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Abstract 

The analysis of the results of scientific research in the field of the use of 

isoprene in the reaction of diene synthesis and determination of the areas of 

use of the products obtained in the last decade is carried out. The basic laws 

of the diene condensation reaction involving isoprene are shown, and the 

effect of various reaction parameters on the chemical and optical yields of 

the synthesized adducts is studied. In addition, the results of research by the 

authors of the article are presented. In particular, the authors conducted 

studies on the use of isoprene in its mixture with piperylene isolated from 

the C5 fraction of liquid pyrolysis products. For this, the resulting mixture 

of aliphatic 1,3-dienes of the C5 series was used as a diene in the reaction of 

DA with dienophiles of the maleic series (maleic anhydride, maleic acid 

monoesters). The resulting adducts were tested by us as antimicrobial 

agents. For this, by the method of serial dilutions, solutions of the 

synthesized monoesters of 4(5)-methylcyclohex-4-ene-1.2-dicarboxylic 

acid in various concentrations were prepared and their effect on the vital 

activity of some microorganisms, in particular gram-positive 

(Staphylococcus aureus), gram-negative (E. coli, Pseudomonas aeruginosa), 

as well as fungi of the genus Candida. The tests were carried out in 

comparison with the control drugs widely used in medical practice (ethanol, 

rivanol, chloramine, carbolic acid, furacillin). Studies conducted at the 

Department of Microbiology of Azerbaijan Medical University, revealed 

the presence of high antimicrobial and antifungal activity of the synthesized 

compounds, which allows us to recommend them for use as local antiseptic 

drugs. It is also noted that the synthesized compounds in their biological 

activity prevail over commonly used medications. In other works, the 

authors showed the possibility of using the obtained monoesters as 

plasticizers for PVC-compositions, due to the presence of a good 

plasticizing ability of the latter 

Keywords: isoprene, diene synthesis, adducts, Diels-Alder reaction 

It is known that the high stereo- and regioselectivity of the Diels-Alder reaction, as well as 

the wide range of possible reagents and, accordingly, products, makes this reaction indispensable 

in the synthesis of a wide variety of compounds, in particular, cyclodiene pesticides. In addition, 

Diels-Alder reactions occur during the secondary metabolism of living organisms. This primarily 
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relates to the biosynthesis of polyketides (insect pheromones), isoprenoids (vitamins, 

pheromones, hormones), phenylpropanoids (structural components of cell walls), alkaloids 

(participate in the formation of plant protective functions from external influences, 

neurotransmitters in animals). One of the most commonly used dienes in this reaction is 

isoprene. Diene synthesis reactions continue to be a key object of research in leading chemical 

and pharmaceutical laboratories in a number of countries. Research in this area continues to 

develop rapidly and more and more new results in this area are of both theoretical and practical 

interest. The presented work shows the results of studies in the field of isoprene use in the Diels-

Alder reaction, as well as the authors' own results. 

So, in [1], Diels-Alder (D-A) cycloaddition of isoprene and 1,3-butadiene with D-galacto 

and D-manno-(E)-nitroalkenes was described. The stereoselectivity of the reaction and the 

configuration of the chiral center adjacent to the double bond of dienophile were studied. For 

isoprene adducts, the preferred regioisomers were those in which the nitro and methyl groups of 

the cyclohexene ring are in position 1.4. The absolute configuration of new chiral centers in 

adducts was determined by NMR spectroscopy and polarimetry. 

A D-A reaction was carried out between isoprene and methyl acrylate and supercritical 

СО2 in the temperature range of 110-140
0
С and a pressure of 95.2-176.9 atm. [2] in an 

autoclave. The kinetic laws of the reaction were studied. It was found that near the critical 

temperature the reaction rate constant decreases with increasing pressure. The authors also found 

that the selectivity of the reaction does not change with changing reaction conditions. The 

transition state theory was used to explain the effect of pressure on the reaction rate and adduct 

selectivity. The highest reaction rate of the reaction is observed in the supercritical phase. The 

experiments were carried out at a constant temperature in different phases (two-phase system, 

liquid phase, supercritical phase). 

