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(57) ABSTRACT 

The present invention relates to the field of single site catalyst 
systems based on phosphino-iminophenol complexes that are 
Suitable for oligomerising or polymerising ethylene and 
alpha-olefins. 
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POLYMERISATION OF ETHYLENE AND 
ALPHA-OLEFINS WITH 

PHOSPHINO-MINOPHENOL COMPLEXES 

0001. The present invention relates to the field of single 
site catalyst systems based on phosphino-iminophenol com 
plexes and Suitable for oligomerising or polymerising ethyl 
ene and alpha-olefins. 
0002. A multitude of catalyst systems available for poly 
merising or oligomerising ethylene and alpha-olefins exist, 
but there is a growing need for finding new systems capable of 
tailoring polymers with very specific properties. More and 
more post-metallocene catalyst components based on early or 
late transition metals from Groups 3 to 10 of the Periodic 
Table have recently been investigated such as for example 
those disclosed in Gibson and al. review (Gibson, V. C.; 
Spitzmesser, S. K., in Chem. Rev. 2003, 103, p. 283). But 
there is still a need to improve either the specificities or the 
performances of these systems. 
0003 Phosphorus containing ligands were studied for ole 

fin polymerisation. Imino-phosphine group 10 complexes are 
mainly active towards olefin oligomerisation (Fering a et al., 
in WO 98/42440; Fering a et al., in Chem. Comm. 1998, p 
223). Anionic tridentate PNO group IV catalysts show mod 
erate activity for ethylene polymerisation (Organometallics 
2004, 23, p 1684). 
0004 Schiff bases derivatives of phosphino-carboxalde 
hyde and 2-aminophenol or amino-alcool are known in the 
literature (J. Dilworth et al. in J. Chem. Soc. Dalton Trans. 
Inorg. Chem. 1994, p 3553; H. Brunner et al. in Eur. J. Inorg. 
Chem. 1999, p 51; H. Brunner et al. in Eur. J. Inorg Chem. 
1998, p. 43), but corresponding complexes have never been 
described as catalysts for polymerisation of olefins. 
0005. The aim of this invention is to provide new single 
site catalysts based on tridentate phosphorus ligands active in 
olefin polymerisation. 
0006. It is another aim of the present invention to provide 
active catalyst systems based on these catalyst components. 
0007. It is a further aim of the present invention to provide 
a process for polymerising or for oligomerising ethylene and 
alpha-olefins with these new catalyst systems. 
0008 Accordingly, the present invention discloses ligands 
of general formula I or II 

Rs 

R6 R4 

R 
R8 R3 

Ro N P-R 
V 
R 
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-continued 
II 

Rs 

R6 R4 

R7 
R3 

R 
N P-R 

R13 Y. 

R14 f 
R 

15 H 

wherein R. R2, Rs. R4, Rs. R6. R7. Rs. R9. Rio. R11, R12. R1s. 
Ra and Rs are each independently selected from hydrogen, 
unsubstituted or substituted hydrocarbyl having from 1 to 20 
carbonatoms, or inert functional group. Two or more of those 
groups can themselves be linked together to form further ring 
or rings. 
0009 Preferably, R and R are the same or different and 
are unsubstituted or Substituted alkyl groups, unsubstituted or 
Substituted aryl groups, or unsubstituted or Substituted 
cycloalkyl groups having at most 12 carbon atoms, more 
preferably, they are the same and are unsubstituted phenyl 
groups. 
0010 R. R. R. R. and R-7, are each independently 
selected from hydrogen, unsubstituted or substituted hydro 
carbyl having from 1 to 20 carbon atoms, or inert functional 
group. Two or more of those groups can themselves be linked 
together to form further ring or rings. Preferably, they are all 
hydrogen. 
0011 Rs, RoRo and Rare each independently selected 
from hydrogen, unsubstituted or substituted hydrocarbyl hav 
ing from 1 to 20 carbonatoms, or inert functional group. Two 
or more of those groups can themselves be linked together to 
form further ring or rings Preferably, Rs. Ro and R are 
hydrogen or methyl and Ro is hydrogen, methyl, tert-butyl, 
phenyl, nitro or chlorine, more preferably is Ro phenyl. 
0012 R. R. R. and Rs are the same or different, 
hydrogen, unsubstituted or Substituted alkyl groups, unsub 
stituted or Substituted aryl groups, or unsubstituted or Substi 
tuted cycloalkyl groups, all these groups having at most 20 
carbon atoms, preferably at most 10 carbon atoms, more 
preferably at most 6 carbonatoms. R. R. R. and Rs can 
be linked together to form a ring. 
0013 The present invention also discloses catalyst com 
ponents of formula III and IV 

