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Abstract 

There have been investigated the cycloalkenylation reactions of the phenol 

with 3-vinylcyclohexene in the presence of modified zeolite-containing 

catalyst Zeokar-2M on laboratory installation of continuous action.  The 

identification of the purposeful product of n-cyclohexen-3-yl-ethylphenol was 

carried out by methods of 
1
Н NMR and IR spectroscopy. The influence of 

temperature, molar ratio of the phenol to vinylcyclohexene (VCH) and 

volume rate to the yield and composition of the reaction product of                  

n-cyclohexen-3-yl-ethylphenol, as a result of which the optimal conditions 

providing maximum yield of the target product have been found: temperature 

120
o
C, molar ratio of the phenol to 3-vinylcyclohexene as 1:1 mol/mol and 

volume rate 0.5 h
-1

. Under these conditions the yield of n-cyclohexen-3-yl-

ethylphenol constitutes 76.2 % from theoretical to taken phenol, and 

selectivity – 96.3 % on the target product 

Keywords: hydrocracking, mazout, suspended catalyst, aluminosilicates catalyst, 

gasoline, diesel fraction, n-cyclohexen-3-yl-ethylphenol 

Introduction  

Alkylphenols are initial raw materials for synthesis of high-efficiency antioxidants, 

stabilizers of polyolefins, synthetic rubber, additives to oils and fuels, bactericides, herbicides, as 

well as used in synthesis of precursors of new generation [1-5]. 

The phenol alkylation in the presence of various acid catalysts is known. Their application 

has been conjugated with various technical difficulties, formation of wastewaters, by-products 

and wastes, as well as large consumption of catalyst [6-11]. 

The purpose of this work is the investigation of the cycloalkenylation process with phenol 

3-vinylcyclohexene (VCH) with use of modified zeolite-containing catalyst Zeokar-2M on 

continuously acting installation. 

Experimental Part 

For realization of the cycloalkenylation reaction the phenol and 3-vinylcyclohexene were 

used as an initial raw materials, modified zeolite-containing Zeokar-2M (TU 38-101483-77) – as 

the catalyst. The phenol was used chemically pure, freshly distilled.   

The vinylcyclohexene was obtained by divinyl cyclodimerization [9], and then a narrow 

fraction was isolated on the column by a clear rectification.  For the alkylation reaction, 3-
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vinylcyclohexene was taken with purity 98.8 - 99.0 %, boiling temperature 130°C, n 20

D =1.4648, 

 20

4 = 0.8308, molecular weight of 108. 

The phenol and VCH from capacity in a certain ratio were fed into the mixer. The 

temperature in the phenol capacity was maintained at 45°C. The phenol and VCH after mixing 

were fed by pump to the bottom of the reactor. The mixture of components, passing through the 

catalyst layer, came out at the top of the reactor; alkylate after cooling in the refrigerator was 

collected in capacity, after which directed to the rectification. 

In rectification, at first at atmospheric pressure VCH and phenol (up to 200
о
С) not 

included in the reaction were distilled, and then under low pressure (5 mm merc.c.) the target 

reaction product was isolated and its purity and physical-chemical parameters were determined. 

The structure and composition of the products were determined by spectral methods and 

chromatographic analysis. 

Results and Discussion 

An interaction of the phenol with VCH in the presence of the catalyst proceeds with 

formation of n-substituted phenol: 

HO + HC

H2C

HO CH

CH3

 

In order to find the optimal conditions providing the maximum yield and composition of 

the reaction product of n-cyclohexen-3-yl-ethylphenol, the influence of temperature, molar ratio 

of phenol to VCH and volume rate were studied. 

The reaction temperature was changed in the range of 100-140
о
С, volume rate from 0.3 to 

0.7 h
-1

, molar ratio of the phenol of VCH was taken from 1:2 to 2:1 mol/mol.    

The results of the cycloalkenylation reaction of phenol with 3-vinylcyclohexene in the 

presence of the catalyst Zeokar-2M are presented in Fig.1. 

