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Abstract  
The analysis of the results of scientific research in the synthesis of 

racemic and optically active derivatives of cyclohexene based on the 

reaction of diene synthesis is carried out. It was shown that the diene 

condensation reaction is one of the most convenient and most promising 

methods for the synthesis of cyclohexene derivatives in both racemic 

and optically active forms. The main fields of application of the 

obtained compounds are presented, including the synthesis of 

biologically active compounds due to their high pharmacological 

activity. The results of the authors' own studies are also shown on the 

example of the diene condensation reaction of butadiene and a mixture 

of isoprene-piperylene with maleic acid monoesters without and in the 

presence of chiral catalysts. It was noted that the synthesized 

cyclohexene derivatives both in racemic and chiral forms exhibit high 

antibacterial and antifungal activity against various microorganisms, 

such as gram-positive bacteria (Staphylococcus aureus), gram-negative 

bacteria (Escherichia coli, Pseudomonas aeruginosa), and also with 

respect to yeast fungi of the Candida genus. The authors showed that 

the synthesized derivatives of the cyclohexene series exhibit higher 

biological activity compared to control drugs widely used in medical 

practice, which allows us to conclude that it is possible to use them as 

local antiseptic drugs in medical practice 

Keywords:  alicyclic 1,3-dienes, dienophiles, racemic and optically active compounds, 

enantiomeric purity 

It is known that the diene synthesis reaction is one of the universal methods for producing 

carbo- and heterocyclic compounds and, in this regard, [4+2]-cycloaddition is the most 

convenient and cost-effective method for the synthesis of cyclohexene derivatives, which are 

widely used in various industries and agriculture. The development of new methods for the 

synthesis of cyclohexene derivatives based on the Diels-Alder reaction and the search for new 

areas of their application is one of the urgent tasks of modern organic and petrochemical 

synthesis. In this regard, the present work provides an overview of the results of scientific 

research in this area carried out in recent years. 

Thus, the work [1] is devoted to the study of diastereoselectivity in the Diels-Alder 

reaction of enantiopure (S,S)-2-(p-tolylsulfinyl)-1,4-naphthoquinone and chiral (racemic) acyclic 
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1,3-dienes, resulting in tricyclic compounds containing cyclohexene fragment according to the 

scheme: 

 
where R1=Me; R2 = H,Me            endo:exo=70:30, yield  31%. 

Chiral 1,3-butadiene-2-carboxylates were used for the efficient asymmetric Diels-Alder 

reaction [2]. 

In [3], asymmetric reactions of [4+2]-cycloaddition of 1,3-butadiene to activated 

dienophiles for the synthesis of chiral alicyclic compounds are described. 

In work [4], enantioselective reactions of quinones with piperylene derivatives according 

to Diels-Alder were investigated by rare-earth metals catalyzed. The reaction proceeds in the 

environment of  tetrahydrofuran at a temperature of -78
0
C with yields of adducts of 87-98% and 

e.e. 91-98% according to the scheme: 

 

 
In [5], diene synthesis reactions involving butadiene derivatives catalyzed by antibodies 

(Diels-Alderase) possessing high endo-selectivity (˃ 98% exo, e.e. 95%) were described. 
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The asymmetric [4+2]-cycloaddition of vinylallene to diene-1,3 catalyzed by palladium 

was shown in [6]. 

Highly enantioselective Diels-Alder reactions involving 1-amino-3-siloxydienes catalyzed 

by the Cr (III)- salen complex were considered in [7]. 

Diels-Alder addition of acyclic 1,3-dienes to chiral naphthoquinone was shown in [8]. The 

catalytic enantioselective Diels–Alder reaction in an ionic liquid through a regenerating chiral In 

(III) complex was studied in [9]. 

 

where R = CH3; Br;        yield 88-92%;      e.e. 94-98% 

Ruthenium-catalyzed intermolecular and enantioselective [4+2]-cycloaddition of 1,3-

dienes with dimethylacetylene carboxylate was described in [10]. The reaction proceeds at a 

temperature of 40
0
C in ether according to the scheme: 

 

where R = C7H18; Me; Ph; BuO(CH2)2; TbSO(CH2)2 

                        R1 = COOMe; COMe;  COPh; CONMe2 

                        R2 = COOMe; COPh; COMe;  CONMe2 

In [11], the asymmetric Diels-Alder reactions of 1,3-butadiene with (-)- dimethylfumarate 

in the presence of BBr3 and BBr3*OEt2 were studied, leading to the synthesis of chiral dimethyl 

esters of dialkyl-substituted cyclohexenes according to the scheme:  

 

In [12], computer calculations of the asymmetric Diels–Alder reactions of vinylborenes 

with chiral 1,3-dienes were performed. 

