok Hie jagtaly Oiﬁléﬁf@o’&i‘@tﬁ@géﬁ@b’ﬁ stemhfer pelymesizing
ethﬁénérﬁ&l&ﬁeﬁs%}esbélf"a%q{% %g&@ﬁxg%ﬁn pgre pr(rr)lrotq'catlgss Iaﬁlerlnspeeg

on a support mat eri a
houg,relatifeto tha astjyity of 8 pbmezsaonchdlg,lmaiywst systen? emiying, the same pre-

catag?gglgtls‘é ﬁ%er a%a%]’lg %ig %FE E@%bﬁ%’é g’ﬁf a% E’gtlhz ggtralygéqupp%@cﬁvg;m
aggloRherdta W R Eih YEedRdunts’s tH ke fcalalyRMrAG B R Sfbgﬁﬁaﬁﬁv 2L

transition netal conplexes that” can be ‘e
agglomerate valchare mlntlmteﬁp@t@@tme suificientito provarle aalsatlb bﬁmlcromoles

t gl f the .catalys st e
of e S8 R e ERRTBR R Lvalop S e S Fopp iy
abootz500¢l. The layered niaterial 6%‘-15159 forJekathple[asméctite 18y, The catalyst
system of the present invention can be employed with a catalyst support-activator

agglomerate as described in US 6399535 if desired.

In addition to the activator compound, it can be advantageous to employ
catalytic quantities of certain halogenated compounds that are 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 organozliluminium compounds can be promoted

using a variety of halogenated organic compounds, for example, carbon tetrachloride,
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O- Pl PhpPhPhn oWt (~, ncl, °~ (~ ~na, }=MMh
r-nu, ~zc~ 1z l1lozcf~~ ~M= ~ 0%, | Py}l
= L./ Py2 1 y} x1 o)-c" I cf/} adr/~[ _10 VO
W?%‘%@%&&m PCT/ GB2004/ 001141 QJ, Ph Ph Ph 'ACB%B“B“/Q%"‘”
I PR PP PP-10-1-O00-TI -0OO0TI-Opr_p C C S
Cl.Cl/ "l ,Cl [\ P.li ..C Ti: . .The
hegasigidstiepp. telpabparee etalsblsrir wid 3o abls dislReropHene.
Otk BxArhpl koSt HaRSt e AAEPbrigific cEmPUnGs thABehnWeaused id thR manner are
defined transition netal conpounds. 1n addition to

ethyhtrighlgracate i erofoami(REE1 padhbutyishloridealS Farapb S HIHA2 also
refb %o R URLNSre of FoBﬁérg“r]y,ﬁ g:é)?%e?t RTLP A NEhdh $3EMh1 58 (1973),

Invention can al'so | nc ne or nore ot Hér types
whidhadeinési inTabietladn argapohaids activitydhdedxytmbea] orf the abitigngt the

transition netal conpounds qf the type used in
bl Erici76, Tz Ve D ﬁ&@?%ﬂgaﬁ%ten@@f%tpns- For example,
o e oL LGP A P md ot
lisied halbgesialed ofgenic aimmuydsthave reaciiatigsif fews dleout 0102ttd greater

Rk b7 ARl SRy el e b hihapld
prdriStbi & iPprefiiled k&ssettﬁ@sen@bmga idodpdri IRiex REARE Bom otk 6.31 up

this way make copol ynmers of ethylene or propylene an
to atipais 30. 11Ty us iofi such pSprnotats) especiallyl ip sombinatiop i venatium-based

1-0l efins oduce only 1-hutene nl ; hexene or
caylty e n T e OOV B 0t et Gl o g S Hrorhbters
refeliefitd hiyibd @ade ©TUSLPab@I5108042lahd @esthégstortaftan @dé 86MS In the

or catalyst systemcan be formed in situ in the

ProsemtdRycatontt is Rasaibletp seployrray Bplpganatediorganic cumnaypd as a
pr(m?étglr, b thé @&nﬁb%nﬂg RehtiiHe8 I Ctk PrefelegMm X ed, '

The catalyst of the present invention can, if desired, be utilised on a support

material. Suitable support materials are, for example, silica, alumina, or zirconia,
magnesia, magnesium chloride or a polymer or prepolymer, for example polyethylene,
polystyrene, or poly(aminostyrene). |

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:

, e
(Et?z:w L Eﬁ&w« (Eo EEE‘% -gﬁj}%
X o I O @ G

(0 o
M \ s
(@ﬁ @Qﬁg g%a ggtﬁ,m @?; (Q\l -

10
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simul taneously or sequentially, with one or nore of
the catal yst conponents. The catal yst and catal yst

the present invention can if deS|r
wééé&a@g%zgg on a 20 heterogeneous catal yst, forggggrz’%)i“gmm

a magnesi um hal i de supported Zi egl er Natta- catal yst

i ps type hr um oxi de supported &
a ported cene cz?,]; Pﬁt For mat
t C

1o t e exa LD
afl | SUI t dbl @-Ti%hent
Chent, for exarrpl e a oI a |Iec'h Ydr'ocar boh)

r | ate support material 25 with the product and
pret/i ng the volatile diluent. The produced

E?; catalyst is preferably in the formof a
fd ng powder. The quantity of support materi al
1

Vi, 2044/ 083221 PCT/ GB2004/ 001141 enpl oyed can vary

wi dely, for exanple from 100,000 to 1 granms per gram
of netal present in the transition metal conpound.

The nt. iny nt| on fu pr.Qvi a pr.ocess for .

{ he TBE PR ok SN e SE b Sroisacivn b SR cpmpese
oty tha® hedfithe Aefindt @RS GOMBRI SdnfibuR@)t acting the 5

nmongneri ¢ ol efin under polynerisation conditions with

t he Tpaddjtien tosaidions or mom tne@)frans:m rpqrtels@mpomndee thei oatalyst.
or éﬁﬁlg@ Q*'s‘?enqgm fe%eltt%veﬂﬁgn tdh A rlg%ep (91{“01;02 r[b(%/rg gﬁ]ﬁ{ %%esn(%

ynerl sa process o

transw(mmetarnoarpeundsmr caoabycml for exdniple, @rafsitiod MRl €ABpounds of the
Preferred nononers are

but ene hexen yrene.
tYPE{RGH 18 ﬁ@n‘é?ﬁa%? Ztﬁzpfé A%‘“a fefalys systeme mespllneenesbased catalysts, or
hedg @cﬁ%’féd%g ppored | WA i8m iR atallfts ﬁ@ %glﬁgﬁfﬁ ?%d ﬁgta}ﬁ{)o %S

pr gsent | nvention are et
cat;Lymgr emlystsyﬁgn@rﬁ ¢he pteseneinhernition nhealsn ﬂsed 1n carfjaction with

t hacr th acr | at e, cr ] ate,
ot FE LR b AREAe Gt o1l e RGO il b e ey ns
reagtoe] adﬂ NS wHUBikeABpbly el TR yRhe opﬁﬁéﬁﬁbﬁe’]ﬁldﬂﬂgse 1-olefins.

c¥cl ool efins, such as norbonene. 15 A particularly

eaaluts foF Brodaaing h-olefus marpe@m iy tHmteneeomyid -hexene or
adisﬂ%’lﬁ'ﬁ%h gl’ar é)g'a{rh)hga S%Hﬁ’lglpf&:?rd §§;)? oﬁ: ﬁxl ene and or

propy édononoirer s°se ol efins,
acr Iﬂdemedg:thd cetslyeu’cﬁ catalwg/dysteﬁxtcaﬁ He dtthed li¥itu RAtBOBrlebdhce of

N T AT N
sinfRhARRELY Io?‘&e%uentfmsr h\Wth 81 o1 of gllétha})@PJoYﬁ;g%gnts The

acrylonitrile, vinyl acetate,
catglystfand c@alygalstem of thprmnq:nmass e uﬁﬂesuteﬁebe supported on a

bt RRar RS et SHmhe, B Gt CUidcBRAr A PR of

catsllystyd PHIRipdype (S6mim H?lﬂ@) supported catalyst or a supported metallocene

catalyst. Formation of the supported catalyst can be achieved for example by treating

the transition metal compounds of the present invention with alumoxane in a suitable
inert diluent, for example a volatile hydrocarbon, slurrying a particulate support material
with the product and evaporating 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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of propyl ene, butene, hexane-1 and 4-net hyl pent ene- 1.
Also preferred is a process for the copol ynerisation
ne and or propylene wth conmonomner % t
m}?yz%ﬁtene 1- hexene, 4-nethyl pent ene- 1, E%f/ﬁ ?&53(91141
rret hacryl ate, nethyl acrylate, butyl acryl ate

acrylonitrile, vinyl acetate, and styrene, diene
em@ffé’?é EaeBY Wleln i aple il QLAY fa U e imsr Biarrainwetl
preEEkﬁ 1ﬂﬁiey€§r{sitﬁ>ﬁtxﬁé¥n cofpdidd ons can be, for exanpl e,
phase, solution phase, slurry phase or gas
P h a%e ptesend avienteah, further matxdd:syaspromm fdp¢heysdyinérisation and