 

 

Fig.1. Dependence of yield (1) and selectivity (2) of n-cyclohexen-3-yl-ethylphenol on 

temperature, molar ratio of the initial components and volume raw materials feed  
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It is seen from Fig. that at temperature 120
о
С the highest yield of the purposeful product is 

achieved – 76.2% of the theory for phenol taken. In increase of the reaction temperature to 

140
о
С a yield of n-cyclohexen-3-yl-ethylphenol is decreased to 68.3 %, and selectivity to 81.8 

%.  As is seen from Fig. 1 (b), for increase of the conversion of VCH it is necessary to take the 

ratio of the phenol: VCH equal to 1:1. In increase of the concentration of VCH in the mixture of 

the initial components a yield of the purposeful product is increased by about 2-3%, but the 

selectivity of the process falls. This is explained by increase of the concentration of other 

isomers in alkylate. 

From cycloalkenylation reaction products of the phenol with VCH 2-mono, 2,4-, 2,6-di and 

2,4,6-trisubstituted cyclohexenylphenols have been isolated. 

With increase in the phenol concentration in the mixture of the initial components, the 

formation of cyclo-bisphenol was observed: 

 

 

The data obtained in the study of the volume feed rate of the mixture of the initial 

components are of interest. As is seen from Fig., in volume rate 0.5 h
-1 

a yield of n-cyclohexen-

3-yl-ethylphenol is 76.2 %, and selectivity – 96.3 % on purposeful product. 

Thus, for carrying out of the cycloalkenylation reaction of the phenol with 3-

vinylcyclohexene in the presence of the catalyst Zeokar-2 the optimal conditions are: 

temperature 120
o
С, molar ratio of the phenol to 3-vinylcyclohexene 1:1 mol/mol and volume 

rate 0.5 h
-1

. In these conditions a yield of n-cyclohexen-3-yl-ethylphenol is 76.2 % of theory for 

taken phenol, and selectivity – 96.3 % on purposeful product. 

All selected reaction products are characterized: the physical-chemical parameters are 

determined and the structural formulas are confirmed. 

The identification of the synthesized n-cyclohexen-3-yl-ethylphenol was carried out by 

methods of 
1
Н NMR and IR-spectroscopy. In 

1
Н NMR-spectrum of n-cyclohexen-3-yl-

ethylphenol there are a singlet of СН3-group in the field of 1.20 ppm, a multiplet with large peak 

(δ=1.77 ppm), a singlet 1.5 ppm characteristic for protons of СН2-, СН-hydrocarbon ring, a 

singlet in the field of  ОН-group 5-6  ppm, shifting into a strong field  in dilution and multiplet of 

1,4-substituted benzene ring corresponding approximately to the spectrum of AV type with 

average chemical shift 6.87 ppm and constant ν= 8.5±0.5 Hz [13]. 

The IR spectrum of the absorption of n-cyclohexen-3-yl-ethylphenol contains the bands in 

the field of 1505, 1592-1610 cm
-1 

(benzene ring), 3010, 3030 cm
-1

 (valence vibrations =СН2), 

OH-group is determined by band at 1240 cm
-1

 and in the field of 3100-3500 cm
-1

. The 

cyclhexene ring has been determined by bands of valence С-Н at 2920 and 2845 cm
-1

, and also 

bands at 1108, 1345 cm
-1

, characterizing δCH2 in cycle. Methyl group is characterized by 

deformation vibrations at 1370 and 1460 cm
-1 

[13]. 
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Table 1. Physical-chemical characteristics of п-cyclohexen-3-yl-ethylphenol 

 

Structural 

formula 

 

B.p.  

at 5 mm  

merc.c., ºC 

 

 

n 20

D  

 

 

ρ 40

4

 

Mol.weight Elemental 

composition,% 

calc. found calc. found 

  

  С Н С Н 

CH

CH3

HO

 

 

147-148 

 

1.5445 

 

1.0040 

 

202 

 

202 

 

83.2 

 

8.9 

 

83.9 

 

9.4 

Synthesized п-cyclohexen-3-yl-ethylphenol is applied as an intermediate product for the 

synthesis of aminomethylated and phosphated derivatives that are used as the antioxidants to 

diesel fuels and turbine oil T-46.  

Conclusion  

1. The cycloalkenylation reaction of the phenol with 3-vinylcyclohexene in the presence of 

modified zeolite-containing catalyst Zeokar-2M has been investigated.  

2. With the aim of achievement of the highest yield of the target product, the influences of 

various parameters on alkenylation reaction behavior have been investigated. It has been 

established that at temperature 120
о
С, at molar ratio of the phenol to VCH 1:1, in volume 

rate 0.5 h
-1 

a yield of n-alkyl phenol is 76.2 % of the theory for phenol taken and selectivity 

– 96.3 % on the target product. 
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