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CLAIMS 
 
 

1. A catalytic composition comprising:  

A) a compound of formula (III): 

 

 

(III) 

 wherein 

 R1 and R2 are each independently hydrogen or (1-2C)alkyl; 

 R3 and R4 are each independently hydrogen or (1-4C)alkyl, or R3 and R4 are 

linked such that, when taken in combination with the atoms to which they are 

attached, they form a 6-membered fused aromatic ring optionally substituted with one 

or more groups selected from (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, 

aryl, heteroaryl, carbocyclic and heterocyclic, wherein each aryl, heteroaryl, 

carbocyclic and heterocyclic group is optionally substituted with one or more groups 

selected from (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, halo, amino, 

nitro, cyano, (1-6C)alkylamino, [(1-6C)alkyl]2amino and -S(O)2(1-6C)alkyl; 

 R5 and R6 are each independently hydrogen or (1-4C)alkyl, or R5 and R6 are 

linked such that, when taken in combination with the atoms to which they are 

attached, they form a 6-membered fused aromatic ring optionally substituted with one 

or more groups selected from (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, 

aryl, heteroaryl, carbocyclic and heterocyclic, wherein each aryl, heteroaryl, 

carbocyclic and heterocyclic group is optionally substituted with one or more groups 

selected from (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, halo, amino, 

nitro, cyano, (1-6C)alkylamino, [(1-6C)alkyl]2amino and -S(O)2(1-6C)alkyl; 

R7 and R8 are each independently hydrogen or (1-4C)alkyl, or R7 and R8 are 

linked such that, when taken in combination with the atoms to which they are 
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attached, they form a 6-membered fused aromatic ring optionally substituted with one 

or more groups selected from (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, 

aryl, heteroaryl, carbocyclic and heterocyclic, wherein each aryl, heteroaryl, 

carbocyclic and heterocyclic group is optionally substituted with one or more groups 

selected from (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, halo, amino, 

nitro, cyano, (1-6C)alkylamino, [(1-6C)alkyl]2amino and -S(O)2(1-6C)alkyl; 

Q is absent, or is a bridging group selected from -CH2- or -CH2CH2-, either or 

which may be optionally substituted with one or more groups selected from (1-

4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl and aryl, or Q is a bridging group -Si(R9)(R10)-, 

wherein R9 and R10 are independently (1-4C)alkyl, (2-4C)alkenyl, (2-

4C)alkynyl or aryl; 

X’ is zirconium or hafnium; and 

each Y’ group is independently selected from halo, hydride, (1-6C)alkyl, (1-

6C)alkoxy, aryl or aryloxy, either or which is optionally substituted with one or more 

groups selected from (1-6C)alkyl and halo; 

 and 

B) a solid-phase support material, the solid-phase support material comprising a solid 

polymethylaluminoxane that has been modified by reaction with a compound of formula 

(I) or (II): 

 

 

 

 

 wherein 

 X is hydroxyl or a group B(Y)2 or a group Al(Y)2, 

wherein each Y is independently selected from hydroxyl, phenyl and 

naphthalenyl, any of which may be optionally substituted with one or 
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more groups selected from halo, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, 

(2-4C)alkynyl and trihaloalkyl; 

Ra and Rb are independently hydrogen, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, 

(2-4C)alkynyl, halo or trihaloalkyl, or 

Ra and Rb are linked, such that, when taken with the atoms to which they are 

attached, they form a 6-membered aromatic ring that is optionally substituted 

by one or more groups selected from halo, 1-4C)alkyl, (2-4C)alkenyl, (2-

4C)alkynyl and trihaloalkyl; 

Rc-Re are independently hydrogen, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-

4C)alkynyl, halo or trihaloalkyl; 

Z is hydroxyl or a group -NRxRy, 

wherein Rx and Ry are independently selected from hydrogen and (1-

4C)alkyl; 

Rf is (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl, trihaloalkyl or a phenyl group 

that is optionally substituted with one or more groups selected from hydroxyl, 

(1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl, halo and trihaloalkyl; 

wherein the mole ratio of the compound of formula (I) or (II) to the solid 

polymethylaluminoxane within the solid-phase support material ranges from 0.0001:1 

to 0.3:1 and 

wherein the solid-phase support material has an aluminium content of 23 to 40 wt%; 

and 

wherein the compound of formula (III) is supported on the solid 

polymethylaluminoxane that has been modified by reaction with the compound of 

formula (I) or (II).   

