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[0003] Polyolefins are raw materials used in a wide range of industries, including
15  packaging, automotives and construction. Therefore, the production of polyolefins is a very
important branch of industry. The catalysts for olefin polymerization play a key role in the
production process, which has led to much work in this area of research.
[0004]  Amongst the catalysts studied, phenoxy-imine-based Group 4 metal catalysts (see
Fig.1 and Model-1 shown in Fig. 2) have received much attention in both academia and
20  industry because they intrinsically have high activities that compare favorably with that of
commercial metallocene or half-sandwich Group 4 metal catalysts. However, this kind of
phenoxy-imine-based catalysts has poor stability resulting in limited lifetimes, primarily
because of the transfer of supporting ligand to aluminum in the co-catalyst mixture especially
under elevated temperatures used in industry. In some cases, the catalysts decay quickly
25 within a matter of minutes. Consequently, these catalysts are usually studied at low
temperature and/or short reaction time. This greatly hinders the applvication of this kind of
catalysts in industry. In light of the above, there is substantial incentive to develop robust

phenoxy-imine catalysts with high activity and minimal catalyst decay.

[0005]  As titanium and zirconium catalysts based on phenoxy-imine ligand have limited
30 lifetime, much effort has been made to solve this problem using tetradentate ligands, which
-were- expected to form more stable mono-nuclear catalysts of coordination model-2 (see

Model-2 shown in Fig. 2). Studies have shown that the tetradentate ligands of C,-chain-
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arrangement. The cis-complex [(XIV)TiCl,] was also unproductive, which could be due to

enhanced imine reactivity brought on by ring-strain in the diamine backbone. Complex
[(XV)TiCl] produced only a trace of polymer. Although complexes [(XVI)TiCl;] and
[(XVID)TiCl,] demonstrated improved activity at 25 °C (in excess of 2 x 10°* Kgpe molg '
25  'bar' for a one hour test), the overall productivities are much lower at 50 °C resulting from a

more rapid catalyst decomposition.

[0008]  For zirconium complexes, complex [(XV)ZrCl,] produced only a trace of polymer.
The complexes [(XVI)ZrCl,] and [(XVII)ZrCl,] demonstrated only low activities. Similarly,
introducing a methyl group at the phenolate 5-position of the simple phenoxy-imine ligand
30 may block the intramolecular 1,2-migratory insertion, however this steric blocking failed to

improve the catalytic lifetime.
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15 SUMMARY OF THE INVENTION
[0011] In a first aspect the present invention refers to a self-assembled olefin

polymerization catalyst comprising a transition metal complex according to formula (I)

A-[(LA(MX)p(MXy-L (MX 1) MXy-B)e-MX )y -(L (MXi) MK L2 (MX)u-MXi-A”)MX1 ) 1~ B
20 '
)

wherein
each M is independently a transition metal selected from the group consisting of
25 Group 3-11 of the periodic table;
each X is independently selected from the group consisting of H, halogen, CN,
optionally substituted N(R),, OH, optionally substituted C;-Cy alkyl, optionally
substituted C;-Cyo alkoxy, wherein R* is independently selected from the group
consisting of optionally substituted C;-Cy alkyl, optionally substituted Cs-Cyo aryl and
30 halogen;
A is nothing, L'(MX,)g MX- , or MX,, L' (MX,)g MX, -;
A’ is nothing, - L'(MX,)g MX,, or - L'(MXy),;
B is nothing, -L*(MXy)y or -L*(MXy)y MXo;



wherein each Mis independently a transition netal selected
fromthe group consisting of 25Group 3-11 of the periodic table; each
X is i ndependemtibmesel ected fromthe group consisting ofrciHschadimgens CN,
optionally substituted N(V)2, OH optionally substituted Cl-C20 al kyl,
optionally substituted Cl-C20 al koxy, gherein Ra is independently selected
fromthe group consisting of optionally substituted Cl-C20 al kyl,

optionally substitut.e% C6- C20 aryl, and 30hal ogen; A is nothing, LI (IVIXQy
MX11- , or MX" LI (M8 g&’rl@ﬁ%,?@%erﬂhﬁ@“g&thi ng, - LI(M<')g Mn, or - LI

(MX0g, ; B is nothingg 0-dedh Miegardf @i leade2{ MXn) h MXn; WO
2011/ 119116PCT/ SG2011/000123 4 g is O or an integer of at least 1; his O

or an integer of atpis@astanintegeriofaleast lan i nteger of at least 1; g is 0 or

an integer of at least, 1; 5r is r .integer of at least 1; t is O or an
I nt eger of at | east?;” G tﬁge&pgﬁtgle?sﬁﬁt‘ager of at |east 1;
5 r is 0 or an integer of at least 1;

t is O or an integer of at least 1;
u is 0 or an integer of at least 1;
v is 0 or an integer of at least 1;
w is an integer of at least 1;

10 y is an integer of at least 1;
z is an integer of at least 1;

n is an integer selected from 0-6, wherein n is selected depending on the valency
of M such that the net charge of each M nucleus is zero or all ligand binding positions
of M are occupied;

15 L' and L? are independently selected ligands, wherein L' and L? are different,
each of L' and L* having at least two ﬁnked coordination units, wherein each
coordination unit binds to a different transition metal atom.

[0012] In a second aspect, the present invention provides a process for polymerization or
copolymerization of an olefin or a mixture of olefins in the presence of the self-assembled

20  olefin polymerization catalyst described in the present invention.

[0013] In a third aspect, the present invention provides polyolefins obtainable according to

the process of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
25 [0014] The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying
drawings, in which:
[0015] Fig. 1 illustrates a reaction scheme to produce a mono-nuclear Ti (FI-Ti) and a
mono-nuclear Zr (FI-Zr) catalyst from a phenoxy-imine ligand (FI). The mono-nuclear
30 . catalysts shown are representative titanium and zirconium catalysts of the prior art based on

phenoxy-imine ligand bearing coordination model-1 as shown in Fig. 2.
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10 [0019] Fig. SA illustrates a self-assembling strategy in order to synthesize olefin
polymerization catalysts according to an embodiment of the present invention, which is
carried out in two steps. A bis-ligand (bis-ligand-1) is added to two different metal atoms in a
first step to form a bi-nuclear species. The bi-nuclear species react with a second bis-ligand
(bis-ligand-2) to form a multi-nuclear self-assembled olefin polymerization catalyst (multi-

15  nuclear catalyst). Fig. 5B illustrates a self-assembling strategy in order to synthesize olefin
polymerization catalysts according to another embodiment of the present invention, which is |
carried out in a single step. A bis-ligand (bis-ligand-1) and a second bis-ligand (bis-ligand-2)
are added to two different metal atoms in one single step to form a multi-nuclear self-
assembled olefin polymerization catalyst (multi-nuclear catalyst). Fig. SC illustrates a self-

20 assembling strategy in order to synthesize olefin polymerization catalysts according to a
further embodiment of the present invention, which is carried out in one step. As shown, the
multi-nuclear self-assembled olefin polymerization catalyst may have a disordered
arrangement of the two bis-ligands (bis-ligand-1 and bis-ligand-2), which may be in an
alternate or random fashion.

25 [0020] Fig. 6 illustrates the molecular structure of a bis-phenoxy-imine ligand (BFI-3)
obtained by single crystal X-ray diffraction. This X-ray structure clearly shows that the
distance between the two coordination sites is too long for coordination of one and the same
metal atom, therefore the second NO unit will coordinate with a second metal atom to form
the self-assembled catalyst.

30 [0021] Fig. 7 illustrates the molecular structure of a bis-phenoxy-imine ligand (BFI-4)
obtained by single crystal X-Ray diffraction. As in the case for BFI-3 shown in Fig. 6, this X-

ray structure clearly shows that the distance between the two coordination sites is too long for
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20 [0024] Fig. 10 illustrates the synthesis of self-assembled catalysts MNTi-6 and MNZr-6
using two different bis-phenoxy-imine ligands BFI-1 and BFI-2 in a one step process.
[0025] Fig. 11 illustrates the synthesis of bis-phenoxy-imine ligand BFI-1 and the
corresponding self-assembled catalysts MNTi-1 and MNZr-1.
[0026] Fig. 12 illustrates the synthesis of bis-phenoxy-imine ligand BFI-2 and the
25  corresponding self-assembled catalysts MNTi-2 and MNZr-2.
[0027] Fig. 13 is a table (Table 1) summarizing the performance of ethylene
polymerization obtained using self-assembled polymerization catalysts (MNTi-3 and MNTi-6)
according to embodiments of the present invention, and state of the art catalysts (MNTi-1,
MNTi-2, and FI-Ti). The polymerization reaction was carried out in a 300 mL stainless steel
30 autoclave, using 100 mL hexane, 5.5 bar of ethylene pressure, 2.0 mmol of methyl
aluminoxane (MAO), catalyst loading of 0.9 umol metal. Activity of the catalyst is expressed

in terms of kgpg rnolM'l h'! bar’.
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lings et g,P\gvﬂ hiergepi cted structure can be part of a bigger nolecule
that contains furtHRer repeating units. Alternatively, the wavy |ines may

r epr esdA03@lhe Fignhé ns agraphocomiggpingtthd apmunt of polyethylespebtained (PEgandyithwi t h

or without a netal.atom boungd). 2 4] Fi. Q.10 il lustrat t he synt hesi s
of el 1 ¢ TrpustviR AT RRO A BT IR SZES: At S B Trb L st

bi s- pheyiRgy-1, MNEr-2 | #amiyBFI -1 and BFI-2 in a one step process. [0025]Fig.
11 illustrates the synthesis of bis-phenoxy-imne |ligand BFI-1 and the

corresd60dlilng Kel 17 dlisisatos e asaouatsyoftpolywneripradusad afpievaral fegetis] tanes ofi 2
st At R miiResS ¥ (605 IRt and (1) 96 MWed BUAE AJ HAPH. Bk #ndfids Wif (o)
state of the art catalyst FI-Ti. It is shown that for both MNTi-3 and MNTi-6, the amount of
polyethylene (PE) increased quickly with an increase in reaction time while for FI-Ti, the
amount of polyethylene obtained increased very slowly.
[0032]  Fig. 18 illustrates the amounts of polymer produced after several reaction times of
20 (i) 5 minutes, (ii) 15 minutes, (iii) 30 minutes, (iv) 60 minutes and (v) 120 miﬁutes using (A)
MNZr-3, (B) MNZr-6 and (C) state of the art catalyst FI-Zr. It is shown that for both MNZr-3
and MNZr-6, the amount of polyethylene (PE) increased quickly with an increase in reaction
time while for FI-Zr, the amount of polyethylene obtained increased very slowly.
[0033]  Fig. 19 is a table (Table 3) summarizing the FTIR readings of MNTi-3 and MNZr-
25 3, and state of the art catalysts MNTi-1, MNTi-2, FI-Ti, MNZr-1, MNZr-2, and FI-Zr.
[0034] Fig. 20 is atable (Table 4) summarizing the Laser Raman readings of MNTi-3, and
state of the art catalysts MNTi-1, MNTi-2, and FI-Ti.
[0035] Fig. 21 is a table (Table 5) summarizing the performance of co-polymerization of
ethylene and 1-hexene using self-assembled polymerization catalysts (MNTi-4, MNTI-5)
30 according to embodiments of the present invention. The co-polymerization reaction was
carried out in a 1 L stainless steel autoclave, using 600 mL of pentane, 6.0 bar of ethylene

pressure, varying amounts of 1-hexene and/or hydrogen gas, catalyst loading of 6.0 pumol



25 correspondi ng sel f-assenbl ed catal ysts MNTi -2 and MNZr-2. [0027]Fig. 13
is a table (Table 1) sumrarizing the performance of ethylene polynerization
obt ai ned wei2og/ael1s- assenbl ed pol yneri zati on catal ysts eWNEG2811206120/NTi - 6)
according to enbodi nents of the present invention, and state of the art
catalysts (MNTi-1, MTi-2, and Fl-Ti).gThe pol yneri zation reacti on was
carried out in a 300 nL stainless steel 30 autoclave, using 100 nL hexane,

5.5 bar_of . et ene pr e .2.0 | of methyl alum noxa (MAQ) ,.1 11
coat al ystorb ] 8 o BPIGAh et iy o e abil By SresS ek RBR GIdieht OBl s s e
in ternggof kgpE nmolm1 h-1 bar-1. WO 2011/ 119116PCT/ SG2011/ 000123 7

[0028]Fig. 14 is a table (Table 2) summari zing the perfornmance of ethyl ene
pol ymeri zati on obtai ned using sel f-assenbl ed pol ynerizati on catal ysts

(MNZr -3 and MN\Zrz i L i nvention, and
state of the ar P%ﬁ%ﬁ@ﬁéﬂﬁ%ﬁi&%w%}@@ﬁ%&%% ymeri zation
react i oo CHY fHeCtblRuWling Mescrfidn MorStiRitige 8mbsdifRhtsSo AU ptaess o83hé1g 100
nm. hexane, 5.5 bar of ethylene pressure, 2.0 mvl of nethyl al um noxane

(MAO), wsentiopgwilllbgaaplagnedf 0. 09 Anol netal. Activity of the catalyst is

express PN ter |.m -1. 29] Fy .S i ng

t he ano n?ﬂgf %olr%ef?%{ylﬁg‘g%t g%'teaip#ﬁjaséﬁ( ﬁ&%gé%l V\fi!e?eﬁs ' tsglgg%ﬁgg%ﬁl@%%i ty
conpar i alpmprizadion ihlysScomnstishdyld transitmdnétbbdognméx ddeerditg tocfatrahlyghs 10 MNT
i-1, MTi-2, and FI-Ti. [0030]Fig. 16 is a graph conparing the anmount of
pol yet hyl ene obtained (PE, g) with time ("productivity conparison”) for

M oA A R S I e

several reactio W]lz'i mes of

wherein
each M is independently a transition metal selected from the group consisting of
15 Group 3-11 of the periodic table;

' each X is independently selected from the group consisting of H, halogen, CN,
optionally substituted N(R,, OH, optionally substituted Ci-Cy alkyl, optionally
substituted C;-Cyp alkoxy, wherein R* is independently selected from the group
consisting of optionally substituted C;-Cy alkyl, optionally substituted Cs-Cyg aryl and

20 halogen;
A is nothing, L'(MXg)g MX,- , or MX, L'(MXp)e MX, -
A’ is nothing, - L'(MX,) MX,, or - L'(MX,)g;
B is nothing, -L*(MXy), or -L*(MX)n MXy;
g is 0 or an integer of at least 1;
25 - his 0 or an integer of at least 1;
p is 0 or an integer of at least 1;
q is 0 or an integer of at least 1;
r is O or an integer of at least 1;
t is 0 or an integer of at least 1;
30 u is O or an integer of at least 1;
v is 0 or an integer of at least 1;
w is an integer of at least 1;

y is an integer of at least 1;



15 (i) 30 mnutes, (ii) 60 mnutes and (iii) 120 m nutes using (A) MNTi -3,
(B) MNTi-6 and (C) state of the art catalyst FI-Ti. It is shown that for
bot h IMNTiW@ 2andt1pNEi - 6, t he anount of pol yet hyl ene (PE) PCRSIGRaAA01Q3II ckl y
with an increase in reaction tinme while for FT-Ti, the amount of

pol yet hyl ene obtai ned i ncreased very sowy. [0032]Fig. 18 illustrates the
anounts of polyner produced after several reaction tinmes of 20(i) 5

mnutes, (ii) 15 m;\%létaﬁime%%i)olf gstgi nutes, (iv) 60 mnutes and .(v) 120
A St

m nutes using (A) and (C) state of the art catal yst

FT-Zr. It is shownntihggef @lecheat o6, -whereil nMbEelebied idbpendinigloi thefvalency
pol yet hyl ene (PE) increased quickly with an increase_ in reaction tine while

for FT-zr, i sugbthet thernehsharae p pasheMamcleun ézare eF al digend, ipding negtipns

[ 0033] Fig. arsodubflR! € (Table 3) summarizing the FTIR readings of MTi-3
and M\Zr- 253, and state of the art catalysts MNTi-1, MTi-2, FT-Ti,

M\Zrs 1, MNZr-2,L'asdl Ef azr indep@déhtlyFsgectad ligands, tdbtein (Taht d.*4re slifferant| zi ng
the Laser Ranmn readings,of MTi-3, and sfate of the art catalysts -1,
MNTi - 2, anceaeh-af L' [@g3h] Aiagingp gt Tt Qi ko TRRArAMEHOR, et WEFR ey

per for mancecofaifiAAUnBiAd 8L difterdf %@Hﬁ%tm@mﬁ: hexene using

sel f-assenbl ed pol ynerization catalysts (MTi-4, MTi-5) 30 according to
enbodi n@A88] of Theeerpr Esedfrdssembleht(SaAn . asTined cloergiol refies ita gird@nseseiacwhich avas

i ed_out i 1 L stainl t eel | i ng_600 i of pentane,
670 bardeige Punn o EebiBRe arprgThiain e seliRbsaitnERnRorCR 1 bgen

gasyg Caécﬁllsé'cfkn&eo%@i pecifit, Bl khtemktiondOardBhd / thd ThhGBadihtS EBEhIARR0 Ideho8t met al
and 6.0 mmol of MAO Activity of the catalyst is expressed in terns of kgpE

mol m 1 axtamiladirdctiopETacaEDe DkSORI RF| O gPnHEcBRESENGVer fivENTIZapization of

molecular units into ordered structures by non-covalent interactions.
[0039] The transition metal M is selected from the group consisting of Group 3-11 of the
periodic table. The transition metal M may be, but is not limited to, Sc, Y, La, Ti, Zr, Hf, V,
15 Nb, Ta, Sm, Yb, Cr, Mo, W, Mn, T¢, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, Zn, or
mixtures thereof. In one embodiment of the present invention, M may be Sc, Ti, Zr, Hf, V,
Nb, Ta, Sm, Yb, Fe, Co, Rh, Ni or Pd, for example Ti, Zr, Hf, V, Nb, Ta, Sm, Yb, or
mixtures thereof. In further embodiments of the present invention, M may be Ti, Zr, or
mixtures thereof. In exemplary embodiments of the present invention, M is Ti or Zr. The
20  selection of the respective transition metal atom may depend on the reaction conditions
and/or the olefin which should be polymerized.
[0040] The transition metal M may be in the oxidation state (0). Alternatively, in another
embodiment the oxidation state of the transition metal may be between (I) and (VI)
depending on the further type and number of the ligands L' and L2 For example, M may
25  represent a transition metal atom including, but not limited to, Sc(IIl), Ti(1ll), Ti(IV), Zr(III),
Zr(1V), Hf(IV), V(II), VAV), V(V), Nb(V), Ta(V), Fe(Il), Fe(Ill), Co(II), Co(III), Rh(II),
Rh(III), Rh(IV), Cr(III), Ni(Il), and Pd(Il). For example, M may be Ti(IV), Zr(IV), H{IV),
VI, V(IV), V(V), Nb(V), and Ta(V); such as Ti(IV), Zr(IV), and Hf(IV). This may mean
that M is positively charged and thus is a metal ion.
30 [0041] The number of atoms of the transition metal M present in the self-assembled olefin
polymerization catalyst will depend on the number of the ligands L' and L* which are present

in the self-assembled catalyst. Thus, the number of atoms of the transition metal M may be in



5[0036] In the follow ng description non-limting enbodi nents of the process
of the invention will be explained. [0037]1n a first aspect the present

i nvent i onwoebawrgytie a sel f-assenbl ed ol efi n pol yneri zat ipom/scav@aloysizs
conprising a transition netal conplex according to formula (1) 10A- [(L2
(MXn) p(MX"-L 1 (MX")g-MX, B), -MX")y- (L1 (MXn)t (MXn-L2 (MX,)"-MX"-A" )v-
MXn)w], -B(1) wherein each Mis independently a transition

t al | ect ed f th L st f 15@; 3-11 of .th LAdi
el e; et argbeh LoruBhet i BRr 1 S04 P o AT A 20 dalponafaft ofi o
H, hal ogeBpo. GbweRrk, e alunbed WIdrhs b dhd\riditdon Bidtal NI in@y Alsbybes b bitert ed
Cl-C20 alkyl, optionally substituted Cl1-C20 al koxy, wherein Ra is

i ndepenitaget Yeingbseditldd theppsenhimvepténmp consi sting of optional |y substituted
20 A, ST PSR A B AP0 o)L,
MXn,5 or limitkd (dYPRyilEbgen, hallszeAOCN BBtiomalls (sWhshite® N(REZ(OMhdHriddalp sugstitged or
an integer of at least 1; 25h is O or an integer of at least 1; pis O or
an int egeﬁzc_oalkak or eatienally ybstéuteddri-Gn alkpegahersin & 1 dwlgpendently selected
: : 8 glf frgﬁ t%l%%@g@ Ifco%%istglé 4f§§§§na}1§y shbétﬁutgd @1-(%5] afkg}f, %gﬁénaq)lg/ SﬁBStJt&%& bs-:lézo 30u
aryl and halogen. In some embodiments, X may be H, F, Cl, Br, CN, N(CH3),, N(CH,CH3),,
CH;, CH,CH;, OCHj3;, OCH,CH;, OCH(CH3);, OC(CH3)3, or OCsHg, and the like. In case
10  multiple X moieties are present, X may be the same or different.
[0043] The symbol n in formula (I) represents an integer selected from 0-6, wherein n is
selected depending on the valency of the transition metal M such that the net charge of each
M nucleus is zero or all ligand binding positions of M are occupied. For example, n may be
an integer from about 0-5, such as about 0-4 or about 0-3. Also, n may be 1 or 2. In one
15 embodiment, n is 2 to form an octahedral metal configuration together with the two WY units
of each of the ligands L' and L% Further metal configurations may be possible depending on
n.
[0044] In the above formula (I), L' and L? are independently selected ligands, wherein L'
and L? are different i.e. L' is not the same ligand as L*. Each of ligands L' and L? have at
20  least two coordination units which are linked via a spacer Z such that each coordination unit
can only bind to a different transition metal atom. This means that, for example, a ligand L'
having two separate coordination units cannot bind to the same transition metal atom with
both coordination units. Instead, each coordination unit may bind to a different transition
metal atom only.
25 [0045] In the above formula (I), g, h, p, q, 1, t, u, and v may independently be O or may be
an integer of at least 1. The values of g, h, p, q, 1, t, u, and v may depend on the number of
transition metal atoms in the self-assembled catalyst as well as the number of coordination
units present in each of the ligands L' and L2 For example, g, h, p, q, 1, t, u, and v may
independently be in the range from about 0 to about 1000, for example about 0 to about 500,
30 about 0to about 200, or about 0 to about 100. In various embodiments, each g, h, p, q, 1, t, u,
and v can independently be selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10. However, each g, h,

p, g, 1, t, u, and v may also be any other integer being useful in the present invention.



vis O or an integer of at least 1; wis an integer of at least 1; y is an
integer of at least 1; WD 2011/119116PCT/SG2011/000123 9 z is an integer

of at | easb2mi11/119116 n i s an integer selected from0-6, WwIERE2011/000133

sel ect ed depending on the val ency of Msuch that the net charge of each M
nucleus is zero or all l|igand bindingjpositions of Mare occupied; 5Li and
L2 are independently selected |igands, wherein Li and L2 are different,

each of an avi at, | east t | i nked coqr ation unit wherei n
each co[((}b{lﬁ]nat' hﬁe gl?ﬂvter}g{rm}% (]sbwayﬁ\fq?%?aé'nlpgme ﬁ?}qb’in%enann%lfeﬂer 8{5%%1%5?5'

