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           GENERAL CHARACTERISTICS OF WORK 

 

 Relevance and development of the topic. The review of 

research and development prospects for the production of lubricants, 

one of the most widely used petrochemical products in various 

industries, shows that there is a need to create synthetic lubricants 

with high viscosity characteristics to meet the stringent requirements 

for these materials. It should be noted that mineral oils, even with the 

appropriate additives, do not fully meet these requirements, and their 

purposeful synthesis is important to solve the problem of obtaining 

oils with high performance characteristics. 

     In recent years, the studies on the synthesis of polyalkyl- and 

polyhydroxyalkyl-cyclopentadienes obtained by the C-alkylation 

reaction of cyclopentadiene (CPD) with aliphatic higher alcohols are 

suitable for synthetic oils, and research on the synthesis of such 

derivatives is of interest to researchers in many developed countries. 

It can be said that the corresponding cyclopentanes obtained by 

hydrogenation of these compounds and their esters are suitable 

components for synthetic oils. 

     The alicyclic sequence is characterized by the urgency of the 

direction of C-alkylation of diene, the possibility of obtaining 

synthetic lubricants based on polyalkylcyclic-lopentadiene. It is 

known from the literature that di-, tri-, polyalkylcyclopentanes, as 

well as mono-, di-hydroxyalkylcyclopentans are indispensable 

components for lubricants with high viscosity index.   

   It is known that the alkylation reaction of alicyclic and aromatic 

hydrocarbons is widely used in petrochemical synthesis and industry. 

Based on such reactions, many practical chemical products are 

obtained. However, although the alkylation of aromatic hydrocarbons 

with aliphatic alcohols is better studied, the study of the alkylation 

reaction of alicyclic hydrocarbons with mono- and diatomic alcohols, 

especially the alkyl- and hydroxyalkyl-derivatives obtained by the 

alkylation of cyclopentadiene, is of practical importance. . 

     In view of all this, it should be noted that the dissertation on the 

production of alicyclic unsaturated hydrocarbons as alkyl and ester 
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esters and as a component for lubricating oils is of theoretical and 

practical importance. 

        Object and subject of research. In the presented dissertation 

the extensive researches in the field of synthesis of alkyl and ester 

derivatives of cyclopetnadiene were carried out and the areas of 

application of the obtained substances were studied. Cyclopentadiene 

and its dimer isolated from the C5 fraction were used as raw 

materials in the research, and the object was alkyl esters of bicyclo 

(2.2.1)-hept-5-en-2,3-dicarboxylic acid obtained on the basis of 

alkylcyclopentanes and cyclopentadiene and maleic anhydride. The 

applications of these substances have been studied and it has been 

shown that they have high viscosity-temperature properties. 

       Objectives and tasks of the research. Development of catalytic 

and thermal methods for obtaining alkyl-, hydroxyalkyl- and esters 

of unsaturated mono- and bicyclic hydrocarbons and study of their 

viscosity-thermal properties. 

  To achieve this goal, the following research is planned: 

- Synthesis and collection of the required amount of alkaline, nano-

sized Mg catalyst for catalytic reactions; 

- Obtaining alkyl- and hydroxyalkyl-derivatives of CPD aliphatic 

series with mono- and diatomic alcohols; 

- Obtaining appropriate cyclopentanes by catalytic hydrogenation of 

alkyl- and hydroxyalkyl-CPDs; 

- Synthesis of aliphatic series of hydroxyalkyl-cyclopentanes with 

esters of carbonic acids; 

- Synthesis of dialkyl-derived bicyclic hydrocarbons; 

- Study of viscosity-temperature properties of synthesized substances. 

 Research methods. The following methods were used to in 

this  dissertation: chemical (appropriate determination of product 

quality indicators GOST and ASTM), spectral analysis (IR-, NMR-) 

X-ray phase and differential-thermal analysis (RF, DTA). 

 The main provisions of the defense: 
     Catalytic alkylation of cyclopentadiene with mono- and 

dibasic aliphatic alcohols was carried out and the corresponding 

alkylcyclopentadiene was obtained. As a result of hydrogenation 
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reaction of synthesized alkyl- and hydroxyalkylcyclopentadiens, 

alkyl- and hydroxyalkylcyclopentanes were obtained, their viscosity-

temperature properties were studied. Relevant esters of maleic 

anhydride were obtained and studied on the basis of cyclopentadiene 

[4 + 2] -cyclopalation reaction by obtaining bis-diesters of n-hexanol 

and n-heptanol. The viscosity and temperature properties of the 

synthesized cyclopentane and norbornene series esters were studied 

and recommendations for their application were given. 

      Scientific novelty of research work. For the first time, an 

aliphatic sequence of commodity dicyclopentadiene (DTsPD) was 

isolated from the pyrocondensate of the EP-300 pyrolysis unit in the 

presence of a nano-sized Mg catalyst, as well as monoatomic (C6-

C10) and diatomic (ethanediol-1,2; propandiol-1,2 and butanediol- 

1,4) corresponding alkyl- and hydroxyalkyl-TsPDs were synthesized 

with alcohols; 

- It was determined that it is possible to obtain dialkyl- and 

dihydroxyalkyl-TsPDs with high yield in the presence of the catalyst 

used; 

- It was determined that the synthesized derivatives of TsPD are 

suitable components for synthetic lubricants with high viscosity and 

temperature properties; 

-For the first time, the visually normal norbornen series was 

studied as a syton for lubricating oils by obtaining esters with diol 

and its aliphatic carbonic acids; 

Ethers were synthesized with aliphatic alcohols by obtaining 

dicarboxyl-derived compounds in the 2,3-position of the -

Norbornene series and studied as a component for lubricating oils. 