 

2. The catalytic composition of claim 1, wherein Z is hydroxyl.  

 

3. The catalytic composition of claim 1 or 2, wherein when X is hydroxyl 

i) Ra-Re are each independently halo; or 

ii) Ra and Rb are linked, such that, when taken with the atoms to which they are 

attached, they form a 6-membered aromatic ring that is optionally substituted by one 

or more groups selected from halo, 1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl and 

trihaloalkyl, and 



 
 

49 
 

Rc-Re are independently hydrogen, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-

4C)alkynyl, halo or trihaloalkyl; or 

iii)  Ra, Rb  and Re are each independenlty hydrogen, hydroxyl, (1-4C)alkyl, (2-

4C)alkenyl, (2-4C)alkynyl, halo or trihaloalkyl, and 

Rd and Re are each independently hydrogen, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-

4C)alkynyl or trihaloalkyl; or 

iv) Ra, Rb, Rd  and Re are each independently hydrogen, hydroxyl, (1-4C)alkyl, (2-

4C)alkenyl, (2-4C)alkynyl, halo or trihaloalkyl, and 

Rc is hydrogen, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl or halo. 

 

4. The catalytic composition of claim 1, 2 or 3, wherein each Y is independently selected 

from hydroxyl or a phenyl group that is optionally substituted with one or more groups 

selected from fluoro, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl and 

trifluoroalkyl. 

 

5. The catalytic composition of any preceding claim, wherein each Y is independently 

selected from hydroxyl or a phenyl group that is optionally substituted with one or 

more groups selected from fluoro, (1-4C)alkyl and trifluoromethyl. 

 

6. The catalytic composition of any preceding claim, wherein each Y is independently 

selected from hydroxyl or a phenyl group that is optionally substituted with one or 

more groups selected from fluoro and trifluoromethyl. 

 

7. The catalytic composition of any preceding claim, wherein Ra-Re are independently 

hydrogen, hydroxyl, (1-4C)alkyl, 2-4C)alkenyl, (2-4C)alkynyl, fluoro or trifluoroalkyl. 

 

8. The catalytic composition of any preceding claim, wherein Ra-Re are independently 

hydrogen, (1-4C)alkyl, fluoro or trifluoroalkyl. 
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9. The catalytic composition of any preceding claim, wherein Ra-Re are independently 

hydrogen, methyl, ethyl, tert-butyl, fluoro or trifluoromethyl. 

 

10. The catalytic composition of any preceding claim, wherein Rf is (1-4C)alkyl, 

trihaloalkyl or a phenyl group that is optionally substituted with one or more groups 

selected from hydroxyl, (1-4C)alkyl, halo and trihaloalkyl. 

 

11. The catalytic composition of any preceding claim, wherein Rf is (1-4C)alkyl, 

trihaloalkyl or p-toluenyl. 

 

12. The catalytic composition of any preceding claim, wherein Rf is methyl, ethyl, 

trifluoromethyl or p-toluenyl. 

 

13. The catalytic composition of any preceding claim, wherein the mole ratio of the 

compound of formula (I) or (II) to the solid polymethylaluminoxane within the solid-

phase support material ranges from 0.0001:1 to 0.1:1. 

 

14. The catalytic composition of any preceding claim, wherein the mole ratio of the 

compound of formula (I) or (II) to the solid polymethylaluminoxane within the solid-

phase support material ranges from 0.0001:1 to 0.075:1. 

 
15. The catalytic composition of any preceding claim, wherein the mole ratio of the 

compound of formula (I) or (II) to the solid polymethylaluminoxane within the solid-

phase support material ranges from 0.0001:1 to 0.05:1. 

 

16. The catalytic composition of any preceding claim, wherein the compound of formula 

(I) or (II) is selected from one or more of the following: 
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17. The catalytic composition of any preceding claim, wherein the compound of formula 

(I) or (II) is selected from one or more of the following: 

 

 

 

18. The catalytic composition of any preceding claim, wherein the compound of formula 

(I) or (II) is selected from one or more of the following: 

 



 
 

52 
 

 

 

19. The catalytic composition of any preceding claim, wherein the solid-phase support 

material has an aluminium content of 23 to 40 wt%. 

 

20. The catalytic composition of any preceding claim, wherein the BET surface area of the 

solid-phase support material is 10.0 to 20.0 m2mmolAl
-1. 

 

21. The catalytic composition of any preceding claim, wherein  

R3 and R4 are each independently hydrogen or (1-4C)alkyl, or R3 and R4 are linked 

such that, when taken in combination with the atoms to which they are attached, they 

form a 6-membered fused aromatic ring optionally substituted with one or more 

groups selected from methyl, ethyl and tert-butyl; 

R5 and R6 are each independently hydrogen or (1-4C)alkyl, or R5 and R6 are linked 

such that, when taken in combination with the atoms to which they are attached, they 

form a 6-membered fused aromatic ring optionally substituted with one or more 

groups selected from methyl, ethyl and tert-butyl; and 

R7 and R8 are each independently hydrogen or (1-4C)alkyl, or R7 and R8 are linked 

such that, when taken in combination with the atoms to which they are attached, they 

form a 6-membered fused aromatic ring optionally substituted with one or more 

groups selected from methyl, ethyl and tert-butyl. 