The reaction of D-A between isoprene and methyl acrylate over some zeolites was studied 

[3]. The highest isomer productivity of methyl 4-methylcyclohex-3-enecarboxylate is provided 

by ZSM-5 zeolite. The authors studied the effect of Bronsted acidity and crystal size of zeolite 

ZSM-5 on the course of the reaction. It is shown that optimal results are observed when using 

medium-pore zeolite ZSM-5 

The enantioselective reaction D-A between isoprene and N-ethyl maleimide was studied in 

the presence of a homochiral metal-organic catalyst MOF-4, consisting of copper cations, 2 

moles of 4-methoxycarbonylphenylboronic acid, 3 moles of 4,4
1
-dibromo-2,2

1
-diacetyl-1,1

1
-

binaphthyl and 3 moles of N-methylformamide and 1 mole of methanol [4]. The effect of various 

reaction parameters on the yield of the adduct was studied. So, in the Tab. 1, the authors showed 

the effect of solvent on the yield of the target adduct. 
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Table 1. Effect of solvent on the yield of the diene condensation adduct of isoprene and N-ethyl 

maleimide 

№ Solvent Yield, % 

1 Methanol 43 

2 Ethanol 66 

3 Iso-propanol 87 

4 Ethylacetate 49 

5 Chloroform 85 

6 Toluene 77 

7 Cyclohexane 59 

8 n-Hexane 80 

As can be seen from the Tab. 1, the highest adduct yields are observed in the medium of 

isopropyl alcohol and chloroform., While using methanol and ethyl acetate in this reaction, the 

adduct yield is minimal. 

In the same work, the authors studied the duration of the reaction and the temperature of 

the chemical and optical yields of adducts (Tab. 2). 

Table 2. The effect of the duration and temperature of the reaction on the chemical and optical 

yield of the diene condensation adduct of isoprene and N-ethyl maleimide 

Temperature, 
0
С Duration, h. Yield, % Е.е., % 

0 24 33 73 

0 48 81 75 

0 72 70 71 

20 24 49 71 

40 24 83 59 

60 24 61 55 

From the Tab. 2 it follows that at low temperature (0
0
С) the highest chemical and optical 

yields of the adduct are observed at a reaction time of 2 days, while at higher temperatures the 

best results were recorded at a temperature of 40
0
С. 

In [5], the reaction D-А of isoprene and enone ether was studied, catalyzed by Lewis acids 

and proceeding in an ether medium according to the scheme: 

 

It is shown that in the resulting adduct, the substituents are exclusively in the para position. 

The authors note a convenient way for the synthesis of himalkenes. The effect of various 

reaction parameters on the yield of the adduct was studied (Tab. 3). 
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Table 3. Effect of various reaction parameters on the yield of the diene condensation adduct of 

isoprene-enone ether 

№ Lewis acid Temperature, 
0
С Duration, h. Yield, % 

1 BF3 Et2O 20 140 less than  5 

2 BF3 Et2O 20 29 33 

3 SnCl4 20 44 58 

4 SnCl4 20 18 87 

5 FeCl3 20 2 52 

6 FeCl3 0 18 67 

7 FeCl3 0 9 59 

8 FeCl3 -20 48 49 

As can be seen from Tab. 3, the highest yield of adduct is observed at a temperature of 

20
0
C, the reaction time is 18 hours, and tin (IV) chloride is used as a catalyst. 

A thermal reaction of D-A between isoprene and allen was carried out and the mass ratio 

of the resulting isomers was determined [6]. The meta-isomer is formed with 70% selectivity at a 

temperature of 180-220
0
C. The authors discussed the reaction mechanism proceeding according 

to the following scheme: 

 

The effect of various reaction factors on the yield of 1-methyl-4-methylene-1-cyclohexene 

(I) and 1-methyl-5-methylene-1-cyclohexene (II), which is shown in Tab. 1, was studied.  

Table 4. The influence of various reaction factors on the yield of synthesized adducts 

№ Ratio allene/isoprene Temperature,
0
С Duration, h. Yield, % Ratio of 

adducts  I/II 

1 1:2 175-185 4,5 18 1/2 

2 1:2 215-225 2 36 1/2 

3 1:2 215-225 3 31 1/2 

From the Tab. 4 it follows that the most optimal yield of adducts is observed in the 

temperature range of 215-225
0
C for 2 hours and a ratio of similar reagents 1:2. 