       Theoretical and practical significance of the research. 

Polyalkylcyclopentane-based esters, which are practical products of 

petrochemical synthesis, can be recommended as a suitable 

component for synthetic lubricants used in many fields. Very low 

freezing temperatures (minus 45-60oC) of these substances allow 

them to be used in extreme conditions.  

           Approbation and application. Based on the results of 

research on the dissertation, 22 scientific works were published, 
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including 14 articles, 7 abstracts and 1 patent. The research work 

won the grant competition by the Science Development Foundation 

under the President of the Republic of Azerbaijan [EIF / MGM / 

Industry- 2014-4 (19) - FT]. According to the results of the research, 

Azerbaijan received a Eurasian patent (№ 027774, August 31, 2017). 

     The main results of the work were presented and discussed at the  

 following conferences: 1-st International Scientific Conference of 

young scientists and specialists "The role of multidisciplinary 

approach in solving actual problems of fundamental and applied 

sciences" (Baku, 2014); XI International Conference of Young 

Scientists on Petrochemistry, (Zvenigorod, Russia, 2015); IV 

International Scientific Conference of Young Researchers (Qafqaz 

University). - (Baku, April 29-30, 2016), International scientific and 

technical conference. "Petrochemical synthesis and catalysis in 

complex condensed systems", dedicated to the 100-th anniversary of 

acad. B.K.Zeynalov (Baku, IPCP, 2017), International conference 

dedicated to the 110-th anniversary of academician V.S.Aliyev 

(Baku, IPCP, 2018), International scientific conference "Actual 

problems of modern chemistry" dedicated to the 90-th anniversary of 

IPCP of ANAS (Baku, 2019). 

 Name of the organization where the dissertation work is 

performed. The dissertation work was carried out in accordance 

with the plan of scientific-research works of the “Cycloolefins” 

laboratory of the Institute of Petrochemical Processes named after 

academician Y.H.Mammadaliyev of ANAS (State registration № 

0106 Az00012).  

 Applicants personal share. The main purpose of the 

research, the main directions for its achievement were put forward by 

the applicant, research, systematization and discussion of the 

obtained results were carried out. The author was also directly 

involved in the design and conduct of laboratory and experimental 

tests. 

 Volume and structure of the dissertation. The dissertation 

consists of 165 pages with computer printing, consists of an 

introductory part, 6 chapters, results, 200 references. The dissertation 
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contains 28 tables and 24 figures. Introduction - 7 pages. (12,228 

characters), Chapter I - 35 pages. (54,767 characters), Chapter II - 19 

pages. (28.225), Chapter III - 29 pages. (36,553 characters), Chapter 

IV - 8 pages. (9,633 characters) Chapter V- 25 pages. (27,979 

characters), Chapter VI - 11 pages. (14,279 characters) results - 2 

pages. (4,010 characters), the total number - 187,674 characters.                                                                                   

         The topicality of the dissertation is explained in the 

introduction, the purpose of the dissertation is defined, as well as 

scientific novelty, practical significance is substantiated, approbation, 

structure and volume, information about publications is given, the 

essence of chapters is briefly described. 

        The first chapter is devoted to a literary review. The review 

analyzes the information on general methods of obtaining synthetic 

lubricants, draws conclusions and notes that mineral oils for use in 

extreme conditions, even with certain additives, do not fully meet 

such requirements, and for this it is necessary to create synthetic 

lubricants that meet the absolute requirements. In addition, the 

review provides information on research in the literature on methods 

for obtaining synthetic lubricants based on alkyl- and hydroxyalkyl-

TsPDs of esters based on norbornene, dicyclopentadiene and 

diatomic alcohols. 

      The second chapter provides the necessary information about 

the initial substances required for the dissertation and their 

characteristics, catalysts, the choice of research area, as well as the 

equipment used and the methodology of the experiment. 

    In the third chapter, the synthesis of alkyl-, mono- and 

dihydroxyalkyl-substituted cyclic compounds by C-alkylation of 

unsaturated hydrocarbons with mono- and diatomic alcohols was 

carried out.       

  The alkylation reaction of CPD with ethanediol-1,2 was carried 

out depending on the temperature and time, and it was determined 

that the yield of mono-hydroxyethyl-CPD in that period and at 1800C 

is up to 10.0%.A comparison of the yields of C-alkylation reactions 

of CPD with ethanediol-1,2, propandiol-1,2 and butanediol-1,4 

showed that the yield of alkylate in the example of ethanediol-1,2 is 
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very low (up to 10%). 

      In this chapter, the physicochemical properties of the 

synthesized compounds were found and their structural structures 

were determined by spectral analysis (IR-, NMR-spectroscopy) and 

the results of the research were summarized. 

