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Abstract 
The article discusses the study of cycloalkylation reactions with 1- and 3-

methylcyclohexanes in a pilot device operating continuously in the 

presence of zeolite-Y catalyst impregnated with orthophosphate acid of p-

cresol. As a result of the research, the effect of kinetic factors on the yield 

and selectivity of the target products - 2-methylcyclohexyl-4-

methylphenols - temperature, mole ratios and volume velocity of the initial 

components was studied. To find the effective yield and selectivity of 

2[1(3)-methylcyclohexyl]-4-methylphenols, the reaction temperature was 

studied at 80-140 
o
C, the molar ratio of p-cresol to methylcyclohexene from 

0.5:1 to 2:1, and the volume rate was studied in the range of 0.2 to 1.0 h
-1

. 

The low yield of the target product is explained by the low kinetic energy 

of the molecules of the primary components at low temperatures, and the 

low selectivity is due to the obtaining of cycloalkylphenyl esters in the 

process. As the temperature increases, the alkyl groups of cycloalkylphenyl 

esters migrate to the ortho-state (Claisen grouping) and ortho-

methylcyclohexyl-p-cresol is obtained. The reaction temperature is one of 

the main factors influencing the yield of target products and the selectivity 

of the process in the study of catalytic cycloalkylation reactions of p-cresol 

with 1 (3)-methylcyclohexene. It was found that the yield and selectivity of 

the target products are low at low temperatures of cycloalkylation reactions. 

It was determined that under optimal reaction conditions to carry out the 

cycloalkylation process: at a temperature 120
o
C, in the molar ratio of p-

cresol to 1(3)- methylcyclohexene 1:1, at the volume speed 0.5 h
–1

 values - 

the yield of 2[1(3)- methylcyclohexyl]-4-methylphenols is 64.7-67.3% for 

the p-cresol and the selectivity is 94.5-96.2% for the target product. The 

chemical structures of the synthesized 2[1(3)-methylcyclohexyl]-4-

methylphenols were confirmed by IR, 
1
H, 

13
C NMR spectroscopic methods, 

physico-chemical parameters were determined 

Keywords:  p-cresol, methylcyclohexane, zeolite-Y, cycloalkylation,  

2[1(3)-methylcyclohexyl]-4-methylphenols 

Introduction 

Although 130 years have passed since the alkylation reactions of phenol, this issue remains 

important and actual today. The German scientist Koenig first carried out an alkylation reaction 
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of phenol with isoamylene in the presence of sulphuric acid as a catalyst in 1890. Today, a large 

number of catalysts are used for the alkylation reactions of phenol: sulphate, phosphate, acetic 

acid, BF3, KU-2, aluminosilicates, etc. [1-7]. It is known that the alkylphenols obtained on the 

basis of aliphatic hydrocarbons increase their antioxidant capacity with the increase of the alkyl 

group from methyl to octyl. However, at high temperatures, the octyl group is not stable, 

decomposes, and the obtained radicals themselves act as oxidants. In this regard, cycloalkyl 

radicals are more stable and resistant to high temperatures [8-10]. 

Based on the results of laboratory studies of the catalytic cycloalkylation reactions of p-

cresol with methylcyclohexanes in an intermittent device [11], it was recommended that the 

process be carried out in a continuous pilot device. 

The results of the study of cycloalkylation reactions with 1-methylcyclohexene (1-MCH) 

and 3-methylcyclohexene (3-MCH) in a continuously operating pilot device in the presence of 

zeolite-Y catalyst impregnated with ortho-phosphate acid of p-cresol are presented in the article. 

Experimental Part 

Newly purified p-cresol as a raw material, 1-methylcyclohexane (Tboil.=110-111
o
C,                 

20

Dn =1.4500, 20

4 =0.8200, purity 99.8%) and 3-methylcyclohexane (Tboil.=103-104
o
C,                     

20

Dn =1.4530, 20

4 =0.8142, mole weight 96, purity 98%) was used for the production of 2[1(3)-

methylcyclohexyl]-4-methylphenols. 

The catalyst is prepared by a known method [12]. 

Catalytic cycloalkylation reactions of p-cresol with methylcyclohexanes were carried out 

in a continuous pilot device. 

The scheme of the device is given in Fig. 1. 

