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Abstract 
The results of research in the field of preparation and application of di-n-

alkyl- and di-n-hydroxyalkyl derivatives of cyclopentadiene are presented. 

The synthesis of these derivatives of cyclopentadiene was carried out on 

the basis of the reaction of alkylation of the latter with the corresponding 

aliphatic mono- and diatomic alcohols of the C2-C8 series in the presence 

of an alkaline catalyst modified with nanosized magnesium oxide. The 

physicochemical parameters were determined and the structures of the 

obtained compounds were determined by the NMR spectral method. The 

synthesized 1,3-di-n-alkylcyclopentadienes were subsequently hydroge-

nated in autoclave conditions and the corresponding di-n-alkylcyclopen-

tanes were obtained. Their physical and chemical properties, as well as 

viscosity-temperature characteristics, have been determined. It was shown 

that the molar ratio of diene: alcohol affects the course of the reaction. 

With an increase in this ratio from 1:2 to 1:4, the yield of the target 

reaction product increases from 40% to 66.2%. The synthesized di-n-

alkylcyclopentanes have good viscosity indices and sufficiently low pour 

points, which creates the prerequisites for recommending their use as 

components of synthetic oils, since for synthetic oils the optimal viscosity 

index is considered to be above 150, and most often it is 160-180, and for 

of semi-synthetic and mineral oils, the viscosity index is 120-140 and 100, 

respectively. When determining the structures of di-n-alkylcyclopenta-

dienes, it was found that the addition of alcohol molecules occurs in the 

1,3-position. A probable mechanism of the reaction of cyclopentadiene 

alkylation with mono- and diatomic alcohols is proposed. As a result of the 

studies, it was found that the synthesized compounds have high viscosity 

indices and pour points (minus 55-60
0
C) and can be recommended as a 

component for synthetic oils 

Keywords:  alkylation, aliphatic alcohols, di-n-alkyl-cyclopentadiene, di-n-hydroxyalkyl-
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The production of synthetic oils is one of the main areas of petrochemical synthesis, which 

is widely used in critical apparatuses. replacing mineral oils that cannot meet the relevant 

requirements, even with the addition of additives. One of the effective additives are alkyl and 

hydroxyalkyl derivatives of cyclopentadiene. Some of these derivatives are used as a base for 
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synthetic oils [1], and can also serve as synthons for them [2]. Some of these derivatives can be 

obtained by catalytic alkylation of cyclopentadiene 

The direct alkylation of cyclopentadiene and its derivatives with various alcohols has not 

been adequately studied. Known methods for producing alkyl derivatives of cyclopentadiene by 

alkylation of the latter with lower aliphatic alcohols in the vapor phase in the presence of 

heterogeneous basic catalysts [3,4]. 

Diatomic alcohols can also be used as alkylating agents for various classes of organic 

compounds [5-11]. However, there are no reports in the literature on the alkylation of 

cyclopentadiene and its derivatives with diatomic alcohols. 

In this regard, and in order to expand the range of components of synthetic oils, we carried 

out the alkylation of cyclopentadiene with dihydric alcohols of the C2-C4 series to obtain 

hydroxy-n-alkylcyclopentadienes. To increase the thermal stability of the obtained products, they 

were subjected to catalytic hydrogenation in order to obtain the corresponding di-n-alkyl- and 

dihydroxyalkyl derivatives of cyclopentanes.  

Experimental Part 

The starting reagents were mono- and dihydric alcohols, cyclopentadiene and its dimer, 

which had the following physicochemical characteristics: n-hexyl alcohol (density - 819 kg/m
3
, 

refractive index - 1.4133, boiling point - 157.2
0
C), n-heptyl alcohol (density - 824 kg/m

3
, 

refractive index - 1.4215, boiling point - 176.3
0
C), n-octyl alcohol (density - 827 kg /m

3
, 

refractive index - 1.4304, boiling point - 194, 5
0
C), ethanediol (density - 1114 kg /m

3
, refractive 

index - 1.4319, boiling point - 197.2
0
C), butanediol-1.4 (density - 1017 kg /m

3
, refractive index - 

1.4463, boiling point - 235
0
C), cyclopentadiene (density - 805 kg/m

3
, refractive index - 1.4446, 

boiling point - 42
0
C), dicyclopentadiene (density - 976 kg/m

3
, refractive index - 1.5050, boiling 

point - 170
0
C with decomposition). 