III 
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-continued 
IV 

Rs 

R6 R4 

R7 
R3 

R 

N P-R R13 \ 1 2 
MX, R 

o? R14 
R15 

resulting respectively from the complexation of ligands I and 
II with metallic salt MX, in a solvent, wherein R to Rs are 
as described hereabove, M is a metal Group 3 to 10 of the 
Periodic Table, each X can be the same or different and is 
selected from halogen, substituted or unsubstituted hydrocar 
byl having from 1 to 20 carbon atoms, substituted or unsub 
stituted aryloxy or alkoxy, and (n+1) is the valence of M. 
0014 Preferably M is Ti, Zr, Hf, V, Cr, Mn, Fe, Co, Ni, Pd 
or rare earths. More preferably, it is Ti, Cror Fe. 
00.15 Preferably X is halogen, more preferably it is chlo 
rine. 
0016. The solvent may be selected from dichloromethane 
or tetrahydrofuran and the complexation reaction is carried 
out at room temperature or at reflux. 
0017. The present invention further discloses an active 
catalyst system comprising the single site catalyst component 
of formula III or IV and an activating agent having an ionising 
action. 
0018 Suitable activating agents are well known in the art. 
The activating agent can be an aluminium alkyl represented 
by formula AlR.X., wherein R is an alkyl having from 1 
to 20 carbon atoms and X is a halogen. The preferred alky 
lating agents are triisobutyl aluminium (TIBAL) or triethyl 
aluminium (TEAL). 
0019. Alternatively, it can be aluminoxane and comprise 
oligomeric linear and/or cyclic alkyl aluminoxanes repre 
sented by formula 

R----(Al-O)-AIR 

for oligomeric, linear aluminoxanes and by formula 

(- Al-O-) 

for oligomeric, cyclic aluminoxane, 
wherein n is 1-40, preferably 10-20, m is 3-40, preferably 
3-20 and R* is a C-C alkyl group and preferably methyl. 
0020. The amount of activating is selected to give an Al/M 
ratio of from 100 to 3000, preferably of about 2000. 
0021 Suitable boron-containing activating agents may 
comprise a triphenylcarbenium boronate such as tetrakis 
pentafluorophenyl-borato-triphenylcarbenium as described 
in EP-A-0427696, or those of the general formula L'-H+ 
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BArArXX— as described in EP-A-0277004 (page 6, 
line 30 to page 7, line 7). The amount of boron-containing 
activating agent is selected to give B/M ratio of from 0.5 to 5, 
preferably of about 1. 
0022. In another embodiment, according to the present 
invention, the single site catalyst component of formula III or 
IV may be deposited on a conventional support. Preferably, 
the conventional Support is silica impregnated with MAO. 
Alternatively and preferably, it can be an activating Support 
Such as fluorinated alumina silica. 
0023 The present invention further discloses a method for 
preparing an active catalyst system that comprises the steps 
of: 

0024 a) providing a ligand of formula I or II; 
0.025 b) complexing the ligand of step a) with a metallic 

salt MX, in a solvent; 
0026 c) retrieving respectively the catalyst component 

III or IV: 
0027 d) activating with an activating agent having an 
ionising action; 

0028 e) optionally adding a cocatalyst; 
0029 f) retrieving an active oligomerisation or poly 
merisation catalyst system. 

0030 Alternatively, in step d) catalyst component III or 
IV is deposited on a Support impregnated with an acti 
Vating agent. 

0031. The cocatalyst may be selected from triethylalu 
minium, triisobutylaluminum, tris-n-octylaluminium, tetrai 
sobutyldialuminoxane or diethyl zinc. 
0032. The active catalyst system is used in the oligomeri 
sation and in the polymerisation of ethylene and alpha-ole 
fins. 
0033. The present invention discloses a method for the 
oligomerisation or the homo- or co-polymerisation of ethyl 
ene and alpha-olefins that comprises the steps of 

0034) a) injecting the active catalyst system into the 
reactor, 

0035 b) injecting the monomer and optional comono 
mer, 

0036 c) maintaining under polymerisation conditions; 
0037 d) retrieving the oligomers and/or polymer. 