     In the fourth chapter, the physical-chemical properties and 

structural structures were determined by spectral (IR-, NMR-

spectroscopy) methods by obtaining appropriate cyclanes by catalytic 

hydrogenation of alkyl- and hydroxyalkyl-cycloolefins synthesized. 

      The fifth chapter describes the synthesis of mono- and di-

hydroxyalkylcyclanes with monoesters of carbonic acids. Here, 

esters aliphatic series of dihydroxyethyl-, and 

dihydroxybutylcyclanes were synthesized  with monobasic C3-C5 

carbonic acids. 

    In this chapter, the synthesis of the corresponding bicyclic 

adducts was carried out on the basis of the reaction [4+2]-

cycloaddition of maleic acid and cis-1,4-butenediol esters with CPD. 

The sixth chapter is devoted to the study of the viscosity and 

temperature properties of synthesized alkyl-cyclopentanes, 

cyclopentane, norbornene series esters and makes recommendations. 

The results reflect the main results of the research. 

 

                    MAIN CONTENT OF THE WORK 

 

      The object of study was dicyclopentadiene (DCPD), a 

commodity form of CPD separated from the C5 fraction of the liquid 

product of the pyrolysis unit (EP-300, Sumgayit), aliphatic mono- 

and diatomic alcohols, aliphatic monobasic carbonic acid and maleic 

anhydride. 

      To perform these studies, the catalytic C-alkylation reaction of 

CPD with aliphatic monoatomic alcohols of series C6-C10 was 

studied. The reaction proceeds according to the following scheme: 
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 where: I R=n.С6Н13-; II  R=n.С7Н15-: III  R=n.-С8Н17-; IV 

R=n.C9H19-;   V  R= n.C10H21-. 

      The process can be explained by the following mechanism. The 

CPD molecule is a pseudo-aromatic system that contains a 

delocalized bond and a double bond.  

     Thus, relying on theory and experimental results, it can be said 

that the mechanism of this reaction goes through several stages: 

     -The presence of communication delocalization in the CPD 

molecule activates the motility of the hydrogen molecule and, as a 

result, separates the proton from the hydroxyl-anion CPD molecule: 

                      HO- + H-C5H5 → HOH + C5H5
- 

     -Alcohol molecule combines with the formed carbonion to form 

an intermediate complex: 

                               C5H5
- + R+OH- → (C5H5R)+OH- 

     The hydroxyl-anion is separated from the resulting complex and 

alkylCPD is formed: 

                               (C5H5R) + OH- → C5H5-R + HO- 

      Thus, the mechanism of obtaining alkylCPDs as a result of C-

alkylation reaction can be accepted with theoretical justification. This 

idea is also evident in the 1H-NMR spectra of alkylCPDs. Thus, in 

the absence of hydrogen in the carbon atom (in cases 1,3) where the 

alkyl radicals are combined in the CPD molecule, no proton signals 

are seen: It follows that the C-alkylation reaction occurs in states 1 

and 3 of cyclopentadiene.   
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 The molar ratios of diene and alcohol significantly affect the 

course of the reaction. Increasing of the diene : alcohol ratio from 1: 

2 to 1:4 leads to a significant increase in the yield of alkylCPD, and 

the yield of the target product increases from 40% to 70%.  A further 

increase in this ratio reduces the yield of alkylCPD. 

This is due to a decrease in the concentration of CPD. As 

expected, increasing the reaction time has a positive effect on its 

course. Thus, the maximum yield of alkylCPD is obtained by holding 

the reaction time for 6 hours. 

The effect of reaction parameters on the yield of di-n.heptyl-CPD 

is given in Fig. 1. 

      Thus, the optimal parameters of the reaction are taken as 

follows: diene: alcohol = 1:4, temperature – 2000C, the reaction time 

is 6 hours. 

     The completeness of the C-alkylation reaction of CPD with 

used alcohols under selected optimal conditions was proved by IR 

spectrographic analysis of different molar ratios and time-dependent 

target products obtained by alkylation, and the spectra are shown in 

Fig.  2 (a) and (b) is given. 
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Fig.1 1. Reaction curves of di-n-heptyl-CPD yield response 

parameters: a) molar ratio of diene to alcohol; b) reaction time, 

hours; c) reaction temperature, 0C 

 

       As can be seen from Fig.2 the molar ratio of the components 

taken for the reaction is diene: alcohol = 1: 2 and the reaction time is 

3-4 hours. However, the mole ratio is diene: alcohol = 1:4 and the 

reaction time is 6 hours until C-alkylation is complete. This result is 

explained by the absence of a strip in the area belonging to the 

hydroxyl (-OH) group in Fig. 2 (b). 

Physico-chemical parameters of synthesized di-n.alkylCPDs (I-

V) are given in Table 1. 
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                                                                                          Table  1. 

Physico-chemical properties of synthesized di-n-alkylCPD 

Compounds 
Mol. 

weight n
20

D  d
20

4  
T boil, 

°С/mm Hg 

Yield, 

% 

I 236 1.4310 0.7912 60-62/10 62.0 

II 262 1.4390 0.7938 72-75 / 8 65.5 

III 290 1.4573 0.8256 118-20 /15 66.2 

IV 318 1.4590 0.8176 124-26 /15 68.4 

V 346 1.4612 0.8340 132-34 /15 69.7 

                                                                                   

In the example of alkylation of CPD with n-heptanol, the kinetic 

parameters of the reaction were found (Table 2)..   

