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Abstract: This review focuses on the design, synthesis, and biological evaluation of novel heterocyclic 

compounds derived from β-diketones and cyanomethylene reagents through multicomponent and green synthetic 

methodologies. The study encompasses a wide range of heterocyclic scaffolds, including xanthene, chromene, 

chromenone, coumarin, acridine, quinoline, thiazole, thiophene, and spiro-heterocycles containing nitrogen, 

oxygen, and sulfur. A variety of catalysts were employed such as DBSA, P-TSA, NbCl₅, and nano-magnetic 

composites like CuFe₂O₄/chitosan to optimize reaction conditions for eco-friendly and high-yielding 

transformations. The developed synthetic strategies included one-pot, microwave-assisted, and solvent-free 

techniques, resulting in efficient routes to complex molecular architectures. The biological activity of the 

synthesized compounds was extensively screened, with several candidates exhibiting promising antimicrobial, 

antifungal, anticancer, and kinase-inhibitory properties. Structure-activity relationship (SAR) studies indicated 

that specific heteroatom substitutions enhanced biological potency, particularly in xanthene and 

chromenoquinoline derivatives. This work contributes to advancing heterocyclic chemistry by introducing new 

reaction pathways, novel molecular frameworks, and bioactive agents with potential pharmaceutical 

applications. 
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1. Introduction 

          1,3-Diketones are indeed versatile intermediates in organic synthesis due to the presence of 

two carbonyl groups separated by a methylene (-CH₂-) group, often referred to as an "active 

methylene" group. These functional groups make them highly reactive, allowing them to participate in 

various chemical transformations, including condensation reactions, cyclizations, and nucleophilic 

additions.1-7 Their ability to form enolates, combined with the active methylene group, enables them to 

act as key starting materials for the synthesis of diverse heterocyclic compounds such as 4H-

chromenones, 2H-xanthenones, coumarins, acridinediones, b-enaminones, 1,4-dihydropyridine, and 

polyphenolic 8–13 as shown in Figure 1 and 2. These heterocyclic frameworks are often found in 
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pharmaceuticals and agrochemicals due to their wide range of biological activities, including 

herbicidal, pesticidal 14, 15, antibacterial 16, and anticancer effects. 17, 18 

  

                                          

Figure 1. Examples of O-heterocycles 

 
 

Figure 2. Examples of N-heterocycles 
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2. Some Reactions of -diketones 

          
Under optimal microwave irradiation conditions, a series of 3-hydroxy-2-phenylcyclohex-2-

en-1-one derivatives 2 were synthesized from substituted 1,3-cyclohexanedione 1 and iodobenzene in 

DMSO. Initially, Lproline and CuI were used as the catalyst in a coupling process in CH2Cl2 to create 

the intermediate 2, with yields ranging from 25.6 % to 43.8 %. 

These encouraging results suggest that the synthesis of 3-hydroxy-2-phenylcyclohex-2-en-1-one via a 

coupling reaction is indeed viable. The synthetic pathway is illustrated in Scheme 1. 

    The author subsequently explored the impacts of microwave power, reaction time, bases, and 

solvents on the coupling reaction. It was determined that microwave power plays a critical role in this 

reaction, with a threshold of 200 W being essential for the reaction to proceed. Furthermore, an 

increase in microwave power consistently enhanced the reaction yields, peaking at 800 W. Optimal 

yields were attained by varying the reaction time between 5 and 40 minutes. Additionally, the bases 

utilized in the study included Et3N, NaOH, and anhydrous K2CO3, with anhydrous K2CO3 being 

identified as the most effective acid-binding agent for this coupling reaction. 19 

 

 Scheme 1. Route for the synthesis of compound 3 

 

     To enhance reaction yields, the author investigated the influence of various solvents on the 

outcomes. The experimental findings demonstrated that DMSO yielded higher results compared to 

CH2Cl2, THF, and 1,4-dioxane, attributed to the efficacy of polar aprotic solvents in facilitating this 

coupling reaction. The optimal conditions identified were: 800 W power, a reaction duration of 40 

minutes, and DMSO as the solvent. 19,20  

      One-pot C-acylation of different cyclic 1,3-diketones is achieved by using phenylacetic acid 

I, derivatives of which have already been used [21]. DCC is utilized as a coupling agent and has been 

used to C-acylate diketones (Scheme 2). 20-22  

 

Scheme 2. Acylation of dimedone with phenylacetic acid (I) 

 

      Studying the acylation's chemoselectivity was inspired by the formation of product mixtures 

using sterically hindered bases. A previously proposed (scheme 3) states that the reaction may take 

place in two stages. The enol ester is generated initially, and then DMAP is used to do the Fries 

rearrangement (Scheme 3). 23 
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Scheme 3. Direct formation of different products with different bases as catalysts 

 

     In this reaction, dimedone  1 is refluxed at 120°C in triethylorthoformate 6 with O-hydroxy 

aniline 7. The reaction conditions suggest that a condensation or cyclization reaction occurs between 

these components, resulting in the formation of the intended dimedone derivative 8 (Scheme 4). 

 

 
Scheme 4. Synthesis of 2-(((2-hydroxyphenyl)amino)methylene)-5,5-dimethylcyclohexane-1,3-dione 

8   

 

        Subsequently, compound 8 underwent propargyl bromide treatment in THF solvent with 

sodium hydride serving as a base, yielding the dimedone derivative 8a at room temperature (Scheme 

5). 

  

 
Scheme 5. Synthesis of 2-(((2-hydroxyphenyl)amino)methylene)-dimedone propargyl ether 

 

     The antibacterial potential of a library of dimedone derivatives 8a was developed, produced, 

and tested against a small number of fungi strains, bacteria, and Gram-positive and Gram-negative 

bacteria. These findings indicate that an innovative path for the development of antibacterial drugs is 

provided by dimedone derivatives. 24 

     The one-pot three-component synthesis involving thiophenol 9, aromatic aldehydes 10, and 

dimedone 1 under the catalytic action of dodecylbenzenesulfonic acid (DBSA) in water, coupled with 

ultrasound irradiation at 25°C, presents an efficient route to produce thioether derivatives 11. The use 

of ultrasound in this reaction likely accelerates the process by enhancing the interaction between the 

reactants, reducing reaction times, and potentially improving yields (Scheme 6). 25  

 
Scheme 6. One-pot three-component synthesis of compound 11 
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3. Synthesis of Biologically Active Heterocyclic Compounds from Cyanomethylene 

Reagents and β-diketones. 

 

3.1. Synthesis of Benzofuran, Coumarin, Chromane, Chromene, Xanthene, Xanthenedione, 

Bisoctahydroxanthene and dioxabicyclo[3.3.1]nonanes Derivatives 

     The synthesis of dibenzo-[b,d]furan through a domino intermolecular C-arylation/intramolecular 

O-arylation involves a multistep process starting with 1,2-dihalobenzene and 1,3-cyclohexanedione as 

the key reactants. The reaction follows a cascade mechanism, where the coupling of these reactants 

proceeds through two key steps: an initial C-arylation followed by an intramolecular O-arylation, 

leading to the formation of the dibenzofuran core (Scheme 7). 