[ 0038] Th: ¥Ridd 0150 § 2A® SeiB) HependAdh the nubder BEfrBhskideiRla$ aldindPMOGE SRS | N
whi ch a disordered system of pre-existing conponents forns an organi zed

st r uct uaseenghledheatelystrind shexamaonns of ende Ac and i’ ppesents Fer, examiple, wi, ytagd 400a%ns
t.h ts.ih i 1,0 i i t
ggl?in%e dnci%p%oﬁ%?lg/g%nlﬁ éltle Iearﬁgee gr\(l)g-lsabo\{\ldt b P ou‘ta’)ib@(s r}'&l %)%;rr[ :i:é; %l#o%l? 0 tJ) ab 12?5066

neou nd reversi bl'e organrz nmol ecu uhits

intg orgened t5tdbdal BOESorbabono0- 10MBIUENDO.! i edraslki @itodith@AS 9 Thearkdr angd ti on
netal Mis selected fromthe group consisti n% of Grou(i) 3-11 of the periodic
tabl e. irgependentlyil Lo 4t &l 7, Pmkﬂ?&é,l%dé, 205 23010, 3P4, 48, @000 Howeyer, v, Ti |
Zr, Hf, : - Ru, Os, Co, Rh,
lr, N y%‘c‘l1 Z’L%Flj\lgy&gg?nn; 3%1? y%%%?%%?%e\ﬁle%hﬁ ﬁr%%sgﬁgﬁlgﬁgtgo&. ment of the

pr esent[004%jentlnahe abbveafprinela3t), ATiA’ afid, BHire edd ghdups étheSsompléx. AenayGse Rh,

Ni or Pd, for exanmple Ti, Zr. Hf. V. N, Ta, Sm Yb, or pixtures thereof In

furt hernoé%%&flmng n°t> [P We%éMXIi,)nM&m nna ﬁﬁ9fhb‘?¥’ Tg,l é\iﬁf,‘)g @Pérvrf"kt ures

thq@eolekmﬁe%ﬁ}w%ﬁmQ,gi’ R, Rbr tPeVX, 3RE. i nvention, Mis Ti or Zr.
the resp i

The 20sel ectl bn1 of’ ¢ ective transition netal atom may depend on the
react i dO048Indilt i amd d." amay/ indeptehdendlydfei anliganil @bcosthiog ltal fdyeupallyer i zed.

w
>_Z
Y

3D

15 wherein
each WY unit forms a coordination unit;
m is an integer of at least 2;
Z is a bridging spacer selected from the group consisting‘ of optionally substituted
hydrocarbons having about 2 to about 100 carbon atoms and optionally substituted hetero-
20  hydrocarbons having about 2 to about 100 carbon atoms, wherein Z has a size, length and
angle so that each coordination unit WY binds to a different transition metal atom;
each W and Y is independently a metal-coordinating moiety selected from the group
consisting of a carbene, an optionally substituted Cs-Cyg aryl, and metal-coordinating groups
comprising an oxygen atom, a sulphur atom, a selenium atom, a nitrogen atom, or a
25  phosphorus atom in neutral or charged form;
wherein the semi-circle in the WY wunit represents an optionally substituted
hydrocarbon, hetero-hydrocarbon or Si-containing backbone to which the metal-coordinating
moieties W and Y are bonded.
[0049] In various embodiments, the metal-coordinating group is one of an oxygen atom, a

30 sulphur atom, a selenium atom, a nitrogen atom, or a phosphorus atom, preferably in



[ 0040] The transition netal Mmay be in the oxidation state (0).
Alternatively, in another enbodi nent the oxidation state of the transition
met al maywbeobetivaen (1) and (VI) depending on the furt lpen/scepacands nunber
of the ligands LI and L2. For exanple, Mmay 25 represent a transition
metal atomincluding, but not limtedjgo, Sc(lIl), Ti(lll), Ti(lV),

Zr (L), zZr(lv), H(IV), vOD V(I1V), V(V), Nb(V), Ta(V), Fe(H, Fe(lll),

V), T
exanpl 2GRy gt prdy TR reniplanomen b bt by o REH e o

Ta(V); sousd tégnolhdrladdm oZEfoly) incladitlg Hiut ¥ Iim'ilfbdﬁ)lg}@)/o%&an that Mis
positivel éﬂcharged and thus is a pgetal ion. 30 [0041] The nunber of atons

of the [0P3si tFash ofsheligandp e sahi” maythecprepared acroeding tajths|psseess described
polynerge%%i on catalyst will depend on the nunmber of the ligands LI and L2
whi ch are present in the self-assenbled catal yst. Thus, the nunber of atons
of tshe [DosIISi tlinQRe BRIVl folvhilRYITNén hidy b0, 304,15 31034 &RGhtepe28 b11:DER4 3Bml0 t he
range of about 1 or about 2 to about 1000, for exanple about 1 to about 100
or about 200 or 300. However, the nunber of aWo;of the tremd¥tion netal M

may al so be any other integer being useful in the nventi on.
[0042] X is a group which is coordinated to the transition tal atom X may

be, but_hs i Jm 1100 X, CN, optionalty s . uted
N(Ra) 2, ,aggtgflﬁlgnlgg}l{l/segu%%%%?%gg%p@é%h}g?gyl , or optionally 3u glielint ut ed
Cl- C20 ial kasey, ofther ef n3Raatls bfidapeniients yLSehadt &4 fuaym indepegdently be

consisting of optionally substityted Cl-C20 al kyl, optionally substituted
C6- C20 aryl and hal ogen. In some ‘énbodi Xents, X my be H F, d, Br, CN,

N(CH3) 2, N(CH2CH3) 2, CH3, CH2CH3, OCH2CH3, OCH(CH3)3, OC(CH3)3, or
006H6, and the like. In_case 10 nulTqTple X npieties are present, X may be
the sa di fferents [%04@1" synbol n n™ or nul a (1) represents an

i nt eger sel 0- 6, wher gin-nzi el ected dependi ng on the val ency
of the trapsitidn nekal M such yhat {he net charge of each Mnucleus is

zero or Y | i ggnd bi ndiYng p¥siti ons|of M ar¥ occupi ed. For exanple, n may
be an integer Om about 0-5, such/4as out 0-4 or about 0-3. Also, n may
be 1 or 2. Im enbodi nent Mto form an octahedral netal
configurati oWwtogetfier w tOQ the two W thits of agggf%];ah&dlsio %nds LI and
L2. Further netal configurations nmay be possi bi'e ependi mg - on n.”-

[0052] Each unit WY forms a coordination unit, i.e. one transition metal atom is

10 coordinated to both W and Y of the same WY coordination unit. The semi-circle in the WY
coordination unit represents the hydrocarbon backbone to which the metal-coordinating
moiety W and Y are bonded. In neutral or charged form means that both W and Y may have,
for example, the charge state O or -1 or any other charge state which contributes to a stable
molecule.

15 [0053] The hydrocarbon, hetero-hydrocarbon or Si-containing backbone to which the
metal-coordinating moieties W and Y are bonded may be, for example, any organic
compound which is capable of linking W and Y to form the coordination unit. Generally, the
hydrocarbon backbone may be an optionally substituted hydrocarbon, hetero-hydrocarbon or
Si-containing backbone to which the metal-coordinating moieties W and Y are bonded. In

20 one embodiment, the hydrocarbon backbone may be, but is not limited to, an optionally
substituted Cg¢-Cyo aryl group, an optionally substituted Cg-Cyo heteroaryl group or an
optionally substituted Si group. For example, W and Y may be linked to an aromatic
hydrocarbon (aryl), to a Si-chain or the like.

[0054] In illustrative embodiments of the présent invention the WY coordination unit may



[0044] I n the above fornula (1), LI and L2 are independently sel ected

| i gands, wherein LI and L2 are different i.e. LI is not the sane |igand as
L2. Each wO2biigasds LI and L2 have at 20 | east two coor #CR&G20I1/00028 s whi ch
are linked via a spacer Z such that each coordination unit can only bind to
a different transition nmetal atom Thiig neans that, for exanple, a |ligand
havi ng two separate coordination units cannot bind to the sane transition
met al 0 oordination units. |Instead, each coordination unit

may - b.&%’@gwk&@tﬁﬁég%ﬁ% transition nmetal atomonly. 25[0045]1n the above
formula (1), g, h, p, q, r, t, u, and v may |ndependently be 0 or may be an
integer of at least 1. The values of g, h, p, q| r, u, v may depend
on the number of,;transition getak atons in ghe, el f- asse ’H catal yst as

wel |l as thejnu -er of cogrdipatipn units presgnt in each of thegligands LI
and L2. Rkg s g, , u,_Aand]v may in&&pe y be in the
range fro to abou for exa ut 0 to R 30

about 0_t.o~gbout 200, or, QA i
g, h, pB q, Ir, 5{ u, anéav can |ndependenk §e|ected f on10? 1, 2 3,
4, 5, 6, 7,R8, 9, or 10. Hovver, each g, h, p, q, r, t, R* and v may al so
be any other integer being useful in the present i nvention. WO

2011/ 119116PCT/ SG2011/ 000123 11 [0046]In the abgve formula (1), w, y and z

may |ndependently be an |nteger of at | east he value§ of w, y and z may
depend on the r of trans nmetal aro in the seI - assenbl ed

catal yst andvth anount of R'ig ds LI and L esent . ganmple, w, y and
Z may i ut 0 to abou D00, §or exanple

ybe jon t er nge fromR&

r 0 to abougs 20 r about 0“0 abelf 100. In
o z are indepghdently 1, 2, 3 5R°7, 8,
50. Fbmewe v, yland z may
al so be any 9 ) t hegpresent inven |on Rt [0047]
In the above formula (1), A A and B are end groups of théRcoanex A may
be nothing, LI(MX")g MX"- |, or MX/, LI(MX")g M(,-. A" may Be nothing, -
LI (MX,1)g MX", or - 10 LI (MXOg,. B may be potging, -L2 h or -L2(MXn)h
MX. [0048]LR?and' L2 may indepaﬁdeqtly be a R [

w R3 - RZ 0 R2

about 0

9, 10, 1&

R4 O@ R3 oo —_— R3

R2 R1 R1 * R2 R1 R1 ]e

R3 O/* R2 0 R3 S/* R2 S
R © 4 = 3 e}

R3 s© R 0) R o



-z nm(ll) 15wherein each WY unit fornms a coordination unit; mis an integer
of at |east 2; Z is a bridging spacer selected fromthe group

consi sti Ngoab1igippilénal |y substituted hydrocarbons havi ngCals6r011209133 about
100 carbon atons and optionally substituted hetero- 20 hydrocarbons having
about 2 to about 100 carbon atonms, wheqein Z has a size, length and angle
so that each coordination unit W binds to a different transition netal

at om each Wand Y is independently a netal -coordinating noiety

sel ected fron1the group consjsting of a carbene, an optionally substituted
C5- C20 arﬁ nd netal - c&a $nat|ng groupsR%o Prising an oxygen:atom a
sul phur ator or.,a 25 phogphorlus atomin
neut r al rQr A W

éged f or fRf i
~anNgptional l'y puRed hyd bon, hetero-

repr esent car bon or
Si -cont ai backbonegy O~y t he merél -¥ nating me esxg®and Y are
bonded. $ﬁ049k4n vari ous e‘-odmﬁents t he ga -coordi nating,group is one

of an oxygen atom a 30 sJTphur atom a seleniumatom a nitrogen atom or
a phosphorus atom preferably in WD 2011/119116PCT/ S&011/000123 12

negatively charged form The afore-nentioned atons can be part of a |arger
group or can ke bound to anothesr atom or groups including, butgpot [imted

to hydrogen [ 050],:Each of theg |igands LI and/L2 Ry be prepar-d aﬁpordlng
to the pRt escr i bed Rbey R _—
R5 R! RS\ R1 RS R! RS\ . R

~
R6

,SK ’SK SK Si
6 6 6

7,N R 0 R S R P

R R7

* * * *

[0055] In the above formulae, the star indicates the bond/attachment to Z.
[0056] Also encompassed by the present invention are groups of the above formulae,
wherein the coordinating atom is not negatively charged but substituted by a hydrogen atom.
5 Coordination may then occur via the free electron pair of the heteroatom, for example.
[0057]) In the above formula (II), Z is a spacer molecule, wherein the term "spacer
molecule" refers to an atom or group of atoms that separate two or more groups from one
another by a desired number of atoms. Any group of atoms may be used to separate those
groups by the desired number of atoms. In some embodiments, spacers are optionally
10  substituted. The spacer Z has a size, length and angle so that the at least two coordination
sites WY of each of the ligands L' and L? can only bind to two different transition metal
atoms and not to the same transition metal atom. In other words, this means that it is not
possible that every coordination site of the same ligand L', for example, may bind to one and
the same transition metal atom as described in the prior art. This may require that Z is
15  structurally constrained such that the WY units are spatially arranged such that they cannot
bind to the same metal atom/ion. »
[0058] In this respect, the term “hydrocarbons having about 2 to about 100 carbon atoms”
refer to all possible sorts of organic compounds consisting of hydrogen and carbon, e.g.
aromatic hydrocarbons (aryl), alkanes, alkenes and alkyne-based compounds, but not limited
20  to. In one embodiment of the present invention, Z may be, but is not limited to, an optionally

substituted C;-Cj alicyclic group, an optionally substituted Cs-Cy aryl group, an optionally



5[ 0051] I n the above fornula (1), mmy be 2, 3, 4, 5 or 6 or any integer >
6. In case of m= 2, each of the ligands LI and L2 may i ndependently be

in case ovormH/B39dach of the ligands LI and L2 may i ndep€m$&ne115p00ia3

[ 0052] Each unit WY forns a coordination unit, i.e. one transition netal
atomis 10 coordinated to both Wand Ys50f the sane WY coordi nation unit.
The sem -circle in the WY coordination unit represents the hydrocarbon

backbon i 6h~t - r di i i .

ot ral oAt CRck ErcEirol £600] £ PRI RISl AREFLROIRE P
char ge st item@mbered rirggs (svhichadaheyptiohaiygkavetirtezo atbins lin denting bystens suoh as

stabl e nol ecul e. 15[ 0053] The hydrocar pbon, het.ero-hydrocarpon or . )

Si - cont BaRht nsaétlesesﬁéve@o HtiraRenen edsivpies- copliMtat P%‘?@“’HBF i SRNAZRRE, v ar e

bonded . r i A i
5@%611913@ ?‘gan?g%%’ htAdnd bfte, ‘f)gfrﬁﬁtg,%}%rel%nglﬁnk,sto%%?yg}; Dew

| i nki ng Wan e coordi nation l'y, the ocar bon
bac kbonglustaativieesxamplegy), ion nadybtgmsafhisitol, three dr Fopd (Ge@y oyl grivgisdretrghgohnectad bon

or Si-contaj.ning backbone t i t he met al.- coordi nati ng noi et Wand Y
ot e bontiad NHOH08 Qe e SR OB oGk BofIKERLRBOREE, Coes BT | s
not i mt.ad Ifcdg’ ézé‘tgpﬁpﬁfe%ﬂélfé ?énﬁé‘ﬁﬁ& ieh&lrshs o gGurS ¥hcHsiphend) t&gli:lérﬁfmm ly

substitut ed11 > (20 heteroaryl group. oy an opti onal Iy substitufed gr oup.
For exaopl(B'RVRIARYCertSHeCRMBER (R Hn whetsirakiis ahyetegerafreron (oatl pndto a

NSRRI RN R LSRRI

10  [0059] The term hetero-hydrocarbons having about 2 to about 100 carbon atoms refer to
all sort of organic compounds consisting of hydrogen, carbon and at least one heteroatom
selected from for example N, S, O, Si or P, but not limited to. For example, this term may
encompass compounds according to the formula [(R'RRPR™)Ce-(V)a-Co(RPRR'R ™)),
wherein V is Sior S and d is an integer from about 1 to about 6. All these compounds may be

15  optionally substituted.
[0060] In case of m = 2 in formula (II), examples of the spacer Z include, but are not
limited to, the following benzyl, pyridyl, napthtyl, biphenyl, terphenyl, anthacenyl,
phenanthrenyl, or benzyl groups being connected via a N-atom, a Si-atom, or an C;-Cy alkyl
gfoup, an C,-Cyp alkenyl group or an Cs-Cy aryl group,

R11 R12
11 12 11 12
R R R R R R12 * Q RS
—N
13 14 13 13 14 15 14
20 R R , R , R R , R R ,



be, but is not limted to, WD 2011/ 119116PCT/ S&2011/ 000123 14 [0055]In
t he above formnmul ae, the star indicates the bond/attachnent to Z [ 0056]
Al so encowpassiedotay t he present invention are groups of pchigscatmweoier mul ae,
wherein the coordinating atomis not negatively charged but substituted by
a hydrogen atom 5Coordination may thgg occur via the free el ectron pair of
the heteroatom for exanple. [0057] In the above formula (I1), Zis a
spacer nol-culeuwwhpreiq1£he term "spacer nolecule%vggﬁers &Q an atom or
group of at hat\ separate two or nore group rom one anot her by a
desired nu AR. Any group of atons ma o\ Separate those
groups b nmber of atoms. |n gang pacers are
¢ and angl e so

S 0 ocpordi nation sites Wy of /ea e\l igands LI and
L2 can onky bi ngstrr two gdéfferent transitionrietal ERMs and®not to the
sane transition metal atom In othér words, this means that it is not’

8 ¢ryRi¢oor dRfati on site of therBane Rigihd LIR™2for exanple,
may bind to \gne game transition metal \at oy | i bed in the
prior art. / N ai ned such that
t he Wr BHi af r anged such Rfa ImR'to the same
met al atoniies this respect, the tenm=hydrosasfons havi ng about
2 to about X carbon atong” refer to all posgible organi c
conpounds RBonsi sy of h

l&_sorfs of
Gdr ogen and carbon, "e.g. Br&matic hydrocarbons
(aryl), alkanes alkenes.and al kyne- baseqconpouangs, bugwpet |ingied

R18 R17 R16 R15 R14 R13 * R17 R16 R15 R14 * ,
R18 R11 R18 R11
RY (CHo)s R12 ~ RY (CHa)s R
* g R15 R14 * R16 R15 R14 *
13 * 13
R0 R s R s
R18 - RM R'8 R
R (CH2)s * R (CHa)s *
R16 R15 R14 R12 * R15 R14 R12
5 * R13 R16 R13

R 11

1
18 R R 8
RY Si R'2 RY s
* * 16
R15 R14 R R15
R *

R16 13 13

R11
i R12
R14

R



20 to. In one enbodi nent of the present invention, Z may be, but is not
limted to, an optionally substituted C3-Cl0 alicyclic group, an optionally
substi t utwod 2067G@206aryl group, an optionally WD PCT/SG2011/000123

2011/ 119116PCT/ SG2011/ 000123 15 substituted C6-C20 heteroaryl group, a
system of condensed nucl eus of fused §wo, three, four or five nenbered
rings (which can optionally have heteroatons in the ring system such as
napht hal ene ggri vatives,, anthracene derivates, Rq;ui thi ne, isoquinoli ne,

gui nazol i ne, jacri di ni ng, phenant hrene, napht hagene, jchrysene, pyrene, or

[ ' me_Qnly a few 5 illustrd OrR'@ system of

tiva exaapl e N
two, three our Gp- C2¥9  aryl groups being BCt ed g N-atom a
Si-atom a C20 group, an C2-C20 al ®®$ C6- C20 aryl
group. pl e, /ThgZabgye terns nay egedMPassS TEAPOMES ~sprieh as
bi phenyl h&¥yRYr | RR] |eer, 14, 5-k ri 6v
P--1t---r12)k-k.".' 15FABR17R18' , R® RM * A

wherein k is _an integer from1l to 10, and the like. Al these conpounds may
be optional |l subgtitutjed. 10 [0059] The term heker o-dgrydr gcar bons havi ng
rbongat oms refer to_all s pf or|gani c._conmpounds
safbon and at | eas®~a erqatom selRéct ed from
P, but not limted ¢ e, this term

ording to the forpm RR' R 13
Is Si or SanBd i3 nt eder fROm about 1 to
gicompaunds may be 15optional | gissub fied. [0060] 1 n case

of m=2in formula (I1), exanples of the spacer Z include, but are nbt
limted to, tW fol RBwi ng benzyl, pyridyl, napthwyl, brphenyl, terphenyl,
an or benzyl groups being gonpectegsvia a N-atom a

RS R4 RT3 *

s 5 or
R17 R18
R16 R
* R14 R13 . R12 .. . . .
5 , and the like. In some embodiments, s is an integer from 1 to

20, for example from 1 to about 10. In one embodiment, s may be selected from 1, 2, 3, 4, 5

or 6. In these formulae, the star indicates the point of attachment to the WY unit.
[0061] In case of m = 3 in formula (I), Z is a tri-linker. This means that three of the WY
coordination units may be bonded to the same spacer. Examples of the such spacer Z may be,

10  but are not limited to,



20, for exanple from1l to about 10. In one enbodi ment, s may be sel ected
froml, 2, 3, 4, 5or 6. In these fornmulae, the star indicates the point of
at t achmenwot201ynel1gly unit. [0061] I n case of m= 3 in foPREIS&21IN12Y is a

tri-linker. This neans that three of the WY coordination units nmay be
bonded to the sane spacer. Exanpl es ofigthe such spacer Z may be, 10but are
not limted to, WO 2011/119116PCT/ S&011/000123 18 i ndi cates the point
of attachment to each WY unit. [0062]I@1case of m=4in formula (1l), Zis
a tetrakis-lifnkerR®This means that Yo o&wthe WY coordi nation units
may be bonded }po<the sane spacer, Rl es of such spacer Z may 5be, but
are not |i R'WD 2011/ 119T16% 01,1/ 000123 19

and the like. Again, the star
indicates the point of attachment to each WY unit.

[0062] In case of m = 4 in formula (II), Z is a tetrakis-linker. This means that four of the
WY coordination units may be bonded to the same spacer. Examples of such spacer Z may

5 be, but are not limited to,



star indicates the attachnent to the WY unit. [0063] Besi des t he above
exanples, Z may also be a nulti-linker having five or nore than five
| i nki ng sW0e811/§19596 min formula (11) may be 5 or 6 or @CESGIDAHI0IRH
addition, Z nmay also 5 be a polyneric backbone having a plurality of
linking sites formng a macro polynerijg multi-Iinker. The pol ymeric
backbone may be, for exanple, polyethylene, polypropylene, and the |ike.
[0064] Rand R te R2 in the above or bel ow,fornulas may be the same or
different and &te eagh selected fromtheggrqupgrzonsisting of H, optionally
substituted strajght-chain or 10 branched 0 alkyl, optionally
substituted stgatght~ghain or branched , optionally
substituted strai ght-chain g% optionally
substi t ut &d 0 aryl, optionally

€ wherein two or

nfa ring. [0065] The term

b CgrC20 al kyl "

and the like. The

star indicates the attachment to the WY unit.

