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CLAIMS 

1. A catalyst system comprising: 

a metal–ligand complex according to formula (I):  

 

(I) 

where: 

M is a metal chosen from titanium, zirconium, or hafnium, the metal 

having a formal oxidation state of +2, +3, or +4;  

each X is a monodentate ligand that, independently from any other 

ligands X, is a halogen, unsubstituted (C1−C20)hydrocarbyl, 

unsubstituted  (C1−C20)hydrocarbylC(O)O-, or RKRLN-, wherein 

each of RK and RL independently is an unsubstituted 

(C1−C10)hydrocarbyl; 

each Y is oxygen, sulfur, or NRN; 

n is 1 or 2; 

each R1 is chosen from (C1−C50)hydrocarbyl, (C1−C50)heterohydrocarbyl, 

(C6−C50)aryl, (C4−C50)heteroaryl, −Si(RC)3, −Ge(RC)3, −P(RP)2, 

−N(RN)2, −ORC, −SRC, −NO2, −CN, −CF3, R
CS(O)−, −P(O)(RP)2, 

RCS(O)2−, (RC)2C=N−, RCC(O)O−, RCOC(O)−, RCC(O)N(R)−, 

(RC)2NC(O)−, halogen, and –H, wherein each RN, RC, and RP is 

independently selected from the group consisting of 

(C1−C20)hydrocarbyl, (C1−C20)heterohydrocarbyl, and −H; 

Q is (C1−C12)alkylene, (C1−C12)heteroalkylene, (−CH2Si(RQ)2CH2−), 

(−CH2CH2Si(RQ)2CH2CH2−), (−CH2Ge(RQ)2CH2−), or 

(−CH2CH2Ge(RQ)2CH2CH2−), where RQ is (C1−C20)hydrocarbyl; 
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for each individual ring containing groups, one of z
1
 and z

2
 is a sulfur 

atom, and the other of z
1
 and z

2
 is -C(H)-; 

each R4a, R5a, R6a, and R7a is independently chosen from 

(C1−C50)hydrocarbyl, (C1−C50)heterohydrocarbyl, (C6−C50)aryl, 

(C4−C50)heteroaryl, −Si(RC)3, −Ge(RC)3, −P(RP)2, −N(RN)2, −ORC, 

−SRC, −NO2, −CN, −CF3, R
CS(O)−, −P(O)(RP)2, R

CS(O)2−, 

(RC)2C=N−, RCC(O)O−, RCOC(O)−, RCC(O)N(R)−, 

(RC)2NC(O)−, halogen, and –H, in which optionally R4a and R5a, 

or R5a and R6a, or R6a and R7a, may be covalently connected to 

form an aromatic ring or a non-aromatic ring; 

each RC, RN, and RP in formula (I) is independently selected from the 

group consisting of (C1−C20)hydrocarbyl, 

(C1−C20)heterohydrocarbyl, and −H; and  

a chain transfer agent. 

2. The catalyst system of claim 1 further comprising a second catalyst. 

3. The catalyst system of claim 1 or claim 2, wherein each R1 may be chosen from 

carbazol, carbazol-9-yl substituted with RS or more than one RS, phenyl, phenyl substituted with 

RS or more than one RS, anthracenyl, anthracene-9-yl substituted with RS or more than one RS, 

naphthyl, or naphthyl substituted RS or more than one RS, in which RS may be a 

(C1−C30)hydrocarbyl, wherein RS may be chosen from (C1−C12)alkyl, (C6−C15)aryl, or 

(C3−C12)cycloalkyl.   

4. The catalyst system of claim 1 or claim 2, wherein R1 is chosen from carbazol-9-yl, 3,6-

di-tert-butylcarbazol-9-yl, 3,6-bis-(3,5-di-tert-butylphenyl)carbazol-9-yl, 2,7-di-tert-

butylcarbazol-9-yl, anthracene-9-yl, 3,5-di-tert-butylphenyl, 1,1':3',1''-terphenyl-5'-yl, 3,3'',5,5''-

tetra-tert-butyl-1,1':3',1''-terphenyl-5'-yl.  

5. The catalyst system of any one of the preceding claims, wherein z1 is sulfur. 

6. The catalyst system of any one of claims 1 – 4, wherein z2 is sulfur. 

7. The catalyst system of any one of the preceding claims, wherein Y is oxygen. 



 

 

 

161 

 

8. The catalyst system of any one of the preceding claims further comprising one or more 

cocatalysts. 

9. The catalyst system of any one of the preceding claims, wherein the metal−ligand 

complex is any one of Procatalyst 1 – 52: 

 

Procatalyst 1 

 

Procatalyst 2 

 

Procatalyst 3 

 

Procatalyst 4 

 

Procatalyst 5 

 

Procatalyst 6 



 

 

 

162 

 

 

Procatalyst 7 

 

Procatalyst 8 

 

Procatalyst 9 

 

Procatalyst 10 

 

Procatalyst 11 

 

Procatalyst 12 

 

Procatalyst 13 

 

Procatalyst 14 
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Procatalyst 15 

 

Procatalyst 16 

 

Procatalyst 17 

 

Procatalyst 18 

 

Procatalyst 19 

 

Procatalyst 20 

 

Procatalyst 21 

 

Procatalyst 22 
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Procatalyst 23 

 

Procatalyst 24 

 

Procatalyst 25 

 

Procatalyst 26 

 

Procatalyst 27 

 

Procatalyst 28 

 

Procatalyst 29 

 

Procatalyst 30 
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Procatalyst 31 

 

Procatalyst 32 

 

Procatalyst 33 

 

Procatalyst 34 

 

Procatalyst 35 

 

Procatalyst 36 
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Procatalyst 37 

 

Procatalyst 38 

 

Procatalyst 39 

 

Procatalyst 40 

 

Procatalyst 41 

 

Procatalyst 42 



 

 

 

167 

 

 

Procatalyst 43 

 

Procatalyst 44 

 

Procatalyst 45 

 

Procatalyst 46 

 

Procatalyst 47 

 

Procatalyst 48 
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Procatalyst 49 

 

Procatalyst 50 

 or 

Procatalyst 51 

 

Procatalyst 52. 

 

10. The catalyst system of claim 1, wherein each monodentate ligand X is a chlorine atom, 

(C1−C10)hydrocarbyl, unsubstituted (C1−C10)hydrocarbylC(O)O-, or RKRLN-, wherein each of 

RK and RL independently is an unsubstituted (C1−C10)hydrocarbyl. 

11. The catalyst system of claim 1, wherein X is benzyl, phenyl or chloro. 

12.  A process for polymerizing ethylene-based polymers, the process comprising contacting 

ethylene and one or more (C1−C20)α-olefin in the presence of one or more catalysts systems 

according to any one of the preceding claims. 
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