/ hi gh..
cof TRl o RS EvelblEes e bRR e b fibripaite;
mdFehRfit 8lefid Ynd@PIBmMEsisationohditiBnSwiE e Polyntesa®dOd 48 of

Preferably the polynerisation is conducted under gas
thejgseat imveRtignsed or stirred bed conditions. Slurry

v 4L L840 A g MDD oo
prd%@ég cﬁﬁt&{)ﬁ%@?&ﬂeﬁl ;?vgmtmnrme tfmoathpley ?ttlﬁlenl‘lcu |ptr<fhp3'|l enk) lmlt?ne
roducti on o ens es of polye ene. In
bexgng<andstygenss £ é‘lsy %‘ "’9/?% ?’i%segi}’ll%‘ﬁ apg g@ip%c}e@‘ﬁg can be
bat @hntatﬂ@ﬂfoh&H&E $orQse ﬁﬁ%kln% CEHOIHRY Bsing ﬁxeh:lgfyn?én{é

phase process and the .gas phase process, cat a yst
pracgss cg'é]nfeprattelnyinﬁfedion@ret ﬁbylpcﬂ propylesatl Larterzo hdaexemet he

f.orm ar Th| olid 5. c for
megRtsRiaet, R st Mt it dagipd Boayfed bRBF et
actfyloRifile) @inGPatetats vidk1 chifHdelstrefle Hd dRerd dsu@li‘ a@Bithied e

or_can be the solid conplex alone. In the latter

‘hexadiengand aycleqlefingcquch a3 perbemente fed to t he

Sglpgrr%{rﬁéﬁﬁr}_ypﬂ}?né%?@ ro]::(%r rg %(C%WI a.ﬁ i t}‘;Jlthe l%lre%‘éxlqt nrl])Zﬁnéi)czn is the
colﬁlrl}xhausahbly of d:th!ylemt'cmkiy)s pr@yh:tlemth rcoﬂhbﬁomérs ad1edtéd f6m 1-

J f I
oI 5 K] 65, S ey Ry AR PP BRONRE. BRampltact

sullﬂéﬂlé/é%ﬁdn%ﬁfeksoﬂe i DuRHEPChdxeAE, AmAhFIPEREAHEL 1, TR éhac late,
Most fref erably the catal yst systemis Supporte lr?’

me;*,luﬂ poryiateyhuiyt acawlatp,racmlommlq:,tvml atetadejand istyrenei nt o t he

pol ti.on zone. Suitable,s ort. mate -
PO PR e fRRE Rbsk R BRGh o RRSalb g o el e or
thezidneapolynerisation, of oy Ring BhEapoB/meMBatiRiSdfathyl i WE SN GHel R thore
of the _support material can be carried out

OfE@HV]@H?’leF?&P’ hexangnl ﬂlﬁlékmei‘bdlpeéfﬁa‘?rﬂ)l e, by for m'y ng 15 a
sol uf %ci e%frra ﬁsa%gc,se'sé)ﬁ)lrv I¢ nc{ogglgﬁ%}@at n of et%nﬁg 0 nc{ or propyzfene

suita ent® or so urryl

withigopmnbmentselettad fromel-butkid) 1 hEh@@Wﬂpdﬁvanerll ﬁietH us
nated wwth catalyst can then be separated from

metﬂP%rYZ%Fsd’éﬁhyl%frylaé‘x bawl @crylasﬁ 3qrylpniglp.orinyd acetatapmdzstrens.
dich@ SRR An, dofbodrlihe Shy Jb\énﬁm%rﬁb%eﬁ%‘%“ sation process

particles cata
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.

Slurry phase polymerisation conditions or gas phase polymerisation conditions
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20 supported catalyst, are fed to a polynerisation

zone either as dry powder or as a slurry in the
w‘go{‘iyrrerl sation diluent. Preferably the particles

&

ar
%4 pol ymerisation zone as a suspensi o'FFT/ﬁB%OH‘g"O“‘“
pol ymerisation diluent. The polymerisation zone can

are GG SR HoE e PR oe AR RSt P VPG
theé’é,eﬂrbcesé%@ QY M&%aﬁ'&f@%@ﬁ%ﬁi &anWe HARMY E3ritivh &krR¥mi-he

Philli Process Wien the 25 pol ynerisation process
congifuquse %pr hesbimty fbaseepro¢esharidshe gasrrihase pyacessnkecatalyiy y

di bl
senny 14 § el et i Gams v s O S PR a8 iy ol
canlfeCror Einpple] anmiailsed salid daelResBie Brined Ro&fthE adthplex of
mal nt ai ned bel ow the tenperature at which the iJoI ymer

Forgspared 98 Bsand an@etYakey, efroas ba thersoli crrn@lersrabge-n&éthe attehe
sitr%%ry b c%r%tlo?gbe li%'cﬂ?)tthe E(F‘I%rfn aBSHE ?ﬂmﬁle%}(zgiﬁﬁgon

0 do above atter t ure,
sephmaety Homasogedet with A solid cemplenf Ptelﬁs&abip Ithelmtalyr‘sahysmm or the

R L C R R T
pormbﬂmm%na ba ﬁﬁ&%@@&r@%m@ El?fenvé)d‘g% % %pé}dﬁ%éﬂmﬂe Mt

controllTng the nol ecul ar 83221
pref@ﬂl@g@am}@mwm is gugipgtted orsa suppotmehterial ptier to its introduction

i R PRy obF P SRR R i, 1 SR o
chibfige, 6008, %ll‘llrﬁxﬂhlzﬁmoxﬂﬁ thly A6 @@ RAhE BP A 1a HPregh &yl of te
aver age_ nol ecu ar wei gyt of the pro ed pol yner. The

suppew gaterip) garolppaRrTys aoqré%rrrglabtpcmteﬁoﬁor p¥gnnle by forming
a s@ﬂ&&rﬁ&esug&ln?‘aﬁ oﬂheWa aﬁorrg) ?%nt ﬁ:a sglﬂ @ﬂgﬂ{lue%t or solvent and

I €S gen merisati
slupymg dﬁsnpﬁoxt hmtenphhsrewtth.l Tuesntppon malEma] thaa Iﬂ’pbnegnated with

B T T T

'tecma‘%g, slurry phase or solution phase polynerisation

condi tions. The quantity of hydrogen gas to be
enphohe dlutry phse@olymesisatonipreagssihe seligepamitlescaflcatalyak iog ht

d
sugBled ST P R e Bl B 2bf Plesf B 4 PRy o8 S rbogy
thefpRlyniishtsci diRRnt PeeeRbEshepAativled dre fsdasn po dﬂﬁaﬂcﬂf done as a
Such net hods general | ¥ involve agitating (e.g

suspensiqn ip ghe mlml@rrsahgl difuept. (Fheipotymeprisationyoge ean beatf%n exgmple,

an ?ukoaa\l%ecq s%llérl}gacf gh ggstsﬂ p&] ay&ﬁ{mrféus oo R'gésc&?e 5% Eﬁ%ﬂé %e well

sane or sim proper
knmw i the demufaetird of 1rnst§k:ehyleme b mqmlMpePro@edsr (themrthe: ess)

15 cont ai ni ng catal yst, and. feeding a stream
POWCH%ISH@FOC&% aféla’sareﬁar inyentiop i rrrrlweout ga frwrmaéléwns the :

roNRLRICR 1 S50 k3, Bpl AR gL bl Sty
abavied 5ped Thél' belyinedsation tparperatirk ys prefotably ingintaimeddatthivt thon
ten?pfera%(l)rg Iat which the polymer commences to softén or sinter in the presence of the
polymerisation diluent. If the temperature is allowed to go above the latter temperafure,
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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. di.s
“con{muou

gas (e.g. recycl ed gaseous nononer) and/or volatile
liquid (e.g. a volatile inert hydrocarbon, or gaseous
Q i ch has been condensed to forma ljquid