[0063] Besides the above examples, Z may also be a multi-linker having five or more than
five linking sites, i.e. m in formula (II) may be 5 or 6 or even more. In addition, Z may also
5  be a polymeric backbone having a plurality of linking sites forming a macro polymeric multi-
linker. The polymeric backbone may be, for example, polyethylene, polypropylene, and the

like.
[0064] R and R'to R? in the above or below formulas may be the same or different and
are each selected from the group consisting of H, optionally substituted straight-chain or
10 branched C;-Cpo alkyl, optionally substituted straight-chain or branched C,-C,y alkenyl,
optionally substituted straight-chain or branched C,-C;¢ alkynyl, optionally substituted Ce¢-Cyg



5 appears here, a numerical range, such as 1 to 20 or Cl-C20 refers to each
integer in the given range, e.g. it nmeans that an al kyl group conpri ses
only 1 cawbapiiatigrty 2 carbon atons, 3 carbon atons etc. Pap/SGeodmdozacl udi ng
20 carbon atoms. Exanples of alky groups may be, but are not limted to,
met hyl , ethyl, n-propyl, isopropyl, nabutyl, isobutyl, s-butyl, t-butyl,
tert. - anyl pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl or n-decyl and the

ke AbOIROHIS ST OA o BUPS I CBrE L AR Chokfedly RPN

C2-C20 a ers oca aV|n ‘'one or

car bon- Iﬁalrebfer‘d@RB‘?majawa@nde&xmwheﬁh@ftoadrhﬁmhg groups may be, but are not
limted to, ethenyl, propenyl, ally! or 1,4-butadienyl and the |ike.
[ 0067] TINE63]er rﬁheoﬁﬁmnaqntlyn@lbbssﬂlb%tml@é §t1r¢1ahtg<fh@ub 1 raschest dhicRend iyl

al kynyl glregén%(f P%;E)llzte?%%o %fe taot 5%@%&&@& y hphayd Hgdrggzﬁb 'e@gﬁ ver it

carbon-c onds. | es gr oups may are not
| i mMst ecappears éktey lylhmeﬁcﬂpyﬁgel sudhLHsylnty)I 20 @and;-Cheaelferk®. eak:ﬁ)&ﬁegefmetheegmn
"optionally substituted Cl-C20 al koxy" refer to roup of fornula -

wher ei FaRgs: & omeantothat py el grqyp @s%mﬁp%gnfyf m%ewt@%o%ﬁgrbﬁw%s but
are not : \V R %O@Q e
term"” op?#gﬁﬁﬁﬁi su%@ﬁf%@?gcu%%?Q?émg@?%ycl|§kg@®k%g?a%?§§%m%gh %ﬁg
conpr i siragotlimded &v, ommhylpethylng;pmmd; Bopropylc h-btotylt sebuylh ﬂ-ﬂ)uf)d,rmbutgl tdre- ri ng

Exanpl G PRI OERE. PO TR b BB bt WRIKEG Lo, cycl opr opane.

cycloobubsss, ched t‘%ﬁﬁ%ﬁtﬁlﬁmll%ﬁl‘;&i@&@& SR&ghtCHRlOPERhAt8 TS - czgxﬁqa&eg PXafes
cycl ohexene, cycl oheptane, tycloh eptene and the like. 250 e term

"opt i ortaldnyaliphhide hydroeadtb@sheiog ang lof mast epdonsathenatouhit lvcmdm gamwaﬁeoéu n
each of .t he, at ons fornl t he a..cal 0 ro
cont ext™NEShE Py rsi R Bt e Soh Pdet S ARV Pofb el b iR o

delocahhaﬁaer-electron systen1conpri5|ng 4b+2 r-el ectrons, mhereln b is an
integer of at |east 1, for exanple 1 or 4. Exanples of aryl groups

may be,[0861] ar“éhmf@rml"pmm@ﬂy tsubstlﬂﬁ%’gs/qralghrafélmawrebmcheé r(‘er@nqtaﬂiryeﬁ&urefers

oot S R Oy AR o RSER 8 g B b

ar omat i atkyist gfompyﬁiay beHatt arcodot Yilnstetay, etlomgt, ipsepyall, Ibetgzayl amktherlikenr e oxygen

at ons O[r003§1 e telgri’lleorg)tgonaﬁ\os%)s%%dtg‘(} %1 :(Ezo %E(/)XS},Qng e%s/ 8)059 érzc)%p of formula -OR,
wherein R is a C;-Cy alkyl group. Examples of alkoxy groups may be, but are not limited to,
methoxy, ethoxy, propoxy, and the like.

20 [0069] The term "optionally substituted C;-Cjo alicyclic group" refers to a group
comprising a non-aromatic ring, wherein each of the atoms forming the ring is a carbon atom.
Such rings may be formed by 3 to 10 carbon atoms. Examples of alicyclic groups may be, but
are not limited to, cyclopropane, cyclobutane, cyclopentane, cyclopentene, cyclopentadiene,
cyclohexane, cyclohexene, cycloheptane, cycloheptene and the like.

25 [0070] The term "optionally substituted Cs-Cyy aryl" refers to an aromatic ring, wherein
each of the atoms forming the ring is a carbon atom. Aromatic in this context means a group
comprising a covalently closed planar ring having a delocalized m-electron system comprising
4b+2 m-electrons, wherein b is an integer of at least 1, for example 1, 2, 3 or 4. Examples of
aryl groups may be, but are not limited to, phenyl, napthalenyl, phenanthrenyl, anthracenyl,

30 tetralinyl, fluorenyl, indenyl, and indanyl, and the like.

[0071] - The term "optionally substituted Cg¢Cao heteroaryl” refers to an aromatic

heterocycle. Heteroaryls may comprise at least one or more oxygen atoms or at least one or



21 nore sul phur atonms or one to four nitrogen atons or a conbi nation

t hereof Exanpl es of heteroaryl groups nay be, but are not limted to,
furan, bewoebur@amict hi ophene, benzot hi ophene, pyrrol e, pygrisdizoaooimsiol e,
oxazo | e, benzoxazol e, isoxazo |le, benzisoxazole, thiazole, benzothiazol e,
i m dazol e, benzi m dazol e, pyrazole, ipngazole, tetrazole, quinoline, 5

| soqui nol i ne, pyridazine, purine, pyrazine, furazan, triazole,

benzotri azol teridi ne henoxazol e, .oxadi azol e.. henz razol e

ot nol DR e Sn B SR TS P Ha o5 Y Sumip A AR e Fnlesof he
like. [RefZdryhesrbepsmmial ®geput r&tenst timnitdduadl Nerant hb&izoAfan, DrKIGH RO

i odine. [0073] The term"optionally substituted Si group"” refers to a group
cont ai riengpthiopbers, porrelel pyadingt wdelewhikezelarhenzensseles ispvarolsy bepeipwgerlcor an

al kyl Qup oy _an.ar [ . | e f I .Qr ut .ane not

i t e BelenbaBBniiatl. Shitiol PRl Rymtolp) PUBTE S RE o thidific

di eshylisiduitolinBheryidsiihe,! puflBé,hyhparRy | Sirdath, te#bI4, heehdokiazole) Ofetidine, t er m
"a system of condensed nucl eus" refers to conpounds having at |east two

ar onat i Rhepoxagels. axasiazples bewronarazels. AiAGIZY temholingyphpaledneg fquinsaalines el
nucleusu- aﬁ%sa&? t@re not limted to, decalin, hydrindane, napthal ene,
anthraé%ne, phénant hrene, napht hacene, pentacene, hexacene, pyrene, indene,
f1 uor erfe9783nd Theaein KiealodelOvders he flherimg, Chlofiys theomidk o valind hr ee or four

optionally substituted C6-C20 aryl groups being connected via a N-atom a
Si - at or{POﬁH ci Theotsrm mlo'ea?éuﬁ{b%wte%z&ca@ua? R%tggﬂ togf SR PoFOUANES- £39) ar y|
gr qQup" & r ARALRES i b I an
TR L e e L U R R R A e S e
t hr ee af afSigrowriphy be, bupsreaoelingad tgd monoSikaEUntthglsilyl Aenathydsalyiladihdsiltydd, t he

term"optjonal ly substituted," refers roup in which none, one, or
nor e tﬁﬁﬁhgﬁ 1 IKPHEﬁHQHP gﬂm§Y§H¥’ﬂ%£8fZ¥ﬁ'reBIaced with one or nore
group( qbomdengeﬁﬁ by syaeine6t &shdbARAmbbRUDOfRs ©QSIpSdLhditha®ngadt Hoskt tway Y1

heteroaryl,” hydroxy, .
aromatic or non-aromatic condensed ring systems. Examples of condensed nucleus may be,

15 but are not limited to, decalin, hydrindane, napthalene, anthracene, phenanthrene,
ﬁaphthacene, pentacene, hexacene, pyrene, indene, fluorene, and the like. |
[0075] The term "a system of two, three or four optionally substituted C¢-Cyg aryl groups
being connected via a N-atom, a Si-atom, an C;-Cyg alkyl group, an C>-Cy alkenyl group or
an Cg-Cyp aryl group" refers to compounds having a N-atom, a Si-atom, an alkyl group, an

20 alkenyl group or an aryl group as a central bonding unit to which two, three or four aryl
groups are bonded.

[0076] Unless otherwise indicated, the term "optionally substituted," refers to a group in
which none, one, or more than one of the hydrogen atoms has been replaced with one or more
group(s) independently selected from the group consisting of alkyl, aryl, heteroaryl, hydroxy,

25  alkoxy, halogen, carboriyl, C-amido, N-amido, isocyanato, thiocyanato, isothiocyanato, nitro,
silyl, and amino, including mono- and di-substituted amino groups, and the protected
derivatives of amino groups. In embodiments in which two or more hydrogen atoms have
been substituted, the substituent groups may be linked to form a ring.

[0077] The term "1i11ked to form a ring" refers to the circumstance where two atoms that

30 are bound either to a single atom or to atoms that are themselves ultimately bound, are each
bound to a linking group, such that the resulting structure forms a ring. The resulting ring

comprises the two atoms, the atom (or atoms) that previously linked those atoms, and the



25 al koxy, hal ogen, carbonyl, Cam do, N-am do, isocyanato, thiocyanato,
i sot hi ocyanato, nitro, silyl, and am no, including nono- and di-substituted
am no gr ompiandgitshe protected derivatives of am no gr egpsc2émn/eeanhsdi nent s
in which two or nore hydrogen atons have been substituted, the substituent
groups may be linked to forma ring. p®p077] The term"linked to forma ring"
refers to the circunstance where two atons that 30 are bound either to a
singlela omor to atons that are thenselves ultimtely bound, are each -
bound t8"§"Iinking group, such that the resulting structure forms a ring.
The reggbt§]ng Ihi BeheCAMBYIIRERS bii¢hd PrRs@k GRFentibheL atmin  afe difforam) ahd@kch
previously |inked,those atons, and the WO 2011/119116PCT/ S&011/000123 22
| i nker .ligand 8]and LS oney berinslépensantdy selected figpeenmef thafelawiss compoands, Pyt ar e
di fferent h ligand Li and L2 may be independently sel ected from one
of thez¥%Pﬁg%Fﬁ%ﬁ8bnpounds, but are not limted to, R2 SHHS 5and the
like, wherein Rl to R4 are as descpebed In further qnbf‘:nents of
SRR S AR QO

N

the pres inygntion, R, gR2, R3and R4
wher ei n -5, seject e f t‘Q M
N—@-C N ‘ ©
Rt OH = HO R!
R3 R®
O
¢ Ve
R OH HO Rf
R* R?

and the like, wherein R' to R* are as described above. In further embodiments of the present

invention, R!, R%, R® and R* may be the same or different, wherein R! is selected from the

group consisting of H, CH; and fert-butyl, R? is selected from the group consisting of H and

tert-butyl; R’ is selected from the group consisting of H, CHs;, CH,CH3, and CH(CHj3),; and
10  R*is selected from the group consisting of H, F and CH.



group consisting of H CH3 and tert-butyl; R2 is selected fromthe group
consisting of Hand tert-butyl; R3 is selected fromthe group consisting of
H, CH3, GWdGbhiBy11end CH(CH3)2; and 10 R4 is sel ected frowctrisegrnmup?s
consisting of H F and CH3. WD 2011/119116PCT/ SG2011/000123 23 [0079] In
one enbodi ment the ligand LI and L2 may be H HO and respectively. [0080]
I n one enbodi nent, the | igand LI and L2 nay be respectively. [0081] In one

enbodi %8179 t ey 4 92ng  bm P glel'hgalqg1 Y88 [ kR may be

/
GRS -
HO
and
= =N
H;
respectively.

[0080] Inone embodiment, the ligand L' and L? may be

RrooR m

“:§>_—\ H, ﬂ"‘T¢i;?
NH N C N HN '
respectively.

[0081] In one embodiment the ligand L' and L? may be

F

4
N
HO

F ‘ and

e Ho )
NH N C N HN .
respectively.

10 [0082] The molar ratio of the coordination unit WY to the transition metal may be in the
range of about 0.5:1 to about 6:1, for example about 1:1 to about 3:1.
[0083] In general, the ligand compounds L' and L? may be prepared via a Schiff-Base
condensation of the respective aldehyde or ketone and the amino substituted spacer molecule.
Depending on the desired geometry of the ligand, the spacer molecule may have more than

15 one amino substituent in order to react with more than one aldehyde and/or ketone. For
example, the ligand compounds may be prepared by a Schiff-Base condensation between an
aldehyde or ketone with a di-aniline, tri-aniline or tetrakis-aniline. For example, the aldehyde

or ketone may include, but is not limited to,



NH respectively. 10 [0082] The nolar ratio of the coordination unit W to
the transition netal may be in the range of about 0.5:1 to about 6:1, for
exanpl e aWOwpP11It1A150 about 3: 1. [0083]1n general, the | PGasG2e0mpoddhds L
and L2 may be prepared via a Schiff-Base condensati on of the respective

al dehyde or ketone and the am no subspytuted spacer nol ecul e. Dependi ng on
the desired geonetry of the ligand, the spacer nol ecul e nay have nore than
15 one am no substituent in_order to react_with nore thangongsal dehyde
and/ or ket oRe. Rbr exanpl e, Rt heR {lgand cond s may be pre-ared by a

i i ' s a dit-aniline,

trl-anlll te@rakls af or ex t he al dehydg ke ofge may
i ncl ude, M s not |imtedq o WO 2011/ 1191 CT/ S&013A~QQ and
the |i kB wiferePH Rl toRRe &re S2 describ ove. The di - ahi

tri-anilineror tetraklsanllRﬁe may incl ule, bR is not Iinir‘ed to

b

and the like, wherein R' to R® are as described above. The di-aniline, tri-aniline or tetrakis-

aniline may include, but is not limited to,

|
H2N_Z_NH2 HQN_Z—NHZ H2N Z NH2
NH, .
NH, , and the like

5  wherein Z is as described above.
[0084] In an alternative embodiment, the ligand compounds L' and L* may also be
prepared by a Schiff-Base condensation between an aniline and a di-aldehyde/di-ketone, tri-

aldehyde/tri-ketone or tetrakis-aldehyde/tetrakis-ketone. The aniline may include, but is not

limited to,
R1
1 1 NH
R R R? 2 NH, |
RZ NH, R2 NH, \ R N
R
7 NH / RS
R3 OH R3 SH = R?
. 4 4 R4 5 R4 .
10 R R R R® , wherein R!

to R® are as described above. The di-aldehyde/di-ketone, tri—aldeﬁyde/tri—ketone or tetrakis-

aldehyde/tetrakis-ketone may include, but is not lirhited

o) R R 0 R Y
Sz~ P 4
to, _ R ° R (o) , and the like wherein R and
Z are as described above.

15 [0085] It will be understood that any other combination of aldehydes or ketones with the
respective aniline compounds will be possible in the present invention to prepare the ligand
compounds described above.

[0086] In the above described process for preparing the ligaﬁd compounds L' and L? the
Schiff-Base condensation may be promoted by an acid catalyst or a solid catalyst. The acid

20  catalyst may include, but is not limited to, formic acid, acetic acid, p-toluenesulfonic acid or a



H2N- Z - NH2ZH2N- Z-NH2 NH2 11H2 H2N-f -NH2 NH2 , and the like 5 wherein
as descri bed above. [0084] In an alternative enbodi nent, the |igand
conpoundswbl20andelid nmay al so be prepared by a Schiff - Bagsersondansats on
between an aniline and a di-al dehyde/di -ketone, trial dehyde/tri-ketone
tetraki s-al dehyde/tet raki s- ket one. Thesaniline may include, but is not
I|mted to, 10, wherein RL to R5 are as described above. The
-al de de/dJ ton tri-al dehyde/tri-ketone or tetrakis-
aI dehyd létaf"gkai“ t%eﬁgenerrayi ncl ude, butisnot!linited oR

[0087] Following reaction with an organolithium compound or sodium hydride (NaH), the
formed ligand compound, for example, L' may be reacted with the respective metal
compound, followed by addition of a second ligand compound, for example, L* to form the

5 catalyst of the present invention. In some embodiments, such as that shown in Example 8,
both L' and L* may be mixed together prior to addition of the metal compound to form the
catalyst of the present invention. The self-assembly process to form the catalyst may be
carried out at any temperature, such as about -100 °C to about 50 °C, about -75 °C or about
25 °C.

10 [0088] The strategy of the present invention is that the specific coordination geometry of
the ligands L' and L* does not allow the at least two WY coordination units of each of L' and
L? to coordinate with one and the same transition metal atom to form a mono-nuclear
complex because of the spacer's size, length and angle, hence the at least two WY units of
each ligand have to coordinate with two or more different transition metal atoms, thus

15 forming self-assembled multi-nuclear catalysts. This concept can be exemplarily taken from
.Fig. 5, which shows each coordination site of the linked bis-ligands coordinates to one metal
atom such that self-assembling starts to achieve long-lived highly efficient polymerization
catalyst. Depending on the way in which the bis-ligands self-assemble, different bis-ligand
combinations can be obtained, which can form a wide range of multinuclear catalysts.

20 [0089] The self-assembling structure may be linear, i.e. the ligands L' and L? may form a
long chain of bis-ligand combinations with the transition metal atoms. The self-assembling
structure may also be macrocyclic i.e. the long chain of bis-ligand combinations formed may
be linked to form a ring. The kind of structure of the self-assembled catalyst will depend on
the geometry of the used spacer Z and the kind and number of the substituents of the ligands

25 L' and L% Depending on the number of the linking sites on the spacer Z, the self-assembled
catalyst of the present invention may form, for example, a 3-dimensional framework.

[0090] Referring to formula (I), wheng=h=p=q=r=t=u=v=0,w=y=2z=1, and
A = A’ = B = nothing, the catalyst may have the formula (I1I)

30 L*MX, L'MX, (I11).

Zis

or



to, Z are as described above. 15 [0085] It will be understood that any

ot her conbi nation of al dehydes or ketones with the respective aniline
conpoundswei2bi/telipossi bl e in the present invention to pceganeitob@25i gand
conpounds descri bed above. [0086] 1 n the above described process for
preparing the |igand conpounds LI andy2 the Schi ff-Base condensati on
may be pronoted by an acid catalyst or a solid catalyst. The acid
20cat al yst may include, but is not limted to, formc acid, acetic acid,
p-tol uenesulfonic acid or a WD 2011/119116PCT/ S&011/000123 25 Lewi s acid
and the |like. [0087] Follow ng reaction wth an organolithium conpound or
sodi um hydride (NaH), the forned |igand co ound, for exanple, LI may be
react ed00Rlh tlnesamess sebpilimentretthe seg fqﬁﬂrb\nelynwlzem criglysbfmay
second I| and conﬁound for exanpl e, L2 to formthe 5 catal yst of the
present vé%% In some enbodi ments, such as that shown in Exanple 8,
both L1 and L2 may be m xed together ppi oreaddi ti on of the netal
conmpound to formthe catal yst of the p i nvention. The sel f-assenbly
process to formthe catal yst nay be ca ed _out at any tenperature, such as
about -100 C to about 50 C, about -75 C¥r abewt 25 C. 10[ 0088] The strategy
of the present invention is that the spe |f|cL£ ordi nati on geonetry of the
ligands LI and L2 does not allow the at Meg st~%§ WY coordination units of
each of LI and L2 to coordinate with ope .rui4 same transition netal atom
to forma nono-nucl ear conpl ex because the spacer's size, length and
angl e, hence the at |east two W u df each |igand have to coordi nate
with two or nore different transifi atons, thus 15 formng
self-assenbled nulti-nuclear cata i S concept can be exenplarily
taken fromFig. 5 which shows ea tion site of the |inked

bi s- Ilgands cooraWnates t o ¥ne ch that self-assenbling starts
ol mer i zati on catal yst. Dependi ng
on the way in assenbl e, different bis-1ligand
conbi nat#@ns c m@/ﬁhcban fordan a W de range of nul tinucl ear
catalystst\\

5 Ph - wherein the bridging spacer is

* .. . ** and M is Ti or Zr. In this structure “Ph” means phenyl and “t-Bu”

means tert-butyl. In a catalyst of the invention the number of units may be 1 to 1000.

[0092] In some embodiments, the self-assembled olefin polymerization catalyst may

comprise the unit

& /\

Nlnn ..... TI “C' Bndglng Spacer

N
u\\\ ey N Nlln
‘O ‘O ? i ? \ ""?

wherein the bridging spacer is or F and M is Ti

In a catalyst of the invention the number of units may be 1 to 1000.

10

[0093] The self-assembled olefin polymerization catalyst of the present invention may be



20 [0089] The self-assenbling structure nay be linear, i.e. the ligands L
and L2 may forma long chain of bis-ligand conbinations with the transition
met al at ows.20ffi@ome! f - assenbl i ng structure nay al so be watsoeyaloven2s. e. the
| ong chain of bis-ligand conbi nations fornmed may be linked to forma ring.
The kind of structure of the self-assenbled catalyst will depend on the
geonetry of the used spacer Z and the kind and nunber of the substituents
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(1), when g-h-p-g-r-t -u-v- O, - 2z-1, and A=A = B = nothing, the
cat al ysisedraip kentectiore Wish nether (catlab)st IOCPRENIS mnmmpqnentswcessary in the

2011/ igerer sl MO9RL23 .26 100 ST RGN HEDEn bt jy .

sel f - ad¥ 55 p feri zatlon ca conprise 't

t he sbr indgiligit&P as edn bﬁgaﬁaﬂeMHosCJmp@mwan cbngaﬁdmhan@hﬁuoxw: empdind, roeaas
phenyl and "t - Bu" nmeans tert-butyl. In a catalyst of the |nvent|on t he
nunber ioRiziggileric ferapend; andthedie. [0092] I n sone enmbodi ments, the

sel T agagel)| eduObRE i SRRNOR! | 8! bORGRLAINS! PRI SS Liganbictati T N
compounds, wherein the organometallic compound may be, but is not limited to, an
organometallic compound of metals of Group 1, Group 2, Group 12 and Group 13 of the

10  Periodic Table. For example, in case of Al compounds, the compounds may be represented

by the general Formula:
R AI(ORD)HX;

15  wherein R®and R®, which may be the same or different, may be a hydrocarbon group of 1 to
15, for example 1 to 4 carbon atoms; X may be a halogen atom; and e, f, i and j are integers
satisfying the conditions of 0 <e <3,0 <f<3,0 <i<3,0 j<3ande+f+i+j=3.

[0095] Examples of the above organoaluminum compound may include the following
compounds, but are not limited to, organoaluminum compounds represented by the general

20  formula
R%AI(OR");.5,

wherein R* and R®, which may be the same or different, may be a hydrocarbon group of 1 to

15, for example 1 to 4 carbon atoms; and e may be a number satisfying the condition of 1.5 <
25 e =3

[0096] Further exemplary compounds are represented by the general formula

Rae/\D(}e
30 wherein R%is a hydrocarbon group of 1 to 15, for example 1 to 4 carbon atoms; X is a

halogen atom; and e may be an integer satisfying the condition of 0 <e <3.

[0097]  Further exemplary compounds are represented by the general formula



..toON C / wherein the bridging spacer isorrF F Fand Mis Ti. WO
2011/ 119116PCT/ SG2011/ 000123 27 used together with at | east one

co- cat al wsb.20im1dhics case a catal ytic system for ol ef i nppolsgrenios@ts on or
copol yneri zation is forned, which nay be used as such or which may be used
in connection with other catalyst conpgunds or conponents necessary in the
pol yneri zati on process. The at | east one co-catal yst of the present

i nvention may be, but is 5 not limted to, an organonetal |ic compound, an
or ganoal um num oxy- conpound, or an ionizing ionic conpound, and the Ilike.
[0094] In one enbodiment, the co-caRahygf, may be selected from
organonetal | i-c conpounds, wherein t he organonetalllc conpound may be, but
is not limted to, an organonetallic conpound of netals of C}oup 1, Goup

2, G f I
A compBias < na odRsataB ity fdo e kB ShinlR 1uf 4 bosh AR P ey B8°
Rae/ﬁ (%fdgeﬁ\éaﬁéfywtgah@b&dieo@@ﬂz R@<3I\h| ch may be t he sarre or different,

be a hydrocarbon group of 1 to 15, for exanple 1 to 4 carbon atons; X
may be K0 ﬂ | oglether exgmplary cemppunds zﬁmpgresgm@d ,b},itt@ﬁqngral formula

R%AI(OR")¢X;

10 wherein R* and R®, which may be the same or different, may be a hydrocarbon group of 1 to
15, for example 1 to 4 carbon atoms; X may be a halogen atom; and e, f and j are integers
satisfying the conditions of 0 <e <3,0<f <3,0 <3 ande+ f+j=3.