 

 
Scheme 7. Proposed route for the Cu-catalyzed synthesis of 3,4-Dihydrodibenzo[b,d]furan-1(2H)-ones 

     

     In order to synthesis dibenzo-[b,d]furan 14, the reaction between 1-bromo-2-iodobenzene 12 

and 1,3-cyclohexanedione 13 at 130 °C in the presence of  DMF as a solvent,  using Cs2CO3 as a base 

and pivalic acid for the synthesis dibenzo-[b,d]furan 14 (Scheme 8).26 

 

 

 
 

Scheme 8. Synthesis of furans derivative 14 

 

    Research on the reactions of cyclic 2-diazo-1,3-diketones with transition metals has shown 

that nitriles and arylacetylenes can effectively afford oxazoles and furans via intramolecular 1,5-

dipolar electrocyclization, ring opening, and Rh-catalyzed C≡X insertion. 27 

       An efficient method was developed for the synthesis of benzo[d]oxazolones and 

benzofuranones, affording good to high yields under mild conditions through Rh₂(OAc)₄-catalyzed 

C≡X insertion followed by 1,5-dipolar electrocyclization (Scheme 9). In preliminary experiments, 
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acetonitrile 16 and 2-diazocyclohexane-1,3-dione 15 were employed as model substrates, leading to 

the formation of benzo[d]oxazolones 18 and benzofuranones 19.28  

 

 

 
 

Scheme 9. Synthesis of oxazoles or furans via Rh2(OAc)4-catalyzed reaction of cyclic 2-diazo-1,3-

diketones with nitriles and arylacetylenes 

 

     Results of Rh(III)-catalyzed C-C/C-O bond formation reactions between salicylamides and 

cyclic2-diazo-1,3-ketones have been reported recently. These reactions provide the synthesis of 

isocoumarins and tetrahydrobenzo[b,d]furans (Scheme 10). 

    The first reaction that was selected as a model reaction for improving the reaction conditions 

was the reaction between 2-diazo-5,5-dimethylcyclohexane-1,3-dione 15 and 2-hydroxy-N-

methylbenzamide 20 in MeOH at reflux for 16 hours under an argon atmosphere. A preliminary 

attempt using [Cp*RhCl2]2 (1.0 mol%) and AgNTf2 (5 mol%) produced dibenzo[b,d]furan product 21 

in 54%. Cu(OAc)2 was then added to the second cyclic 2-dizao-1,3-diketones and evaluated a variety 

of isocoumarin derivatives 22 with good to high yields (60–86%). 29 

 
Scheme 10. Controllable chemoselectivity of C–C or C–N cleavage for the formation of tetrahydro-

benzo[b,d]furans 21 and isocoumarins 22. 
 

     A simple efficient technique for synthesizing several types of coumarin derivatives using 

Meldrum's acid 23, benzaldehyde 24, and dimedone 1 in glycerol media as one pot multicomponent 

reaction. High yields of hexahydrocoumarin derivatives 25 were observed (Scheme 11).30   
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Scheme 11. One-pot synthesis of coumarin derivatives 25. 

 

     By using the same method for the synthesis of a series of quinoline derivatives and coumarin 

derivatives by one-pot MCR of Meldrum’s acid 23 with benzaldehyde 24 and naphthalene-2-amine 26 

or dimedone 1 in PEG-400. Quinolin-3(4H)-one derivatives 27 or coumarin 25 were obtained in high 

yields (Scheme 12).31 

 
Scheme 12. One-pot synthesis of benzoquinoline derivatives 27 and coumarin derivatives 25 

 

     According to the Knoevenagel condensation between aldehydes and oxobutanenitrile 28 32, 

which was produced by acid hydrolysis of -aminocrotononitrile 33,34, the arylidene-3-oxobutanenitrile 

derivatives 29 used in this investigation were readily synthesized. 3-Acetyl-2-amino-4H-chromen-

5(6H)-one derivatives 30 were created by reacting 5,5-dimethyl-1,3-cyclohexanedione with 2-

arylidene-3-oxobutanenitrile 29 in ethylene glycol. By employing  p-toluenesulfonic acid (PTSA) as a 

catalyst in toluene, compounds 30 and 5-substituted-1,3-cyclohexanedione undergo a Friedländer 

reaction to yield derivatives 31 of quinoline-1,10(2H)-dione (Scheme 13).  
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Scheme 13. synthesis of derivatives 31 of quinoline-1,10(2H)-dione 

      

It was discovered that compound 31's reactivity would significantly increase when the amount 

of P-TSA is gradually increased, and that the reaction temperature should be maintained between 70 

and 80 oC.35 

The chromeno[3,4-c]chromen-1-one derivatives 35a,b were produced by the synthesis of a 

series of fused pyran derivatives using cyclohexan-1,3-dione 13, which reacted with salicylaldehyde 

32 and either malononitrile 33a or ethyl cyanoacetate 33b in ethanol with a catalytic quantity of 

triethylamine as shown in scheme 14. This reaction resulted from the intermediate synthesis of 34a,b, 

which was followed by Michael's addition. It's worth noting that cyclohexan-1,3-dione's multi-

component reaction with substituted aldehydes but not salicylaldehyde has already been documented 

in water with KHP acting as a catalyst at 50 oC. 36,37 

     The compounds with the highest cytotoxicity of the synthesized compounds were 

chromeno[3,4-c]chromen-1-one derivatives 35a,b that compound 35b (Y=O) is more cytotoxic than 

compound 35a (Y = NH), this is attributed to the presence of the oxygen atom as a substituent 

(scheme 14).37 
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Scheme 14. Synthesis of compounds 35a,b 

 

      On the other hand, the reaction of diethylacetylenedicarboxylate (DEAD) 36 with dimedone 1 

in the presence of isoquinoline 39 in dichloromethane afforded chromene-4-carboxylate 38 in 95% 

yield (Scheme 15).38 

 
Scheme 15. Reaction between acetylenedicarboxylates and dimedone or 1,3-cyclohexandione 

               in the presence of isoquinoline 39. 
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     Researchers are actively studying heterocyclic compounds today to improve a green and 

efficient synthesis method for the synthesis of some nitrogen- and oxygen-containing heterocycles 

using a magnetic nanocomposite, CuFe2O4/chitosan, as a recyclable and environmentally friendly 

catalyst. 

     The authors claimed that this is the first time that CuFe2O4 combined with chitosan has been 

used as a catalyst in the synthesis of these heterocyclic classes. Two forms of polyhydroquinolines 

were examined: 2-amino-4H-chromens and 2-amino-4H-pyrans, four distinct N- and O-heterocycles. 

