WO 2007/015074 PCT/GB2006/002832 1 DIENE POLYMERISATION

The present invention relates to diene polymers and copolymers and to a
process for making such polymers and copolymers using certain

transition metal-based catalysts. WO 2004/083263 published in the name
of B3 tahveieals on 30th September 2004 5 relates to a trangit{asRi6idhass2
complex polymerisation catalyst and tp a process for the polymerisation
and copolymerisation of 1-olefins, cyclo-olefins or dienes, comprising
contacting the monomer with the catalyst. Monomers disclosed therein as
suitable for use in malting homopolymers are ethylene propylene,

butene, hexene, styrene orX rediated dienes.
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difficult especially when the polymers have high molecular weight, poor compatibility or

20 sensitivity to mechanical blending. There is thus a commercial need to provide polydienes
. having a predefined content of cis and trans units without the need for post reactor
mechanical blending of the component polydienes.

An object of the present invention is to provide a process for producing polymers of
conjugated dienes, for example butadiene or isoprene. A further object is to provide

25  polymers of conjugated dienes wherein the polymer has a controllable level of cis-
polydiene and trans-polydiene without the need for post-reactor blending,

Accordingly the present invention provides a process for producing homopolymers
or copolymers of conjugated dienes comprising contacting monomeric material comprising
at least one conjugated diene with a catalyst system comprising two or more different

30  transition metal compounds and optionally one or more activators.
Surprisingly it has been found that by using two or more different transition metal

catalysts it is possible to produce polydienes having a desirable range of properties.



at least one conjugated diene with a catalyst system comprising two or
more different 30 transition metal compounds and optionally one or more
activators. Surprisingly it has been found that by using two or more
different transition metal catalysts it is possible to produce polydienes
hawoag@dasirable range of properties, WO 2007/015074  PCT/GB2006/002832
PCT/GB2006/002832 2 Without wishjng to limit the generality of this
statement, it has been found, for example that varying the ratio of two
different transition metal compounds in the catalyst composition leads to
useful variations in the microstructure of the produced diene polymer.
THHereKahisIE BPEHaRETRE AR AoHS safeReh ¢ dathsm dound: for example
cohaltieRnapibRefiiethbochiRlyst SysiRThitbas degoteirid fhatamed|
Var!%ﬁ'o”s i ‘iead&% wang %8%%% orthe nlﬁ’cﬁ%‘s?'é‘q‘%%f 90{3(9'6'}‘%&9% B8pe polymer.
achieved. The fhonomeric material comprlses At 1eadt ond diene and.

0 pfmwy orePe holwigiudinsobimties difiplby&ueierthd/ polrierisatieh

5 pr@&@gm e BreseniinsRtAn. PIeSRiakl:HAY & the generabintmia me
R'RZ 3CR4=CRSCRG6 wherein R1 to R6 are independently 10

selsetuert B AyBR sgRhe AiSYEh, alkyl, cycloalkyl, and, aralkyl and
alkaryl. Fremexamgte mheyialamxlnmmlafmamembﬂx,emhyﬁ oppoaply, dsoprapyt, 1-

e Qr mixtures of.isomeric_forms. ent d& I b
ar )ﬁl%url?s neg el q&}}grd inthe rp )g/men ) 10 eriglg:/ Xs OI% &% in ?ﬁt%h% eferably

o- mémgemmw}@weﬁa@mf%t@ﬁ%@m W%yﬁ@?o@&%@é@té@ﬂy
10 ffogaeé%%ﬁm%ngé}ﬁ N ISR Wﬂ%ﬂ}ﬂ"aﬂh%ﬂ@rﬁwﬁﬁlmyl For example

rE}éthylmethyl or 15 aralkyl groups, for example, tolyl. xylyl, mesityl or .

YHpmEp T ﬂS%v%W@vHé%’ioﬁ?We 1&‘?8??@5% %6 %&Hi}“BﬁB‘?ﬁ ey
bu%mra{tmtbﬂma;yybedyﬂtlde&ybbmgogﬁib;be iﬂemamﬁemﬁ)dmmm phenyl, 2
po er| e to.steric hindr Th re bly h cte
the 18rn lit’m?i Shlsné %@@ elll-? %ﬁ-]f?’ afgera(-%}ln R1an F@gmlyps Selected
|ndé@@rfdemw@@e&t@wlm@hﬂhyblmé@hybnt@ﬁﬁlenan@lpalmaf@f@nl@wthyl or

15 hygdracarby.gsowp e erafacred di A& ik BoL0-PutRdiengihyl. 1 h
2- methﬂl%@butagleneﬁéwpr}gr?{gg@ nd ?ﬁ:hloro 1 gsqb pithyl, However, when

(CHIGrBRPE 3 FRETHOAGLHE Y AR EUEE o GO PR Shdigossle
pragesstaf dradqiesdnhbiise Idtlé)m siajmdmmﬂmm &odienerenplofedipsferably has

Sujiable L gﬂf% \ QJ& Oﬁ}bﬂ!?% %&{?&d@ﬁ%\% Bhoted

Conjuga]’tl lenes. %xamp es o efins are et
propyekeirenste sbloraxepéa &rﬁte@wmém@m@dlgrm%clféﬁerrwbéﬁ@ﬂﬁ @ffel 3-
20 Subgtisiied 2-methyl-1,3-butadiene (isoprene), and 2-chloro-1,3-butadiene (chloroprene).

The monomeric material used in the polymerisation process of the present invention
can contain one or more 1-olefins. Suitable 1-olefins are any which are capable of being
copolymerised with conjugated dienes. Examples of suitable 1-olefins are ethylene,
propylene, butene, hexene, 4-methylpentene-1, 1-octene, norbornene, substituted

25  norbornenes and styrene.

Thus a further embodiment of the present invention provides a process for making a
copolymer of one or more conjugated dienes and one or more 1-olefins comprising
contacting the monomeric material with a catalyst system comprising two or more different
transition metal compounds and optionally one or more activators.

30 Preferably the copolymers prepared by the process comprise polymerised units ofa

conjugated diene and up to 99.0 moles percent of a C; to Cyp 1-olefin. For example the
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25 norbornenes and styrene. Thus a further embodiment of the present
invention provides a process for making a copolymer of one or more
conjugated dienes and one or more 1-olefins comprising contacting the
monomeric material with a catalyst system comprising two or more
diffevpent7/maesition metal compounds and optionally one or more&B2006/002832
activators. 30 Preferably the copolymers prepared by the process
comprise polymerised units of a conjugated diene and up to 99.0 moles
percent of a C1 to C20 1-olefin. For example the WO 20071015074
PCT/G82006/002832 3 copolymers can have a molar r%té'grof %isne; ferabl
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of stu %hte{"c%p asciet:.{g{g e tc?a!rbonate. Preferably the transition metal compound is selected from
a complex containing neutral, monoanionic or dianionic ligands. The ligands can be
monodentate, bidentate, tridentate or tetradentate. The ligands preferably comprise at least
one N, P, O or S atom, Iﬁ another preferred embodiment at least one of the transition metal
compounds is a metallocene. ‘

Non-limiting examples of such complexes are described in WO 96/23010, WO
97/02298, WO 98/30609, WO 99/50313, WO 98/40374, WO 00/50470, WO 98/42664,
WO 99/12981, WO 98/27124, WO 00/47592, WO 01/58966 and our own co-pending
applications PCT 02/02247 and PCT 02/02144.

When the one or more transition metal compounds comprise a metalloceng this may
contiin, for example, at least one cyclopentadienyl-based ring ligand. For the purposes of
this patent specification the term "metallocene" is defined as ‘containing one or more
unsubstituted cyclopentadienyl or substituted cyclopentadienyl moieties in combination

with a group 3-6 transition metal, a group 3 main group metal, a lanthanide or an actinide.

In one embodiment the metallocene catalyst component is represented by the general



compounds is a metallocene. Non-limiting examples of such complexes

are described in WO 96/23010, WO 97/02298, WO 98/30609, WO
99/50313, WO 98/40374, WO 00/50470, WO 98/42664, 25 WO

99/12981, WO 98/27124, WO 00/47592, WO 01/58966 and our own
co-RRy i@ applications PCT 02/02247 and PCT 02/02144. \Whenihe o
one or more transition metal compou?ps comprise a metallocene this may
contain, for example, at least one cyclopentadienyl-based ring ligand. For
the purposes of this patent specification the term "metallocene” is defined
as containing one or more 30 unsubstituted cyclopentadienyl or
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mefiemiademe catalyst component is represented by the formulas: (C5
R'm)p R", (C5 R'm) Me Q&prx) @r 1o, R\(fe B:m)2 Me Q wherein Me is

158 Group 4, 5 or 6 transition metal, a lanthanide or an actinide; at least one
C5R',, is a substituted cyclopen{%\d ﬁ%"@%M‘? IQ', which can be the same

or
wherein Me is a Group 4, 5 or 6 transition metal, a lanthanide or an actinide; at
least one Cs R'y, is a substituted éyclopentadienyl, each R', which can be the same or
different is hydrogen, alkyl, alkenyl, aryl, alkylaryl or arylalkyl radical having from 1 to 20
20 carbon atoms or two carbon atoms joined together to form a part of a substituted or
unsubstituted ring or rings having 4 to 20 carbon atoms, R" is one or more of or a
combination of a carbon, a germanium, a silicon, a phosphorous or a nitrogen atom
containing radical bridging two (Cs R'y) rings, or bridging one (Cs R'y,) ring to M, when
p=0 and x=1 otherwise "x" is always equal to 0, each Q which can be the same or different
25  isanaryl, alkyl, alkenyl, alkylaryl, or arylalkyl radical having from 1 to 20 carbon atoms,
halogen, or alkoxides, Q' is an alkylidene radical having from 1-20 carbon atoms, s is 0 or
land whensis0,mis5andpis0,1or2 and whensis1,mis4andpis 1.
Preferred metallocenes are bis(pentamethylcyclopentadienyl) zirconium dichloride,
bis(pentamethylcyclopentadienyl) hafnium dichloride, bis(tetramethylcyclopentadienyl)
30  zirconium dichloride, (pentamethyleyclopentadienyl) zirconium trichloride,
(tetramethyleyclopentadienyl)(t-butylamido)(dimethylsilane) titanium dimethyl, and

(pentamethylcyclopentadienyl)(cyclopentadienyl) zirconium dichloride.



different is hydrogen, alkyl, alkenyl, aryl, alkylaryl or arylalkyl radical
having from | to 20 20 carbon atoms or two carbon atoms, joined together
to form a part of a substituted or unsubstituted ring or rings having 4 to 20
carbon atoms, R" is one or more of or a combination of a carbon, a
gemmanipimsarsilicon, a phosphorous or a nitrogen atom comt@iindidoos 002832
radical bridging two (C5 R'm) rings, orbridging one (C5 R'm) ring to M,
when p=0 and x=I otherwise "x" is always equal to 0, each Q which can
be the same or different 25 is an aryl, alkyl, alkenyl, alkylaryl, or arylalkyl
radical having from | to 20 carbon atoms, halogen, or alkoxides, Q is an
alkylideh S TABTEAITASIRI HHOL B SRS SHS S SPIS T gepiicolichy the
is GomigaFIand pis 0, 1 or 2 and whensis 1, mis 4 and p is 1. Preferred
metallocenes are bis(pentamethylcyclopentadienyl) zirconium dichloride,
bis(pentamethylcyclopentadignyl) hafnium dichloride,
bis(tetramethylcyclop n%adlelhyl) 30 zirconium dichloride,
(pentamethyleyclooe tar;l rconium trichloride,
(tetramethylcyclopentadj nyl)(t- Ja?ﬁido)(dimethylsilane) titanium
dilnethyl, and (penta et Icyclepentadienyl)(cyclopentadienyl) zirconium
dichloride. WO 2007/015074PCT/GBR006/002832 5 A preferred class of
transition metal complexes are represented generically by the Formula
(N:~RaXm G M 1L\Y2Ln g5 'wherein M is Y[II]; Y[IlI], Sc[ll], Sc[llI],
Ti[l], Ti[l, Ti[Iv], Ze[l, Zre[lifj, Zr[IV], Rifll], HE[H], Hiftv], V], V], V[IV],
5 NTwm_r_eiNM KT DB AL KoL T L, (], TPV LY FrOF) I AR [AFIV],
”ME lﬁﬁﬁ]&'ﬂlﬂ;('ﬁ?ﬂj'hfﬂﬁk’%[*ﬂ iRy &Uﬂ[ﬂﬁﬂﬁ%ﬂ% ﬂv?@ét‘ﬂ} R,
déﬁil represents an atom or covaléntly of |on|caflly
TGPy MEIETbASRY ol I4- 5 Rl I
whmhmsedﬁm G RATI0, IRHATIS, SONE mzyct&)m@m%am&mp
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10 (m which case the bond from O to M is covalent), -C(R =0, -CR® =NR), -
PRIYRH=NR") or PRDHRYH=0; R R’ R%, R, R® and R’ are each independently
selected from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl,

substituted heterohydrocarbyl or SiR's where each R’ is independently selected from
hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl and

15 substituted heterohydrocarbyl, and any adjacent ones may be joined together to form a
ring; G is either a direct bond between Y and Y?, or is a bridging group, which optionally
contains a third atom linked to M when q is 1; L is a group datively bound to M; n is from
Oto5;misIto3andqis1or2.

One preferred complex is represented by the general formula (II):
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selected from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl, substituted heterohydrocarbyl or SIR'3 where each R’

is independently selected from hydrogen, halogen, hydrocarbyl,

substituted hydrocarbyl, heterohydrocarbyl and 15 substituted
hetgi@hydrasspyl, and any adjacent ones may be joined togpéq%é%%%n
a ring; G is either a direct bond betwegn Y'and Y2, or is a bridging group,
which optionally contains a third atom’linked to Mwhen qis 1;Lis a

group datively bound to M; n is from Oto5;mis1to3andgislor2. One
preferred complex is represented by the general formula (11): Is N Xm Ra

- Myvheteir Rt BO<eviO 200 F0iHR7ARCHICB 008002882t BtwheréitRYyls
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indesirsirdeinly hdregtaditesahiriftgervyhaltbgeiicdyeseentbyl, Leetiifogarbyl
hydeecaryt.heterehydircaryl Andsubstityed:heterebydmeaatawbrad@iihe

other substituents are as defined above. In the 5 complex of Formula (11),
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pantietalapyicnlatyaCG oo a @b TVillietadtap artideddlly Ni, C9,00PPdreferably R* and
P bly.R' joined t er to f h iGh.
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anthracenyl group, which may itself be substituted. A further preferred
cor%%%c@ﬁfh%&oah%mﬂ(n%?l?pggsﬁﬂ%?@&
A further preferred complex is that of Formula (I1I):

RS

wherein M is Cr[II}, Ce[HI], Mn[1I], Mn[III}, Mn[IV], Fe[lI], Fe[III}, Ru[II], Ru[Ill],
Ru[IV], Co[Il], Cé[III], Rh[II], Rh[II], Ni[ll], Pd[II], Cu[I], Cu[ll]; X represents an atom
or group covalently or ionically bonded to the transition metal M; R® and R® are each
indeﬁendenﬂy selected from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl, substituted heterohydrocarbyl or SiR'3 where each R’ is independently
selected from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
and substituted heterohydrocarbyl, and R* and R” may be joined togéther to form a ring; R?
and R are each as defined above; and L is a group datively bound to M; n is from 0 to 5; m
islto3andqgis 1 or2. Preferably Mis Fe, Ni or Pd.

A particularly preferred complex has the following Formula (IV):



10

15

Xm Rb N/eLn 4 wherein ‘M is Cr[llj, Cr[lll], Mn[ll], Mn[lll], Mn[IV], Fe[ll],
Fe[lll], Ru[ll], Ru[lll], 15 Ru[IV], Co[ll], Co[lll], Rh[lI], Rh[IN1J, Ni[ll], Pd[I1],
Cu[l], Culll]; X represents an atom or group covalently or ionically bonded
to the transition metal M; Ra and Rs are each independently selected

froRy Yeragsny halogen, hydrocarbyl, substituted hydrocarbyher/ap2006/002832
heterohydrocarbyl, substituted heteropydrocarbyl or SiR'3 where each R’

is independently selected from hydroZen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl 20 and substituted
heterohydrocarbyl, and R and Rh may be joined together to form a ring;

R5 and R7 are each as defined abovewand Lné a group datlvely bound to
M;nisfromOto5;in islto3andqis L%% Preferably M is Fe, Ni or Pd.

A partlcularly preferred complex has th foII wing Formula (INS}: WO
26071015074 PCT/GB2006/002832~7 R X/ Y1=N i A'~\ Y1=N. R6

R wherein M.[T] is Ti[ll], Ti[lll], THV], Zr, ]Tﬂ/{iﬂ]j,‘(z/ﬁ{W], Hf[11], HfJI],

Hf[IV], VI, VI, V[IV], Nb[ll], Nb b[IV], Nb[V], Taf il], Ta[lllJ, Ta[IV],
Cr{l], Cr{iN], Mn[l1], Mn[Il1], Mn[1V], Fe[lYk_E&[l1], Ru[llj, Ru[lll], Ru[N],

Collll, Co [I], 5 Rh[I], Rh[IN], Ni[ll], Pd[{l]; X kepresents an atom or group
covalently or ionically bonded to the tr nsmor{{metal M; T is the oxidation
state ofwheeiraM§ition TiH8iaMIBhd NS, BNy Sf[Ive, &M .JtgldupliIV],
X, Y18, 18 P\Q‘ﬁif}%btﬁlﬁ gl%aﬁ@[t'gwf AN 841 O 4P Vwihthe

rowso that at least one’is C 6 are each mde
Cr[II], MnfI1}, Mn[IIT], Mn[IV], Fe[{I], Fe[III], RufIf], Ru[IIT], Ru[IV], Co (1], c&fm]

RA[II], RhfIII], Ni[II], PA[Il]; X represents an atom or group covalently or ionically

bonded to the transition metal M; T is the oxidation state of the transition metal M and b is
the valency of the atom or group X; Y'is C or P(R%), A' to A* are each independently N or
PorCR, 'with.the proviso that at least one is CR; R, R, R* and R® are each independently
selected from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl,
substituted heterohydrocarbyl or SiR’s where each R’ is independently selected from
hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl and
substituted heterohydrocarbyl; and R® and R” are each as defined above,

Preferably Y'is C. Preferably A’ to A® are each independently CR where each Risas
defined above. In alternative preferred embodiments, Al and A? are both N and A2 is CR,
or one of A to A*is N and the others are independently CR. Examples of such

embodiments include the following:

s

N——»M[T} (T/B)X R2 N——->~M T (T/B)X

L i

Formula (IVa) Formula (IVb)
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selected from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl, 10 substituted heterohydrocarbyl or SiR'3 where each
R'is independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl and substituted
hetgeohydiegagbyl; and R' and R7 are each as defined abovediRketesaalyzsss
Ytis C. Preferably A' to A3 are each 'gﬁdependently CR where each R is
as defined above. In alternative preferred embodiments. A" and A' are
both N and A2 is CR, 15 or one of A'to A'is N and the others are
independently CR. Examples of such embodiments include the following:
RQ R5 R4 R' RIrRE==NTRX N\ N- M[Tj-(T/b)X R-(\ N-.-M[T)-(T/b)X _If N 1
Rj R6 RZ R6 \R' la (IVa) Formula (IVb) WO 2007/015074
PCT/GB2006/002832 8 R4 R' 1 R2\/N.-3-M[TJ-(TYb)X nT R6 R7
Formula (IVe) Wherein BY, R2 and BY are each independently H, or
~@®rterally in the above Formulae, R' and R7

alicyclic, het€rocyclj aromatic groups, for example, phenyl, 1-naphthyl,

2-naphthyl, 2-methylphenyl, 2-ethylphenyl, 2,6-diisopropylphenyl,

2,3-diisopropylph%nyl, 2,4-diisopropylphenyl, 2,6-di-n-butylphenyl,

2.6-dinvethylaliBryl, 2,3-dimethylphenyl, 2;4-dimethylphenyl,

2-t-b U%Ha%ﬁw R6-giphend E%ﬂﬂgegaﬂd_@ndﬂ metaydplagikyl, aryl or aralkyl.

2’6-trlflg}2£grr£§/t21yg Q gbnoyxlllé %6?{51?152&% g;ﬁlgl;e;gy;% 2 15/ ?ﬁgependenﬂy selected
from substituted or unsubstituted alicyclic, heterocyclic or aromatic groups, for example,
phenyl, 1-naphthyl, 2-naphthyl, 2-methylphenyl, 2-ethylphenyl, 2,6-diisopropylphenyl,
2,3-diisopropylphenyl, 2,4-diisopropylphenyl, 2,6-di-n-butylphenyl, 2,6-dimethylphenyl,
2,3-dimethylphenyl, 2,4-dimethylphenyl, 2-t-butylphenyl, 2,6-diphenylphenyl, 2,4,6-
trimethylphenyl, 2,6-trifluoromethylphenyl, 4-bromo-2,6-dimethylphenyl, 3,5-
dichloro2,6-diethylphenyl, and 2,6-bis(2,6-dimethylphenyl)phenyl, cyclohexyl, pyrolyl,
2,5 dimethylpyrolyl and pyridinyl. ,

Ina préferred embodiment R’ is represented by the group “P” and R” is represented

by the grouia “Q” as follows:

R28 R27 RZ R24
R20 R26 R2 R25
.,
s R19 “R22
Group P Group Q

wherein R™ to R?® are independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl; when any
two or more of R! to R*, R® and R to R® are hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl, said two or more can be linked to

form one or more cyclic substituents.
Preferably at least one of R, R%, R2! and R* is hydrocarbyl, substituted

hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl. More preferably at least



10 diehloro2;6-dietlrylphenyl, and 2,6-bis(2,6-dimethylphenyl)phenyl,
cyclohexyl, pyrolyl, 2,5 dimethylpyrolyl and pyridinyl. In a preferred
embodiment RS is represented by the group "P" and R7 is represented

by the group "Q" as follows: Rzs Rev R3 Raa R20 R26 R21 R25 15 R19
R2% &1@dp1Ryroup Q wherein R19 to Reg are independentp-$elgeigshoss2
from hydrogen, halogen, hydrocarbylg substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl; when any two or

more of R1 to R4, R6 and R19 to R28 are hydrocarbyl, substituted
hydrocart%yl, 20 gleterohydrocarbyl or subszt'tqted heterohydrocarbyl, said
twenerRToranhR banihkdertboroiRone e Rmdrdigisteraiibstheitited hydrocarbyl,

F’rg&%ﬁ%@g@%@ﬁb@E\t%]@fnhﬁeh%e%%yﬁ%&@qﬂR@I%gﬁpw?wb% R*, R* and R*

substituted hydrocarbyl, heterohydrocarhyl qr substitute

e e T RS R
PCEER2006/09283ib% one] bt R bBydndaebank ‘AtREast omed Bf R artbrably
R22.is.h ti terohyd |.ox ,

B R S R SR
all i perribhtReeRIeE et Heeih W%gdmwgaﬁg%t@%y%éﬁw,
heterof%yg;ggggff,bw%{ﬂsgld?.;{m,tlgaj?@g[d?};@%@géﬂa}# IIRFga.rB%%eB&b@n:j R22
are preferably 5 independently selected from met thyl, n-prapyl,
oSBT EB BB Bl peHRSTRES e R RO ety

- 4-ribthylgeotyl, mboctyl-pitehyHang beoayl, RheRZ 88 RuRE R1Y R20,

10R2S, R %ﬁf&gﬁal e@gc@d%gﬁ @'ﬂrseggrgg%gyzindependently selected

o $

from hydrogen and'C1 to C rocarbyl, for example, methyl, ethyl,
f, n-R&xyl, n-octyl, phenyl and henzyl. 10 A

n-propyl, n-butyl, t-buk

particularly preferregio compilex has the Formula Z R21 R27 R"0 P \ R26
R @

NI R
N M[T] — (T/h).X
—N RY
R
R% R¥
Formula Z

wherein R}, R? and R® are each independently H, or C,-Cyy alkyl, aryl or arélkyl and
wherein R to R?® are independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl; when any

15  two or more of R! to R4, Ré and RY to R® are hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl, said two or more can be linked to
form one or more cyclic substituents.
. Preferred complexes are 2,6-diacetylpyridinebis(2,4,6 trimethy] anil)FeCl, and
2,6-diacetylpyridinebis(2, 6 diisopropyl anil)FeCl,.

