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Abstract 

Symmetric, asymmetric esters of 2,2,5,5-tetramethylolcyclopentanol and 

2,2,6,6-tetramethylolcyclohexanol with normal, iso and neoacids of C5-C6 

have been synthesized. Their physico-chemical, viscosity-temperature, 

thermo-oxidative properties were studied. It was found that the synthesized 

esters with iso- and neo-structure acids have a higher viscosity level at 

positive temperatures compared with normal acids, and at minus 

temperatures, on the contrary, the viscosity of esters with normal acids is 

much higher than that of esters with iso-structure acids. As for the viscosity 

index and flash point, the esters with iso- and neoacids are inferior to the 

esters with normal acids. When comparing esters with normal, neoacids, the 

latter have a high viscosity at 40°C and 100°C, a low viscosity index (23-25 

units), a high flash point (220-322°C) and a relatively high congelation 

temperature (minus 33°C - minus 36°C against minus 47°C - minus 53
0
C). 

It has been established that thermo-oxidative stability of the esters with 

neoacids have high indices: low volatility (0.18-0.25% by mass), 

insignificant corrosion on AK-4 aluminum alloy and ШХ-15 steel. Upon 

completion of the oxidation, a sediment insoluble in isooctane was not 

detected. The relatively high thermal-oxidative stability of the esters with 

neoacids is explained by their structural feature. As a result of the studies, it 

was found that in the viscosity-temperature and thermo-oxidative properties, 

symmetric and asymmetric esters are almost at the level of neoacid esters 

and are superior to esters with isoacid radicals. As for the esters of 2,2,6,6-

tetramethylolcyclohexanol and 2,2,5,5-tetramethylolcyclopentanol, the 

second esters are superior to the first, which is directly related to the 

influence of the conformation of the five-membered cyclic fragment 

Keywords: esters of cyclic polyols, correlation dependence, chemical structure of a 

molecule, cyclic fragments, operational characteristics 

 

Introduction 

The development of modern technology is accompanied by stricter requirements for 

lubricating oils and fuels. Since the properties of oils are determined by their chemical structure, 

in this aspect, to solve the problem of obtaining oils with high performance characteristics, 

extensive research is needed on the synthesis of new chemical compounds. Obviously, the 
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physico-chemical, viscosity-temperature and thermo-oxidative properties of lubricating oils 

primarily depend on the chemical structure of the compounds that make up them. By changing 

the structure of the molecule, it is possible to obtain esters with various properties, i.e., by 

studying the dependence of the physico-chemical and operational properties on their structure, 

one can carry out targeted synthesis and obtain the desired results. 

There is some information in the literature that the properties of oils primarily depend on 

the structure of chemical compounds, especially on the length and degree of branching of the 

hydrocarbon chain, on the nature and location of alkyl substituents and etc. [1-3]. 

In order to obtain more detailed information about the correlation between the chemical 

structure and the properties of esters of cyclic polyols - 2,2,5,5-tetramethylolcyclopentanol 

(TMCP) and 2,2,6,6-tetramethylolcyclohexanol (TMCH), a systematic comparative analysis of 

these esters having definite practical and scientific significance. 

Experimental Part 

The starting cyclic polyhatomic alcohols - 2,2,5,5-tetramethylolcyclopentanol (TMCP) 

and 2,2,6,6-tetramethylolcyclohexanol (TMCH) were synthesized by condensation of cyclic 

ketones (cyclopentanone and cyclohexanone) with formaldehyde by aldol condensation. 

 

where, n = 0,1 

 

TMCP and TMCH - white crystalline substances, melting point of TMCP 132-133
0
С, 

TMCH 129-130
0
С. They are well soluble in water and polar organic solvents, in particular 

pyridine, dimethylformamide, triethylamine, and are not soluble in ether, acetone, benzene, and 

chloroform [4].  

To conduct research in this direction, symmetric, asymmetric esters of TMCP and 

TMCH, as well as esters with iso- and neoacids, were synthesized. The following are schemes 

for the preparation of these esters [5]: 
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where, R is the radical of acids C5H11-; R1- C6H13- 

where, n = 0, esters I, II; n = 1, esters V, VI 

 

where, n = 0, esters III - R – iso-caproic acid radical   

                      esters IV - R - neo-caproic acid radical  

            n = 1, esters VII - R – iso-caproic acid radical  

                      esters VIII - R - neo-caproic acid radical  

 

Seokar-2 was used as an esterification catalyst. It consists of white mechanical durable 

balls. Its composition is from synthetic aluminosilicate  (% wt.): 83-85 SiO2, 9-11 Al2O3, 0.3 

Na2O. 