0038. The pressure in the reactor can vary from 0.5 to 50 
bars, preferably from 5 to 25 bars. 
0039. The polymerisation temperature can range from 10 
to 100° C., preferably from 50 to 85°C. 
0040 Preferably the monomer and optional comonomer 
are selected from ethylene, propylene or 1-hexene. 
0041. In another preferred embodiment according to the 
present invention, the optional comonomer is a polar func 
tionalised alpha-olefin. 

EXAMPLES 

0042 All reactions were performed using standard 
Schlenktechniques or in an argon-filled glove-box. The start 
ing materials and reagents, purchased from commercial Sup 
pliers, were used without purification. All the solvents were 
dried and distilled before use either over sodium and ben 
Zophenone for toluene, pentane and THF, or over CaFI, for 
ethanol. 2-diphenylphosphinobenzaldehyde was synthesized 
according to the procedure reported in Inorganic Synthesis 
1982, Vol 21, 175. 'H, C and 'P NMR spectra were 
recorded on a Bruker Advance500. 
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Preparation of Ligands 
Synthesis of 2-(2-diphenylphosphino)benzylimino 

phenol (L1) 
0043. 290 mg (1 mmol) of 2-diphenylphosphinobenzalde 
hyde dissolved in 5 mL of ethanol were added dropwise to 
131 mg (1.2 mmol) of 2-aminophenol dissolved in 5 mL of 
ethanol. The yellow solution was stirred under reflux at a 
temperature of 90° C. for 2 hours. The solution was cooled to 
room temperature. The solution was then concentrated under 
vacuum. The surpernatant was filtered off and the solid was 
washed with coldethanol, and dried under vacuum. 218 mg of 
Ligand L1 were obtained as orange solid with a yield of 57%. 

OH 

0044) NMR results were as follows. 
0045 H NMR (500 MHz, CDC1) & (ppm): 6.85 (t, 1H, 
J.8 Hz, J-1.2 Hz, H4 Phenol), 6.96 (d. 1H, J, 8 Hz, 
J–1 Hz, H6 Phenol), 7.02 (m, H3), 7.10 (d. 1H, J.8 Hz, 
J-1.2 Hz, H3 Phenol), 7.16 (t, 1H, J.8 Hz, J-1.2 Hz, 
H5 Phenol), 7.22 (d. 1H, J, 1.8 Hz, OH), 7.30 (m, 4H, H 
ortho PPh), 7.37 (m, 7H, H meta and para PPhand H4), 7.52 
(t, 1H, J, 7.7 Hz, J-0.7 Hz, H5), 8.01 (m. 1H, H6), 9.04 
(d. 1H, J, 4 Hz, CH=N). 
0046 C{H} NMR (125 MHz, CDC1) & (ppm): 115.5 
(C6 Phenol), 116.5 (C4 Phenol), 120.3 (C3 Phenol), 129.0 (d. 
4C, J–7 HZ, CH meta PPh), 129.2 (C5 Phenol and C6), 
129.3 (CH para PPh), 131.1 (C5), 131.3 (d. J.-4 Hz, C4), 
134.3 (d. 4C, J-20 HZ, CH ortho PPh), 134.9 (C3), 136.2 
(C N), 137.3 (d. 2C, J–8.5 Hz, C ipso PPh), 138.6 (d. 
J-21 Hz, C1), 139.2 (d. J–15 Hz, C2), 152.5 (C OH), 
156.9 (d. J-11 Hz, CH=N). 
0047 'P{H, C NMR (202 MHz, CDC1) & (ppm): 
-7.5. 

Synthesis of 2-(2-diphenylphosphino)benzylimino 
3-methyl-phenol (L.2) 

0048. The procedure was the same as that used for prepar 
ing L1 except that 123 mg of 2-amino-3-methylphenol (1 
mmol) were used as reagent. 273 mg of ligand L2 were 
obtained as yellow solid with a yield of 67%. 