Asymmetric Co-catalyzed Diels–Alder reactions of boron-functionalized 1,3-diene with 

alkynes and allylboration of aldehydes were studied in [13]. 

In [14], the asymmetric Diels-Alder reactions of 1-phenylsulfonyl-3-penten-2-one with 
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aliphatic 1,3-dienes catalyzed by chiral titanium complexes were studied. 

In work [15], 3-methylsulfonylacrylonitrile was used as a chiral dienophile in the 

asymmetric Diels-Alder reaction with acyclic 1,3-dienes. 

The catalytic chiral [4+2]-synthesis of cyclohexadienes and monoesters from 1-amino-1,3- 

dienes and monoesters of ylidene malonic acids and the mechanism for reversing the product 

configuration under pressure are presented in [16]. It was found that chiral 1-amino-1,3-dienes 

and monoesters of different ylidene malonic acids in the presence of a catalytic amount of 

homochiral secondary alcohols react with the formation of optically active esters of 1,3-

cyclohexadicarboxylic acids (or their bicyclic analogues). Depending on the structure of the 

reagents and the chiral amino-catalyst, the resulting products have a different configuration and 

enantiomeric purity. Other factors controlling the yield and total enantioselectivity of this cyclic 

process were studied. Of particular interest is the effect of high pressure on catalytic asymmetric 

synthesis. 

In work [17], prefabricated dendrimer titanium catalysts were studied in the Diels-Alder 

reaction of aldehydes with Danishevsky diene. 

The catalytic asymmetric nitro-Diels-Alder reaction with acyclic 1,3-dienes was shown in 

[18]. 

A computer study was conducted [19] of the regioselectivity of the reaction of isoprene 

with 2-methyl-p-benzoquinone with cyclodextrin in a toluene-acetone mixture and in water, the 

determination of the selectivity (endo: exo=56:44) and the value of surface binding and multiplet 

binding. The reaction proceeds as follows: 

 
The reaction leads to the formation of a mixture of p- and m-cycloadducts. 

The acid-catalyzed diene condensation of 1,3-butadiene with para-quinone and the 

oxidation of the obtained adduct were carried out in a one-step process in the presence of 

aqueous solutions of molybdenum-tungsten heteropolyacids [20]. 

The kinetics of diene condensation of isoprene-maleic anhydride in supercritical carbon 

dioxide [21], proceeding as follows: 

 
The Diels-Alder neutral reactions of oxygen-functionalized acyclic 1,3-dienes with 

alkenins catalyzed by cobalt (I) were shown in [22]. 
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In [23], a theoretical assessment was made of the origin of regio- and stereoselectivity in 

the diene condensation reactions of dialkyl(vinyl)boranes with trans-piperylene and isoprene 

proceeding according to the scheme: 

 

 
  R = Me, CH2=CH                        endo-selectivity    90% 

A nanoporous  solid acid catalyst was proposed for the Diels-Alder reaction of acyclic 1,3-

dienes with acrylates [24], where it was shown that Al-HMS aluminosilicate  with a  high  Al 

content and strong acidity catalyzes the reaction of isoprene with (meth)acrylate and can be an 

alternative to homogeneous acid catalysts. 

The neutral Diels–Alder reactions catalyzed by cobalt (1) were studied for acyclic 1,3-

dienes with 1,3-diyines [25], as well as with alkynes [26]. 

The effect of the solvent on the rate of interaction of isoprene with maleic anhydride was 

studied in [27], where the combined effect of solvent polarity and cohesion energy density for 

this reaction was found. 

In [28], using the theory of the functional of the density of acceleration in the aqueous 

phase and endo/exo-selectivity of the Diels-Alder reaction of butadiene with acrolein, 

proceeding according to the following scheme: 

 
The reaction of [4+2]-cycloaddition of 1,2-diazabutadiene to alkenes was studied by the 

DFT-method in [29]. 

