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Abstract 
The reactions of cycloalkylation of phenol with ethyl esters of cyclohexene- and 
4-methylcyclohexenecarboxylic acid in presence of catalyst KU-23 were 
studied. It has been determined that in optimal reaction conditions: temperature 
of 110-120°С, reaction duration 4-5 hours, the molar ratio of phenol: ester 1 : 1 
mol/mol, the amount of catalyst 7-10%. Under these conditions the yield of 
ethyl esters of cyclohexanecarboxylic acid is 72.4-76.5% from theory for the 
phenol, and the selectivity – 92.7-94.4 % on target product. Phosphitation 
reactions of obtained 4-hydroxyphenylcyclohexanecarboxylic acids with 
phosphorus trichloride were carried out; in found optimal conditions the yield of 
tri[ethyl esters of 4(cyclohexane- and 4-methylcyclohexanecarboxylic acids)-
oxyphenyl] phosphites is 71.4-78.3% from theory. The obtained phosphites 
were tested as an antioxidant to the turbine oil T-46 

Keywords: phenol, ethyl esters, cyclohexane carboxylic acid, cycloalkylation, phosphorus 
trichloride, phosphitation, antioxidant 

Introduction 
Among a large number of petrochemical products, alkylphenols are widely used as initial 

reagents in the synthesis of additives to fuels and oils, stabilizers, inhibitors of free-radical 
oxidation of organic and bioorganic substrates, herbicides, odorants, etc. [1-7]. 

The use of antioxidants is economically profitable, in technically developed countries their 
production is ahead of other chemical productions in its development. 

The purpose of the conducted work was the synthesis of ethyl esters of 4 (4-hydroxy-
phenyl)- and 4'-methyl-4 (4-hydroxyphenyl) cyclohexanecarboxylic acids, their phosphited 
derivatives and investigation of their antioxidant properties in turbine oil Т-46. 

Experimental Part  
During the experiment the obtaining of target products was implemented in two stages.  
Stage I – the reaction of cycloalkylation of phenol with ethyl esters of 

cyclohexanecarboxylic acid. The chemically pure, freshly distilled phenol and ethyl esters of 
cyclohexanecarboxylic acid were used as the initial raw materials for its implementation. As a 
catalyst was used cation exchanger KU-23.  

Ethyl ester of cyclohexanecarboxylic acid was obtained by the interaction of divinyl with 

ethyl ester of acrylic acid according to the Diels-Alder reaction: Tboil. 173-176°С; 
20

Dη  — 1.4976; 
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20

4ρ  — 1.0365; m.m. — 248. 

Ethyl ester of cyclohexenecarboxylic acid was obtained by the interaction of isoprene with 

ethyl ester of acrylic acid according to the Diels-Alder reaction: Tboil. 183-187°С; 
20

Dη  — 1.5030; 
20

4ρ  — 1.0426; m.m. — 262. 

The reaction of the obtaining of ethyl esters of 4-hydroxyphenylcyclohexanecarboxylic 
acids was conducted in the laboratory device of periodical action. The obtained alkylate was 
subjected to the rectification, besides at first unreacted ester and phenol (up to 200°С) were 
distilled under atmospheric pressure, and then under low pressure (5 mm Hg) the target products 
of the reaction were extracted and their purity and physical-chemical indicators were determined. 
The structure and composition of the products were defined by spectral methods and 
chromatographic analysis.  

Stage II – phosphitation of ethyl esters with phosphorus trichloride.  
Ethyl esters and chemically pure phosphorus trichloride with the following characteristics 

were used as the initial raw material: Тboil. — 75°С, 
20

Dη  — 1.5160; 
20

4ρ  — 1.57; m.m. — 137. 

The calculated amount of ethyl ester of cyclohexene carboxylic acid, toluene were added to 
the flask and heated up. The phosphorus trichloride was added to the mixture At temperature of 
40

о
С from the funnel dropping, after the end of the addition of phosphorus trichloride the 

reaction temperature was raised up to 50-80 °C and at this temperature the mixture was stirred 
for another 2-5 hours. Nitrogen was continuously fed to the system for removing the hydrogen 
chloride obtained during the reaction. The extracted hydrogen chloride was captured with an 
aqueous solution of NaOH.  

The mixture was subjected to the rectification at the end of the esterification reaction; at 
first phosphorus trichloride and solvent were distilled at atmospheric pressure, and then 
unreacted ester and the target product under the vacuum (5 mm Hg). 