Used mono- and diatomic alcohols are reactive. 

Cyclopentadiene was isolated by monomerization of its dimer obtained from the C5 

fraction of the pyrolysis of petroleum products. 

The reactions of cyclopentadiene alkylation with mono- and dihydric alcohols were carried 

out in the presence of a catalyst consisting of a mixture of potassium hydroxide and nanosized 

magnesium oxide obtained by the method [12]. 

The method for obtaining the target products is shown by the example of the synthesis of 

di-n-octylcyclopentadiene. The calculated amount of n-octanol and a catalytic system consisting 

of 10.3 g of 87% KOH solution (0.16 mol) and 2 g of nanosized magnesium oxide. Before 

heating, a portion of dicyclopentadiene (6.6 g; 0.05 mol) was added to the reaction mixture. Then 

the reaction temperature was brought to 150°C. After the water collected in the Dean-Stark trap, 

the remaining portion of cyclopentadiene dimer (28.4 g; 0.22 mol) was added dropwise over 1.5 

hours. After the end of the addition of dicyclopentadiene, the reaction mixture was heated for 4 

hours. After cooling, the mixture was washed with water, hexane, dried over MgSO4, and 

distilled under vacuum (p=10 mm Hg). Received di-n-octylcyclopentadiene. The product yield is 

66.2%. The product is a yellowish liquid. 
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The reaction products were purified by distillation, after which their physicochemical 

parameters were determined. 
1
H and 

13
C NMR spectra were recorded on a Bruker WP-400 

instrument (400 MHz). Chemical shifts are determined relative to tetramethylsilane, solvent 

C6D6. 

Table 1. Physicochemical parameters of the synthesized di-hydroxyalkylcyclopentadienes 

Compounds 

 

 

 

Boiling 

temperature, 

Тb,
о
С/10 mm.Hg 

Refractive 

index,    

n 20

d  

Density,  

g/cm
3
 

 d 20

4
4

20

 

Yield, % 

mass 

 

Dihydroxyalkylcyclopentadienes 

Di-hydroxyethylcyclopentadiene 148-50 1.4250 0. 9850 58.7 

Di-hydroxybutylcyclopentadiene  165-68 1.4750 0. 9820 60.5 

 The synthesized 1,3-di-n-alkylcyclopentadienes were hydrogenated and the corresponding di-n-

alkylcyclopentanes were obtained, their physicochemical parameters were determined (Tab. 2), 

as well as viscosity-temperature characteristics (Tab. 3). Catalytic hydrogenation was carried out 

in an autoclave under hydrogen pressure. The reaction proceeds according to the scheme: 

 

Table 2. Physicochemical parameters of the obtained di-n-alkylcyclopentanes 

Compounds 

 

Refractive 

index,  n
d

20

 

Density,  

g/cm
3 

,  d
4

20

 

Boiling temperature, 

Тb,
о
С/15 mm.Hg 

1,3-di-n-hexylcyclopentane 1.4110 0.7520 68-70 

1,3-di-n-heptylcyclopentane 1.4190 0.7430 78-80 

1,3-di-n-octylcyclopentane 1.4275 0.8045 120-125 

Table 3. Viscosity-temperature characteristics of the obtained di-n-alkylcyclopentanes 

Compounds Kinem.viscosity, mm
2

/s Viscosity 

index 

Melting point, 

Тm , 
°
С 100 50 

1,3-di-n-hexylcyclopentane 2.0 5.31 167 -55 

1,3-di-n-heptylcyclopentane 2.15 5.82 173 -58 

1,3-di-n-octylcyclopentane 2.20 4.6 247 -60 

Dihydroxyalkylcyclopentanes are esterified with carboxylic acids to obtain the 

corresponding ester derivatives of cyclopentane, since cyclic esters are known to have high 

viscosity indices. 
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Results and Discussion 

The alkylation reaction of cyclopentadienes with mono- and dihydric alcohols proceeds 

according to the scheme: 

                                 

where n = 4-6; X = H (in case of monohydric alcohols) 

n = 0.2; X = OH (in the case of dihydric alcohols) 

The reaction is influenced by the molar ratio of diene: alcohol. With an increase in this 

ratio from 1: 2 to 1: 4, the yield of the target reaction product increases from 40% to 66.2%. 