20 In an another embodiment, applicable to all the above structures, R® is a group having

the formula -NR¥R¥ andR" is a group having the formula -NRBIR”, wherein R? to R¥



R R19 R'N R2 M[T] -- (TP0).X R' _N'R’'i R6 Rzs Q Rz3 Ru Rzs

Formula Z wherein R', R2 and R' are each independently H, or C 1-C 10
allcyl, and or aralkyl and wherein R19 to R28 are independently selected
from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl,
hetgrehy@ipegby! or substituted heterohydrocarbyl; when any 1a-twa o -
more of R1 to R4, R6 and R19 to R2§ are hydrocarbyl, substitute
hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl, said two
or more can be linked to form one or more cyclic substituents. . Preferred
complexes are 2,6-diacetylpyridinehis(2,4,6 trimethyl anil)FeCl2 and

4 2 Gadindepytplyritinebist2 fHuiiscipoopy hahigre i abyh arbsinatérydrocarbyl,

10

15

20

25
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Indepemmy ﬁ%@ﬁ&@xfﬁ@d’ﬂabﬂ%%ﬂ& HfalpgrM shyekacai whospstiidRdbed in

hydrocarb he ero roc;ar uted heterohydrocarbyl, and
> maS b &R %4518?9%&30 %fki?g?{g ‘substituents. Examples of such

compomadszldaelyjisdasudsmhmﬁﬁtﬁﬁt&mmmmmmpﬂef@f}ed substituent
for both R5 and R7 are pyrazelyl groups, as described in 5 our own
co-pending applica PCT02/02247. Particularly preferred is the
substituent having the formyla (II): Formula (1) ~N The atom or group
represented by X in the complexes disclosed above can be, for example,
selected from halide, sulphate nitrate, thiolate, thiocarboxylate, BF4 ,
PF&yrmula (II) N .

The atom or group represented by X in the complexes disclosed above can be, for

example, selected from halide, sulphate, nitrate, thiolate, thiocarboxylate, BF4, PF¢,
hydride, hydrocarbyloxide, carboxylate, hydrocarbyl, substituted hydrocarbyl and
heterohydrocarbyl, or B-diketonates. Examples of such atoms or groups are chloride,
bromide, methyl, ethyl, propyl, butyl, octyl, decyl, phenyl, benzyl, methoxide, ethoxide,
isopropoxide, tosylate, triflate, formate, acetate, phenoxide and benzoate. Pfeferred
examples of the atom or group X in theicompounds of Formula (I) are halide, for example,
chloride, bromide; hydride; hydrocarbyloxide, for example, methoxide, ethoxide,
isopropoxide, phenoxide; carboxylate, for example, formate, acetate, benzoate;
hydrocarbyl, for example, methyl, ethyl, propyl, butyl, octyl, decyl, phenyl, benzyl;
substituted hydrocarbyl; heterohydrocarbyl; tosylate; and triflate. Preferably X is selected
from halide, hydride and hydrocarbyl. Chloride is particularly preferred. |

L may be for example an ether such as tetrahydrofuran or diethylether, an alcohol
such as ethanol or butanol, a primary, secondary or tertiary amine, or a phosphine.

Catalysts particularly preferred for use in the present invention are selected from
those comprising (1) two or more transition metal compounds at least one of which has the
following Formula A, and optionally

(2) an activating quantity of a suitable activator,



10 hydride, hydrocarbyloxide,carboxylate,hydrocarbyl, substituted
hydrocarbyl and heterohydrocarbyl, or (3-diketonates. Examples of such
atoms or groups are chloride, bromide, methyl, ethyl, propyl, butyl, octyl,
decyl, phenyl, benzyl, methoxide, ethoxide; isopropoxide, tosylate, triflate,
forgatewageiple, phenoxide and benzoate. Preferred examples@fiheooss2
atom or group X in the compounds of,Formula (1) are halide, for example,
15 chloride, bromide; hydride; hydrocarbyloxide, for example, methoxide,
ethoxide, isopropoxide, phenoxide; carboxylate, for example, formate,
acetate, benzoate; hydrocarbyl, for example methyl, ethyl, propyl, butyl,
octyl, decyl, phenyl, benzyl; substltuted carbyl heterohydrocarbyl;
tosylate; and triflate. Preferably ected {rom halide, hydride and
hydrocarbyl. Chloride is particul referred. 20 L may be for example an
ether such as tetrahydrofurEn r diethylether, an alcohol such as ethanol

or butanol, a primary, secopdsry or tertj ﬁrarrﬁﬁécxdu(lazphosphine.
Catalysts particularly preferyedpfr use’in the present invention are
selected from those comprising (1Etwo or morg transition metal
compounds at least one of which has Tlowing Formula A, and
optionally 25 (2) an activafipg,guantity %suﬁatﬁf activator, WO 20 0
710 150 74 PCTIGB2006/002832 11 (DZ),n &2 R J D' M(X)y(L)~ / E

I K\ For(gpula A A2 2 [A4 A3 wherein in the five- nl}l:mbere

het‘@ BT B U ROWISTER PR R SR P U {EYURIRY or upsaturated
' unsudbsﬁﬁubetntmdsmrbmhmmddobyhmhdecmﬁmmd@ntgtbgp&ubsatdnesmbmaA

to Aoé}n'\f??@g §§s&82t J?ﬁ%ﬁ%t&%@b%ﬂ AR AL BLISALONEHAN SHEHES the

from N, O, P an
5  remaining atom in said ring, if any, being selected from nitrogen and carbon; any 2 or more

of Alto A* can form part of one or more further ring systems; M is a metal from Group 3
to 11 of the Periodic Table or a lanthanide metal; E' and E* are atoms or groups bearing
single and or double bond connections and being independently selected from a substituted
or unsubstituted carbon atom or (i) aliphatic hydrocarbyl, (ii) alicyclic hydrocarbyl, (iii)

10  aromatic hydrocarbyl, (iv) alkyl substituted aromatic hydrocarbyl (v) heterocyclic groups
and (vi) heterosubstituted derivatives of said groups (i) to (v); J is a group comprising one
or more carbon atoms and optidnaﬂy one or more atoms selectegl from N, O, P and S each
of which can be substituted or unsubstituted by halogen or hydrocarbyl groups; D' and D*
are donor atoms or groups; X 18 an anionic group, L is a neutral donor group; m, n and p

15 are independently 0 or 1; 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.

For the avoidance of doubt the term “unsubstituted” as used in relation to a
hydrocarbyl or heterocyclic group means that any hydrogen atoms normally associated
with such group have not been replaced by other groups or atoms.

20 E' can be bonded to any of A' to A*, Preferably B is bonded to A'.

The five-membered heterocyclic group K preferably contains 3 carbon atoms in the
ring.
In a preferred embodiment of the present invention K is specifically an imidazole-

containing group.
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5 remaining atom in said ring, if any, being selected from nitrogen and.
carbon; any 2 or more of At to A4 can form part of one or more further
ring systems; M is a metal from Group 3 to 11 of the Periodic Table or a
lanthanide metal; Et and E2 are atoms or groups bearing single and or

douRlg endseennections and being independently selected ff,(aq}(gB 006/002832
substituted or unsubstituted carbon atom or (i) aliphatic hydrocar y;i., (1)

alicyclie hydrocarbyl, (iii) 10 aromatic It‘?ydrocarbyl, (iv) alkyl substituted
aromatic hydrocarbyl (v) heterocyclic groups and (vi) heterosubstituted
derivatives of said groups (i) to (v); J is a group comprising one or more
carbon afimsdidiitbaptiotaliyrone diffnetedatomsselectadiafoNxnPlend gen,
S . I¢h ¢ | or unsubstitute logen 1
o o B I oty o
grdvipre selested il ot gt ennrnared forusiareNAiepentBherposof
{ mﬂxmm@mdf?pﬁﬁéi@mtk%r@f? Lﬁ%@g@f@g@fﬂ% (E');ngﬁhﬁiﬂ H%ﬂ&ﬁ:ﬁg@ﬁ?ﬁi@nd
groups satisfy the valency and. oxidation state e metal M. For. the
o R N R
hydmmﬁyﬂdwh’eimoqaﬂtcgglwp(vmﬁmmmyehylelnimglﬁm:satﬁsaa'sl groups (i) to
normally; ARRAGIALE -%@iﬁx‘t’e@fk%%if?cﬁl@’r%dé?%?&?\Qif)eﬁﬁ%?g}x@(agme%ontaining
to any o er

groups or atoms. Z0 El can be bonde A"to Ad. Preferably El Is
bogH&#%t0 A'. The five-membered heterocyclic group K preferably contains

3 carbonRimBINTING KifGedinfar RraiRiredathbes Rest PLIRG HIRERAMIng
206 BT GLBOOb OS5 a2 Boaer O3 Ch e LR A
differessedo ndinaterh gromgieninss, fomefamplenteadiphatis biffdiqcaitraigeoups such
PhaSRRGRIS. R0 A BIDELANITIRR Al BhashRiRg-Risferably B A
D2 are selected from okxygen, sulfur, an amine of formula—N(RfZ -ora
phaUprefeh B 6T §roppRA Adgrrerivh FOIOER RIGaRREd gerobr)-
alighati ey sresarbiyladih fialicusliarbydieapshyd Kiithar omadis hyepasstby|,
QT T S e
hydroeer byl lsubstitotddostetoatodt grooupdramay{ vl Adthetisopropyl. Examples
imigmlﬁﬂgqﬁmﬁgic%ﬁupﬁre 2-pyridinyl, 3-pyridinyl, 2-thiophenyl, 2-furanyl, 2-
pyrrolyl, 2-quinolinyl. Suitable substituents for forming heterosubstituted derivatives of-
said groups R!toRY are, for example, chloro, bromo, fluoro, iodo, nitro, amino, cyano,
ether, hydroxyl and silyl, methoxy, ethoxy, phenoxy (i.e. -OCsHs), tolyloxy (i.e. — |
OCsH4(CHs)), xylyloxy, mesityloxy, dimethylamino, diethylamino, methylethylamino,
thiomethyl, thiophenyl and trimethylsilyl. Examples of suitable heterosubstituted
derivatives of said groups (i) to (v) are 2-chloroethyl, 2-bromocyclohexyl, 2-nitrophenyl,
4-ethoxyphenyl, 4-chloro-2-pyridinyl, 4-dimethylaminopheny! and 4-methylaminophenyl.
Examples of suitable hydrocarbyl-substituted heteroatom groups are chloro, bromo, fluoro,
iodo, nitro, amino, cyano, ether, hydroxyl and silyl, methoxy, ethoxy, phenoxy (i.e. —
OCgHs), tolyloxy (i.e. ~OCeH4(CHa)), xylyloxy, mesityloxy, dimethylamino, diethylamino,
methylethylamino, thiomethyl, thiophenyl and trimethylsilyl. Any of the substituents R' to
RY may be linked to form cyclic structures. Substituents R* to R™ may also suitably be
inorganic groups such as fluoro, chloro, bromo, iodo, nitro, amino, cyano and hydroxyl

D? can be, for example, any of the donor atoms or groups specified above for D',



Preferably D1 is nitrogen for example -NR' - or =N- or a

nitrogen-containing 10 group, for example -N(R'")-R20- wherein R1
represents a monovalent group and R2 represents a divalent group
derived from, for example, aliphatic hydrocarbyl groups such as methyl,
ethylogtayiRsys butyl, hexyl, isopropyl and tort-butyl Examples fsUilaRiess,
alicyclic hydrocarbyl groups are adan‘BntyI, norbornyl, cyclopentyl and
cyclohexyl. Examples of suitable aromatic hydrocarbyl groups are phenyl,
biphenyl, naphthyl, 15 phenanthryl and anthryl. Examples of suitable alkyl
substituted aromatic hydrocarbyl groups are benzyl, tolyl, mesityl,
2,6-diisop¥bpyphedyl et 226 iridoplopyhtExamgles bisuithtiecan be
hetar0GYIIG AR URS, Lerd 0y AN RFRY & 2 iRRRe N, R Wk Ahing
pyrrolyl, 2-quinolinyl.” Suitable substituents for forming heterosubstituted
dedidiVes of said groups R'to R" are, for example, chloro, bromo, fluoro,

iodo, nitrghamildezdlyanmaiheihenpydrexytang siptbumeieny fRIA®eymulac Ia

sphengxy (i.e. -OC6HS5), tolyloxy (i.e. - , OCEH4(CH3)), xylyloxy,

mesityloxy, dimethylarnino, diethylamino, methylethylamino, thiomethyl,
thiophenyl and trimethylsilyl. Examples of suitable heterosubstituted

derivatives of said groups (i) to (v) are 2-chloroethyl, Z;Drgm\ocyclohexyl,
2-nitrophenyl, 4-gthoxgphenyl, 4- htOTyﬂz-pyridinyl,/ —N
4-dimethylamingphieiyl and 4-mét inopheny!l: 2%
suitable hydroca
fluoro, iodo, nitro, amird, eyand, ether hydroxyl andesilyfymethoxy,

- OCEHS), tolylbky. {i.e. “OC6H4(CHBY), ’xy'iykoxy,

..........

,,,,,,,,,,,

linked to form cyghi¢ sirustures. Sipstitdients R2 to R"/mdly also.suitably be
30 inorganic gr@{y s such as flugro oro,‘\promo,/'| o itreRamino,
cyano and hydrox pah be,! o pie, any bf the dorjor atbms or
groups specified, a\ﬁg-f?

13 When D' and /e D24

can be identical with K. In a preferred embodiment D2 and K are identical
imidazole containing groups. The imidazole-containing group K is

e'forD1. WO 2007/015074 ROTIGE2006/002832
re'an imidazole“containing-grouf this ofthese

10Preferably ife GrotR RelRatethfraRadpermRBa RratR M@ monovalent (i) aliphatic

15

20

hydrocarbyl, (ii) alicyclic hydrocarbyl, (iii) aromatic hydrocarbyl, (iv) alkyl substituted
aromatic hydrocarbyl (v) heterocyclic groups, (vi) heterosubstituted derivatives of said
groups (i) to (v), and (vii) hydrocarbyl-substituted heteroatom groups. It is preferred that
the imidazole~containing group has a structure described in formula Illa or Via (these are
“benzimidazoles™).

These defined groups R*to R*! preferably contain 1 to 30, more preferably 2 to 20,
most preferably 2 to 12 carbon atoms. Examples of suitable aliphatic hydrocarbyl groups
are methyl, ethyl, ethylenyl, butyl, hexyl, isopropy! and tert-butyl. Examples of suitable
alicyclic hydrocarbyl groups are adamantyl, norbornyl, cyclopentyl and cyclohexyl.
Examples of suitable aromatic hydrocarbyl groups are phenyl, biphenyl, naphthyl,
phenanthryl and anthryl. Examples of suitable alkyl substituted aromatic hydrocarbyl
groups are benzyl, tolyl, mesityl, 2,6-diisopropylphenyl and 2,4,6-triisopropyl. Examples
of suitable heterocyclic groups are 2-pyridinyl, 3-pyridinyl, 2-thiophenyl, 2-furanyl, 2-

pyrrolyl, 2-quinolinyl. Suitable substituents for forming heterosubstituted derivatives of



itN/RZN Rs. N Re alaHaR"RioR''Ina /[HNRs HNR2HN"/ao'f~1 1, 1
111 RyaRarvaR, VaR We R,"Vla 10 wherein the groups R2 to Ri 1 are
independently hydrogen or a monovalent (i) aliphatic hydroearbyl, (ii)
alicyclic hydrocarbyl, (iii) aromatic hydrocarbyl, (iv) alkyl substituted

arogigtis, hydregarbyl (v) heterocyclic groups, (vi) heterosubs;;&L Egzoo 6/002832
derivatives of said groups (i) to (v), a@g (vii) hydrocarbyl- substltuted

heteroatom groups. It is preferred that the imidazole-containing group has
a structure described in formula llla or Vla (these are 15
benzmrldazoles") These defined groups R2 to R1' preferably contain Ito
30 seitorepreléradly’ 2te 20 exoseprefsrablyrradli@cardomitemsino, cyano,

Exeem'% @&gmlgﬁmgh%%ﬁmmggamhsﬁ?tg ﬁg?“faﬂdé%l Yie. -

eth I butyl, hexyl, iIsopropyl and tert-but es of suitable

i A A A SR AT A S e
cy@l@hﬁmma&@mﬁwm aﬁwltﬂbimamamhyﬂm@@lbwe@ﬁemstaﬁ&d .
ph n hepyl, nap hth | and anthryl Exam les, of
alk?ﬁl){v Pg% utp %ldal% ugflgghtd? gear arr%eu 3 aﬁﬂe)y 235 (flotoeIXYlO{ 8 {yP Eenyl

2 e‘lmﬁh@iympymrfeﬁ}wmﬁmﬁm@mh|ét§mt9ﬁwlammplp¢e:§ emﬂgiumamﬂammphenyl
heteragy %%ﬁﬁ%&%?@c%ﬂ%&%ﬁ%@i@ﬁda@ AiRRBe I R Y £ Tiuoro,

pyrrolyl, 2-quinolinyl. Suitable substituents for forming heterosubstituted

derRAH B SIS S1539/6T80 PAEesT R 508/ Tohay. (AP issiR
to I@E@Iﬁ}ﬁpfﬁbﬁy(ampléﬁ(;ﬁk@ﬂgb[&mﬂoﬂﬂQﬁ@s@dﬁyrﬂif@atﬁﬂwﬁm@ﬁﬂﬂ@lammo,

l. -0 2
10%“;? xﬂ%)(qﬁ%ég%’l-@%é—} n}e%?f)é m@éﬁ{%ﬂl d%l %h g tﬁe sQBshtuents R to
dleﬂf\ymfm #Riifﬁﬁ%iﬁwfétmﬂﬁwwu@m@m§tﬁ§1ﬁtﬁm)ﬂetwliamﬁ¥mhem1ybe
Examplesetsiiable hetGrsWhribigdum deHyatives Afiiaidyareuns kiiBxyl.

(v) are 2-chlorosthyl, 2- bromocyclohexyl 2-nitrophenyl, 4- ethox phenyl,
A-chloro -yt rE AL ARG NE ks e A s Hekas o
ExaropleEas &ﬂﬁ&bi@vh@idpd@aéhy lagtlnstilstedvheteredtaMs AR Rl selected

Chlx.Qr B Hfgf’%ﬁa ccl)focarbyl (ii) alicyclic hydrocarbyl, (iii) aromatic hydrocarbyl, (iv)
alkyl substituted aromatic hydrocarbyl (v) heterocyclic groups, (vi) heterosubstituted
derivatives of said groups (i) to (v), and (vii) hydrocarbyl-substituted heteroatom groups.
Examples of suitable divalent groups E are ~-CHy-, ~-CHyCHy-, -CH, CH,CHo-, 1,2-
phenylene, frans-1,2-cyclopentane, tl"dns~l,2—cyclohexane, 2,3-butane, 1,1°-biphenyl, 1,1’-

20  binaphthyl, and -Si(Me),-. It is preferred that E is an aliphatic or aromatic hydrocarbyl
group. More preferably the divalent group E is ~-CHj,-. Examples of suitable trivalent
groups E are -CH-, -CHCH,-, -CH,CHCH,-, and -Si(Me)-.

Jis a bridging group between E*and E'. It is preférably a C; to Cy, divalent
hydrocarbon group. It can, for example, form part of a saturated unsaturated or aromatic

25 ring system. For example, E', J, E%, D, and can together from a pyridine, piperidine or
pyrrole system wherein D' is the nitrogen atom and E', J, E? from the rest of the ring.