After extracting the target products their physical-chemical indicators were determined and 
their structural formulas were confirmed. 

The chromatographic analysis of cycloalkylphenols was conducted in chromatograph 
LKHM-72 with thermal conductivity detector. The length of column is 2 m, solid carrier – 
chromaton– N-AW-DMC, washed with acid and silanized dimethylchlorosilane, fraction of 
0.2±0.25 mm. The stationary phase –5% methylsiloxane elastomer SE-30. 

The initial temperature of the column is 50°C, the final temperature is 280°C, the 
programming speed - 10°C per minute, the rate of helium gas carrier - 50 ml/min, the evaporator 
temperature - 3550°C, temperature of the detector - 300°C, and the diagram chart speed is 60 
mm/h. For the calculation, an internal normalization method was used, based on the lead to 
100% of the sum of the peak areas.  

The structure of synthesized products was defined by IR and 
1
H NMR spectroscopy. IR 

spectra of samples were registered on IR Fourier spectrometer ALPHA (BRUKER company, 
Germany) in the range of wave numbers of 600-4000 cm

-1
. The 

1
H NMR spectra were registered 

on device of «Bruker-300» (Germany) at room temperature, solvent CDCl3 with internal 
standard – tetramethylsiloxane.   

The interaction of phenol with ethyl esters in the presence of the catalyst KU-23 (stage I) 
flows with the formation of п-substituted phenol: 
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, 
where R = –H; –CH3 

In order to find the optimal conditions providing the maximal yield and composition of the 
reaction products (ethyl esters of 4-hydroxyphenylcyclohexanecarboxylic acids), the effect of 
temperature, the duration of the reaction, the molar ratio of phenol to ether and the amount of 
catalyst were studied.  

The reaction temperature was changed in the range of 80-140°С, the reaction time was 2-6 
h, the molar ratio of phenol to ether was taken from 1: 0.5 to 1: 3 mol/mol, and the amount of 
catalyst was 5-20% per taken phenol. 

Results and Discussion 
The results of cycloalkylation reactions of phenol with ethyl esters of 

cyclohexenecarboxylic acid in the presence of the catalyst KU-23 are shown in Fig.1. 

 
Fig.1. The yield dependencies of ethyl ester of 4(4-hydroxyphenyl)cyclohexane carboxylic acid 

and the selectivity of the process on temperature (a), reaction duration (b), molar ratio of 

the initial components (c) and amount of catalyst (d) 
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From the data in Fig.1 (a) is seen that at temperature of 120°C it is reached to the highest 

yield of the target product - 72.3% of theory to taken phenol, and the selectivity of the process is 

92.7% for the target product. By increasing of the reaction temperature up to 140°C, the yield of 

the product decreases to 61.7%, and the selectivity to 86.7%. The effective results were obtained 

with the reaction duration of 5 hours. As it is seen from Fig.1 (c) it is necessary to take the ratio 

of phenol to ester, equal to 1:1 to increase the conversion of ester. By increasing of the 

concentration of ester in the mixture of the initial components, the yields of the target products 

increase by ~ 2-3%, but at the same time the selectivity of the process decreases. This is 

explained by the increase of concentration of the other isomers (2-mono-, 2,4-di- and 2,4,6-three 

substituted phenols) in the alkylate. The data obtained by studying the effect of the amount of 

catalyst on the yield and the selectivity of the target products arouse the interest. As seen in fig. 

1. (d) when the catalyst contained 10% ethyl ester of 4 (4-hydroxyphenyl) 

cyclohexanecarboxylic acid contains 72.3%, and the selectivity - 92.7% on the target product. 

Thus, the optimal conditions for conducting the phenol cycloalkylation reaction with ethyl 

ester of cyclohexenecarboxylic acid in the presence of KU-23 catalyst are: temperature - 120 °C, 

reaction duration - 5 hours, molar ratio of phenol to ester - 1: 1 mol/mol and the amount of 

catalyst - 10%. Under these conditions the yield of ethyl esters of 4(4-hydroxy-

phenyl)cyclohexanecarboxylic acid constitutes 72.3% from the theory to taken phenol, and the 

selectivity is 92.7% on the target product. 

The cycloalkylation reaction of phenol with ethyl ester of 4-methylcyclohexene-carboxylic 

acid was conducted likewise. It was found that under optimal reaction conditions: temperature of 

110 °C, reaction duration of 4 hours, ratio of phenol to ester 1: 1, the amount of catalyst 7%, the 

yield of the target product (ethyl ester of 4(4-hydroxyphenyl)-4'-methylcyclohexanecarboxylic 

acid) was 76.5% from the theory to taken phenol, and the selectivity - 94.4% on the target 

product. 