The synthesized di-n-alkylcyclopentanes have good viscosity indices and fairly low pour 

points (Tab. 3), which creates the prerequisites for recommending their use as components of 

synthetic oils, since for synthetic oils the optimal viscosity index is considered to be above 150, 

and most often it is 160-180, and for semi-synthetic and mineral oils, the viscosity index values 

are 120-140 and 100, respectively. 

 When determining the structures of di-n-alkylcyclopentadienes, it was found that the 

addition of alcohol molecules occurs in the 1,3-position [13]. 

 It is known that cyclopentadiene is a pseudoaromatic system in which a delocalized bond 

takes place, as a result of which the mobility of hydrogen atoms in the cyclopentadiene molecule 

is activated and the detachment of a proton by the hydroxyl anion is facilitated: 

ОН
-
   +   Н-С5Н5      НОН    +    С5Н5

- 

 the alcohol molecule interacts with the formed carbanion with the formation of an 

intermediate complex: 

С5Н5
-
    +   R

+ 
OH  (С5Н5 R)

+ 
OH

-
 

 the resulting complex cleaves off the hydroxyl anion with the formation of 

alkylcyclopentadiene: 

(С5Н5 R)
+ 

OH
-    

    С5Н5-R    +   OH
-
 

 Based on the results obtained, we can accept the probable mechanism of alkylation of 

cyclopentadiene with mono- and dihydric alcohols. The occurrence of alkylation by substitution 

of alkyl radicals in the 1,3-position of the cyclopentadiene molecule, which is also confirmed by 

the 
1
H-NMR spectrum, where proton signals are not observed at the indicated positions: 
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Fig. 1.

 1
H NMR spectrum of synthesized di-n-hexylcyclopentane 

In the 
1
H NMR spectrum, signals of the CH3-group protons are observed in the range of 

0.8-0.9 ppm. in the form of a triplet, the protons of the CH2 group appear in the region of 1.2-1.5 

ppm. as a multiplet. The protons of the ring CH2 group give a signal in the region of 1.7 ppm, 

and the protons at the double bond C=C are observed in the region of 3.6-3.75 ppm. as a 

multiplet. Signal in the area of 7.2 ppm. corresponds to the solvent signal. 

 
Fig.  2. 

13
C NMR spectrum of synthesized di-n-hexylcyclopentane 
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The 
13

C NMR spectrum of di-n-hexylcyclopentane shows signals of carbon atoms in the 

regions 13, 22, 25, 30–32 ppm, corresponding to carbon atoms from methyl, methylene, methine 

and cyclic methylene groups, respectively. The peak is in the region of 62-65 ppm. corresponds 

to the absorption of carbon atoms at the double bond in the cyclic fragment. The peak is in the 

region of 127-128 ppm. belongs to a carbon atom from a solvent molecule. 

Conclusions 

Summarizing the results of the above studies of the alkylation reaction of cyclopentadiene, 

it was shown that the synthesized di-n-alkylcyclopentadienes are practically valuable products 

that are synthons for the preparation of synthetic lubricating oils. 

A probable mechanism of the reaction of alkylation of cyclopetadiene with aliphatic mono- 

and dihydric alcohols is proposed. 

A new catalytic system was used, consisting of an aqueous solution of KOH and nano-

sized magnesium oxide, which allows increasing the yield of the target product from 40-50% to 

58-66%. 

The study of the viscosity-temperature properties of the synthesized products of the 

alkylation reaction of cyclopentadiene with monohydric alcohols has established the possibility 

of their use as components of synthetic oils. 
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