[0099]  Specific examples of the above organoaluminum compounds may include, but are
not limited to, tri-n-alkylaluminums, such as trimethylaluminum, triethylaluminum, tri-n-

15  butylaluminum, tripropylaluminum, tripentylaluminum, trihexylaluminum, trioctylaluminum
and tridecylaluminum; branched-chain trialkylaluminums, such as triisopropylaluminum,
triisobutylaluminum, - tri-sec-butylaluminum, tri-t-butylaluminum, tri-2-
methylbutylaluminum,  tri-3-methylbutylaluminum, tri-2-methylpentylaluminum,  tri-3-
methylpentylaluminum, tri-4-methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-

20  methylhexylaluminum and tri-2-ethylhexylaluminum; tricycloalkylaluminums, such as
tricyclohexylaluminum and tricyclooctylaluminum;  triarylaluminums, such as
triphenylaluminum and tritolylaluminum; dialkylaluminum  hydrides, such as
diisobutylaluminum hydride; trialkenylaluminums represented by the formula (i-
C4Ho)xAly(CsHig), (wherein x, y and z are positive numbers, and z = 2x), such as

25  triisoprenylaluminum; alkylaluminum alkoxides, such as isobutylaluminum methoxide,
isobutylaluminum ethoxide and isobutylaluminum isopropoxide; dialkylaluminum alkoxides,
such as dimethylaluminum methoxide, diethylaluminum ethoxide and dibutylaluminum
butoxide; alkylaluminum sesquialkoxides, such as ethylaluminum sesquiethoxide and
butylaluminum sesquibutoxide; partially alkoxylated alkylaluminums having an average -

30 composition, represented by R% sAlI(OR®)gs; dialkylaluminum aryloxides, such as
diethylaluminum phenoxide, diethylaluminum(2,6-di-t-butyl-4-methylphenoxide),
ethylaluminum bis-(2,6-di-t-butyl-4-methylphenoxide), diisobutylalumium(2,6-di-t-butyl-4-



satisfying the conditions of 0 < e0 .f.< 3, 0<3, 0<3 and e+f+i+) = 3. [0095]
Exanpl es of the above organoal um num conpound may i nclude the foll ow ng
conpoundswohutii/apaenot |inmted to, organoal um num conporadscrenreesent ed by
t he general 20 formula RaeAl (OR) 34, wherein Ra and Rb, which rmay be the
same or different, nmay be a hydrocarbgg group of 1 to 15, for exanple 1 to
4 carbon atons; and e may be a nunber satisfying the condition of 1.5 25 e
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condition of 0 < e < 3. 97] Further exenpl ary conpotinds are represent ed
by the @bmwmmmmhb)rldmodmhﬂalmmm Pmm@@md_/ dobeyldgnRaen wle;

wherein hydr ocar bon group of for ex carbon
pelal 138 A S A R T R R
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RaeAl (ORb)fX] 10 wherein Ra and Rb, which be the same or “different, may

be a hysichesarkyhlurioupm dhalides,ce. g_5eth71@lun@n @1%1¢%Pwmhlilb@ﬁuﬁltdjﬁlﬂ0ﬂdﬁ may
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and dibutylaluminum hydrlde partially hydrogenated alkylaluminums, such as
alkylaluminum dihydrides, e.g., ethylaluminum dihydride and propylaluminum dihydride;
10 and partially alkoxylated and halogenated alkylaluminums, such as ethylaluminum
ethoxychloride, butylaluminum butoxychloride and ethylaluminum ethoxybromide.
[00100] Also employable are compounds analogous to the above organoaluminum
compounds. For example, there can be mentioned organoaluminum compounds wherein two
or more aluminum compounds are combined through a nitrogen atom, such as
15 = (CyHs):AIN(C,Hs)Al(CyHs)s.
| [00101] In one embodiment, the above organometallic compound may be a c_ompdund ofa

Group 1 metal of the Periodic Table and aluminum represented by the general formula

M*AIRY
20
wherein M? is Li, Na or K; and R*is a hydrocarbon group of 1 to 15, for example 1 to 4
carbon atoms. Examples of these organoaluminum compounds include, but are not limited to,
LiAl(C;Hs)4 and LiAI(C7H;s)s, and the like.
[00102] In a further embodiment, the above organometallic compound may be a compound
25 of a Group 2 Metal or a Group 12 Metal of the Periodic Table represented by the general

formula
R*R"M?

30  wherein R?and R, which may be the same or different, may be a hydrocarbon group of 1 to
15, preferably 1 to 4 carbon atoms; and M is Mg, Zn or Cd.
[00103] Further, other compounds such as methyllithium, ethyllithium, propyllithium,



[ 0099] Specific exanples of the above organoal um num conpounds may i ncl ude,
but are not limted to, tri-n-alkylalum nunms, such as trinethylal um num
triethyl avoditp116ri - n- 15 butyl al um num tri propyl al uRCHEGR01100¢123
entylalum num trihexylalum num trio ctylalum numand tridecyl al um num
branched-chain trial kyl al um nums, sucBopas triisopropylal um num
triisobutylalumnum tri- sec-butyl aI um num tr| -t-butylalum num tri-2-
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di al kyh@humll&mb&h&éd aieﬂlydmfboa%o%ﬂﬂomyio@l um num ChI oride, di et hyl al um num
chl oride, dibutylal um num chloride, diethylalum num brom de an
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For exaéfﬁjzl%thdrldefderaﬁﬁd}ohﬂaﬁrentl oned organoal um num conmpounds wherein tvvo or
nmore al um num conpounds are conbi ned thr ough a nitrogen atom_ such_as

15( C2H5(P2 ANPIOZFRS) hqrein ) gl @i sHelb A d enasbtitnopide qriibufiibipeoxide, is
or ganongfalelit§ rERAMMANITEY o%eangalﬁl%ﬂﬁ% E'(Sjmf?(;unﬁ as trialkylaluminum in a medium,

such as decane, benzene or toluene.

25 [00105] The aluminoxane may contain a small amount of an organometallic component.
The solvent or the unreacted organoaluminum compound is distilled off from the recovered
solution of aluminoxane and the remainder may be redissolved in a solvent or suspended in a
poor solvent of aluminoxane. Examples of the organoaluminum compound used for preparing
the aluminoxane include the same organoaluminum compounds as described above. The

30 organoaluminum compounds can be used singly or in combination.

[00106] Examples of the solvent used in preparing the aluminoxane include aromatic

hydrocarbons, such as benzene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons,



Goup 1 netal of the Periodic Table and al um numrepresented by the general
formula M2A1Ra4 20 wherein M2 is Li, Na or K; and Ra is a hydrocarbon group
of 1 to Mo20oriienmanple 1 to 4 carbon atons. Exanpl es ofctr/se2e11/000123

or ganoal um num conpounds include, but are not limted to, LiA (CH5)4 and

Li Al (C71-115)4, and the |ike. [0012] In a further enbodiment, the above
organonetal I i ¢ conpound may be a conpound 25 of a G oup 2 Metal or a Goup

12 Metal of the Perjodic .Table represgnted by the general fornu RaRbn3 30
Wher e e o8 RITIoBS. (GRPRS, HRRUPBeORRES diniico doNr P, dpdccas, o5t SHtlsiPGoar bon
group Ojlilg'}clfco h9droREBbeY, abluehl b LyeRbBREnct OBFclolRRshdYB ¢y&loMdtanén &id Cd.
[00103] Further, other conpounds such as nmethyllithium ethyllithium
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al kyl magnesi um are_al so e oyabl e. The above organonetal lic conpounds nmay
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absorbed water or a salt containing water of crystallization, such as
magnesiformeh¥X)de hydrate, copper sulfate hydrate, aluminumsulfate
hydrate, nickel sulfate hydrate or_gerous chloride hydrate, to react the
absorbed water or the waRdr of cry§tallizatiRfh with the organoal un num
conpound. (2) A process\whereinlwater, ife or )?} er vapor is allowed to
act directly on such an 20ArgihoaPum Aum orrpou(n as trialkylaluminumin a
mec{isum such as benzene, Rtg/ol uene, ethyl ether; or tetrahydrofuran.

wherein R is a hydrocarbon group of 1 to 10 carbon atoms; and the groups R®, which may be
the same or different, may be a hydrogen atom, a halogen atom or é hydrocarbon group of 1
to 10 carbon atoms.

20 [00109] The organoaluminum oxy-compound containing boron that is represented by the
formula (XX) can be prepared by reacting an alkylboronic acid represented by the following
formula (XXI) with an organoaluminum compound in an inert solvent under an inert gas
atmosphere at a temperature of about -80°C to room temperature for about 1 minute to about
24 hours:

25 R’-B-(OH), (XXI)

wherein R’ is the same as mentioned above. Examples of the alkylboronic acid represented
by the formula (XXI) include methylboronic acid, ethylboronic acid, isopropylboronic acid,
n-propylboronic acid, n-butylboronic acid, isobutylboronic acid, n-hexylboronic acid,

30 cyclohexylboronic acid, phenylboronic acid, 3,5-difluoroboronic acid,



(3) A process wherein an organotin oxide, such as dinethyltin-oxide or
dibutyltin oxide, is allowed to react with such an organoal um num conpound
as trial kybabumipus i n a medi um such as decane, benzeneceorsceoliwenes 25

[ 00105] The al um noxane nmay contain a small anmount of an organonetallic
conponent. The solvent or the unreactgg organoal um num conpound is
distilled off fromthe recovered solution of alum noxane and the renai nder

b i.ssol yed in a sol. suspended | | f
o i noRsto ek 0Bl foid B ol TR et BuRE by 80 B BrSeng ¢ ne
al um noxaReHiNCchiddendthAbSRAR Aol N A uIbEYdRIcC HERD UdBuBod&sie ' higd above.

The 30 organo al um num conpounds can be used_sin_l¥ or i n _conbination.
[ 00106] difxenephenyliwionip ecid gind pentafiyerd phenyphrosprie iafxg. heseallgibaronigraeids mes ude

aromati ¢ _hydrocar bon h b t ol Xyl :
o)+ phat v KT B A shmo B J5 Gt e Ao po T 30 b Yol o
pentsaneyith eeadliey b8 RicARR] inBIGH &R, saflie GAFH0 aAKIAARER A8mpH@is Ae dadkeibad tbr the

oct adecane; alicyclic hydrocarbons, such as cycl opentane, cycl ohexane,
cycl oocergaroalimpinyet doynnoyndopmye ahbese peganopbiganyn gotiperrds ecandie upsd gagdy i ne,
kerosineigng ggﬁﬁg'l; and halides of these aromatic, aliphatic and

alicycl?b ﬁy%%ocar'ons, particularly chlorides and broni des 5t hereof Also

enpl oyajpbel Gir elnebherantsodihierasthet bylcatalybte rmandet eflgcdiy difodd Wrasmoalinihingn
solvents, particular|ly preferable are aromati ¢ hydrocarbons and ali phatic
hydr oc afBEends, opheren” Hife OFREA9 eHENIMEB| eHINROWH g BB aPS nf U uth By ek o'Gnd

us in i | o) refe : on 0 ¥ is
corith) arblSjER Sl 86 ety R > ity 1 im et O TSSO o
exanpl etrihetylaboménn atnio etlytalidmgn, sud hrideyadiminome alk§lairamuabbalide2 uch as t er ns

of Al at.o That i s, the henzene-j nsol ubl e. or ganoal up num oxyc ound is

ot ef er PPV RGONEB: o TRORPRTS  SGTBRE AHAGHE o Bon DR TH] HG MR

Or ganoaleLuiliEHeRi@X Y -maMPAHNELETRLAY abBotide; t NAKYIAM&HURN HyfridbPr setam e, an
or ganoal um num oxy- conpound cont ai ni ng boron, which is represented bz t he

f ol | owi digthflatuminam( Kxjrideg RMRgdiisobutylaluminum hydride. In one embodiment of the

15 - present invention the co-catalyst may be a methyl aluminoxane (MAO) and/or a modified
methyl aluminoxane (MMAO).

[00111] The organoaluminum oxy-compounds mentioned above are used singly or in
combination.
[00112] The compound that reacts with the transition metal compound to form an ion pair

20 (also referred to as ionizing ionic compound may include, but is not limited to, Lewis acids,
ionic compounds, borane compounds and carborane compounds as described in JP-A-
1(1989)/501950, JP-A-1(1989)/502036, JP-A-3(1991)/179005, JP-A-3(1991)/179006, JP-A-
3(1991)/207703 and JP-A-3(1991)/207704, and U.S. Pat. No. 5,321,106. Examples further
include heteropoly compounds and isopoly compounds.

25 [00113] Examples of the Lewis acids include compounds represented by BR3 (wherein R is
a phenyl group which may have a substituent group such as fluorine, methyl or
trifluoromethyl, or a fluorine atom), such as, but are not limited to, trifluoroboron,

~ triphenylboron, tris(4-fluorophenyl)boron, tris(3,5-difluorophenyl)boron, tris(4-
fluoromethylphenyl)boron, tris(pentafluorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)boron

30  and tris(3,5-dimethylphenyl)boron.

[00114] Examples of the ionic compounds include compounds represented by the following

formula (XXII)



Al-0-B-0-Al (XX) 15R8R8 wherein R7 is a hydrocarbon group of 1 to 10 carbon
atons; and the groups R8, which may be the sanme or different, nmay be a

hydr ogen wbami/a9hal ogen at om or a hydrocarbon group of ptTisG2dQ/00@ndon
atons. 20 [00109] The organoal um num oxy- conpound contai ni ng boron that is
represented by the fornmula (XX) can bgzprepared by reacting an al kyl boronic
acid represented by the following fornmula (XXI) with an organoal um num
conpound in an inert solvent under an,inert gas atnosphere at a tenperature
of about -80C to roomtenperature f about 1 mnute to about 24 hours:
25R7-B- (OH) 2( XXI') wherein R7 is the me as nentioned above. Exanpl es of
the al kyl boronic acid repregs@ntR®-bB Ror ¢XDAI) XXI ) i nclude

met hyl boroni ¢ acid, ethyl boronic aci|d, isopropyl boronic acid,

n- pr opyl boroni c acid, n-butylboronigv@cid, i sobut yl boroni ¢ aci d,

n- hexyl boroni c aci d,

30cycl ohexyl bor oni caci d, phenyl boroni caci d, 3, 5-di fl uor oboroni cacid, WO
2011/ 119116PCT/ SG2011/ 000123 32, pent af | uor ophenyl boroni ¢ acid and 3, 5-bis
(trifl usrtbeebexg prelay Roslaghied acatbontym £3iofle OXHBMNGAHBN.ATARANINEL FAf10Bor oni ¢
acid, n- I I I I ORl i d, i oronic
et d ardesRiktRh BB, REChest AR Lt PRl oot hatthe 4 RRIRRGAT 0
si ngl y @ thenikeo®? raRi'Yrwhibx amyl s tinf sdrhe oordificrent] ané vavh & wpganid gtomppe
reacted 5 wiith the al kyl boronic aci& iqclude he sane okganﬁgluninum
compournkisferbly @8 Y h8UPRT 8 HUDBIHEH GRYlLBEOHBNE CHRPGE R <hé 158RPeNIHN aiion

Ofganoaihgﬂhé'urm- BRAURES ERBoREmYSB-ickNILYCIOT ab N SBAGyIakbHum( 084HQ] 1N
one enbodi nent the co-catal yst may be sel ected from organoal um ni um
c onpounaiigmetiplphenyl) cattenomy aagora laodritri{dimethyipbenyitarhapivne catiert. Exammdes bf it ed

to, 10 trial kyl al um num sych.as .trinmethyl al um n triethylalumnu

e 1 5o PREIHHIRGHON RS T VAR FETE CF RO AR cdlion,

trigecyRinyEntHifiul &toal wipropyThialondRs catis) @ibuldimiyhiahUedtiodmnand tri(n-

monochl ori de, diisobutylal um num nmonochl ori de, ethylal um num o

sesqui chitpardmoniand cetioryl A Nrdislkdeeilioimorsatiens, apuepl as NNhdimeldpnieRins uch

grsrbgldiet h ilf)r?,l)f -g@h@}{a%ﬁnqgm acggorg i %}#b%,&&&%tﬂyﬂﬁfhﬂﬁrml Qat%rﬁ,e and
dialkylammonium  cations, such  as di(isopropyl)ammonium  cation and
dicyclohexylammonium cation. Examples- of the phosphonium cation include

15  triarylphosphonium cations, such as triphenylphosphonium cation,

tri(methylphenyl)phosphonium cation and tri(dimethylphenyl)phosphonium cation.
[00115] R’ is preferably carbonium cation or ammonium catien, particularly preferably
triphenylcarbonium cation, N,N-dimethylanilinium cation or N,N-diethylanilinium cation.
[00116] Examples of the ionic compounds further include trialkyl-substituted ammonium

20  salts, N,N-dialkylanilinium salts, dialkylammonium salts and triarylphosphonium salts.

Examples of the trialkyl-substituted ammonium salts include
triethylammoniumtetra(phenyl)boron, tripropylammoniumtetra(phenyl)boron, tri(n-
butyl)ammoniumtetra(phenyl)boron, trimethylammoniumtetra(p-tolyl)boron,

trimethylammoniumtetra(o-tolyl)boron, tri(n-butyl)ammoniumtetra(pentafluorophenyl)boron,

25  tripropylammoniumtetra-(o,p-dimethylphenyl)boron, tri(n-butyl)ammoniumtetra(m,m-

dimethylphenyl)boron, tri(n-butyl)ammoniumtetra(p-trifluoromethylphenyl)boron,  tri(n-

~ butyl)ammoniumtetra(3,5-ditrifluoromethylphenyl) boron and tri(n-butyl)Jammoniumtetra(o-
tolyl)boron.

[00117] Examples of  the N,N-dialkylanilinium salts include N,N-



15 present invention the co-catalyst may be a nethyl al um noxane (MAO
and/or a nodified nethyl alum noxane (MVAO). [00111] The organoal um num
oxy- conmposoasimapticoned above are used singly or in comnpicmaic2en/00§189112]
The conpound that reacts with the transition netal conpound to forman ion
pair 20 (also referred to as ionizingsyonic conpound may include, but is
not limted to, Lewi s acids, ionic conpounds, borane conpounds and

carbor o sepeunds, sa deibes L0 R LI iben w0 v
JIP- A3( 19970) hAPHIRR 1 AN Hnid Bt Ara3fHA9DHr8R7704, and U.S. Pat. No. 5,321, 106.

Exanpl es further i'nclude heteropoly conpounds and isopoly conpounds.
25[ 00118P1 Blanmbxewplss t heoflewithe aci dialkyhlanmaeivgbposaigs r epeledent edilby BR3

(wherein R.is a phenyl gr whi.ch have a substituent group such_as
f1 uori n&PP W?BBW%{WI%"?PB&BMWIW%?Ha fluorine aton), such as, 5%‘? are
not 4 i niibRdoReRylahinhddist@ief@henyl)dorom f&aﬂ)&@wme ibhic oAbl fapheitider on,

tris(3,5-difluorophenyl)boron, tris(4- uor orret hyl phenyl ) bor on,
tri s( petiphenylenrenpiranigirplispentatleqropigiybbeiate) bor on, tri s(o-tol yl ) bor dN30and

tris(3,5-direthyl. nyl ) ho npl es of the ionic conpounds

i ncl udeaggkhng%ﬁmﬁégggeﬁ%ié?ss@ﬁb fé?agl ugl[fgg %’é’%gﬁf%w ng formula (XXII) WO

2011/ 11R#rbod S (ptarafG6rbaBensPboratd, Ntriphenydbdbenidimpentidphen3y dispenbichy 1,

car boni um cation, ~oxoni ym_ cation, ammoni um cati on, phosphoni um cati on,

cycl ohegmgmlex. NNy diethatangmiumpintabenylgyrlensniadienyheqplex apd DRSS SBRPIHE S , 5
or the Ll whi { X% or different, are each an
orglgni c‘legfegﬁné%’%l%’?g‘??%@%“(%ﬁ%%?‘%@?u% or a’substituted aryl group.

Exanpl es of the carbonium cation include tri-substituted carbonium cati ons,
such as triphenyl carboni um cation, tri(nmet@y{ phenyl)carboni um cation and
tri (di met hyl phenyl ) carboni um cati on. Exanples of the amoni um cation
include trial kyl ammoni urg cati ons, &Uc tXi met hyl anmoni um cati on, 10
triethyl anmoni um cati o] (OEktxy oplgBamm at i oXX1IH) but yl ammoni um cati on
and tri (nbutyl)amonium cation; N N iliniumcations, such as

N, N-di net hyl ani | i ni um cation, N, N-di ethyla&niliniumcation and

N, N- 2, 4, 6- pent anet hyl ani | i ni um cati on; andClt al kyl ammoni um cati ons, such as
di (1 sopropyl)amoni um cati on and di cycl ohexyl anmo ni um cati on. Exanples -

of the whaemmananethghiroaps i ncl ude

15
CF,
® &)
Na” (OEt;), B ) XXIV)

4

CF,
[00119] Examples of the borane compounds_ include, but are not limited to, decaborane;
salts of anions, such as  Dbis[tri(n-butyl)Jammonium]nonaborate,  bis[tri(n-
20  butyl)ammonium]decaborate, bis[tri(n-butylJammonium]Jundecaborate, bis[tri(n-
butyl)ammonium]dodecaborate, bis[tri(n-butyl)ammonium]decachlorodecaborate and

bis[tri(n-butyl)ammonium]dodecachlorododecaborate; and salts of metallic borane anions,
such as tri(n-butyl)ammoniumbis(dodecahydridododecaborato) cobaltate(IIl) and bis[tri(n-
butyl)ammonium]bis(dodecahydridododecaborato) nickelate(11I).