High to exceptional yields were obtained for the synthesis of 2-amino-4H-pyrans 43 by a one-pot, 

three-component reaction involving an aldehyde 24, malononitrile 33, and ethylacetoacetate 40. Mild 

reaction conditions were used during the reaction with the efficient and reusable catalyst 

CuFe2O4/chitosan present. 

       

 

Scheme 16. Synthesis of 2-amino-4H-pyrans, 2-amino-4H-chromens and polyhydroquinolines. 

     

Under moderate conditions, another one-pot, the three-component reaction was performed 

utilizing CuFe2O4/chitosan in ethanol to produce 2-amino-4H-chromen derivatives 44. The reaction 

involved three components: an aldehyde 24, malononitrile 33, and dimedone 1. CuFe2O4/chitosan  is 

used as the catalyst in ethanol at room temperature to carry out asymmetric Hantzsch condensation of 

an aldehyde 24, malononitrile 33 or ethylacetoacetate 40, cyclohexane-1,3-dione or dimedone 1, and 

ammonium acetate 42 to obtain a range of polyhydroquinoline derivatives 45,46  (Scheme 16) .39 

 Furthermore, the interaction between carbonitrile 47 and 1,3-cyclohexanedione 13 was 

investigated at various molar ratios. (Mr. 1:1) of 1,3-cycloheaxnedione and carbonitrile 47 condensed 

to produce derivative 48 of chromenoquinoline. Derivative 49 of chromenophenanthroline was 

obtained by repeating the preceding process with a 2:1 molar ratio (carbonitrile: 1,3-

cyclohexanedione) (Scheme 17). It's interesting to note that the unique angular heterocyclic system 50 

was produced by the reaction of carbonitrile 47 with 1,3-cyclohexanedione in boiling ethanol 

containing piperidine at a 1:2 molar ratio (carbonitrile: 1,3-cyclohexanedione) (Scheme 17).40 
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Scheme 17. Condensation of carbonitrile 1 with 1,3-cyclohexanedione. 

 

The required chromenone (52) was formed via the reaction of chromene (51) and 1,3-

cyclohexanedione derivative 1 as substrates in dry EtOH for 4 hours at 70 °C with DBU as a base 

(scheme 18).41 

 
Scheme 18. Synthesis of 11H-benzofuro[2,3-c]chromenone derivatives 52 

 

     The suggested mechanism DBU is first used as a base to react with an active methylene of 1,3-

cyclohenanedione to produce an intermediate carbanion [A]. The Michael Adduct [B] was then 

produced by increasing the addition of enol [A] to the nitro-chromene with DBU. The intermediate [B] 

then undergoes keto-enol tautomerism to provide an intermediate enol [C], and additional proton 

shifting results in the formation of an intermediate enol anion [D]. The enol anion [D] undergoes 

sequential intramolecular cyclization to provide the intermediate benzofuro[2,3-c]chromenone [E]. 

After that, the final product is formed by removing water and HNO (scheme 19).41,42 
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Scheme 19. Tentative reaction mechanism 

 

    When boiling DMF containing diazabicycloundecene (DBU), the behavior of carbonitrile 

compound 53 was examined toward 1,3-cyclohexanedione 13, yielding chromenoquinoline (54).  

Similarly, in the previous conditions, 1,2-cyclohexanedione 41 and carbonitrile 53 interacted in a 1:2 

molar ratio to yield chromenophenanthroline (55) (Scheme 20). 

 

 
Scheme 20. Reaction of carbonitrile 1 with 1,3-cyclohexanedione and 1,2-cyclohexanedione 
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    Compound 55 had significant antimicrobial activity against the investigated bacteria. This 

could be explained by the presence of benzofuran with various functional groups and annulated bis-

(furochromeno)[1,10]phenanthroline. Compound 54 exhibited a significant level of activity towards 

Candida albicans, the yeast.43 

      Therefore, establish many new MCRs that offer an efficient and straightforward route to some 

valuable skeletons. In all cases, these MCRs involve a methylenation step of electron-rich carbons 

with formaldehyde, which generate active intermediates that are then trapped by the next nucleophiles. 

     As shown in (Scheme 21), 2-naphthol 56a, 4-hydroxy-6-methyl-2-pyrone (56b), and 4-

hydroxy-1-methyl-2-quinolone (56c) were found to be able to react with formaldehyde and 1 or 13 in 

glycerol, affording three complex skeletons (57a, 57b, and 57c) in moderate to good yields.44,45 

 

 

 
Scheme 21. Other three-component reactions of 1,3-cyclohexanediones and formaldehyde in glycerol. 

 

     In boiling ethanol containing piperidine, carbonitrile 58 treated with 1,2-cyclohexanedione 

produced bis[1]chromeno[1,10]phenanthroline derivative 61. Scheme 22 shows that the 

chromoquinoline derivative 60 (via intermediate L) was not included in this reaction.  

The ring opening of two molecules of carbonitrile 58 with one molecule of 1,2-

cyclohexanedione providing intermediate M may result in the formation of chromenophenanthroline 

61. Subsequent cycloaddition and cyclodehydration processes yield a heptacyclic fused system 61. 

Similar reaction conditions were used to create the same product by reacting component 59 with 1,2-

cyclohexanedione (Scheme 22).46 
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Scheme 22. Condensation of carbonitrile 58 and compound 59 with cyclohexane-1,2-dione. 

 

     Several approaches have already been reported for synthesizing xanthenedione, and 

condensation between aldehydes and β-cyclic 1,3-dicarbonyl systems is one of the simplest methods to 

access symmetrical ones. There are various catalysts that have been utilized in this method for 

preparing these xanthenes, both homogeneous 47-49 and reusable heterogeneous nanocatalysts were also 

described. 50–51 The reactions are done both in solvents but also in solvent-free conditions.58, 52–53 They 

have also been performed under conventional heating, microwave assistance 54–55, or ultrasound 

irradiation (Scheme 23). 56–61 

 

 

Scheme 23. Reported methods for the synthesis of symmetric xanthenes. 
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    The synthesis of xanthene derivative 64 was achieved by the reaction between four equivalents of 

dimemdone 1 and one equivalent of dibenzaldehyde derivative 63 as a model reaction under various 

conditions (Scheme 24). 64 

 

Scheme 24. Synthesis of bis(hexahydro-1H-xanthene-1,8(2H)-dione) 64. 

 

      The organic acid catalyst p-TSA, which is inexpensive and easily accessible and has good 

catalytic properties, particularly as a proton donor, was used in both the absence and the presence of 

the reaction.62-64  

    A new method for the preparation of xanthenedione derivatives 63  has been described, 

involving a one-pot reaction between aldehyde derivatives 24 and 1,3-cyclohexanedione 13 promoted 

by niobium pentachloride, as part of the ongoing investigation into the use of NbCl₅ as a promoter in 

organic reactions (Scheme 25) 

    Stronger Lewis acid niobium pentachloride is recently gaining attention as a reagent in organic 

synthesis; it can be used as an efficient catalyst in many kinds of organic reactions. 65,66   

 

 
 

Scheme 25. Synthesis of xanthenedione derivatives. 