The kinetics of the cycloaddition reaction between isoprene and cyclopentadiene was 

studied in detail [7]. The experiment was carried out in a flow reactor in a cyclohexane solution 

at various temperatures. The kinetic parameters for the formation of five individual isomeric co-

polymers of cyclopentadiene and isoprene are determined. 

In [8], the D-A reaction of unactivated R-CHO aldehydes (where R = C1-C10 of the 

aliphatic and phenolic series) with simple aliphatic dienes, including isoprene using a Bronsted 

acid catalyst or perfluorinated organic sulfonic acid, was studied. It was shown that the reaction 

leads to the formation of dihydropyranes. 
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The regioselectivity of the D-A reaction between levoglucosenone and its bromine 

derivative with isoprene was studied using mathematical calculations. The reaction proceeds 

according to the following scheme [9]: 

 

It is shown that upon heating the ratio of isomeric adducts is 40:60, and in the presence of 

zinc chloride it becomes 7:93. 

It is noted that in the case of a reaction with a bromine derivative proceeding according to 

the scheme shown below, the isomer ratio is 70:30 when heated, and when using catalytic 

amounts of BF3 Et2O, it changes to 94: 6. 

 

The reaction rate constants of isoprene-maleic anhydride were studied in pure solvents 

such as hexane, ethyl acetate, toluene, chlorobenzene and ntrobenzene, as well as in binary 

solvent mixtures. To determine the reaction activation energy in the indicated solvents, the 

authors used an empirical method based on the Arrhenius equation and the Redlich-Kister 

function [10]. 

Photocatalytic D-A reactions in a two-phase system (liquid-solid) based on isoprene and 

primary products of gas-phase photochemical oxidation of isoprene with methacrolein and 

methyl phenyl ketone in the presence of transition metal oxide photocatalysts with particle sizes 

of 0.1-10 μm were considered [11]. 

In [12], the rate constants of the D-A reaction between isoprene and maleic anhydride in 

supercritical CO2 and a pressure of 7.5-14.1 MPa, flowing according to the scheme, were 

determined: 

 

It is shown that in the high-pressure range Kr is close to published data. However, at the 

same temperature in the critical pressure range, the constant is somewhat higher. The reaction 
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rate constant was determined by a second order equation. 

The D-A reaction of equimolar amounts of 1,3-butadiene and isoprene over an MgO-ZrO2 

catalyst at 473 K was carried out to study the reaction mechanism and product distribution [13]. 

It was shown that the main reaction product in the presence of zirconium oxide was 4-

ethyltoluene, which is formed due to the catalysis of the base of the D-A reaction between 

butadiene and isoprene, followed by migration of the double bond and dehydrogenation. In the 

D-A reaction, isoprene enters as a diene, and butadiene as a dienophile. In the presence of 

magnesium oxide, the main product is o-xylene. 

The effect of the solid carrier of lithium bis (trifluoromethane) sulfonamide (LiNTf2) and 

microwave irradiation under the conditions of the "green" chemistry of 3-methyl-1-

octylimidazolium tetrachloroaluminate [MOIM]AlCl4 on the reaction D-A between isoprene and 

various dienophiles (maleic anhydride, maleic acid), p-hydroquinone, cyclopentenone, 

cyclohexenone) [14]. It is shown that in the absence of a solid support at a temperature range of 

20-60C, the results shown in Tab. 5. 

Table 5. Effect of various reaction parameters on the yield of the diene condensation adduct of 

isoprene with various dienophiles in the absence of a solid support 

№ Dienophile Duration, h Yield, % 
Irradiation 

time, min. 
Yield, % 

1 Maleic anhydride 10 90 10 96 

2 Maleic acid 14 90 17 93 

3 p-Hydroquinone 20 82 20 95 

4 Cyclopentenone 8 92 6 93 

5 Cyclohexenone 15 98 18 91 

However, in the presence of a solid carrier and under the same conditions, the results 

shown in Tab. 6.  