The facies and endo/exo-stereoselectivity were studied in the Diels-Alder reactions 

between butadiene and cyclopropene and its S-substituted derivatives [30,31]. 

Studies of the ab initio  diene synthesis reaction  between ethene and butadiene are shown 

in [32–35]. The geometric dimensions of the reagents and the transition state were optimized 

with the assumption of an “early” and “late” transition state. A theoretical analysis of the 

coordinated and stepwise reaction mechanisms is carried out. A quantum-chemical analysis of 

the reaction was carried out and it was shown that manipulation of the reaction barrier or 

reaction mechanism is possible only at the stage of charge transfer, and aromaticity weakly 

affects the energy of the transition state. 

In [36–38], 1,3-butadiene-2-carboxylates, butadiene  thioderivatives, and its 1-

aminoderivatives, respectively, were used as dienes for the Diels–Alder reaction. 
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The effect of the solvent on the activation volume and the diene synthesis reaction between 

tetracyanoethylene and trans,trans-1,4-diphenyl-1,3-butadiene was studied in [39,40]. 

The facies stereoselective Diels-Alder cycloaddition of maleic anhydride associated with 

sesquibicyclo[2.2.2]octadiene and butadiene was studied in [41] 

The dual behavior of masked o-benzoquinones in the Diels-Alder intermolecular reactions 

with aliphatic dienes was studied in [42]. 

It was found that diene synthesis adducts of 1,4-benzo- and 1,4-naphthoquinones with 

butadiene are oxidized by Mo-V-P-heteropolyacids and their salts in a two-phase system to 1,4-

naphtho- and 9,10-anthraquinones [43]. 

In [44], an increase in the rate of the D–A reaction between butadiene and acrolein in an 

aqueous medium and endo-exo-selectivity of the process were studied using the DTP method. 

The reaction proceeds as follows: 

                                    

In [45], 2-trialkylstannyl-1,3-butadiene and 2-phenylseleno-1,3-butadiene were 

synthesized based on the reaction of 2-(1,3-butadienyl)magnesium chloride with trialkylstannyl 

chloride and phenylselenium chloride, respectively. The reactivity of synthesized dienes in the 

Diels-Alder reaction with various activated dienophiles was studied. 

The stereoselectivity of the Diels–Alder reaction CH2=C-(OSiMe3)-CH=CHPh with               

(R)-(-)-carvone in various solvents in the presence of Lewis acids (BF3* Et2O, AlCl3, SnCl4, 

Et2AlCl) resulting in a mixture of endo-adduct (R=CH2=CMe) and exo-adduct (R=CH2=CMe). 

Under similar conditions, the reaction of [4+2]-cycloaddition of the initial Danishevsky diene to 

2-methylcyclohex-2-en-1-one leads to a mixture of diastereomers. 

The synthesis of highly substituted cyclohexenes through mixed Lewis acid catalyzed 

Diels-Alder reactions of highly substituted dienes and dienophiles was shown in [47]. The 

synthesis of fluorinated cyclohexenes, cyclohexadienes and arenes based on the reaction of diene 

synthesis from polyfluoroolefins and butadiene-1,3 is shown. 

The butadiene was condensed with maleic anhydride (MA) to obtain 

cyclohexenedicarboxylic acid anhydride and subsequent alcoholysis of the product in p-TsOH, 

toluene for 8 hours. The resulting cyclohexenedicarboxylic acid diester was ozonized with 

KMnO4 and Gemini series surfactants were obtained [48] according to the following scheme: 

                          
The authors note that Danishevsky’s diene can also be used as a diene, and ozone can be used as 

an oxidizing agent. 
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In [49], vinylcyclopropane and bicyclopropyl were used as diene precursors in the D-A 

reaction. Undergoing rearrangement under thermal or microwave irradiation, they turn into 

specific isomeric hexa-, penta-, or butadiene, which condense with MA. The structure of the 

obtained adducts is confirmed by physicochemical methods of analysis. 

The diene synthesis reactions of various dienes with MA, in particular, butadiene, 

cyclopentadiene, and anthracene, were studied [50]. 