‘VgﬁgmgghﬁﬁTyner produced in, and isolated fro /8g(mwmnpu

phase processes fornms directly a solid in the

E$| Qer|sat|on zone and i.s_free fronL or substantially
wetghbl 1 Pofupt the palymagsation jthe preseitsiot hyirpaensgas svtiich asts as
chdu'i‘tr&ﬁ%ﬂar%@ént Gfenél'gﬂy,ltl'léwgﬁier ki dhbAWaor lﬁ@}&% teﬁlgloyed, the

pol yneri sation zone of "a gas phase polyrmerisation
lowsr eayeraghmotpgnlat Wlegghmfthfr proidubed polymeer.| i n reI ation to

h
s orBR o by a ootk IneBhi ¢S Bhrbifing G o S prplegalar Heighe
of {BE PEIRHREET MPBIyRieR appls PelevdIBito tife ﬁo%ﬁﬁ@ﬁa%ﬁﬁr@hé‘s@@fih@ a

sol vent, an slurry phase” processes wherein the
Preget jaysRtiany rips example diydmees pasybei used td redurecthelavergetmolecular

. wei Foig;%at C%@ﬁleccﬁnro ?rg e l?su?ﬁogar ogsg é‘iﬂgﬁrah%bsat ?]gdluﬁl?n

phdse pplysiessatied cbmqumr dthe quardity oftipiiebgeh @asStoBE@MPlNRY to give
th is c nuolbgg‘%/recycledto an agjtate

o okt NP oD B B oDt eaibe CHGrEeY B it 1l angsmmor”
polRibAdaYidh testieke- up monomer being provided to replace

pol ymeri sed nmonomer, and continuously or

i nt Methods &rtdpgrating g@@wmlmmm:ﬁrbrpcﬂsgﬁme el htnd\hEm the
tion one, at rate arable to th [
art TR e Bp1f RES B o Thuind (€ paS i eintay et gt apidising) a
bed/@ oaﬁ@%f @82 Bed ofthd. /ta%ﬁ 99%@9@1 %%lyﬁ&cmlﬂgqhé Bfive or similar

i{@ner isation zone ta réplace the catalyst wthdrawn
ph)fStﬂa rPh@ﬁeﬁof@ItWhl‘éHt 1so1¢mzqdrte mgke in this @olymedisatizuh process)
ocess of .t sen
cortbiEE catalyB LRE RO IRILS Lol BF B555R5 3 1 GaR T o0
gaspha;qﬂxasﬁd undkir selmtimmnS$uclr theicht beask faed of iy meﬂdmarpolymenses in

A ik B s il
gast(B 8. fé@%’i’éd@atseoﬁ rrn&ﬁﬁle@ran%f Folfile i ﬁﬁld‘{@ gpé’v&%

enpl oyed formthe ‘catal yst ca exanp e
hydrmarbmuglegﬁsems @Qmmepwhybhéas beehicomdeneaictbifomn z h_qmd) i ’hhc

as, a solutiop in.an
polpf prron i ap? e R R eod g Peoetesenforer dgsebiicioid n te
polpﬁéx&éatxﬁﬁ) Epwatis fro¢ frbmforatbituaially e FBRNEfRd. 8§ isvpdh
of these 10 conponents can be dissolved. or slurried

knqwp tg thesggiadled in theart, Eary hedd isallowed wrgtwélfw Belyinerisation
zore % as DS pONfER s SR I Blnily orTighle SDRAt EMon o

the d;namitgbﬁpolymer ;irbenpml thepoliyraerisation Zeanee Thidie ilécnphagito
ﬂ1 er is preferably wthin the range 1 to 1000
“sof{tiop §hase’ Er@%ésesyéers*@ the pRlymeris Formgd dissoled in 4 splvent, and
1] 3 I- e
8 e 60509 bl oL PUAMIAN A0 A
cat "Elheygas phagepracegacan(beaperated yderbatvh] seri-baldhporgtdatled

ed EP-
(s)’scondltlons 1t is preferred to operate under conditions such that monomer

is continuously recycled to an agitated polymerisation zone containing polymensatlon
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

14



A- 0593083 can be suitably enployed in the _ _
pol yneri sati on process of the present i nve.ngll on if I
desired The present invention further provides nove
WRAMHOEHA! havi ng the Fornula C, suitabl e for PFHERAIGOY 141
transition netal conplex 20 3 R F22'\ OR20 E Rgg d
rmyl a EFR2.. \R3 OR21 erein R3, R2, an
added 3 HhcholSomerisniar i3 Vo reBRER 1o SRt Weshdraw ForgiBoal ot

BireHRSion 26neM0fth BRGrb@icefBolhedly dr 0gen. . 25 Preferably
¥ he Tigand has el e O 6047 085221

PCTInGB polymeGsation progess of heprase@Hnyentiwnitbe prioeess conditions are
. [ the . prese Lnventi.on there.is provided
preftFalty piien i3 BEGRE by P lob SFadigeric Bl 1y
5 act Wien sipiag ittescatdyen ofthégreseppinvembntuagat é&%?hée( a) a
i gand. havi the Forrula C R 3 fRT --- 0 ERS
Po}ﬁsﬁ%ﬂﬁﬁflan eongifipgs, the\cpialysty poanegsmage of tha spmperenireamployed to
Jr ' -1.0. . |V [
e e I T
in quid f2m, for exaropleyas| acsolutign inugsinem fiqaidfdilnest. mﬁ?,%r &ample,
iti tal Mis selected from
thegagéggﬁe gie{ag Q&rflt)ornaegts, Io%‘ Ith%rglctrir\gtor component, or both of these

10 components can be dissolved or slurried in a liquid diluent and fed to the polymerisation
zone. Under these circumstances it is preferred the liquid containing the component(s)
is sprayed as fine droplets into the polymerisation zone. The droplet diameter is
preferably within the range 1 to 1000 microns. EP-A-0593083, the teaching of which is
hereby incorporated into this specification, discloses a process for introducing a.

15 polymerisation catalyst into a gas phase polymerisation. The methods disclosed in EP-
A-0593083 can be suitably employed in the polymerisation process of the present
invention if desired. -

The present invention further provides novel compound having the Formula C,
suitable for forming a transition metal complex

20

R3
RZ' / \0R20
AN
E
A .
R\ ' Formula C
E

o/
R2 4—OR?!
R

wherein R?, R?, R® and E are as defined above and R?° and R?' are monovalent groups
as defined for R* or hydrogen.
25 Preferably the ligand has the formula:
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25

preferably vanadium L is independently selected from
halide (for exanple F, d, Br, |), alkyl, substituted
I cl oal kyl, substituted cycl oal kyl ;

Wﬁé{"}é/‘e"%%?{yl, substituted 15 heteroal kyl | PCT/GB2004/001141

het erocycl oal kyl , substituted heterocycl oal kyl, aryl,

substituted aryl, heteroaryl, subsijtuted heteroaryl,

al koxy, aryl oxy, hydroxy, boryl, s | , ami no, am ne,

hydri do, allyl, diene,Hseﬂkgg(—pg RO, phosphi ne,

car boxyl ates, thio, R B ess OMal at es,

carbonates, nitrates, hat es, f®t hers, thioethers

and conbi nati ons thereo and neutral donor group,

for exanple, ethers, am nes, thioethers, phosphines

and_the |like, 20 optionally two or nore.L groups maybe

| i nketifustereamhadiment of terpgesentrinneantiow thersdis provsdet] a @oces8for

- j or _can be any of the acgtivators
e S et L Tt M
i s (o) eflppabdhyviepthd Fotmelain a hydrocar bon sol vent. The
catal ytic species can be used to polynerise nononers
in the manner descri bed above for 25 the catal yst of

the present invention.gdl6 WO 2004/ 083221

PCT/ GB2004/ 0011412 Th¢ i nvORS on is further

illustrated with revgrence to the fol | ow ng Exanpl es.