Table 6. Effect of various reaction parameters on the yield of the diene condensation adduct of 

isoprene with various dienophiles in the presence of a solid support 

№ Dienophile Duration, h Yield, % 
Irradiation 

time, min. 
Yield, % 

1 Maleic anhydride 1.5 98 1 98 

2 Maleic acid 2 97 3 97 

3 p-Hydroquinone 5.5 98 5 97 

4 Cyclopentenone 0.5 99 0.15 97 

5 Cyclohexenone 3 98 3.5 98 

A comparison of Tab. 5 and 6 allows us to conclude that in the presence of a solid carrier, 

the best results are achieved. 

It is noted that in recent years, ionic liquids have been widely used in organic synthesis as 

“green” solvents [15]. They have several advantages, such as chemical and thermal stability, 

non-toxic, non-flammable, high polarity, easy regeneration and high catalytic activity, etc. It has 
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been shown that ionic liquid 1-ethylpyridinium trifluoroacetate [EtPy]
+
[CF3COO]

-
 as a solvent 

for the reaction D-A between isoprene and acrylic acid increases the rate of this reaction 

compared to organic solvents. 

The effect of solvents was studied for the Lewis acid-catalyzed D-A reaction between 

isoprene and acrolein based on computer calculations and experimental data [16]. The 

mechanism and geometry of transition structures in this reaction proceeding according to the 

scheme are investigated: 

 

In [17], the effect of a boron substituent in the D-A reaction with the participation of vinyl 

boranes was studied using computer calculations. For this purpose, four vinylboranes with 

various electronic and steric properties were selected for the reaction of D-A with various dienes 

(cyclopentadiene, trans-piperylene and isoprene) to study their reactivity and regio- and 

stereoselectivity of the reaction. 

The reaction of D-A isoprene with 2-oxoindolin-3-ylidene derivatives was studied in [18]. 

The reaction D-A of the electrophilic dienophile of N-mesylnitroindole with isoprene in a 

polar medium was studied [19]. The reaction was carried out under thermal conditions and in the 

presence of microwave irradiation, in a medium of toluene or proton ionic liquid as a solvent, as 

well as in the absence of a solvent. The authors showed that this reaction proceeds better under 

microwave irradiation than under thermal conditions. The reaction proceeds as follows: 

 

X, Y = H, NO2 

In [20], the reaction of D-A isoprene with methylvinylketone, catalyzed by tin-organic 

halides, proceeding according to the scheme: 

 

The authors studied the effect of the catalyst and other parameters on the rate constant of 

this reaction (Tab. 7).  
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Table 7. Effect of catalyst and reaction duration on rate constant 

Catalyst Duration, h. Rate constant,  Кr 

catalystless 197 1 

Me3SnCl 104 2 

CH2SnMe2Cl 48 4 

(CH2)2SnMe2Cl 45 4 

Me2SnCl2 44 4 

Ph2SnCl2 26 8 

CH2(SnMeCl2)2 15 13 

As can be seen from the Tab. 7, the highest reaction rate is observed with a reaction time of 

15 hours in the presence of a CH2(SnMeCl2)2 catalyst. 

The behavior of the electrophilic dienophile of N-tosylnitropyrrole in the polar reaction of 

D-A with various dienes, in particular, with isoprene under microwave irradiation using toluene 

or a proton ionic liquid as a solvent and in the absence of a solvent, was studied [21]. The 

authors note that in all cases high adduct yields are observed in a short time. The role of ionic 

liquid in the reaction was studied by the method of molecular electron density theory. 

The behavior of the electrophilic dienophile of 2-nitrofuran and 3-nitrofuran, the reaction 

of polar cycloaddition with various dienes, was studied [22]. The reactivity and regioselectivity 

of reaction products proceeding according to the scheme are discussed: 

 

The thermal dimerization of isoprene was studied, as a result of which four six-membered 

cyclic dimers and two eight-membered cyclodimers are formed [23]. It was shown that the 

dominant isomer is 1-methyl-4-(prop-1-en-2-yl)cyclohex-1-ene (limonene or dipentene) (I) and 

1-methyl-5-(prop-1-en-2-yl)cyclohex-1-ene (diprene or sylvestrene) (II) 

                                        
(I)                                            (II) 

The reaction of D-A with the participation of 2-nitrofuran and its derivatives with various 

dienes, including isoprene, under thermal conditions is described [24]. It is shown that the 

reaction proceeds according to the scheme: 
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The authors studied the influence of various reaction factors on the yield of the adduct and 

showed these results in Tab. 8. 

