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ABSTRACT 

The oligomerization of ethylene was investigated using 2,4-dimethyl aniline as the catalyst. The aim of 

the research was to know whether 2,4-dimethyl aniline catalyze the formation of oligomer, the yield to 

which the pre-catalyst can be produced and the yield at which the end product is also produced. The 

reaction involved three steps; synthesis of ligand, synthesis of complex and ethylene oligomerization. 

From the results obtained, the yield of the ligand obtained was about 18.18% (0.128g). The complex 2,6-

bis[1-(2,4-dimethylphenylimino)ethyl]pyridine  has a concentration of 2.82 mg/L with a purity of  94%. 

These materials were characterized using various techniques, such as 1H NMR, 13C NMR, MS and IR to 

confirm the success of the synthesis. The overall reaction produced a good oligomer as product. So 

therefore we recommend 2,4-dimethyl aniline as a good precatalyst in ethylene oligomerization. 
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1. INTRODUCTION 

The oligomerization of ethylene is one of the most important industrial processes to obtain linear α-

olefins. Over the last 20 years, the field of olefin polymerization catalysis has seen a significant increase 

in research output, with many academic and industrial research centers working on the development of 

new organometallic precatalysts for the controlled synthesis of polyolefin products (Abdulhamid A. 

Alsaygh, 2013). Many review articles and original reports have been published on the oligomerization of 

olefins catalyzed by transition metal complexes over the last few decades (Guo et al., 2021). It has to do 

with the production of unsaturated hydrocarbon materials in the industrial sector. From the standpoint of 

catalytic and organometallic chemistry, the mechanistic studies are fascinating. For oligomerization, 

various complexes of early and late transition metals are used as catalysts (Takeuchi et al., 2021). 

The sophisticated ethylene-oligomerization process was developed by Shell and called the Shell Higher 

Olefin Process (SHOP) (Kurokawa et al., 2013). In the last decade of the 20th century, attractive 

catalysts, such as the α-diiminenickel complexes and bis(imino)pyridineiron complexes, were 

successively discovered by Brookhart et al. and Gibson et al. These complexes combined with MAO act 

as highly active catalysts for the oligomerization of ethylene to produce linear α-olefins (Britovsek et al., 

2000). As a result, many scientists have looked into different catalysts based on nickel, cobalt, and iron 

complexes (Kurokawa et al., 2013). It is thought that the mechanisms for reactions explored in this paper 

follows the mechanistic pathway as stated in Soroh et al., 2022; Bianchini et al., 2006. 
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The aim of this paper is to investigate 2,4-dimethyl aniline pre-catalysts, determining whether it can 

catalyze the formation of polymer or oligomer, the yield of the pre-catalyst, and the yield of the end 

product.  

 

2. EXPERIMENTAL SECTION 

2.1 Synthesis of 2,6-bis[1-(2,4-dimethylphenylimino)ethyl]pyridine ligand 

In a 25 ml round bottom flask, 2,4-dimethyl aniline (4.60 mmol, 0.57 ml), 2,6-diacetylpyridine (1.84 

mmol, 0.30g) and 5 ml absolute ethanol were added. To the mixture 2 drops of glacial acetic acid was 

added. The reaction temperature was increased to 1000C to allow the reaction mixture to reflux overnight, 

but the conversion percentage was not ideal according to the 1H NMR spectrum (the intermediates 

product were not isolated). The trial to separate the half-way product and the ligand by washing and 

filtering with methanol didn’t work. Therefore the worked-up components were collected, rotary 

evaporated, and put back to the reaction vessel for another two-days heating. After heating, the mixture 

was cooled by dry ice-acetone, filtered, washed by cold ethanol, and dried under reduced pressure to 

obtain the ligand. The ligand was then characterized by 1H NMR, 13C NMR, MS and IR. 
 

 

Scheme 1: Synthetic procedures to 2,6-bis[1-(2,4-dimethylphenylimino)ethyl]pyridine ligand. 

 

2.2 Synthesis of complex FeCl2(2,6-bis[1-(2,4-dimethylphenylimino)ethyl]pyridine) 

100 mg of the ligand was mixed with 69 mg of FeCl2·4H2O in 10 mL of dry THF under nitrogen 

atmosphere and ambient temperature, stirred. The reaction was kept on for two hours and the mixture 

turned dark blue. The complex generated was washed by hexane, filtered, dried under vacuum, and 

characterized by magnetic momentum, atomic absorption, melting point, MS, and IR. 

 

Scheme 2: Synthetic procedure for complex. 