In the Exanpl es all /mani pul ati ons of

ai r/ moi sture-sensi tRve nmaterial s WermRrifhi@r med on a

conventional vacuumMnert at nosphere Fﬂltrogen) l'ine

usi ng standard Schl,eﬁg\ line techniques, or in an

i nert atnosphere Rfl'ove\ box.or#1 Exanpl e 1: Catal yst

sthesis Exanple 1 a Sﬁﬁthesis of 1-tert.

but yl - 2- (et hoxynet hoxy) benzene. The fol | ow ng

reaction was carried out in an efficient fune

cupfv artensitign gmefad sprpundMiLyy and eptignallyol ed (0C)

sus QU Na (5.52g, 240mmol) in dry THE (80ml)

undgﬁqgaa%ﬁ&%itrogen at nosphere was sl ow y added
wheretreRY, ROURY hrahie arel as ((3finddnbove AR bdd R¥hee H1685R6It @foups

irred at roomtenperature_for 3h and the green
o dEFingd fos 1 By pEeh AIRIGIRGOR ML seleeted Hom Geswnd 1 b
D O S ind PERRRY Pete PRGR R AT ol ¥, 1B ,
alkyh g;lg@@;edw@hmlgalkﬂm@itﬁhmg cycﬁbdll@d&e(t&@amy], aibﬁﬁt@ted
under nitr at nosp e. T i xture was then

hotgBekl Retsrocyd 4T b e hrteroeyaielion. s pepstiuest ary,
hetB® ; . Chone

e ) Va7 LARRS, bBRL 190 prmthe? fmke
hydsidoy 3llydy digney sedamo, phospkinaiphosphins; cdrboxylatesn thioyi, -Hioaates,
ox%leg, garB&?a%sPﬁi'ﬁ%{eg, s‘;i})'h%%’,'eth@s‘? thri(():"e Cetré gnnd (\:Aol?nsbiﬁgl%gs thereof; and

neutral donor group, for example, ethers,. amines, thioetbers, phosphines and 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.

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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guenched with water (100m ) and diluted with Et OAc
(50mM). The organic | ayer was separated and washed

OH (2 x 75mL), 3M Nad (1 x 100m)
W%@‘g@%&&. |tered, and the sol vent renoved u%%l@g;h%a‘“%&m
vacuum overni ght gi ving crude 1-
ter oxyret ho enzene as a_ yell ow
| i qE?%M%‘H"’“éﬁ’&@S‘E ]\Rﬂ%ﬂt‘?‘ﬁ‘ﬁ‘ B%rf]efeftﬁ?rt? Fheefeywin@cﬁmmles In
thedamples @ 1dtiabs! 6T diet
RN ot T r;()ﬁm)é wsmvg%&(_’%ﬂ gé)g%ggﬁﬁed ona

eg‘@“’@?‘@@‘lwmwﬁwphq;e (nropn)line W@irg s@EAR@)SchRnkding S,
tec%u Aé’i}mg To! CH3) 3). 25 Exanple Ib
th eS| ’s. o %u ;ﬁl

ter ()éi phenyl phosphi no) phenol
Mﬂﬂtpﬁ_ﬂ&st_kﬂﬂﬂ@ a slurry of

tert-butyl-2-(met hoxynet hoxy) benzene (9. 714g,
—%%ﬁ%?) in ether (50nl) was added n-butyllithium

SyrtlesiENfi1 el BHRADS(metiikym nd the nmixture
stirred for 12h. nE:hl orod| pggy%% pﬁosphl ne (10.8nt,

hesfollawing regetion thde dartied iten so kfficiennfid@e clipbpats FoatrapidC.
stlrgfiﬁ an%xt gi@d&? %gixg%non?atgé{m()%%\%gg’z bgﬁ&tﬁ e&%&%gﬁﬂnda a
nmdgaﬁa%ﬁlegbh\s@tv@is sfoba9 addeadedrah Eﬁéhee%él\(/)(gg‘fsﬁlom ?rH-nol?y'?{]e

wer e separated and the sol vent
Suspgngien;veas stimed atapom Tiveparaturddfori3h AND (RO PLOEARRN ﬁ]tered into a

tcl AL e Bon o Sobael. et Ehleriga ] S5,
280$:tmasl) vl adidd hexg shIto GGiHoRymhanc 20 85¢ OB cilifibg

ép‘ i) and vvater (100m ) added giving a
ZnGp £ wlerpitrogematmopphsts. p'iheameitlmawas:ﬂiehentrétﬁatby

roofnl tkﬁﬁéﬁﬁlgéw%b?}i# td %Fugg e%og&%bgoro é] d\o(gs?%l%g gortlon—
wise quﬂlr: a@]enioramfoﬂ_epimmmte@a:ﬂnohof rlargtmmﬁué t;g%m it)ﬁfed"%?%&g \(’j\" th
: - rin and drie
4R By ot ekt T
queh€¥BWa e witg (%Ofﬁl) and fi‘ﬂhﬁgd Rith Bt pﬁb %TGQ@Z 4 (grg?rHcé' lvpLyas

purified by columim chromatogra m na

separatpg mwashnémnhew N@O@ ex TSnyrEpoNad] U’} 106mB, drdvidck
eld). Mcro Anal. Calcd

(Mgrgéjr“) @%ﬁgaﬂ% th ‘?"é‘t 3oy ﬁf{ éa@gaclwauw&mlsﬁt grging grudgi 1-
termylaz ﬁﬂethcibdylrrMMB {YB6RBhe aPa Yelddr 1@3@ fﬁﬁé‘ég@d} ?; g ifuraflh

7.02-6.95 (several 1n,

puri§ed bipolting clrimassarantly dnmina((oeuth 30 BHYB RexdBTE, e,

B o T e

2H, (CH8), 3.24 (sp3H,100HY), (1./483%3)9;[{ @@Cgﬂg)q CH) 3), 29.8

ég_ﬁCH)S). 31P{1H NMR ( 5 (s). M5 (nn 2):
+. 15 Exanple 1 ¢
Synthes1s of 2-tertbutyl-6-(diphenylphosphino)phenol - ("Compound 1

To a shurry of 1-tert-butyl-2- -(methoxymethoxy)benzene (9.714g, 50mmol) 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 (ISOml) and ether (100ml). The

layers were separated and the solvent removed from the organic fraction. The crude
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Synt hesi s of Sodi um
1-tertbutyl - 3- (d|phenylphosphlno)phenOX|de THF
herei nafter- "the Na derivative of Ligand 1_"
3%hs added to a mi xture of (Compound ﬁc%/ﬁ"iq[""&m“l

"~ 12.3mml ) and NaH (1.08g, 45mml). The resultant

| urr s stirred at 60C for 12h. After cooling t
Ye%" PB%W@@F&J&MP GEE SRmlsand HM ST (E0mb addedr dihe namdmt was
shﬁé&m&l@ﬁ'amh% M, tﬁﬁ&"c‘%oﬁxfgg gﬂ%%%mz)naax'a‘ aé (ﬁébrgﬂ added

was reduced in volune to aro
givigDawhite prgcipitatgiof HEY "\Emsmmcmltyl&tv@ds$ollhﬂéd byofiRRdo\shfried

s SO T N XL
sepiaéat M th6r gﬁiﬁc ﬁdﬁ[dn%hhéﬁw@ﬁed-\;vﬁﬁ‘ edug %ﬂ@%ﬁé{{é 50D,

8. 35mmopl , 68%vyi el dé Anal . Cal cd for
bripe;(75n1d) ;331 drigd oyergd¥ép2SPeouRbe so@tm?igzye@(ﬁltetd;d and e salvéntbdmoved

o S st OB e el
nebibia 20); e]3o gide (""Torddun ick éil k32 ol,
63%%@ ﬁlgom}(paééisfoé%@@ G7R02; gi,sef, Foig@ Q%O H,

OB M (% P32 (il S . 05 Lexgabon ar Ar

H) 57720, 1HJ,MHH)ed7 6122 (APQY) E5OLEIEH, AfC 2) I5g &Dq): &
152%@ kl?z{ o EM;Q(%C&QQ)Q) 3@%5?5933%%9@%2%?1290

A R B R, A s

32.8 ¢$)uMSom/n)f 334{dMNa deri vative of Ligand 1 (2
eull\ialents) in THE was transferred to a solution
;%&-&HHF)ZH eq.) in THE and stirred at room

sismarsa, seolha Ok Sl IR 11

resi due extracted wi th
CPRARAREF ﬁbetheswtlvenleganél’an or ange preC| pitate that

ent omil d under vacuum
THP? gl vg‘g?%e c‘:i c§° B éxtur@a(%{ngor;%g é&%tl mgpol) ppd NaH
(1.08g275100ha]). (I‘hé:&mﬂlt@l( slhﬁty)was Rarsd dt@0°(9fort1 bR, %ﬁ’(er cooling to

derivative: of Ligand_1 (0.428g, | mol

Toos *QTEFFPPF} the (Selum@was filgreyashihve b}ce@N eHMasheﬂowmh (3513

(2o£n¢51> Ff%e @1“&}%%(@6%@@%%8&08%% o%rlsﬂ? ipmt agﬂ:}_’; %68:11&

add?d gbing ﬁmte( drystils thaPfdrméd GH)' 12H aﬁ@omﬁerﬂﬂerﬁﬁl-e 311;(3 AYstdld -