OH 
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0049. The NMR results were as follows. 
0050 "H NMR (500 MHz, CDC1) & (ppm): 2.00 (s.3H, 
CH), 6.60 (d. 1H, J-7.6 Hz, H6 Phenol) 6.65 (d. 1H, 
J–7.9 Hz, H4 Phenol), 6.80 (s, 1H, OH), 6.86 (t, 1H, 
J–7.8 Hz, H5 Phenol), 6.96 (m, 1H, H3), 7.20 (m, 4H, H 
ortho PPh), 7.27 (m, 6H, H meta and para PPh), 7.32 (t, 1H, 
J-7.6 Hz, H4), 7.45 (t, 1H, J-7.6 Hz, H5), 7.91 (m. 1H, 
H6), 8.80 (d. 1H, J, 4 Hz, CH=N). 
10051 °C{H} NMR (125 MHz, CDC1,) 8 (ppm): 18.6 
(CH), 112.6 (C6 phenol), 122.9 (C4 phenol), 126.5 (C5 
phenol), 127.9 (C-Me), 129.0 (d. 4C, J–7 HZ, CH meta 
PPh), 129.2 (C6), 129.3 (2C, CH para PPh), 131.0 (d. J-4 
Hz, C4), 131.3 (C5), 134.2 (d. 4C, J-20 Hz, CH ortho 
PPh), 134.9 (C3), 137.2 (C N), 137.4 (d. 2C, J–7 Hz, C 
ipso PPh2), 138.6 (d, J-20 Hz, C1), 139.3 (d. J-16 Hz, 
C2), 150.2 (C OH), 163.2 (d. J–10 Hz, CH=N). 
(0.052 P{H, °C NMR (202 MHz, CDC1,) 8 (ppm): 
-7.7. 

Synthesis of 2-(2-diphenylphosphino)benzylimino 
4-methyl-phenol (L3) 

0053. The procedure was the same as that used for prepar 
ing L1 except that 123 mg of 2-amino-4-methylphenol (1 
mmol) were used as reagent. 192 mg of ligand L3 were 
obtained as orange solid with a yield of 47%. 

OH 

0054. The NMR results were as follows. 
0055 H NMR (500 MHz, CDC1,) 8 (ppm): 2.18 (s.3H, 
CH), 6.70 (d. 1H, J, 8.2 Hz, H6 Phenol), 6.80 (d. 1H, 
J–1.2 Hz, OH), 6.87 (dd. 1H, J, 8.2 Hz, J-1 Hz, H5 
Phenol), 6.93 (m, 1H, H3), 7.07 (d. 1H, J, 2.8 Hz, H3 
Phenol), 7.22 (m, 4H, Hortho PPh), 7.28 (m, 7H, Hmeta and 
para PPh, and H4), 7.44 (td, 1H, J, 7.4 Hz, J-1 Hz, H5), 
7.92 (m. 1H, H6), 8.90 (d. 1H, J, 3.6 Hz, CH=N). 
0056 'C{H} NMR (125 MHz, CDC1,) 8 (ppm): 20.7 
(CH), 114.9 (C6 Phenol), 116.9 (C3 Phenol), 129.0 (d. 4C, 
J–7 HZ, CH meta PPh), 129.2 (C6), 129.3 (2C, CH para 
PPh), 129.7 (C5 Phenol and C CH), 130.9 (C5), 131.5 (d. 
J–4 Hz, C4), 134.3 (d. 4C, J-20 HZ, CH ortho PPh2), 
134.9 (C3), 135.8 (C N), 137.6 (d. 2C, J-9 Hz, C ipso 
PPh), 138.5 (d, J-21 Hz, C1), 139.3 (d. J–15 Hz, C2), 
156.9 (C OH), 159.6 (d. J-9 HZ, CH=N). 
0057 P{H, °C NMR (202 MHz, CDC1,) & (ppm): 
-6.8. 