Table  2  

Kinetic parameters of CPD alkylation reaction with n-heptanol 

Rate 

constant 

к, 

l/mol 

min. 

Temperature, K 
Energy of 

activation 

Е, 

(DJ/mol) 

Exponential 

emphasis,к0, 

l/mol  min 443 453 463 

k1
ı
 0,00088 0,00128 0,0047 0,756 105 0,386 106 

k1
ıı

 0,0035 0,0048 0,011 0,636 105 0,336 105 

k1
ııı 0,094 0,099 0,1 0,447 105 0,885 103 

k2 0,00055 0,0092 0,0625 0,877 105 0,422 108 

k2
ı
 0,0443 0,055 0,08 0,757 105 0,278 107 

k2
ıı

 0,047 0,45 0,956 0,860 105 0,654 108 
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 a)    

               
             b)                                                                    

 
Fig.2. IR spectra of di-n-heptylcyclopentadiene obtained 

under different conditions 

a) mole ratio: alcohol = 1: 2, reaction time 3-4 hours 

b) mole ratio: alcohol = 1: 4, reaction time 6 hours 

                                                                                                  

      The suitability of the regression model developed by obtaining a 

Y=73% of the target product yield by a control experiment using the 

calculated optimal values of the included variable parameters was 

determine. 
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Synthesis and study of dihydroxy-alkyl derivatives by C-

alkylation of CPD with diatomic alcohols. 

     The aliphatic reaction of cyclopentadiene (CPD) with alkylates 

with diatomic alcohols C2-C4 was also carried out in the presence of 

an alkaline catalyst promoted by nanoscale magnesium oxide, and 

the corresponding dihydroxyalkyl-CPDs were obtained. In this 

section, the synthesis of dihydroxyethyl, dihydroxypropyl- and 

dihydroxybutyl-CPDs was carried out and their structures were 

determined by IR- and NMR-spectroscopy. Physicochemical 

properties of these substances were studied. 

     For the production of dihydroxyalkyl-cyclopentadienes, the mole 

ratios of diene and alcohol are slightly more than 1: 2. 

     The reaction proceeds according to the following scheme, when 

the alcohol molecule joins to the 1,3-position of the ring: 

 
 Physicochemical properties of synthesized di-hydroxy-alkyl-

CPDs  is given in Table 3. 

Table  3 

Physicochemical properties of synthesized di-hydroxy-alkyl-CPDs   

Compounds 
Tb.,°C/ 50 

mm Hg. 
Mr n

20

D  d
20

4  

Monohydroxyethyl 

cyclopentadiene  

120-22/50 110 1,3950 1,0088 

Di- hydroxyethyl 

cyclopentadiene 

148-50/50 154 1,4250 0, 9850 

Di-hydroxypropyl  

cyclopentadiene 

153-55/50 182 1,4435 0,9875 

Di-hydroxybutyl 

cyclopentadiene 

165-68/50 210 1,4750 0, 9820 

     The 1H-NMR spectrum of the corresponding di-hydroxybutyl-

CPD synthesized by alkylation of CPD with butanediol-1,4 is given 

in Figure 3. 



15 

 

  

 
              

                  Fig. 3  PMR spectrum of di-hydroxy-butyl CPD 

 

 Obtaining corresponding cyclopentanes by catalytic 

hydrogenation of dialkyl- and dihydroxyalkyl- derivatives 

synthesized by alkylation of CPD with mono- and diatomic alcohols. 

 According to the results of research in this area, it should be 

noted that the most widely used catalysts in the hydrogenation 

reaction of CPD and its derivatives are palladium and nickel 

compounds. In this regard, the dissertation used a nickel compound 

(Ni/Cr2O3) as a catalyst for the hydrogenation of dialkyl- and 

dihydroxyalkyl-CPDs. The hydrogenation reaction of di-n-alkyl-

CPDs follows the following general scheme: 
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    Physico-chemical parameters of dialkylCPDs are determined and 

given in Table 4.                                                                                                                           

                                                                                                Table  4 

          Physico-chemical properties of di-n-alkylcyclopentanes 

        

Mol. 

weight n
20

D  d
20

4  

T. boil. 

°С/15 mm 

Hg 

R = C6H13 238 1.4110 0.7520 68-70 

R = C7H15 264 1.4190 0.7430 78-80 

R = C8H17 292 1.4275 0.8045 120-125 

R = C9H19 320 1.4380 0.8015 127-130 

R = C10H13 348 1.4410 0.8145 137-140 

       The 1H-NMR spectra of di-n.hexyl-cyclopentanes obtained from 

hydrogenation are given in Fig. 4, respectively 

 

 
                Fig.4    1H-NMR spectrum of di-n.hexyl-cyclopentane 

 

      Hydrogenation of the synthesized dihydroxyalkyl-CPD was also 

carried out in the autoclave under the above catalyst and conditions 

for 6-8 hours according to the following scheme:
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where  n = 2, 4 

  Physico-chemical parameters of the corresponding 

cycopentanes obtained from the catalytic hydrogenation of 

hydroxyalkylCPDs are given in Table 5.                                                                          

                                                                                            Table  5 

Physico-chemical properties of hydroxyalkylcyclopentanes                    

Compounds 

T
boil., °C 

50mm 

Hg. 