25 [00120] = Examples of the carborane compounds may include, but are not limited to, salts of
anions, such as 4-carbanonabofane, 1,3-dicarbanonaborane, 6,9-dicarbadecaborane,

dodecahydrido-1-phenyl-1,3-dicarbanonaborane, dodecahydrido-1-methyl-1,3-



15tri aryl pho sphoni untati ons, suchastri phenyl pho sphoni untati on,

tri (methyl phenyl) phosphoni um cation and tri (di nmet hyl phenyl ) phosphoni um
cation. [WOReBJ11RA6i s preferably carbonium cation or anREmiSGAVICADIIGH,
particularly preferably triphenyl carbonium cation, N, N-dinmethylanilinium
cation or N, N-diethylaniliniumcation3s[00116] Exanples of the ionic
conpounds further include trialkyl-substituted ammoni um 20salts,

N, N-di a}. i1 sal t ' ' 3l 4 s | phosphegi um
sal ts. (llii‘%rhp ensai())&ﬁgééq rial i%dgbagl&gé{lgm@gﬁlﬂmh% (?jlrcrsgljg??&sl{ahc aé%le tr !Oe?’ﬁyl ammo
ni unt edicabaideydbpbame on, t2, 7{icHuadesabondid, et r aupdeniydriior 18- dimethpk-7,8ut y| )
ammo ni unt etra(phenyl)bo ron,trinethyl anmoniuntetyra(p-tolyl)boron, .

tri met hirahasueeAboRRa( 0 - @Bd‘f“?W‘B@Poﬁ,'n‘[aﬁlliyt‘%ﬂt)‘l}f’%ﬁ’?‘ﬁ#ﬁ??bﬂﬁﬁﬁi et r H{(Bent
afluo r oq, i yl n L : 3= (10 ' enyl ).bor on,
ri (- DRy TneRane e faddch 0, BB MR 1o A TEL B RE SNt

tri (5n- bisityl)yramoninin iMcetbadddeetboriteuor omet hytrighbutyl)penaium-1 strifretiyisily)-1ammo
2: 3nmt e? éa%l?aél%gdbgéa;tg: ’;r{S%-Tbggy? a%%ég?n%%’-lcgrbg ord%Qab%rr]actle,t trr{(lg-rt])ﬁtbylﬁta | )o%m-
Exanpl eg! leal Kyl anidvinahiBddh- i(n- ium-7-
Sor 1) 1 S TbARkn bl HUABLLAIH mer%l?y‘lghgﬂr)ﬁa?ie%ogﬁﬁ%’e%gnpﬁg%g?r)nggpgﬁ} ’

N, N- di etanyduadedabonatayt tei{n-bidtyhemylonbon-G58-dinabindeaboat g etri(n-butyl)ammonium-

anmet hyl api l.i ni unt et ra( phenyl ) boron., [ 0011 . .
Exarrp?/egglet“‘ffgtbqu& WF’%%E?Dni ﬁm?sal tsi ntﬁ*%’ggﬁ'?’%@mmumd(’decahyd”do'8'methyl'7’9'
propy | ) GEABAINdet Hotaé, Peith Bul yiRIARIBMIREABARRE-8Sethyl-7,9-dicarbaundecaborate,
di cycl ohexyl ammoni unt'et r a( phenyl ) boron. Exanpl es of”  the ionic conmpounds

f ur t hertrilmbhtydemmonpieyndeeahyduao-§rhusylr ARidiapennddchbwrispheny| ) bor at #1(R: N-

butyl)ammoniumundecahydrido-8-allyl-7,9-dicarbaundecaborate, tri(n-

butyl)ammoniumundecahydrido-9-trimethylsilyl-7,8-dicarbaundecaborate and tri(n-
butyl)ammoniumundecahydrido-4,6-dibromo-7-carbaundecaborate; and salts of metallic
15 carborane anions, such as tri(n-butyl)Jammoniumbis(nonahydrido-1,3-dicarbanonaborato)

cobaltate(IIl), tri(n-butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecaborato)ferrate(IlI),

tri(n-butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecaborato)cobaltate(III), tri(n-
butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecaborato)nickelate(I1I), tri(n-
butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecaborato)cuprate(I1I), tri(n-
20  butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecaborato)aurate(I1I), tri(n-

butyl)ammoniumbis(nonahydrido-7,8-dimethyl-7,8-dicarbaundecaborato)ferrate(Ill),  tri(n-
butyl)ammoniumbis(nonahydrido-7,8-dimethyl-7,8-dicarbaundecaborato)chromate(IlI), tri(n-
butyl)ammoniumbis(tribromooctahydrido-7,8-dicarbaundecaborato)cobaltate(IIl),  tris[tri(n-
butyl)ammonium]bis(undecahydrido-7-carbaundecaborato)chromate(I1I), bis[tri(n-
25 butyl)ammonii_lm]bis(undecahydrido-7-carbaundecaborato)manganate(IV), bis[tri(n-
butyl)ammonium]bis(undecahydrido-7-carbaundecaborato)cobaltate(I1I) and  bis[tri(n-
butyl)ammonium]bis(undecahydrido-7-carbaundecaborato)nickelate(IV).
[00121] The heteropoly compounds comprise an atom selected from silicon, phosphorus,
titanium, germanium, arsenic and tin, and at least one atom selected from vanadium, niobium,
30 molybdenum and tungsten. Examples of the heteropoly compounds include without limiting
thereto phosphovanadic acid, germanovanadic acid, arsenovanadic acid, phosphoniobic acid,

germanoniobic acid, siliconomolybdic acid, phosphomolybdic acid, titanomolybdic acid,



di met hyl ani |'i ni unt et r aki s( pent af | uor ophenyl ) bor at e,

ferroceni unt etra(pent af | uor ophenyl ) bor at e,

t ri phenylwenrbanitvnpent aphenyl cycl opent adi enyl conpl ex, PCT/SG2011/000123

N, N- di et hyl ani |'i ni unmpent aphenyl cycl opent adi enyl conpl ex and boron conpounds
10 represented by the follow ng formukga (XXI11) or (XXIV) wherein Et is
an et hyl group, [ 00119] Exanpl es of the borane conpounds i nclude, but

i et g e T D
rat e, bighhiddtihddté Y1 ) /Maroni sedntteREaoor aidd,bi s phédphBmoliBiyVanadigmo Aéign] do
d ecabo rat e,bis[tri(n-butyl)amoni un decachl oro decabo rat eand

bi s[ t r inhesphetynigstanenadicundidogeroaspiuogselcaadia rsidatphospheadgidosungstongtadiq i ¢
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include, but are not limted to, salts of anions, such as |, )
4- car bdtesiadisorTahle, uch- @b c dBeRo MRYBAN POtaES Iy | BRiHWHe CeSBYH N derydignm,

decahy @qlgs@ﬂﬁ, '(pah]cqg%! 'sjfro?itiﬁrqi 89”9:?1%81? ahoy roqgﬁl’iéj UafiCAN YL ARids! with a

- et hyl -
triphenylethyl salt.

[00122] In one embodiment of the present invention, the co-catalyst may be a conventional

10  methyl aluminoxane (MAO), a modified methyl aluminoxane (MMAO), a metal salt of
(C6Fs)4B ™ or a combination of an alkyl aluminium compound with MgCl.

[00123] The ionizing ionic compounds mentioned above can be used singly or in
combination.
[00124] The catalyst:co-catalyst ratio may be about in the range of about 1:1 to about

15 1:5000, for example in the range of about 1:10 to about 1:2000.

[00125] The self-assembled olefin polymerization catalyst of the present invention may be
supported by an inorganic or organic carrier material. The inorganic compound for the carrier
may include, but is not limited to, inorganic oxides, inorganic chlorides, and other inorganic
salts such as sulfates, carbonates, phosphates, nitrates, silicates, and the like.

20 [00126] In one embodiment the inorganic compounds for the -carrier may be inorganic
oxides such as silica, titania, alumina, zirconia, chromia, magnesia, boron oxide, calcium
oxide, zinc oxide, barium oxide, silica xerogel, silica aerogel, and mixtures thereof such as
silica/chromia, silica/chromia/titania, silica/alumina, silica/titania, silica/magnesia,
silica/magnesia/titania, aluminum phosphate gel. The inorganic oxide may contain a

25  carbonate salt, a nitrate salt, a sulphate salt, an oxide, including Na,COs, K;CO3, CaCO;,
MgCO;, Na;SOs4, AL(SO4)3, BaSOs, KNO3, Mg(NOs),, AI(NO3)3, NayO, K;O, and L1,O.
[00127] The inorganic compound used in the present invention may also include, but is not
limited to, inorganic compound polymers such as carbosiloxane, phosphazyne, siloxane, and
polymer/silica composites.

30 [00128] In one embodiment of the present invention the inorganic carrier material may be,
but is not limited to, silica, alumina, titania, magnesium chloride, and mixtures thereof,

[00129] In a further embodiment of the present invention, the organic compound useful as
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eandtri( n- ) ammoni unundecahydr I do- 4, 6- di br onp- 7- car baundecabor ate; and
salts dDOIﬁalt] aIThedemﬁctamnc)oﬁprdymmlm'wn veit theadefin polymerization catalyst is in the

tri(n-but a ' d - b I
tri(n- brﬁ'ﬂgjlq '%Suglr%?rﬁl H ot nsg) Bﬁtl ﬁ@)@r?dﬁm %grﬂé’%g'flni’?lf)%(ﬁh&%eag’ g"!erzat
e( 11! ) anbfHek embéalﬁieh@m@t@weﬁmr& ls( MQH@%@MGF hsbut 07¢ tSatig anbas nﬂ@ﬁ@cha@r
rato)cobalt at e(ll I) tri(n- but é@l anmo ni unb i s(undecahydrido -7,

8- di car@dlsﬂdd@@éb@h@att@npmt@malr@@ty in| jhet rgngm- of about 40 to about 60°C. The

polymerization pressure is in the range usually from atmospheric pressure (about 0.1 MPa) to

-

about 10 MPa. For example, the pressure may be in the range of about 0.5 to about 1.0 MPa.
The polymerization may be conducted by any of a batch system, a semicontinuous system,
15 and a continuous system or the like. The polymerization can be conducted in two or more
| steps under different reaction conditions. |
[00132] The molecular weight of the produced olefin polymer may be controlled, for
example, by presence of hydrogen in the polymerization system or the change of
polymerization temperature or pressure. With the catalyst of the present invention polymers
20  having a number molecular weight from about 3.000 to about 3.000.000 can be obtained. It is
very useful that the catalysts of the present invention can produce low molecular weight
polyolefins as well as ultra high molecular weight polyolefins of more than one million with
narrow molecular weight distribution.
[00133] The molecular weight may depend on several factors. For example, the substituents
25  of the catalyst system may influence the molecular weight, for example bulkier substituents
(in particular adjacent to the WY coordinatibn unit) may give higher molecular weight.
Further, a higher ethylene pressure may also contribute to a higher molecular weight. Also, a
higher hydrogen pressure may lead to a lower molecular weight. The kind of metal atom in
the catalyst plays also a decisive role. For example, the use of titanium may give higher
30 molecular weight than the use of zirconium. The present invention also revealed that self-
assembling increased molecular weight compared to corresponding mono-nuclear catalyst. In

general it may be stated without being bound to any particular theory that higher molecular
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rato)chromate(lll), tri(n- butyl) ammo niunb is(tribro no o ctahydrido -7,

8- di car b . L SLEL (s s
buty 13 AR TRT S0 RnRhEORRl e Bt hd bluer IR blincrties, o o111y i s
[ tri (n-[08B34utHe) olafifidwhich rdhn bies{olyifleriat yudedrding-té-the present invention include

car baundecabor at 0) ranganate(l1V),bis [tri(n- but yl) ammo nium ..
bi s( undeeangidbredied pe aﬁwﬁ(ﬁ%ﬁ_\é%afsb%@ml% bR4) 28Rt APy R e enbogdimen they ¢
1o STl B SR sl imse et o ke el s
phosphanethyl-1-bhtené, Uivhe:gae, nicthil- 1 apcnesnie ¢ 3-aathylli IRperaerd, dtoctenasi-deceneatl-om
Che. hetdsisDFy | SUStTES |REHFEE ad HORECHTAEY 1R IFBReRt S Al
50 S5 TRUBHALTERE S EAFTRUATIES Byl SOROBAL © cbn,
ti t anomoirydrdére, Aandhyl-2A@B0oMEnd, bad 1GRCY¢ISERBLde) 0ol BoBGmers: including oG-
unsaturated carboxylic acid such as acrylic acid, methacrylic acid, fumaric acid, maleic
10  anhydride, itaconic acid, itaconic anhydride, and bicyclo[2.2.1]-5-heptene-2,3-dicarboxylic
acid anhydride, and o,(G-unsaturated carboxylic acid metal salts such as salts thereof of
sodium, potassium, lithium, zinc, magnesium, and calcium; o,8-unsaturated carboxylic acid
esters such as methyl acrylate, ethyl acrylate, n-propyl acrylate, isopropyl acrylate, n-butyl
acrylate, isobutyl acrylate, t-butyl acrylate, 2-ethylhexyl acrylate, methyl methacrylate, ethyl
15 methacrylate, n-propyl methacrylate, isopropyl methacrylate, n-butyl methacrylate, and
isobutyl methacrylate; vinyl esters such as vinyl acetate, vinyl propionate, vinyl caproate,
vinyl caprylate, vinyl laureate, vinyl stearate, and vinyl trifluoroacetate; and unsaturated
glycidyl esters such as glycidyl acrylate, glycidyl methacrylate, and monoglycidyl itaconate.
[00135] Vinylcyclohexane, dienes, and polyenes are also useful. The diene and polyenes
20  include cyclic or linear compounds having two or more double bonds having 4-30, such as 4-
20 carbon atoms, specifically including butadiene, isoprene, 4-methyl-1,3-pentadiene, 1,3-
pentadiene, 1,4-pentadiene, 1,5-hexadiene, 1,4-hexadiene, 1,3-hexadiene, 1,3-octadiene, 1,4-
octadiene, 1,5-octadiene, 1,6-octadiene, 1,7-octadiene, ethylidenenorbornene,
vinylnorbornene, dicyclopentadiene, 7-methyl-1,6-octadiene, 4-ethylidene-8-methyl-1,7-
25 nonadiene, and 5,9-dimethyl-1,4,8-decatriene. Further useful are aromatic vinyl compounds
including mono- or polyalkylstyrenes such as styrene, o-methylstyrene, m-methylstyrene, p-
methylstyrene, o,p-dimethylstyrene, o-ethylstyrene, m-ethylstyrene, p-ethylstyrene;
functional group-containing styrene derivatives such as methoxystyrene, ethoxystyrene,
vinylbenzoic acid, methyl vinylbenzoate, vinylbenzyl acetate, hydroxystyrene, o-
30 chlorostyrene, p-chlorostyrene, and divinylbenzene; 3-phenylpropylene, 4-phenylpropylene,
and [alpha]-methylstyrene.
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MyCoB, [RAP3sd, The oleBoppmapiaion catrlodt, ofviie MoBFDt InxeRtiqnayay ajkads, used for  and
Li 2Q. [ . i i . .0 the present invention may al so
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chlori dg,nrad dHigtbiteRs, 1 Re&RRhexdddt29 3 hBnidaibal, t AefergTofdbaRMiet 1Be
present invention, thé organi c conpound Useful as WO
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poly'st Yr'E&PEMOTE (€% onal i zed pol yet hyl enes, functional i zed pol ypropyl enes,
functi goel4@ednind pebsnt @RREto) M YdRlaNESzaB66 o PA MBI fhd ol L8jugdled Aiaicher
enbodi ment of the present invention is directed to a process for 5
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above nmddieneed cClQ5-oafadleMst s. 1,6-octadiene, 1,7-octadiene, ethylidenenorbornene,

25  vinylnorbornene, dicyclopentadiene, 7-methyl-1,6-octadiene, 4-ethylidene-8-methyl-1,7-
nonadiene, and 5,9-dimethy1—1,4,8;decatriene.
[00141] The process for producing an olefin polymer of the present invention gives the
olefin polymer having a narrow molecular weight distribution at a high yield by
polymerization in the presence of the above olefin polymerization catalyst.

30 [00142] In athird aspect, the present invention provides polyolefins obtainable according to

the process of the present invention. The polyolefins obtained may have a molecular weight
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those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.

25 EXAMPLES

[00146] General Consideration of Materials and Characterization

[00147] 4,4-Diaminodiphenylmethane, benzidine, 4,4'-diaminooctafluorobiphenyl, 3-tert-
butyl-2-hydroxy-benzaldehyde, pyrrole-2-carboxaldehyde and anhydrous hexane were
purchased from Sigma-Aldrich and used without pre-treatment. 5,5-Methylene-di-3-tert-
30 butyl-salicylaldehyde was prepared according to literature methods. Methyl aluminoxane
solution (Al%: ~5.2%) in toluene was purchased from Chemtura Organometallics GmbH and

used directly without any pre-treatment. Methanol was dried over 4A molecular sieves.
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25EXAMPL
160.61, 163.11. Elemental analysis Cs3sH3sN2O, (504.68): Calc. C 80.92%, H 7.19%, N

20 5.55%; Found C 80.98%, H 7.12%, N 5.62%. HRMS(EI, m/z): Calculated 504.2777; Found

504.2823(M"). Single crystal was crystallized from toluene solution (see Fig. 6 for the crystal

structure of BFI-3).

[00157] Example 4: Preparation of bis-phenoxy-imine ligand (BFI-4)

[00158] 4,4'-diaminooctafluorobiphenyl (2.30 g, 7.0 mmol) and 3-fert-butyl-2-hydroxy-
25  benzaldehyde (3.0 g, 16.8 mmol) were dissolved in anhydrous toluene (40 mL), followed by

addition of 12 mg of para-toluenesulphonic acid. The resulting mixture was refluxed for 4
days. The solution was concentrated to about 10 mL and kept in fridge. Crystal was filtered,
washed with cold toluene (2 mL) and dried in vacuo to give 2.0 g of product. Second batch
product (0.76 g) was obtained by further concentrating the residual solution to about 5 mL
30  and repeating the crystallization process. Product obtained was 2.76 g (61% yield). 'H-NMR
(CDCl3, 400MHz, 6): 1.49 (s, 18H, -C(CH5)3), 6.94~7.53 (m, 6H, aromatic-H), 8.92 (s, 2H, -
CH=N-), 12.92 (s, 2H, -OH). Elemental analysis C34sH2sFsN2O, (648.59): Calc. C 62.96%, H



[ 00146] General Consideration of Materials and Characterization [00147]
4,4' - Di am nodi phenyl net hane, benzi di ne, 4,4'-di am noo ct afl uor obi phenyl,
3-tett- bwmopbtrizabmdr oxy- benzal dehyde, pyrrol e- 2- car boxalpdelsgder1anei23

anhydr ous hexane were purchased from Sigma- Al drich and used w t hout
pre-treatnent. 5,5-Methylene-di-3-terfs 30 butyl-salicylal dehyde was
prepared according to literature nmethods. Met hyI al um noxane sol ution (Al%

-5. 29 tal d d
it oot A,?zéof#laﬁ%%%ﬁ% e RN ke G S T P b
si eves. ol didnld&IBBPCT 6204 0QRRRe 42BBI-g)I or orret hane (DCM and
tetrahydrofuran (THF) vier e pur| |ed using an MBRAUN- SPS sol vent

purifid80l1¥y Lxample SEPpen f bisgivrrolidetimine ligand (BPF1)e material s were
d d
T

CDC}3 qn.sa hg“&a@atsgdwai 81 anHydiddYBH&EhInoMA60 PED)f orftee ddding aeVdrer Mo
Fi nni gan VAT 95 HRVS(ESI) was perfornmed on an Agilent LCGMS TOF. El enent al

anal ysid&opgeef f@@mmcrﬂadh@ ﬁesaltEgrf@EABQO‘@S stifree gt m@w&wwratm;ﬁoy Qedays Ve |
t ent
ol yet AT E R GEPG Ao thishea, p el o oBthh FRESR) AR o P ARWERE Sl
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systemldl96155¢])16214r1120]77d1$‘n’s@ﬂ \léﬂ4q,tlﬁ|ﬁhiﬁaﬂ]5§/lalic49t984 to 6 hours), followed by
flltratb@flﬁh Ces ) ere recorded on a

Br uker [ q AT 5 H wete recorded on an

I nVia Rebiey lcr:hsalmeT( R%H%N\@f M@fepggmewzw aecdi»mg thé kéartied sehanced
deep- depl eted thernoel ectrically Peltier cooled CCD array detector (576 x

384 pi xbbwh imkig. 8 hi gh grade Leica microscope. The nethyl branching of the
Coqgl y%{)f&\ﬁ\asExamp u%ieldpl\{\éjlti_lrllatlon of\)caQlestW Lpon agai nst standard sanpl es.

[00164] (i) Preparation of BFI-1-(TiCls), solution in THF
[00165] To a stirred solution of BFI-1 (0.50 g, 0.96 mmol) in THF (15 mL), a solution of n-

butyllithium (1.6M, 1.2 mL, 1.92 mmol) in hexane was added dropwise over a period of 10
minutes at -78°C. Then the mixture was allowed to warm to room temperature and stirred for
20  two hours. The resulting solution was added dropwise to a stirred solution of TiCls (0.3642 g,
1.92 mmol) in THF (15 mL) at -78 °C via a cannula over a period of 20 minutes. The
resulting mixture was again warmed to room temperature and stirred for 18 hours affording a
solution of BFI-1-(TiCl3), in THF.
[00166] (ii) Preparation of catalyst MNTi-3
25 [00167] To a stirred solution of BFI-2 (0.50 g, 0.96 mmol) in THF (15 mL), a solution of »-

butyllithium (1.6M, 1.2 mL, 1.92 mmol) in hexane was added dropwise over a period of 10
minutes at -78°C. Then the mixture was allowed to warm to room temperature and stirred for
two hours. The resulting solution was added dropwise to the solution of BFI-1-(TiCL), via a
cannula over a period of 20 minutes at -78°C. The resulting mixture was warmed to room
30 temperature and stirred for 18 hours. After removal of THF, the residue was extracted with
DCM (40 mL) and filtered to give a clear solution. Removal of DCM gave a deep reddish-

brown solid which is the multi-nuclear catalyst bearing a repeating unit of C3sH3CLN,O,T1



20 [00151] Exanple 1: Preparation of bis-phenoxv-imne |igand (BFI-1)

[ 00152] 4, 4'-Di am nodi phenyl nethane (1.34 g, 6.76 mmol) was dissolved in
anhydr ouswoebhangiic (25 nl). After stirring for several RCH($G2611/000123
3-tert-butyl -2-hydroxy-benzal dehyde (2.65 g, 14.87 nmmol) was added,
fol |l oned by several drops of formic agyd. The resulting m xture was stirred
for one hour roomtenperature and then refl uxed for one day under 25

argon t

ol at 3%“%‘?98%&{ of sl e GRSV Pt Lo RUAEHn obARer
resul tiad drredan 45ch> afro@nyahbaxuup@mem%ywﬁ ﬁuﬁc&%% bd&i—SWdaIBDﬁi&l agh@BiVHz ,
5): 1.50 (s, 18 3) ), 7-7.42 (m 14H,
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C351438N2Q2=4 L8 7 Iy n-G2aem ™. RabianqBRE'):HZ=38% ahll 554108 Fowwr884,3680580% H
7.41% N 5, 46%_, HRVS mz): Calcyl ated 518.2933; Found 518.2903 (M).
WO 2011@1"@3@%0‘1%@@?%2@0@@1@3 3%42°100153] Exanple 2: Preparation of

bi s- ph i n | i gand BFI -2 was synt hesi zed
i a Ph%m((?%l Mk Reinble%D? PréRiration of Q ¢MNPES n: Igl he (1.01 g 10y86 m"r:)IZ)

and 5, 500&69y | Emetitle <c3talyst MIBGL-§| wasabynthdseded ehy diee §8nOPraped@redsd MIID)3 i n

o entyaneh D (8 506 b ot iR UEubap madl s et S el s PimenD.
netipanofhd 2%aRk) I@NQr-@“v&%ﬁl dHaMaf Ul ﬁ%a%)tﬂz'llﬂwzs&ﬁi Gvied aarﬁ‘gg%wﬁawﬁr
(91% vyield). I1-1-NWR (CDC13, 400MHz, 6): "1.46 (s, 18H, - 3), 3.92

(s, 2H, C}sﬁmllaNzOzZodﬂrc 2526 way foug to e dREe - Galcu zae<$agz(13st titheogte Ar%o 13, 79

151, 16, o 55H% 18 gl Nigey g Hate Ohiegt VS oyl 1 faficand HaRiy,
163. 38. yitlden@nt.al g e9mhy FISIRL QLG35H38N20251 &h8, ¥ ) =443atm’ : vfecBYT0BR, Iy, 7. 38%

N 5.40% Foundl C81.090% H 7.46% N 5.47% HRVS (ESI) Cal cul ated for
[MH-I] %PB303006; Found 519.3004. [00155] Exanple 3: Preparation of

bl SrsPn ety %psmgie%'ﬂeﬁgahaﬁ@f @RARMINTIS M@;ﬁﬁﬁ( Does Sgngge%f;ﬂ
and 3- t[@t)l?]ljut@étal&stby\dh‘l@iey -abé MY d ¢ lwale syriZhdd®ed acdotdidg to the reaction scheme
shown in Fig. 9.
[00172] Example 7a: Preparation of catalyst MNTi-4
[00173] Catalyst MNTi-4 was synthesized via the same procedure as MNTi-3 using BFI-3

20 (0.50g, 0.99 mmol), BPI-1 (349 mg, 0.99 mmol) and TiCls (1.98 mmol). The catalyst MNTi-

4 was obtained as a reddish-brown solid with a repeating unit of 2(Cs7Hs,CiuN¢O>T12). The
Ti% was found to be 7.62%. Calculated against the theoretical Ti% of 8.78% in
14(Cs7Hs,CluNgO,T1y), the residual solvent was found to be 13.21%. The catalyst yield was
1.12g (92%). '

25 [00174] Example 7b: Preparation of catalyst MNTi-5
[00175] Catalyst MNTi-5 was synthesized via the same procedure as MNTi-3 using BFI-4
(0.50g, 0.77 mmol), BPI-1 (272 mg, 0.77 mmol) and TiCl (1.54 mmol). The catalyst MNTi-

5 was obtained as a reddish-brown solid with a repeating unit of }2(Cs7H44CiaFsNsO2T12). The

Ti% was found to be 6.81%. Calculated against the theoretical Ti% of 7.75% in '2(
30  Cs7HasCuFsNgO,Th,), the residual solvent was found to be 12.12%. The catalyst yield was

1.03g (97%).