Synthesis of 2-(2-diphenylphosphino)benzylimino 
5-methyl-phenol (L4) 

0058. The procedure was the same as that used for prepar 
ing L1 except that 123 mg of 2-amino-5-methylphenol (1 
mmol) were used as reagent. 303 mg of ligand L4 were 
obtained as orange solid with a yield of 74%. 
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0074 The NMR results were as follows. 
0075 H NMR (500 MHz, CDC1) & (ppm): 6.99 (m. 1H, 
H3), 7.16 (s, 1H, H1 naphtol), 7.21 (td, 1H, J, 7.5 Hz, 
J–1 Hz, H6 naphtol), 7.24-7.31 (brm, 12H, PPh, and OH 
and H7 naphtol), 7.33 (td, 1H, J-7.5 Hz, J-1 Hz, H4). 
7.43 (s, 1H, H4 naphtol), 7.48 (td, 1H, J, 7.5 Hz, J-1 Hz, 
H5), 7.58 (d. 1H, J, 8.2 Hz, H8 naphtol), 7.63 (d. J.8.2 
HZ, H5 naphtol), 7.98 (m, 1H, H6), 9.02 (d. 1H, J, 3.6 Hz, 
CH-N). 
0076 'C{H} NMR (125MHz, CDC1,). 8 (ppm): 109.2 
(C1 naphtol), 114.1 (C4 naphtol), 123.9 (C6 naphtol), 126.4 
(C8 naphtol), 126.6 (C7 naphtol), 128.3 (C5 naphtol), 128.9 
(C4a naphtol), 129.0 (d. 4C,J-7 Hz, CH meta PPh), 129.3 
(C6), 129.4 (2C, CH para PPh2), 131.4 (C5), 132.0 (d. J-4 
HZ, C4), 134.3 (d. 4C, J-20 HZ, CH ortho PPh), 134.6 
(C8a naphtol), 135.0 (C3), 137.4 (d. 2C. J.8 Hz, C ipso 
PPh), 138.8 (C N), 138.9 (d, J-15 Hz, C2), 139.0 (d. 
J-21 Hz, C1), 150.6 (C OH), 159.4 (d. J–8.5 Hz, 
CH=N). P{H, C)} NMR (202 MHz, CD,CO.) & (ppm): 
-6.5. 

Synthesis of 2-(2-diphenylphosphino)benzylimino 
4-nitro-phenol (L8) 

0077. The procedure was the same as that used for prepar 
ing L1 except that 154 mg of 2-amino-4-nitrophenol (1 
mmol) were used as reagent. 256 mg of ligand L8 were 
obtained as yellow solid with a yield of 58%. 

ON 

OH 

0078. The NMR results were as follows. 
0079 HNMR (500 MHz, CDC1,) & (ppm): 6.94 (d. 1H, 
J-8.9 Hz, H6 Phenol), 6.98 (m, 1H, H3), 7.20 (m, 4H, H 
ortho PPh), 7.28 (m, OH, H meta and para PPh), 7.35 (td, 
J -7.5 Hz, J-1 Hz. H4), 7.49 (td, 1H, J, 7.5 Hz, J-1 
Hz, H5), 7.90 (m, 1H, H6), 7.95 (d. 1H, J-2.5 Hz, H3 
Phenol), 7.98 (dd. 1H, J, 8.9 Hz, J-2.6 Hz, H5 Phenol), 
8.15 (s, 1H, OH), 8.92 (d. 1H, J, 3.2 HZ, CH=N). 
0080 C{H} NMR (125MHz, CDC1,) & (ppm): 112.6 
(C3 Phenol), 115.4 (C6 Phenol), 124.7 (C5 Phenol), 129.1 (d. 
4C, J–7 HZ, CH meta PPh), 129.4 (C6), 129.5 (2C, CH 
para PPh), 131.8 (C5), 133.1 (d.J. 4 Hz, C4), 134.2(d. 4C, 
J-20 Hz, CH ortho PPh), 135.3 (C3), 136.4 (C N), 137.1 
(d. J-7 Hz, Cipso PPh), 138.3 (d. J-14 Hz, C2), 138.9 
(d, J-21 Hz, C1), 141.5 (C NO), 157.9 (C -OH), 160.4 
(d. J-6 Hz, C=N), 
I0081 P{H, °C NMR (202 MHz, CDC1) & (ppm): 
-5.3. 

Synthesis of 2-(2-diphenylphosphino)benzylimino 
4-chloro-phenol L9 

0082. The procedure was the same as that used for prepar 
ing L1 except that 144 mg of 2-amino-4-chlorophenol (1 
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mmol) were used as reagent. 285 mg of ligand L9 were 
obtained as ochre solid with a yield of 66%. 