The values of m, n and p in the present invention are independently 0 or 1.
Preferably m = n = p. More preferably m and n are both 1 and pis 0 or 1.
When m, n and p are zero in Formula A, the Formula reduces to Formula D.
30



iodo, nitro, amino, cyano, ether, hydroxyl and silyl, methoxy, ethoxy,
phenoxy (i.e. - OC6HS5), tolyloxy (i.e. -OC6H4(CH3)), xylyloxy, mesityloxy,
dimethylamino, diethylamino, 10 methylethylamino, thiomethyl, thiophenyl
and trimethylsilyl. Any of the substituents R2 to R" " may be linked to form
CYGH& ShiHetdmes. Substituents R2 to R' 1 may also suitably be - efgaic2s32
groups such as fluoro, chloro, bromo, iodo, nitro, amino, cyano and
hydroxyl. El and E2 (hereinafter referréd to as "E") can be the same or
different atoms or groups. E is divalent when p is zero, and trivalent when
p=1.Eis independently selected 15 from (i) aliphatic hydrocarbyl, (ii)
alicyclic hydrocarbyl )~aLo 5& drocarbyl, (iv) alkyl substituted
aromatic hydrocarb (v) hete ocy¥: “groups, (Vi) heterosubstituted
derivatives of said g;rloups (1) to (v), and (vii) hydrocarbyl-substituted

heteroatom groups Ple of‘suitable divalent groups E are -CH2-,
-CH2CH2-, -CH2 C T1.2- phenylene, trans-1,2-cyclopentane,
trans-1,2-EyoioireRane, 2 uKsln,éa4 ,1'-biphenyl, 1,1' 20 binaphthyl, and
-Si(Me)2-. It is preferr 3|s aliphatic or aromatic hydrocarbyl

group. More preferably he dlvale t group E is -CH2-, Examples of

sunable trivalent groups E are -CH-, -CHCH2-, -CH2CHCH2 and Jis a

brl g group between E2 and El. It is preferably a. C1 to C12 divalent
CTOREHE Gotip A Ea ok xR FoFm D AR BF &barated

u nsatu rated enatoatieaPompensysié furhakexandidesak heldkrin Banam Clery

sca ether fr me ricli i r|d rrole s m.wherein D' is.the

SR B oo B T R O B D R et

and’%ﬁh&@?@é%W@W%Mﬁ@p@ﬁh@ﬁh@f@w of BBreheraibsipn3 61 = .

p. W&ﬁ&fﬁ(ﬁ@?%@% wafe: hethd-ane o 39 6951. When m, n and P
are zero in Formula A, the Formula reduces to Formula D, 30 W

2007/0153?@%%?@%%%%95‘%%‘% gRUP K\pRpis) 3 1@?%@&%#%&% B {5

K 4risy hnd\Breferably has 3 carbon atoms in its ring. Examples of suitable 5-membered

10 heterocyclic groups are shown below wherein one of the nitrogen atoms is bonded to the

transition metal and the bond to E' is depicted by the “free” valency bond:

O O



wherein DI, El, K, Al to A4 M, X, L, y and z are as defined above. The
transition metal compounds of Formula A and D can be drawn from a very
5 large variety of compounds. Examples of suitable ligands are illustrated
in copending Patent Application WO 2004/083263 published in the name

of RPoGhemigals on 30th September 2004 - see in particularzQrmulac oas:2
Nos. 20 to 157. The five-membered h%erocyclic group K contains at least

2 carbon atoms in its ring and preferably has 3 carbon atoms in its ring.
Examples of suitable 5-membered 10 heterocyclic groups are shown
below wherein one of the nitrogen atoms is bonded to the transition metal
and théibond to El is depicted by the "free'yvalency bond: Hi N Cr Cr C//

N H ot N 15 M 5\ 2007/01807 G82006/002532 16 ~N
W\ 6 M\1 O//t N-N N-N\ N-NHN (yCY\ \H s/M'Ir5 "N N N-N NN-N H N/
~'N/\O N—~N

N\/i Z/ N\\:Z// N\\/_— Z/ ’

5

Ndf “@SJ/ N\Qiz/

15



NNN HN 10H//,.~~/ N__/\N NI~ 15 WO 2007/015074
PcTIGB2006/002832 17 The following are examples of transition metal
complexes that can be employed in the catalyst: 5 HMeH 1/N,~ N C

N /Cc CICI Me MeMe C//IN~N\-NNCI HH /rN/N.,"loN 01 CI
W(RVME’/@J.@QJ4 PCT/GB20061002832 18 pAeN HN N PCT/CB2006/002832

17

The following are examples of transition metal complexes that can be employed in

the catalyst:



IN/ MeN-CrC13 HN-CrC13 HN-CrCI2 5N\N Hi/,cD HN 10 S-CNCI3
N-CrCl2 MeN-CrCI3 N)-\, NI1\1.5HNDHN~/ NN MeN-VCI3
PhPP-CrCI3 MeN TICI3N NN ~ 20 HN, N"AN /1 1\ N Me4TIC12
O-CrC13 ~>/CrCI3 I\N N )r-NH\/H N )-N 25 WO 2007/015074

PGl §262@06/202832 19 Ph HN 11N~ "/ (A/ N N N Ph Mep¢et32906/002832
MeN-CrCi3 MeN-CrC13 Ph N // Nl\llé-IN PIN o Ph

o 0 o

MeN— CrCl3 HN or013 HN CrC|2

S— CrCls N—~CrCl2 MeN— CrCI3

15

20

25

X0 D poy
pov @;f@

MeN“VCl3 PhP— CI"CK;; Me T;Cls

W XD D
bo @ %Q

o Yp Yo
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10 HNN HN N N PAeN-CrCi3 MeCrCi3 MeN--CrCI3 HN N/ N HN HN |
1I5FINHHNN 1 R " N!PAeN-CrCi3 MerC13 ~ 1-1 20 FIN HN 25 WO
2007/015074 PCT/GB2006/002832 20HCH3 HH __ N 0~~CI_N N I\CI
NNC~I~CINCINH3CH3 H3NHHNNH3 O ~CICH3CH3Ph ~Ph

H b 060 44N D IND N Cl I CI PCT/GB2006/002832
19

Ph
HN
HN HN N

X N
N

! Ph
MeN— CrC!3 MeN—~CirClg Ph N

“( ¢ !
“d

HN
HN HN

Ph

o
o B0 0

MeN-—CrC!3 : MeN— CrCla

o TG
S

/N
MeN—CrCl;
MeN—CiCly \



OCH3CH33SCH3H R14NaN~/~-H5N~-N V tNiJ\WJ-~//\ C,INCI
VLI/CITINCIO RIH9H N~f 11~N,A\-~/J\N,, N IANi N Url/\ I N O -N
Rp R3 N O O R1-R3 = alkyl, aryl, etc. WO 2007/015074
PCT/G820061002832 21HH NNN”~ 1111 S~NV N-/1\6 CI CI COCI

Cl W 6forelk{t NS(CI C~IVCI CI Cl Hal Cl ccrb H3C CH3 ¢ /Hiadidd2832
El
20

viss: @W\R’j}
N—7V<*——-N .
ci | cl ci (I:I cl

H3C
\
N

T /u\ C}

CH3 CH»

CHa CH3

3

R1-R3 = alkyl, aryl, etc.



UUC~CI\e/CIOCIC'HHHCH33HNI!CIINNItIIt.N"_/NY\
N/(NC_NHNY Cl~"Y c Cl, SbF666F4, 6(CGF5)4, etc WO
2007/015074 PCT/GB2006/002832 22 In Formulae A and D, M is a metal
selected from Groups 3 to 1l of the periodic table or a lanthanide such as,
for @upplespgodymium. M is preferably selected from Groyps 2:£9,dhossa
more preferably selected. from Sc, Ti,.Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn 5
and Co. The transition metal of the catalysts used in the process of the
present invention is most preferably cobalt, titanium, zirconium, hafnium,
vanadium or chromium. The anionic group X in Formula A can be, for
example, a halide, preferably chloride or bromide; or a hydrocarbyl group,
for example, methyl benﬁyl or phenyl; a carboxyiate, for examplée;j acetate
or an aeetylacetﬁnate ap gxide; E‘in amide, for examyple 1§ d| Try?’ mide;
an alkoxide farexampléy'met foxnde..ethoxid i Na
hydroxyl. ‘MN@H— -earbed nonycolydinAli /l

weakly-coond w/ tin d\tfmr -\u pi, tetrafluoroborate] a fluorinated
aryl borate or a triflate. Tfle anionic groups X may be the same or
different and may independently be monoanioruc, dianionic or trianionic.
The neutral donor group L cankﬁ:e, for example, a solvate melecule, for

example 15 digthy! T an amine for exagnple~dibtbyl amine,
trimethylajeiag or yndfﬁe a ok Gle ffimetlyl phpsphias
or triphe @: 7 : v } -

nonconjugsted diené! : ngor groups
selected from hydrocarbyl or trlmethylsnyl groups, said group having up to
40 carbon atoms and forming a pi-complex with M. When L is a diene

ligand, it can be, for 20 example s-trans-n14-1,4-diphenyl-1,3-butadiene;
s-trans-,04-3- methyl P pentadlene S-

gise

Cl

Y = Cl, SbF6, BF4, B(C6F5)4, etc



trans-rl4-1,4-dibenzyl-1,3-butadiene; s-trans-r14-2,4-hexadiene;

- s-trans-Tl4-l,3-pentadiene; s- trans-r)4-1,4-ditolyl-i,3-butadiene;
s-trans-rl4-1,4-bis(trimethylsilyl)-1,3-butadiene; s-trans-
94-1,4-diphenyl-l,3-butadiene; s-cis-i 4-3-methyl-l,3-pentadiene;
s-ciganidh-lodedibenzyl- 1,3-butadiene; s-cis-r)4-2,4-hexadien@cr/ar2006/002832
s-cis-Tl4-1,3-pentadiene; s-cis-rl4-1,4;4litolyl-1,3 25 butadiene; or
s-cis-rl4-1,4-bis(trimethylsilyl)-13-butadiene, said s-cis isomers forming a
.pi.-bound diene complex; The value of y depends on the formal charge
on each group I{ and D, the charge on the anionic group X and the
oxidation state of the metal M. For example, if M is chromium in oxidation

S%tite +3,1J§ﬁ&ﬁﬂ§éJM@hﬂﬁ9uu?z wﬂﬁ%tg@;a%q&%&@mdﬁgym ltf\@fghétﬁ&ii@d&

| IS a mQnoanionic group._.(eg, cnioriae); 1 IS omi a

stafRle gt %H@lﬂp@a?saﬁg.‘i %Sfffr%maﬁ@ BegrsmpR: r%\}ﬁr I SRECHF o
oth@nipis neidralpth erefpish B febteod Hooups AreZm Hiﬁp‘éﬁ}ﬁn iCagfoLids,(@.gvin

5 Ch'&a@ M. Q&%%QP% 9?%&%&%@&99?@/&’9?@@%1&%59109!&6 g)!;gge%?ﬁl%mm is

the present invention the use of transition metal comp lexes of the metals

coBit aicEseab. éﬁéw@rewé@n@ép@éawcwﬁ@%@réhm&mm A
(D2)m EZhHahidhi) ghouist A fobbivih Kermsdan: Adfiph Whatri) Meierfbe,or

ost preferably the prqcess of the resent |n entlo
e A R g
transitiomlae fal cenydeLavdtat Bormutayhosteesanavosigichmomiide fdilkgample
100PHORR AEHYALQ! {2). {04 *}Sr%%%?et &%ﬁ%ﬁh&héﬂﬁﬁgﬁﬁlaﬁ&%&’éeo%%rﬁydmxﬂ

invention is sunably selected from organoa uminiunn comp ounds an

orgFBRSTEH i@%mmm@eﬁmmé%%@?@o@%mb@swn for example
OrGR@RILIIBRERNCOBRARMPE SN GHIEle dFiatidratsl MIMLARISAINROWRAS nfe¥ be the

exaslgp elgr ctlrgfﬁgr%m%lafllﬁlyn{n e;[rrll etrpc%f%leulrlpclplétzjurgonlc dianionic or trianionic.
The neutral donor group L can be, for example, a solvate molecule, for example

15 diethyl ether or THF; an amine, for example, diethyl amine, trimethylamine or pyridine; a
phosphine, for example trimethyl phosphine or triphenyl phosphine; or water; or an olefin
or a neutral, conjugated or nonconjugated diene, optionally substituted with one or more
groups selected from hydrocarbyl or trimethylsilyl groups, said group having up to 40
carbon atoms and forming a pi-complex with M. When L is a diene ligand, it can be, for

20  example s-trans-n*-1,4-diphenyl-1,3-butadiene; s-trans-n*-3-methyl-1,3-pentadiene; s-
trans-'-1,4-dibenzyl-1,3-butadiene; s-trans-n*-2,4-hexadiene; s-trans-n’-1,3-pentadiene; s-
trans-n4~ 1,4-ditolyl-1,3-butadiene; s—trans~n4~1 A-bis(trimethylsilyl)-1,3-butadiene; s-trans-
01 ,4-diphény1~ 1,3-butadiene; s-cis-n*-3-methyl-1,3 -pentadiene; s-cis-n*-1,4-dibenzyl-
1,3-butadiene; s~ois—n4-2,4-hexadiene; s~cis—n4-1,3-pentadiene; s-cis—n4-1,4-ditoly1—1,3—

25  butadiene; or s-cis-n*-1,4-bis(trimethylsilyl)-1,3-butadiene, said s-cis isomers forming a
.pi.-bound diene complex;

The value of y depends on the formal charge on each group K and D, the charge on
the anionic group X and the oxidation state of the metal M. For example, if M is
chromium in oxidation state +3, K is a neutral group and both D groups are neutral, then y

30 is 3 if X is a monoanionic group (eg. chloride); if M is chromium in oxidation state +3, the
K group is neutral, one D group is monoanionic and the other D is neutral, then y is 2 if all

X groups are monoanionic groups (e.g. chloride).



tributylaluminium, tri-n-octyialuminium, ethylaluminimn dichloride,
diethylaluminium chloride, tris(pentafluorophenyl)aluminium and
alumoxanes. Auumoxanes are well known in the art as typically the
oligomeric compounds which can be prepared by the controlled i5 addition
of waterteaimalkylaluminium compound, for example trimetRyaiEaigiumes:
Such compounds can be linear, cyclig 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 [R16 AlO], and the linear alumoxanes by the formula
R'7(R1ShKty, ritrepsivl Spspeestihibespicorihabsue e Soommeta berelnrld, the
20475 @BalRAS JeRieRant B dresatby BEolRS: RIsisaRly el a.G6 alkyl
groups, for example methyl, ethyl or butyl groups. Examples of suitable
organoboron compounds are
dimethylphenylammoniumtetra(phenyl)bor
triphenylboron, dimethylphenyla fum tetya(pentafluorophenyl)borate,
sodium 25 tetrakis[(bis-3,5-triflu eth_yl)ph&nyl]borate,
H+(OEt2)[(bis-3,5 WO 200((:’ CT/CB20,0 610028 32 24

wirityltetra(phenyl)borate,

trifluoromethyl)phenyllboratel\rityltetra.{bentaftaraphgnyl)borate and
tris(pentafluorophenyl) boron./Mixtures of orgazﬁaluminium compounds
and organoboron compounds maytbe used. Thequantity of the optional
activator compound used in the proc o tﬁé“Qr ent 5 invention ie, the
activator selected from organoal minium g¢onipoamds and organoboror.

. . ormula ) 4
compounds, is easily determined by simpletesting, for example, by the
preparation of small test samﬁ%ﬁes which can be used to polymerise small

5 quAhtiEsNbithe mdroMer(Bicintbliibs s et erasenbisrontjosfemploys (1) a
pragyusacheadalysinpisgesraishufounehthah the s ayantity RBapoYadisn metal
sufficient té) (Erégvidelo. to 20,0g&at?gms, referably 1 to 2000 10 atoms of
alufitis 8?8}%6 %%18 Soredd, the compound of Formula A.
Mixtures dhdiffsient activeon()donipourdissmegdbe ths echeEsR dPBR8 PBIent

disglosasiihedaeachatars WS AElgRLsE ;
ionic-bonding co.m%gunds havir(%% a CdC12 %}%égc%%%%agl%hg?ﬁ%%ﬁ%%ed
10 Cryggpgwtgmr@;lxmres thereof, Examples of organoaluminium compounds inctude

trialkyaluminium compounds, for example, trimethylaluminium, triethylaluminium,
tributylaluminium, tri-n-octylaluminium, ethylaluminium dichloride, diethylaluminium
chloride, tris(pentafluorophenyl)aluminium and alumoxanes. Alumoxanes are well known
in the art as typically the oligomeric compounds which can be prepared by the controlled

15 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 [RI°AlO]s and the linear alumoxanes by
the formula R”(R1 8AIO)S wherein s is a number from about 2 to 50, and wherein RS,

20 RY, and R represent hydrocarbyl groups, preferably C; to Cg alkyl groups, for example
methyl, ethyl or butyl groups.

Examples of suitable organoboron compounds are
dimethylphenylammoniumtetra(phenyl)borate, trityltetra(phenyl)borate, triphenylboron,
dimethylphenylammonium tetra(pentaflucrophenyl)borate, sodium

25 tetrakis[(bis-3,5-trifluoromethyl)phenyl]borate, H' (OEt)[(bis-3,5-
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15 (b-2) clays, clay minerals, or ion-exchange layered compounds; (b-3)
heteropoly-compounds; and (b-4) halogenated lanthanoid compounds.

The optional activator employed in the present invention may be of the

type disclosed in EP1238989 if desired. Such Lewis acids are those
CORMRPLBEG Which capable of receiving 20 at least one electfeR pabodiif 532
is capable of forming an ion pair by reﬁction with the transition metal
complex. The Lewis acid includes the afore-mentioned (b-I) ionic- bonding
compounds having a layered crystal structure of a CdC12 type or CdI2

type (b-2) clay. clay minerals, or ion-exchange layered compounds, (b-3)
he tefiopoipatbyhpuntsorandriyit)rhaogehatedienimgiisdmpounds.
Thebewis acid fudbeyincides.Ride o107 A AR A SHRURLIG sancboron
zeolites which have Lewis acid points formed by heating or a like

tre SOFRRA SRR Spiekes and mixtures thereof. US Patent 6399535

disclosesTacqordifaling catalysthsysiemcoapabls ofeplyiragriting etefnsesent

comprising: {1):as a&.pre; %%%aﬁgtfrat et OQ%OW%E%”S&E@%M organohoron

non-constraine geometry, %I en(fg)te %ﬂlganél con(ialrﬁng ransitio me?a(f

corvRuenaeider itrideifitdeéctignd toritantd e tiran Sitioxemistelcbmipeparetion of

Ca@ﬂﬁl@t&ft %B@Q%QQQQ%WQ? gﬂ&‘ﬁ?&is\é\/%ﬂﬂ GRS SR B%bmer(s) and
el

activator agglomerate of 11%or (B ng converted, upon contact with an
orgabinERATR S AT07 LB PEREL Phrheloh 2835 5 RE SR,
to anaintersaedigtd capthierntbgingdactivate0000 eoRigchefithatie 1 to 2000
catalyst art-activator agglaomerate of (1), wherein the transition metal

s L S e
tabMixirstihdiE tohwiraiit gRraraly sisipordactivator agglomerate
comprisir@@zg@ig@pgg%sgg AL tﬁ%ﬁ%&s@e@r{gé&éﬁ%@&mwnem
selected from Si02, A1203, MgO, ALPO.}, TiO2, Zr02, and  Cr203 and (B)

at least on€ibH¥tsTRRHliRg TayERIEd aFsiRg T %ﬁ&%&é&%ﬁfé@}%ﬁd

the layerscapthisuffigient Lewis acidity, when present within the catalyst

support-acihfij\_/t agglomerate, to actjva&ie the pre-catalyst when the
pre-cataly sl 2 e UGS Rt e R DT AP lomerate,

said layerdé-masisiephavivepavsdtionit component 10 and an anionic
componen@b)@/j‘@gg@lﬁ@g@lIgﬂggﬁgpdggwggt is present within the
The optional activator employed in the present invention may be of the type disclosed in
EP1238989 if desired. Such Lewis acids are those compounds which capable of receiving
at least one electron pair and is capable of forming an ion pair by reaction with the
transition metal complex. The Lewis acid includes 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 O;,
natural and synthetic zeolites which have Lewis acid points formed by heating or a like
treatment, and complexes and mixtures thereof.
US Patent 6399535 discloses a coordinating catalyst system capable of
polymerizing olefins comprising:

(I) as a pre-catalyst, at least one non-metallocene, non-constrained geometry, bidentate

30  ligand containing transition metal compound or tridentate ligand containing transition

metal compound capable of (A) being activated upon contact with the catalyst support-

activator agglomerate of (II) or (B) being converted, upon contact with an organometallic



interspaces of the layered material, said layered material being intimately
associated with said inorganic oxide component within the agglomerate in
an amount sufficient to improve the activity of the coordinating catalyst
system for polymerizing ethylene monomer, expressed as Kg of

polyeshydens@er gram of catalyst system per hour, relative t@g&:%%06/002832
activity of a corresponding catalyst syg{em employing the same

pre-catalyst but in the absence of either Component A or B of the catalyst
support-activator agglomerate; wherein the amounts of the pre-catalyst
and catalyst support-activator %gﬁglomerate which are in intimate contact

aré TORRERh iRk et i neicheintietkvetegreneatalyetityigr dimsatilyst

catalysirsuppatt-agtiateragglameratepifomabaitacki abr 300 tember
Thg fea(xg ?d Z%mate ial %mib , for example, a smectite clay. The catalyst
system c(){ff & pres Sn% TRVErTiGN CHIPHE BHs Iy BH Ay &
supporttgshanmedggionter agelas descubedding IS G331 ifA)esikast. di
5 addjtioade e oRHRALACH o W) Xe: n o4ls-to
em ?é)%@ catalé/tic quanti%ﬁ%ﬁ%%%%%%%?g%%%%%%%% r%%%%ﬁ?sgjtaﬁ at@ﬁ’eand
ca

& O SFomdtsgos ieacayeinen ity S mhisiakBasinnistaperdetween the

espgeiabydiséfioldn thevbaseiiyatihe poasiienmeéiniie SeRRIaX i or
Vanagiiiate opaac‘ evg%%]ig 11%4c2at ISsgl\%)”eeg t{hat certain vanadium- based
ith organoalumintam Sofpotifdd B3R B BroRitt e

catalysts activated w

ushsgrkrsh Aoy -ofthaloyesehat oty anit leomp e forvingaplentarkeonent

10 tetraghloxifs i DexRENOro S i rosRi hlotide and 2,3-
or 1,3-dich|oro§[2cipfj;/lene. 3%4]%%?%%1? g%g?ﬂn%&ﬂégf%’%%gﬁﬁ%% (glrtglénn?cl:e

coMiSBHRAES thatecarrise matstah ik mann el bewg indmoebasseatasd with
chiardiaomaf i3} ansbnehutyichl oridg glds-Rad enhb 83 O 4 sQed@iS prove

t is¢l fC T.A , . Am..Chem, Soc., 4158

o B G B R s S e e e

Tawgrfsa@ﬂ @ﬁd%gﬂé mwmw indtexbasdrsion dee abilityugftieitalidac

15t0 @ﬂdi%f:@e@&@sﬁ@ﬂﬁﬂﬁea ! %ﬂ%@%{ﬁ}@@%@%@&@%ﬁu Qibe
etrachloride is li

exehm le, carbon 't assigned a reactivity n

tetf &M SR PHITH PO WA ot The ot Yrh rygReTaRsH Sigrpaglomerate; wherein
cothpanndsshavie peaciviiesnd taiyaboydd. Q2 tnereaestham 200:8 are in

relgtive to carbon tetrachloride. When it is desired tq use a halogenated
promot%r,cit%; parreefg%%ae;[% RaEes iRy 5’(1)%%% ?%B@)’(c? Hg gams of
ab@ﬁ@fﬁ@l‘wmﬁ@b@tﬁr 3eglminerate of from about 5:1 to about 500:1. The layered

20 material can be, for example, a smectite clay. 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 optional activator compound, it can be advantageous to employ
catalytic quantities of certain halogenated compounds that are capable of promoting

25 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,
hexachloroethylene, benzylbromide, benzylchloride and 2,3- or 1,3-dichloropropylene.