The calculated amount from the capacity of p-cresol (1), methylcyclohexane (2) is added to 

the mixer (3). Given that the melting point of p-cresol is 35
o
C, the temperature in the container is 

maintained at 40
o
C. p-cresol and methylcyclohexene are given to the lower part of the reactor 

after mixing in a mixer. The reactor is filled with catalyst. The mixture passes through the 

catalyst and exits the top of the reactor, after cooling in the refrigerator (5), it is sent to the 

alkylate container (6) and from there to rectification. In rectification, first methylcyclohexanes at 

atmospheric pressure, and then in vacuum (1333 Pa) p-cresol and target products are separated, 

their purity, physical and chemical parameters are determined.  

The chemical structures of the obtained products were confirmed by spectroscopic 

methods. 

The structures of the synthesized substances were determined by IR, NMR 
1
H and 

13
C 

analysis methods. IR spectra were drawn on the “ALPA IR-Fourier” spectrometer manufactured 

by the German company “Bruker”, and the 
1
H and 

13
C NMR spectra were drawn on acetone-d6, 

D2O, CDCl3 and CCl3 solvents at 300.10 MHz, respectively, on the Bruker TOP SPIN device. 

The elemental composition of the target products was determined in the device "Leco Eupore 

B.V" (VOUERSWEG 118-6161 AG GELEEN-NEDERLAND; Postbus 1174-6160 BO 

GELLEN). 
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Fig. 1. Principal technological scheme of catalytic cycloalkylation of p-cresol with 

methylcyclohexanes: 1 - capacity for p-cresol; 2 - capacity for cyclene; 4 - mixer;                
3, 5 - pump; 6 - reactor; 7 - refrigerator; 8 - capacity for alkylate 

Results and Discussions 
To research the interaction of p-cresol with 1(3)-methylcyclohexenes in a continuously 

operating device in the presence of zeolite-Y catalyst impregnated with orthophosphate acid, the 
effect of various factors on the yield and selectivity of target products - temperature, volume, 
velocity and mole ratios of primary components were studied. To find the effective yield and 
selectivity of 2[1(3)-methylcyclohexyl]-4-methylphenols the reaction temperature was 80-140

o
C, 

the molar ratio of p-cresol to methylcyclohexene was 0.5:1 to 2:1, and the volume rate was 
studied in the range of 0.2-1.0 h

–1
. 

Fig. 2 shows the results of the cycloalkylation reaction of p-cresol with 1-methylcyclo-
hexane. 

 
 Fig. 2. Yield (1) and selectivity (2) of 2(1-methylcyclohexyl)-4-methylphenol from 

temperature (a), from the mole ratio of p-cresol to 1-MCH (b) and the volume 
speed (c) dependence curves 
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As the temperature increases, the alkyl groups of cycloalkylphenyl esters migrate to the 

ortho-state (Claisen grouping) and ortho-methylcyclohexyl-para-cresol is obtained: 

 
At a reaction temperature of 120

o
C, the yield of the target product is 67.3%, and the 

selectivity is 96.2% due to the target product. It is impossible to achieve such a serious result 

with subsequent increases in temperature: at 140
o
C the yield is 65.1%, and the selectivity is 

88.4%. This is explained by the obtaining of undesirable products at high temperatures. 

One of the main factors influencing the yield and selectivity of 2[1-methylcyclohexyl]-4-

methylphenol is the mole ratios of the primary components. Figure 2 shows that when the 

concentration of 1-MCH in the mixture of components supplied to the reactor is doubled, the 

yield of the target product is 38.7% and the selectivity is 68.4%. The low yield and selectivity 

are explained by the combination of second cyclene to the obtained 2[1-methylcyclohexyl]-4-

methylphenol. 

 

Fig. 2 shows that the yield of p-cresol in the 1-MCH 1:1 mole ratio is 67.3% and the 

selectivity is 96.2%. It is not possible to achieve such an effective result by increasing the 

concentration of para-cresol in the mixture of components, although the yield increases to 

73.3%, but the selectivity for the target product decreases to 91.7%. On the other hand, the 

removal of any of the primary components is not economically and technologically useful. 

One of the main factors influencing the yield and selectivity of the target product is the 

time of contact of the primary components with the catalyst. It can be seen from Fig. 2 that it is 

possible to achieve efficient yield and selectivity of the target product at the volume speed of 0.5 

h
–1

 of components. 

Thus, the optimal conditions for the cycloalkylation reaction were found in a pilot device 

operating continuously with 1-methylcyclohexene in the presence of zeolite-Y catalyst 

impregnated with ortho-phosphate acid of p-cresol: temperature - 120
o
C, the mole ratio of p-

cresol to 1-MCH 1:1 mol/mol, volume speed - 0.5 h
–1

. Under these conditions, the yield of the 
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target product - 2(1-methylcyclohexyl)-4-methylphenol is 67.3% for p-cresol, the selectivity is 

96.2% for the target product. 