9H, Ar ,  9H, CH3 1. 26
: wer(: ;qte Qlj%:@mé@fntg&%(%x ﬁjm]mm:;l é%gi 1g51;:r \%um]_) to givs)the Na

derﬁzaéve(éﬁugand 1(3.58g, 8.35mmol, 68% yield). Anal. Calcd for C6H300,PNa: C,
72.88; H, 7.06. Found: C, 72.96; H, 6.97. '"H NMR (C¢D¢): § 7.52-7.44 (m, 5H, PC4H; +
CeH13), 7.15-7.04 (m, 6H, PCsH), 6.82-6.76 (m, 1H, CsH), 6.63-6.57 (m, 1H, CeH),
3.17-3.12 (m, 4H, OCH;CHy), 1.64 (s, 9H, C(CHj)s), 1.21-1.13 (m, 4H, OCH,CHy).
C{'H} NMR (C¢Ds): 5171.0 (d, 2/(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, 2J(PC) = 17Hz, Ar-C), 112.3 (Ar-C), 67.6 (CH,CH,0), 34.8
(C(CHa)), 30.0 (C(CHs)), 25.0 (CH,CH,0). *'P{"H} NMR (CsD¢): & -17.8 (s).

Example 2
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Exanpl e 2b 15 Synthesis of (Ligand 1)2zrd 2; ("Conplex
1B"). Reaction of the Na derivative of Ligand 1
2.142 5.0mol ) and Zr C14(THF) 2 (0.9438, 2.5mvpl)
ORIt ox 18) (1 8160 2. ool | Ba%6y! el BGTIORR gL
(CeDe): 8 7.32- 7.25 (br +in, 8H Ar-H), 7.00-6.66
.16 ,ﬁrn-l 1.46 (s, 31P {"H NWR

S : : 7L IEL k : peAUED
. g 7 ' | . e
A e AR ¢ TP £ B B i D Mot

SO]OﬁTIt MELCTHP). kec(.}r]r'in a}ﬂ“amill syisred a( iobmSeinperhfakd R 2h. Tl(lje
solution) tq 1 t. ol uene cont ai ni ng 500eq MAO under
solf s Eged aad HE et B BlEe OB cbloghrmythama Cormin e
Reindinf @ie s3Qhga38 dn bRPI Ly ~
elOQ/TJI-II%UISEOﬂ. I%]sol'ubl e@%g?&%g{?t@mhjaag%gya%@g ‘E‘S‘?‘?&"‘&F t(%ocgrﬁl)
andyfiricslomaar yasmHn tg give thetcomplexand washi ng with MeOH.

E_x%@g%e 3a Ethyl ene pol ynerisation with Conplex IA.
OW ng the above procedure yielded 2.0y of

Symbésysedfi{ligane ), Tidly, € oapdénpATO an activity of

390 ["Ih"" bar 1. 30 Exanple 3b Et hyl ene
Re3glPd b hedla desivathierof LEswaIldl 4288, Trsnolbond 5 CLKTHERA04 67,
0.5RIRAPEHE %bé’doﬁ{ﬁ(s(;f(cﬁ%geé{ of la?,%h %Fagnge}( chﬁ{h?(olzg‘?é‘;ge.z?son%%gi, 9%

to an activit
yiemldmlm_ GEDW/&CG?%DQC%M?MHg—@rgmlﬁ?ﬁwt,mltﬁ_&rﬂ), 7.30-
yerisation w ex 1B. e pol ynerisation was
728 2ol S BT 55 Aol HA o676, 051 S i) 1261, OEL
enpg)l %H&O@"ﬁ' h ai ni ng MAO (1000eq) and
C(GTJ?J%%L ?%?gq) under 02%2?'@396%%%8% 5 preéssure at OC.
Exarhple @bl yneri sati ons were run for 30m n and termni nat ed

| ddi 1 j f_ 2M 50m). The |
S”’g%eﬁg?r k]tei@g‘gdnﬁﬂf "-"S@mﬂg%‘ W'écti on futther vashed with

ReaNbir6Aha Na Bavidve ofRighd ( 39T8)g, 391{3%:%13/ IQ%%P%%)(THF)Z (0.943g,

filtered and the sol vent renove
2.5m@o))sayp (Cemplex AB) (v#l$eq2. 2rwtholy 884 yivldy JHINK®Y (CLRE): & TiBa-.

724 R R R B 1A gl e e o)
NME @R R $:-1.646). = Acetat e -

Example 3

Ethylene polymerization ﬁsing Complexes 1A and 1B — General Procedure
Polymerisations were performed by adding SpM of tﬁe Complex (pre-catalyst) (in Sml
toluene solution) to 100mI toluene containing 500eq MAO under 2 bar ethylene
pressure at 25°C. Polymerisations were run for 30min and terminated by addition of
10%HCI/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 1460gmmol'h 'bar™..
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MAO = Met hyl al um noxane TIBAL = Tri
i sobutyl al um nium Exanple 5 15 Reaction Schene LI
ngL' RQVOM MoM 5. 1" 5.2" +21Pr2NH J" G MOMOC]

MEAREHC - O \/ | R5.3" "5.4" RO O |?CE&E?°°¢(°°"41

MM I -fl RH (CH2OTosyi h R 6W) Ph OVOM MOM "5. 7"
f-11 RH~/ I R /| RI( POPh OHAIH3 ~. RP
EXSEQSIES 8" 5.9" Synthesis of
Prdpyledk boliteyikat@mRatHhOxprex fpxybenzene (Conpound "5.1") _
See Note #1 20 WO 2004/ 083221 PCT/ GB2004/001141 The
The @plymmﬁ@lone’ee@tsmund bineddition ofomplex 1B (Aﬁplw iﬁi 16imé triluene) to

topFBngiR 38R ined et 1800k} B Plp AL @it ndet P eipateat.q

5 prashilr€apCad erbepblynietiedtioab wareqtin fB0ndin amd fehdmbtel 'btytaﬁﬂttmn of
with an efficient condenser was added chunks of

21\@ & (HAmly 2Tl laysre wers)seppseted prd the greanisiirastien firthenwashed with

- [
PMBETIe. 3omf VL BoE Bt PO SRR R S pemoye o
yidldpaly@opylemesthat3vasnizied uhdea ykeuuint foe d2i Tl weldeff pblyenivas
oubl e syrfaced conde $SHr e equal i zi ng
5. &%Hﬁ?pﬁ’&g B0 &1 achiyyy QP?AGZIS%%@E Bt in a water bath
10 No?éso?ﬂih@}a‘x&ﬂﬁ sl ow addition of AcCI (205 g, 2.6 noles)

to di net hoxynet hane (229 g, 3.0 noles) with a
Accatagtytei ¢ anount of -

MAO = Methyl aluminoxane
TIBAL = Tri isobutylaluminium
Example 5

15  Reaction Scheme -

u
BuLi
OMOM ——>~
R
SO
+2'Pr,NH MOMO*@
- PPrNH.HC) @_ —< 55"
R
53 ) . leo
0
Ph OQ\ L BuLl @"LH
MOMO g . —E R . (CH,OTosyl),
R@l{'—-’ %, omoM —— MOM
o]

"5 6"

