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Abstract  
The analysis of scientific publications in the field of application of 

dienophiles of maleic series in the diene synthesis have been described, also 

the results of own investigations have been showed. It is noted that the most 

widespread maleic series dienophiles in the diene synthesis reaction are 

maleic anhydride, maleic acid mono- and diesters, maleimide, nitrogen-

substituted derivatives of the maleic series, and other dienophiles. The 

directions of application of synthesized adducts in the different parts of 

industry have been studied. Including the results of the author's own 

research. Maleic dienophiles using the example of maleic acid monoesters 

and maleic anhydride were used in the reaction of diene synthesis with 

various cyclic and acyclic 1,3-dienes, in particular cyclopentadiene, 

butadiene, and mixture of isoprene-piperylene. The physico-chemical 

characteristics of the synthesized monoesters of norbornene- and 

cyclohexenecarboxylic acids are determined. The structure of the obtained 

adducts was confirmed by IR- and NMR-spectroscopy. The antibacterial 

properties of synthesized compounds have been investigated in relation of 

different microorganisms. It is shown, that synthesized monoesters of 

norbornenedicarboxylic and cyclohexenedicarboxylic acids, received from 

dienophiles of maleic series have high antimicrobial properties and so, they 

may be used as antimicrobial preparations in medicinal practice. It was 

shown that the synthesized compounds have a detrimental effect on both 

gram-positive (Staphylococcus aureus) and gram-negative bacteria (E. coli, 

Pseudomonas aeruginosa), as well as yeast-like fungi of the Candida genus. 

The diene synthesis reaction based on the maleic series dienophiles is 

widely used in the synthesis of various polycyclic compounds, including 

steroids. In addition, a variety of organohalogen pesticides and other 

valuable petrochemical synthesis products can be obtained from these 

transformations 

Keywords: diene synthesis, dienophiles of maleic series, оptically active compounds, 

biologically active compounds, enantiomers 

Introduction  

It is known that maleic derivatives are one of the classical dienophiles in the reaction of 

diene synthesis and a huge amount of work has been done in this direction. It should be noted 

that the condensation of maleic anhydride with cyclopentadiene was the first example to prove 
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that diene syntheses involving cyclopentadiene lead to bicyclo [2.2.1]-heptene derivatives [1]. 

However, research in this field continues to develop intensively and the search for new 

applications of the adducts obtained remains relevant to this day. Thus, in [2], the diene 

condensation of cyclopentadiene with N-maleimide derivatives was studied, leading to analogues 

of thalidomide (immunoprin – an immunomodulatory drug and the prototype of the thalidoimide 

class of drugs, thalidomide is used mainly as a treatment of certain cancers and of a complication 

of leprosy). 

 
where  R

1
 = OH, OCH3, OBenz 

R = H, CH3, Benz. 

In work [3], the rates and activation parameters of the (4+2)π-cycloaddition of tropone 

with maleic anhydride were measured in the range of 105-135°C at pressures up to 2000 bar in 

cumene and in DMF. The values of activation volume and the volume change of reaction have 

been calculated. The reaction was carried out by scheme. 

 

The work [4] explores in detail the combined effect of solid support bis 

(trifluoromethane)sulfonamide lithium (LiNTf2) and microwave (MW) irradiation in green 

medium, 3-methyl-1-octyl-imidazolium tetrachloroaluminate [MOIM]AlCl4 on Diels-Alder 

reactions between isoprene and a series of dienophiles, including maleic anhydride. Reactions 

have been carried out with and without solid support and by both conventional and MW assisted 

techniques, and a detailed comparison is made. Diels-Alder (D-A) reactions of isoprene with 

chosen dienophiles proceeded in this ionic liquid at 25°C in conventional magnetic stirring 

method and at 60°C in MW reactor. It was shown that under these reaction conditions the 

reaction time was 6-20 minutes, whereas the time for carrying out this reaction under 

conventional conditions was several hours. 

Diene condensation of butadiene with MA to give cyclohexenedicarboxylic acid anhydride 

and subsequent alcoholysis of the product in p-TsOH, toluene for 8 hours. The resulting diester 

of cyclohexenedicarboxylic acid is subjected to ozonolysis with KMnO4 and a Gemini surfactant 

is prepared [5]. 
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The authors note that Danishevsky diene can also be used as a diene, and ozone as an 

oxidizing agent. 