[00176] Example 8: Preparation of catalyst MNTi-6 and MNZr-6 (One pot mixing)




15 mmol ) in anhydrous nethanol (30 nlL). The product was obtained as a

yel | ow powder in 99%yvyield (2.80 g). 1H NWR (CDC13, 400MHz, 6): 1.51 (s,
18H, - C( G¥B)28)1/1161180-7.71 (m 14H, aromatic-H), 8.71 (spcZc20@deiN2}, 13. 96
(s, 2H, -OH). 13C-NWR (CDC13, 100MHz, 6): 29.36, 34.94, 118.41, 119.12,
121.74, 127.87, 130.48, 130.71, 137.72 138.80, 147.64, 160.61, 163.11.

El emental anal ysis C34H36N202 (504. 68): Cal c. C80.92% H 7.19% N 20

209 27 AP0 B, RS A B Giehd SNET-B viers syrb et akedltpite MHUE Rt G ene

sol uti ogholvnaR Fig.90. 6 for the crystal structure of BFI-3). [00157] Exanple
4. Preparation of bi S- phenoxy i m ne I gand (.BFI 4) [ 00158]
4, 4' - di [@01 MjocExdmpler8 ATgtioy { and

oL R Ay %gt?&r?efﬁfﬁfmg?géfggh?éo§@>§%°@'1)0&%?99“%3(1 ) e

par & t OlhUEHE 20 RAON aCsofiofd- of TMButfyBfikiutd (196 WXL UIBLNEB6 TBibl) X8 thek@ie Wadlays.
The sol ution was concentrated to about 10 mL and kept in fridge. Crystal

was fi |adde@droprasshendr aiperiodof 10 minutesna - (& Grilhem the rawfuse wap alleiverbtor Bamg ve
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cryst al 4 sthaéd wluunﬁpsmfi:h Rll selircy, nbs ath@lqi a2 (136md) (aﬁ.ﬂ.% 3@ eflunla cardrilddl - NVR

(CDC13, 400MHz, 0 1.49 (s, 18H, -C(CH3)3), 6.94-7.53 (m 6H, aronatic-H),
8 92 sovezﬁ perlO@:Hér%D mmE?SQEh gesubing migfipre Was AgaiRyHATMEH AP yaPTE t%ﬂﬁzﬁlﬁ%moz
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from t owitkA@ ndoDOM amnd (ikered Fo give 2 claar sdlhiaaom IR,estoahl DOkt gave acoifeelBFelddzt)l

[ 00159] reparation of | r roli m.ne |i and

[ 001601bf&W&%§a‘ﬁ¥“ﬁ%d‘{aﬁt¥éﬁ% H s Saat“%sa%‘ m%@)ﬂegma vabia af tdom
pyrrol etegl %E&QX%@%M% Bad 8 r@ﬂeaﬁng %@u%m@}g 0,0 S50 Ve@ﬂluhlns&l%ﬁfﬂr ous

met hanol m.). After adding several drop sh)s?m?grm c acid, the resulting
m xt ur ernals as¢ imaiely BHF randm tewpof 2GMe Fh@r T sfoullfﬂléOIbegﬁt”%ebY d@PpO\Ader

596 o rbutten E o ethe e IR Dot MR T Be PG LRGP "

- CHZ ) foﬁn&ﬁrﬂe DD4gmby GidigY T heddaalyit ,yler &1&5(1(36 Ae79%3=8. 3 Hz, Phenyl H) ,
7 23 4H =8. 3 Hz Phenyl ,H), 108. 29 s 2H, -CH=N-), 11. 70 (s, broad,
oH’)OOI xamp e o Prepamtie st MENZrrf9. 65, 116.21, 120.77, 123.68,

ﬁfu% 50 %NET nd ééff&%f‘*@?f-ﬁ[yvg?slﬁﬁ‘a% A S

accordi mmg hgand @it § (N5 gy ehBFERQOA g) ritokdlly. 1.8 g, 1.93 mmol) and equimolar ZrCls.

20  The multi-nuclear Zr catalyst was obtained as pale yellow solid with a repeating unit of
C35sH36CLN,OyZr. The Zr% was found to be 12.18% by ICP. Calculated against the
theoretical Zr% of 13.44% in Ci4H3sCLN,O,Zr, the residual solvent was found to be 9.38%.
The catalyst yield was 1.40 g (97%).

[00182] Example 9: Preparation of catalysts MNTi-1 and MNZr-1
25 [00183] Catalysts MNTi-1 and MNZr-1 were synthesized according to the reaction scheme

shown in Fig. 11.
[00184] Example 9a: Preparation of catalyst MNTi-1 (Comparative Example 1)
[00185] To a stirred solution of BFI-1 (1.00 g, 1.93 mmol) in THF (20 mL), a solution of n-

butyllithium (1.6M, 2.4 mL, 3.86 mmol) in hexane was added dropwise over a period of 10
30 minutes at -78°C. Then the mixture was allowed to warm to room temperature and stirred for
two hours. The resulting solution was added dropwise to a stirred solution of TiCl, (0.3657 g,

1.93 mmol) in THF (15 mL) at -78 °C via a cannula over a period of 20 minutes. The



15 [00163] Exanple 6a: Preparation of catalyst MTi-3 [00164] (i)
Preparation of BFI-1-(TiCl3)2 solution in THF [00165] To a stirred

sol uti on wb 2BAIH31160. 50 g, 0.96 mMmol) in THF (15 nl), apsolsecinmoehsn-
butyllithium(1.6M 1.2 nL, 1.92 mmol) in hexane was added dropw se over a
period of 10 minutes at -78C. Then thggm xture was allowed to warmto room
tenperature and stirred for 20 two hours. The resulting solution was added
dropwi se to a stirred solution of TiCl4 (0.3642 .1.92 | )] HF (15
1y et et i S M e T b gt s irfekoveEny fat 15 bl

M Xt ur eA p@SreRe 1D MBHITRER: £QiduRNIH SR BAMEEWRAB0ShL AW dnarfilkfedBWive
affording a solution of BFI-1-(TiCl3)2 in THF. [00166] (ii) Preparation of
cat al yst cleTsol@ion2 Rep®rel7pf DEM gavé mrdesp geddishi-bnowef sobi| which vasergund)t6

mml) in THF (.15 ni a splution of n- butyllithium (1.6 1. .. 1. 92
ol ) 1V Y eyl o e e Yot et st e g
Ther t hgpdating WhR of@ssHRLECONRD, T vithereSiii4l sbReAR BN EMRTAUA Q@ t7RE 0F DAM EThd Or
two hours. The resulting solution was added dropwi se to the sol ution of

BFI - 1- (TiPCy3y Zoviidataa be £nde dyokkdt Galpdated againstothe thepretésg] di%- gRES3Tha

naurs. PHECHEREUARR SRR ol el PRCIAANGRETATI VAR, BRRP e TR an

filteregdast D39igV05%).HRHR (aaT Jvikbq155Re oY abr, gF49CMhUavece46een’ r eddE360
brown sol jd which is the nulti-nuclear,catalyst beari ng a _[epeating unit of
C35H360ZN20%man @y 208arThPP18ParPSen 1 170083% $52 and 435 em™, vric=362, vri

10 N=325cm’.
[00186] Example 9b: Preparation of catalyst MNZr-1 (Comparative Example 2)

[00187] Catalyst MNZr-1 was synthesized via the same procedure as MNTi-1 using ligand

BFI-1 (1.00 g, 1.93 mmol) and equimolar ZrCls. The multi-nuclear Zr catalyst was obtained

as pale yellow solid with a repeating unit of CssH3sCLN,O,Zr. The Zr% was found to be
15  12.15%. Calculated against the theoretical Zr% of 13.44% in C34H36CLN2O,Zr, the residual

solvent was found to be 9.60%. The catalyst yield was 1.42 g (98%). FT-IR (cm™):

Ve=N=1553 cm'l, Vzr-0=445 cm'l, Vzr-c1=370 cm'l, V7: =330 em™,

[00188] Example 10: Preparation of catalysts MNTi-2 and MNZr-2

[00189] Catalysts MNTi-2 and MNZr-2 were synthesized according to the reaction scheme
20  shown in Fig. 12.

[00190] Example 10a: Synthesis of catalysts MNTi-2 (Comparative Example 3)

[00191] Catalyst MNTi-2 was synthesized via the same procedure as MNTi-1 using ligand
BFI-2 (0.60 g, 1.16 mmol) in 20 mL THF and equimolar TiCl, in 15 mL THF. The multi-
nuclear catalyst MNTi-2 was obtained as a deep reddish-brown solid with a repeating unit of
25  C35H36CIhN2O,Ti. The Ti% was found to be 6.58%. Calculated against the theoretical Ti% of
7.53% in C3sH36CLLN20,Ti, the residual solvent was found to be 12.62%. The catalyst yield
was 0.81g (96%). FT-IR (em™): ven=1551 cm’’, v1i.0=498 cm”, vri.cE472 em’, VTiN=362
em’

[00192]) Example 10b: Synthesis of catalyst MNZr-2 (Comparative Example 4)

30 [00193] Catalyst MNZr-2 was synthesized via the same procedure as MNTi-1 using ligand
BFI-4 (0.60 g, 1.16 mmol) in 20 mL THF and equimolar TiCly in 15 mL THF. The multi-

nuclear catalyst MNZr-2 was obtained as a pale yellow solid with a repeating unit of



44 with residual solvent being THF and traces of DCM The catal yst was
ground to a powder and dried in vacuo at roomtenperature. The Ti % was
found to we 26115a%16Cal cul at ed agai nst the theoretical TiPetrsh2011588423 n
C35H36C12N202Ti, the residual solvent was found to be 13.01% The catal yst
yield was 1.38g (99% . FT-IR (cm1): |4t7 =N=1554 cm 1, irri_0=498 cm1,
5Dii-0=458 cm |, uTiN=362 cm1l. Raman (cml): vc=N=1584 and 1541

o e Rhra 8 A AR ver e iy Vel BB 2

MN\Zr - 3 maﬁs symtifeasd Hg(tlzwz@zth&hé @é§ﬁiu@f 95106 reasafouiNth b3 UIFNY TBElcatbly(sO- 509,
0. 96 mmol BFI - 2 and zZrC14 (0.4474g, 1.92 mmol ). 10 The

cat al ysyie QBSMOQW %K%(%%@ﬂFéﬁlﬁmoWZ@ﬁi%% th a repeating unit
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Exanpl el09P198r efpalrg ind MNTi -5 [00171] Catal ysts
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Cal cuI at ed agdi nst the theoretical Ti%of 8.78%in 1/2(C57H52C14N602Ti 2) ,

t he resdawato moinvtemperatige,froethahatl ovals eeriGvedll@ide hacuoak Eihy yellopy digdidwasidue 129

929 5 f 79

Cat al ystRRgAed Byse EgReRadingtirgy 1 Erb e fe Rl BBl ot idhénty,

BFI - 4 (foa8d as 6. 27g70przhé yelw oil (Q(?—%%ldm) 'Q-NMRNTDQ1; 400 ML B4: 1(54@49HU0|)
The catal yst INTi - was obt ai ned as reddi sh-brown solid wth a rggeatl ng
uni t of@r@mnm&tﬂmmo&lt. FymatiprED), .66 (s, 1H, -CH=N-), 13.97 (s, 1H, -OH).

15 NMR (CDCl;, 100MHz, 6): 29.39, 34.96, 118.37, 119.10, 121.23, 126.75, 129.41, 130.39,
130.71, 137.69, 148.51, 160.58, 163.42. |
[00197] (ii) Preparation of catalyst FI-Ti

[00198] Catalyst FI-Ti was synthesized via the same procedure as MNTi-1 using ligand
(FI) (1.00 g, 3.95 mmol) and half an equivalent of TiCls. The catalyst was obtained as a deep
20  reddish-brown solid bearing a general formula of Cs;4H3cCLN,O,Ti with residual solvent
being THF and traces of DCM. The Ti% was found to be 6.69%. Calculated against the
theoretical Ti% of 7.68% in C3sH3sCLN,O,Ti, the residual solvent was found to be 12.89%.
The catalyst yield was 1.34 g (95%). FT-IR (em™): ven=1554 cm’', vri.0=500 em’, vri
c=458 cm’, vrin=365 cm’. Raman (cm'l): ven=1586 cm™ and 1555 cm™,v1i.0=890 em’,
25 558 cm’! and 446 cm'l, VTc=363 cm'l, V1iN=336 cm’l.
[00199] Example 12: Preparation of mono-nuclear Zr catalyst (FI-Zr) (Comparative

Example 6) _
[00200] Catalyst FI-Zr was synthesized via the same procedure as MNTi-1 using ligand

(FI) (1.00 g, 3.95 mmol) and half an equivalent of ZrCly. The catalyst was obtained as a pale
30 yellow solid bearing a general formula of C34H36C12N2022r with residual solvent being THF
and traces of DCM. The Zr% was found to be 12.18%. Calculated against the theoretical Zr%
of 13.68% in C34H3sClhN.O,Zr, the residual solvent was found to be 10.96%. The catalyst



Ti %was found to be 6.81% Calcul ated agai nst the theoretical Ti%of 7.75%
in 1/2( 30C57H44C14F8N602Ti 2), the residual solvent was found to be 12. 12%
The cat alwyet2oyigbdewas 1.03g (97% . [00176] Exanpl e 8: Prepaneatijoon29f

catal yst MNT1-6 and M\Zr-6 (One pot m xing) WO

2011/ 119116PCT/ SG2011/ 000123 45 [00174% Catal ysts MNTi -6 and M\Zr-6 were
synt hesi zed according to the reaction schenme shown in Fig. 10. [00178]
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angthhgn of n-butyllithium (1.6 2.4 nL, 3.86 mmol) in hexane was
added ro

pw se over a per| od of 10 m nut es at -78C Then t he mxture was
al | owed 0020 Markxample pialyst Fvaluatio enveralj prosedung foro pths

resultin I%o}lutl.on aﬂded dr opw se to a sti rred solutlon of Ti Cl4

(0. 365@—%@@%5 m) at -78 C via a cannula over a period
of 30 MRS - Pol@eriASith iad Gariied buf & A% @DatdinleaIsteetialtoclaaosuigprneviet ur e
10 and stirred overnight for 18 hours. After renpval of THF, the residual

solid \lﬁagleéb@m%é isiErenvniith ahusiablosTiedrats. | Ther aroglaveg e heatefl by a J6pting on.
Renova h i2ce %Pﬁ)qj ﬂﬁf%\d
with a rg%é Dggkog.gﬁe%[ ﬁ%%%%&a&tgaﬁé\gggéo%%k IV%’CI:U}[MG}l &tell’ at ur g)rr e catal“yst

has a rwhieltpenigduthiet audclER5 MAS GlddP ORiTh  day t drgore st daaslt thodevemes Whérc thear e
mainly THF and a trace of DCM The Ti % was f ug@u e 6.59% by | CP.

15Cal cUFRPEatug ¥andewerRd tq Hisdeattiondrmasotuss (&) W { esegs s RRYETHated he
resindu S . d e 0 Stmgihe was
I g R B RE e B 108, AL R A R ) RS o)
The ti tdaelysatsaluyish WMMGNmsaddgmbcbmsumdlvaa sytinge nmder mtlu@@dLatmoadleM\lT i -6

sing |j BFI 0.5 t ot 3 d
cqul ol GROBEB  = spiingizatehoB RRRE Dt 15 sl St itk g pfiatpioge KOs GRRL) ™
yel | ow @d ibdr)Wikifh %tHy?eQ@ahﬂd”'ghé”Htﬁrqu 1RO 0ZRAEL to The RPRL Waged oknd toO

be 12.18% by 1 CP. Cal' cul ated agai nst the theoretical Zr%of 13.44%in

C34H36qRiR0aation veas mas ifetuthe remlingd timeydke etbyigte peespue yasswated iguickit and st
y! elI d e relacﬁgn %ag que/gched with 2 mL ethanol. The produced polyethylene was collected by

filtration, washed with ethanol and hexane and dried in vacuo at 50 °C. The obtained white
polymer was weighed and analyzed with GPC. The activity was calculated in unit of Kgpg
moly™” h” bar™.
[00203] Fig. 13 is a table (Table 1) summarizing the performance of ethylene
20  polymerization obtained using self-assembled polymerization catalysts (MNTi-3 and MNTi-6)
according to embodiments of the present invention, and state of the art catalysts (MNTi-1,
MNTi-2, and FI-Ti). Fig. 14 is a table (Table 2) summarizing the performance of ethylene
polymerization obtained using self-assembled polymerization catalysts (MNZr-3 and MNZr-
6) according to embodiments of the present invention, and state of the art catalysts (MNZr-1,
25  MNZr-2, and FI-Zr).

[00204] Example 14: Catalyst Evaluation - General procedure for copolymerization of

ethvlene and 1-hexene in 1-L reactor

[00205] Copolymerization of ethylene and 1-hexene was carried out in a 1 L stainless steel
autoclave, which was heated by recycling hot oil. The reactor was equipped with a small
30 burette (10 mL) and a big burette (150 mL) connected in series for hydrogen and 1-hexene
addition, respectively. The big one was fixed directly above the reactor. Before reaction, the

autoclave was dried under vacuum at 100 °C for 4 hours during which period the autoclave



[00182] Exanple 9: Preparation of catalysts MNTi-1 and MNZr-1 25[00183]
Catal ysts MNTi -1 and M\Zr-1 were synthesi zed according to the reaction
schene shwonoimibilg. 11. [00184] Exanpl e 9a: Preparati orcofscaatiabyias MNTI - 1
(Conparative Exanple 1) [00185] To a stirred solution of BFI-1 (1.00 g,
1.93 mol ) in THF (20 m.), a solutionggf nbutyllithium(1.6M 2.4 ni, 3.86
nmml ) in hexane was added dropwi se over a period of 10 30 m nutes at -78C

Then the m xture. s allo to,warmto omte rature d,stirred for
T houres i Wil B ag® ob feabh fut A58 Tt SRR It SR eI Bl on
of Ti Cl@nfp@raffe, p&htant (880 Eﬂ]v%v)'asi pressifizddlwitAlAr, Then 1 feadtbPwas Bed@btac®ver a
period of 20 m nutes. The 2011/ 119116PCT/ SG2011/ 000123 46 resulting

m xt ur e’Ghvasd algsired wmpwidofi MAQowast prepewiacdivathaid ast welk ebheodermipsghre wes 18

h . Af | THE, t.h ' ' ith 30, m
b ancriElied TR sRl et hiifel G 01 Bio R, e FRAAE oF okt i
reddj sht e vadb pebsirizel widkSetBy1ens) do llow daYBE ittt dducBors PBdatd1Fst 60 oy

dried in vacuo at roomtenperature. The catal yst has a 5 repeating unit of
C35H360tutiopoRTPCM (hmlgsvidudlr psesswient here pthyleleiwag mpickly peeseirged mimthahe

7. 530 1 OB B BT St eiat et B B Ry A% bR B s ™
wei ght . th&hethgleh@lptedsugi @lagl maistainedSag 6(OFW .vik Tmade (lowr dgritrolle=NARSH4hem 1,

urr=498 cm1, uTi-ci=460 cm 1, nr, N=360 cm 1. Raman (cm.1): i k=N=1590 and
1553 cnpolymwiizasiongyas swp fofnd hyage difessurey pias aentgd quickly -andofe Fsaction, was

[0 6] | &:0h: I - I e 2
oo a7] AP, S ¥Rt FRAREH T0R rRoe BoakRmit Kb Sl RN Al oo R 1
usi ng | wighrethddbl afdd héx4@ ayd dri@B imvaddo anbl0 éGuiTime| ahtaidedCivhite THodymer was

mul ti-nuc) ear Zr catalys bt ai.ned as pal.e yell.ow solid with a .
epeat | HGEhH HamaLEat M Bosthe D vassHusied GesitY sfciotd grépity Byjpmit

Cal cul agedoA0RbRSt nt gt N8er of iCakads Yrafle 55 sAh¥hatitingIAEBERMNRANRE LE bhe
resi dual solvent was found to be 9.60% The catalyst yield was 1.42 ¢
(989 . polymRigation) of pthylne588 drhexeneynping=spiassembled Mpalywgrizaivion centalysts

Dzr 3 m, 1. 8 Exampl.e 10: .Preparation of .catalysts MTi-2 and
M\IZ]Fg-\S gl@N%l"‘FB%i@%ﬁ’@ﬁ%?@%&sto | g?eerllﬁsdo %P{eﬁen\xelr}vgng?/%t hesi zed accordi ng

to the qoeaomi ORxSHPRG: Lot ARGVEY dhiationd- CAclyticORHIRY andatiktylOa: Synt hesi s
of catalysts MNTI-2 (Conparative Exanpl.e 3? [00191] Catal yst. MNTi-2 was
synt hesi0Pee7lvi Hpemectyatien it M4y thegauliingpclear eatalyys etpsyalupted_for ethylgne g,

L 50, R T G TR i g BFrile b gt oo
unit of Fdim ER5fRG62NP0Tbe sédrethit Yhenamiti-ouciehrt atdiysts (MBPhi-1Cal MN Bitednd
S0 A | St i e S ASRE o B b
(cm1) ZmHﬁof_Naélééjcaf'aWS{]S, (Fmggd Fnyd), vrl-cl=472 cm1, DT, _N=362
[00208] Referring to Fig. 13, both MNTi-3 and MNTi-6 according to embodiments of the
present invention displayed 1.7 and 2.0 times higher activity, respectively, compared to that
of the mono-nuclear FI-Ti catalyst at a run time of 120 minutes. In particular, MNTi-6
25  displayed a much higher activity of 1300 kgpg moly ™ h” bar” compared to that of the mono-
nuclear FI-Ti catalyst with an activity of 660 kgpg moly™ h bar” for a 120 minutes run.
[00209] Referring to Fig. 14, MNZr-3 according to an embodiment of the present invention
displayed a 2.2, 3.3, 4.4, 5.4, and 6.4 times higher activity at a run time of 5, 15, 30, 60 and
120 min respectively compared to that of mono-nuclear FI-Zr catalyst. MNZr-3 displayed the
30  highest activity among the four multi-nuclear catalysts MNZr-6, MNZr-1, MNZr-2 and

MNZr-3. For example, at a run time of 120 min, the cumulative activity of MNZr-3 was 1.5



Cl11 . [00192] Exanple 10b: Synthesis of catal yst M\Zr-2 (Conparative
Exanple 4) 30 [00193] Catal yst M\Zr-2 was synthesized via the sane
procedur evexoMNIbt1& using |igand BFI-4 (0.60 g, 1.16 mpl/scroddonks THF and
equimolar TiCla in 15 nL THF. The nulti-nucl ear catal yst M\Zr-2 was
obtained as a pale yellow solid with ggrepeating unit of WO

2011/ 119116PCT/ 8@011/ 000123 47 C35H3602N202Zr . The Zr% was found to be

Casrooctnpboae: eaiR® Pl o e G STVEE> AL el oD dimovsd 4y

yi el d vagrefieBMgh 4QRMy-upftd-12600@ Bp: Mol RCHAE1551 cndl, uzr_N=330 cm 1.
[ 00194] Exanpl e 11: Preparation of nono-nuclear Ti catal é@t (FI-Ti)

(Conpar[@@ﬂﬂi T:heEmmné 5§ pglpahdspe ((PE, Pekpebtainednuyng pHen sglf-assanided i gand

(FI) 196] _Ani I dj s At

met hancﬁ0 wglzr?‘lt_l?n Lfﬁc?eyr l\ﬁﬁrT? %gan%Tﬁﬁ\Ifrggatg}ecrc {%l%ﬁ% J[OI §@L?Y1&gl oxy&b@%?{' ?%’eﬁyde
(2.3 9,intehtidn, mméthtemh@dﬂ&ﬂtal}fsw dMMdel,bMI\SB\aeraah Pdrlbpsreqfloﬂmr with tied d.
The resultlng m xture was stirred for one hour at 10 roomtenperature and

t hen r emdwshewnfigrFig. BS.uRiged” e%rfgglaptagrﬁﬁ@pﬂ@%ng met@m%i AprelyBrRarasse t o
t | dp: h
oo duch g s&ietlfeadkh S et OISl B0 Hhink S WG] 2 Kb b S
ac e]t 3'; eMNl]G—311B )aIf/ﬂI\IJ( CDCm?,H emg O(’gl)l Me_};ﬁ:rafdhﬁirt gﬁa@s@lgl“lof‘rcﬁn ﬁmhceﬁgwbé (mmamble 7sé@{8)%
I e . . ter
%H ) bt PE DR VBV Tae g MATE6, Sheagiyunt p§ Pobefiylons (PE) tgeaten@iiony Gt |

13’ m reac € (1 1 OT PO T C Cr
15050, 3 I ke Ry tﬁmﬁéﬂ%ﬁ?é& Syt Bl oL,

cat al ysterﬁloWily [00198] Catalyst FT-Ti was synt heS| zed via t he sane
Pr OcedLTrOSZfaﬁ I\H-!g:l _lg' isug iccr)]geslpioggiplg graph comparing the amount of polyethylene obtained
(PE, g) with time (“productivity comparison”) for MNZr-3 and MNZr-6 and state of the art
catalysts MNZr-1, MNZr-2, and FI-Zr. Fig. 18 are photographs showing the amounts of
15 polymer produced after several reaction times of (i) 5 minutes, (ii) 15 minutes, (ii1) 30
minutes, (iv) 60 minutes and (v) 120 minutes using (A) MNZr-3, (B) MNZr-6 and (C) state
of the art catalyst FI-Zr. From the figures, it can be seen that the amount of polyethylene (PE)
produced increased quickly with an increase in reaction time for both MNZr-3 and MNZr-6,
while for FI-Zr, the amount of polyethylene obtained increased very slowly.