Mr n
20

D  d
20

4  

Mono-hydroxyethylcyclopentane 127-130 112 1,2850 0,8715 

Di- hydroxyethylcyclopentane 155-158 156 1,3050 0, 8550 

Di-hydroxypropyl cyclopentane 160-164 184 1,3435 0,8855 

Di-hydroxybutylcyclopentane 173-176 212 1,3845 0, 8650 

 

Obtaining esters of aliphatic series of di-hydroxy-

alkylcyclopentanes with monobasic acids. 

 

 In this section, the main purpose of the dissertation is to 

obtain esters with cyclopentane monobasic carbonic acids, to study 

their viscosity and temperature properties and to determine their 

suitability as a basis for synthetic lubricants according to the results 

obtained. For this purpose, the esters of synthesized di-hydroxyethyl 

and di-hydroxy-butyl-cyclopentane aliphatic C6-C7 carbonic acids 

(kapron and enant acids) were synthesized and identified. 

 For the synthesis of esters of di-hydroxyalkyl-cyclopentane 

with C6-C7 carbonic acids (kapron and enant acids), the mole ratios 
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of the starting materials were taken into account according to their 

structure. Thus, since the cyclopentane series contains two hydroxyl 

groups in the molecule of alcohols, the molar ratios of alcohol to acid 

were taken in the range of 1:2 to obtain the corresponding complex 

diaphragms. Synthesis of esters was performed according to the 

known methodology. Cationite KU-2.8 was used as a catalyst. Thus, 

the yield of esters of kapron and enant acids was increased to 90-

92%. The reaction time was 4-6 hours, the temperature was taken at 

180-2000C. 

 Synthesis of dihydroxyethyl-cyclopentane complexes with 

capron and enant acids follows the following scheme: 

 

 

   where  n = 2 and 4; m = 4 and 5 

 The chemical shifts in which the 1H-NMR and 13C-NMR 

spectra of dihydroxybutylcyclopentene esters with capron acid are 

given in Table 6.   
                                                                                                                                                                                                                              

Obtaining of appropriate bicyclic adducts on the basis of the 

reaction of maleic acid and cis-1,4-butendiol esters with 

cyclopentadiene by [4+2]-cycloaddition 

First, the esters of maleic acid with n.hexanol and n.heptanol 

were obtained and the corresponding bicyclic (norbornen series) 

esters were obtained on the basis of [4+2]-cyclofusion reaction with 

CPD. The reaction is carried out on the basis of maleic anhydride 

according to the following scheme: 

                                                                                            Table  6 

Chemical shifts in the 1H-NMR and 13C-NMR spectra of 

dibutylcyclopentane-1,3- (bis)dihexanoate, in ppm 

 

1H-NMR 13C- NMR 
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CH3—0,90 

CH2(in acid 

radical) 1,31; 1,29; 

1,64; 2,32 

CH2(in the cycle)-

1,25; 

1,25; 1,57; 4,13 

CH2(position 2 of 

cycle)- 1,89; 2,13 

CH2(4,5 positions 

of cycle.)- 1,35; 

1,60 

CH-1,50; 1,50 

CH3—14,0 

CH2(in acid 

radical)-22,4; 

31,2; 31,2; 33,9 

CH2(in the 

cycle)-33,0; 

21,7; 29,2; 65,2 

CH2(position 2 

of cycle)-37,1; 

37,1 

CH2(4,5 

positions of 

cycle)-29,2;29,2 

CH-32,1; 32,1 

 

   
 

     To carry out the reaction, the molar ratio of the components in a 

1:2 ratio of maleic anhydride and alcohol is placed in the reaction 

flask and mixed for 2.0 hours at room temperature. It should be noted 

that this reaction is one of the exothermic reactions due to the nature 

of diene synthesis. After mixing the mixture at room temperature for 

2 hours, the reaction was continued for another 2  hours by raising 

the temperature to 40-600C. The costs of the purchased diapers were 
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theoretical at 92.0 and 90.0%, respectively. 

    Table 7 examines the effect of temperature on the yield of mono-

n-hexylmaleinate (reaction time is 6 hours).  

                                                                                                  Table 7 

   The effect of temperature on the yield of mono-n-hexylmaleinate 

(reaction time is 6 hours). 

 

                                                                                                 

Temperature, °С 
Yield, % mass./q. 

70 72/85,0 

90 70,5/84,21 

110 67,5/80,62 

 

As can be seen from Table 7, the output decreases slightly as 

the temperature increases during the constant reaction period. The 

effect of the reaction time on the output at a constant optimal 

temperature (700C) was then studied. The maximum reaction time 

was 6 hours. Samples were taken from the reaction every two hours, 

and physical and chemical parameters were studied. The results are 

given in Table 8. The yield of the target product increased 

monotonically over time (after 2 hours) from 45% (after 4 hours) to 

63% (within 6 hours) to 72%. Physicochemical parameters of the 

etherification reaction are given in Table 8.                                                                                                                                                                                                                                                                             

  

 

 

 

 

 

 

                                                                                                   Table 8 

Physico-chemical indices of reaction of esterification 

             Apparat Method Examples 
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Indices Starting 

reaction 

mixture 

After 2 h. 
After 4 

h 

After 6 

h 

Density  

q/sm3, 20oC 

DMA 

4500 M 

ASTM 

D5002 
0.8643 1.0567 1.0619 1.0576 

Acid 

number 

mgKOH/q 

Methodi

cal 
ГОСТ 

5985-79 
68.28 365,87 376,23 387.20 

 

The structure of mono-n-hexylmaleinate and the intensity of 

change of functional groups during the reaction lasting 2-6 hours 

were studied by IR spectroscopy (Figure 5) and NMR method. 