Synthesis of 5,5-dimethyl-1,3-bis(trimethylsilyl)cyclohexadiene-1,3 was performed, and 

diene condensation of this diene with five N-substituted maleimides was studied with the 

formation of five new cycloadducts [6]. 

In [7], the rates and equilibrium constants of the D-A reaction between benzene and 

naphthalene as dienes, as well as MA and N-phenylmaleimide as dienophiles at 25C were 

studied. It is shown that the greatest yield of the adduct is observed in the reaction of 

naphthalene with N-phenylmaleimide. The reactions were carried out under normal and high 

pressure. 

A comparative analysis of the reactions between maleic anhydride and furan derivatives is 

presented in near and supercritical carbon dioxide and traditional organic solvents. Reaction kinetics 

were monitored by UV-visabsorbance spectroscopy in conjunction with an optimization technique 

which greatly simplified the experimental approach. In all of the reactions studied, supercritical 

carbon dioxide proved to facilitate a rate enhancement over conventional organic solvents. The 

reaction between maleic anhydride and furfuryl alcohol at 69 bar and 35°C was found to proceed 10 

times faster in CO2 compared to reactions carried out in diethyl ether. All kinetic results were 

obtained from reactions undertaken in true homogeneous one phase fluid systems. The results 

achieved further indicate the potential of using carbon dioxide as a medium to carry out such chemical 

transformations through more environmentally acceptable processes [8]. The reactions were carried 

out by scheme: 

 
R = H, CH3, CH2OH. 

In [9], vinylcyclopropane and bicyclopropyl were used as precursors of dienes in the 

reaction D-A. Undergoing a rearrangement under conditions of thermal or microwave 

irradiation, they are converted to specific isomeric hexa-, penta- or butadienes, which condense 

with MA. The structure of the adducts obtained is confirmed by physicochemical methods of 

analysis. The authors note that when using 1-vinylcyclopropylpropene (a mixture of trans and cis 

isomers in a ratio of 3:1), the yield of hexadiene adducts during a thermal reaction is 55%, and in 

the case of a reaction under microwave irradiation, the yield decreases to 25%. The optical yield 

of the adduct is 90%, and the ratio of optical isomers in the thermal reaction is 95: 5, and in the 
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microwave reaction, respectively, 94: 6.The reaction was carried out by follow scheme: 

 
The reactions of diene synthesis of various dienes with different dienophiles, including 

maleic anhydride (MA), in particular butadiene, cyclopentadiene and anthracene [10] have been 

studied. As example authors show the reaction between cyclopentadiene and MA following with 

preparation of endo-adduct by scheme: 

(endo-adduct) 

In [11], the reaction of D-A 2-ionone with MA in the presence of Lewis acid catalysts 

prepared on the basis of BH3 was studied, as well as the effect of the solvent on the 

stereoselectivity of the process. On the base of results of density functional theory and 

conventional ab initio it was founded, that  the transition structure of the exo attack is more 

stable than the endo one. The inclusion of Lewis acid catalyst increases the asynchronicity of 

transition states and decreases the activation energies of the cycloaddition process, while the 

inclusion of solvent effect produce a significant increase of the exo-selectivity. 

 

The activation energies of reactions D-A of a series of substituted butadienes, 

cyclopentadiene (CPD), furans and pyrroles with MA by the method of molecular orbitals MOG-

2X / 6-31 G (d) [12] are calculated. The effect of the substituent on the reactivity and endo-exo 

selectivity of the reaction was studied. It is shown that the activity of these disubstituted dienes 

in the reaction of D-A with MA decreases in the series: pyrrole ˃ furan ˃ CPD ˃ butadiene. 