The activation energies of  D-A reactions of a number of substituted butadiene, CPD, 

furans and pyrroles with MA were calculated by the method of molecular orbitals  MOG-2X / 6-

31 G (d) [51]. The effect of the substituent on the reactivity and endo-exo-selectivity of the 

reaction was studied. It was shown that the activity of these substituted dienes in the reaction of 

D-A with MA decreases in the order: pyrrole ˃ furan ˃ CPD ˃ butadiene. 

In [52], the kinetics of the reaction of maleic anhydride with isoprene in supercritical 

carbon dioxide was studied in a wide range of concentrations of reacting components (from 10-5 

to 10-2) at a temperature of 60
0
C and a pressure of 100 atm. It was shown that the rate constant 

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

of maleic anhydride in supercritical CO2. 

In [53], 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 to form a mixture of isomers 5 - (diphenylphosphinoyl)-4-isopropylidene-2-(4-

phenyl)-3b,4,7,7a-tetrahydroisoindole-1,3-dione. The reaction was carried out in various solvents 

(benzene, CH2Cl2, toluene, xylene, CHCl3, MeCN, MeNO2) in a wide temperature range for 13-

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

In [54], the diene condensation of boron-substituted 1,3-dienes with maleic anhydride was 

studied in toluene at 80
0
C for 6 hours according to the scheme: 

 

 The adduct yield is 80%. When using N-phenylmaleimide, the yield of the adduct is reduced to 

69%. 

A method for producing cyclohexene- and alkylcyclohexenedicarboxylic acid anhydrides 

with the subsequent preparation of their esters and other derivatives by the reaction of diene 

synthesis of butadiene and C5 dienes with maleic anhydride, respectively, is proposed. The 

resulting compounds were hydrogenated to synthesize cyclohexanedicarboxylic acid derivatives 

[55]. 
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In [56], N-alkyloctahydroisoquinoline-1-one-8-carboxamide was synthesized by the Diels-

Alder reaction with maleic anhydride followed by acylation of the obtained adduct according to 

the scheme: 

 

The diene condensation of maleic anhydride with isoprene in various media was studied 

(ethyl ether, butanol, isopropanol, diphenyl ether, dichloromethane, dioxane, acetone, benzene, 

nitrobenzene, nitromethane, chloroform, THF) [57]. 

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

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

[58], was studied: 

 

The adduct yield was 98%, e.e. 93% 

It was shown in [59] 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 at the C-8 and C-11 atoms of the fatty compound and the 

formation of an endo-product according to Diels-Alder with a yield of 78% according to the 

scheme: 
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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 prevails over the ene reaction. 

Under similar conditions, Diels-Alder coupling of maleic anhydride to methyl-α-

eleostearate (methyl-9-cis-11,13-transoctadecatrienoate) was carried out, accompanied by regio- 

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

according to the scheme: 

 

The reactivity and endo/exo-selectivity in the D-A reaction between highly substituted 

aliphatic 1,3-dienes and 1,2-enals, catalyzed by Lewis acids using computer calculations and the 

density functional theory, were studied [60]. It was noted that in the presence of B(C6H5)3, the 

predominant formation of an exo-adduct is observed, while in the presence of AlCl3 a high endo-

selectivity is observed. The reaction proceeds as follows: 

 

The efficiency of Lewis chiral acids obtained on the basis of TiCl4 or Al(Bu-i)2Cl with 

chiral acid ligands as catalysts for some enantioselective reactions was studied [61]. Thus, in the 

D-A reaction between isoprene and methylacrylate, cyclohexene derivatives with e.e. more than 

32%. The reaction proceeds according to the scheme: 

 

The authors studied the effect of the reaction conditions and the nature of the ligand in this 

reaction on the yield and e.e. adduct (Table 3). 
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Table 3. Effect of the nature of the ligand and reaction conditions on the yield and 

enantioselectivity of the adduct 

Ligand Temperature, 
0
С Yield, % Е.е., % 

Absolute 

configuration 

 

20 60 4 S 

 

20 45 32 S 

 

20 73 87 R 

 

20 52 86 S 

 

80 52 19 S 

The reaction of 2-methoxybutadiene with N-tolylmaleimide in toluene at -78
0
С in the 

presence of 20 mol. % catalyst type 

                                                            
 The reaction proceeds as follows: 

                                      
where R=o-tolyl, o-t-Bu, Ph 

The yield of the adduct was 98%, e.e. 93% 

The reaction D-A catalyzed by a complex based on 5 mol% % AlCl3 and 10 mol. % THF 

in the temperature range 60-80
0
C for 1-15 hours was studied in [63] according to the scheme: 
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Y = Ar, Alkyl, H, OR. 