2.3 Ethylene Oligomerisation 

5 mg of the pre-made complex and 1.33 mL of methylaluminoxane (MAO) were dissolved in 40 mL of 

dry toluene under nitrogen atmosphere. Ethylene was introduced into the Schlenk flask under room 

temperature for 30 minutes. The mixture turned pale orange after addition of MAO, and turned cloudy 

Soroh et al….. ..... nt. J. Innovative Biochem. & Microbio. Res. 10(2):1-5, 2022 



3 
 

after introduction of ethylene. 5 mL of hydrochloric acid was then added into the Schlenk flask to 

terminate the reaction. The organic layer was then extracted with diethyl ether and was dried over 

anhydrous MgSO4 followed by evaporation of the remaining solvents in a rotary evaporator. The 

oligomer produced was characterized by IR, 1H NMR and 13C NMR. The synthesis of oligomer is shown 

in Scheme 3. Toluene (40 mL) was used as a solvent. MAO was used as the co-catalyst. 

 

 

Scheme 3: Synthetic procedure for Ethylene Oligomerisation 

3. RESULTS AND DISCUSSION 

For 2,6-bis[1-(2,4-dimethylphenylimino)ethyl]pyridine ligand the  melting point detected was 140-144 

℃. 0.128g of the ligand was generated with a yield percentage of 18.8% which may be caused by the 

work-up and recollection during the process. The pale yellow solid generated was not a pure product 

which is indicated in the 1H NMR spectrum (fig 1.). By comparing the integration of the triplets on the 

aromatic area, the ratio of final product to halfway product is 0.0165/0.0056=3/1. So the purity of the 

ligand is about 75%. The triplets are identified by comparing to the 1H NMR monitoring the reaction 

process. The peaks at 267 and 370 m/z on the mass spectrum should be the halfway product and the final 

product of the ligand. 

 

 

Fig 1: NMR of ligand. 

For FeCl2(2,6-bis[1-(2,4-dimethylphenylimino)ethyl]pyridine), the melting point was beyond the range 

of the machine. The yield was 0.131g with a yield percentage of 97.5%. The mass spectrum is not suitable 

to characterize a complex. The peak at 370 m/z should be the ligand with a hydrogen, while the peak at 

460 might be LFeCl+. There are evidences that the complex decomposited during ionization process. The 

infrared spectrum shows a peak at 1621 cm-1 indicates the existence of N=C double bond. With the 
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absence of a C=O bond, the product should be the complex with fairly high purity (without halfway 

ligand or diacetyl pyridine). 

The effective magnetic moment of the precatalyst was determined by use of an Evans balance. An empty 

Guoy tube was weighed and had its reading in the balance recorded, before being tightly packed with pre-

catalyst up to 1.5 cm at which point both the mass and Evans reading were again recorded. Using this 

data, it was calculated using the below equations that the effective magnetic moment was 5.083, which 

fits the high spin Fe2+ component of the compound. 

Magnetic momentum: 

Mw Length/cm 
Weight 

(empty)/g 

Weight 

(loaded)/g 
R0 (empty) R (loaded) Temperature/K 

496 1.5 1.424 1.4548 -51 377 298 

χg=  

χm=χg  

χa=χm+2χCl+3χpyridine=0.01065+  

 

 

Fig 2: NMR of Oligomer. 

For the oligomer generated by the catalysis of MAO and FeCl2(2,6-bis[1-(2,4 

dimethylphenylimino)ethyl]pyridine), the ratio of saturated to unsaturated chain ends 

=0.2349/(0.0399+0.0833)=1.907. So the product contains tiny amount of α-olefin and majority of 

oligomer polyethylene. 
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Table 2: Yields obtained from the three steps. 

Compound Polymer/Oligomer Yield 1 Yield 2 Yield 3 

2,4-dimethyl aniline Oligomer 0.128g/18.8% 0.131g/97.5% 0.57g 

     

 

Table 3: Productivity of complexes 

Complex  Polyethylene Yield/g Productivity/g mmol-1 hour-1 

bar-1 

2,6-bis[1-(2,4-

dimethylphenylimino)ethyl]pyridine 

Oligomer 0.57 228 

 

Table 4: Purity of complex 

Complex  Concentration  Purity  

2,6-bis[1-(2,4-dimethylphenylimino)ethyl]pyridine 2.82 mg/L 94% 

 

CONCLUSION 

In conclusion, 2,4-dimethyl aniline as a precatalyst for ethylene oligomerization produced good oligomer 

as product. So therefore we recommend 2,4-dimethyl aniline to be used as a catalyst in ethylene 

oligomerization. 
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