C 

OH 

0083. The NMR results were as follows. 
10084 'H NMR (500 MHz, CDC1,) & (ppm); 6.78 (d. 1H, 
J-8.6 Hz, H6 Phenol), 6.95 (m. 1H, H3), 6.98 (d. J-2 
HZ, H3 Phenol), 7.01 (dd, J-8.6 Hz, J-2 Hz, H5 Phe 
nol), 7.20 (m, 4H, Hortho PPh.), 7.28 (m, 7H, H meta and 
para PPhi and H4), 7.45 (t, 1H,J-7.5 Hz, H5), 7.89 (m. 1H, 
H6), 8.83 (d. 1H, J, 3.4 HZ, CH=N). 
I0085 'C{H} NMR (125MHz, CDC1,) & (ppm): 116.4 
(C6 Phenol), 116.7 (C3 Phenol), 124.9 (C Cl), 128.6 (C5 
Phenol), 129.0 (d. 4C, J–7 Hz, C meta PPh), 129.3 (C6), 
129.4 (2C, CH para PPh2), 131.4 (C5), 132.2 (d. J–4 Hz, 
C4), 134.2 (d. 4C, J-20 Hz, CH ortho PPh), 135.1 (C3), 
137.0 (C N), 137.3 (d. 2C, J–8 Hz, C ipso PPh), 138.7 
(d. J-15 Hz, C1), 138.8 (d, J-21 Hz, C2), 151.1 
(C-OH), 158.6 (d. J.8 Hz, CH=N). 
I0086 P{H, °C NMR (202 MHz, CDC1,) 8 (ppm): 
-6.4. 

Preparation of Complexes 

Synthesis of Cr(III) Complexes 

I0087 100 mg (0.26 mmol) of ligand L1 were dissolved in 
5 mL of THF and cooled at a temperature of -15°C. 1 mmol 
of n-butyl lithium (C=1.6M in hexane) was added dropwise. 
The solution was stirred for 30 minutes and added to a solu 
tion of 101 mg (0.26 mmol) of (THF)CrCl dissolved in 5 
mL of THF. The solution was stirred at room temperature 
overnight. The mixture was concentrated to approximately 2 
mL, and 10 mL of pentane were added. Solvents were filtered 
off and the solid was washed twice with pentane. The result 
ing solid was dried under vacuum to afford the complex A1 as 
a brown powder with a yield of 92%. 

A-1 
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0088 Using the same procedure, Cr(III) complex A2 was 
obtained from ligand L2 to afford a brown solid with a yield 
of 83%. 

A-2 

I0089. Similarly, Cr(III) complex A3 was obtained from 
ligand L3 to as a orange-brown solid with a yield of 90%. 

A-3 

N/ 
Cr 

/ VNc 
O C 

0090 Similarly, Cr(III) complex A4 was obtained from 
ligand L4 to as a brown-yellow solid with a yield of 89%. 

A-4 

N PPh 
N/ 

Cr 

/ VSC O C 

0091 Similarly, Cr(III) complex A5 was obtained from 
ligand L5 to afford a brown solid with a yield of 92%. 

A-5 
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0092. Similarly, Cr(III) complex A6 was obtained from 
ligand L6 to afford a brown solid with a yield of 91%. 

C 
N PPh 
N/ 

Cr 
/ VNc 

O C 

6 

(0093. Similarly, Cr(III) complex A8 was obtained from 
ligand L8 to afford a brown solid with a yield of 92%. 