30  Other examples of halogenated organic compounds that can 4be used in this manner are
ethyl trichloroacetate, chloroform (CHCI3) and n-butylchloride. US Patent.5191042 also
refers to the disclosure of Cooper (T. A Cooper, Journ. Am. Chem. Soc., 4158 (1973),
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20

25

use of such promoters, especially in combination with vanadium-based
catalysts is generally well known in the art, and for details of use of the
such promoters reference may be made to US Patent.5191042 and to
other prior aft in this field. In the present invention it 10 is possible to

emplayRny Bplogenated organic compound as a promoter, byt the, < i4253,
compounds mentioned above are preferred. The catalysts employed in

the present invention comprise more than one of the defined transition
metal compounds. This is particularly useful when it is desired to make

poly dienes having a specifically desired ratio of cis to trans polymer. For
exahighldeifiissib Toblnd tharthuicbdids eviviplddax bhrernUs RiEn4S the balide

pf?J erably of Fervauia:iih contrining uﬁm%ﬂaa@@&ﬁeﬁls@nsm@mg@lmn

favour the formation of trans polydiene, whereas the use of such

cofvipidkeisle britsinneg éwartva@ ﬂfé {PREHISRoRERR Tl Radatprakishof

cig, E‘@rg-zmb'%dﬁﬁbﬁ@@hﬁﬂd&@l%@@ﬂ@ﬂeaﬂﬁbﬂﬂe @I&S@m&p&m@o{)

mixe catalysts the r 0 of (or m talysts (g one cobalt- bas d
Ak A JR R S AT c}fs%e&dnl @ é(g%jus%%e 0 fi)ro"’%}f3 &R desir 1ct‘zl31 ®

ratipsfent Cis/ transopohavieg inChepprodectatgiaglitiontions 8iol i orbarg . The
defined &5&?@%@%@5&%@%@%&%&% ¥ QdiReuRIEseRLiRKestion

can also Inctude one or more other catalysts forJ{ponmensmg dienes. The

oty sHIbr eSS BTG BTh R FHT RS o (HE PHEB AR H <S4R mey

beydtilisado ifdesirads Lﬂo@m&am @ﬁtﬁ@@@u&i@ﬁ&lﬁs& disgkesad iitvention it
W002/46246 and 25 US6605675. For exarrI%E) cata st cgmgutqﬁ

SIUFDOSHA S SR EY BRI SIS SRR BE (:%Snéll gfore or
dutingpintrddmetibmédtabtive polyrfenightion reactor. The properties of

polymer ;
therchy. The PR L s *%2?%2%%%%%@9

thedpfiorkisansifise veBl sprwasss GHools prifre By sl mbeifds %ﬁsﬂﬁ%tarmke
m%&ﬁ&i@]ﬁ& Q&@Q@%@ﬁé‘élﬁ&ﬂ@ &Qikgt kmi&ﬁtt@@mm @glgﬂtﬁf@nﬂg ajmpms; is

of cataly herei hec ne nt at| indivi

15 catoRngt ii’)ﬁ%&ﬁ%ﬂﬁe 053’;1}, 5if eﬁénﬁl LA can%roWe tElr?’%ﬁ (B ontaining
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of t%% res t Invention can, if desired, be utilised on a suppart material.
Thaslyrstexapipie; ﬂtﬁ@olymensatwn of diene in the presence of the mixed catalysts, the

ratio of two (or more) catalysts (eg one cobalt-based and the other chromium-based) can
be adjusted to provide a desired ration of cis/trans polymer in the product.

In addition to said one or more defined transition metal compounds, the catalysts of
the present invention can also include one or more other catalysts for polymerising dienes.

The catalyst or catalysts employed in the process of the present invention can be
utilised, if desired, using processes analogous to those disclosed in WO02/46246 and
US6605675. For example, a catalyst component slurry and a catalyst component solution
can be combined before or during introduction into the polymerisation reactor. The
properties of polymers produced using such methods can be advantageously controlled
thereby. The catalysts of the present invention can also be employed in the process

disclosed in US6610799. In this process, mixtures of two or more supported catalysts can

30  be utilised containing differing amounts of catalyst components wherein the concentrations

of the individual catalyst components can be independently controlled within the

polymerisation reactor.



catalyst system can comprise one or more transition metal compounds
supported on the same or different types of support material and one or
more activators supported on the 5 same or different support materials.
Suitable support materials are, for example, silica, alumina, or zirconia,

magesia,magnesium chloride or a polymer or prepolymer, f@fr/exaiialess:
polyethylene, polystyrene, or poly(aminostyrene). If desired the catalysts
can be formed in situ in the presence of the support material, or the
support material can be pre-impregnated or premixed, simultaneously or

10 sequentially, with one or more of the catalyst components. Formation

of the suppBREHCERANEFEAR He BeEsEPSRRART R B 1ida thfgptResss of the
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independently se e&%cl? %rso?%l %ﬁ%@%%ﬁ%@%nﬁeﬁ@ ,n(%%f&é?ksﬁ? Doy material,
ar&de givgoD o e tarby msarphetiedmoemiedambitaaiehedaving
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|5043rol%g/l, or sw;gée or ixtures of isomeric forms of pentyl, hexyl, octyl,
de/OF SR PG A5 B RETREY fsFBaiplenprienyiee! crippauisiichfie
o- pipkranidyerohtivith, phensnthity b anitksiatineyl diualkatykgieppsaselrated
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15 bUﬂ%ﬂ@y&'ﬁdéﬁnﬁﬂe%ﬂmHﬁ%ﬂ@ﬁ@ﬁ%@%@ﬁ%éﬁ%ﬂ%g , for example
po mcre%ré?e %Je to steric hindrance. The diene employed preferably has
the’ gEnarat TorU AR HETEeRES- SRS e HintRes iR retg gompound.
indeperidienthnsetected dredihydpoyer;iehilarineanbatkibies&il Qvention
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1,3-bt_?iadiene (isogreﬂ%?,( a%urj} Z-Lﬁ%[%ﬁ?[%-gu a |en8e ckﬁ%?c&)%rexr’]%)r.e % o R
opti§izdcpsrrenbneeqtedimmibydrsesuitaloeen - alisfingystestrebiyyC 2radk @ 2ond
20 I- (ialeiusﬂ. capatie gt beinecope v eHsest R disnetadiomdibadaingdne or
porxg?ee (gf chloro, methyl, ethyl, n-propyl, isopropyl, or single or mixtures of isomeric forms
of pentyl, hexy'l, octyl, decyl; or aryl groups selected from, for example, phenyl, 2 chloro-
phenyl, o-biphenyl, naphthyl, phenanthryl and anthryl; or alkaryl groups selected from, for
example, phenylmethyl, phenylethyl, phenyl-n-propyl, naphthylmethyl; or aralkyl groups,
25 for example, tolyl. xylyl, mesityl or 2-methylnaphthyl. However, when the diene is too
heavily substituted by bulky groups it may be difficult or impossible to cause the diene to
polymerise due to steric hindrance. The diene employed preferably has the general formula
R'H-C=CR*-CH=CH, wherein R and R® are independently selected from hydrogen,
chlorine and & C; to Cyg hydrocarbyl group. Preferred dienes are 1,3-butadiene, 2-methyl-
30 1,3-butadiene (isoprene), and 2-chloro-1,3-butadiene (chloroprene).
The optional comonomer 1-olefin is any suitable 1-olefin, preferably C, to Cy 1-

olefin, capable of being copolymerised with a diene to form the defined polymer.
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WO 2007/015074 PCTIGB2 0 0 010 028 3 2 28 Examples of such olefins
are ethylene, propylene, butene, hexene, 4-methylpentene-1, 1- octene,
norbomene, substituted norbornenes and styrene. The polymerisation
process of the present invention can be carried out in a single reactor or

in ene i mesreactors placed in series or in parallel. In the sage:#agis@o2832
single 5 reactor is used, the reactor i ¢ed with monomeric material and at
least two transition metal compounds. The transition metal compounds

can be fed separately or together. If desired the transition metal
compounds can be fed simultaneously or at different times. In the case
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undiluted solid catalyst system formed from the one or more of
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20S0 @ii@ﬂion metal compound(s) alone. In the latter situation, the activator can be fed to the

25

30

polymerisation zone, for example as a solution, separately from or together with the solid
transition metal compound. Preferably the catalyst system or the transition metal
compound component of the catalyst system employed in slurry polymerisation and gas
phase polymerisation is supported on a support material. Most preferably the catalyst
system is supported on a support material prior to its in‘;roduction into the polymerisation
zone. Suitable support materials are, for example, silica, alumina, zirconia, talc,
kieselguhr, magnesia, magnesium chloride and polymers. Impregnation of the support
material can be carried out by conventional techniques, for example, by forming a solution
or suspension of the catalyst components in a suitable diluent or solvent, and shurrying the
support material therewith. The support material thus impregnated with catalyst can then

be separated from the diluent for example, by filtration or evaporation techniques.



or suspension of the catalyst components in a suitable diluent or solvent,
and slurrying the 30 support material therewith. The support material thus
impregnated with catalyst can then he separated from the diluent for
example, by filtration or evaporation techniques. WO 2007/015074
PCH5RAAR8/A02832 29 In the slurry phase polymerisation proe&ssdhfss,
solid particles of catalyst, or supporteg catalyst, are fed to a

polymerisation zone either as dry powder or as a slurry in the
polymerisation diluent. Preferably the particles are fed to a polymerisation
zone as a suspension in the polymerisation diluent. The polymerisation
zone cantbBefgpaxabap @olmsiatimarnsese thsimilaEmeticioniesset, or a
CORtRRNE QAR AR & 8 pafyieMRsYEH. KRaw Indhe manriacture ofy in

polyethylene by the Phillips Process, When the polymerisation process of
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the polymer or copolymer applies generally to the polymerisation process of the present

20  invention. For example, hydrogen can be used to reduce the average molecular weight of
polymers or copolymers prepared using gas phase, slurry phase or solution phase
polymerisation conditions. The quantity of hydrogen gas to be employed to give the
desired average molecular weight can be determined by simple “trial and error”
polymerisation tests.

25 Methods for operating gas phase polymerisation processes are well known in the
art. Such methods generally involve agitating (e.g. by stirring, vibrating or fluidising) a
bed of catalyst, or a bed of the target polymer (i.e. polymer having the same or similar
physical properties to that which it is desired to make in the polymerisation process)
containing a catalyst, and feeding thereto a stream of monomer at least partially in the

30  gaseous phase, under conditions such that at least part of the monomer polymerises in
contact with the catalyst in the bed. The bed is generally cooled by the addition of cool gas

(eg recycled gaseous monomer) and/or volatile liquid (eg a volatile inert hydrocarbon, or



art. Such methods generally involve agitating (e.g. by stirring, vibrating or
fluidising) a bed of catalyst, or a bed of the target polymer (i.e. polymer
having the same or similar physical properties to that which it is desired to
make in the polymerisation process) containing a catalyst, and feeding

thexgiaoaatr@am of monomer at least partially in the 30 gasequsdaGR02832
under conditions such that at least pasg of the monomer polymerises in
contact with the catalyst in the bed. The bed is generally cooled by the
addition of cool gas (eg recycled gaseous monomer) and/or volatile liquid

jatile inert arbon, or WO 20 71015074
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activator component, or both of'these componen S ca
orm the catalyst can, for example, be introduced into the polymensatlon reaction zone in

20 liquid form, for example, as a solution in an inert liquid diluent. Thus, for example, the
transition metal component, or the activator component, or both of these components can
be dissolved or slurried in a liquid diluent and fed to the polymerisation zone. Under these
circumstances it is preferred the liquid containing the component(s) is sprayed as fine
droplets into the polymerisation zone. The droplet diameter is preferably within the range

25 1101000 microns. EP-A-0593083, the teaching of which is hereby incorporated into this
specification, discloses a process for introducing a polymerisation catalyst into a gas phase
polymerisation. The methods disclosed in EP-A-0593083 can be suitably employed in the
polymerisation process of the present invention if desired.

A problem that can occur in the gas and slurry phase polymerisation of olefins is

30 thatof fouling of the reactor walls, any stirrer that may be present and spalling or
agglomeration of the polymer due, for example, to the presence of static electricity. The

problem can be reduced or eliminated by judicious use of suitable antistatic agents. One



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 25 1 to 1000 microns.
EPwb-0623933, the teaching of which is hereby incorporateq iie ghis; 0o2s32
specification, discloses a process for éqtroducmg a polymerisation catalyst
into a gas phase polymerisation. The methods disclosed in

EP-A-0593083 can be suitably employed in the polymerisation process of
the present invention if desired. A problem that can occur in the gas and
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The present invention is illustrated in the following Examples.

Examples 1 and 2 show the preparation of ligands which can be used to make transition
metal complexes suitably employed in the present invention. Examples 3 and 4 show the
preparation of a variety of chromium complexes. Comparative Example 5 shows homo and
copolymerisation of butadiene using single transition metal catalyst systems. Example 6
shows the preparation of a cobalt complex and a comparative polymerisation of butadiene
therewith. Example 7 illustrates the preparation of butadiene polymers having carrying

cis/trans content using the process of the present invention.

Examples

Experimental Procedure

All manipulations were carried out under an atmosphere of N using standard Schlenk

teohniques or conventional nitrogen-filled dry-box. Diethyl ether was dried over sodium
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particularly preferred. 20 The present invention is illustrated in the

following Examples. Examples 1 and 2 show the preparation of ligands
which can be used to make transition metal complexes suitably employed
in the present invention. Examples 3 and 4 show the preparation of a
vakigip@behemium complexes. Comparative Example 5 shews &ping angk:
copolymerisation of butadiene using sigle transition metal catalyst
systems. Example 6 25 shows the preparation of a cobalt complex and a
comparative polymerisation of butadiene therewith. Example 7 illustrates
the preparation of butadiene polymers havi%%garrying cis/trans content

. e » .
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N2.using.standard Schlenk tecluriques or tional nitrogen-filled
e S S AR R BB O DD acT o e
PCHiGB2006/0028812:1823 enzdpheriCriekety |GV d)stilededrdighout further
nitiRgen,HHE was dried over potassium and distilled under nitrogen.
Toluene and pentane were dried by passing through a column filled with
comueraialhyrasmatiadtienQ-5 reactant (Cu(l1)O on alumina 13% w/w) and
activated alumina (pellets, 3 mm). MAO (Crompton GMBH) was used
witReuaviargsenoB pilgifivcitibn(iRolydnds) Cherhbten$atisiielevmingé by gel-
malasidaroneiaharmaRd Aho) AkRRYhYAISRe el deitiRined bYEslc

permeation chromatograph PC) using polystyrene standards and
CHBROrOTORPLE. Broiie) oo VoM ERTE 55 CASE MR Spetiii e
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CopReiA T MU CEDACLUCEIEIa 1) e st WIS

measurements were performed Wi er

opepatitigeat 25 € using(OOE 18saky stV npeiRaspectratieyd i dinko Shnar
Perkinfimer &B0xET-R (KBr disc). Example 1. Synthesis of imino
diacetic esters. 15 The diesters la-1f (see below and Table 1) were
obfaIned oY 'SAGHAd W SAL NGRS Qlers.

The diesters 1a-1f (see below and Table 1) were obtained by reacting two equivalents of

ethyl bromoacetate with the corresponding substituted amine in the presence of potassium

carbonate (Scheme 1).

3K,CO4
RNH; 4 2 BrCH,C(0)OCH,CH; | RN(CH,CO(0)CH,CHs),
Table 1
Compound R

la Hexyl

1b Pr

lc Cyclohexyl

1d "Bu

le ‘Bu

1f CH,CH,;OMe
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ethyl bromoacetate with the corresponding substituted amine in the
presence of potassium carbonate (Scheme 1). RNH2 + 2
BrCH2C(O)OCH,CH3 3 K2CO3 RN(CH2CO(O)CH2CH3)2 Table 1
Compound R Hexyl Is Ib 'Pr Ic Cyelohexyl Id "Bu le 'Bu if 1
CHGeH2@mMe VO 20071015074 PCT/GB2006/002832 33 ymibesiss/002832
ofN,N-diethylacetate-N-hexyllamine g& This compound was synthesised

via slight modification of a literature procedure’. N- hexylamine (7.66 g,

75.7 mmol) and K2CO3 (10.46 g, 75.7 mmol) were combined and cooled
to-20T.5 Under vigo ouststlr ing tWQ equivalents of ethyl bromoacetate

(282 ST OV 1 ------ the mixture. The mixture was
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51, H 9.96, N 5.12. Found C 6 14 10.16, N 4.95. +CI MS:
27(27(9\m ML NMR ( 400.13 MHz, DMSO-dg, 1.t.) & 0.84 (1, 3H, CHy), 1.04 (3, 2H, CHy),

1.16 (t, 6H, CH), 1.23 (broad m, 6H, CHj), 1.34 (broad m, 2H, CHy), 3.44 (s, 4H, 2 x
CHh), 4.04 (quartet, 4H, 2 x CH,). “CNMR (100.6 MHz, DMSO-dg, 1.t.) 8 13.89 (CHs),
14.08 (2 x CH3), 18.53 (CHy), 22.09 (CH,), 26.20 (CHy), 27.19 (NCHy), 31.14 (CHy),
54.53 (2 x NCHy), 59.75 (2 x OCHy). 170.76 (-C=0). Anal. Calc. For C14Hz7NO, (in %) C
61.51, H 9.96, N 5.12. Found C 61.36, H 10.16, N 4.95. +CI MS: (m/z): 274 (IMH']).

Syathesis of N.N-diethylacetate-N-isopropylamine (1b).

An analogous procedure was used to that described for 1a using isopropylamine (3.99 g,
67.5 mmol), K,COs (9.33 g, 67.5 mmol) and ethyl bromoacetate (22.59 g, 135 mmol). B.p.
110 °C, 0.05 mmHg. Yield 14.55 g (93 %). "H NMR (250.13 MHz, DMSO-dg, r.t.) § 0.94
(d, 6H, J =7.4Hz, CHy), 1.16 (t, 6H, CH,CHz), 2.98 (h, J* = 6.6 Hz, 1H, (CHa),CH), 3.42
(s, 4H, CHy), 4.04 (quartet, 4H, -CH;CH,). *C NMR (100.6 MHz, DMSO-dg, 1t) § 14.03
(CH(CHs)), 19.68 (CH,CHs), 51.95 (CH3),CH), 52.00 (CH3CH,), 59.73 (CH;3CHy). Anal.
Cale. for C1;HzNOy (in %) C 57.12, H9.15, N 6.06. Found C 57.03, H 9.20, N 5.94. +CI
MS: (m/z): 232 ((MH].

Synthesis of V, N-diethvlacetate-N-cyclohexylamine (1c).

An analogous procedure was used to that described for 1a using cyclohexylamine (6.70 g,
67.5 mmol), KoCO3 (9.33 g, 67.5 mmol) and ethyl bromoacetate (22.59 g, 135 mmol). B.p.
100 °C/0.05 mmHg. Yield 15 g (82 %). "HNMR (250.13 MHz, DMSO-dg, rt.), 8 1.02 -



S nthesis ofN,N-diethylacetata-N-isopropylamtine (Ib). An analogous
procedure was used to that described for | a using isopropylamine (3.99 g;
20 67.5 mmol), K2C0O3 (9.33 g, 67.5 mmol) and ethyl bromoacetate

(22.59 g, 135 mrnol). B.p. 110 C, 0.05 mmHg. Yield 14.55 g (93 %). tH
NIWR t8&kd-MHz, DMSO-d6, r.t.) S 0.94 (d, 6H, 33 = 7.4 IHgr/cEbade/n02832
1.16 (t, 6H, CH2CH3), 2.98 (h, J3 = §6 Hz, 1H, (CH3)2CH), 3.42 (s, 411,
CH2), 4.04 (quartet, 4H, -CH3CH2) '3C NMR (100.6 MHz, DMSO-d6, rt) S
14.03 (CH(U-13)2), 19.68 (CH2CH3), 51.95 (CH3)2CFD, 52.00
(CI-13GH2), 59.73 (CH3CHZ2). Anal. 25' Cale, for Cr1H21NO4 (in %) C
5742 (3. ' 755 Neatbl CRbGHaIC! 87634 G220, N b bmed & LIS Snt2, 385 -
(IMH oRunthesis oy Nlieuacetate NNraueiohexytaminedicic A1). °C NMR
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311, CH3), 1.51 (broad d, IH, Cyh-CH), 1.65- 1.75 (broad dd, 4H,

Cyiy:Ha), &ﬁﬁ@e@;{zeﬁa@@%@aﬂl%@m C4BCF|2) 13C NMR
(100.6 MHz, DMSO-d5, r.t.) 613.87 (CH3), 25.09 (CI-12), 48 (C ()
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(t, Rih CRIZGHD), B,40d 5 (ifdd) ANERH2) 1006 (8, A, EdolRCHR) 78 ICMMMIR 5 56,
(62.9 MHz CDBODQ)&%&%M 81 CH3 21 41 (CH2), 30.96 (CH2) 55 26

B (Cﬁ: Mg, ?N%flél 50 (C=0). Anal. Calc. for
C12H23NO4 (in %) C 58 75, H 9. 45 N 5 71. Found C 58.70, H 9:.45, N
: (M4 H4]+) Synthesis of

An analggous procedure was used to that described for la using using tert-butylamine
(4.95 g, 67.6 mmol), K2CO3 (9.34 g, 67.6 mmol) and ethyl bromoacetate (22.59 g, 135

20 mmol). B.p. 120 °C/ 0.05 mmHg. Yield 13.60 g (82 %). 1H NMR (250.13 MHz, DMSO-
dé, r.t.), § 1.02 (s, 9H, C(CH3)3), 1.16 (t, 6H, CH2CH3), 3.45 (s, 4H, CH2), 4.03 (quartet,
4H, CH3CH2). 13C NMR (100.6 MHz, DMSO-d6, r. t.) & 13.96 (CH2CH3), 27.19
(C(CH3)3), 50.70 (CH2), 54.40 (C(CH3)3), 59.62 (CH3CH2), 172.13 (C=0). Anal. Calc.
for C12H23NO4 (in %) C 58.75, H 9.45, N 5.71. Found C 58.94, H9.47, N 5.57. +CI MS:

25 (m/z): 246 ([MH]+). ‘
Synthesis of N, N-diethylacetate-N-(2-methoxy)ethylamine (11).

