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Abstract: A novel non-metallocene titanium complex was synthesized, and used as the catalyst for ethylene polymerization. It 

results in an acceptable activity, affording the polyethylene with ultra high molecular weights, and relative broad molecular 

weight distributions. Moreover, the molecular weight almost doesn’t change with the change of Al/Ti ratio. 
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1. Introduction 

Non-metallocene catalysts for olefin polymerization 

attracted much attention [1,2]. One reason for the 

development is to avoid the intellectual property right of a 

IVB transition metal compounds with cyclopentadienyl 

group(s) (metallocene and half-metallocene systems), the 

other reason, more importantly, is to pursue the better 

polymerization behavior and the better properties of the 

produced resin. Among the studies of non-metallocene 

catalyst, the VIB transition metal compound is still the most 

important [2-6]. Complexes of the VIB transition metal with a 

chelating dianionic ligand showed excellent abilities for olefin 

polymerization [7-15], because of the similar electronic and 

structural environments to metallocene complexes [7].  

We report a novel titanium catalyst system based on a 

chelating alkoxy-phenoxo ligand for ethylene polymerization. 

The catalyst exhibits the acceptable activities. Importantly, the 

novel catalyst produces the polyethylene with ultra high 

molecular weight. 

2. Experimental 

2.1. General Procedure 

All experiments were carried out under a nitrogen 

atmosphere in a Vacuum Atmospheres drybox or using 

standard Schlenk techniques, unless otherwise specified. All 

chemicals used were of reagent grade and were purified by 

standard purification procedures. Toluene, xylene, and 

tetrahydrofunan (THF) were distilled in the presence of 

sodium and benzophenone under a nitrogen atmosphere, and 

were stored in a Schlenk tube in the drybox over molecular 

sieves. 2-Bromophenol, butyllithium (2.5 M in hexanes) and 

benzophenone were purchased from Acros. Titanium 

tetraisopropoxide was purchased from Strem. 

Methylaluminoxane (MAO) solution (10 Al-wt % in toluene) 

was purchased from Albemarle Corp and used as received. 

2.2. Synthesis of Ligand 

Ligand was synthesized according to a modified procedure 

in reference (see Sch. 1) [16]. 2-Bromophenol was dissolved 

in tetrahydrofunan (THF, 50.0 mmol/50mL) under the 

nitrogen atmosphere. After butyllithium (n-BuLi, 105.0 mmol, 

2.5 M in hexanes, 42.0 mL) was slowly added at -15 
o
C, the 

mixture was stirred for approximately 20 hours at r.t., and then 

cooled down to 0 
o
C, benzophenone (50.0 mmol in 30 mL 

THF) was added dropwise. The reaction was continued for 

overnight at room temperature, and then refluxed for 2 hours. 

The mixture was cooled down to room temperature, and 

treated with saturated ammonium chloride aqueous solution. 

The oil phase was separated and dried with anhydrous sodium 

sulfate. After removing the solvent, the residue was dissolved 

in toluene and frozen until the white solid precipitated. 

Washed with hexane, the solid was separated in vacuum (1, 

yield 76%). 
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2.3. Synthesis of the Titanium Complex 

Ligand (1, 6.7 mmol) and titanium tetraisopropanolate 

(Ti(O
i
Pr)4, 6.7 mmol) were directly mixed in xylene (50 mL). 

The mixture was refluxed at 150 
o
C for 48 hours, and then 

cooled down to room temperature. Removed the most of the 

solvent, a minor amount of hexane was added. Yellow powder 

was obtained after freezing (2, yield 63%). 
1
H-NMR(CDCl3, 

25
o
C): δ= 0.6-1.6 (12H), 3.9-4.1  (2H), 6.5-6.8 (4H), 7.0-7.3 

(10H). 

 

Sch. 1. Synthesis of the alkoxy-phenoxo ligand and the titanium complex. 

2.4. Ethylene Polymerization 

Ethylene polymerizations were conducted in a 250 mL 

glass reactor, and detailed conditions were found in Tab. 1. 

Glass reactor was purged with nitrogen and charged with an 

ethylene atmosphere (1 atm). Toluene and the calculated 

amount of MAO solution were introduced. After the addition 

of a toluene solution of the catalyst, the mixture was stirred 

magnetically for 20 min. And then the mixture was poured 

into ethanol (EtOH, 150 mL) containing HCl (10 mL). The 

resultant polymer was collected on a filter paper by filtration, 

washed thoroughly with EtOH, and was then dried in vacuum. 

3. Results and Discussion 

 

Fig. 1. 1H-NMR spectrum of the titanium complex. 