 

22. The catalytic composition of any preceding claim, wherein  

R3 and R4 are each independently hydrogen or (1-4C)alkyl, or R3 and R4 are linked 

such that, when taken in combination with the atoms to which they are attached, they 
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form a 6-membered fused aromatic ring optionally substituted with one or more 

groups selected from methyl, ethyl and tert-butyl; 

R5 and R6 are each independently hydrogen or (1-4C)alkyl, or R5 and R6 are linked 

such that, when taken in combination with the atoms to which they are attached, they 

form a 6-membered fused aromatic ring optionally substituted with one or more 

groups selected from methyl, ethyl and tert-butyl; and 

R7 and R8 are each independently hydrogen or (1-4C)alkyl, or R7 and R8 are linked 

such that, when taken in combination with the atoms to which they are attached, they 

form a 6-membered fused aromatic ring optionally substituted with one or more 

groups selected from methyl, ethyl and tert-butyl. 

 

23. The catalytic composition of any preceding claim, wherein Q is absent, or is a bridging 

group selected from -CH2- or -CH2CH2-, either or which may be optionally substituted 

with one or more groups selected from (1-4C)alkyl and phenyl, or Q is a bridging 

group -Si(R9)(R10)-, 

wherein R9 and R10 are independently (1-4C)alkyl or aryl. 

 

24. The catalytic composition of any preceding claim, wherein X’ is zirconium. 

 

25. The catalytic composition of any preceding claim, wherein each Y’ group is 

independently selected from halo, hydride and (1-6C)alkyl. 

 

26. The catalytic composition of any preceding claim, wherein the compound of formula 

(III) is supported on the solid polymethylaluminoxane that has been modified by 

reaction with the compound of formula (I) or (II), and the solid-phase support material 

is devoid of any additional species that is capable of supporting the compound of 

formula (III). 

 

27. The catalytic composition of any preceding claim, wherein the solubility in n-hexane at 

25°C of the solid polymethylaluminoxane used in the reaction with the compound of 
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formula (I) or (II) is 0-2 mol%, and the solubility in toluene at 25°C of the solid 

polymethylaluminoxane used in the reaction with the compound of formula (I) or (II) is 

0-2 mol%. 

28. A method of preparing a catalytic composition as claimed in any preceding claim, the 

method comprising the steps of: 

a)  providing a solid-phase support material as defined in any one of claims 1 to 27; 

b)  contacting the solid-phase support material of step a) with a compound of formula 

(III) as defined in any one of claims 1 to 27; and 

c)  isolating the catalytic composition resulting from step b). 

 

29. The method as claimed in claim 28, wherein step a) comprises: 

i) providing a solid polymethylaluminoxane in a first solvent; 

ii) contacting the solid polymethylaluminoxane of step i) with a compounds of 

formula (I) or (II) as defined in any preceding claim; and 

iii) isolating the solid-phase support material formed from step b); 

wherein the mole ratio of the compound of formula (I) or (II) to the solid 

polymethylaluminoxane used in step ii) ranges from 0.0001:1 to 0.3:1. 

 

30. The method of claim 29, wherein the compound of formula (I) or (II) used in step b) is 

provided in a second solvent. 

 

31. The method of claim 29 or 30, wherein step ii) is conducted at a temperature of 18-

150°C. 

 

32. The method of any of claims 29, 30 or 31, wherein step ii) is conducted at a 

temperature of 10-65°C. 
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33. The method of any of claims 29 to 32, wherein step ii) is conducted at a temperature 

of 18-50°C. 

 

34. The method of any of claims 29 to 33, wherein step ii) is conducted at a temperature 

of 18-35°C. 

 
35. The method of any of claims 29 to 34, wherein step ii) further comprises the step of 

sonicating the mixture of the solid polymethylaluminoxane and the compound of 

formula (I) or (II). 

 

 
36. The method of claim 35, wherein the ultrasonic frequency is > 15 kHz.  

 
 

37. The method of any of claims 29 to 36, wherein the mole ratio of the compound of 

formula (I) or (II) to the solid polymethylaluminoxane used in step ii) ranges from 

0.0001:1 to 0.1:1. 

 

38. The method of any of claims 29 to 37, wherein the mole ratio of the compound of 

formula (I) or (II) to the solid polymethylaluminoxane used in step ii) ranges from 

0.0001:1 to 0.075:1. 

 
39. The method of any of claims 29 to 38, wherein the mole ratio of the compound of 

formula (I) or (II) to the solid polymethylaluminoxane used in step ii) ranges from 

0.0001:1 to 0.05:1. 

 
40. The method of any of claims 29 to 39, wherein step i) comprises the steps: 

precipitating a solid polymethylaluminoxane from a reaction medium, 

isolating the precipitated solid polymethylaluminoxane from the reaction 

medium, and 

dispersing the isolated solid polymethylaluminoxane in the first solvent. 
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41. A use of a catalytic composition as claimed in any of claims 1 to 27 as a 

polymerisation catalyst for the preparation of a polyolefin. 

 

42. The use according to claim 41, wherein the polyolefin is polyethylene. 

 

43. The use according to claim 41, wherein the polyolefin is a copolymer formed from 

ethene monomers comprising 1-10 wt%, by total weight of the monomer, of one or 

more (4-8C) α-olefin. 

 