The effectiveness of the catalyst was evaluated by the quality and quantity of the esters. 

The physico-chemical, viscosity-temperature and thermo-oxidative properties of these esters 

were determined. 

The structures of the synthesized esters were confirmed by IR and NMR spectroscopy, as 

well as the determination of molecular weight, acid and ether numbers. 

Thermo-oxidative stability of esters was determined in accordance with GOST 23797-79 

in volume. 
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Symmetric esters of  TMCP and TMCH are synthesized by the esterification of alcohols 

with iso- and neo-caproic acids. 

Symmetric esters of TMCP with caproic acid were obtained by esterification of TMCP 

with acids taken in the molar ratio of alcohol:acid 1: 5.5 in the presence of a Seokar-2 catalyst, in 

an amount of 1% of the mass. from the reacting mixture to the cessation of the allocation of 

reaction water [6].  

Pentacaproate TMCP obtained by the following method: the mixture consisting of 41 g 

(0.2 g mol) of TMCP, 139.2 g (1.2 g mol) of caproic acid and 1.5 g of Seokar-2 is boiled until 

the evolution of reaction water ceases, which takes 5 hours. The resulting mass was neutralized 

with a 5% NaOH solution, then washed with water to a neutral medium, dried over calcined 

Na2SO4  and distilled by vacuum distillation at a temperature of 230-233
0
С/0.27 kPa. Obtained 

123.3 g of pentacaproate TMCP (yield 86.2%) and 8.92 g of tetracaproate (yield 6.7%). The 

remainder of 9.6 g (7.1%) contains polyesters that are not distilled.  

Similarly, other symmetric esters of TMCP are obtained. 

Asymmetric esters of TMCP are obtained in 2 stages: the first obtained diesters with 

enanthic acid according to the above procedure. Then, at the second stage, free hydroxyl groups 

were esterified with caproic acid [6]. 

Symmetric, asymmetric esters of TMCH with caproic, enanthic, iso-, and neo-caproic 

acids were obtained analogously. 

The structure of the symmetric ester of TMCP - pentaester with caproic acid was 

confirmed by IR and NMR spectroscopy: 

 
Fig.1. IR spectrum of pentaester TMCH with caproic acid 
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In the IR spectrum of pentaester TMCH with caproic acid: 

• absorption bands (a.b.) of CH3 and CH2 groups, С–Н bond have been detected  in the 

field of 733, 1380, 1462 cm
–1

 (deformation) and 2861, 2931, 2995 cm
–1

 (valence); 

• deformation a.b. (943 cm
–1

) in the group of CH2, C-H bond group in cycle; 

• ester valence bonds of C-O and C=O (1165, 1243, 1274 and 1735 cm
–1

), respectively 

 
Fig.2. NMR

1
-H spectrum of pentaester TMCH with caproic acid  

In the NMR-spectrum of pentaester TMCH with caproic acid: 

• absorption bands (a.b.) σ = 0.83-0.88 ppm resonance absorption of CH3- groups; 

• magnetic fields at 1.27; 1.56; 1.9 ppm alkyl chain -CH2 and CH- groups; 

• a.b. σ = 2.22-2.32 ppm CH2- groups of  fragment; 

• a.b. σ = 3.50-3.90 ppm refer to ester groups (-O-CH2-) 

Similarly, the structures of the other esters of TMCP and TMCH IR and NMR 

spectroscopy were confirmed. 

Results and Discussion 

The physico-chemical, viscosity-temperature, thermo-oxidative properties of the 

synthesized esters are determined. 

Physico-chemical characteristics of the esters are given in Tab. 1. 

As can be seen from Tab. 1, the obtained esters are colorless liquids with high boiling 

points, their  yield is 70-90% of the theoretical mass. Data on molecular weights correspond to 

those calculated. 