The IR and 
1
H, 

13
C NMR spectra of 2(1-methylcyclohexyl)-4-methylphenol are shown in 

Fig. 3, 4, and 5. 

The following sliding strips were observed in the IR spectrum of 2(1-methylcyclohexyl)-4-

methylphenol (Figure 3): 814, 878 cm
–1

 – 1,2,4-replaced benzene ring; 1063, 1124, 1171 cm
–1

 – 

deformation slip of O – H group in phenol; 1243, 1274 cm
–1

 – C–O bond in phenol ; 3496 cm
–1

 – 

valence slip of O – H bond in OH group; 1500 cm
–1

 – benzele ring; 1603 cm
–1

 – C = C bond of 

benzene; 1339, 1370, 1403, 1443 cm
–1

 – deformation sliding of CH3 və CH2 groups; 2855, 2919, 

2964, 2984 cm
–1

 – valence sliding of CH3 və CH2 groups. 

Results of 
1
H NMR spectroscopic study of 2(1-methylcyclohexyl)-4-methylphenol 

(CDCl3, δ, ppm): 1.38 (singlet, 3H, CH3); 1.54-2.22 (multiplet, 10H, 5CH2); 2.33 (singlet, 3H, 

CH3); 4.61 (singlet, 1H, OH); 6.57-6.60 (d, 1H, arom.); 6.90-6.93 (d, 1H, arom.); 7.4 (singlet, 

1H, arom.) (Fig.4). 

Results of 
13

C NMR spectrum (CDCl3, δ, ppm): 20.9 (CH2, in a cycle); 22.8 (2CH2, cycle); 

25.6 (CH3, cycle); 26.6 (CH3, arom. in the ring); 36.9 (2CH2, cycle); 37.8 (C, cycle); 116.8 (CH, 

arom.); 127.0 (CH, arom.); 128.8 (CH, arom.); 129.6 (C, arom.); 135.2 (C, arom.); 152.0 (C–O, 

arom.) (Fig. 5). 

 

 
Fig. 3. IR spectrum of 2(1-methylcyclohexyl)-4-methylphenol 
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Fig. 4. 

1
H NMR spectrum of 2(1-methylcyclohexyl)-4-methylphenol  

 

 

 
 

Fig. 5. 
13

C NMR spectrum of 2(1-methylcyclohexyl)-4-methylphenol 
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Similarly, cycloalkylation reactions with 3-methylcyclohexene were carried out in a pilot 

device operating continuously in the presence of a phosphate-containing zeolite-Y catalyst of p-

cresol under the above conditions. Under these conditions, the yield of 2(3-methylcyclohexyl)-4-

methylphenol is 64.7%, and the selectivity is 94.5% for the target product. 

The IR and 
1
H, 

13
C NMR spectra of 2(3-Methylcyclohexyl)-4-methylphenol correspond to 

the spectra of first substance. 

As a result of chromatographic studies, it was determined that the purity of 2(1-

methylcyclohexyl)-4-methylphenol is 99.5%, and the purity of 2(3-methylcyclohexyl)-4-

methylphenol is 98.4%.  

Physical-chemical properties of 2[1(3) -methylcyclohexyl]-4-methylphenols are given in 

the Tab.1. 

Table 1. Physical-chemical properties of 2[1(3)-methylcyclohexyl]-4-methylphenols 

Structural formula Tboil.., 
o
C 

(1333 Pa) 

Tmelt.., 
o
C 

Mol mas. Element composition, % 

Calculated Found Calculated  Found  

C H C H 

 

167-170 45 204 204 82.4 9.8 82.0 9.6 

 

161-163 41 204 204 82.4 9.8 81.8 9.4 

The table shows that the molar weights and element weights of 2[1(3)-methylcyclohexyl]-

4-methylphenols correspond to the calculated values. 

CONCLUSIONS 
Cycloalkylation reactions with 1(3)-methylcyclohexanes were studied in a continuously 

operating pilot device in the presence of zeolite-Y catalyst impregnated with orthophosphate acid 

of p-cresol. 

It was determined that under the found optimal conditions, the yield of 2[1(3)-

methylcyclohexyl]-4-methylphenols was 64.7-67.3% for the p-cresol and the selectivity was 

94.5-96.2% for the target product. 
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