The stereochemistry of the reaction of CPD with MA was studied in [13], and the reaction 

of D-A cyclohexadiene with two dienophiles (MA and 1,4-benzoquinone) under conditions of 

"green chemistry" was studied in [14]. The solvent was an ionic liquid of 3-methyl-1-
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octylimidazolium tetrachloroaluminate [MOIM]AlCl4. The reaction was carried out in the 

temperature range 25-60°C. The reaction products are characterized and their structure is 

confirmed by the methods of gas-liquid chromatography (GLC) and nuclear magnit resonance 

(NMR) spectroscopy. 

The reaction of MA with C5-substituted CPD and 2,5-dimethylthiophene oxide by the 

semiempirical AM-1 method was studied in [15]. 

The kinetics of the reaction of maleic anhydride with isoprene in supercritical carbon 

dioxide in a wide range of concentrations of reacting components (from 10-5 to 10-2) at a 

temperature of 60°C and a pressure of 100 atm has been studied in [16]. It is shown that the rate 

constant of this reaction depends on the concentration of the components, as well as the degree 

of solubility of maleic anhydride in supercritical CO2. 

Diene condensation of 6-acetoxy-2,6-dimethyl-2,4-cyclohexadienone with maleic 

anhydride in benzene medium with heating followed by hydrogenation of the adduct obtained 

was studied in [17]: 

 

In [18], the enthalpy of the reaction of cyclopentadiene with maleic anhydride in a dioxane 

medium was calculated. It is shown that at a temperature of 250°C the enthalpy of the reaction is 

-δH = 24.8 kcal /mol, and at a temperature of 400°C it is -δH = 25.5 kcal/mol. 

Diene condensation of alkyl-substituted furan derivatives with N-alkylmaleimides was 

carried out, and it was shown that the formation of the endo-adduct was mainly observed [19] 

according to the scheme: 

 

The Diels-Alder reaction of cyclopentadiene and alkyl(polyalkyl)substituted cyclopenta-

dienes with N-(4-fluorophenyl)maleimide were studied [20]. The authors proposed the use of the 

obtained adducts as monomers for the synthesis of thermoset polymers. 

In [21] substituted pyridine and furan derivatives were synthesized from 2,4,5-

trimethyloxazole and dienophiles of the olefin and acetylene series by the Diels-Alder reaction 

under microwave irradiation. In the case of maleic anhydride, the yield of the adduct was 59.7%. 
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Diene condensation was carried out according to the scheme: 

 

The reaction of diene synthesis of benzylcyclopentadiene with N-(4-

benzoylphenyl)maleimide was studied [22] and the structure of the synthesized adduct was 

confirmed by mass spectroscopy and high-performance liquid chromatography. The authors note 

that the obtained adduct can be used as a monomer for the preparation of heat-stable resins. 

The regio- and stereoselectivity of the Diels-Alder reaction of diphenyl-5-methylhexa-

1,3,4-trien-3-yl phosphine oxide with N-(4-phenyl)maleimide and maleic anhydride was studied 

in [23] to form a mixture of isomers of 5-(diphenylphosphinoyl)-4-isopropylidene-2-(4-phenyl)-

3c,4,7,7a-tetrahydroisoindole-1,3-dione. The reaction was carried out in a medium of various 

solvents (benzene, CH2Cl2, toluene, xylene, CHCl3, MeCN, MeNO2) in a wide temperature 

range for 13-48 hours with the yield of an adduct of 25-78% according to scheme: 

 

The neutral and cationic Diels-Alder-type reactions between 2,3-dibromo-1,3-butadiene 

and maleic anhydride have been computationally explored as the first step of a combined 

experimental and theoretical study. Density functional theory calculations show that the neutral 

reaction is concerted while the cationic reaction can be either concerted or stepwise. Further 

isomerizations of the Diels-Alder products have been studied in order to predict possible 

fragmentation pathways in gas-phase experiments [24]. The reaction was carried out by scheme: 

 

The diene condensation of boron-substituted 1,3-dienes with maleic anhydride in toluene at 

80°C was studied in [25] for 6 hours according to the scheme: 
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The yield of the adduct is 80%. If N-phenylmaleimide is used, the yield of the adduct is 

reduced to 69%. 

Reaction of initial diene alcohol and maleic anhydride in benzene at either room 

temperature or reflux proceeds probably through a intermolecular Diels-Alder cycloaddition 

followed by lactone formation to give end adduct [26]. 