1f was synthesised according to the published procedure’. B.p. 110 °C/0.05 mmHg. Yield
31 £ (95 %). 'H NMR (400.13 MHz, DMSO-dg, 1.t.), 8 1.17 (¢t , 6H, CH,CHy), 2.81 (1, 2H,
NCH,),3.17 (s, 3H, OCH,), 3.38 (t, 2H, OCH,), 3.52 (s, 4H, NCH,), 4.04 (d, 4H,

30 CH:CHa). CNMR (100.6 MHz, DMSO-dg, 1.t.) 8 13.99 (CH,CH;), 52.82 (NCHy), 55.13
(NCHy), 57.81 (OCHy), 59.70 (CH;CHy), 71.14 (OCH,), 170.77 (C=0). Anal. Calc. for



An analogous procedure was used to that described for la using using
tert-hutylamine (4.95 g, 67.6 mmol), K2C03 (9.34 g, 67.6 mmol) and ethyl
bromoacetate (22.59 g, 135 20 mmol). B.p. 120 C/ 0.05 mmHg. Yield
13.60 g (82 %). IH NMR (250.13 MHz, DMSO d6, r. t.), 6 1,02 (s, 9H,
C(GHb3dolsda (1, 6H, CH2CH3), 3.45 (s, 41-1, CH2), 4.03 (quai@kootimbozs32
CH3CH?2). 130 NIVIR (100.6 MHz, Dgl%so-d& r. Q 6 13.96 (CH2CH3),
27.19 (C(CH3)3), 50.70 (CH2), 54.40 (C(CH3)3), 59.62 (CII3CI2), 172.13
(C=0). Anal. Cale, for C12H23N04 (in %) C 58.75, H 9.45. N 5.71. Found
C58.94,H9.47, N5.57. +C1 MS: 25 (m/z): 246 ([MH]+). Synthesis ofNN
diethyibdsatenNe] 2P éth B&FSVIRafir ¢l 8 Hrtlidsis6 accdriify
to thedpuidisinedprocedure’. B.p. 110 0/0.05 mmHg. Yield 31 g (95 %). 'H
NMR (400.13 MHz, DMSO-d6, r.t.), S 1.17 (t, 6H, CH2C1-3), 2.81 (t, 2H,
NCH2),. 3.17 (s, 3H, 00H3), 3.38 (t, 2H, OCFI2), 3.52 (s, 4H, NCH2), 4.04
(d, B ni30e CHR@HR RN d30-IND R aOBEMA k) ie@s 06, r.t.) S 13.99
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BIMA compounds in quantitative yie ondensation involves
an SARROHIdt St A ciPTRptaing afier reastialisaticarfien vathasigasthylene
glycol as a sglvent. In contrast, condensations o,fhe iminodiacefic esters
10 enyl"enediamine proceed solvent-fire. Anghdically pure| aalpured
solitls of BIMA Compdi(fAegOPE.2h, were-obtaine sation
from méthad®hwater. \ NI [N1ti 2 + RIN(CH2C(O)ORZEC

H 2
Table 2
Compound Ry R,
2a H H*
2b Me H*
2¢ -(CH,);Ph H
2d Bn HY
2e Hexyl -CH,CH;,
2f Pr -CH,CH;
2g Cyclohexyl -CH,CH;
2h Phenyl H*

Synthesis of NV N-bis(1H-benzimidazol-2-yimethyl)-N-amine (2a)

*0-Phenylenediamine (24.36 g, 225.56 mmol) and iminodiacetic acid (15 g, 112.78 mmol)
were stirred in ethyleneglycol (20 ml) at 190 °C for 4 hours. The water by-product was

distilled from the reaction mixture which was then allowed to cool to room temperature.
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NHN H 2 Table 2 15 Compound RiR2 2aHH 2b Me H 2c -(CH2)3Ph

H 20 2d Bn H 2e Hexyl -CH2CH3 2f 'Pr -CH2CH3 2g Cyciohexyl
-CH2CH3 2h Phenyl H 05 ---- Synthesis of
NN-bis(1H-benzimidazol-2vinrethvl)-N-amine (2a) o-phenylenediamine
(2443580794 5R6 mMmol) and iminodiacetic acid (15 g, 112.78 gpmebhWakBs32
stirred in ethyleneglycol (20 ml) at 199 for 4 hours. The water

by-product was distilled from the reaction mixture which was then allowed
to cool to room temperature. WO 2007/015074 PCT/G820061002832 36
The product was triturated with water (120 ml), filtered, washed with water
(4 Xixpredyctreerjstatisd dvifo masot ity fdtenalioraghSioyignetfinalix dfied),
at - o P Y 4191 él do/e?g 66‘ va for
(25%2.) %ﬁél\gl%%& yé%oﬁ%%@fﬁ?j%@‘é@f% (g %ﬂqﬁg%% 39.132 (s, 4%,%{(&%23%?
7.19:7 B8 (P 1 5594700 1 WivR @HpL3 MEB.(FD2P=18.8 BB 194,414,

A . QM) PMSO061£.-S 5170 INGHB), 126 55 4E);5" -
s AME LAl ’Brc17H1@171f\|J5ﬁ isr?%)lié’7o.1o,%—|35.84,|\|5(2€1{05.

: . Cale. f
ot b o RTG53 2 (A Bl SRAGSC)
of NISOIS (At Aihidaizofe? SiHRNY rNo@ iy lanHEsE b £0.6H Masd C 70.22,
syr}tll})g(g%%Qyé{ag&%gq%%%:pjﬂf:&%%ﬁthat described for 2a using o-

Synthesis of N N-bis(1H-benzimidazol-2-ylmethyl)-N-methylamine (2b).

2b was synthesised by an analogous procedure to that described for 2a using o-
phenylenediamine (5.88 g, 54.40 mmol) and methyliminodiacetic acid (4.00 g, 27.2 mmol)
in ethyleneglycol (20 ml). Yield 6.88 g (87%). 'H NMR (250.13 MHz, CD;0D, r.t), §
2.29 (s, 31, NCH;), 3.92 (s, 4H, N(CHa)y), 7.19-7.23 (m, J/* = 3.35 Hz, 4H, ArH), 7.52 —
7.56 (m, /' = 3.35 Hz, 4H, ArH). ®C NMR (62.9 MHz, DMSO-dg, r.t.) § 47.31 (CHa),
59.97 (NCHy), 126.66 (ArC), 157.45 (ArCq). Anal. Cale. for Ci7H;7Ns (in %) C 70.10, H
5.84,N 24.05. Found C 70.22, H 6.05, N 23.76. +CI MS: (m/z): 292 ([MH]).

Synthesis of N, N-bis(1-H-benzimidazol-2-yimethyl)-N-( 3-nhenvl)nr9pvlamine (2¢).

2¢ was synthesised by an analogous procedure to that described for 2a using o-
phenylenediamine (4.32 g, 40 mmol) and N-(3-phenyl)propyliminodiacetic acid (5g 20
mmol) in ethyleneglycol (10 ml) at 190 °C. Yield 6.9 g (84 %). 'H NMR (400.13 MHz,
CD;0D, r.t.), 8 1.74 (quintet, 2H, CHy), 2.45 (m, 4H, CH,), 3.95 (s, 4H, NCH,), 6.88 (d,
2H, ArH), 6.94 - 6.95 (dd, 3H, ArH), 7.21 (m, 4H, ArH), 7.56 (m, 4H, ArH), 12.33 (broad
s, 1.5H, NH). ®C NMR (100.6 MHz, MeOH-d,, r.t.), 629.49 (CHy), 34.04 (CHy), 53.95 (2
x NCHy) 55.13 (NCHy), 115.47 (broad, ArC), 123.59 (ArC), 126.58 (ArC), 129.09 (ArC),
129.24 (ArC), 142.95 (ArCq), 154.22 (ArCq from imidazole ring). Anal. Calc. for
CasHasNs (in %) C 75.54, H 6.85, N 17.62. Found C 75.88, H 6.55, N 17.65. +CIMS:
(m/z): 396 (MH'), 280 ([M-CH,Ph]".

N-(3-phenyl)propyliminodiacetic acid was synthesised by reacting potassium chloroacetate
(14.05 g, 106 mmol) and N-propylphenylamine (7.13 g, 53 mmol), according to a literature
procedure used for related diacetic acids.” Yield 8.02 g (60 %). '"H NMR (250.13 MHz,
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phenylenediamine (5.88 g, 54.40 mmol) and met yliminodiacetic acid
(4.00 g, 27.2 mmol) in ethyleneglycol (20 ml). Yield 6.88 g (87%). 1H
NMR (250.13 MHz, CD30D, r.t.), S 2.29 (s, 3H, NCH3),.3.92 (s, 4H,

N(CH2)2), 7.19-7.23 (m, J3 = 3.35 Hz, 411, ArE), 7.52 - 7.56 (m, J3 =

3.3pdsoAdls0ArH). 13C NMP (62.9 MHz, DMSO-d6, r.t.) S 4534 ¢8idd)echss2
59.97 (NC112), 126.66 (ArC), 157.4571ArCq). Anal. Cale. for C171117N5

(in %) C 70.10, H 5.84, N 24.05. Found C 70.22, 1-16.05, N 23.76. +ClI
MS: (m/z): 292 ([MI-f']). Synthesis
ofNN-bis(1-Tl-benzimidazol-2-vimethyl)-N-(3-phen~Dpropvlalnine (2¢) 2c
WBSESfhihesiad B G TAIAgoE prosalur o th R e oAb g
0 20snhenylenadiamine 1632 GnlSmimel) BOdNNIR (62.9 MHz, DMSO-ds, 1f) 8
(3-phenég[prop liminodiaeetic acid (5 g, 20 mmo%%;t%len%%gol (310
mbfd 1656 3V dte et i ke 44N 04606 1 3k, | B O3B U382
1. T (quintats 2AHCQHR)T 2048 (MOAHCOHR) (1895252 4MENIEH7), 6.88 (d,
2H, ArE), 6.94 - 6.95 (dd, 3H, ArH), 7.21 (m, 411, ArH), 7.56 (m, 4H, Art),
12.33 (broad s, 1.5H, NH): 13C NMR (100.6 MHz, McOH-d4, r.t.), S

(bsgag, Etﬂeéi?e%- o126 58 ARh2R ALATE! (32,24 A0C).

s
142.95 (ArCq), 154.22 (ArCq from imidazole ring). Anal. Cale. for
e (R e ARV NE

CPBHIPERSIR G €47 554 11 518Y) 1 bera iEyiiects
1 hbHE biMGendgny/z)! QOG{IMI IH]) *R8DI{[A/B GHI2 RS]E). 'H NMR (250.13 MHz,

e, S B 6 96 sn s
N-propiiphenyoneRr(T! mc?@m&,_mmﬁ;ca%@fﬁ@w a\liféhé:tﬁzc'a% (CHy),
(200 WD 0 S0 1807 P b 0 A 7 B g
S 14897 &Rt 1914 (BHAY, >GME, (azx 39R1MHGH2), 2.70 (t, 2H,

NCH2), 3.45 (s, 4H, 2 x NCI-12), 7.15-7.29 (m, 5H, ArH). 13C NMR (62.9
M i EMESONIS, 11 S1-3dnt i G2 3Fneh DGRy HErE 1ANCH2), 60.09

(2 - r ) C(0)0).

N R (R SRR B e s LA

IHPbemeRediapaIci M1th & 154 mupeliad dnsihe. (Panmewadaysthdsnsely vy

am&a@mg@dgwr%}‘e’@ym theg desgiiben fo628 WsiNe @721 (1, 31, CH(?, 1.01 -

phenylene |amine}(12.4l4%, 22.34 nnnol}{and benleiminodiacetic aci

(4 19 (rosd mOH, CHy), 1.45' (quintet, 28, CHy), 3.96 (s, 4H, NCH), 7.13 =715 (n, / =
4 Hz, 4H, AtH), 7.53 (broad singlet, 4H, ArH), 12.29 (Broad s, 2H, NH). *C NMR (100.6
MHz, DMSO-de, r.t.) 8 13.87 (CHs), 22.02 (CH), 26.27 (2 x CHy), 31.04 (CHp), 51.18 (2
x NCHy), 53.59 (NCHp), 111.10 (ArC), 118.5 (ArC), 121.4 (ArC), 134.5 (ArC), 143.19
(ArCq), 152.71 (ArCq). Anal. Cale. for CypHyNs (in %) C 73.10, H 7.53, N 19.37. Found

C 72,94, H 7.39, N 19.41. +CI MS: (m/z); 362 ((MHT).

Synthesis of N.N-bis(1H-benzimidazol-2-ylmethyl)-N-isopropylamine (2£).

2f was synthesised by an analogous procedure to that described for 2a using o-
phenylenediamine (17.61 g, 163 mmol) and 1f (18.8 g, §1 mmol). Yield 17.8 g (69 %). 'H
NMR (250.13 MHz, DMSO-dg, r.t.), 8 1.04 (s, 3H, CH(CHs)z), 1.06 (s, 3H, CH(CHj3)y),
2.88 (sept, J/* = 6.41 Hz, 1H, CH(CHa),), 3.92 (s, 4H, (CH,)N), 7.14 (m, 4H, /' = 4 Hz,
ArH), 7.53 (m, 4H, J* = 4 Hz, ArH), 12.29 (Broad s, 1.5H, NH). "C NMR (100.6 MHz,
DMSO-de, 1.t.), 8 17.79 (CHs), 48.37 (NCHy), 50.62 (NCH), 114.75 (ArC), 121.44 (ArC),




mmol) in ethyleneglycol (10 ml) at 190 T. Yield 3.50 g (85 %). 1H NMR
(250.13 MHz. 10 DMSO-d6, r.t.), S 3.74 (s, 2H, CH2), 3.97 (s, 4H, NCH2),
7,19-7.58 (overlapping and broad m, 13H, Ark). 13C NMR (100.6 MHz,
MeOH-d4, r.t.), S 56.24 (NCH2), 62.34 (CH2), 102.03 (ArC'"), 126.94

(ARLD, 283236 1ArC), 133.38 (ArC), 134.23 (ArC), 142.70 (Aregich4dchbass2
(ArCq), 157.41 (ArCq). +CI MS (mlz):3367 ([MW]). Synthesis ofN.N-bis
IH-benzimidazol-2-ylmethyl)-N-hexylamure (2e). 15 2e was synthesised

by an analogous procedure to that described for 2a using o-
henglenedlamlne (16.34 g, 1154 mmol) and 3 (21 g, 77 mmol) without

etthRAREVES): Vibhe Qﬁl@q@; (ralobla HONMRLES0in IMFIZL BV OBN 21.93.

r.tFon.T21. 60,306 G188)1 2001emshioast moGHu@tf2), 145 (quintet,
2H, CH2), 3.96 (s, 411, NCH2) 7.13-7.15 (m, J3 = 4 Hz, 4H, ArH), 7.53
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oun
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1HL En£irhidarot:2iyhmethn HiNEsORrofHBMiI0e (2AH28CH WS 3 (quartet, 4F, Ty
ynthgsised,! proce t
Ay o R pE e AT ?@Wg{’%un@%‘z@?ﬁéﬁgﬁ
g (69 963> 1H RMRI26CIBIMEIE? WQ@&BZGQH;)m @%Q&Hib, 52.27(NCH),
10 CHIGHB)2}1.061(s of
B
i 51%3 N 1956 R @@o& 60 Wiboe‘;

MHz, 30 DMSO-dS, r.t), 5 17.79 (C- |3) 4837 (NCH2) 50.62 (NCFI),
b 7 i} p A GH 3

168,63 (ArC 0;153,96 (A e, %)C7145.H
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15 (29)922q9y3s5)synthesised by an analogous procedure to that described for

g o 5 phenylenediamine (11.66 g, 108 mmol) and 1g (14.85 g, 54
O OB T R IR 50 DA IS0, -1, 5. 31 -

1.@35, 2. Bﬁz(qvaqﬂapmr@fgnmbm.ad @@nalsi 16 Az, J,.=10.98 Hz, 2H, CH), 7.11-
7.22 (m, 4H, ArCH), 7.51 (m, 4H, ArCH). *C NMR (62.9 MHz, DMSO-dg, 1. 1.) § 23.87
(CH,), 31.07 (CHa), 31.42 (CHy), 54.97 (CH), 109.90 (ArC), 118.69 (AxC), 121.31 (ArC),

20 121.86 (ArC), 155.84 (ArCy). +CIMS: (m/z): 318 (M+H]"). IR KBz, em™), v 3394 (NH,
$), v 3054 (Ar-H, 5), v 1622-1535 (ArC=C, C=N, m), 8 1454-1430 (N-H, 5), v 1272 (CN,
s), 6 739 (CH, s).

Dimethyl cis-2,6-piperidinedicarboxilate was obtained by catalytic hydrogenation using

Pd/C following a literature procedure.’

25  Example 3. Synthesis of neutral complexes of Cr(III) bearine a BIMA ligand.

CrCl3(THF); was reacted with the corresponding N-substituted BIMA in THF to afford
3a-3k (see below and Table 3) as green compounds in high yield (ca. 75 ~95%).



10 H, CH2 from cyelohexyl), 3.46 (s, 1H, NCH), 4.01 (s, 4H, NCH2), 7.13
(quartet, 4H, JHi. H =4 Hz, ArH), 7.54 (quartet, 4H, JH-H = 4 Hz, ArH).
'‘3C NMR (100.6 MHz, DMSO-d6, r.t.) 8 25.11(CH2),25.44 (CH2), 25.59
(CH2), 28.22(CH2), 48.98 (NCH2), 52.27(NCH), 10 121.40 (ArC), 121.95
(ARg) ho%e3h1ArCq). Anal. Calc, for C22H25N5 (in %) C 73&d&k2600802832
N 19.48, Found C 73.56, H 7.12, N 1956. +CI MS: (m/z): 360 (WI).
Synthesis of cis-2-[6-(II-1-benzimidazol-2-,in-2-yl]-IH-benzimidazole (21c)
2k was synthesised by an analogous procedure to that described for 2a
using cis-2,6- piperidinedicarboxilate (1.4 g, 6.97 mmol) and
o-phenylenediamine (1.51 g, 13.94). Yield 15 1.92 g (87 %). Product
characterisation: 'H NMR (250.13 MHz, DMSO-dG, r. t.), S 1.60-1.74 (m,
3H, - CH), 2.01-2.10 (m, 3H, CH), 4.13-4.28 (dd, Jea=11.16 Hz, J,,=10,98
Hz, 2H, CH), 7.11- 7.22 (m, 4H, ArCR), 7.51 (in, 41-1, ArCH). 13C NMR
(62.9 MHz, DMSO-d5, r. t.) 6 23.87 (CH2), 31.07 (Cf-12), 31.42 (CH2),
54.97 (CH), 109.90 (ArC), 118.69 (ArC), 121.31 (ArC), 20 121.86 (ArC),
155.84 (ArCq), +CI MS: (m/z): 318 ('[Ii‘aqblﬁ-ﬁﬂ IR (IKBr, cm-), u 3394 (ND,
s), u 3054 (Ar-H, s), u 1622-1535(ArC= S 1454-1430 (N-H,
s), v 1272 (CN, s), S 739 Cq-?ngﬁo%ﬁnethyl %is 2.64piperidinedicarboxilate
was obtained by catalytic hydroggnation usiqg PdrC following a literature
procedure.3 25 Example 3/9pnthesis of 2entrnl complexes of Crllll)
beeline a BIMA liaana CrC 13(ﬁ1?F)3 was rédgted with the corresponding
N-substituted BI114A in THE tozfford | 3a:3k,fseie helow and Table 3) as
green compounds in high ).c"4 fea—751-95%)--WO-20071015074
PCT/G1120061002832 39 'Fabe 3 Compotthd Ri|3a H 3b Me 3c

-(CH2)3Ph 3d Bn 3e Hexyl 3e Hexyl
3f ‘Pr
3g Cyclohexyl
3h Phenyl

N NR
©:I\> + CrCly(THE), Rili @ >/’\ i ND
H ) : \] /

\c1
c1

Synthesis of N.N-bis(1H-benzimidazol-2-vimethyDamine chromium (III) chloride (3a).

Equimolar quantities of 2a (1 g, 3.61 mmol) and CrCls(THF); (1.35 g, 3.61 mmol) were
stirred in 20 m! of THF for 12 hours. The product was filtered, washed twice with THF 2
x 20 ml), once with diethyl ether (20 ml) and dried under vacuum. Yield 1.49 g, 95%.
Anal. Cale. for Cj6H sCl3CrNs (in %): C 44.11, H 3.47, N 16.07. Found C 44.25, H 3.74, N
15.84. IR (KBr, em™), v 3202 (NH, s), v 3120-3110 (Ar-H, s), v 1622-1544 (ArC=C, C=N,



3f'Pr 3g Cyclohexyl 3h Phenyl C ~C pt NRHR N /i- CrCt3(IHFj3 TFIF

\N~\ 11 ~2 ~Cr,” C, | CI CI 3 Synthesis

ofN.N-bis(1H-benzimidazol-2-ylmcthyl)amine clunmium (I11) chloride (3azZ

Equimolar quantities of 2a (1 g, 3.61 mmol) and CrC13(THF)3 (1.35 g,

3.6d ogebere S stirred in 20 ml of THE for 12 hours. The prgauchWasss:

filtered, washed twice with THE (2 x 2@ nil), once with diethyl ether (20

ml) and dried under vacuum. Yield 1.49 g, 95%. Anal. Cale. for CI6Hh;

CHCrNS (in %): C 44.11, H 3.47, N 16,07. Found C 44.25, H 3.74, N

15.84. IR (KBr,'cm-'), u 3202 (NH, s), u 3120-3110 (Ar-H, s), ,D

1629: PE4AT(ATRL 46N Han) WE EOE N 060 7A2CH/ © BI0OSD T8B 298K ):

m)mam?anéxw HhBEAN H48), (13h2 BB @), Fh %Ké@d %W@BLMSV(';%/Z 399
62 (138), 635 (93), 72

- (s,nax 3 mol-' cm-')
(sh uldery. %&é Ms% z‘jeffsg [M CID, 363 ([M - 2C1]). peg.= 3.77
MB SyntheS|s ofN N bIS(lH be£12|m|dazol -2- yImetth N metbylamlne

5 procdmfwgzb)that descrlbed for 3a using 2b (2 a, 6.87 mmol) and )
CrC13(THF)3 (2.57 g, 6.87 mmol). Yield 2.87 g (93 %). Anal, Cale. for C,
7H3Y G SmNssied 4) ACA8 0BG dni (hIET dFsotived G4 aﬁanglz% @g 6.87

N 1200 4R %0
1455, 1477 149?%)) wﬁﬁﬂ%@éﬁ(ﬁ%?ﬁ@%ﬁ %\%ﬂém
(DME: 2@@‘?{%,@, e 4iakidnid: ﬁﬁé@ﬁ&@m@@zﬂm@ﬁ 656, 95,6 R
(Bsmmdem >+t EA&M&H{W)’Z) 1633 (4 (L, 220 (My, S163304 M Ms57 (vg, ),
e |

10 qub en§z?r3n aZo EV XﬂIgtWNz&g gﬁe%vﬂb%wmfhéml om™) = 464

Ch,{éé@uﬁﬁ9 (75) 723 (shoulder). +FAB~MS (1/2): 413 (IM - CI["), 291([M - CrCl]). o=
3.60 MB

Synthesis of N.N-bis(1H-benzimidazol- 2—Vlmethvl)~N-( 3-phenyDpropylamine chromium
(IID) chloride (3e).

15 3c was synthesised by an analogous procedure to that described for 3a using 2¢ (1 g, 2.53
mmol) and CrCly(THF); (0.95 g, 2.53 mmol). Yield 1.00 g (71%). Anal. Calc. for
CasHasCLCrNs (in %): C 54.21, H 4.55, N 12.64 %. Found C 54.32,H 4.79, N 12.50. IR
(KBr, em™), v 3231 (NH, 8), v 1622 (ArC=C, C=N, m), § 1454, 1477, 1498 (N-H, s, m), v
1274 (CN, m), § 752 (CH, s). +FAB-MS: (m/z): 517 (IM-CIT"), 482 (IM-2CIT"). posr=3.87
20 MB.

Synthesis of N.N-bis(1H-benzimi dazol~2-Vlmethvl%N-benzvlamine chromium (11
chloride (3d).