Tab. 2 shows the viscosity-temperature characteristics of the synthesized esters. As can be 

seen from the table, the esters of TMCH and TMCP with iso- and neo-structures (III, IV, VII, 

VIII) have a high level of viscosity at positive temperatures. And at negative temperatures, on 

the contrary, the viscosity of esters with normal acid residues (I, IV) is significantly higher than 

that of esters with acids of the iso-structure (III, VII). As for the viscosity index and flash point, 
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esters with iso- and neo-acidic radicals are inferior to esters with normal acid radicals 

(symmetric and asymmetric esters). When comparing esters with neo-acids (IV, VIII) with the 

rest, they have a high viscosity at 40
0
C (225-239 mm

2
/s) and 100

0
C (21-22 mm

2
/s), a low 

viscosity index (23-25 units) and high flash point (220-322
0
С) and relatively high congelation 

temperature (minus 33-minus 36
0
С againts minus 47-minus 53

0
С). 

Table 1. Physico-chemical characteristics  of esters of cyclic polyols  

Number 

of esters 

Yield,

% 

mas. 

Boiling 

point, 
0
С at 

0.27 kPa 

Refractive    

  index, 
20

Dn  

Density at 

20°С, kg/m
3
 

Molar mass Empirical 

formula experiment/  

calculation 

I 86.2 230-233 1.4615 1010 691/696 C38H68O10 

II 76.8 238-243 1.4620 1009 712/714 C40H72O10 

III 76.1 225-227 1.4604 1023 691/694 C38H68O10 

IV 68.9 220-223 1.4720 1017 694/695 C38H70O10 

V 90 270-272 1.0312 1457 710/712 C40H70O10 

VI 88 275-280 1.0221 1459 738/740 C42H74O10 

VII 81.7 271-274 1.0301 1461 710/714 C40H70O10 

VIII 83.4 262-264 1.0421 1462 714/718 C42H72O10 

According to TOS (Tab. 3), esters of polyols with neoacids (IV, VIII) have low volatility 

(0.18-0.25% by mass), they are quite stable during oxidation in bulk. Slight corrosion was 

observed on the aluminum alloy AK-4 and steel ШХ-15. Upon completion of the oxidation, a 

sediment insoluble in isooctane was not detected. 

According to TOS, the esters with acids of the iso-structure (III, VII) are somewhat 

inferior to the esters of the neo-structure (IV, VIII). 

Table 2. Viscosity-temperature properties of esters of cyclic polyols 

Number of 

esters 

Viscosity, mm
2
/s, at tem., °C Viscosity 

index 

Temperature, °С 

100 40 -30 Flash congelation 

I 7.90 34.2 26346 125 290 -53 

II 8.12 31.61 25216 134 295 -52 

III 8.95 36.48 20048 120 281 -56 

IV 21.05 225.2 - 23.8 322 -36 

V 10.20 42.23 26500 128 284 -47 

VI 10.42 43.35 25100 132 289 -45 

VII 10.90 46.12 21600 123 280 -51 

VIII 22.8 239.3 - 25.14 320 -33 
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Table 3. Thermal oxidative stability of cyclic polyol esters 

Number 

of esters 

Viscosity at 

100°С, mm
2
/s 

(after oxidation) 

Acid 

number, 

mgKOH/g 

Sediment  

insoluble in 

isooctane, % mas. 

Corrosion, mg/cm
2
 Volatility, 

% mas. 
AK-4 ШХ-15 

I 8.82 1.30 0.0020 0.120 0.025 0.010 

II 8.90 1.45 0.0022 0.1150 0.023 0.017 

III 10.23 1.85 0.0026 0.1300 0.029 0.026 

IV 22.58 1.23 no sediment 0.150 0.30 0.180 

V 11.40 1.15 0.003 0.009 0.016 0.650 

VI 10.64 1.28 0.009 0.025 0.038 0.600 

VII 12.60 1.22 0.005 0.012 0.021 0.720 

VIII 23.92 1.12 no sediment 0.170 0.22 0.250 

As for the symmetric and asymmetric esters (I, II, V, VI) in terms of TOS, they are almost 

at the level of esters of the neo-structure (IV, VIII) and surpass the esters of the iso-structure (III, 

VII). 

The high TOS of esters of TMCH and TMCP with neoacids is explained by their structural 

feature: the presence of a quaternary carbon atom in the α-position relative to the ester group of 

the acyl part of the molecule, the presence of two quaternary carbon atoms in the cycle that do 

not have β-hydrogen, and the presence of stable five-membered and six-membered fragments in 

the molecule. 