 

 

 
Fig.5    IR spectra of mono-n-hexylmaleate. 
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   Fig.6  IR spectra: 1- n-hexyl alcohol; 2- initial reaction mixture, 

3-5 reaction products 

     It is clear from the drawn spectra of the samples taken from the 

reaction medium every two hours that the intensity of the absorption 

band of the primary alcohol OH-group 3320 cm-1 (Fig. 6) decreases 

steadily with time. The process of obtaining degreasers was carried 

out with the participation of the catalyst and was obtained with an 

output of about 70%. Adductors of these diaphragms were obtained 

through the synthesis of diene with CPD. 

 

 
 

  Fig.7    3D view of IR spectra of mono-n-hexylmaleinate taken 

for 2-6 hours 
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   The NMP 1H- and 13C-NMP spectra of the compound were 

recorded at 25°C with a BrukerWP-300 (300 MHz) spectrometer. 

Tetramethylsylane (TMS) as an internal standard, CDCl3 as a 

solvent, measurement accuracy δ m.p. The results are shown in 

Figure 8 accordingly. 

 
            Fig. 8     1H NMR spectra of mono-n-hexylmaleinate 

 

     Obtaining of n-hexyl- and n-heptyl esters of cis-1,4-

butenediol. 

 

    Purpose for the production of n-hexyl- and n-heptyl esters of cis-

1,4-butenediol The study of the correlation between the properties of 

and is proposed in the dissertation. 

      For this purpose, bis-esters of cis-butendiol-1,4 with n-kapron 

and n-enant acids were first obtained according to the following 

scheme: 
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where  R = -CH2CH2CH2CH2CH3  and   -CH2CH2CH2CH2CH2CH3 

     The adducts of these ethers were obtained separately on the basis 

of [4+2]-cycloaddition  reaction with CPD by the following reaction:  
  

 
where  R = -CH2CH2CH2CH2CH3  and   -CH2CH2CH2CH2CH2CH3  

          Physicochemical parameters of synthesized bicyclic esters 

(bicyclo [2.2.1] hept-5-en-2,3-dihexanoate and bicyclo[2.2.1]-hept-5-

ene-2,3-diheptanoate) were determined. 

  The indicators are as follows: 

- bicyclo[2.2.1]-hept-5-ene-2,3-dihexanoate - Mol.weight = 320; T. 

boil. = 158-1640C / 30 mm Hg; nD
20 = 1.5275; d4

20 = 0.9745; 

- bicyclo[2.2.1]-hept-5-ene-2,3-diheptanoate - Mol.weight = 348; T. 

boil. = 167-1700C / 30 mm Hg .; nD
20 = 1.5486; d4

20 = 0.9875.
  

 Investigation of viscosity and temperature properties of 

synthesized alkyl-cyclopentanes, cyclopentane, norbornene series 

esters. Di-, tri-, polyalkylcyclopentanes, mono-, di-hydroxy-

alkylcyclopentanes, as well as esters of bicyclic dioles are 

indispensable components for lubricants with high viscosity index. 

  In this subsection, the results of the study of the viscosity-

temperature properties of the corresponding norbornen series bis-

esters with the condensation of the synthesized maleic acid dihexyl 

ether and cis-butene-diol-1,4 on the synthesis of diene with CPD are 

given. 

 In general, the compounds synthesized as the basis of synthetic 

lubricants in the dissertation are divided into the following groups: 

1. Alkyl-derived cyclopentanes (alkyl radical C6-C10); 

2. Cyclopentane series esters (including di-n.ethyl- and 

di.n.butyl-cyclopenene in the 1,3-position bis-dihexanoate and bis-

diheptanoate esters); 

3. Bicyclo[2.2.1]-hept-5-ene-2,3-bis-di-n-alkyl esters (here are 
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the esters of norbornene-2 with kapron and enant acids).       

 The viscosity index is calculated in accordance with GOST 

25371-97. The viscosity-temperature curve of the tested oil is located 

between the curves of the reference oil, and the viscosity index is 

given according to its location. According to the above GOST, the 

viscosity index (VI) is practically determined by calculation: 

The results of the determination of the viscosity-temperature 

properties of alkyl-cyclopentanes are given in Table 9. 