_/—%OH E?ZF iK;L

Synthesis of 1-tert-butyl-2-methoxymethoxybenzene (Compound “5.1%) :
See Note #1
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GhCl2 (2 g). Caution MOMCL is a known carci nogen and
the reaction is exothermc! ! 10 After addition of the
reaction mxture is stirred for 30
'W@S&L/?%%blng funnel replaced with a septun?}aﬁégzwgﬂalﬁ
sol ution of sodlun1phenolate added by cannula and the

rred fo conpl ete the
T R R bk R
2- tezddblutyﬂphenoifGSI)@ i motefs) chM\NﬁQr'l 3Qitr | 'oPae Wge thf
ess

radfurther, 60 mnutes to deconpose e
(teﬁqfﬁ'& ofpraphiniafask §ittedwith a&ﬁﬂictqﬂécmmsw%a&hnahmdxf

sod-dﬂli‘rgt(fﬂ %&bé‘ss?:sehri‘lstg%ié.\ﬁg ‘Pﬁg&eagl\(}ﬁﬁga F?g%@ﬁ for%) pqtﬁ gw&n zeflpxed

ovqmrghtemempieeenﬁw echction. aA RultitionVafMOME! Way BARLER PDERO'S
ugh a basic al um na col Um

th
nec\nglfaﬁk ﬁﬁ”@gﬁ ag §f ?%? a‘g%(l ! ages} cpdenser, prassure ednadicing
dropping rﬂuaiel indcCORROPRNIebinta WattAS PR F bgk} %ﬁ’&’ 6&"&1%%&1

distillation undér reduced pressure,

(209i20P @ moloy) t dimgthoxymetinge (229@, Mbimoles) Qntﬁ@@ih&ytﬁ amount of

An%% Scaél%ﬁﬂ M‘K}%% 32 kxm%(nsc']&?? grll_%gen %g\q/ggchg@ése?{otshenﬁltli'
AffSaddidn- e Ac(ﬂﬂhlhfb‘émtrﬁﬁﬁiw Rasived FRSOARES AR BEOX Oy
Reacti on conpl ete BPIng

d 5.6")
funSe) replS I hsephp oyt s(ojupo@ o sodimphenhiedie B0Gnnula

andWhrabridl ik ﬁair,;éa 5 1Ry RIS gt BN 15,82 Fﬁ%ﬁq]ﬂn i g

deactlvaperdeby the additan o170 Nks bﬂ M\NSOHQ%mﬁ?ﬁ 2By sfidrink"f6Yd ﬁpther
60 Jn‘fnu:{elﬁgg ggco?ro@g)% %%Eﬁngyf&V\n%gheg &j(}?ggs)dy L&@tg%g g]cenhases
sepB‘dteﬂ (r8d oi’gsaﬂicﬁ)hasegwa% Mshe;lgmg:\ %Og}nllg ﬁf (T 6@1?&}# \tg angdlned

mpound
oveg, M€f§|04a ltered and élﬁ gthent renwvmﬂm' aRgtat Vap] lEhesinttatied @henol was

R e W
ThetrocoNaremmalexﬂT( compandt s TPRwad ed%@"haﬁﬁ Hfsf]ﬁ:ﬂ?%%gr

r to erate ound 5. in Sit
red%gﬂfeﬁ%%%ﬁ %B@Ug‘gs o@ﬂd@Wgr(één%b i ('H]-I\MR (250 MHz,

Codgel ks A B PO 18k LIS

733t§H1géHLAr-|Iﬂ)ase was separated, washed with 2 x 100 nis

Slgll gté! g‘g ﬁvxﬁi_er !and‘ dJI edovci:r NaZS he oI vent

(“compouuhd §@7Hy flash col um chromat ography vvlth et her as
5 elutriation solvent (Rf 0.29 ether). Yield of a pale

Reag,tgm mpdeted wglesNg. (77.5% . 31P{1H} - NWR (101 MHz,
To aqaﬁ'tfa) oq’ PHC%J(IQQ g, 78.2 mmole) in 200 mls of dry toluene was added
iPr,NH (15.82 g, 21.9 mls, 156 mmole) and the slurry stirred overnight. The

precipitated iPr,NH.HC] was removed by filtration leaving a solution of "compound
5.4” in toluene. A slurry 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 solution allowed to warm to RT

(room temperature) and stirred for 1 hour to generate “compound 5.5” in situ. The

21



10

15

20

25

30

Preparation of 1,2-Ethanediylbis {(3-tert-Butte
nmet hoxynet hoxyphenyl ) phenyl phosphi ne oxi de} (" Conpound
o Not e #2 below : Reaction conplete

Wﬁlﬁ.&%’aﬁg a solution of "conmpound 5.6" (10. Og%?/ag?@ﬁ/ﬂmm
mol e) in 50 ms of THE at -20C (icel/acetone) was

e RaSaaantinl debond Mo e il DG s S

ch hed stixoiap éo 4 lﬁburs? OThe drgdiyd stage @hsfs”e?hrtaﬂz‘d ﬁash%g ?M{heﬂ £ t1 00
ols over m nut es

15.0 mmol e) was added in
mlg ﬁ%%sttlﬂf@ veqierang disd aed Na@%PRﬂ'heﬁlvme\masrr@moxed]@m RotoeViap.
ThE @IuldU gﬁﬁluEMas%)upﬂéfl ﬁzl gﬁg:oﬁ\ﬁﬁ%ﬂr?ﬁaggépﬂggﬁ tf,o ed to

ro mtenperature eacti va
eluuuanon IsbleentlRED.2T lether)r dield bf mvpsle yelidv aaued g7t 13 /@CMP{ H}-

) d the conbi ned DCM extracts were
N%ﬁ@dm%rnﬁh@ﬂi lggﬂrﬂpgl of H20 and dried over Na2SO4.
PrebaftiDevF e Ethaen %ﬁ {@@@&Bﬁpgum and the residue
trlturate t exane overnig t. The crude product
o Nher 1 phing CoetRound 5.Y7)eske Nott5#h below
, CDC13) 35.41 and 35.69 20 ppm
Rgév{agﬁ% sui té’g%e Yor structural determ nati on were
TolaSsOhmlbﬁ of f‘cfdiﬁpoﬁn@ 6162 €100 5,312 ol in SPAROMNP atL20°C
ayered with hexane_indicating the presence of a RS/ SR

(1CE{P%F§QT’<§? Pahadded sioxily Bu%ll@% ZQWIMM B9163vpmoleaE] B oginge

oo RaPfUay, R POERL 100 S e rTRIRE N Kiene el

tosylatpc(ﬁﬁag; @s5.9. n&h@lg) whs :f&ds«gmrjbe ovér Ifﬁﬁlﬁfﬁmﬁg%n&hg (sj]u 9 Sarmed
05. was, di sso n 50 Mis o c an m s

to %T %‘ hour H6 T iluefl 2 . e TRRSSiOB dnik Avas cpeld foor

rootn fe@iPefaturt 3Rd §€§cﬁ%7ie& lk&ﬁaddﬁfo‘ﬁq}fﬁfstlﬂéd fél?(?h ;ﬁe{e ﬁh%lnftﬁz{éago‘c

the éxtracts washed with 50 ms H20
extpapted WieDEMOKEchlerpmethane add thsdbombired NRIE @4 radts leeszr\ea:khed

Yk OB RSB, YOI 30 A

andhtht e¢sicale t3firaatiwith S0a8dvdrhight, I THe @R Pre®RY WaefbcBkred by

- 78C.
AR o B 670 Yok tb o R VMR (50 S IOk G £841 anskds.69

b 574 64.
pprﬁ %t"hf/ﬂﬂdﬁ%%off’pﬁﬂiﬁfé?gddf@%%‘sg%&%%ﬁ% a benzene
Solmm‘%ﬁﬁ)buﬁlﬁm Ci3erd Mithlibtdne iddiLiting)th&8sdnte bf WHES/SR

. S 46.,7 50l PSSR 2. 2

diogtgornbic pass e ¢ E T CHAMHG CLGROPA5.6 DEnrd
aiaed af 1 2'EiRinediylbis {(3-tert-B -

%W%WM%%%

oxideloS'pempeind 8 Tonpound 5.9"): Reacti on conpl et ed under
A sN%ple of “Compound 5.7” (6g, 9.05 mmole) was dlssolved 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,SO,, 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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5 To a solution of "Conmpound 5.8"(RR/'SS) (0.72g, 1.25
mole) in 5nm of thf was added A1H3 [forned by the

ow addjtion of conc. H2SO4 (0.613g, 0.33 nj
ﬁﬁ%ﬁ"’é@”?’o a slurry of LiAlH4 (0.474g, 12.5 WFB}“”“/H"”‘”

50 m_s of thf, stirred overnight, allowed to settle
P8-SV Bl M mleh i 46 Y me e My el BSER) 22 ¢

(425&%) PipqrapNMIOfR 1 MiRNCDER) a'ﬂgeg@gﬂﬁuct was recover ed

by 10 extractl on into ethefr. The Iayer vvas
digthigH{ 3 teryt Byl Ay

dyphe e sAhid
“ a Racem sation was
(%dnie§§/€§9 q&%tﬁ%ﬁﬁai PR o 3) S - 43.26 and 6
To-a48lufign ppYCorfpiind 3. %’(PMBp(mrzgduQS SnHBIEEIn 9 1§Pb%PQa§3¥dded
give MOH insol. RS/ SR, yield

AlIg;X fr aCetP'AP‘i,Q%V\glgg mp&x of\m% HpOaPH13 g;@@ﬁgpl $.2548m8R) to a
sluﬂ? ar Lﬂ’ﬂ%ﬁm ';/NE ‘Pﬁ 5 nBI%]%a S? s?lg gf 9‘{%& %véml g‘h?oqlowed to
set%amdgﬁimiﬂ Qnd\&esemdm iy hegpad toireflux fodl (hbm@Ibdbﬂed and

und 5 8 RS/ S inly product at 31P
dea{“%@ﬁi{)ﬁ “\ﬂ%ﬂ@g gl?eflwuﬂélmm@%wef recovered by
e traeﬁﬁpmw&h& &“h BRI VR r t
OX 31P{’ NVR S -43. 25 m@gﬂgdzvgit%%& Mﬂﬁé’fﬁzoﬁngggf’?