    In aqueous media, the corresponding hydroxanthene derivatives 67 and bis(3-hydroxy-2-

cyclohexene-1-one) 66 were obtained in good yields via an ordinary general experimental procedure 

that involved heating a solution of an aromatic aldehyde 24 and cyclohexanedione 13 in water under 

reflux water in the presence of a catalytic amount of DBSA or SDS for the duration of time required to 

complete the reaction (Scheme 26).67 
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Scheme 26. Synthesis of 9-aryl-1,8-dioxooctahydroxanthene derivatives 67 and 2,2′-

arylmethylene bis(3-hydroxy-2-cyclohexene-1-one) 66 in water 

     Furthermore, 1,3-cyclohexadione (13) and arylaldehyde (24) successfully reacted in 

supercritical diethylether at 200 oC for 60 min without needing a catalyst to produce the equivalent 

xanthenedione derivatives 67. No byproducts were produced (Scheme 27). 68 

 

 

 
 

Scheme 27. Reaction of aldehydes with 1,3-cyclohexanedione in the presence of super-critical 

diethylether. 

 

     The reaction time between benzaldehyde 24a and 1,3-cyclohexadione 13 in the presence of 

diethylether at 200 °C for 60 min was identified as the test reaction, and different reaction parameters 

were studied for the formation of corresponding xanthenedione 67a. During this experiment, there is 

no observation of the open chain intermediate 2,2-(phenylmethylene)bis(3-hydroxycyclohex-2-en-1-

one) by GC-MS (Scheme 28). 68 
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Scheme 28. Condensation and cyclisation reaction of 1,3-cyclohexadione  13 and benz-aldehyde 24a 

in scEt2O. 

 

     By utilizing dimedone and several aromatic aldehydes in the presence of nanosized manganese 

ferrite (MnFe2O4) at 110 °C in solvent-free conditions, dioxooctahydroxanthene derivatives were 

synthesized (Scheme 29). 

      The proposed mechanism is that MnFe2O4 first activates the carbonyl group of aldehydes, 

which then makes it easier for dimedone's enol form to be attacked by nucleophiles and produces the 

appropriate carbocation. Following this carbocation's reaction with the activated dimedone, an 

intermediate is produced. This intermediate is subsequently dehydrated to produce the finished 

product.69 

 

 
 

Scheme 29. Synthesis of 1,8-dioxooctahydroxanthene 

 

     The condensation of aldehydes with 4-hydroxycoumarin by using CoFe2O4 in water/ethanol 

(1:1) as a solvent with reflux produced the appropriate bis-(4-hydroxycoumarin) and different 

aldehydes. The Knoevenagel condensation of aromatic aldehydes with 4-hydroxycoumarin in the 

presence of CoFe2O4, which is then followed by Michele addition of the second 4-hydroxycoumarin, 

is the suggested mechanism for the synthesis of the xanthenedione derivates (Scheme 30). 69 

 

 
Scheme 30. Synthesis of 1,8-dioxooctahydroxanthenes in the presence of cobalt ferrite (CoFe2O4) 
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     Imidazopyridine derivates 69 were achieved via the reaction of various substituted 2-

phenylimidazo[1,2-a]pyridine-3-carbaldehyde 68 with various 1,3-cyclohexandione derivatives 41. 

The gluconic acid aqueous solution acts as a catalyst and solvent, which has been developed via 

domino reactions (Scheme31).  

 

 

Scheme 31. Synthesis of novel fused imidazopyridine bearing xanthenedione. 

 

     The mechanism of reaction involves Knoevenagel condensation, followed by Michael 

addition, along with cyclization and tautomerization steps (Scheme 32).70 

 

 

 

Scheme 32. Proposed reaction mechanism of imidazopyridine fused xanthenedione synthesis. 

 

     Experiment with various reaction parameters for the condensation of three-components 

aminobenzimidazole, cyclohexanedione, and arylglyoxal hydrates to determine the optimal conditions 

for regioselective isomeric compound formation. Aminobenzimidazole   70, arylglyoxals 71a-c, and 

1,3-cyclohexanedione (13) were mixed together in equal amounts and briefly stirred in ethanol. The 

result was the formation of compounds 71a-c as hardly soluble precipitates, with high yields (Scheme 

33). 71 

     No new compounds formed in the reaction mixture as a result of the extended refluxing of 

adducts 72a–c in alcohols. subsequently, more than one equivalent of 1,3-diketone 13 was added to 

the reaction mixture, and a gradual dissolving of precipitates 72a–c was detected. 

After such reaction mixtures were refluxed for a long time, salts 73a and b were produced. 

Compounds 73a,b were not successfully converted into condensation products with 2-

aminobenzimidazole 70 by fusion without a solvent or by refluxing in acetic acid or DMF. In all cases, 
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xanthenedione 65 and salt 74 mixtures were produced (Scheme 33). Compound 65 is the more soluble 

of the two compounds, which were isolated from ethanol by recrystallization. 

 

 

Scheme 33. condensation of three-components aminobenzimidazole, cyclohexanedione, and  

arylglyoxal hydrates 

 

     After that the reaction of dimedone 1 with a mixture of aminotetrazole compound 75 and 

substituted aromatic aldehyde 24 taken in an equimolar ratio without solvent and catalyst at a 

temperature of 160–170°С for 5–10 min afforded tetrazoloquinazolinones derivatives 76-81 or 

xanthen-diones derivative 82-86 (Scheme 34).72 

 

Scheme 34. for synthesis tetrazoloquinazolinones derivatives 75-81 or xanthen-diones derivative 82-86 

      

     One-pot processes have been employed for the synthesis of bisoctahydroxanthene  89. 

Octahydroxanthene-1,8-dione 89 is typically obtained by the condensation of dimedone derivative 87 

with aldehydes 88 in the presence of p-dodecylbenzene sulfonic acid (DBSA), which is utilized as a 

Lewis acid catalyst (Scheme 35). 
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    Synthesized compounds showed antimicrobial activity against S. aureus,B. cereus, C. albicans, 

and R. rubra, except P. aeroginosa and P. vulgaris. The present study provides new data on the 

relationships between xanthenes and their antimicrobial activities. 73  

 

 
 

Scheme 35. Synthesis of bisoctahydroxanthene derivatives 89 

 

     Ultimately, a one-pot effective synthetic technique was employed to synthesize a derivative of 

bis-12-aryl-tetrahydrobenzo[a]xanthene-11-ones 90 in a 2:1:1 molar ratio of β-naphthol 56a, 

dimedone 1, and terephthaldehyde 88, utilizing 10 mol% of TCCA to produce compound 90 (Scheme 

36). As anticipated, the reaction proceeded smoothly for 40 min at 110°C, yielding a 78% product in a 

solvent-free environment. 74 

 
 

Scheme 36. Reaction between terephthaldehyde with 5,5-dimethyl-1,3-cyclohexanedione and -

napthol in the presence of TCCA. 