As can be seen from Table 9, 1,3-di-n.alkyl-cyclopentanes have 

been shown to have favorable viscosity-temperature properties, and 

these compounds are recommended as the basis of synthetic 

lubricants 

                                                                                        Table 9 

Viscosity-temperature properties of di-n-alkylcyclopentanes       

Compounds 

Kinem. 

viscosity, 

mm2/s. 
Viscosity 

index 

Pour 

point, °C 

100 50 

1,3-di-n.hexylcyclopentane 2,20 4.6 126 -55 

1,3-di- n.oktylcyclopentane 2,0 5,31 159 -60 

1,3-di-n.decylcyclopentane 

(93%)+tri-

n.decylcyclopentane (7,0 %) 

2,15 5,82 136 -45 

 

The physicochemical properties of cyclopentane esters are 

given in Table 10, and the viscosity-temperature properties are given 

in Table 11.   
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                                                                                                 Table 10    

          Physico-chemical properties of esters of cyclopentane series         

Compounds 

 

Tb., 
OC/ 15 

mm Hg 

Mr nD
20 d4

20 

Cyclopentane-1,3-

diethylhexanoate 

188-190 156 1,4020 0,8850 

Cyclopentane-1,3-

diethylheptanoate 

195-198 212 1,4045 0,9050 

Cyclopentane-1,3- 

dibutylhexanoate 

205-207 156 1,4055 0,9080 

Cyclopentane-1,3- 

dibutylheptanoate 

210-213 212 1,4070 0,9145 

                                                                                                          

     Based on the obtained results, hexanoate (I) and heptanoate (2) 

esters of cyclopentane series) can be recommended as the basis of 

low-viscosity synthetic lubricants. 

      With the addition of these esters, compositions based on 

Alkylbenzene (AB) and Poly-α-olefin (POY) oils were created and 

the results are given in Table 12. 

                                                                                               Table 11 

 Viscosity-temperature properties of esters of cyclopentane series 

Compounds Kinem. viscosity, 

mm2/s. 

Visco 

sity 

index 

Pour 

point, 

°C 

Cyclopentane-1,3-

diethylhexanoate 
2,35/100 7,40/40 125 -62 

Cyclopentane-1,3-

diethylheptanoate 
2,45/100 8.20/40 121 -60 

Cyclopentane-1,3- 

dibutylhexanoate 
2,70/100 9,20/40 138 -60 

Cyclopentane-1,3- 

dibutylheptanoate 
2,80/100 9.70/40 140 -58 

     In order to create the compositions, the viscosity and temperature 

properties were determined by taking these oils with ethers in the 
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ratio of 80:20. As can be seen from Table 12, the addition of these 

esters significantly improves the initial properties of the AB and 

POY oils: the viscosity indices range from 126 and 121 to 130 and 

136, respectively, with the addition of ether (I). , with the addition of 

ether (II) to 134. The freezing temperatures of both oils are reduced 

from minus 46 and minus 52 to minus 50 and minus 56, respectively, 

with the addition of ether (I).  

                                                                                            Table 12     

Preparation of compositions based on (Cyclopentane-1,3-dibutyll)-

hexanoate (ester I) and -heptanoate (ester II) with Alkylbenzene(AB) 

and Poly-α-olefines (POY) and investigation results  

Initial 

compounds and 

compositions 

Kinem. viscosity, 

mm2/s. 
Visco 

sity index 

Pour 

point, 

°C 

100 oC 40 oC   

Properties of initial compounds 

Ester I 2,70 9,20 138 -60 

Ester II 2,80 9,70 140 -58 

AB 12,39 54,12 126 -46 

POY 9,92 44,32 121 -52 

Properties of prepared compositions 

AB + ester I 

(80 : 20) 
10,90 49,23 130 -50 

POY + ester I 

(80 : 20) 
8,68 45,32 136 -56 

AB + ester II 

(80 : 20) 
11,40 52,10 134 -49 

POY + ester II 

(80 + 20) 
8,72 47,16 134 -54 

 

The physical and chemical properties and viscosity-temperature 

properties of esters of the norbornen series are given in Table 13 and 

Table 14, respectively.                     
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                                                                                           Table 13                                                                                                                                                           

Physico-chemical properties of esters of norbornene series     

                  Compounds 

  

 Tb.,
OC/ 

15mm Hg 

       

Mr 

nD
20 d4

20 

Bicyclo[2.2.1]hept-5-ene-

2,3-di-n.hexanoate 

212-215 322 1,4556 0,9600 

Bicyclo[2.2.1]hept-5-ene-

2,3-di-n.heptanoate 

220-222 336 1,4580 0,9665 

Bicyclo[2.2.1]hept-5-ene-

2,3-methylene-di-

n.hexanoate 

225-228 336 1,4725 0,9825 

Bicyclo[2.2.1]hept-5-ene-

2,3-methylene-di-

n.heptanoate 

238-240 350 1,4768 0,9810 

                                                                                                              

                                                                                         Table 14 

Viscosity-temperature properties of esters of norbornene series 

 

Compounds 
Kinem. viscosity, 

mm2/s. 

Visco 

sity index 

Pour point, 

°C 

Bicyclo[2.2.1]hept-5-ene-

2,3-di-n.hexanoate 
2,50/100 9,06/40 130 -55 

Bicyclo[2.2.1]hept-5-ene-

2,3-di-n.heptanoate 
2,60/100 9,0/40 ~135 -55 

Bicyclo[2.2.1]hept-5-ene-

2,3-methylene-di-

n.hexanoate 

2,80/100 9,70/40 140 -58 

Bicyclo[2.2.1]hept-5-ene-

2,3-methylene-di-

n.heptanoate 

2,90/100 10,2/40 142 -60 

 

     Thus, bicyclo[2.2.1]-hept-5-en-2,3-bis-esters have favorable 

viscosity-temperature properties, and these compounds are 

recommended as the basis of synthetic lubricants. In addition, these 
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compounds can be added to mineral oils to increase their viscosity 

index. 

