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The use of Lewis acid AlCl3 as a promoter in the Pd-complex catalytic system  

of the cyclohexene hydroethoxycarbonylation reaction 

This paper presents the results of detailed studies of the possibility of using Lewis acid AlCl3 as a promoter of 

the catalytic three-component system PdCl2(PPh3)2–PPh3–AlCl3 in the hydroethoxycarbonylation reaction of 

cyclohexene at low carbon monoxide pressures (2.5 MPa). As a result a high catalytic activity of the three-

component system was established and the reaction proceeds regioselectively with the formation of ethyl ether 

of cyclohexanecarboxylic acid. The optimal conditions of the process have been elaborated (molar ratio of the 

starting reagents [Cyclohexene]:[Ethanol] = 1:1; molar ratio of the components of the catalytic system = 

= [PdCl2(PPh3)2]:[PPh3]:[AlCl3] = 1:6:9; carbon monoxide pressure PCO = 2.5 MPa; process temperature 

T = 120 °C and reaction time τ = 5 h) at which the target product yield reaches 80.7 %. To identify the obtained 

ethyl ester of cyclohexane carboxylic acid gas chromatographic analysis and mass- and IR- spectra were carried 

out. Based on the data obtained, a possible mechanism of the reaction route of cyclohexene carbonylation with 

carbon monoxide and ethanol in the presence of the three-component system PdCl2(PPh3)2–PPh3–AlCl3 is pro-

posed and discussed.  
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Introduction 

Production technologies based on the use of carbon oxides are being developed recently throughout the 

world. Development of processes based on carbon monoxide use is motivated by a number of reasons. One of 

key reasons is the need to use alternative sources of raw materials. Starting from 40’s of XIX century oil was 

the main source of raw material for chemical production, and petrochemicals production on its basis developed 

fast. However, a trend of crude production slowdown is observed today and effective processes that will be 

able to replace it are being searched for [1–3].  

The carbonylation method is used, on an industrial scale, in the synthesis of carboxylic acids, hydroxy-

acids, acid anhydrides, lactones, alcohols, ethers and esters, aldehydes and ketones. Many of these reactions 

have been well-studied and developed but a number of processes still undergo the search for catalyst systems 

with relatively high activity and selectivity. 

It is possible to synthesize compounds with a large number of carbonyl groups having practical im-

portance by carbonylation of unsaturated compounds. Interest to this reaction is preconditioned by the possi-

bility of recovery of unsaturated compounds from non-petroleum raw material (natural gas, coal) [1–4]. 

The interaction of olefins with CO and H2O leads to the formation of linear or branched carboxylic acids. 

Esters of carboxylic acids are obtained by replacing water with alcohol. The structure of the obtained esters 

depends primarily on the nature of the catalysts used, as well as the conditions of their use. Derivatives of 
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