 

      Next, the study demonstrates a one-pot synthesis of xanthenes and acridine derivatives using a 

nanocrystalline ZnO as a catalyst by MWI in a water medium. Xanthenone 91a was prepared by 

microwave-irradiating a solution containing a mixture of Prydine-2-carboxaldehyde, cyclohexane-1,3-

dione, and 2-napthol 56a using ZnO Nps as catalyst at 700 watts. Similar steps were repeated for 91b-

i; however, the cyclohexane-1,3-dione was not used for the xanthenes, 91h, or 91i synthesis.   

    In the same way, the procedure of preparing acridinones 92 involves combining cyclohexane-

1,3-dione, anilines, and ZnO Nps catalyst with water, which is then microwave-irradiated at 700 watts 

to produce 92a. For xanthenes, 92g-l formations, ammonium acetate  42 was used instead of anilines 

(Scheme 37). 75 
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Scheme 37. General scheme for the synthesis of 2-substituted xanthenediones and acridindiones 

 

    Finally, cyclohexanedione dervitive 1, 13 was employed to react with 3-(2-hydroxyphenyl)-1-

phenylprop-2-en-1-one 93 derivatives under standard reaction conditions, giving the corresponding 

products 94 in good yields (70−87%) as shown in (Scheme 38). 76 

 

 
 

Scheme 38. Synthesis of 1,3-Cyclohexanedione-Fused 2,8-Dioxabicyclo[3.3.1]nonanesa,b 

 

3.2. Synthesis of Tetrahydroindoles, Tetrahydroindazolones, Pyrazole‑Dimedone, Pyridine, 

Imidazoquinolines, Acridineone, Triazine, and Tetrazine Derivatives 

      To synthesize compound 97, the reaction of dimedone 1, phenacyl bromide 95, and aniline 96 

was employed as a model system. The product was obtained after 3.5 hours of exposure to radiation 

using a 22 W CFL lamp in a 1:1 ethanol–water solution at room temperature (Scheme 39).77 
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Scheme 39. Synthesis of 4-oxo-tetrahydroindoles in ethanol–water 

 

     A simple three-component reaction involving β-nitrostyrenes, β-dicarbonyl compounds, and 

amines has been developed for the synthesis of β-enaminones 78. According to the proposed 

mechanism, the β-dicarbonyl compound undergoes a Michael addition to the β-nitrostyrene to 

generate a furan oxime intermediate, which is subsequently attacked by a nucleophilic amine in a 

regioselective manner to afford the corresponding β-enaminones. 

    The author concluded that the most likely pathway involves a sequential Michael addition, 

intramolecular cyclization, and ring-opening reaction. Initially, intermediate 99 was formed via the 

reaction of 1,3-cyclohexanedione 13 with β-nitro-3-methylstyrene 98 under the optimized reaction 

conditions (Scheme 40).78 

 

 
 

Scheme 40. Reaction of 1,3-cyclohexanedione 13 and -nitro-3-methylstyrene (99) 

 

      Next, the intermediate 2-(hydroxyimino)furanone 100 reacted favorably with phenylhydrazine 

101b under the same reaction conditions to produce the corresponding product 102 (Scheme 41).  

One of these compounds, tetrahydroindazolone, has been shown low nanomolar antiproliferative 

activity against various cancer cell lines and to be a strong inhibitor of heat shock protein 90 (HSP90). 
79 

 

 
 

Scheme 41. Reaction of 2-(hydroxyimino)furanone 100 and phenylhydrazine 101b. 

    

  The one-pot Knoevenagel condensation Michael addition of different aldehydes 24, 

dicarbonyl compound (dimedone) 1, and phenyl-pyrazol-5-one derivative 103 mediated by aqueous 

NHEt2 were used to generate the pyrazole dimedone derivatives 104 as described in (Scheme 42). The 
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newly produced pyrazole-dimedone derivatives' antifungal efficacy was evaluated against the mold C. 

albicans (ATCC 2091).80 

 

 
 

Scheme 42. Substrate scope of the cascade reaction: variation of pyrazole-dimedone adducts 

 

    A new environmentally friendly approach for the synthesis of Imidazoquinoline derivatives 

107  has been developed, employing dimedone 1, aldehydes 105, and 2-(nitromethylene)imidazolidine 

106 in an undivided cell with an alcoholic solvent, using NaBr as the electrolyte, as illustrated in 

(Scheme 43). 

     The research determined that the most effective conditions for minimizing synthesis time and 

achieving higher yield involved using a dry propanol/dimethylsulfoxide (95:5, PrOH/DMSO) mixture, 

a current density of 80 mA cm-2 (with I = 400 mA and an electrode surface of 5 cm2), a magnesium 

anode, and operating at room temperature. 81 

 

 
Scheme 43. General schematic for the preparation of octahydroimidazo[1,2-a]quinolin-6-one 

derivatives 
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     Heating the mixture of dimedone 1 and triethoxymethane 108 in an oil bath at 120 °C led to 

the formation of compound (109). Compound 109 reacted with ethyl cyanoacetate 33b or 

malononitrile 33a to yield alkylated products 111a and 111b, respectively. Compounds 111a and 111b 

have been utilized for synthesis of pyrazole derivatives by reacting with either phenylhydrazine 101b 

or hydrazine hydrate 101a to yield the corresponding pyrazole derivatives, 111a–d. As an alternative, 

isoxazole derivatives 113a and 113b were produced by reacting components 110a or 110b with 

hydroxylamine hydrochloride 112 in 1,4-dioxane containing sodium acetate (Scheme 44). 

The produced compounds exhibited strong cytotoxicities when screened against the six cancer 

cell lines.82   

 

 
 

Scheme 44. Synthesis of compounds 110a, b, 111a–d, and 113a, b 

 

     In (Scheme 45), the synthesis of a series of benzoacridinone derivatives 115a–k was achieved 

via a one-pot, three-component reaction in ethanol (EtOH) as a green solvent under reflux conditions. 