Comparison of the properties of the esters of TMCP and TMCH shows that the esters of 

TMCP in all respects superior to the esters of TMCH. This is explained by the fact that the main 

factors affecting the physico-chemical and operational properties of esters are the nature and 

conformation of cyclic fragments. 

One of the determining factors in the operational properties of oils are their low temperature 

performance: congelation temperature and viscosity properties of oils at low temperatures. In this 

aspect, the influence of the conformational state of cyclic fragments on the low-temperature 

parameters of esters is studied. 

The relatively high congelation temperature of the esters of TMCH compared to the esters 

of TMCP is also associated with the possibility of the existence of an alcohol fragment in the 

form of three stereoisomers: boat, chair, mixed. 

It is known [7] that the chair-isomer of cyclohexane derivatives in many cases is less 

“frost-resistant” than the other two. 

Therefore, the initial decrease in temperature creates the opportunity for the formation of a 

crystallization center and the substance solidifies completely. Apparently, the stereoisomeric 

composition of the cyclohexane fragment itself is not violated during esterification, and the ratio 

of axial and equatorial carboxyl substituents remains. 

In contrast to the cyclohexane ring in cyclopentane, three or four carbon atoms of the ring 

are in the same plane, and the remaining carbon atoms are outside this plane. 

The angles between the C-C bonds of the cyclopentane ring are close to tetrahedral. In this 

regard, the angular stresses (Bayer stresses) are small and the observed cycle stresses are 

apparently caused by additional torsion and Pitzer stresses. Therefore, under normal conditions, 
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the cyclopentane ring takes a non-planar shape that corresponds to a special conformation, the 

so-called “envelope” and “half-chair” or “twist” 

In such a special position all the atoms of the ring are in turn, so that it is in a continuous 

wave-like motion - pseudo-rotation. 

In the presence of substituents, the indicated wave-like motion, i.e. free circulation 

conformation is complicated. The study of the spatial position of the substituents of mono- and 

1-3 disubstituted derivatives of cyclopentanes is considered by the example of the 

conformational state of a substituted “envelope” with a carbon atom driven away, the ring in the 

“twist” position. 

The steric hindrance created by the bulky substituents at positions 2 and 5 of the esters of 

TMCP is the “envelope” conformation with a bent carbon atom, ring, which is the most 

energetically favorable [8]. 

Due to the conformational structure, the esters of TMCP have a sufficient intramolecular 

space, as a result of which the mobility of the molecule does not change at relatively low 

temperatures. This explains the lower congelation temperature of these esters in comparison with 

the corresponding esters of TMCH [9-10]. 

Thus, as a result of the studies, the correlation between the chemical structure and the 

operational characteristics of the obtained compounds was studied. It was found that symmetric 

and asymmetric esters are superior to esters with iso- and neo-acidic radicals in viscosity-

temperature and thermo-oxidative  properties. As for the esters of TMCH and TMCP, the second 

esters are superior to the first, which is directly related to the influence of the conformation of 

five-membered cyclic fragments [11-12]. 

Conclusion 

1. Synthesized symmetric, asymmetric esters of 2,2,5,5-tetramethylolcyclopentanol 

(TMCP) and 2,2,6,6-tetramethylolcyclohexanol (TMCH) with normal, iso- and neoacids 

of C5-C6.Their physico-chemical, viscosity-temperature, thermo-oxidative properties are 

determined. 

2. It has been revealed that, according to the viscosity-temperature characteristics, the esters 

of iso- and neo-structures at positive temperatures are inferior to esters with normal acids, 

and at negative temperatures they exceed them. When comparing esters with neo- and 

iso-structure acids, the former are superior to the latter in viscosity-temperature and 

thermo-oxidative characteristics. 

3. By studying the correlation between the chemical structure and the operational 

characteristics of the obtained esters, it was found that, according to the viscosity-

temperature and thermo-oxidative characteristics, the esters of ТМCP and ТМCH with 

normal radicals are superior to the esters with iso- and neoacids. As for the esters of 

TMCH and TMCP, the second esters are superior to the first, which is directly related to 

the influence of the conformation of five-membered cyclic fragments. 
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