The synthesis of N-alkyloktahydroisoquinoline-1-on-8-carboxamide by the Diels-Alder 

reaction with the participation of maleic anhydride was carried out in [26], followed by acylation 

of the obtained adduct according to the scheme: 

 

A qualitative approach for quick evaluation of the reactivity of dienes such as 

cyclopentadiene, furan, pyrrole, indole, and isoindole for Diels-Alder reactions was applied  

[27]. As qualitative methods, the frontier molecular orbital (FMO) energy gap and the Hammond 

postulate through bond orders and energy of the reaction were evaluated for such dienophiles as 

ethylene, 1,3-dioxa-4-cyclopentene, and maleic anhydride. It was demonstrated that pyrrole and 

benzopyrroles are poor dienes in comparison with cyclopentadiene and furan. Because the 

reaction is controlled by the HOMO (highest occupated molecular orbitals) of the diene there are 

special cases when isoindole can react as a diene, while the loss of indole aromaticity in the 

course of the reaction precludes the cycloaddition. Geometries of transition structures and the 

accompanying activation energies were calculated for pyrrole, indole, and isoindole as dienes. 

The stereoselectivity of the reaction is discussed and compared with experimental results.  

In [28], the reaction of anthracene-9-methanol and maleimide in an aqueous medium under 

the conditions of "green chemistry" was studied. It is shown that in this reaction water serves not 

only as a solvent but also as an active catalyst. The reaction proceeds according to the scheme: 
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The authors studied in detail the effect of solvents and the duration of the reaction on the 

yield of the adduct. 

Table 1. Effect of solvents and the duration of the reaction on the yield of the synthesized adduct 

Solvent Duration, h Yield of adduct, % 

Heptane 4 42 

n-Propanol 4 47 

Dioxane 4 51 

Water 1 78 

Water / LiCl 0.5 87 

Water / NaCl 1 76 

The rate constants for the Diels-Alder reaction of isoprene with maleic anhydride in 

supercritical carbon dioxide were measured. The temperatures of the measurement were at 308.2, 

313.2 and 318.2 K and the pressure range was from 7.5 to 14.1 MPa. A batch reactor used was 

connected to the Fourier transform infrared (FT-IR) spectroscopy, so that the amount of product 

can be measured without sampling. The concentrations of product were measured for about 30 to 

40 hours at interval of several hours. The reaction rate constants were determined based on the 

second order reaction relationship. The reaction rate constants at high pressure region coincide 

with the literature data. The rate constants near the critical pressure of carbon dioxide are several 

times higher than those in high pressure region at each temperature. It is considered that reaction 

rate enhancement near the critical pressure is resulted from the local composition enhancement 

due to density fluctuation because molecular collision would be more frequently [29].      

The kinetics of Diels-Alder reactions of tropone with maleic anhydride and norbornene 

were studied at pressures up to 2000 bar. The activation volumes, obtained from the former at 

378.2 K in isopropylbenzene (IPB) and N,N-dimethylformamide (DMF), were 

ΔV
≠
(IPB)=−21.4 cm

3
/mol and ΔV

≠
(DMP)=−16.8 cm

3
/mol. Those from the latter (at 408.2 K) 

were ΔV
≠
(IPB)=−30.0 cm

3
/mol and ΔV

≠
(DMF)=−27.8 cm

3
/mol. These ΔV

≠
 and ΔV showed a 

large deviation from those of the (6+4)π process of tropone with cyclopentadiene and a small 

deviation from those of other typical Diels-Alder reactions to support the concerted 

cycloaddition mechanism which has been established by the kinetic analysis at atmospheric 

pressure [30]. 
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Immobilized cyclopentadiene on polystyrene has been synthesized and studied in [4π+2π]-

cycloadditions with a variety of dienophiles, including maleic anhydride and its derivatives. 

Reasonable to excellent conversions were obtained. The cyclopentadiene Diels-Alder adducts 

turned out to be generally too stable to allow effective cycloreversion both under dynamic (under 

vacuum) and static (in a solvent) thermal conditions [31]. The reaction was carried out at a 

temperature of 80°C. The authors give the results of the studies in Tab. 2. 