The reaction involved an equimolar mixture of aromatic aldehydes 24a–k, 2-amino-1,4-

naphthoquinone 114, and dimedone 1. 
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Scheme 45. Three-component synthesis of 12-substituted-3,3-dimethyl-3,4,5,12-

tetrahydrobenzo[b]acridine-1,6,11(2H)-triones 115a–k 

 
 

Scheme 46. Possible mechanism for the synthesis of 12-substituted-3,3-dimethyl-tetrahydro- 

benzo[b]acridine-1,6,11(2H)-trione(115a–k) 



26 

Biologically active heterocyclic compounds 

 

   A possible mechanism for the reaction is presented in (Scheme 46). Most likely, the reaction 

begins with the keto-enol tautomerization of dimedone 1. The resulting enol 116 then reacts with the 

aldehydes 24 by the Knoevenagel condensation to produce the corresponding α, β-unsaturated 

dicarbonyl intermediates 119. The intermediates 117 and 2-amino-1,4-naphthoquinone 114 undergo 

Michael addition, resulting in the Michael adducts 118. After 118 tautomerizes to intermediate 119 

containing a 1° amine group, intramolecular nucleophilic cyclization transforms 119 into the desired 

1,4-naphthoquinone fused with 4-substituted 7,7-dimethyl-4,6,7,8-tetrahydroquinolin-5(1H)–one 

polyheterocyclic compounds 115a–k.83 

To syntheses a variety of derivatives 121 of arcidinediones by reacting component 120 with 

amines. Compound 121 was successfully synthesized by using dimedone and aldehydes using the 

Michael, Knoevenagel, and cyclization processes at room temperature with a very small quantity of L-

proline acting as a catalyst this is shown in (Scheme 47).  These substances had inhibitory effects on 

HepG2 cells. Furthermore, compared to the other compounds, compounds 122 had greater inhibitory 

action. It would be highly beneficial to the ongoing research on the biological functions of these 

chemicals. 84 

 

 

 

 

Scheme 47. synthesis of derivatives 121 of arcidinediones 
(R1 = 2'-Cl; 4'-CH3; R2 = -H; -C6H5; 4''-ClC6H5) 

(1) methanol/ethanol mixture (1:1), L-proline, r.t., 1.5~4 h; (2) substituted ammonium, acetic acid, reflux, 24 h. 

 

         In order to produce the target Bis(heterocycles) 123 (Scheme 48), the multi-component 

reaction of dibenzaldehyde 122, cyclohexanedione derivative 1, and aniline 96 was investigated.  

The reaction was run both with and without p-TSA acting as an organic acid catalyst to determine the 

optimal experimental reaction conditions.   

       The best results were obtained when the reaction was carried out using acetic acid as both a 

catalyst and a solvent or when the reaction worked well in ethanol with 15% mol% of p-TSA present. 

It was discovered that a 5–7-hour reaction time produced a greater yield (Scheme 48). 85 
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Scheme 48. Synthesis of bis(hexahydroacridine-1,8(2H,5H)-dione) 123. 

 

      The reaction of 4-nitrobenzaldehyde 124, dimedone 1, ethyl acetoacetate 125 and ammonium 

acetate 42 in the presence of 18 W blue light in EtOH at 70 °C under air atmosphere, the intended 

product 1,4-dihydropyridine 126 was produced as shown as (Scheme 49).86  

 

 

 

Scheme 49. synthesize 1,4-dihydropyridine 

      In order to the above-mentioned reactions, the condensation of the aldehyde 24, barbituric acid 

126, and [DABCO](SO3-H)2Cl2 in water was heated at 70 oC. After completion of the reaction to give 

a pure pyrimidine-2,4,6-trione compound 127 (Schemes 50). 87 

 

 
Scheme 50. [DABCO](SO3H)2Cl2 catalyzed the synthesis of 5-arylmethylene pyrimidine-2,4,6- trione 

derivatives 

     A three-component condensation reaction of thiadiazol-2-amines 128 with 1,3-dicarbonyls 

derivative and chromene-3-carbaldehydes 129 in the presence of catalytic amounts of Bi(NO3)2.5H2O 
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in water under microwave irradiation is the environmentally friendly method used to synthesize 

coumarin-linked thiadiazoloquinazolinones 130 (Scheme 51).88 

 

Scheme 51. synthesis of 8-alkyl 5-(2-oxo-2H-chromen-3-yl)-2-aryl-8,9-dihydro-5H-[1, 

3,4]thiadiazolo[2, 3-b]quinazolin-6(7H)-ones. 

 

     Triazine was achieved in three steps initially. The thiophene-carbonitrile 132 was obtained by 

reacting cyclohexanedione 13 with thiophene-diazonium chloride derivative 131 in ethanol with 

sodium acetate at 0–5 °C. The previous compound was vital for initiating the synthesis of 1,2,4-

triazine. It reacted with phenylisothiocyanate 133 in ethanol with triethylamine, producing the triazine 

derivative 134. Compound 134 underwent a reaction with two moles of hydrazine hydrate 101a or 

phenylhydrazine 101b to produce hydrazone derivatives 135a and 135b, respectively. (Scheme 52). 89 
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Scheme 52. Synthesis of compounds 132,134 and 135a,b. 

     

The main advantages of the reported reaction are the simplicity of utilizing the starting 

materials, short reaction times, a one-pot process, solvent-free conditions, and good product yields.90 

Thus, tetrazine 138 was initially used in MCR. This heterocycle is easily made by the 

condensation reaction of an acetylacetone 137 and a triaminoguanidinum salt 136 in water, as 

indicated in (Scheme 53).  

 

 
 

Scheme 53. Synthesis of bis(3,5-dimethyl-1H-pyrazol-1-yl)-1,2,4,5-tetrazine (DHBPTz) 
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     In this scheme, tetraazinobenzoxazin-7-ones 140 have been synthesized via a unique one-pot 

reaction. 

Consequently, under the reaction conditions shown in Scheme 54, a mixture of tetrazine 139 an 

aldehyde 24, and dimedone 1, which also included a catalytic amount of p-toluenesulfonic acid (P-

TSA), was heated at 120 °C under solvent-free conditions, affording the corresponding 

tetraazinobenzoxazin-7-ones 140 in excellent yields (Scheme 54). 90 

 

 

Scheme 54. Three-component reaction between DHBPTz, aldehydes, and dimedone – synthesis of 

4H,7H-[1,2,4,5]tetraazino[6,1-b][1,3]benzoxazin-7-ones 140 

 

3.3. Synthesis of Thiophene, Thiophene-Fused, Thieno[2,3-B]Thiophene, New Thiazole, Thiazolidine-

2-Thione Derivatives  

    

A one-pot, four-component reaction with different aldehydes 24, 1,3-dicarbonyl compounds 

(linear or cyclic), activated methylene halides, and elemental sulfur in water at 80 °C for three hours 

made a library of highly substituted thiophenes with good to excellent yields. As bases and catalysts 

for synthesizing intermediate and target molecules, pyridine, triethylamine, and morpholine play 

crucial and critical roles in this reaction (Scheme 55).91 
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Scheme 55. Four-component syntheses of mono-and bicyclic thiophenes. 