A-8 

ON N PPh 

Cr 
/ VNC 

O C 

0094 Similarly, Cr(III) complex A8 was obtained from 
ligand L8 to afford a brown solid with a yield of 92%. 

C N PPh 

Cr 
/ VNc 

O Cl 

Polymerisation of Ethylene with MAO as Activating Agents 
0.095 Ethylene polymerisation reactions were carried out 
in a 20 mL stainless Steel autoclave containing a glass insert, 
fitted with mechanical stirring, external thermocouple and 
pressure gauge and controlled by a computer. In a typical 
reaction run, the temperature was set to the desired value (50 
or 80°C.) and 4 mL of dry solvent (toluene or n-heptane) were 
introduced into the reactor under nitrogen flow. In a argon 
filled glove box, about 4 mg (5 Limol) of the appropriate 
catalyst were weighted, activated with methylaluminoxane 
(MAO) (30% wt in toluene) in an appropriate amount to 
obtain a ratio Al:M of 2000, and the resulting active com 
plex was diluted with toluene to obtain a final volume of 2 mL. 
200 u, of the solution of activated catalyst were placed inside 
the reactor. The injection loop was rinsed with 800 uL of 
solvent. The ethylene pressure was raised to 15 bars and 
continuously fed into the reactor. After either 1 hour or an 
ethylene consumption of 12 mmol, the reactor was cooled 
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down and depressurized, then the reaction was quenched with 
isopropanol and the solution was analysed by gas chromatog 
raphy. The gas chromatographic (GC) analysis of the reaction 
products was performed on a Trace GC apparatus with a 
Petrocol capillary column (methyl silicone, 100 m long with 
i.d. of 0.25 mm and film thickness of 0.5 um) working at a 
temperature of 35° C. for 15 min and then heating at a rate of 
5° per minute up to a temperature of 250° C. The results for 
the polymerisation of ethylene with MAO are displayed in 
Tables I for a polymerisation temperature of 50° C. and in 
Table II for a polymerisation temperature of 80° C. 

TABLE I 

DSC 

In PE Activity AH 
Run Complex (mg) (kg/mol/h) Tm (° C.) (J - g) 

1 A1 45 88 33.1 67.9 
2 A2 48 93 34.7 61.5 
3 A3 107 2O2 31.2 SO.O 
4 A4 55 107 31.0 41.9 
5 AS 62 112 33.1 41.5 
6 A6 8O 156 33.2 O6.3 
7 A8 30 58 34.5 34.6 
8 A9 33 61 34.2 62.5 
9 A1 22 43 f f 
10 A2 25 50 33.8 39.0 
11 A3 10 21 32.3 O3.0 
12 A4 22 44 30.6 8O.S 
13 AS 36 67 31.1 O8.9 
14 A6 23 45 f f 
15 A8 9 15 f f 
16 A9 12 2O 31.6 57.5 

0096 All Reactions were performed with 0.5 umol of 
catalyst dissolved in 5 mL of solvent, at a temperature of 50° 
C. and with an ethylene pressure of 15 bars. The amount of 
activating agent (MAO) was adjusted to yield a ratio Al:Cr 
of 2000. Runs 1 to 8 were performed in toluene, and runs 9 to 
16 were performed in n-heptane. 
0097 Activities are expressed in kg of polyethylene per 
mol of Crper hour. 
0098. Most of the obtained polymers were insoluble in hot 
trichlorobenzene and could not be characterised by GPC. 

TABLE II 

m PE Activity % C4 % C6 

Run Complex (mg) (kg/mol/h) Total % C-C4 Total % C-C6 

17 A1 3 25 trace C4 to C14 
18 A2 9 74 trace C4 to C10 
19 A3 1 37 trace C4 to C8 
2O A4 24 36 trace C4 to C8 
21 AS 9 94 15 97 21 8O 
22 A6 5 182 14 97 2O 82 
23 A8 22 61 trace C4 to C12 
24 A9 2O 137 15 97 2O 82 
25 A1 7 14 no oligomer-only PE 
26 A2 4 49 no oligomer-only PE 
27 A3 3 16 no oligomer-only PE 
28 A4 6 17 no oligomer-only PE 
29 AS 9 32 no oligomer-only PE 
30 A6 O 47 no oligomer-only PE 
31 A8 O 39 no oligomer-only PE 
32 A9 4 30 no oligomer-only PE 
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0099 All Reactions were performed as in the previous 
runs except that the polymerisation temperature was of 80°C. 
0100 Runs 17 to 24 were performed in toluene, runs 25 to 
32 were performed in n-heptane. 
0101 Activities are expressed in kg of ethylene consumed 
per mol of Crper hour. 
0102 All percentages of C4, C6, >C6, and C-C2n in C2n 
were calculated by GC analysis. 
Polymerisation of Ethylene with Eta AlCl as Activating 
Agent. 
0103) The procedure was the same as that described above 
with MAO except that the catalyst was activated with an 
appropriate amount of diethylaluminum chloride (Et-AlCl, 
1M in hexanes). The polymerisation results are displayed in 
Table III. 