Table 8. Effect of various factors on the yield of the diene condensation adduct of 2-nitrofuran 

with isoprene 

Ratio 

dienophile/diene 
Temperature,  

0
С Duration, h. Yield, % 

12:1 200 72 60 

12:1 150 72 50 

The authors also carried out the reaction of D-A with a 2-nitrofuran derivative according to 

the scheme: 

 

The results of the study of this reaction are presented in Tab.9. 

Table 9. Influence of various factors on the yield of the diene condensation adduct of                        

a 2-nitrofuran derivative with isoprene 

Ratio 

dienophile/diene 
Temperature,  

0
С Duration, h. Yield, % 

12:1 200 72 80 

12:1 150 72 70 

A comparison of Tab. 8 and 9 shows that the D-A reaction with the participation of 

isoprene proceeds more readily with the 2-nitrofuran derivative as compared to 2-nitrofuran 

itself. 

Mathematical studies of the D-A reaction with the participation of isoprene to obtain its 

dimer, sylvestrene, were performed in [25]. The authors note that cis-isoprene is more active as a 

dienophile and its potential energy barrier is 10 kJ/mol. 

The D-A reaction with the participation of isoprene and styrene [26], proceeding according 

to the following scheme, was studied: 
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It was shown that as a result of this reaction, two adducts are formed - 4-methyl-1,2,3,6-

tetrahydrobiphenyl and 3-methyl-1,2,5,6-tetrahydrobiphenyl. In the case of 2-vinylpyridine, only 

one adduct is formed - 1-methyl-4-(α-pyridyl)cyclohexene. 

The effect of the catalyst on the yield and selectivity of the D-A reaction of isoprene and 

acrylic acid was studied [27]. The authors presented the results of the studies in Tab. 10. 

Table 10. Effect of titanium catalytic complexes on the yield of the adduct of diene condensation 

of isoprene and acrylic acid 

Ti-containing catalyst Temperature, 
0
С Yield , % 

TiBr4 room 58 

TiF4 room 1 

Ti(O3SCF3)2Cl3 room 23 

Ti(O-i-Pr)4 room 8 

Ti(Cp)2Cl2 room 13 

However, the authors investigated other Lewis acids as a catalyst in this reaction (Tab. 11). 

Table 11. Effect of catalyst on the yield of the adduct of diene condensation of isoprene and 

acrylic acid 

Catakyst Temperature, 
0
С Yield , % p- and m-orientation 

Catalystless room 27 3:1 

CuCl room 8 3:1 

CuCl2 room 8 3:1 

NiCl2 room 11 3:1 

YCl3 room 11 4:1 

FeCl2 room 11 4:1 

AlCl3 room 15 6:1 

FeCl3 room 17 7:1 

ZnCl2 room 20 5:1 

MgCl2 room 21 4:1 

TiCl3 room 34 8:1 

SnCl4 room 37 11:1 

SnCl2 room 48 8:1 

HfCl4 room 59 15:1 

ZrCl4 room 73 12:1 

TiCl4 room 94 23:1 

TiCl4 0 94 37:1 

TiCl4 20 96 50:1 

As can be seen from the Tab. 11, the best results are observed when titanium chloride is 

used as a catalyst 

It is noted that palladium-catalyzed isoprene dimerization is a practical approach to the 

synthesis of monoterpenes [28]. The best among the used catalysts was identified Pd(OAc)2 
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inexpensive triphenylphosphine as a ligand. Among the isomeric adducts, adducts according to 

Diels-Alder were also revealed. 

In a review publication [29], D-A reactions based on various dienes, including isoprene, in 

the presence of a catalyst, Lewis chiral acids, were considered. Chiral catalysts contain atoms of 

Al, B, Ti, Cu, Mg, lanthanides and transition metals. 