20 [00212] Example 16: Catalyst Evaluation - Molecular weight (MW)

[00213] Industry catalysts produce high molecular weight (MW) polymers that is used in
making final products in the markets, such as films, packing materials and tubes etc.. For
most of the non-metallocene single-site catalysts, one main problem is that the polymer
produced has too low MW. It is useful that, besides being more active and stable, all the
25  multi-nuclear catalysts produced polyethylene of higher MW compared to the mono-nuclear
catalysts (see Table 1 in Fig. 13 and Table 2 in Fig. 14).
[00214] Referring to Fig. 13, the obtained M, for the catalyst MNTi-3 are 492 ><1VO3 , 903
x10° and 984 x10® at run times of 30 min, 60 min and 120 min respectively, all of which are
higher than the corresponding values of 329 x10°, 385 x10* and 493 x10° for FI-Ti.
30 [00215] Referring to Fig. 14, the obtained M, for the catalyst MNZr-3 are 11.0 x10°, 22.6
x10%, 16.7 x10°, 35.6 x10” and 35.3 x10’ at run times of 5 min, 15 min, 30 min, 60 min and



(FI') (2.00 g, 3.95 mml) and half an equivalent of Tiat. The catal yst was
obt ai ned as a deep 20 reddi sh-brown solid bearing a general formula of
C34H3602NR02%i1/Mmbt1e resi dual sol vent being THF and tracesTsG20@vboithe Ti %
was found to be 6.69% Cal cul ated agai nst the theoretical Ti%of 7.68%in
C341- 13602N202Ti, the residual sol ventgywas found to be 12.89% The catal yst
yield was 1.34 g (95% . FT-IR (cm): uc=N=1554 irti_0=500 cm 1, UT] ci =458

v, | R et SR B ik N SRR Rl A p6rh e °°

Exanpl ex{?; 4.59 epe; at5|6onob§ndrpmgxmg-’cfoea[ z¢r catalyst (Fl-Zr) (Conparative
Exanpl e 6) [00206] Cat al yst FT-Zr was synt hesi zed Vi a the sane rocedure

as MNTi 0921 n§ alend 7y pCatalyst R vajuatioms- e ; fl metal . ination of
Zr Cl14. The cai alyst was obtai ned as a pale 30 yeI I ow soI id bearing a
gener al® f C34H36C12N202Zr with residual solvent being THF and

traces @H2PDGM CablstéMNTRS té MNITI-3 andoRINIZ- 11BMINCa! Jowere tcRetaagfredswitl RE-
theoretical Zr% of 13.68% in C34F13602N202Zr, the residual sol vent

found 1R Bad Taseelamamandaemmsed Wi bbT1 e1d FIZEPEIE st&oM/ 9bls1 6Ebls Y i el d

L R e R e T i e

pr ocedur,eMNa@i-2eFhYi, MNZhd)rmﬂ)tZrﬁmnd Falir oFlgl 210 &OaOtable (fra‘alet4() sufnfAf2idg]the
Pol ynmerj zatjon was carrie in a 300 toc

equi ppeldasﬁh’ Reman rradings, PEM?“ﬁﬁ PP% statf qfﬁheaﬂ? ae mﬂ Wﬁﬁ? eﬁ I?ITﬁ’e
aute ffog vxﬂ 2 PRAL St PHdR G RA e&ng&ea kS FI- @?5&1 ?1 Z?atﬁE hgnq nhaemaéaw%teve

was dr er vacuum at 100 C hours during wh peri od

aut ocl ale onds) bavepimilart detide yitertatndistlayed dsgher laciiatyt andelsngeTHEfctlmh because

t enper %ttﬂ;{ eﬁ/fas | o rsffd to the reaction tenperature (60 C) and the reactor
was evaliuit -3 UeYRY Y8191 ed with ethyl ene. Hexane (100 ni),

net hylaﬂt 00pPKANExdiNe) 182 CatdiiRt ) Evilfakiéi al Mﬁltﬁﬂﬁél&d:oféatdrl{muﬁrﬂeﬁﬁded_
consecutively via syringe under ethylene atnosphere at a stirring
rat e ofco@ndinRtibn unifsn t he aut ocl ave was qui ckly pressurized to 80 PSI (5.5
barl)S W [fOBZ ]hy’h?e e%ggy %Iggle as&f Eéﬂ gtgzjﬁgl:ﬁ@nglgwldﬁg sﬂﬂtﬁ Rué% stéa‘tnrld3 r the

pol ynerizafi'on wa &% equr ene presstre was
vent ed mun&hh(ylezﬁﬁﬁtalysts, are not able to copolymerize ethylene with 1-hexene very well. To

overcome this problem, a second ligand, the bis-pyrrolide-imine ligand was used to replace
the bis-phenoxy-imine in the second self-assembly step, hence forming a multi-nuclear FIPI
catalyst. Bis-pyrrolide-imine is a smaller ligand as compared to bis-phenoxy-imine. Therefore
20  the obtained catalyst may still have sufficient space to allow 1-hexene to approach the central
metal, thus offering the opportunity for 1-hexene to be incorporated into the polyethylene
backbone.
[00221] The experimental results showed that the multinuclear catalyst MNTi-4 produced a
copolymer of ethylene and 1-hexene with 1.6% branching. The fluorine-containing
25  multinuclear catalyst MNTi-5 can increase the branching to 5.0% under identical conditions.
When the amount of 1-hexene was increased from 60 mL to 120 mL, the branching was
further increased to 7.5% (see Table 5 of Fig. 21). On the other hand, MNTi-5 also has good
hydrogen response. For both the homopolymerization of ethylene and copolymerization of
ethylene with 1-hexene, the Mn decreased gradually with the increase of the amount of
30 hydrogen. This provides an easy way to regulate the molecular weight for practical
applications.

(00222] Example 19: Direct Use of Catalyst After Synthesized




15 the reaction was quenched with 2 nL ethanol. The produced pol yethyl ene
was col lected by filtration, washed with ethanol and hexane and dried in
vacuo at 0 2@ 1/IIhE6obt ai ned white pol ymer was wei ghed aRGT&GAOINHeE28 t h
GPC. The activity was calculated in unit of KgpE nolm1 h-1 bar-1. [00203]
Fig. 13 is a table (Table 1) sunmmari zispg the performance of ethylene 20
pol yneri zati on obtai ned using sel f-assenbl ed pol yneri zation catal ysts

State qoORR NG, BREREEORTAG SRR Do lyalt] &) SRERL A B0 B0
(Tabl e @jcts daraBit stﬁmmghﬁ lper yielderind chigh optiayibe mestpml yamyitzlabﬂmlonbﬂ?af ned

usi ng sel f-assenbl ed ﬁ?é@ neri zation catalysts (MZr-3 MN\Zr 6) accor di ng

to enbodiRFHsat apRications, ans-ligands and setals paploysd ghoyrd P% eseérlfl tb%@aéiﬂy%tt s
(MN\Zr - MNZL I n -
Gener al ’nptﬁg e urt(_alg\\zen?igﬁi a hig/rroétra|lylzf’€a%8|g %ﬁl“s‘ff‘@?‘%h? ahér ﬁé}lzﬁéi&rgﬁéﬁl n 1I-e £
react orpJriiiated. TOpehiy roer fonad ibynl GFH t(etch]lyhleteeﬂEm:htalydndummg wWBalvernrmesidae out
inallL stainless steel autoclaye, which s heated r cli ot oil.
The r eaQ;TtPH? e GHAlYSh SayD bedernpva iskeess 1Bl i aQ %scw? A B ette
(150 niy d n i :
Fospectary, TS e (AL THEV) B (0 CHRGET U A0 SHARG: P8 by isglay s
react|omnﬂﬁhecaumdmkauérmh@nQMﬂgMGunmbn Thcwmmnaks3b®w0hﬂoﬂl4mhouw80®uring
whi ch per od the au WO 2011/ 119116PCT/ SG2011/ 0 swept
Wt gl carbas: Hfpal R i APTARes HORHRE GRONEE o M dBkh ¢ o
roofp t empREALIMEighPent ane (600 nL) was pressurized with Ar. Then the
reactor was heated to 60 C and desired anount of MAO was pressurized with
Ar as V\E@DB24]ThEheAad‘mn@gswee&emabﬁ@bm rabWeedart anegbdbe requirepgntsael indystriel i ng
rate of 500 RPM ..\Var a h

br essur oLt TR PO BRI 3t e P RET @R R R BB e o o
Aol ) seinbfiet OWith PnuBMitd 2iegle}- Wuttfaftat%[ysﬂra@aﬂrbﬁp 4THhesl m&tbudceﬂecma@stqm ckly
pressurized into the autoclave until the total ethylene pressure reached
6.0 bar. During the polynerization process, the ethylene pressure was

mai ntai ned at 6.0 bar via nmass flow controller. After the polynerization
was run for 2 h, the pressure was vented quickly and the reaction was 10
guenched with 12 niL ethanol. The produced copol yner was col |l ected by
filtration, washed with ethanol and hexane and dried in vacuo at 50 C. The
obt ai ned white pol yner was wei ghed and anal yzed wwth GPC. The activity was
cal cul ated against the total pressure in unit of KgpE nolml bar-1. Fig. 21
is a table (Table 5) summrarizing the performance of copol ynerization of

et hyl ene and 1-hexene using self-assenbl ed pol yneri zation catal ysts 15
(IMNTi -4 and MNTi -5) according to enbodi nents of the present invention.



[ 00206] Exanple 15: Catal yst Evaluation - Catalytic activity and stability
[ 00207] Upon activation with MAO, the nmulti-nuclear catalysts were

eval uat edwPap1igtibmbene pol yneri zation for di fferent rea®CrS62011086128 see
Table 1 in Fig. 13 and Table 2 in Fig. 14). Fromthe figures, it can be
seen that the nulti-nuclear catal ystss§MNTi-1 to MNTi-6 and 20 M\Zr-1 to
MN\Zr - 6) di spl ayed higher activity and better stability than the
correspondi ng nono- nucl ear catalystqcﬁﬁqui and Fl-Zr). [00208] Referring
to Fig. 13, both MTi-3 and MNTi -6 accordi ng to enbodi nents of the present
invention displayed 1.7 and 2.0 tinmes higher activity, respectively,
conpared to that of the npno-nuclear FlI-Ti catalyst at a run time of 120

m nut esl. | A selfessemblad olgiprpolgmergation ealyst SOMRERNE jadFHSItigR meil pngHex 300
kgpE nD61- r.- ed to that of the nono- nuclear FI-Ti catalyst
wi th an ac%%§%P§%39%€§ﬁm£§%E mol m 1111 bar-' for a 120 m nutes run. [00209]
Refarring to Fig. 14, M\Zr-3 according to an enbodi nent of the present

i nventiaon .di spl ayed 2.2, 3.3,.4.4, 54 d 4 1| igh tiyity at
A SR vy et BE RN v e AR g S RIS
nmono- nucl ear FT-Zr catal yst. M\Zr-3 di splayed the 30 highest activity anong
the four multi-nuclear catalysts MZrdB, MNZr-1, M\Zr-2 and M\Zr-3. For
exanple, at a run time of 120 mn, the cunulative activity of MZr-3 was

.5 WD 2011/ 119116PCT/ SG2011/ 000123 50 and 1.7 tines higher than for
MZ0- 1 and M2 At this run tine, M\Zr-3 displayed an extrenely high

activity up to Lo ikspem@iitly al dadsitRA mdtal bR frohtBe aRRIPGonSikting of
pol yethyl ene (PE, g) obtained using the self-assenbled pol ynerization
cat al ysts (Guanp-331 laofthévperiodd) taltscor di ng t o enbodi ments of the present 5

i nvention, and state.of .the.art cataly -1 I - ET1-Thy), are
plotted with tiHE Xt ’Qﬂ?}?ﬂ‘%d?“ﬁfyﬁeg‘?ca’fﬁ&ﬁité‘w{"?lpa‘%"é‘%ﬁ‘l‘cﬁ §5?§B‘%§’g§‘ho%ﬂlhg t he
anounts of @Ebuay sEbBituee NE,L,erOHe vefiehallye agistianed 10TeG, 0ilk{l, Jopdidnatiynut es,
(ii) 60 mnutes and (iii) 120 m nutes using (A) MTi-3, (B) MTi-6 and (Q)
stdiSe of t rfabsiitbted afalCys talkoxy;Tiwhersin Rt fire dedepependy | selqcteda frope the ddiohat

28{cﬁf;hwyﬁﬁhT%hgggﬁﬁ%$@§'emﬁﬁﬁ?§§§§?§%ﬂ?Fﬁgbéﬁ%ﬁg§ orﬁ&ﬁg%F?Q%%§§g%§Lnt of
pol yet hyl erfalq@eaduced i ncreased very slowy.
A is nothing, L'(MX,)g MX,- , or MX,, L'(MX,)g MX, -
A’ is nothing, - L'(MXy)g MXy, or - L'(MXa)g;
20 B is nothing, -L*(MX,)p or -LA(MXy)n MXo;
g is 0 or an integer of at least 1;
his O or an integer of at least 1;
p is 0 or an integer of at least 1;
q is 0 or an integer of at least 1;
25 ris 0 or an integer of at least 1;
t is 0 or an integer of at least 1;
u is 0 or an integer of at least 1;
v is 0 or an integer of at least 1;
w is an integer of at least 1;
30 y is an integer of at least 1;

.z is an integer of at least 1;



[00211] Fig. 16 is a correspondi ng graph conparing the anount of

pol yet hyl ene obtained (PE, g) with tine ("productivity conparison") for
M\Zr - 3 arMiONBRIVHB11and state of the art catal ysts MZr- 1PCNINGR2012/00¢128 Fl| - Zr .
Fig. 18 are photographs show ng the ampbunts of 15 polyner produced after
several reaction tines of (i) 5 mnutgg, (ii) 15 mnutes, (iii) 30 m nutes,
(iv) 60 mnutes and (v) 120 mnutes using (A MZr-3, (B) MZr-6 and (O

state of the art. cat.alyst Fl-Zr. F the .figur | &..can. I the
amount Cof - pol yd Ry nst sefeisf a0 efein o4 8 od hore R oaRRE Rkl o 1
reaction tigreMfsgeh bt theMiZthasg@tledhM nbclewdis Rrd oF alFligatid, bihdiag poBitioas of

pol yet hyl ene obt ai ned i ncreased very slowy. 20 [00212] Exanple 16:

Cat al yst EvdiNatd epsupiedp| ecul ar wei ght (MY [00213] Industry catal ysts
produce high hegul j .St LS. used. kR2 i j,nal
products in tgreL rraglrtdkg %yge fgg enggﬁ%'i ?e?réc?(é%gg%dg’g&’r}%gt%gr :ﬁagrslJl g‘ngﬁ% E[;%srédétc..
For snost  ofeatieoMbh-anet Bl Iacepgeatsidagl ewsi liked athrdinition anits, nwherepr ebdtem i s
that the polyner produced has tgo low MW It is useful that, besides being
mor e act i vecogrnatioapmg bings|to adefterent ansition metad glomd at al ysts produced

pol yet hyl ene of hi gher MANconpared to the nono-nucl ear catal ysts (see Table
1inFig. 13 and Table 2 in Fig. 14). [00214] Referring to Fig. 13, the

obt ai ned MTTHeos]ftdsgenddeddlefih pMyTierizatiumecatOpst at@3ding 0B chainn 3, whete@84iddl03 at
run tinmes of 3Q mn, 60 mn and 120 mn respectively, .all of which are

hi gher tharf‘nflﬁ‘e a&%ﬁ“ﬁ@?ﬁé?fﬁi}ﬁﬂ\?@éﬁ&%%agﬁﬁﬁ‘ig%{"“ﬁ%%@%‘? @nd 493 x103 for
FT-{pi . 30[00215] Referring to Fig. 14, the obtained M for the catal yst
M\Zr-3 are 11.0 x103, 22.6 x103, 16.7 x103, 35.6 x103 and 35.3 x103 at run
times of 5 mn, 15 min, 30 mr, &0—~gnjand WO 2011/119116PCT/ S&2011/000123
51 120 min respectively, all df which_pre higher the corresponding val ues
of 3.43 x103, 3.63 x103, 4.29 |x103, 6 x103 and 5.10 x103 for Fl-Zr.
[00216] Exanple 17: Catal yst HvalWatioh - Conparison of metal coordination
surroundings 5 [00217] Catal ysts MNTi-1"to NNNi-3 and M\Zr-1 to M\Zr-3
were characterized with FTIR and Laser-Raman, and conpared with FlI-Ti and
FI-Zr. Fig. 19 is atable (Table 3) sumari zing the FTIR readi ngs of IMNTi-3
and MNZr - 3,yhéinst ate of the art catal ysts MNTil, MNTi-2, FI-Ti, MZr-1,
M\Zr-2, and FI-Zr. Fig. 20 is a table (Table 4) summarizing the Laser Raman
readi ngs of M\FaclBWYanuit farase eopbrdipgdioarunitcat al ysts MNTi -1, MTi -2, and

Fl ‘gl 10 [00218} The rgrsutlatt istnéji cate that, conpared to FI-Ti and Fl-Zr,
the1 mul ti - nucl égsaélalpﬁelgys S ?eﬁl Or Zr) have simlar active sites that

di spl ayed hi ghez isaChridding/spanét detsagdrfrdm tief grotp besating odhydloearbehs hadgenbl y
strategy. [00219] Exanple 18: Catal yst Evaluation - Milti-nuclear catalysts
wi th het er boBlod teiabett 199 saphonsatomsang stsro-RydroaiBensxhaving aRoupgdadgbout

catal ysts, lidacéa%nn&o}{ﬁ,r WSy ﬁais'f%igé,el@ﬁgtﬁ%al%ﬁfessoaﬂgt each coordination

units WY binds to a different transition metal atom;

20 each W and Y is independently a metal-coordinating moiety selected from the
group consisting of a carbene, an optionally substituted Cs-Cyo aryl, and metal-
coordinating groups comprising an oxygen atom, a sulphur atom, a selenium atom, a
nitrogen atom, or a phosphorus atom in neutral or charged form;

wherein fhe semi-circle in the WY unit represents an optionally substituted
25 hydrocarbon, hetero-hydrocarbon or Si-containing backbone to which the metal-

coordinating moieties W and Y are bonded.

3. The self-assembled olefin polymerization catalyst according to claim 2, wherein the
optionally substituted hydrocarbon, hetero-hydrocarbon or Si-containing backbone to

30 which the metal-coordinating moieties W and Y are bonded is selected from the group



nono- nucl ear catal ysts, are not able to copolynerize ethylene with 1-hexene
very well. To overcone this problem a second |ligand, the

bi s- pyrrdvpaetvitbrie | i gand was used to replace the bis- PAESGRYHI0091282 i n t he
second sel f-assenbly step, hence formng a nulti-nuclear FIPI catalyst.

Bi s-pyrrolide-imne.is a smaller |igagg as conpared to bis-phenoxy-in ne.
Therefore 20 the obtained catal yst may still have sufficient space to allow

1- hexene to, L. r for
T hexene ¢ CBVRREET whORIEAR sy FREF G Rl Rioil' R SRiARUTRRELIR Y
exper i ment aty, heswdrdl g mhﬁﬁlohm@mblstﬁtuwdcslgwupcat al yst MNTi -4 produced
a copol yner of ethylene and 1-hexene with 1.6% branching. The
fluorine-containing 25 nultinuclear catalyst MNTi-5 can increase the
branchi pg t % t t 206 8in MR f ene
was mc?easgh e?tggr#%gﬁng O%ﬂl g@%ﬁ?@ﬁh éb%éhl ngﬂmgggfurtﬁgpr?hﬁg%gd to
7.5% (see Tahl WYouwt 1s|§b@cte2:ﬁ)omfhagtrd51q> @inkietindahd, MTi -5 al so has good
hydr ogen response. For both the honopol yneri zati on of ethylene and
copol yneri zati on of ethylene with 1-hexene, the M decreased gradually with
t he increase of the anount of 30 hydrogen. This, provides an easy way to
regul ate the nol ecul ar wei ght for practical applications. [05222] Exanpl e
19: Direct Use of Catalyst After_,Synthesi zeg [L\D

52 00223] Cat a

ia
al yst

2011/ 119116 purificat{ons
re-crysral Li .
resul ting ow;}’ields angl gh operati @n cat al gt i on. For
practi cal fappii c |ons s bs-1igands\ang netal sg shoul d be
used i nRt heYcat & yst. t he pre%ent |nven form\ all the cafal y®ss were used
directly afgRer synt he5| zed W% hout furtheR’5 pLR“i fication.R*Ti % can be found
by I1CP to calculate the catal yst | oading. Solvent residue (THF) in the
catal yst can be renoved by excess Al (lI1l) in MAQ because A (lI1l) in MO s

a stronger Lewis acid than Ti(lIV) in the cat t. Henceithe catal yst can
fully display \ts tatal ytic c; a*litiesfgr | ef m pol yneyi zati on. The
exanpl es show that all the ginveyfti on nul tinychear catai denonstr at ed

/ 852011/ 00012

high activit| es, produ0|2ng pol ylet hyl ene 2 hi gh 10 nol ecui\lar V\@I ght .

[ 00224] "Me~adwdht ages e Nnifled in a pvelcan neet t h&' el ent s of

i ndustri al | i cations. efore this : ed Bt al ysts
denonst ra e Pot entdsd ete wt -Ngtta

catal ysts and G oup-4 netal! metal | ocenegeat al K§ts.