Table 2.  The yields of diene condensation adducts of the CPD with various maleic dienophiles 

Diene Dienophile Yield of adduct, % 
CPD Maleic anhydride 67 
CPD Maleimide 70 
CPD N-phenylmaleimide 80 
CPD Diethylmaleat 43 

One of investigated by authors reactions was carried out by scheme: 

 
CPD immobilized on Merrifield resin.  

In [32], the rapid synthesis of bicyclo[m.n.1]alkanone cores possessing quaternary carbon 

centers adjacent to a bridged ketone represents a significant synthetic challenge was investigated. 

This type of architectural feature is embedded in various complex biologically active compounds 

such as hyperforin and garsubellin A. The authors report a highly diastereoselective one-pot 

Diels-Alder reaction/Au(I)-catalyzed carbocyclization to generate bicyclo[3.3.1]alkanones in 

yield ranging from 48-93%. The reaction with the using of dienophiles of maleic series was 

carried out by scheme: 

 
The Diels-Alder reaction of 2-methoxybutadiene with maleic anhydride in the presence of 

chiral Lewis acids (Al, B, Ti, Cu, La, Mg, etc. complexes), proceeding according to the scheme 

[33]: 

 
The yield of the adduct was 98%, e.e. 93%. 
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The reaction of 2,4-hexadien-1-ol with maleic anhydride provides an excellent exercise for 

undergraduate laboratory courses. In addition to the expected Diels-Alder reaction, which takes 

place readily in refluxing toluene, subsequent intramolecular cleavage of the resulting bicyclic 

anhydride by the pendant hydroxy group generates a lactone. Thus, two important organic 

reactions can be carried out in a single laboratory session. The resulting product, which contains 

four new stereocenters, crystallizes upon cooling of the reaction mixture to give the pure 

product. Careful analysis of the 
1
H nuclear magnetic resonance spectrum, which contains a 

variety of cleanly split signals with no overlapping peaks, allows for assignment of all twelve 

hydrogens [34].  

The authors note [35] that the ratio of endo:exo isomers is 4.4:1, and the yield of the adduct 

is 53%. The reaction was carried out in a 1 M solution of CDCl3 at a temperature of 250°C for 7 

days. 

Identification of the Diels-Alder adduct of abietic acid (AA) and maleic anhydride (MA) or 

fumaric acid (FA) using a Shimadzu QP 5050A Gas chromatograph Mass spectrometer revealed 

that AA and MA produced endo-maleopimaric acid (MPA) and endo-fumaric acid tricarboxylic 

acid. A reaction product of abietic acid and fumaric acid generated three peaks identified based 

on their mass spectra as fumaropimaric acid (FPA), FPA adducts and endo-MPA. To maximize 

the reaction between AA and MA or FA, molar ratio (AA and MA or FA), reaction time and 

reaction temperature were investigated. The best Diels-Alder reaction between abietic and 

maleic anhydride was at 125°C for 1 h with a molar ratio of AA to MA of 1:2. The best Diels-

Alder reaction between AA and FA was at 200°C for 1 h with a molar ratio of AA and FA of 

1:2.  

The liquid phase reaction between maleic anhydride and 1-methyl-furan leads to an 

exothermic cycloaddition. The reaction enthalpy, the rate constant and the equilibrium constant 

are evaluated with good precision by a method of analysis using thermal data and a dynamic 

model based on physical properties. The mathematical models that are presented here in a simple 

way (first-order system) represent the reaction accurately and are useful for studying other 

reactions and even industrial processes. [37], has been studied. The reaction was carried out by 

scheme: 

 

In [38], the [4+2]-cycloaddition of different chiral dienes with dienophiles, including 

maleic series dienophiles was described. As one of examples, the reaction with maleic anhydride 

and chiral heterocyclic compound have been showed by scheme: 



DIENE CONDENSATION BASED ON DIENOPHILES OF MALEIC SERIES 

ISSN: print - 1726-4685; online - 2519-2876 341 

 

It was shown in [39] that the thermal addition of maleic anhydride to methylcalendulate 

(methyl-8,10-trans-12-cis-octadecatrienoic acid) in the absence of a solvent is accompanied by 

high regio- and stereoselectivity of the C-8 and C-11 atoms of the fatty compound and the 

formation of the endo-adduct by Diels-Alder in 78% yield according to the scheme: 

 

The adduct was isolated from the reaction mixture by chromatography and recrystallized from 

petroleum ether/diethyl ether. It is shown that at a given temperature the Diels-Alder reaction 

predominates over the ene reaction. 