3d was synthesised by an analogous procedure to that described for 3a using 2d (0.63 g,
1.73 mmol) and CrCl;(THF); (0.65 g, 1.73 mmol). Yield 0.79 g (88%). Anal. Calc. for

25 CoHpiCLCiNs (in %): C 52.54, H 4.03, N 13.32. Found C 52.43, H 4.03,N13.23.IR
(KBr, cm™), v 3255 (NH, s), v 1617-1550 (ArC=C, C=N, m), § 1454, 1477, 1496 (N-H, s,
m), v 1276 (CN, s), 8 749 (CH, 5). UV-VIS (DMF, 298 K): Amae/nm (emar/dm’® mol™ cm™)
=462 (162), 665 (75), 726 (shoulder). +FAB-MS: (m/z): 489 ([M - CII"), 454 (M - 2C1]),
. Upesr=4.00 MB.
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25

,(111) chloride (3c) 15 3c was synthesised by an analogous procedure to
that described for 3a using 2¢ (1 g, 2.53 mmol) and CrCI3(TI-IF)3 (0.95 g,
2.53 mmol). Yield 1.00 g (71%). Anal. Cale. for C25H25CI3CrN5 (in %):

C 54.21, H 4.55, N 12,64 %. Found C 54.32, H 4.79. N 12.50. TK (KBr,
CMne YedZdkoH, s), u 1622 (ArC=C, C=N, m), S 1454, 147%3498:MNobs32
s, m), v 1274 (CN, m), S 752 (CH, s); +FAB-MS: (m/z): 517 ([M-Cl]), 482

(f M-2CI1J+). ueff.= 3.87 20 IMIB, Synthesis
ofN,N-bis(IH-benzimidazol-2-ylmethyl)-N-benzylamine chromium (l11)
chlorlde (3d 3d was s ntheS|sed1 by an analoous procedure to that el

1§_§me0|) Yleld O 79 g (88%). Anal Cale, for 25 C23H,,C13CrN5 (|n
%): C 52.54, H 4.03, N 13.32. Found C 52.43, H 4.03, N 13.23. IR (KBr,
CiIb) was3BHYNRL by, 1n1B2PLE5Or DG ChaNderey IS d 4544 45ing 12496 g, 2.8
(Natol§: 20> 45 N(ﬁbsﬁg@s(%& erifeMSré@'\éF 9398 Khal Calc. for

,axinm (r: ox/dm mol-3'cm) = 462 62), 665 (75), 7m§shoulde%
R RS 365 K0, 50 R 2509 B M, Woo0, N 1338, T

2@@{9&5@74 W@ESRQO@LQHE&Z (AICSynthesisn), § 1498, 1477, 1431 (N-H, s),

gI\}l)Tlorlcﬁ é\a/\l/}]zi ynfh &segqsI ﬁ&:ggﬁ)%é@w @?&%ggwthat

descrlbed for 3a u5|1n 2e (1 g 2.8 mlmol) and CrC13(TIIF)3 (1.05.q, 2. 8

5@8&&&@@ 24, N 13.47. Found C 51.05, H 5.30, N 13.38. IR (KBr, cm) v
3502 (NH, m), v1621-1527 (ArC=C, C=N, in), 5 1498, 1477, 1431 (N-H,
st wasxpathesisedrdy QW&E@WSS)IO@AIBWSta(rﬁ¢29rih83{f{>l\/la-l®t}g £A8.432 g,

([MZ%‘S%Q&J aﬁbfr@r@ﬁ ﬁf;j\l Mﬁ'}lﬁyﬁ% Gk@éfa' ?M’E‘%Fﬂ%) Anal. Calc for

[)-N-isoprou amlnec romlu [I1) chloride 3 . 10 3f was synthesised
a@aﬁaﬁg&ﬁ ottt A4S bt BTG 3600 o, N 5. TR

m(xBl) and)Gre&L3(THE)S, (@ B2 BBRANMO))C¥ie eh )] 20491 84Y8). IAGAIN-H, s,

Cole 15 SAAZCTICUIRAN PG s ol 45k .00 G, 73
(shoulder). +FAB-MS: (m/z): 441 (IM-CIT"), 406 ([M-2C1]), 320 (IM-CrCL]). per= 3.46,
MB '

Synthesis of N.N-bis(1H-benzimidazol-2-ylmethyl)-N-cvclohexvlamine chromium (1II)
chloride (3g).

3g was synthesised by an analogous procedure to that described for 3a using 2g (1 g, 2.79
mmol) and CiCL(THF); (1.04 g, 2.79 mmol). Yield 1.07 g (74%). Anal. Calc. for
CpHasClCrNs (in %): C 51.03, H 4.87, N 13.52. Found C 50.93, H 4.71, N 13.64. IR
(KBr, em™), v 3225 (NH, s), v 1623-1540 (ArC=C, C=N, m), § 1455, 1478, 1496 (N-H, s,
m), v 1276 (CN, m), § 750 (CH, s). UV-VIS (DMF, 298 K): A/t (Emax/dm’ mol” em™)

© = 459 (160), 704 (65), 733 (shoulder). +FAB-MS: (m/z): 481 (IM-CI]"), 446 ([M-2C1]),

360 (IM-CrCls]). pregr= 3.88 MB.

Synthesis of N.N-bis(1H-benzimidazol-2-vimethyD-N-phenvlamine chromium (1ID)

chloride (3h).

3h was synthesised by an analogous procedure to that described for 3a using N,N-bis(1H-
benzimidazol-2-ylmethyl)-N-phenylamine (0.20 g, 0.56 mmol) and CrCl3(THF); (0.21 g,
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(KBr, emi), v 3227 (NH, s), v 1623-1550 (ArC=C, C--N, m), S 1455, 1478,
1497 (N-H, s, m), v 1275 (CN, m), 6 753 (ClI, s). UV-VIS (DMF, 298 IC):
]serse/NM = 459, 704, 731 15 (shoulder), FAB-MS: (m/z): 441 ([M-CI]), 406
(IM-2C1]), 320 ([M-CrC13)). ,ueff= 3.46. MB Synthesis

of Ni§-Ristifsdgnzimidazol-2-yhnethyl)-N-cyclohexylainine chyemiggddidssa
chloride (36. 3g was synthesised by gn analogous procedure to that
described for 3a using 29 (1 g, 2.79 20 mmol) and CrCI3(THF)3 (1.04 g,
2.79 mmol). Yield 1.07 g (74%). Anal. Cale, for C22H25C13CrN5 (in %):

C 51.03,H 4.87, N 13.52. Found C 50.93, H 4.71, N 13.64, IR (KB,

o0 ;nBR2FENH, 3) £\ 8TBR3AIBH G garboE € bl Rl i 48 C.quhfa3 gt N

(N, FH%&Jé%YQdC}M@@ R 71594GK. ﬁ)BWnV‘I)S&EZW @98 K):7 1637-1540
a,/mn (smax/dm3 mola cnj 459 (160), 7 % 7 spgbulg% (3% 3. UV-
FABNTS: ()i d (ricif 7;7 448 561]51 @l :& § e
3.88I\IBMBY nolas)s)QfMabi-bis fth B1se Aaitaldaddd:R B tA)-Mheligteiv- -C1J")

SRR e

benzhnldazol 2- 0 6 mml

m%}ia}é@g 023 g (87%) Anal. Cale for C22H19C13CrN5 (in %) C
51.63,H 3.74, N 13.68. Found C 51_49, H 4.95, N 1158. IR (KBr, cm-1),
u 3224 (Nljzs), u 1637-154p (ArC=C, C=N, m), 6 1454, 1477, 1498 (N-H,

s, m),.,0 1A¥5 (CN, s) S 748 (CH, s). UV- VIS (DMF, 298 K): X.,,/run =
< ; ~. er): @ (m/7): 475 ([M-CI]}), 5440 ([M-2C1)),
‘ thesis

of2-[(IF3- ben2|m ézﬁl%a\! ethoxvmeth ,U-!1B-benzimidazole chromium (llI
chloride (3i). i |}d YQN 1/ rCl

3i was synthesised by an analogous procedure to that described for 3a using 2-[(1H-~
benzimidazol-2-ylmethoxy)methyl]-1H-benzimidazole (0.7 g, 2.5 mmol) and CrCl3(THF)s
(0.94 g, 2.5 mmol) in 20 ml of THF. Yield 0.96 g, 85%. Anal. Calc. for CgH14ClCiN,O
(in %): C 44.01, H 3.23, N 12.83. Found C 44.19, H 3.38, N 12.70. IR (KBr, cm™), v 3232
(NH, 5), v 1620-1540 (ArC=C, C=N, m), & 1477-1454 (N-H, s), 6 749 (CH, 5). +FAB-MS:
(m/z): 400([M - CIJ"), 365([M - 2C1]), 329 (IM - 3Cl]).

Synthesis of 2-[6-(1H-benzimidazol-2-ylpyridin-2-yl}-1H-benzimidazole chromivm (1)
chloride (37).

3j was synthesised according to a literature procedure.4
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CI CI 3i was synthesised by an analogous procedure to that described for
3a using 2-[(1H- 10 benzhnidazol-2-ylmethoxy)methyl]-].H-benzimidazole
(0.7 g, 2.5 mmol) and CrC15(THF)3 (0.94 g, 2.5 mmol) in 20 ml of THE.
Yield 0.96 g, 85%. Anal. Calc, for CL6H14C13CrN40O (in %): C 44.01, H
3.2 fFound C 44.19, H 3.38, N 12.70. IR (KBr, cm- .
(Nl—%(i\)i,oh%i%%a{lmo (ArC=C, C=N, mg, b 1477-1454 (N-H, Sﬂ)'?'é’rt?%%?b(%c/:o&z’gsz
S). +FAB-MS: (m!z): 400([M - Cl}|4), 5 5(M - 2C1]), 329 (P J - 3C1)). 15
Synthesis of 2-16-(IH-benzimidazol-2-yl)p}nidin-2-yl1-IH-benzimidazoie
chromium (Ill) chloride 3i). H\'1l NN N/N~\I Cr C11--C1 CI 3jwas
systhesisedraceandins:ieiaitiecaiine pioattinted WE-R00FIEQRAhromium
E:gﬁﬁﬁgg??&%ﬁ%%% 43 Synthesis of [6-(1H-benzimidazol-2-yll roiyerid

idazole chromirnn WD chloride 31c H N &lYecn N 'l | r
Cif | SCI

H

H

Cr
o | ~a
Cl

3k was synthesised by an analogous procedure to that described for 3a using 2k (0.30 g,
0.95 mmol) and CrClg(THFjg (0.38 g, 1.0 mmol). Yield 0.34 g (765%). Anal, Calc. for
CioH1oCLCNg (in %): C 47.97, H 4.03, N 14.72. Found C 47.89, H 4.13, N 14.62. +FAB-
MS: (m/z): 439 ((M-CIT9), 403 ((M-2C1]%), 368 ((M-3CI["). IR (KBr, cm™), v 3398 (NH,
s), v 3152, 3112 (Ar-H, ), v 1637-1540 (ArC=C, C=N, m), & 1454 (N-H, s), v 1278A(CN,
5), 8 749 (CH, s).

Example 4. Svnthesis of cationic Cr(TIT) complexes

Compounds 4a-4f were synthesised by reacting equimolar quantities of the corresponding
neutral complexes (3a-3f) with AgSbFs (Scheme 4). This reaction proceeds with
precipitation of AgCl, which is readily separated by filtration.

The chromium (II1) acac complexes Sa-5f were obtained by treatment of the corresponding
cationic THF-adduct complexes (4a-4f) with [Ag(acac)] (Scheme 4).

Synthesis of N,N-bis(1H-benzimidazol-2-ylmethyl)amine chromium (III) chloride

hexafluoroantimonate tetrahydrofuran adduct (4a),

Silver hexafluoroantimonate (0.24 g, 0.69 mmol) and complex 3a (0.3 g, 0.69 mmol) were
stirred in THF (20 ml) at room temperature overnight. The solution was filtered, the
solvent removed under reduced pressure, the product washed twice with diethy] ether (2 x
20 ml) and dried under vacuum. Yield 0.375 g, (77 %). Anal. Calc. for CqoHas ChCr
FeNsOSb (in %): C 33.92, H 3.27, N 9.80. Found C 33.70, H 3.26, N 9.60. +FAB MS:
(m/z): 399 (IM - THF"), 363 (IM - CLTHFT"), 281 (IM - Cr(THF)CL]". -FAB-MS:
(m/z): 235, phegr= 4.2 MB.



5

10

15

20

cl 3k was synthesised by an analogous procedure to that described for It
using 2k (0.30 g, 5 0.95 mmol) and CrCI3(THF)3 (0.38 g, 1.0 mmol). Yield
0.34 g (765%). Anal. Cale. for C19HI9C13CrN6 (in %): C 47.97; H 4.03, N
14.72. Found C 47.89, H 4.13, N 14.62. +FAB- MS: (m/z): 439 ([M-CI]),
A03yMséfollhr 368 (IM-3CIf). IR (ICBr, cru 1), v 3398 (NH, s) ‘i‘/éi];'z:b%ﬁ/onzssz
3112 (Ar-H, s), v 1637-1540 (ArC=C, ,C=N, m), 6 1454 (N-H. s) ul

(CN, s), S 749 (CH, s). 10 Example 211 SyntheS|s of cationic Cr(lll)
complexes Compounds 4a-4f were synthesised by reacting equimolar
guantities of the corresponding neutral complexes (3a 3f) Wlth AngF6
(Seheirei)f NiNshigaEtnpnidesda witietior LK

ool sepAEea i raien. Hie st i pac complexes 5a-5

eatment of the corresponding 15 cationic THT-adduct

Complﬁige%(fﬂi@eﬂ@d’vﬂ? Fe{agaluSehreaard oSiathesigiel for 4a using silver

N-bis(1H-benzimidazg|-2- hrom II ch
OB ARy Ay B LHLEC ST S 227 famol). Vicid 109
hegafm?zimamtlrﬁ@maﬁ@ Q245610690 10) GAd CorFIe N® 2. aueiC 34.89, H

99 W%SSF% r%e%nm? THEAZ) 8t mmtgmﬁ-@r@}usel@wmiucm? 5 1480,

utlon was fi he 20 solvent removed under re uced]%ressure the

prd&é%ﬂ%ﬁ%ﬁ@d DR W ARyl BrkeF(Dx 20 (P bifiel Drikai{rigapass spectrum,
vawym\@qiﬁq@@? 308 ([7%0)L, Ang], Cede[ ¥OrGAMHIGE] ZAB FEOENSO Shctrum,
(|n ). C %2 1 1331%7@ 9.80. Found C 33.70, FI 326, N 9.60. +FAB
?ﬁfsz §eim %), 363 ([M - CI,TFIF]), 281 ([M - Cr(THF)CI2]+).
-FAB MS: (m/z): 235. p tr.= 4.2 MB. WO 2007/015074 )
PCT/C13§006/9\02832I 44 SyntheS|s ofN.N-bisi1 H 1

-be Zi)plmg i N-mM ti’l}daml e kot ﬁ dride
he ntirjona ydgg?-aﬂa @ 4). 4b X is‘_'jeu{lb“y
an analogous 35 edure to that described ' '

hexafluoroamtimonate (0.762 g, 2.22 mmol) and camplex3BE(1 g, 2|22
mmol). Yield 1(5@ 59, 72 %. Anal. Cale; for C21H25C12Cr F6NSOSh: C
34.93, H3. 49 N 9.70. Found C 34.89, H 3.58, N 9.58. 1R (cm-1), u 3220
(NI3, s), v 3050 (Ar-H, s), 1u 1597 (ArC=C, m), 3 1480,

Table 4

Compound R

4a H

4b Me

4¢ -(CHz)sPh

4d Bn

4e Hexyl

af ‘Pr
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1457 (N-H, m), u 1277 (CN, m), 3 753 (CH, s), v 664 (Sb-F, s). FAB(+)

mass spectrum, rn/z 413 [nW_-THF], 378 ([t-Cl, THF], 288

[M*-Cr(THF)CI2]. FAB(-) mass spectrum, ml1z 235 [M-]. y ff.= 3.77 IN/M.
HII1 ..Nnjl,N AgSbF6'~~f TN \CI/Cr~TI3I' CrCICIG 104 15

Takley4odempeund R 4a H 4b Mc 4c | -(CH2)3Ph 4d 160 f‘@r}}?ﬁ%w&ozﬂn
f 20 WO 2007/015074 PCT/GBZOO64902832 ASHRHCrTHE/N\12
ISbF Ct~~~CI0'ClUC45
i " R H 1
N N _ N
CLOV D) ¢
~  Aglac
\ / / [SbF”] e @ />/\N/\< [sbFg]
e THF N /
i B \ /
0 ‘ 0/(3\f“-cx
Q - Ly ]
|- 4 - '5 N
Table 5
Compound R
5a H
5b Me
5¢ «(CHy);Ph
5d Bn
Se Hexyl
5f ‘Pr

N-bis(1H-benzimidazol-2-

chloride hexafluoroantimonate tetrahydrofuran adduct (4¢).

ropyiphenylamine chromium (111

4¢ was synthesised by an analogous procedure to that described for 4a using silver
hexafluoroantimonate (0.25 g, 0.72 mmol) and complex 3¢ (0.40 g, 0.72 mmol). Yield 0.45
g, 75 %. Anal. Calc. for CooHs3ClaCrFeNsOSb: C 42.16, H 4.03, N 8.48 %. Found C 41.94,
H4.22,N 8.62. UV-VIS (DMF, 298 K): /i (Emax/dm® mol™ em™) = 437 (125), 621
(79), 719 (shoulder). +FAB-MS: (m/e): 517 ((M-THET", 482 ((M-C1, THFT". -FAB-MS:
(m/z): 235 (IM]). per=3.77 MB.

Synthesis of N.N-bis{1H-benzimidazol-2-vimethyl)-N-benzylamine chromium (11D

chloride héxaﬂuoroantimonate tetrahydrofuran adduct (4d).

4d was synthesised by an analogous procedure to that described for 4a using silver
hexafluoroantimonate (0.20 g, 0.57 mmol) and complex 3d (0.30 g, 0.57 mmol). Yield
0.31 g, 68 %. *FAB-MS: (m/e): 489 ([M]"), 454 (IM-CI]"). -FAB-MS: (m/z):



10

15

20

25

Table 5 Compound R 55aH sb Me 5c -(CHI)3PIt 5d 13n 5e H exyl 5f
'Pr 10 Synthesis
ofN.N-bis(1H-benzimidazol-2-ylmethyl)-N-propylphenylamine chromium

(111) chloride hexafluoroantimonate tetrahydrofuran adduct (4c). 4c was
syR{BesisRgshy, an analogous procedure to that described fop 4,88l 002832
silver hexafluoroantimonate (0.25 g 9 72 mmcl) and complex 3c (0.40 g,
0.72 mmol). Yield 0.45 e, 75 %. Anal Cale. for C29H33CI2CrF6N50Sb:

C 42.16, H 4.03, N 8.48 %, Found C 41.94, 15 H 4.22, N 8.62. UV-VIS
(DMF, 298 K): 9vmex/nm (smnx/dms mol"l cm-) = 437 (125), 621 (79),
7295(¢gheilder). +FAB-MS: (m/e): 517 (IM-THF]+), 482 ([M-CI, THF]+).
-FAB- MS (m/z) 235 Peff 3. 77 MB SyntheS|s

LD chiloride

CN&{Q@%MM@@W%@@@E@M@MdW (4d}adduCt (4d . 20 4d
was synthesised by an analogous procedure to that described for 4a using

siievaeynfiucrsdritmo asto Q120 epeGuBTtorthad r}eawa)@fbfﬂwem'@g@lw g,
0. gg%ﬁlﬂ%?&nﬁﬁ%ﬂa@ %]691 %V % ) aM%o %89 M$), rfh%ﬂl) Yield 1.32
CT/G
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2% §vg° )*’Ws@’é?ﬁ\lf\?% Mﬁ-ﬁ@n( Mol 540 A N R NVA i Ch

ehrgmi L @jschariges 3exefiyioroantimonate telrahvdrofirran adduct
(4e). 4b was synthesised by an analogous procedure to that described for

ORIEX
6. +FAB-MS: (m/c): 483 ([M]+), 467

wig 58 CI, THF). -FAB-MS: (m/z): 235
([l\ghger acetylacetonate (0.077 g, 0.35 mmol) and complex 4a (0.24 g, 0.35 mmol) were

dissolved in THF and stirred at room temperature for 48 hours. The solution was filtered
and the solvent removed under reduced pressure. The resultant product was then washed
with diethyl ether (2 x 20 ml) and dried under vacuum. Yield 0.19 g (79 %). Anal. Calc.
for CyHaCICrFsN50,Sb (in %): C 31.85, H 2.80, N 8.84. Found C 31.98, H2.91, N 9.02.
+FAB MS (m/z): 463 (IM]), 427 (M — C19), 327 (IM ~ acac] ). -FAB MS (m/z): 235
(M1

Synthesis of N.N-bis(1H-benzimidazol-2-ylmethyl

chloride acetylacetonate hexafluoroantimonate (Sb).

5b was synthésised by an analogous procedure to that described for 5a using silver
acetylacetonate (0.11g, 0.55 mmol) and complex 4b (0.40 g, 0.55 mmol). Yield 0.32 g,
82%. Anal. Cale. for CyyHiCICrF¢NsO,Sb (in %): C 37.0, H 3.23, N 9.83. Found C 36.68,
H 3.36, N 9.57. +FAB MS (m/z): 477 ((M]']. -FAB MS (m/z): 235 ((M]"). pese= 3.87 MB.

Synthesis of N.N-bis(1H-benzimidazol-2-vimethyl)-N-(3-phenylpropylamine chromium

(D chloride acetylacetonate hexafluoroantimonate (5¢).

S¢ was synfhesised by an analogous procedure to that described for 5a using silver
acetylacetonate (0.046 g, 0.22 mmol) and complex 4¢ (0.18 g, 0.22 mmol). Yield 0.147 g
(77%). Anal. Cale. for C3oHs;CICrFeNsO,8b (in %): € 44.06, H 3.94, N 8.56. Found C
43.98, H 4.06, N 8.42 %. IR (KBr, cm™), v 3374 (NH, s), v 3062 (Ar-H, s), v 1600-1520
(ArC=C + C=0, m), & 1476 (N-H, m), v 1281 (CN, m), 3 750 (CH, s), v 660 (Sb-F, s).



Synthesis ofNN-bis/iH-benzhnidazol-2-vimethyl-N-amine chromium (111)
chloride acetviacetonate hexafluoroantimonate (5a). 10 Silver
acetylacetonate (0.077 g, 0.35 mmol) and complex 4a (0.24 g, 0.35 mmol)
were dissolved in TIIF and stirred at room temperature for 48 hours. The
solyi itered and the solvent removed under reduce re
e gg&mﬁiduct was then washed with diethyl ether (2%83%8%"?1%‘38”
dried under vacuum. Yield 0.19 g (79 f%). Anal. Cale. for
C21FI122CICrF6N502Shb (in %): C 31.85, H 2.80, N 8.84. Found C 31.98,

H 2.91, N 9.02. 15 +FAB MS (m/z): 463 ([M]+), 427 (M - Cl]+), 327 ([M -
acad]AB NMEAMSENZIRBS4{[(Y)- By tithesigaNacac] ). -FAB MS (m/z): 235
N-bi i.gl-beg [ 'q\%ol-Z-vlmethvl)-N-methyIamine chromium (Il) chloride
acg@% gf%a?ég%exaﬂuoroantimonate (5b). 5b was synthesised by an
analogous procedu_re to that,describgd for 5a using silver 20

BN By BN NCCNIPE '..E.! QY

YietdI0:38 e8RS oneheCalertanGRRIH2361 CTFENSO2Sh (in %).
37.0, H 3.23, N 9.83. Found C 36.68, 14 3.36, N 9.57. -FAB MS (m/2):
54773‘§[msr§ynrhmﬁsqd| By (/2108838 MBe 1S yinthiesisiofdoNsbis{ihe silver
|'h%@@tm@%ﬁl&ﬂ.’mwM!)%@E)B@%@)@B@W lﬂ‘@“ﬁ ghBOl@ Mmolg! Wicld 0.12¢g
c). 25 5¢ was

chlﬁﬂdoe ace%lacetonate hexafluoroantimonate g

syritHediksétity &t dnaiogousbroeddind (@ that ddscitpBa fof BhSu¥fingpund C

silvér 48 cBty R etariate-(\BABIY 0325 B3i ok sk somplextpy. (BAEBNIS Qied): 235

mrpRly-Yield 0.1.47 g (77%). Anal. Cale. for C30H32C1CrF61\T502Shb

(in %): %':44,06, 14 3.94, N 8.56. Found C 43.98, H 4.06, N 8.42 %. IR

(KBy, cm-1), u 3374 (NH, s), u 3062 (Ar-Fl, s),
nihesis of NaN-iis( i H=ben? ol nyimathyd

1Yo ¥,

2o i 3
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545 ([M - C1]"), 482 ([M- acac]). -FAB MS (m/z): 235 ([M] ). Ftefr.~ 3.82
M§68Wtﬁ@§issi§ﬁ‘l .W-mmqgomnmémummemwﬁm@mmamigenver
chrwawmmatgmqrs@%,a&@mﬁms%at&%sm% : g,m%a%s%@digaé% (86
hat described for 5

was, synthesised by an analogous procedure to a usin
silvar gﬂ%ﬁ&%ef%%%@(@?&@ﬁ%@?f@ firrioh b Fokh p1d% AcB @ 1BrudCLeL 53,
LS mnbb#) 5,818. 8012088 MS (m/z): 547 (IM]"), 531 ([M-Me]), 511 ([M ~ CIJ"). -FAB MS
(m/z): 235 ((M]).