It is reported that the synthesis of citronellol from isoprene includes three stages [30]: 

 dimerization of isoprene in the presence of tetraethoxy zirconium, diethylaluminium 

chloride and triphenylphosphine as a catalytic system to produce 2,6-dimethyl-1,3,6-

octatriene. 

 the obtained triene is converted into 2,6-dimethyl-2,6-octadiene by selective 1,4-

hydrogenation in the presence of chromium methyl benzoattricarbonyl 

 oxidation of the obtained diene and hydrozirconization using bis(cyclopentadienyl)ZrCl2 

hydride. 

The authors note that the yield of citronellol in this case leaves 50%. 

The reaction of D-A with the participation of conjugated 1,3-dienes over ion-exchanged 

montmorrelanites of two and trivalent transition metals in the absence of nucleophiles leads to 

various products [31]. D-A of isoprene dimerization leads to the formation of 

monoterpenadimonene at low temperature (20-50
0
C). However, with increasing temperature, the 

yield of dimers and higher oligomers increases due to the parallel isomerization of dimers and    

oligomers. 

Various spiro-β-lactones were obtained with moderate yield through stereoselective (4+2) -

cyclocondensation of β-isopropyl-α-methylene-2-lactone with cyclic, acyclic, and heterocyclic 

dienes at a moderate temperature (50–130
0
С) [32]. . 

Calculations based on molecular orbitals were used to study the structure and energy for 

transition state reactants in D-A reactions between cyclopentadiene, isoprene, and various 

dienophiles. The enthalpies and entropies of reactions were determined [33]. 

A semiempirical mathematical study of the reaction of various heteroaryl-1,4-

benzoquinones with electron-enriched dienes by the example of isoprene and electron-poor 

dienes by the example of perchloro-1,3-butadiene was carried out in [34]. It is shown that the 

reaction proceeds according to the scheme: 
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Based on mass spectrometric calculations using a penta-quadrupole instrument, the D-A 

reaction of some nitriles in the gas phase and with type  RR
1
-C = N

+
R

2
R

3
 with a neutral diene - 

isoprene. [35]. It has been shown that the polar D-A cycloaddition for nitrilium ions occurs when 

the energy barrier between the LUMO of the ion and the HOMO of isoprene is small and the 

proton exchange reaction is endothermic. 

The polar reactions of D-A Isoprene with protected heterocycles, such as derivatives of 

furan, pyrrole, and thiophene, were studied in [36].  

                                                               

As can be seen from the literature review, studies in the field of the use of isoprene as a 

diene in the diene synthesis reaction continue to develop rapidly and the number of publications 

devoted to the results of research in this field continues to grow continuously. This allows us to 

conclude that the relevance of the use of isoprene in the diene condensation reaction remains 

significant to this day. 

In our works [37–41], studies were conducted on the use of isoprene in its mixture with 

piperylene isolated from the C5 fraction of liquid pyrolysis products. For this, the resulting 

mixture of aliphatic 1,3-dienes of the C5 series was used as a diene in the reaction of D-A with 

dienophiles of the maleic series (maleic anhydride, maleic acid monoesters). The resulting 

adducts were tested by us as antimicrobial agents. To do this, solutions of the synthesized 4 (5)- 

methylcyclohex-4-ene-1.2-dicarboxylic acid monoesters in various concentrations were prepared 

by serial dilutions and analyzed from the effect on the vital activity of some microorganisms, in 

particular gram-positive (Staphylococcus aureus), gram-negative (E. coli, Pseudomonas 

aeruginosa), as well as fungi of the genus Candida. The tests were carried out in comparison with 

the control drugs widely used in medical practice (ethanol, rivanol, chloramine, carbolic acid, 

furatsillin). Studies conducted at the Department of Microbiology of Azerbaijan Medical 

University, revealed the presence of high antimicrobial and antifungal activity of the synthesized 

compounds, which allows us to recommend them for use as local antiseptic drugs. 

In these works, the authors also noted the presence of good plasticizing properties of the 

synthesized compounds and the tests carried out allow us to recommend them for use as 

plasticizers for PVC-compositions. 
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