The identification of the synthesized ethyl esters of 4-hydroxyphenylcyclohexane and 4 (4-

hydroxyphenyl)-4'-methylcyclohexanecarboxylic acid was carried out by methods of 
1 

H NMR 

and IR spectroscopy. 

In the 
1
H NMR spectrum of ethyl ester of 4(4-hydroxyphenyl)-4′-methylcyclohexane-

carboxylic acid the following signals are observed: δ 1.06 ppm. triplet CH3 (3H) of ethyl group, 

δ 3.49 ppm quartet OCH2 (2H), also a singlet signal with δ 2.499 ppm of CH3 (3H) group, 

associated with the cyclohexane ring. The protons of the cyclohexane ring (9H) are mainly 

resonated at δ 1.58-1.69 (with the center of δ 1.64 ppm) in the form of a multiplet signal. The 

multiplet signal in δ 5.4-5.5 ppm refers to the protons of the hydroxyl group of phenol. The 

signals of the protons of the benzene nucleus (4H) appear in the field of δ 6.704-7.126 ppm. The 

absence of doublet signals of the CH3 (3H) group associated with the cyclohexane ring confirms 

the substitution of the aromatic ring hydrogen with a more substituted olefinic carbon atom of 

the cyclohexane ring. 

The following absorption bands were observed in the IR spectrum of ethyl ester of 4(4-

hydroxyphenyl)-4'-methylcyclohexanecarboxylic acid: deformation (1375, 1439 cm
-1

) and 

valence (2862, 2946 cm
-1

) vibrations of C–H bond of CH3 group; deformation (1452 cm
-1

) 
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vibrations of C – H bond of the CH2 group of cyclohexane; valence (1612 cm
-1

) vibrations of С – 

С bond of the benzene ring; deformation (1514, 1594 cm
-1

) vibrations of C – H vibrations of the 

benzene ring; deformation (751, 829 cm
– 1

) vibrations of C – H bond of the substituted benzene 

ring; valence (1112 cm
-1

) vibrations of C – O bond of the C – O – H groups of the phenol; 

valence (3401 cm 
– 1

) H – O bond of phenol; valence (1732 cm
-1

) vibrations of C = O bond of the 

ester; valence (1171, 1205 cm
-1

) vibrations C – O vibrations of the ester. 

IR and 
1
Н NMR spectra of ethyl ester of 4(4-hydroxyphenyl)-cyclohexanecarboxylic acid 

are analogic to the previous one. 

In Tab.1 the physical-chemical characteristics of the obtained products are presented.  

Table 1. Physical-chemical characteristics of the obtained п-substituted phenols 

Structural formula 

Тboil. at 

5 mm Hg. 

°С 

20

D  
40

4  
Molecu-

lar mass  

Calculated, % 

Found, % 

С Н 

 

173-176 1.4976 1.0365 248 
72.5 

71.8 

8.0 

7.7 

 

183-187 1.5030 1.0426 262 
73.3 

72.8 

8.4 

8.1 

The phosphitation (stage II) was carried out in a laboratory device of periodic action in the 

liquid phase at atmospheric pressure. 

 
where R= -H; -CH3. 

Tri[ethyl esters of 4(cyclohexane- and 4-methylcyclohexanecarboxylic acids) –

oxyphenyl] phosphites were obtained in the result of the phosphiting, the yields of the target 

products were 71.4 and 76.3%, respectively, from the theory to taken ester.  

There are protons of the aromatic series (in the interval δ = 6.6-7.6 ppm) in the 
1
H NMR 
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spectrum of tri[ethyl ester of 4(cyclohexanecarboxylic acid) –oxyphenyl] phosphites.  

The signal of the proton of the –CH2 group attached to the aromatic ring is observed in the 

field of δ = 5.15 ppm, and the singlet of the CH3 group in the field of 1.20 ppm; CH2-, CH- 

protons of the cyclohexane ring are observed as a large multiplet peak in the field of δ = 1.5-1.7 

ppm. 

In the IR spectrum of the tri[ethyl ester of 4(cyclohexanecarboxylic acid) -oxyphenyl] 

phosphite, the benzene ring is observed in the field of 1505, 1590-1608 cm
-1

; valence vibration = 

CH - in the field of 3008, 3026 cm
-1

. C-H valence vibration of C-H gem-substituted cyclohexane 

ring is observed in the field of 2920-28040 cm
-1

, valence vibration of СН2 in the cycle is found 

in the field of 1110 and 1345 cm
-1

; СН3-group is observed in the field of 1370 and 1460 cm
-1

, 

and О-Р-bound — in the field of 1527 cm
-1

. 