TABLE III 

DSC 

In PE Activity AH 
Complex Al:Cr (mg) (kg/mol/h) Tm (C.) (J. g') 

A6 500 21 108 133.3 139.6 
A6 1OOO 50 226 129.7 1542 

A6 1SOO 55 187 1341 111.8 
A6 2OOO 18 122 125.2 164.5 

0104 All reactions were performed with 0.5umol of cata 
lyst dissolved in 5 mL of toluene, at a temperature 50° C. 
under an ethylene pressure of 15 bars and with Eta AlClas 
activating agent. 
0105 Activities are expressed in kg of ethylene consumed 
per mol of Crper hour. 
0106 The obtained polymers were insoluble in hot 
trichlorobenzene and could not be characterised by GPC. 
0107 No activity was measured when the solvent was 
n-heptane. 
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1. An active catalyst system comprising: 
a) a metallic complex of formula III 

III 
Rs 

R6 R4 

R 
R8 R3 

Ro N PS R N/Y. yo. 
R10 O 

wherein R. R. R. R. Rs. R. R-7, Rs. R. Rio R are 
each independently selected from hydrogen, unsubsti 
tuted or substituted hydrocarbyl having from 1 to 20 
carbonatoms, or inert functional group and whereintwo 
or more of those groups can themselves be linked 
together to form further ring or rings, 

wherein M is a metal Group 3 to 9 of the Periodic Table, 
wherein each X is the same or different and is selected from 

halogen, substituted or unsubstituted hydrocarbyl hav 
ing from 1 to 20 carbon atoms, substituted or unsubsti 
tuted aryloxy or alkoxy, and 

wherein (n+1) is the valence of M: 
b) an activating agent; and 
c) an optional cocatalyst. 
2. The active catalyst system of claim 1 wherein M is Ti, Zr, 

Ht, V, Cr, Mn, Fe, Co, or rare earths. 
3. The active catalyst system of claim 1 wherein RandR 

are the same or different and are unsubstituted or substituted 
alkyl groups, unsubstituted or Substituted aryl groups, or 
unsubstituted or Substituted cycloalkyl groups having at most 
12 carbon atoms. 

4. The active catalyst system of claim3 wherein RandR 
are the same and are unsubstituted phenyl groups. 

5. The active catalyst system of claim 1 wherein R. R. Rs. 
Re and R-7, are the same and are hydrogen. 

6. The active catalyst system of claim 1 wherein Rs. Rio 
and R are hydrogen or methyl, wherein Ro is hydrogen, 
methyl, tert-butyl, phenyl, nitro or chlorine. 

7. The active catalyst system of claim 1 wherein X is 
halogen, preferably chlorine. 

Sep. 24, 2009 

8. A process for preparing the active catalyst system of 
claim 1 that comprises the steps of: 

a) providing a ligand of formula I 

Rs 

R6 R4 

R7 
Rs R3 

R9 N Ps R2 
n R 

R10 f 
R11 H 

b) complexing the ligand of step a) with a metallic salt 
MX, in a solvent; 

c) retrieving the metallic complex of formula III: 
d) activating the metallic complex of step c) with an acti 

Vating agent having an ionising action or with an acti 
Vating Support; 

e) optionally adding a cocatalyst; 
f) retrieving an active oligomerisation or polymerisation 

catalyst system, 
wherein R. R. R. R. Rs. R. R-7, Rs. R. Rio R,M, X and 
in are as described in claim 1. 

9. The process of claim 8 wherein the activating support is 
silica impregnated with an activating agent. 

10. The process of claim 8 wherein the activating agent is 
aluminiumalkyl or aluminoxane. 

11. The process of claim 8 wherein the cocatalyst, if 
present, is triethylaluminium, triisobutylaluminum, tris-n-oc 
tylaluminium, tetraisobutyldialuminoxane or diethyl zinc. 

12. A method for the oligomerisation or the homo- or 
co-polymerisation of ethylene and alpha-olefins that com 
prises the steps of 

a) injecting the active catalyst system of claim 1 into the 
reactor, 

b) injecting the monomer and optional comonomer, 
c) maintaining under polymerisation conditions; 
d) retrieving the oligomers and/or polymer. 
13. The method of claim 12 wherein the monomer is eth 

ylene or propylene. 