I%p‘?’%or ;f,lltewdsmd dgesd imsiat vastumh RaGheisitionl waabisetyd. PAP REH)-

i Pl 180 -0, o5 ML et

isolRted by Sytradiioniveith 808, to EMM@OEXMD'I@@RéE}e]d 0.28¢ (41%)

22 R L B N i34 35 e 2 OH sohc RS yld 0315
D L A O r > Hofth b T Py mace by

iled wth dr ept ane
paraqlﬁ@fbwhem ef “Qamqueéét% ROSBR) b give chaitrig proddctsa?'P {'H}-NMR

e r « I 00 S re and DVAC (1IMin
5% ang’&il B\%Fsl on%ecroglpagxgggg eflﬁé)FéSégave mainly pr(gduct at
3‘P{ H}M@a@ﬁate was al so added. The catal yst was

prepared by addition of a toluene soluti on of
OPr)3 to a toI uene sol ution of Iigand "conpound

I e i, N nol.ar atl 0)
1 ol PERAESR: P SHS T oPoUBiahCof 4B peniFd) Fiie Besin
TraBcR634Y, (DB&EBTU-BGIT/ GB2004/ 001141 by stirring for 2

t|rr|n the reactor mxture for 5 mn, the
#2 g}éot%é‘i"@s‘i” thad of “ﬁfee fled¥anpRe, Ad}-y Herdoom, J dnVerleeuwen, P.,
SyntiRE#] TyRsesh by addition of 2M HO and MeCH and the

Examp-le 6 :
Polymerisation of o-olefins using “[OPPO]VO(OPr)” ie the ligand “compound 5.9”

repared in Example 5

Ethylene Poylmerisation. A Fischer-Porter Reactor was filled with dry heptane (200m])
under a nitrogen atmosphere. The reactor was placed under 2 bar ethylene pressure at
room temperature and DMAC (IM in hexane) was added. Where used, ethyl
trichloroacetate was also added. The catalyst was prepared by addition of a toluene
solution of VO(O"Pr1); 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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pol ymer collected by filtration,

dried at 60C

5 Run 1. Catal yst

ride.
Wé%ﬁ'w Ethyl trichloroacetate =

under vacuum

| h 10 Exotherm = 2.5C Polyrrer yield = 1.

by iR ey B o R s tng enth

injddtete Fhelfolinie

10. 23
PO]IYB’QHF‘ﬁ

D

Act i Vit

nsEoz@i W& tBinTintah
= 40929/ mol .

h

CAT G dvd i e

28 B

bar Run

washed with MeCH and
DVAC i s di net hyl
| oadi ng = 5. Onol
O Omol

al um ni um

DVAC
RE%T/?PF@MHO]MI
939 ‘Act i Vi ty

n 5. Omol
mt“ﬁﬁn

H@l%!nsi I\/FeOH and the

cted hy
%%ﬁup

mer yie

Ruf20g/ nmoCatalyseloadidg LLOYD W=SE Ga@imd: 1. A
pol yneri sation catal yst conprising (1) transition

met al
E /

Run 2.

Run 3.

co & having the folTow Me85wnelula A R2
Ethyl trichloroacetate = 0.0mmol
Run Time .= 1h
Exotherm = 2.5°C
Polymer yield = 1.93¢g
Activ'ity = 193g/mmol.h.bar
Catalyét loading = 5.0pumol
DMAC | + = 0.85mmol
Ethyl trichloroacetate = 1.0mmol
Run Time = 15min
Exotherm = 43°C
Polymer yield = 10.23g
Activity = 4092g/mmol.h.bar
Catalyst loading = 0.5pmol
DMAC = 0.99mmol
Ethy] trichloroacetate = 1.0mmol
Run Time = 1h
Exotherm = 3.2°C
Polymer yield = 0.72g
Activity = 720g/mmol.h.bar
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(RA)YMX) (L) F ornmula A wherein the nonoval ent groups
Rl and R2 are independently selected from-Ra, -ORb,
-NR Rd, and =NHRe: the nonoval ent groups Ra, Rb, R,
Rd, and Re, and the divalent group R3 are LLOYD WISE
i ndependently selected from (i) aliphatic hydrocarbon,
CE&%} alicyclic hydrocarbon, (iii) aromatic
ydrocarbon, (iv) alkyl substituted aromatic
L.hydr agljanerisaudn babigstaopplrising gr oups and (vi)
het erosubstituted derjvatives of said groups (i) to
(1p\ymansition seil semnlsx g ving the lawing Bormylad: ani oni ¢
group, L is a neutral donor group; y and z are
i ndependently zero or integers such that the nunber of
X and L groups sati sy the valency and oxidation
state of the netal N”raﬁd (2) an activator conpound,
wherein (A) when n =gf, Mis vanadium and (B) when n
=2, Mis a net fomM\G oup 3 to 11 of the Periodic
Table or a lanthapide metal and the R groups on the
two units R2 1 |R XR(L)O ar eFérmnkked to form R5
such that Fornul\a begbmes Formula B. 25 LLOYD W SE
R3 RZ/ O E R5\\ y(L)Z Formula B E R2.,/

wherein the monovalent groups R' and R? are independently selected from -R?, -OR?,
-NR°R’, and ~NHR":

the monovalent groups R? R®, R, RY, and R, and the divalent group R> are
independently selected from (1) 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);

E is phosphorus or arsenic; X is an anionic group, L is a neutral donor group; 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, and

(2) an activator compound,

wherein

(A) when n= 1, M is vanadium, and

(B) when

n =2, M is a metal from Group 3 to 11 of the Periodic Table or a lanthanide metal and

the R groups on the two units

%
E
/

R3

/A

o)

are linked to form R® such that Formula A becomes Formula B.
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R3 and wherein the divalent group R5 is selected from

the divalent groups -R-0-Rb'-5 -OR'-0O,

-N(Rc)R'-, -N(Rc)-, -N(R)-Rd'"-N(R) -, LLOYD WISE
-Si(R)2-R'-Si (R 2-, and -Si (R)2-; the dival ent

groups R', Rb', and Rd. being independently sel ected
fromdivalent (i) aliphatic hydrocarbon, (ii)

alicyclic hydrocarko iTT)o aromati ¢ hydrocar bon,

(iv) alkyl substltu\t\eé aro ti ¢ hydrocarbon (v)

het erocyclic groups an I}y heterosubstituted
derivatives of sai d@roup 0 (v)

pol yneri sation catal }st_as” XQF( d [ n ullagsl wherein
Mis a Group 3 to 7/¥ran5|?\| on netal. 3. A

pol ymeri sation catal’yst as_chained in Claim2 wherein
Mis a Goup 3 to 6 tr®AsTtion netal.