 

     Dimedone 1 reacted with the aryldiazonium salts 150a–c in sodium acetate-containing ethanol 

to produce the arylhydrazone derivatives 151a–c, in that order. The arylhydrazone form of compounds 

150a–c appears due to intramolecular N–H–O=C– hydrogen bonding stabilizes this structure (Drew 

1982). Subsequently, the derivatives fused with thiophene are prepared by using Gewald's thiophene 

synthesis. Firstly, Study the reaction of all arylhydrazo compounds 150a–c with elemental sulfur and 

ethylcyanoacetate 33b or malonitrile 33a to get the corresponding thiophene derivatives 152a–f. next 

focus on the method for producing cinnoline derivatives, which involves reacting either of the 

compounds 152a, c, or e with either ethyl cyanoacetate 33b or malononitrile 33a to produce the 

corresponding cinnoline derivatives, 153a–f (Scheme 56).92 
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Scheme 56. Synthesis of compounds 151a–c, 152a–f, and 153a–f 

 

     The bis(aldehydes) 156a-c were employed as starting materials for the synthesis of various 

new bis(heterocycles) connected to a thienothiophene core through a phenoxymethyl linker. To obtain 

the target compounds, diethyl 3,4-bis(bromomethyl)thieno[2,3-b]thiophene-2,5-dicarboxylate 154 was 

reacted with the potassium salts of salicylaldehyde 155a, m-hydroxybenzaldehyde 155b, and p-

hydroxybenzaldehyde 155c in DMF under reflux conditions (Scheme 57). 93–96 
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Scheme 57. Synthesis of bis(aldehydes) 156a-c incorporating thieno[2,3-b]thiophene derivatives 

 

      Subsequently, it was determined how reactive 156a-d was to various active methylene 

compounds. Therefore, the formation of the bis-chromene-3-carbonitrile, which is connected to 

thieno[2,3-b]thiophene-2,5-dicarboxylate 157a in good yield, was the result of a three component 

reaction of the bis(aldehyde) 156b with both of malononitrile 33 and dimedone 1 in the presence of 

piperdine as a basic catalyst in dioxane at reflux (Scheme 58). 97  

 

 

 

Scheme 58. Synthesis of bis-chromene-3-carbonitrile 157a 

 

      The corresponding thiazole derivative 160 was successfully formed by the reaction of several 

substituted amines (aromatic and heterocyclic) 159 with 4-[(2-phenylthiazol-4-yl)methoxy]-

benzaldehyde 158 and dimedione 1 in an aqueous medium with 2-aminoethanesulfonic acid. The 

results clearly showed that the amines with functional groups that donate electrons and withdraw 

electrons at various locations reacted with 158 and 1 simplicity and produced the appropriate product 

in good to excellent yields (Scheme 59).98 

      Newly synthesized thiazole derivatives 160 were tested for the antimicrobial activity against 

four pathogenic bacteria and three fungi including, Escherichiacoli, Pseudomonasaeruginosa, 

Staphylococcusaureus, Bacillussubtilis, Candidaalbicans, Aspergillusniger and Aspergillusflavus in 

vitro using Ampicillin, Ciprofloxacin and Miconazole used as positive controls. The results exhibited 

significant antibacterial activity against Staphylococcusaureus and Bacillussubtilis.  
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Scheme 59. Synthesis of compounds 160. 

 

       In (scheme 60), the one-pot three-component condensation reaction involving various 

aromaticaldehydes 24 and 1,3-diketones 41 with 2-aminobenzimidazole/2-aminobenzothiazole 161 

using tetraethylammonium superoxide under non-aqueous conditions and DMF as a solvent produced 

benzomidazolo/benzothiazoloquinazolin-1-one ring systems 162. The results of this study absolutely 

indicate that, in terms of both reaction time and product yield, DMF was the best solvent among all 

those examined.   

 

 
 

Scheme 60. Synthesis of tetraheterocyclicBenzimidazolo/benzothiazolo quinazolin-1-one 

 

     (Scheme 61) presents the proposed mechanism for the formation of the target compound 162. 

The process begins when tetraethylammonium superoxide, generated in situ via a phase-transfer 

reaction between potassium superoxide and tetraethylammonium bromide, abstracts a proton from 1,3-

diketone 41. Subsequently, benzaldehyde 24 undergoes a Knoevenagel condensation, leading to the 

formation of olefin 3-benzylidene-2,4-hexanedione 163 via dehydration. 

    Compound 163 then reacts with 2-aminobenzimidazole or 2-aminobenzothiazole 161 through 

a Michael addition to form an intermediate of type 164 which undergoes further cyclization to yield 

the tetraheterocyclic benzimidazolo/benzothiazoloquinazolin-1-one ring system 165. 99 
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Scheme 61. Mechanism for the synthesis of tetraheterocyclicbenzimidazolo/benzothiazolo quinazolin-

1-ones. 

 

      In 1,4-dioxan containing triethylamine, the dimedone 1 interacted with elemental sulfur and 

phenylisothiocyanate 133 to yield the thiazole derivative 166. The thiazole derivatives 167a and 167b 

respectively, were therefore produced by compound 166 reacting with elemental sulfur and either 

malononitrile 33a or ethyl cyanoacetate 33b. The chloroacetamido derivatives 169a and 169b were 

produced when compound 167a or compound 167b reacted with chloroacetyl chloride 168, 

respectively (Scheme 62).100 
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Scheme 62. Synthesis of compounds 166, 167a,b, and 169a,b 

 
3.4. Synthesis of Spiro Heterocycles Containing Nitrogen, Oxygen, and Sulfur 

    

 By using dimedone 1, benzoyl hydrazine, semicarbazide, thiosemicarbazide, and 4-phenyl 

thiosemicarbazide, an acid-catalyzed condensation was carried out to produce the corresponding 

hydrazone 171 (a: X=O, R=Ph), semicarbazone (b: X=O; R=NH2), thiosemicarbazone (c: X=S; 

R=NH2), and phenylthiosemicarbazone (d: X=S; R=NHPh). The formation of the monohydrazone and 

carbazone derivatives (171a–d) from dimedone rather than the bis-hydrazone and carbazone 

derivatives (170a–d) supports the conclusion that dimedone exists predominantly in its enol form 

under the reaction conditions (Scheme 63). 101-102 
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Scheme 63. Synthetic route for compounds 176a–d. 

 

      The spiro thiazolidinone derivatives 172a–d are obtained by refluxing an equimolar quantity 

of thioglycolic acid in methanol with the hydrazone, semicarbazone, andthiosemicarbazone derivatives 

of dimedone 171a–d (Scheme 64). When cold concentrated sulfuric acid (H2SO4) is applied to the 

spiro heterocycles 172a–d, dehydrative cyclization takes place, resulting in the formation of spiro 

oxadiazolo/thiazolo[3,2-c]thiazoline derivatives 173a–d (Scheme 64). 

 

 

 

Scheme 64. Synthetic route for compounds 173a–d. 

 

    A similar kind of enolized mono spiro-s-tetrazine intermediate 175 was produced by 

condensation of dimedone 1 with thiocarbohydrazide (Scheme 65). 102  

 

 

 

Scheme 65. Synthetic pathway for the preparation of spiro-s-tetrazine 175. 