Synthesis of N.N-big(1H-benzimidazol-2-ylmethyl)-N-isopropylamine chromium (1D

chloride acetylacetonate hexafluoroantimonate (5f).

- 5fwas ‘synthesised by an analogous procedure to that described for 5a using silver
20 acetylacetonate (0.068 g, 0.33 mmol) and complex 4f (0.25 g, 0.33 mmol). Yield 0.20 g
(82 %). Anal. Calc. for CpqHasClCrFeNs0,Sb (in %): C 38.86, H 3.81, N 9,44, Found C
38.72,H3.79, N 9.38. +FAB MS (m/z): 505 (IM]"), 589 ([M-Me}]), 469 ([M ~ CIJ"). -FAB
MS (m/z): 235 (]M]").

Comparative Example 5. Homo and co-polymerisation of 1.3-butadiene.

25 5.2. Procedure 1: homo-polymerisation of 1,3-butadiene.

A 200 ml glass reactor was dried and flushed with N, then charged with the chromium
complex (1.1 pmol) and MAO (1.6 M in toluene). The mixture was stirred for 15 minutes

followed by the addition of a solution of 1,3-butadiene monomer in toluene. The
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(77 %). Anal. Cale. for C2sH28C1CrF6N502Sb (in %): C 42.58, H 3.57; N
8.87. Found C 42.40, H 3.58, N 8.81. +FAB MS (m/z): 553 ([M]+), 518 ([M
- Cl]). -FAB MS (m/z): 235 ([M]). 10 Synthesis of .
NN-bis(lH-benzimidazol-2-v|methvl)-N-hexyIami(r;e ;:héomlum (I1I,he o
chlgyi cetonate hexafluoroantimonate (Se). 5e was s IS
by gﬁr\@a‘?ﬁf@%ﬁ procedure to that described for 5a using siIvlt)aé(r%g230(/00283’2
acetylacetonate (0.065 g, 0.32 mmol)%d complex 4e (0.25 g, 0.32 _
mmol). Yield .21 g (86 %). Anal. Cale. for C27H34CICrF6N502Sb (in %):
C 41.37,H 437, N 8.94. Found C 41.53, 15 H 4.55, N 8.80. +FAB MS
(MEtyedriddibh)ea3bf[vkhedic 5 bt @[ﬂ\foclng Heaﬂpl el;ﬁlﬁﬁe Mfysv@@il/&)s 238:(dMithe

' -his(IH- imidazol-2-ylmethyl)-N-isonrgpvlamne
BB N M URALE O S
syritfised yeaaibbraidyeiss orbcedmmeteithatgestribethforSaasing

il f i e ed. The
3'?%%%)3“'@@'5%?% D et O oM ORI 8 S
8

(in B 98 s B N‘”%?ﬁ%.”% e geparajgdpy Gilikgitpngnd frieg under
MS/¢pat): 566 QN4 589 ([M-Me]), 469 ([M - CI]). -FAB MS (m/z): 235
(IM]). Comparative Gxamnle S. llama and ca-nolvmerisafion of 1

S-buiedienen 28,96 Brosesis b hame:palymerisaion of 2 fuaiene A

200 nit glass reactor was dried and Tlushed with NZ; thencriargéd with the

chréngissobbmiptescit supyhalvatich Még@e{fb.ﬁige_mlfa@ﬁgald}m@l U}g@’ﬁiﬁ@f

| inutes . foll ition solution o
IR e e e S LA
PCHGBEUS/Be 2832raB s primetisatisrivéactidh Wasadinticd olteat (RO,
tem FS@@B#@BWM&%%&%@EE &%@fﬁﬂ@pﬁyﬁ%ﬁﬁﬁgg Eergc%%ﬂ%éssr?gr%e del?al-lj%%der

above room.temperature, the glass reactor was submerged in an oll
hedte TS 1L L8 3o paienBrriutorah T trspidiiles tsactivnlywickaabieisd and
redbticmptiaet poireastadisedaginntascyantec AR etBAN ALWRS 396160 ymer

ipi I h ' 1anol, separated by
eSS s e ool

The composition of the resultant polybutadiene was 97 mol % trans-1,4 and 3 mol % ‘cz's-
1,4 (1,2-vinyl groups no detected) by FT-IR spectroscopy; The average molecular weight
(My and My), determined by GPC, were 93,960 g/mol and 233,510 g/mol, respectively.

~ The polydispersity index (molecular weight distribution, My/My) was 2.49,

2.2.2. Polymerisation of 1.3-butadiene using complex 3b (run 2, Table 6).

A glass Schlenk reactor supplied with a magnetic stirrer was charged with 0.5 mg of
complex 3b (1.1 pmol) and 3.75 ml of a 1.6 M solution of MAO in toluene (6 mmol).
After stirring the mixture for 15 minutes, a solution of 1,3-butadiene in toluene (20 ml,
1.70 g of 1,3-butadiene) was injected. The polymerisation reaction was performed under
vigorous stirring at room temperature for 3h. Afterwards the reaction was terminated and
the resultant polymer isolated using the procedure described above (section 5.2). Polymer
yield 1.70 g. Conversion level of 1,3-butadiene into polybutadiene, 100 %,

The composition of the resultant polybutadiene was 96.9 mol % trans-1,4; 2.5 mol % cis-
1,4 and 0.5 mol % 1,2 by FT-IR spectroscopy. The average molecular weight (M, and Ms,),
determined by GPC, were 118,880 g/mol and 231,480 g/mol, respectively. The
polydispersity index (molecular weight distribution, My/M,) was 1.95.



5 2.1. Polvmerisation of 1 3-butadiene usine complex 3a (run 1 Table 6).

A glass Schlenk reactor supplied with a magnetic stirrer was charged with
0.5 mg of complex 3a (1.1 nnol) and 3.75 ml of a 1.6 M solution of MAO

in toluene (6 mmol). 10 After stirring the mixture for 15 minutes, a solution
of Lu3ybpaslighs in toluene (20 ml, 1.88 g of |,3-butadiene) W?él‘fﬂﬁ%f?(%ozsn
The polymerisation reaction was performed under vigorous stirring at

room temperature for 3h. Afterwards fie reaction was terminated and the
resultant polymer isolated using the procedure described above (section
5.2). Polymer yield 0.96 g. Conversion of 1,3-butadiene into

polybutadiene, 51 %. 15 The composition of the resultant polybutadi.ene

wa 9 nd.3 mol % 1,2-vinyl groups
deé%é%y%ﬁ%ﬁesgﬁﬁrggg%%m e 5?/%1 }g{e ?n%%%h%rﬁag%% 'Sf were
anaem?)méf@ﬁﬁa ﬁl&pﬁgﬁ@m@d@@@r@egmw@rﬁ@ (arge2ss, 5>L®hg/xmus are given
respactivety. The polydispersity index (molecular weight distribution,

A4IM") was 2.49. 5.2.2. Polvinerisation of 11.3- butadiene using complex

53b {1n 2, 1.a0IE0) 20 A JARRSENERK & aﬁt%f HoRlied with. 8, m b “e
stirrer was cnarged with 0.5 mg of compiex SHE Y priot) and 3.
1. AO in toluene (6 mmol). After stirring the mlxture for
15 i %E%at?oﬁ%%'?%&%d% Tﬁéﬁ glene By t %Ja%] %te}n791 gsr Il}{%l&sr than

1.3-butadiene) was Injecte e [30 erlsa ion reaction wa
und\FGRBRSSHEIG aitieg o f@mﬁmtm@wmeﬁmmms mion 5.2. The

re&@ﬁi@&%%ﬁ%@ﬂﬁ@@@ﬁ@s@@ﬂ%xﬁ@%ﬁ Eﬂ%%%?fn@ﬂ@ﬁ%ﬂ%@e&m?the
Oprod%guudr?e described abov (section 5.2 mer yield 1.70 g.

ConvarSiSHRSVAIEF 1 it Fgﬁéwﬁfb”bgﬂ%%édlene 100 %. The
composition of the resultant polybutadiene was 96.9 mol % trans-1,4; 2.5
mol % cis- 1,4 and 0.5 mol % 1,2 by FT-IR spectroscopy. The average
molecular weight GU, and Mw), determined by GPC, were 118,880 g/mol
and 231,480 g/mol, respectively. The 30 polydispersity index (molecular
weight distribution, Mw/Al,) was 1.95. WO 2007/015074
PCT/G&2006/002832 49 Further 1,3-butadiene polymerisations, with
complexes 3a-3k, 4a-4d and 5a, 5e-5f, were performed using the
procedure described in section 5,2 (procedure 1); the results are given in
Table 6. 5 5.2.3. Examples of 1 9-Uutadiene polymerisation at differemt
temperatures using complex
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3b (Procedure 1 . Polymerisation of 1,3-butadiene, using complex 3b and
MAO, at temperatures higher than room temperature were carried out
following the procedure described in section 5.2. The temperature was
controlled by submerging the glass reactor in an oil bath heated at the 10
desiigsiemperature; the results are given in Table 7. WO 20Q%/RL30¢ 402532
PCT/GB200G/002832 50 Table 6. Pg)(gmerlsatlon of 1,3-butadiene with
different BIMACIr(lll) based catalysts na Cat Y 'Micro str cture' Mn™ Mw
PDI (/a}/a (trans-?,4icis-1,4/1,2} | 3a 51 97 rND~ 93,960 233;57.02.49 5
2 3b 100 >99 ND ND 118,880 231,480 1.95 3 3c 80 96 4 0 55,530
1022006 1P85éei36h t3sh 98 IsBbula B0 OO0 B/ ST 0b8:e Ktallsts.
66320 120,250 1.81 10 6 3f 25 98 <3 <1 48,420 71,800 1.48 7 39 24927

183h 48982 ND 97,720 176,770 1.81 9 34- 22 95 4i 1 103} 17.98 2
ND j 63,000/ F0H.0 #6158 MEFSERHEF03 6 187 550 X896, 40021 3], 12
4a 17 95 4 1 87,810 167)920 'x81418-14b,2(89 8 3 52,770 97,930 1.86
14 4c 82 972 1“4~8-333'2'O§1‘2(K"%0 %49 TSDAd (165380 0 213371(600.69,890
1.86 20 16 450 1741Q ! ‘ﬁﬁi%‘m@,sﬂﬁw L8gloe 39
99 <1 <1

3 |3c180 [96 |4 |0 |55530 |102,700 | 1.85

4 3d|34 |98 |3 |<I |37.070 60900 | 1.64

5 3e|76 |97 | <3 |<1 |66320 |120250]1.81

6 |3f |25 |98 | <3 |<1 | 48420 |71.800 | 148

7 |3g|24 |92 |7 |1

§ |3h,48 |98 |2 |ND |97.,720 | 176,770 | 1.81

9 3|22 |95 |4 |1

10 13 |17 |98 |2 | ND |63,900 | 101,070 | 1.58

11 |3k|10 |93 |6 |1 |87.550 | 186,400 | 2.13

12 |4a|17 |95 |4 |1 | 87810 | 167020 | 191

13 14b|4 |89 |8 |3 |52770 | 97,930 | 1.86

14 |4c|82 [97 |2 |1 |48320 |120,160 | 2.49

15 | 4d|10 |>99 [0 |<I |37.600 |69.890 |1.86

16 14c|0

17 |4 |0

18 |5a|5 |90 |6 |4 |75500 | 155330 | 2.06

19F |5¢ |30 199 |<1 |<I

20 | 5f |24 |96 |4 |ND | 60210 [89,630 | 1.49

Notes on Table 6

» Polymerisation conditions: reaction time 3h; butadiene load = 1.88 g. Catalyst, 1.1 pmol.
Co-catalyst, MAO (1.6 M in toluene). Al/Cr = 6,000.

b Y = yield of polybutadiene = (g of PBD/gBD)*100.

® Microstructure determined by FT-IR

9 by GPC.

Y PDI = My/M,.

&Butadiene load = 1.7g.
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2051 2.4 96 4 ND 60,210 89,630 1.49 25 Notes on Table 6 n)
Polymerisation conditions: reaction time 3h; butadiene load = 1.88 g.
Catalyst, 1.1 pmol. Co-catalyst, MAO (1.6 M in toluene). Al/Cr = 6,000. b)
Y =yield of polybutadiene = (g of PBD/gBD)*100. C) Microstructure
detggnined: by £ T-IR 30 d) by GPC. PDI = M,,.IMn. ”BUtadti‘g)eEﬂo%/oozssz
1.79. WO 20071015074 PCT/G82006i002832 51 " ND = not detected.
Table 7. Polymerisation of 1,3-butadié e at different temperatures Run'T
Yti "F Microstructure PDT (C) (%) (h") %(trans-1,4lcis-1,4/1,2) 13 30 62
27,980 93<7 <1 73,270 120,860 1.65 14 40 81 36,560 97 -3-0-1 77,020
15@,156@0@@@@55&51) 89 40,160 92 71 91,400 196,42 22.15 16 60 81
36,560 9019 197,740 190,700 1.95 Notes on Table 7 a) Polymerisation
conditions: reaction time Th; initial butadiene concentration of [BD]JU_ 5]
1.9 mol/lL. Cafalbyst. Bbia@doptl3-Gioad i st NbAD: (dnfpdvhintes

toluene) F-AHGH=—6,000.b)-Y.= vield of pnlyh{lrltadinnn = (g-of I?F%F)/\J BD)*

Il\dl \-’B—l C

100, ~ TO%Irl: 1Lﬁn0\;zrf gﬁencwmﬁ‘"ﬁ*(mol CH i 1, Mvhere BDI=
mols convertedCButdtierie at tinte et Microgsgucture determined by

- GPEPhts Ao Procetu homo-polymersation of
A ST R 7 T R B A S K U A L SIS
1,3-butadiene,
' 14 40 | 81 | 36,560 | 97 3 0 77,020 | 158,790 | 2.06
15 50 | 89 140,160 | 92 91,400 | 196,420 | 2.15

16 |60 |81 | 36,560 90 97,740 | 190,700 | 1.95

rarcodiira. -
[~

ey

O~
[a—

Notes on Table 7

® Polymerisation conditions: reaction time 1h; initial butadiene concentration of [BD], =
1.9 mol/L. Catalyst: 3b/MAO (1 pumol). Co-catalyst, MAO (1.6 M in toluene). Al/Cr=
6,000.

Y = yield of polybutadiene = (g of PBD/g BD)¥100,

° TOF = turnover frequency = mol BD*(mol Cr)"*h™!, where BD, = mols converted
butadiene at time 7.

9 Microestructure determined by FT-IR.

“ by GPC.

D PDI = My/M,.

5.3. Procedure 2: homo-polymerisation of 1.3-butadiene.

1L stainless steel reactor was evacuated under vacuum and flushed with nitrogen (99.99%)
several times, then charged with a solution of toluene containing the 1,3-butadiene
monomer, followed by the addition of the MAQ. The reactor temperature was kept at 50
°C and the mixture was stirred for 40 minutes. Then a solution of the pre-activated
catalysts in toluene was injected. The 1,3-butadiene polymerisation was carried out under
mechanical stirring for 1.5h. The reaction was terminated by venting the unreacted
butadiene followed by the addition of methanol. The precipitated polymer was washed

with methanol, separated by filtration and dried under vacuum at 60 °C for 24 h.



1 L stainless steel reactor was evacuated under vacuum and flushed with
nitrogen (99.99%) 15 several times, then charged with a solution of
toluene containing the 1,3-butadiene monomer, followed by the addition
of the MAO. The reactor temperature was kept at 50 C and the mixture
wag gtitied {9540 minutes, Then a solution of the pre-activatpg; £33 alSs32
in toluene was injected. The 1,3-butagdiene polymerisation was carried out
under mechanical stirring for 1.5h. The reaction was terminated by

~ venting the unreacted 20 butadiene followed by the addition of methanol,
The precipitated polymer was washed with methanol, separated by
filttatiorEamdpdsiedl mmwmér%tﬁlﬁWIMMW&éﬂﬁ&?ZOlSO?4
PCT/ B20.0610 0 283 2 52 5.3.1, Example of 1,3-butadi

?%‘&i?&ﬁ%ﬂbﬁﬁﬁﬁ*ﬁ&??&%%%ﬂ%&‘iémﬁ RS éélfar%%% i in

charigemb With. B SohutivAOf 2Baliutadiené s(dlﬁtﬁng)m lteheerithd pliRtdrgyarisated

MAQ§20 mkafiad: fMssolfian %"Aﬁ@ﬁ%”&)a 5[& IHM%'ES&%}%% @?%%%55%

C and stirred for 40 minutes, a er which a solution of co

59, 109 @%ﬁt@cwbﬁw@nww A -foMlbelrfed (15 it lrawc% ifyfgnafiring for 1.5
IEJ ap%oﬁfm@afmm &%ﬁg%%@?@fmﬂ@ﬁél&ﬂ%@%@éﬁw a%@% gad
the resulta ISO usin rocedure des ed above.
s A R R e R o A
%.1BldhBdipalysfésisation of 1,3-butadiene and ethylene using complex

3b. Procedure 3. 10 A Fischer-Porter reactor was evacuated and flushed

withnivogenseyarahiimes Betore mesillest withea salitionobigluenes
(200 ml) containing 1,3-butadiene monomer (12.2 g) and 3.75 ml of MAO

10 (1.4 KissoroRssineicarios weaerepiniad Hedtathed wilorimeetnis eiskiiressdfeselit
fo rtv]a'§ m&w&&&t afisr.udich |rsutin efi remRlaxSb, i@ﬁ%@%ﬁ] ﬂi{@ﬁ@ﬁ’l@?%ﬁ)z 29
acuv WI ene was Injec ene
o T 7 e A R o s AT L PRt e M apire
1. Emrd&@etﬁyimesuﬁmmals choBeidrasfdothpl B RACH80 Tep homets) wetented
ve %%MA@&E%M@QQ Pg Mnselrh %g L,%EQ&' E’&l t@% ‘tp o(ietgtléf%ressure) was

described above. Po mer yiel There u tant

15 pofjeadyneristel- tﬁéﬁé‘%ﬁ?ﬁtﬁw% Indhothe sifislang shibitenelpipd and
'3GhNMB GREIsasEeRYwa0 Roddl, OR- &@lﬁ‘ﬂﬂﬁﬁb’é@&@& Rhdistibutecippenand

eth rl)ecre]((iaur%ségs%m Oerg gé%)\(/e:.gpbﬂrr?egey(lje'ﬁ 69.1 g.

The resultant poly-ethylene-co-butadiene contained 10 mol % trans-1,4-butadiene by *C

NMR spectroscopy.

20 5.4.1 Co-polvmerisation of 1,3-butadiene and ethylene using complex 3b. Procedure 4.

A glass Schienk reactor supplied with a magnetic stirrer was charged with I pmol of
complex 1b and 3.8 ml of MAO 1.6 M. After stirring this mixture for 15 minutes, toluene
was added to total volume of 50 m]. The Schlenk containing the catalytic mixture was then
kept in an oil bath heated to 50 °C. The nitrogen was evacuated and a mixture of

25 ethylene/1,3-butadiene (2:1 mol/mol) was added. The pressure was kept constant at 1.5 bar
during the polymerisation reaction. After stirring for 45 minutes, the reaction was
terminated and the resultant polymer isolated as described above in section 5.2, Polymer
yield 3.89 g. |
The resultant poly-ethylene-co-butadiene contained 48 mol % 1,4-trans-butadiene by 'H

30 and "C NMR spectroscopy. The average molecular weight (A4, and My,), determined by



A glass Schlenk reactor supplied with a magnetic stirrer was charged with

1

mol of complex I.b and 3.8 ml of MAO 1.6 M. After stirring this mixture

for 15 minutes, toluene was added to total volume of 50 nil. The Sohlenk
containing the catalytic mixture was then kept in an oil bath heated to 50

C. wgr&ggﬂ was evacuated and a mixture of 25
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etherne/l 3-butadiene (2:1 mol/mol) was added. The pressure was kept
constant at 1.5 bar during the polym%3r|sat|on reaction. After stirring for 45
minutes, the reaction was terminated and the resultant polymer isolated
as described above in section 5.2. Polymer yield 3.89 g. The resultant

Pahpethyenerse-hitadiene @@@ghe o 480014, hﬂéml@wﬁwﬁﬁé}y 'H

30 and '3C NMR s ectrosco

average molecular weight (11M and

M Gpcdrstespiselsys e tiop OHINBUE BSHG1120061002832 53 GPC,
Were 5, 180 ghnol and 15 570 g/mol respectlvely The pondlsperS|ty mdex
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a

CG(TB xbmeﬁb@ﬁmﬁ}e%beéﬁifﬁjcadlaamﬁl@ a@mﬁimﬁdl@ B y@&t{éﬁ %).

WI%Zb %ry—l geglgf%rg g%&slgﬁgé%&%pound in-high yield (85 5 The

general synt Bsis is outlined in the Scheme. N NMe -----— INMeH N+

OClz T EC ti 2 1-Ni N CI Cl 6a Scheme. SyntheS|s of the Co(II)

N, N-hi Midagok gy Imetu-N: me@%ﬁnu}e@ﬁp@r«
a). Eqlinfolarijua tltles of 2 (0.56 g, 1.93 oCI2X0.
93 mmol) were stlrred in 40 nil of THE for 24 hours an en refluxed

r 4h. The product was filtered, 10 washed three timesiwithdHE (gx 20
I) once with diethyl ether (20 ml) and dried under vacuum. Yield 0.69 g,

A NI

favVal
5-%)R-(KBrem');t-3200-(NH;-s), v 1626-1540-(Ar€=C;

Scheme . Synthesis of the Co(II) complex.

Svnthesis of N .N-bis(1H-benzimidazol-2-ylmethyl)-N-methvlamine cobalt (II) chloride
(6a). '

Equimolar quantities of 2b (0.56 g, 1.93 mmol) and CoCl, (0.25 g, 1.93 mmol) were
stirred in 40 ml of THF for 24 hours and then refluxed for 4h. The product was filtered,
washed three times with THF (3 x 20 ml), once with diethyl ether (20 ml) and dried under
vacuum. Yield 0.69 g, (85 %). IR (KBr, cm™), v 3200 (NH, s), v 1620-1540 (ArC=C,
C=N, m), § 1489-1454 (N-H, s), 8 764 (CH, 5). +FAB-MS: (m/z): 385 ((M-C1]"), 420 ([M-
HI), 769 ([2M-2CI)*), 807 ([2M-CIT).