 The base-catalyzed reaction of D-A 4-arylthio-3-hydroxy-2-pyrone has been reported 

[64]. Treatment of these compounds with dienophiles in the presence of triethylamine leads to 2-

arylthio-2-cyclohexenone derivatives based on the D-A reaction and decarboxylation in 

moderate yield. 

 The reaction of D-A trifluorovinyl derivatives with various dienes leads to the formation 

of regioselective corresponding trifluoro-substituted cyclohexene derivatives [65] according to 

the scheme: 

 
In [66], the reaction of   D-A of levoglucosenone with (2E,4E)-hexa-2,4-diene-1-yl- 

acetate was used to synthesize chiral functionalized derivatives of isopropyl 

(methyl)cyclohexene  bound to a hydrocarbon fragment. The reaction flow chart is shown below: 

 

The reaction proceeds in toluene at a temperature of 140
0
C, the adduct yield is 91%. 

Optically active 2-alkoxy-2H-pyran-3 (6H) -ols were synthesized and used as dienophiles 

in the reaction of D-A with butadiene and 2,3-dimethylbutadiene to obtain cyclohexene 

derivatives [67]. 

In the work [68], the reactions D-A of the piperylene derivative with various dienophiles in 

toluene at room temperature were studied for two hours according to the scheme: 



DIENE SYNTHESIS OF RACEMIC AND CHIRAL CYCLOHEXENE   DERIVATIVES  

 

ISSN: print - 1726-4685; online - 2519-2876 101 

 
It was shown that the yield of adducts in this case is in the range of 85-90%. 

A highly efficient zinc catalytic complex was developed and proposed as a catalyst for the 

asymmetric D-A reaction involving Brassard diene and methyleneindolines in CH2Cl2 medium at 

a temperature of 35
0
C in the presence of 10 mol. % catalyst [69] according to the scheme: 

 
Spiro[cyclohex-3-en-1,3-indoline-]-11-carboxylate-2,21-dione derivatives with high 

stereoselectivity were obtained. The adduct yield was 98%, e.e. more than 98%. 

The complete synthesis of optically active phenylbutenoids has been described [70]. A key 

step in the process is the approach to an optically active cyclohexene moiety through a D-A 

reaction of chiral acryloyl oxazolines and phenylbutadiene. 

In [71], a new method was developed for the synthesis of chiral isotvistan and 

homoisotvistan with high stereoselectivity. The key stage of the reaction is diene condensation 

with the participation of  Danishevsky diene, catalyzed by ytterbium salts according to the 

scheme: 

 

Adduct yield 96%, e.e. 99.5%. 

Asymmetric [4+2]-cycloaddition of optically active 1-aminodiene to 

phosphonodienophiles results in the corresponding chiral 2- and 3-

amidophsophonocyclohexenes with good stereoselectivity [72] according to the scheme: 
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     An approach to cyclohexene derivatives based on the D-A reaction involving 1- (4-

chlorophenyl)-5-phenyl-4-methyl-2,4-pentadiene-1-one and 1-(4-methoxyphenyl-5-phenyl-4-

methyl-2,4-pentadiene-1-one  was carried out in [73]  according to the scheme: 

 
In our studies [74–85], diene synthesis reactions based on butadiene and a mixture  

(isoprene-piperylene) with various maleic acid monoesters were studied, as a result of which 

monoesters of cyclohexene- and 2(3)-methylcyclohexenedicarboxylic acids were synthesized. 

Based on the obtained monoesters of the above acids, N-derivatives of the obtained adducts were 

synthesized and their nickel salts were obtained. The physicochemical parameters of the 

synthesized compounds are determined. The structure of the obtained adducts was confirmed by 

IR and NMR spectroscopy. Systematic studies have been carried out to determine their 

antimicrobial activity against gram-positive, gram-negative and yeast-like fungal 

microorganisms. The presence of high antimicrobial activity of the synthesized compounds in 

relation to the above microorganisms was shown. 
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