2011/ 119116PET/ SG2011/ 000178 53 RS
| . R1 (|)
RZ R R R
RS - R2 0 - R2 NO
7 N@ / R®
R4 o@ R3 O@ — R3 5
R5 R4 R3 R4 R4 R
RZ o R2 S
R3 s© R3 o°
R* R*




Clainms 1. A self-assenbled ol efin polynerization catal yst conprising a
transition netal conplex according to fornmula (1) 5

A-[ (L2( MWPRONKIUbL (VX" ) g- MX", - B), - - MX") y- (LI (MX"), ( MX" PCZ(SKAODI00MNERS | - A" ) |,
MX*)",]1z-B (1) 1Owherein each Mis independently a transition netal
selected fromthe group consisting of sgoup 3-11 of the periodic table;
each X is independently selected fromthe group consisting of H, hal ogen,
CN, optionally substituted, N(1V)2, OH, optionally substituted Cl-C20 al kyl,
opt i onal I¥1 15 substituted Cl-C20 al koxy, wherein Ra is independently

sel ect ed the grouf’consisting of aptiBhally substiguted Cl-C20 al kyl,
optionalzl y |substitute -C® aryl and Qalagens A ig ngthi Eg, LI (MX") gMX , -
, or Y MXn, > &—Ms pot hin - LI(MXn)g,; 20B
IS nothin L2( MX") .) heM S r of at |east

1; his orxan inte&«% Of aks | east 1; Rg i3 0 or anfintlege? of at |east 1;
qgis 0 or anf nteger of &t least 1; 25r°is 0 or an int&jer of at |east 1;

R3 R3 R3 R3
4 R? 4 R2 4 R? 4 R2
R R~ R R~
Rs\Si R Rs\Si R’ RS\Si R Rs\Si R’
RE N\ 6 \ 6 \ 67 \

N RE Y, R RE N\

R7' R7/

* * * *

wherein
R, R R RY R3] R® and R may be the same or different and are each selected
from the group consisting of H, optionally substituted straight-chain or branched C;-Cyg
5 alkyl, optionally substituted straight-chain or branched C;-Cy alkenyl, optionally
substituted straight-chain or branched C,-C, alkynyl, optionally substituted Cs-Cao
aryl, optionally substituted Cs-Cy¢ heteroaryl, halogen, OH, NO,, and CN, wherein two

or more of R! to R” may be bonded to each other to form a ring.

10 5. The self-assembled olefin polymerization catalyst according to claims 2 to 4, wherein Z
is selected from the group consisting of an optionally substituted Cs3-Cy alicyclic group,
an optionally substituted C¢-Cyo aryl group, an optionally substituted Cs-Cyo heterdaryl
group, a system of condensed nucleus and a system of two, three or four optionally
substituted Cs-Cyg aryl groups being connected via a N-atom, a Si-atom, an C;-Cyg alkyl

15 group, an C;-Cyg alkenyl group or an C¢-Cyg aryl group.

6.  The self-assembled olefin polymerization catalyst according to claim 5, wherein Z is a

bis-linker selected from the group consisting of



t is O or an integer of at least 1; uis O or an integer of at least 1; v
is O or an integer of at |east 1; wis an integer of at

| east 1; WOwoisliarei nt eger of at least 1; z is an integ®CToG2e1/pEASt 1,
WO 2011/ 119116PCT/ SG2011/ 000123 54 nis an integer selected fromO0-6,
wherein n is selected depending on thgjval ency of M such that the net
charge of each Mnucleus is zero or all ligand binding positions of Mare
occupi ed; Li and L2 are independently sel ected |jigandsgizwherein LI
and-L2 are different, 5each of LI and L2 having at |east two |i/nked

coordi nation units, V\/ner ei n each coordination unit binds tg i fferent
transition neR@al at®f 2. é selR? assenblad ol gfin pot-ya€ri zatee
erein said\Ll and L2 are i\adependent!|y

catal yst according/to claim1,

sel ected | iganvi ng the f

i ng formul 1) 10 ‘Q@’

-
-
-
~

R15 R4 R14 * , R14 * ,
)
R17 R18 R11 R12 * R18 R11 R12
* Q Q * R17*
R16 R15 R14 R13 , R16 R15 R14 R13 ,
R18 » RN R12 R17 R18 R R12
aonte
6 R15 R14 . * R15 R14 ' ,
R19 RZO R11 R12 R11 R12
5 R17 R16 R15 R14 ,

20 p11 12 pi1
RTR RER RY (CH)s R2
O e RS R4 .

R17 R16 R15 R14 R16 R13



each Wy unit fornms a coordination unit; 15mis an integer of at |east 2;
Zis a bridging spacer selected fromthe group consisting of hydrocarbons
havi ng abworop/tiellabout 100 carbon atons and het er o- hydPOTSGRONHINAYI ng
about 2 to about 100 carbon atons, wherein Z has a size, length and angle
so that each coordination units W bings to a different transition netal
atom 20each Wand Y is independently a netal -coordinating noiety sel ected
fromthe group consisting of a carbene, an opt%@ﬂally substigiuted C5- C20
aryl, and net al - 86or di nat i ngR4r oups conpri singjan oxygen atgm a sul phur
atom a selﬁﬁiun1atonkﬁahnitrqgenRatony or'za -phocugsat RJd n peutral or
charged for ar € epresents an
optionally subg cont ai ni ng
backbone to_wh cBov (i nat i ng, g8l ES ¥%a§d Y~Nae€ bqpsed. 3.
The sel f-as8enbl & ymeri zation catal yst according |to claim2
wherein the optienally substigtut ed hydrocarbon,~ het er o- hydr gd&ar bon or

Si - cont ai ni ng backpone to 30whkich the’netal-coordiqﬁting moi eti es Wand Y
are bonded is seljected fromthe group WO 2011/ 11%116PCT/ SG011/000123 55

=

consisting R ut ed C6- CXwr
substituted Co oup and an opth
group. 4.The sg : n pol yneri zat i
claim2 or 377w it 1d W¢EUntb k12 s sel ect ed

of




wherein Rl, R2, R3, Ra, Rs, -6, Kand R7 may be the sanme or different and
are each selected fromthe group consisting of H, optionally substituted

st rai ght -whaon/p11br anched C1-C20 5 al kyl, optionally s®b63SGRIt10A0123
straight-chain or branched C2-C20 al kenyl, optionally substituted
straight-chain or branched C2-C20 al kgpyl, optionally substituted C6-C20
aryl, optionally substituted C6-C20 heteroaryl, halogen, OH NO2, and CN,
wherein two or nore of R, to R7 may be bonded to each ogher to forma ring.
105: The sel f-assenb ed Ol efin polymerization cafal yst atcordjing to clains 2

to 4, wherein Z iscte_R1f'romthe group cons

substituted C3-§io c group, an optional)

i stifg—of anfoptionally
S gfed C6- C20 aryl
group, an op&i o uted C6-C20 hets o@ o@ gtzem of
' op

condensed nucl

C6- C20 aryl grogps\bei ng

15group, an CR'T20 rat kenyl group or an C6- C2OR&yl Rf ORpP. 6."The

sel f-assenbl ed ol efit n pghyneri zation ‘cat al yst acgerding to claims5, wher ei n
Zis a bi s-IiPQg(ser sel ecyed fr1o1mthe grlggp cynsi gti ng of

wherein R'! to R* may be the same or different and are each selected from the group
5 consisting of H, optionally substituted straight-chain or branched C;-Cy alkyl,
optionally substituted straight-chain or branched C,-Cyo alkenyl, optionally substituted
straight-chain or branched C,-C,¢ alkynyl, optionally substituted Cs-Cyo aryl, optionally
substituted Cg-Cyo heteroaryl, halogen, OH, NO,, and CN, wherein two or more of R
to R?° may be bonded to each other to form a ring and s is an integer from 1 to 20.
10 _
7.  The self-assembled olefin polymerization catalyst according to claim 5, wherein Z is a

tri-linker selected from the group consisting of



wherein R1 1 to R20 may be the sane or different and are each selected from
the group consisting of H optionally substituted straight-chain or
branched wo-2cR01a11kyl , optional ly substituted straight- ®6&iSG2er/0be1adched
C2- C20 al kenyl, optionally substituted straight-chain or branched C2-C20
al kynyl, optionally substituted C6- C@paryl, optionally substituted C6-C20
het eroaryl, hal ogen, OH, NO2, and CN, wherein two or nore of R" to R2 may
be bonded to each other to forma ripg apd s is an integer from1 to 20.
7. The sel f- asgenbnéﬁ ol efin polyneri tal yst according to claimb5,
wherein Zis a fro he%group consisting of WD

n R8-R12 may be the sane or

-I|nker sel ected
2011/ 119116 11000123 60 R AT
Are -@ up consisting of H optionally

N

di fferent and each sel ected from
substi t ut ed .st ght = chai n or br afts '--VO al kyl, optionally substituted
strai ght-chain branched C2-C20 al ken dﬁtlonally substituted
straight-chaiR4or branched C2- C20 alkyﬁ&I optionally substituted C6-C20
aryl, optionallly substituted C6-C20 heteroaryl, hal ogen, OH, NO2, and CN,
wherein two or nore of R8 to R12 may be bonded to each other to forma
ring. WD 2011/119116PCT/ S&011/000123 61

wherein R®-R'? may be the same or different and are each selected from the group
consisting of H, optionally substituted straight-chain or branched C;-Cyo alkyl, optionally
substituted straight-chain or branched C,-C, alkenyl, optionally substituted straight-chain or

5 branched C,-Cy alkynyl, optionally substituted Cs-Cyo aryl, optionally substituted Ce¢-Cyo
heteroaryl, halogen, OH, NO», and CN, wherein two or more of R® to R”? may be bonded to

each other to form a ring.

8.  The self-assembled olefin polymerization catalyst according to claim 5, wherein Z is a

10 tetrakis-linker selected from the group consisting of



R11 R7R14R7R14 wherein R8-R16 may be the sane or different and are each
sel ected fromthe group consisting of H, optionally substituted

st rai ght -wPhaon/p11br anched Cl1- C20 al kyl, optionally sub®CiriSereid/ 000123
straight-chain or branched C2-C20 al kenyl, optionally substituted

strai ght-chain or 5 branched C2-C20 akkynyl, optionally substituted C6-C20
aryl, optionally substituted C6-C20 heteroaryl, halogen, OH NO2, and CN,
wherein two or nore of R8 to RL6 may be bonded to each other to forma
ring. WO 2011/kR319116RCT/ SG011/000123 62 0. | Thg sel f-assenbl ed ol efin
pol ymeri zation c yst according to clains 6 9, wherein Zis a nmacro
polynmeric multi, k+ 511. The sel f-assenpl ed ol efin polymerization

cat al yst ccorﬁl ng to any, of the precedi n@ clai ms, wherein each of the
ligands B afd L2 lare i Rjepfndent |y Rel Rt ed from tHe ¢i'bup consisting of
10 wherei , RR,Fr3 x a 4 .may be same|or dif ent and are each

*

sel ected kromthe \ - / i Si \ /

R? R8 R® R

R7 R14
wherein R®-R'® may be the same or different and are each selected from the group

consisting of H, optionally substituted straight-chain or branched C;-Cyy alkyl, optionally
substituted straight-chain or branched C,-Cy¢ alkenyl, optionally substituted straight-chain or
5 branched C,-Cy alkynyl, optionally substituted Cs-Cy aryl, optionally substituted .Cs-Cyo
heteroaryl, halogen, OH, NO», and CN, wherein two or more of R® to R'® may be bonded to

each other to form a ring.

9.  The self-assembled olefin polymerization catalyst according to claim 5, wherein Z is a

10 multi-linker which linking sites are five or more than five.



WO 2011/ 119116PCT/ SG2011/ 000123 63 optionally substituted straight-chain
or branched C2-C20 al kenyl, optionally substituted straight-chain or
branched wW@-202M1edikynyl , optionally substituted C6-C20 ecylsG2entovenal |y
substituted C6-C20 heteroaryl, hal ogen, OH NO2, and CN, wherein two or
more of Rl1 to R4 may be bonded to eacppother to forma ring. The

sel f-assenbl ed ol ef m pol yneri zati on catal yst according to claim1ll, wherein
R1, R2, R3 and R4 may be the sane or different, wherein RL is selected from
the. group consisting of H CH3 and tert-butyl; R2 is selected fromthe
group crnsiselsed: a@ienlrﬂ)lém@leﬁﬁ bb Iy ithtion eatdlFst %@édi‘@ihg(ﬂo tiafm 2 feo grituen Z
consisting of H, CH3, CH3, and CH(CH3)2; and R4 is sel ected fromthe
group consusamngﬂbﬂﬂYHwﬂCHwhlCﬂ@ﬂ The sel f-assenbl ed ol ef m pol yneri zati on
catal yst according to clains 2 to 12, wherein the nolar ratio of
coordination unit WY to metal is about 0.5:1 to about 6:1. The

sel f5- asgembfiRdsedt REétible@ JeTRY b@lineiPatioat et alst a@e@an@ mgaﬂwoﬁtml prede’ﬂmg
wherein the nolar ratio of coordinatiqn uni met is about 1:

about 3:1. chimsswheredy seahpbtheoligands Lpongnky @Eeatﬁdépﬁl@élﬁté}{ 9%1?“5%&%.% to
any of the prec inms, wherein the transition netals are sel ected
fromthe gr% ‘gp%giﬁ{sggjslﬂ)ﬁg of Sc, Y, La, Ti, Zr, H, V, Nb, Ta, Sm Yb, Cr,
Mo, W M1, Tc, Re, Fe, Ru, Gs, Co, Rh, Ir, N, Pd, Pt, Cu, Zn and m xt ur es
t her eof The self assenbled olefln pon -rization catalyst according to

cl ai m 1% mhere n the tran§|t|on9ﬁetal" : >

consi stipo\of HE LRV, NB A

Zr
mherelnRthQntra§:§tlon ==;'aI';sioarq;z.“selected fromthe group consisting of Ti,
Zr and ni xture&t hereof TR2 sel f-assenbl ed ol ef m pol yneri zation catal yst
according to any of the precedlng cl ai ns mCégelp )(|§ sel ected fromthe

group consissty ng Rf F¥ H, oigb,\ SG2011/ 000123
N N
@«@ W

QI

10  wherein
Rl R2R® and R* may be the same or different and are each selected from the

group consisting of H, optionally substituted straight-chain or branched C;-Cy alkyl,



CH2CH3, OCH3, OCH2CH3, OCH(CH3)3, OC(CH3)3, 006H6, CN, N(CH3)2, and

N( CH2CH3) 2. 19. The sel f-assenbl ed ol ef m pol yneri zati on cat al yst
accor di ngvoeoamyent t he precedi ng 5cl ai ns, wherein the earaGget/ obsi2a
honbgeneous or het erogeneous catal yst. 20. The sel f-assenbled ol efin

pol ynmeri zation catal yst according to ggy of the preceding clainms, further
conprising a solid support. 1021. The self-assenbl ed ol efin polynerization

cat al yst accordi o.claim?2 wherein the soljd .support.is,an.inorganic
materi al orépgﬂn%%%ﬁ?ﬁt&t“@tSéﬁa}gglficha% i Ibﬂ?éﬂ%deé?'dé%g%ﬁ’e@tﬂéw ﬁumg&t&?

pol yneri zatdQyheahdih MﬁBraﬁé}Fe‘ar%LOQ alneynzi, dpidmally subaiteled 13, a8l idprispaIBort is
an inorganic material selected fromthe group consisting of silica,

15al umi na, substévfied Cotflaghetsioamil.dialagend@H, NeY, ardENy whereindweor mozgof Rheo

sel f-asseml«ed o] ef i I ri,zatign catal yst according to any of the

pr ecedi ngmc# ﬁ%éemg?%gﬂ%ﬁéﬂbeéﬁ%ﬁ)@a%m a 3-Di nensional organonetal lic
framewor k. 20 24. The sel f-assenbl ed ol efin polynerization catal yst

according to any of the preceding clains, wherein the catalyst forns, a
| i near 1@sséisl deifcpssembled eledin podpmerization sptalyst seqopding to Il lpstheradt Rzat i on

catal yst a 3 ng L0, any. of t pr.e | L5 1 i t t
fornms a rrag[?gcdjc |c1£a§nsal 51 tlhﬁgsggjterdl’fc 1%?%9%0\?] eg%mgw;%ieggae%é}? t'?l g\é%r%f al
cent rfes. hz@onaiﬁtﬁl sef H; lamwn@};k&dbﬁdygfﬂzms Releyted fionatheqpowmt@isissing af ébardi ng t o
any of the preceding clains further conprjsing at |ea ne co- | yst

sel ected f rifbutd; %?’é&ﬁle%ﬁ@ioﬂ the grey comsisipgabitetHe éé@'&mﬁ%ﬁﬁgﬁ&gh%’

or ganoal um 4 EonL Zi hefwi.c conpound. WO

2010 1101 16PH SSIFRDR e 0t AR S PO F A T BT et

pol yneri zation catal yst according to claim 26, wherein the co-catalyst is a
conventj_on me | al.um paxan MAO., a nodified. methyl. allum.noxane.
(MVRO) , 13a ?Pbteaﬁeh%ﬁma%?‘w ?@&zgpﬁﬁgergﬁéorhcq{%om %?8‘?@81% t8fCY S&ﬂ&h ’gﬁa‘ﬁrrﬁ‘hi um
conpound WihdnNiHrtstio Sootdifat®lnitaFyahhes i9hifut 0. Ploy4Weni &2t | on cat al yst

according to claim1, whereing =h -p-g-r-t-u-v - O,w-y - z- 1, A= A=
B = nothing, wherein the catalyst has the formula (I11) Cx" Cxn(l11)

15 14. The self-assembled olefin polymerization catalyst according to claim 13, wherein the

molar ratio of coordination unit WY to metal is about 1:1 to about 3:1.

15. The self-assembled olefin polymerization catalyst according to any of the preceding
_ claims, wherein the transition metals are selected from the group consisting of Sc, Y,
20 La, Ti, Zr, Hf, V, Nb, Ta, Sm, Yb, Cr, Mo, W, Mn, Tc, Re, Fe, Ru, Os, Co, Rh, Ir, Nj,

Pd, Pt, Cu, Zn and mixtures thereof.

16. The self-assembled olefin polymerization catalyst according to claim 15, wherein the
transition metals are selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Sm,

25 Yb and mixtures thereof.

17. The self-assembled olefin polymerization catalyst according to claim 16, wherein the

transition metals are selected from the group consisting of Ti, Zr and mixtures thereof.

30 18. The self-assembled olefin polymerization catalyst according to any of the preceding

claims, wherein X is selected from the group consisting of F, Cl, Br, I, H, CH;,



29. The sel f-assenbled ol efin polynerization catal yst according to any one
of claim1l to 28, wherein the catal yst conprises one or nore of the units
wher ei n tWe 20tdgilng spacer is* and Mis Ti or Zr. WD PCT/SG2011/000123

2011/ 119116PCT/ SG2011/ 000123 66 30. The self-assenbled olefin

pol ymeri zation catal yst according to gpy one of claiml1l to 29, wherein the
catal yst conprises one or nore of the units 31. A process for

pol yreri zat i r I rigat i ih,y or 1 XA Qlefins in
t he. pr esencée}?%bf}%f h@eglg’l ﬁ@g%cé%bl @Q}lg{:g?)?’n%%@ﬁﬁgr‘ igg?llﬁgcbné}ga?gl y%ﬁz’ a‘rci:r%:d(;r di ng
to any of IMN@HOM),l to 30. 32. The process according to claim 31, wherein
the process Is carried out at a pressure in the range of about 0.1 MPa to
about 10 MPa. 1533. The process according to claim31 or 32, wherein the
proces S I b€ | t r . - uat, 150
€ 34 Whe THRGAEEGilict Nl FEDEERHIGR SOIRT RloBRt, appukneaetle |

car 5i ed outcldins awhatialtiistatglgstdas Adysgendoteor letdrogemkoudatdlyst: 1 t o about
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10 21. The self-assembled olefin polymerization catalyst according to claim 20, wherein the

solid support is an inorganic material or an organic material.

22. The self-assembled olefin polymerization catalyst according to claim 21, wherein the
solid support is an inorganic material selected from the group consisting of silica,

15 alumina, titania, magnesium chloride, and mixtures thereof.

23. The self-assembled olefin polymerization catalyst according to any of the preceding

claims, wherein the catalyst forms a 3-Dimensional organometallic framework.

20 24. The self-assembled olefin polymerization catalyst according to any of the preceding

claims, wherein the catalyst forms a linear assembling structure.

25. The self-assembled olefin polymerization catalyst according to any of the preceding
claims, wherein the catalyst forms a macrocyclic assembling structure containing at

25 least two metal centres.

26. The self-assembled olefin polymerization catalyst according to any of the preceding
claims further comprising at least one co-catalyst selected from the group consisting of
an organometallic compound, an organoaluminum oxy-compound, and an ionizing

30 ionic compound.



5 37. The process according to claim 36, wherein the olefins are selected
fromthe group consisting of ethylene, C6 al kenes, and their derivatives or
m xt ur es WhepHof19116 38. The process accordi ng to cl ai RCIBG20MOPERH t he
olefins are ethylene and 1 -hexene, their 10derivatives or m xtures thereof
39. Pol yol efins obtainable according g9 the process of any of clains 31 to
Sﬁ. 40. Pol yolefins according to claim 38 having a nol ecul ar weight in
the range f ' - LNSq; [ ul ar
o ghe e %h?e@fifﬁa\ggel’%g@dzgfé‘fﬂlaﬂoly\/}ﬁér%{loﬁ’%L%BJsFL&:%?dlﬁé) t'bfafi 281 WhefBH AR
co-catalyst is a conventional methyl aluminoxane (MAO), a modified methyl

aluminoxane (MMAOQ), a metal salt of (C¢Fs)sB™ and a combination of an alkyl

aluminium compound with MgCl,.

5
28. The self-assembled olefin polymerization cafalyst according to claim 1, wherein g=h
=p=q=r=t=u=v=0,w=y=2z=1, A=A’= B = nothing, wherein the catalyst has
the formula (III)
10 L*MX, L'MX, (110
29. The self-assembled olefin polymerization catalyst according to any one of claim 1 to 28,
wherein the catalyst comprises one or more of the units
15

wherein the bridging spacer is *”ll* and M is Tior Zr.
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The self-assembled olefin polymerization catalyst according to any one of claim 1 to 29,

wherein the catalyst comprises one or more of the units

/\ /\

‘\\\\N Nllm ....... Bridging Spacer )
O O n "” N Nlu.

Nt

Cl

- t-Bu

F FFE F
L
-~
wherein the bridging spacer is or FFFF and M is

Ti.

A process for polymerization or copolymerization of an olefin or a mixture of olefins in
the presence of the self-assembled olefin polymerization catalyst according to any of

claims 1 to 30.

The process according to claim 31, wherein the process is carried out at a pressure in

the range of about 0.1 MPa to about 10 MPa.

The process according to claim 31 or 32, wherein the process is carried out in a

temperature range of about -50 °C to about 150 °C.

The process according to claims 31 to 33, wherein the process is carried out at a

catalyst:co-catalyst mole ratio of about 1:1 to about 1:5000.

The process according to claim 34, wherein the process is carried out at a catalyst:co-

catalyst mole ratio of about 1:1 to about 1:2000.
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The process according to claims 31 to 35, wherein the olefin is selected from the group
consisting of C,-Cs¢ a-olefins, C;-Cso functionalized alkenes, cycloalkenes, norborene
and derivatives thereof, dienes, acetylenes, styrene, alkenols, alkenoic acids, and their

derivatives or mixtures thereof.

The process according to claim 36, wherein the olefins are selected from the group

consisting of ethylene, Cq alkenes, and their derivatives or mixtures thereof.

The process according to claim 37, wherein the olefins are ethylene and 1-hexene, their

derivatives or mixtures thereof.
Polyolefins obtainable according to the process of any of claims 31 to 38.

Polyolefins according to claim 38 having a molecular weight in the range from low

molecular weight polyolefins to ultra high molecular weight polyolefins.