 

 

                                            CONCLUSIONS 

 

1. Substitution-oriented C-alkylation reactions of cyclopentadiene 

with aliphatic oneatomic C6-C10 and diatomic C2-C4 alcohols in the 

presence of a basic catalyst promoted by nano-sized MgO were 

studied. The alkyl and hydroxyalkylcyclopentadienes obtained by 

this reaction have also been primarily for the production of synthetic 

lubricants used in machinery and equipment used in various 

industries (1.8). 

2. The aliphatic sequence of cyclopentadiene alkylation with 

monohydric alcohols was carried out depending on the temperature 

and time, and it was determined that the yield of di-n. 

Alkylcyclopentadiene is 67.2% at 6.0 hours and at 2000C. The 

reaction of alkylation of cyclopentadiene with these alcohols was 

carried out in different ratios of diene and alcohol, and it was 

determined that when taking diene: alcohol = 1:10, 7.2% trialkil-

TsPD was obtained in 4 hours along with dialkyl-TsPD (1,3,5). 

3. The viscosity index of di-n.alkylcyclopentanes obtained by 

hydrogenation of synthesized di-n.alkyl-cyclopentadiene was 

determined to be 124-159, and the freezing temperature was negative 

55-600C, their structures were determined by IR-, NMR-

spectroscopy and physicochemical methods (5,6,7). 

4. The alkylation reaction of cyclopentadiene with ethanediol-1,2 and 

butanediol-1,4, depending on the temperature and time, was carried 

out with a new approach to the transfer of components to the reaction 

medium. and 95.5% at a temperature of 1800C. The aliphatic 

sequence of dihydroxy-n-alkyl-cyclopentadiene complexes with 

carboxylic acids (kapron and enant acids) was obtained and the 

corresponding esters were obtained with a yield of 90-92%. The 

physicochemical properties of the synthesized mono- and dihydroxy 

alkyl-cyclopentadiens were determined and their structural structures 
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were determined by modern optical methods (IR- and NMR-

spectroscopy) (16). 

5. Relevant esters of maleic anhydride with n.hexanol and n.heptanol 

were obtained and studied on the basis of cyclopentadiene [4+2]-

cycloaddition reaction. The reaction was carried out in an autoclave 

at 180°C for 6-8 hours (2.10). 

6.Relevant bicyclic adducts (norbornene-di-hexanoate and di-

heptanoates, as well as production of norbornen-di-methylene-

hexanoate and heptanoates) on the basis of cyclopentadiene [4+2]-

cycloaddition reaction of maleic acid and cis-1,4-butenediol esters [4 

+2]. Relevant ethers with high yield (98.0%) were obtained by 

reactions (21). 

7.The viscosity and temperature properties of the synthesized 

cyclopentane, norbornene series esters were studied and 

recommendations for their application were given. As a result of 

research in this direction, it was determined that the esters of 

hydroxyalkyl-cyclopentane (cyclopentane-1,3-diethyl-n.hexanoate, 

cyclopentane-1,3-di-n.heptanoate, cyclopentane-1,3-dibutyl-

n.hexanoate and cyclopentane-1,3-dibutyl-n.heptanoate) viscosity 

indices are around 121-140, and freezing temperatures are around 

minus 58-620C. Norbornene series of esters (bicyclo[2.2.1]-hept-5-

ene-2,3-di-n.hexanoate, bicyclo[2.2.1]-hept-5-ene-2,3-di-

n.heptanoate, bicyclo[2.2.1]-hept-5-ene-2,3-methylene-di-

n.hexanoate and bicyclo[2.2.1]hept-5-ene-2,3-methylene-di-

n.heptanoate) viscosity indices 130-142, and freezing temperatures 

are minus 55-600C (22). 

8.Thus, bicyclo[2.2.1]-hept-5-ene-2,3-bis-esters have favorable 

viscosity-temperature properties, and these compounds were 

recommended as the basis of synthetic lubricants. In addition, these 

compounds can be added to mineral oils to increase their viscosity 

index. (21.22) 

9. (Cyclopentane-1,3-dibutyl)-hexanoate (I) and heptanoate (2) esters 

can be recommended as the basis of low-viscosity synthetic 

lubricants. 

10. With the addition of these esters, compositions based on known 
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synthetic oils "Alkylbenzene" (AB) and "Poly-α-olefin" (POY) were 

created and it was determined that the initial properties of "AB" and  

"POY" oils significantly improved: viscosity. indices rise from 126 

and 121 to 130 and 136, respectively, with the addition of ether (I), 

and to 134 with the addition of ether (II). The freezing temperatures 

of both oils are reduced from minus 46 and minus 52 to minus 50 

and minus 56, respectively, with the addition of ether (I). The change 

in freezing temperatures is reduced to minus 49 and minus 56 with 

the addition of ether (II) 
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