In analogous conditions Diels-Alder was coupled with maleic anhydride to methyl-α-

eleostearate (methyl-9-cis-11,13-transcotadecatrioate) accompanied by regio-and 

stereoselectivity at C-11 and C-14 atoms to form the endo-product with a yield of 62% according 

to the scheme: 

 

Authors conclused, that the thermal solvent-free Diels–Alder reactions of maleic anhydride 

with the conjugated triene systems of methyl calendulate and methyl α-eleostearate occur with 

high yields regioselectively and stereoselectively at the conjugated (E)-configured double bonds 

with retention of the (Z) double bond. X-ray structure analysis of the obtained products showed 

the all-cis configured tetra-substituted endo-cyclohexene derivatives. 

Thus, a review of these reports shows that studies in the field of studying diene 

condensation based on maleic dienophiles continue to develop intensively and are of great 

scientific and practical interest. 

In our studies [40-54], we synthesized monoglycol esters of norbornenedicarboxylic acid 

and studied the biological activity of various microorganisms. In works [40,41],  monoglycol 

esters of maleic acid were synthesized as dienophiles and used in the Diels-Alder reaction with 

cyclopentadiene.  In  [42,43] synthesized and studied the biological activity of mono-isopropyl 
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and mono-n-propyl esters of norbornenedicarboxylic acid, in which iso- and n-propyl 

monoesters of maleic acid were used as dienophiles, respectively. 

The synthesis of mono-N-(2-hydroxyethylamido)bicyclo(2.2.1)-hept-5-ene-2,3-

dicarboxylic acid was carried out by the reaction of diene synthesis of cyclopentadiene with 

maleic anhydride followed by reaction of the obtained norbornenedicarboxylic anhydride with 

hydroxylamine [44] . 

The cycloalkyl monoesters of norbornenedicarboxylic acid were synthesized based on the 

diene condensation reaction of cycloalkyl monoesters of maleic acid and cyclopentadiene 

[45,46]. In these works, their antimicrobial activity was studied and the relationship of their 

biological activity with their structure was investigated. 

In [47], n-amyl and n-hexyl monoesters of norbornenedicarboxylic acids were obtained by 

diene condensation of cyclopentadiene with n-amyl and n-hexyl monoesters of maleic acid. 

The synthesis of racemic and enantiomeric butyl monoesters of bicyclo(2.2.1)-hept-5-ene-

2,3-dicarboxylic acid was carried out, and their antimicrobial activity against various 

microorganisms was studied.  

In [48-52], diene synthesis reactions based on butadiene and a mixture (isoprene – 

piperylene) with various maleic acid monoesters were studied. Systematic studies have been 

carried out to determine their antimicrobial activity against gram-positive, gram-negative and 

yeast-like microorganisms. The presence of high antimicrobial activity of the synthesized 

compounds in relation to the above microorganisms was shown. 

The synthesis of a number of aliphatic and alicyclic maleic acid monoesters and their 

subsequent use as dienophiles in the Diels–Alder reaction with cyclopentadiene is described in 

[53,54]. As a result of these reactions, the corresponding monoesters of endic acid were 

obtained. 

Thus, the presented analysis of scientific studies in the field of the use of maleic 

dienophiles in the Diels-Alder reaction shows that these dienophiles are still widely used in diene 

synthesis and work in this direction continues to develop rapidly. Adducts based on maleic 

dienophiles have been widely used in various fields of industry and agriculture, in particular, as 

hardeners, casting compounds, biologically active substances, monomers for producing plastics, 

etc. On the other hand, the study of the kinetic laws of the diene synthesis reaction based on of 

maleic dienophiles also remains an object of research in many chemical laboratories, and 

therefore the relevance of these searches continues to grow. 
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