The ligand was synthesized with 2-Bromophenol as the 

starting material. The modified procedure was adopted 

according to the reference [16]. The reaction of 

2-Bromophenol with 2 equiv. n-BuLi under the low 

temperature in THF gave the dilithiumphenoxide. And then, 

ligand (1 in Sch. 1) was obtained from the reaction of the 

dilithiumphenoxide with benzophenone, followed by 

hydrolysis with saturated ammonium chloride aqueous 

solution, with a yield of 76 %. The reaction of the ligand with 

titanium tetraisopropanolate under reflux produced the 

titanium complex, with a yield of 63 % (see Sch. 1). The 
1
H-NMR spectroscopy showed that some impurities contained 

in the final product (see Fig. 1). 

Tab. 1. Ethylene polymerization a. 

Runs Al/Ti Polymer(g) Activityb 
Mw

c 

(x106) 
MWDc 

1 500 0.19 1.14 1.28 5.92 

2 1000 0.24 1.44 1.29 5.24 

3 2000 0.35 2.10 1.18 5.61 

4 3000 0.39 2.34 1.19 6.02 

a, conditions: catalyst (2), 5 µmol, MAO cocatalyst, 1 atm ethylene, in toluene, 

total volume 30 mL, temperature 15 oC, time 20 min. b, polymerization 

activity in 105 g-Polymer/mol-Ti/hr. c. weight-averaged molecular weight of 

the polymer and molecular weight distribution (MWD), from GPC. 

Ethylene polymerization by the titanium complex 

combined with MAO was conducted. The conditions and 

results are collected in Tab. 1. 

 

Fig. 2. Relations of activities and molecular weight of PE with Al/Ti ratios. 

 

Fig. 3. GPC curves of PE. 
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Although some impurities contained in the titanium 

complex, the ethylene polymerization was efficient. By 

increasing the ratio of MAO to catalyst (Al/Ti), the 

increased profile of activities could be observed. At the 

Al/Ti ratio of 3000, 0.39g polyethylene was isolated, 

corresponding to an activity of 2.34x10
5
 

g-polymer/mol-Ti/hr, while the activity was 1.14x10
5
 

g-Polymer/mol-Ti/hr when the Al/Ti ratio was 500. This is 

consistent with the general observations in metallocene 

systems (also see Fig. 2) [17]. The activity is acceptable 

with the comparison to the previously reported 

non-metallocene catalyst with a dianionic chelating ligand 

[7-15]. 

Gel Permeation Chromatography (GPC) was used to 

determine the molecular weight and molecular weight 

distribution (MWD) of the resulted polymer on a Waters 

Alliance GPCV2000 at 150 °C with 1,2,4-trichlorobenzene as 

the eluent. It should be noted that the resultant polymers 

possess ultra high weight-averaged molecular weights (Mws) 

(see Tab. 1 and Fig. 2 and 3). In all polymerization runs, the 

Mws exceed one million. It is also valuable to emphasize 

that the molecular weight of polyethylene changed little 

while the amount of MAO changed. Generally, the more the 

amount of MAO used in the polymerization system, the 

lower the molecular weight of resultant polymer was, due 

to the aluminum compound with short alkyl chain(s) always 

plays as a chain-transfer agent. In this research, the 

molecular weight of the resultant polyethylene fluctuated 

within 10 percent, while the Al/Ti ratio changed from 500 

to 3000. The fact may indicate that the reaction of transfer 

to aluminum atom is not major in this polymerization. At 

the same time, in all polymerization runs, the molecular 

weight distribution (MWD) is observed somewhat broader 

than a typical observation of the olefin polymerization by 

single-site catalyst. The similarity of the GPC curves for all 

the polymer samples may imply that the Al/Ti ratio did not 

influence the molecular weight and its distribution so much 

(see Fig. 3). 

Although we don’t have an adequate evidence to 

interpret the ultra high molecular weight of the resultant 

polyethylene, we assume the unique structure of the 

catalyst precursor is the reason for the polymerization 

behavior and characteristics of the polyethylene. The bulky 

hindrance of the ligand impedes the chain transfer to 

aluminum, resulting in the high molecular weight. At the 

same time, the conjugated structure of the benzene rings 

reduces the electronegativity of oxygen atoms, which may 

cause the active site unstable to lower the activity, or cause 

the dissociation of one of the O-Ti bonds to result in the 

multi-site catalytic species in the polymerization system, 

and then broaden the molecular weight distribution. The 

existence of impurities may be another reason for the broad 

molecular weight distribution. 

4. Conclusions 

We have shown that the novel titanium complex containing 

a chelating phenol-alcohol ligand affords polyethylene with 

ultra high molecular weight. Although the reason for high 

molecular weight of polyethylene remains unclear, we assume 

the unique structure of the ligand plays an important role. 

Future work will be focused on the copolymerization of 

ethylene with various comonomers. And furthermore, effort 

will be devoted to the modification of the ligand to improve 

the catalytic activity and narrow the MWD of the polymer. 
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