Polvmerisation of 1.3-butadiene using complex 6a,

A glass Schlenk reactor supplied with a magnetic stirrer was charged with 2.1 mg of
complex 6a (5 umol) and 1.88 ml of a 1.6 M solution of MAO in toluene (3 mmol). After
stirring the mixture for 15 minutes, a solution of 1,3-butadiene in toluene (15 ml, 2.31 g of
1,3-butadiene) was injected. The polymerisation reaction was performed under vigorous
stirring at room temperature for 1h. The reaction was terminated by venting the unreacted
butadiene followed by the addition of methanol. The precipitated polymer was washed
with methanol, separated by filtration and dried under vacuum at 60 °C for 24 h. Polymer
yield 1.2 g. Conversion of 1,3-butadiene into polybutadiene, 52 %.



C=N, m), 6 1489-1454 (N-H, s), 8 764 (CH, s). +FAB-MS: (mlz): 385
(IM-CI]), 420 (M- H]"), 769 ([2M-2C1]'T), 807 ([2M-CI] ). Polvmerisation of
1,3-butadiene using complex 6a. 15 A glass Schlenk reactor supplied with
a magnetic stirrer was charged with 2.1 mg of complex 6a (5 mol) and

1.8%@5(%;3}1%Q‘M solution of MAO in toluene (3 mmol). Afterl’ggf(%ﬁ%@ﬁzssz

mixture for 15 minutes, a solution of 1,3-butadiene in toluene

g of 1,3-butadiene) was injected. Thé%olymerisation reaction was
performed under vigorous stirring at room temperature for Ih. The
reaction was terminated by venting the unreacted 20 butadiene followed

by the aadiianalmethasatdihe preciRiaiat.pohmer, wanMashed owvitl] v cis-
methanol, separated by filtration and dried under vacuum at 60 C for 24 h.

Polytier idid 1o gt sh bErsioR YF s REBRGRhe into polybutadiene, 52

%. WO 2007/015074 PCT/GB2006/002832 54 The composition of the
sl pavbinthenises hEaydl-ois nelrkutedican lanl ifesl/0s £is0)1 4

(1,2-vinyl: ho detected) by 13C.N spectrascopy, Example 7. hesis

of L an e R e S R iy CAT RSN e o

S recreopistspliedl il alnapmefiecstresr Wdd enstyeeiwithml 2fmg 6fvbsolution of

complexiPao(1Adimohs MeLLEARPIEX ARheb enchZadl ofadid ¥r 13-
solution of MAO in toluene %4 mmog.}After stirring the mixture for 15

mitdtELene B HF 3 h bR T BRI B0 HhIUES Yy Ghe polymerisation

1,3<davtadiene padsinjectdet. iheqolymaérisatinnneaatiaaiwaspatiomettaction

un ' iring: 0 ure for.3h. The reaction..was

o B o SRR manc
10 metharmstcndardenphaersitate dpBigineitvas ramshettnortieth dth &ilition and dried

sepanRisd AMfilfiationcand driec Jndar aauisn at 60nGeiGir 4t BlMRhe into

yield 0.84 g. Co ve(r);lon of 1,3-butadiene into polybutadiene, 18.2 %. The

cor?}?&%f%lﬁﬁsg}welbeﬁ t%ezré’sultant polybutadiene blend was 52 mol % trans-1,4;

45 Thelcteisitbe itk Jesudthdo b2 HuaBdndR ispé etioSCapyl Ibraynthésis afol %

1'45}5%%&66'5%il%lraﬁr?y%l%t?’gjﬁ{]%@f{&%ﬁ.r blend (Co/Cr > 10). A Schlenk

[

reactor supplied with’a magnetic stirrer was charged with 4.2 mg of

complex 6a nnol) and 3.75 ml gf a 1.6 M solution of MAO in toluene
15 6 %%Mgwmg polvbuta(ﬁene n-reactor blend (Co/Cr > 10).

A Schienk reactor supplied with a magnetic stitrer was charged with 4.2 mg of complex 6a

(10 pmol) and 3.75 ml of a 1.6 M solution of MAO in toluene (6 mmol).'The mixture was
stirred for 5 minutes and then 0.4 ml of a solution of complex 3b (0.5 pmol/ml, 0.2 umol)
activated with MAO in toluene (1.6 M, -5 ml) was injected. After stirring the mixture for 5
20  minutes a solution of 1,3-butadiene in toluene (30 ml, 4.62 g of 1,3-butadiene) was added.
The polymerisation reaction was performed under vigorous stirring at room temperature
for 2.5 h. The reaction was terminated and the resultant polymer isolated using the
procedure similar to that described above. Polymer yield 0.22 g. Conversion of 1,3-
butadiene into polybutadiene, 5 %.
25 The composition of the resultant polybutadiene blend was 73 mol % trans-1,4; 21 mol %
cis-1,4 and 6 mol % 1,2 by FT-IR spectroscopy.
Different Co/Cr molar ratios were used to obtain polymer blends with different

compositions; the results are given in Table 4.
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stirred for 5 minutes and then 0.4 ml of a solution of complex 3b (0.5
gmol/ml, 0.2 tmol) activated with MAO in toluene (1.6 M, 5 ml) was
injected. After stirring the mixture for 5 20 minutes a solution of
13-butadiene in toluene (30 nil, 4.62 g of 1,3-butadiene) was added. The
pol isatign reaction was performed under vigorous stirri
temxé%?g%%tégb?ér 2.5 h. The reaction was terminated and then%gaﬁ%%%%%ozm
polymer isolated using the proceduré%imilar to that described above.
Polymer yield 0.22 g. Conversion of 1,3- butadiene into polybutadiene, 5

%. 25 The composition of the resultant polybutadiene blend was 73 mol %

tramabled: 2000 ¥ ) HisnkadiaRth RN Hhided WHHEAR SPELHRSEORY dlifferent
Differfant Co/Cr molar ratios were used to obtain polymer blends with
differeh a”‘(::18srhpositions; the results are given in Table 4. WO 2007/015074
PC,T/GB2006/002832 55 Table 8, In-reactor polybutadiene blends
obtained with catalysts 6a and 3b in different molar ratios. 5 Run' Co/Cr
Al/Co Al/Cr Yieldb Microstfucture| (trans-1,4/c/s{1,4/1 2) 123500 7000
87.789 47 2R&HA00A000 AB52146:3 Y600 68036421 6 10
4 ~1 50 600 6000 4.8 40 555 Nates on Table 8 &> @nsddtelyst/IMAO (1,6
M in toluene). Yi= yield of pélyliutadiene = (§7of PBR/gBR)* 1007 15
')Microstructh‘e—zdeﬁen inedHyPT=IR- Referepcest-Schwarzepbach V.
G., Anderegg G., Schr%%id<er%/{j/q5 edrz%cl) H., He \'/.ZChslrz: J_lé a, 11955,
38(132), 1147. 2. Bugdlla-AltdifiraB0g .| Chidhiesilb-la2arte D§
Gonzalez-Pefrez J M gSancigg- 2@ Jepreno Mg J- fyarinsSanchez R.,
Martin-Ramos.-J..D!_Covelo B__Carvallo R

Notes on Table 8

¥ Co-catalyst, MAO (1.6 M in toluene). ‘
®Y = yield of polybutadiene = (g of PBD/gBD)*100.
IMicrostructure determined by FT-IR.
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MCSL.LP 56 Claims 1. A process for ffroducing homopolymers or
copolymers of conjugated dienes comprising contacting monomeric
(hatesial comprising at least one conjugated diene with a catalyst system
Comprising buoor more different. ansition mefal CAPRoURds comPrising

a. firdt ransition metal selected #Pé)m &r, l\s]opar?aTW and &’ second
dramesitiompnstaf seleetathfromneejefo matk il andipptmgally crvecamemorpigated
AL, %a&e;?{t"&éﬁjé@éo%'{ﬂ? nGlambwherein Ibe fransitqp metal
compouna is select rom a complex containing neutraf, monoanionic or
ianipmidsligandysing 3 fisspisoespasncliaimeddieCleim Swereinithé and a

li ' te. i [ . r S
e e g e SRS S ST,
Stasmis 5. A process as claimed in any one of the preceding Claims

whergin toe frangition 12 MeTaS GRMRNISR %%B@ili?ﬂ%‘é%%@iﬁﬂ&%ﬁd% selected

process as claimed in any one of the preceding Claims wherein the
faroupeBbERchOBRNBErasIbITRReaAN BRspULHER P sUEERTISEL the

LORGHBVAN OfA0Y LRECILINESE HERMPALIRS R T0- 9 RRIGS 0 agsden

total'moles of transition metal compound employed as catalyst. 20 7. A
tpfsetds estelaAsatia  any one of the preceding Claims wherein the

@FE!PHHJCQ&5?95091a%ﬁa%fémlﬂm%h%@ﬁg&ﬂﬁéoﬁﬁ% that{b€ne N, P, O or

concentration of any one of these compounds is at least 0.10 moles %
$a98d on total moles of transition metal compound employed as catalyst.

5?- A &%@%%tsﬁéléiﬁiéﬂ‘?g R POYUTeHRS The RIseeding ¢ bR WhrLeiB Rl tion
eastone o e
rne?als comprise cobalt and chromium.

6. A process as claimed in any one of the preceding Claims wherein the amount of each
of the transition metal compounds is such that the concentration of any one of these
compounds 1s >0.01 moles % based on total moles of transition metal compound
employed as catalyst.

7. A process as claimed in any one of the preceding Claims wherein the amount of each
of the transition metal compounds is such that the concentration of any one of these
compounds is at least 0.10 moles % based on total moles of transition metal compound
employed as catalyst.

8. A process as claimed in any one of the preceding Claims wherein at least one of the
transition metal compounds is a metallocene.

9. A process as claimed in any one of Claims 1 to 7 wherein at least one of the

transition metal compounds is a represented generically by the Formula (I):

R R

\ 1—‘1‘\1

=

/ \\ X

G\ y M\
y? Ln
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25 transition metal compounds is a metallocene. 9. A process as claimed

in any one of Claims 1 to 7 wherein at least one of the transition metal

compounds is a represented generically by the Formula (1): xn W rYI=N MCSLLP
Xm ¢ My2 Lo MCSLL.P 57 wherein M is Cr[ll], Cr[lll], Fel[ll], Fe[lll], Co[l1],

Col[lll], Ni[TT], X represents an atom a7group covalently or ionically

bonded to the transition metal M; Y1 is C or P(R); y2is -O(R), -0 (in which
\ﬁg&@ithmbémﬂ [fIone A0 M é$1TP Falgt), COIIRD -6 THE(RHJENREpresents an atom
%a(gﬁj)égrl%zgg g}sg{ é8p %a?ié ﬁd%dRo t}%e%a?lgitﬁ)g ’ﬁE:, rﬁOP' ?719@ o%efgilw)' Y% is

rogen; halogen, ocairbyl

R§§|tL@drhydﬁohad3ylthaeter«blﬁdeanﬁyl isubstitered-RERTBIHORRIBI R ),
g.eac d ly, sgle fr
é‘%o%gfb%l&llﬁ)}{u}tuﬁ)oggy Oéia?%%/l’ ete%%7 %g)?(:%agf% ]?der?(? ndently

ﬁwﬁérﬁﬂlﬁeﬂl?@t&r@gmd rlmtagbyl randoaasb gl Jadsmwné@yﬁagﬂmé)yﬂomed
together to fo elthe |rec bon tween. Y Y2, oris a
WB?W&W@@FT% l\k?? WS ]i}etﬁ Y Eontains PO dﬁr% htom ?ﬁﬁe dft{of\g/l when
iddspknlidsts gletpdiatively baiged, tbaMgemshSr«bmc@rtQIE snbisitutedShadeprbyl,
is1or2 10. roc as claijmed in a CI |ms 1 rei
REAE B PR RS ACLA LS RUACR e et o e
ﬁﬁﬂ%wt@géth};r%f&‘in R finty; IGds éﬁhwerhmc)(h@pt%emtsra?{ a6t group
covalently or ionically bonded to the tra me a [
YtR/aR BOURY % %F g“?@l}égf)él afromrﬁ rgtgoé% ]ﬁliodg{gn SRS 1 Lisa
group datively bound to M; nis from 0 to 5; mis 1 to 3and qis 1 or 2.
10. A process as claimed in any one of Claims 1 to 7 wherein at least one of the

transition metal compounds is represented by the general formula (II):
5

T R} T‘ N
=N
. \\ /Xm
R M
RN
—O Ly
Rb
L J )

wherein X represents an atom or group covalently or ionically bonded to the transition
metal M; L is a group datively bound to M; R* is selected from hydrogen, halogen,
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl, substituted heterohydrocarbyl
or SiR’; where each R’ is independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl and substituted heterohydrocarbyl; R, R®
and R° are each independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl, substituted heterohydrocarbyl or SiR's ; n
is from 0 to 5;mis 1 to3 and qis I or 2.

11. A process as claimed in any one of Claims 1 to 7 wherein at least one of the

transition metal compounds has the following Formula (IV):
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hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl, substituted

heterohydrocarbyl or SiR'3 where each R’ is independently selected from MCSLLP

hydrogen, halogen, hydrocarbyl, 20 substituted hydrocarbyl,
heterohydrocarbyl and substituted heterohydrocarbyl; R", Rh and R 5 are
each independently selected from hydf®#gen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl, substituted heterohydrocarbyl
or SIR'3;n isfrom0to5; mis|to 3 gad q iskor 2. 11. A process as
claimed in any one of Claims 1 to 7 Wh t least one of the 25
transition metal compounds has the folfowin Formula (IV): MCSLLP 58
RR /Y =NA~~~~tnA2N--M ’1‘%@ EN R6 R7 wherein M[1] is
Cr[ll], Cr[lll], Fe[ll]. Fe[lIT], Co[ A}, Co[ll TX-(epyesents an atom or
group covalently or ionically bon _ﬁ[he transition metal M; T is the
oxidation state of the transition metal is the valency of the atom or

group X; Y,5is C or P(R), A" to A3 are)éa_cﬁ‘f{ndependently N or P or CR,
with the proviso that at least one is CR; R, R,RR' and R6 are each

‘%]K}de%&mﬂ% éeetﬁﬁydrrlgﬂg] It;he\ﬁgu%enﬂfﬁ Eﬁféro ocaﬁ% | 0 b%ﬁ-}i%ggts an

andiere ganlp Roisladgpendenthllgsdlected foahe hgmhﬂngem mbalogler, is the
%ghgcartﬁ{ 5 O%Jﬁtlguted h(}/droca tMI hg dro arbﬁy?y J&ld ijletItu e8p X Y

etero drocarb are eac epen e selected Tr
ihytoodeROh albgeﬁ mmmgdmusmméamwm@abwm the proviso that at

ineterohyd nﬁ%? Seﬁkbst't&tﬁdaﬁsteef%%%%% vl f ﬁééroc ;zgqp%%s&&

sm epen ectéd from hydrogen oge

Imh@gmutezmhyelr‘oyiasbjphtheteidiwd@owéﬁdyhamwmnmbﬂl substltuted
h'?:%%ﬁ%%rc%‘%%%'f SiR’3 where each R’ is independently selected from hydrogen,
halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl and substituted
heterohydrocarbyl; R’ and R” are each independently selected from hydrogen, halogen,
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl, substituted heterohydrocarbyl
or SiR’3 where each R’ is independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl and substituted heterohydrocarbyl.

12. A process as claimed in any one of Claims 1 to 7 wherein at least one of the

transition metal compounds has the following Formula Z:
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12. A process as claimed in any one of Claims | to 7 wherein at least one
of the 15 transition metal compounds has the following Formula Z:

MCSLLP 59 R's R27 20 P R26 R R NIRig R/ N'--* M[T] - (T/b).X R3  MCSLLF

-N3 R21 R6 R1, Q R23 Rzs Rza Formula Z wherein R', R2 and R3 are
each independently 11, or C1-Cio alkyt9aryl or aralkyl and wherein R19 to
R28 are independently selected from hydrogen, halogen, hydrocarbyl, 5
substituted hydrocarbyl, heterohydrogarbyl.er substituted
heterohydrocarbyl; when any two or more/of R1 to R4, R6 and R19 to
R28 are hydrocarbyl, substituted hyd rocark . jreterohydrocarbyl or
substituted heterohydrocarbyl, said twg .or more can be linked to form one
or more cyclic substituents. 13. A process ag'¢tlaimed in any one of Claims
| to 7 wherein at least one 8f the flansition metal compounds has the

| \ALN KA FormulaA A2 ~-3 A

— N R
R6
23
24
st R
Formula Z

wherein R', R? and R? are each independently H, or C;-Cg alkyl, aryl or aralky! and
wherein R' to R* are independently selected from hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl; when any
two or more of R! to R*, R® and R'? to R*® are hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl or substituted heterohydrocarbyl, said two or more can be linked to
form one or more cyclic substituents.

13. A process as claimed in any one of Claims 1 to 7 wherein at least one of the

transition metal compounds has the following Formula A

Formula A
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MCSLLP 60 wherein in the five-membered heterocyclic group K, which

can he saturated or unsaturated and unsubstituted or substituted by

halide or hydrocarbyl groups, the atoms A'to A4 comprise at least 2 MCSLLP
carbon atoms and at least one atom selected from N, O, P and S, the

remaining atom in said ring, if any, beipg selected from nitrogen and

carbon; 5 any 2 or more of A' to A4 can form part of one or more further
vﬂﬁ@eﬁya’ﬁ&lﬁsﬁ%iﬁlammtﬂl mk&s&gdlfﬂmb@mmh\ﬂih Een Gosandaig B4

and E2 oms or s be rln d or doubl
BRI BTG TR Sy L BT CAD OSSR Lsa g the stoms
Aunsuﬁs&ﬁutpdmmasammmmmmmmmahyehi@cambwgom)mlmyeucfromN 0,P

arb aromatlc h rocar v b ted arpmatic
aﬁé% 317?%7} %&hgﬁgrloc%/ o) ﬁ%ashgh \/%/ géue%t)subr%ﬁﬁ gpenand carbon;
adgaﬂvcatmsmffs@?d«gmﬂm (ﬁc)x’m pa):t dfisme g:rmm@ﬁnrtﬁlﬁsnn@myet@nmbﬁes a
y orm om Iecte from N
A S SR A 5 SO Bt SR hed By Pl e rne

hi cahi be s OF UnS enor
sh},gilmm&irbyﬂgtdnlmbpﬁn amuhE)ﬁlaIe dmmwon@m@mmmekmedrframm ic
L.is a ne rou are
sggsélgﬁed s %y car or .0 e@l a%;ﬁl tlll?/(f %car m‘ﬁ"g iiﬂ%

Zarein epen zero ers SUC

hatdcbtagroly pm‘;atmfyathehvdtenmgbahdim)@ii@tlmmbstateedfatwmeialyﬁmiwbm (v)

process,as clalmed 2an Kar |de tical |
e e L I SR AR 08 TR0 s

drviglazolexdgintaimie g@t(mp dri20 istangrengd qﬂi@@tﬂdf foomoF oroneketertss telected
VIa Igl EM&%&FN% \X%gﬁ?yﬁlv boé sR‘g’s&u@ OZ‘ Hns!io%%th'f%d%/ ﬁHll(\)lgRr?or

hydrocarbyl groups; D' and D? are donor atoms or groups; X is an anionic group, L is a

neutral donor group; m, n and p are independently O or 1; y and z are independently zero

or integers such that the number of X and L groups satisty the valency and oxidation

state of the metal M.

14. A process as claimed in Claim 13 wherein D”and K are identical imidazole

containing groups.

15. A process as claimed in Claim 13 or 14 wherein the imidazole-containing group K

is a group selected from Formulae la to Vla:

............

~~ -

.........



R % 1Va R7 Va R' Via MCSLLP 61 wherein the groups R2to R' 1 are
independently hydrogen or a monovalent (i) aliphatic hydrocarbyl, (ii)
alicyelic hydrocarbyl, (iii) aromatic hydrocarbyl, (iv) alkyl substituted
aromatic hydrocarbyl (v) heterocyclic groups, (vi) heterosubstituted
derivatives of said groups (i) to (v), angll (vii) hydrocarbyl-substituted
heteroatom groups. 5 16, A process as claimed in Claim 14 wherein the
VRS an: metapcamparitidis iﬁ@épenadﬂnqmmeg@ﬁtheafmmmm laliphatic

compl esHM HMeM Me dr N | CIL.Cl HH
B kSR U RS W G Th (G gt ed
a‘i’ﬁﬂﬂ@ﬂmmym@t@kbﬁmpphmétdﬁysﬁlegteﬂbﬁrc(m)dﬁrﬂeméshbsfﬁll(mildgrnhuturmwﬁsald

SRR CHMEC B PR S TR R 8 SN et

5 IMEN-ﬁfﬁ@std‘lblmed in Claim 14 wherein the transition metal compound is

MCSLLP

selected from one of the following cobalt complexes

viq “JO@ J@

CI Ct CI Cl
" H i
N | N
CLT0
N\CO/N
o\
10 Cl

17. A process as claimed in Claim 14 wherein the transition metal compound is

selected from one of the following chromium complexes:

MeN—Q @ @

MeN-— CrCl3 HN— CrC|3 HN— CrClz

. 2D Yo Yo



HN- HN HN- H\N 1 " H\N 1/ HN~// ("/ ~/ McN-VCI3 PhPP--CrCI3 MeN
T1C13 NN/\N/~~N HN HNHN--/HNHNN (NNN MeN-TiC12
O-CrCI3 V'N-CrCI3 N~~NI1/NNH/~\ N\~"HN\WJ1HN\ PhHNHN MCSLLP
1(/H\ \N 1/N 1 MeN-C/CI3 | Ph MeN-CrCI3 MeN-CrCI3 Ph N HN HN
HN Ph MCSEEP 63 H/N1/HN\/\Hj N~NN MeN-CrCI3 MeN-C%
rC1I3 MeN-CrCl % 3 NN HN\1/ HN HN HN

bo @ o

S—CrCl3 <:rc12 MeN— CrCI3

e D

MeN— VC!3 PhP— CrCI3 MeN—T|Cl3

pEa TR €5
4 A
%@ o TN YD

MeN— CrClg MeN— CrC!3
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N MeN-CrCI3 Me C'rCI3 N HN HN 18. A process as claimed in any one
of the preceding Claims wherein one or more of the 5 transition metal
compounds is supported on a support material. 19. A process as claimed yj¢cgLLp
in any one of the preceding Claims wherein the catalyst system
comprises two or more transition metalg;compounds and an activator
supported on the same support material. 20 A process as claimed in
Claim 18 or 19 wherein the support mat selected 10 from silica,

alumina, or zircopia, magnesia, magnes Moride or a polymer or
prepolymer '
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18. A process as claimed in any one of the preceding Claims wherein one or more of the

transition metal compounds is supported on a support material.

19. A process as claimed in any one of the preceding Claims wherein the catalyst
system comprises two or more transition metals compounds and an activator supported
on the same support material.

20. A process as claimed in Claim 18 or 19 wherein the support material is selected
from silica, alumina, or zirconia, magnesia, magnesium chloride or a polymer or

prepolymer.