I rrerl atlo ata st one of ,th .
BRI B EMARAEE TR i Flsefaedid thaeh m&ﬁfrytv%ma. Rir g9 R
-G{RPomi, umv&§5)RdA mk&oHENl(ﬁathONa@ﬁl a$|£§¢)2 -RS_SHRAY,BA 4L §i(R),-
daim’l erein L\/IIS vanadlum yMeri sati on

th@aiu‘eﬂlgrgtgrca@s& aRhead iRy lmﬁ}gmde)emﬂem}yesebpedefmnngw@leat 133

R koo Ry SRR fosePelt Ry b S (B ey
sibGtuedl ROiEt TR RIE: %drﬁ(v? ﬁét%kfﬂ cfg’r&fﬁsrbﬁh '(Q? het@rosubstituted

hydr ocar byl group, car box an oxi de, an am de,
d%rwaavmisd@graupse(c)etwv)acetonate a hydroxyl and a non-

27 P onubraffiale BERK s e BEhkig ity M b Gfe a7

transttidof hake. 8. A polynerisation catalyst as clained in
any one of the preceding Clains wherein the anionic
3. g r ouﬁs)oio’rafrresah@h@aﬂb’smﬁ claidedmi Glaing 2 ovhetein dMisenGroup3.to 6
1_lymerisatl on catalyst as clained in any one of the
cfnng Claims wherein the neutral donor group L is
gsel eAtpb(ﬂyxﬁériya”tléh sqhlyatae criheC il My oAb offHePeceding Claims
ghos phi ne, an olefin, water or a conJ ugated or

PREOM| i6 ianann.dagpdiumxg chr_ompmw SE 10. A

5 r eenaehdiel Aog LR 3 sing Prclilh v PuRRfRER ot

6is t hq)oﬂ-'ﬁﬂéﬂshﬁoﬁc(&ﬁlwiw Bdumédlm ay Ak WBleipteeli®B Claims
catal yst conpound as clained in Caim10 wherein the

WheERLE: & mBosibund i s sel ected from
7. A polymerisation catalyst as claimed in any one of the preceding Claims

transﬂl
pre

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 weakly-coordinating anion selected from tetrafluoroborate, a
fluorinated aryl borate and a triflate.

8. A polymerisation catalyst as claimed in any one of the preceding Claims
wherein the anionic groups X are monoanionic, dianionic or trianionic.

9. A polymerisation catalyst as claimed in any one of the preceding Claims
wherein the neutral donor group L is selected from a solvate molecule, an amine, a

phosphine, an olefin, water or a conjugated or nonconjugated diene.
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Ph" \ Ph Ph" /--\ Ph Ph, /\ "Ph P\ /VP\ i PA\VIP/ \
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the activator conmpound is selected from
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H(OEt,)[(bis-3,5-trifluoromethyl)phenyl]borate, trityltetra(pentafluorophenyl)borate

and tris(pentafluorophenyl) boron.

14. A polymerisation catalyst as claimed in any one of the preceding Claims

wherein the activator is provided by a Lewis acid selected from

(a) ionic-bonding compounds having a CdCl; type or a Cdl, type of layered crystal

structure;

(b) clays, clay minerals, or ion-exchange layered compounds;

(c) heteropoly-compounds; and

(d) halogenated lanthanoid compounds.

15. A polymerisation catalyst as claimed in any one of the preceding Claims

wherein there is present a promoter comprising a halogenated organic compound.
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17. A polynmerisation catalyst as clained in any one of

the preceding Clains wherein the catalyst is on a LLOYD WISE
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&
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copolymerisation of 1-olefins and wherein the monomer is selected from ethylene,
propylene, 1-butene, 1-hexene, 4-methylpentene-1, 1-octene, methyl methacrylate,
methyl acrylate, butyl acrylate, acrylonitrile, vinyl acetate, vinyl chloride, styrene,
butadiene, hexadiene and norbornene.

23. A process as claimed in Claim 20 comprising the copolymerisation of ethylene
and or propylene with comonomers selected from 1-butene, 1-hexene,

4-methylpentene-1, methyl methacrylate, methyl acrylate, butyl acrylate, acrylonitrile,

vinyl acetate, and styrene, diene, cyclic olefin, norbornene and substituted norbornene.
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produced polymer. 26. A conmpound having the fornula i
HO %1 R R PJ hOH wherein Ris tertiary butyl. 27. 'ﬁOYDWISE
transition netal conplex having the follow ng Formul al‘
A R | /IRLE / (RBAMX)(L)Formula A wherein the
rmnoval ent groups Rl and R2 are independently sel ect ed
r and nt .
247 ousragess R Egny Bkt af o URRER T brgpess i
cdrBedb@t udd@@é?hdﬁntlhb’ry%ﬁhﬁc‘dr@éluﬁbﬁ’ Phdsk poBidpiR@t drCconditions.
hydr ocar bon ii) alicyclic hydrocarbon, (iii

2ar omémr@cqsy ay @leme@dn any pvc) offFlins Alitost4 whﬁr@m té@ DIOAESS ¢
AP PERE BRI Sos BB K b o NER AP ey vight of he

plodhéedipolymg@hosphorus or arsenic;. X is an anionic

roup, L is a neutral donor group; y and z are
gndeﬁé@ﬂwp‘}'hé‘éﬁbﬂ@rfoﬂmlégers such that the nunber of
and oxi dation
enn=1 Mis

X and L groups satlsfy the valen
state of the netal %reln (A
fromGoup 3 to

vanadi um (B) when nHvo
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Rl groups on the tvvots 29 LEFBYD WSE R2 | /RL E
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27. A transition metal complex having the following Formula A:

RZ

R1

/ j
R3 >

M(X)y(L), Formula A
N/

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

the monovalent groups R?, R®, R®, RY, 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);

E is phosphorus or arsenic; X is an anionic group, L is a neutral donor group; 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,

wherein (A) when n = 1, M is vanadium, (B) when n =2, M is a metal from Group 3 to

11 of the Periodic Table or a lanthanide metal and the R groups on the two units
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RZ\ / "OE R5 MX)y(L)Z Formula B "/E R2 R3, and
wherein the divalent group R5 is selected fromthe
di valent groups -R-0-Rb'"_ -ORb-O, -N(R)R'-, LLOYDWISE
-N(R)-, -N(R)-R'"-N(R)-, -Si(R)2-Ra'-Si (Rc)2-, and
-Si(Rc)2- the divalent groups R', RW, and Rd, being
i ndegendent|y sel ected fromdivalent (i) aliphatic
hydr gcarbon, (ii) alicyclic hydrocarbon, (iii)
ar omatA ¢ hydr ocarbon, (iv) alkyl substituted aromatic
ydr6earbon (v) heterocyclic groups and (vi)
erosybstituted derivatives of said groups (1) to
RY). 28} A conplex as clainmed in daim27 wherein Mis
aNgoup]/3 to 6 transition netal. 29. A conplex as
cl a »in Cain27 wherein Mis titanium vanadi um or
chrom um 30. A conplex as clained in Caim27 wherein
Mis vanadium 31. A conplex as claimed any one of
Cains 27 to 30 wherein E is phosphorus. 32 A conpl ex
ar@$inkbdidBem AR Nsuon thadForghidd ABbe2dmeOF@nuldIBr ei n t he
anionic group X is sel e ted fromhalide, a
hydr ocar byl group, Yy ate, an oxide, an ami de,
an al koxi de; an e{y/?acet nate, a hydroxyl and a
non- coor di nati ng or vie kly- jcoor di nati ng ani on
sel ected fromtetraf 5uor ate, a fluorinated aryl
borate and a triflale. 3 %)xéldnpl exfamula Bi ned any
one of Clainms 27 to ?E wher @i n the anionic groups X
are nonoani oni c, g( nic of trianionic. 30 1 LLOYD
WSE 34. A conpl hav lg/aofor mul a sel ected from

Ph" /\ ", Ph Phi PzPh Ph, P zPh P\V/IP I- co ()~Oo0 , Q
ar@ wherein the divalent group R’ 1s selected from the divalent groups -R*-, -O-R

-O-R%-0-, -N-(R)R?-, -N(R)-, -N(R°)-R*-N(R®)-, -Si(R%),-R*-Si(R"),-, and -Sl(Rc)z- ;
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).

28. A complex as claimed in Claim 27 wherein M is a Group 3 to 6 transition
metal.

29. A complex as claimed in Claim27 wherein M is titanium, vanadium or
chromium.

30. A complex as claimed in Claim 27 wherein M is vanadium.

31. A complex as claimed any one of Claims 27 to 30 wherein E is phosphorus.

32 A complex as claimed any one of Claims 27 to 31 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 weakly-
coordinating anion selected from tetrafluoroborate, a fluorinated aryl borate and a
triflate.

33. A complex as claimed any one of Claims 27 to 32 wherein the anionic groups

X are monoanionic, dianionic or trianionic.
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34, A complex having a formula selected from:

/_\Ph /_\Ph
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