The phosphitation of ethyl ester of 4(4-hydroxyphenyl)-4′-methylcyclohexanecarboxylic 

acid with phosphorus trichloride was conducted according to the analogic methodology. After 

purification from other impurities, the physical-chemical characteristics of the target product 

were determined and its chemical structures were confirmed. IR and 
1
H NMR spectra of tri[ethyl 

ester of 4(4-methylcyclohexanecarboxylic acid)oxyphenyl] phosphite are identical to the first 

ester.  

In Tab.2 the physical-chemical indicators of tri[ethyl esters of 4(cyclohexane- and 4- 

methylcyclohexanecarboxylic acids)-oxyphenyl]phosphites are shown.  

Table 2. Physical-chemical indicators of tri[ethyl esters of 4(cyclohexane- and 4- methylcyclo-  

hexanecarboxylic acids)-oxyphenyl] phosphites 

 

Тboil. at 

5 mm Hg  

°С 

20

D  
40

4  
Molecular 

mass 

Calculated, % 

Found, % 

С Н N 

R = -H 330-334 1.5925 0.1836 772 
70.0 

69.5 

7.4 

7.0 

4.0 

3.4 

R = -CH3 336-338 1.6023 0.1875 814 
70.8 

70.2 

7.7 

7.1 

3.8 

3.3 

Tri[ethyl esters of 4(cyclohexane- and 4- methylcyclohexanecarboxylic acids) –oxyphenyl] 

phosphites were tested as an antioxidant to the turbine oil T-46 on GOST 11063-77 in the device 

DK-NAMY. The samples were prepared on the basis of known and synthesized compounds 

(0.5%) and the turbine oil T-46. Then the initial turbine oil, samples and added antioxidants were 

subjected to the oxidation under temperature of 200°С during 10 hours and determined: 

kinematic viscosities, efficiency of synthesized antioxidants (AO) on the volume of viscosity 

increase of oil (∆ν) before and after oxidation. 

The results of the tests are presented in Tab. 3. 
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Table 3. The results of the test of obtained phosphited derivatives of phenols as the antioxidants 

to the turbine oil T-46 (АО — 0.5%) 

 

Description 

Precipitation, 

%, mass 

Kinematic viscosity mm
2
/с at 

100
0
C 

∆ν, % 

before oxidation after oxidation 

Turbine oil T-46  

(without adding AO) 2.27 7.90 8.75 10.76 

Т-46 + IKHP-21 

(known) 0.9 8.63 9.25 7.18 

 
(known) 

 

0.47 

 

8.43 

 

9.05 

 

6.75 

 

0.27 8.52 8.92 4.7 

 

 

0.23 

 

8.60 

 

8.95 

 

4.1 

As it seen from data of Tab.3, a negligible amount of precipitation (0.23-0.27%) is formed 

in the turbine oil by adding the synthesized compounds as an antioxidant.  

Conclusion 

The cycloalkylation reaction of phenol with ethyl esters of cyclohexenecarboxylic acid in 

the presence of catalyst KU-23 was investigated.  

It has been determined that at temperature of 110-120°С, reaction durations of 4-5 hours, 

the molar ratio of phenol: ester 1 : 1 mol/mol and the amount of catalyst 7-10% the yield of ethyl 

esters of 4(4-hydroxyphenyl)-cyclohexanecarboxylic acid and ethyl ester 4(4-hydroxyphenyl)- 

4′-methylcyclohexane carboxylic acid are 72.4-76.5%, respectively, from the theory for the 

phenol, and the selectivity – 92.7-94.4 % on target product.  

Phosphiting reaction of п-substituted phenol with phosphorus trichloride was studied and 

found that at temperature of 80°С, at two-hour reaction duration, at molar ratio of п-substituted 

phenol to phosphorus trichloride of 3:1 the yield of tri[ethyl esters of 4(cyclohexane- and 4-

methylcyclohexanecarboxylic acids)-oxyphenyl] phosphites is respectively 71.4 and 78.3% from 

theory.  
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The obtained phophites were tested as an antioxidant to the turbine oil T-46. It has been 

defined that a negligible amount of precipitation (0.23-0.27%) is formed in the turbine oil by 

adding the synthesized compounds as an antioxidant.  
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