 

     The antibacterial activity of each synthesized compound was tested against two types of 

bacteria: gram positive S. aureus and gram-negative E. coli. While some of them show good to 

moderate activity, only a small number are shown to be extremely active against the same bacterium.  
102 

     By condensing acetone and aryl aldehydes in ethanolic NaOH, the diarylideneacetones 176a–

c were produced. Following this, spiro compounds 177a–c were produced via the Michael addition 
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reaction between diarylideneacetones 176a–c and dimedone 1 in the presence of triethanolamine 

(TEOA) as shown in (Scheme 66). 

  
 

Scheme 66. Synthesis of spiro compounds 177a–c. 

 

The spiro diarylidene derivatives 178a-l were obtained by refluxing the spirans 177a–c with 

various aryl aldehydes in the presence of EtONa at a 2:1 molar ratio (Scheme 67). 103 

 

 
 

Scheme 67. Synthesis of spiro diarylidene derivatives 178a–l 

 

4. Conclusion 

In this review, a comprehensive and systematic investigation was conducted to explore the 

reactivity of β-diketones and cyanomethylene reagents in the synthesis of novel heterocyclic 

compounds. A wide range of one-pot, multi-component, and microwave-assisted reactions was 

developed to efficiently generate structurally diverse and biologically relevant heterocycles. These 

methods were optimized using various acid catalysts and environmentally friendly reaction media, 

aligning with the principles of green chemistry. 

Several newly synthesized compounds have shown strong biological activity, especially in 

antimicrobial and anticancer assays. Some derivatives based on xanthene and chromenone exhibited 

notable inhibitory effects against cancer cell lines and pathogenic microbes. These findings indicate 

their potential as lead compounds for drug development. 

Overall, this research provides valuable insights into synthetic methodologies for heterocyclic 

chemistry and identifies promising candidates for future pharmaceutical and medicinal applications. 

This work opens avenues for further exploration of functionalized heterocycles as therapeutic agents, 

particularly through mechanism-based optimization and advanced biological screening. 

 

Acknowledgements 

       The authors would like to thank the Faculty of the Faculty of Science, Cairo 

University, and Pharmaceutical Sciences & Pharmaceutical Industries, Future University in 

Egypt, for affording facilities to complete this work. 

 

 



                                                                           39                                                                                                                                    

Ibrahim and Alwan, Org. Commun. (2025) X:X XX-XX 

 

ORCID   
Marwa Shokry Ibrahim: 0009-0001-1005-7022 

Ensaf Sultan Alwan: 0000-0001-5236-0233 

 

 

References  

[1]  Knapik-Kowalczuk, J.; Gündüz, M. G.; Chmiel, K.; Jurkiewicz, K.; Kurek, M.; Tajber, L.; Jachowicz, R.; 

Paluch, M. Molecular dynamics, viscoelastic properties and physical stability studies of a new amorphous 

dihydropyridine derivative with T-type calcium channel blocking activity. Eur. J. Pharm. Sci. 2020, 141, 

105083. 

[2]  Singla, R.; Prakash, K.; Gupta, K. B.; Upadhyay, S.; Dhiman, M.; Jaitak, V. Identification of novel 

indole-based heterocycles as selective estrogen receptor modulators. Bioorg. Chem. 2018, 79, 72-88.  

[3]  Sharma, D.; Kumar, M.; Das, P. Application of cyclohexane-1,3-diones for six-membered oxygen-

containing heterocycles synthesis. Bioorg. Chem. 2021, 107, 104559.  

[4]  Akbari, A.; Dekamin, M. G.; Yaghoubi, A.; Naimi-Jamal, M. R. Novel magnetic propylsulfonic acid-

anchored isocyanurate-based periodic mesoporous organosilica (iron oxide@ PMO-ICS-PrSO3H) as a 

highly efficient and reusable nanoreactor for the sustainable synthesis of imidazopyrimidine 

derivatives. Sci. Rep. 2020, 10(1), 10646. 

[5]  Yousuf, H.; Shamim, S.; Khan, K. M.; Chigurupati, S.; Hameed, S.; Khan, M. N.; Taha, M.; Arfeen, M. 

Dihydropyridines as potential α-amylase and α-glucosidase inhibitors: synthesis, in vitro and in silico 

studies. Bioorg. Chem. 2020, 96, 103581. 

[6]  Shaheen, M. A.; El-Emam, A. A.; El-Gohary, N. S. Design, synthesis and biological evaluation of new 

series of hexahydroquinoline and fused quinoline derivatives as potent inhibitors of wild-type EGFR and 

mutant EGFR (L858R and T790M). Bioorg. Chem. 2020, 105, 104274.  

[7]  De, K.; Bhaumik, A.; Banerjee, B.; Mukhopadhyay, C. An expeditious and efficient synthesis of spiro-

pyrazolo[3,4-b]pyridines catalyzed by recyclable mesoporous aluminosilicate nanoparticles in aqueous 

ethanol. Tetrahedron Lett. 2015, 56(13), 1614–1618 

[8]  El Ashry, E. S. H.; Awad, L. F.; El Kerdawy, Y.; Ibrahim, E. I. Dimedone: a versatile precursor for 

annulated heterocycles. In Advances in Heterocyclic Chemistry; Katritzky, A. R., Ed.; Elsevier: New 

York, 2009, 98, 1–54.  

[9]  Sun, J.; Sun, Y.; Gao, H.; Yan, C. G. Synthesis of spiro [indoline‐3, 2′‐quinoline] derivatives through a 

four‐component reaction.  Eur. J. Org. Chem. 2012, 2012, 1976–1983.  

[10]   Sharma, D.; Kumar, M.; Das, P. Application of cyclohexane-1,3-diones for six-membered oxygen-

containing heterocycles synthesis. Bioorg. Chem. 2021, 107, 104559. 

[11]  Işık, A.; Aday, B.; Ulus, R.;  Kaya, M. One-pot, facile, highly efficient, and green synthesis of 

acridinedione derivatives using vitamin B1. Synth. Commun. 2015, 45(24), 2823-2831. 

[12]     Sharma, D.; Reddy, C. B.; Shil, A. K.; Saroach, R. P.; Das, P. Cyclohexyl iodide promoted approach for 

coumarin analog synthesis using small scaffold. Mol. Divers. 2013, 17, 651-659.  

[13]  M. Heravi, M.; Zadsirjan, V.; Fattahi, B.; Nazari, N. Applications of dimedone in the synthesis of 

heterocycles: an update. Curr. Org. Chem. 2016, 20(16), 1676-1735. 

[14]  Alferness, P.;  Wiebe, L. Determination of mesotrione residues and metabolites in crops, soil, and water 

by liquid chromatography with fluorescence detection. J. Agric. Food Chem. 2002, 50(14), 3926-3934.  

[15]  Wang, D. W.; Lin, H. Y.; Cao, R. J.; Ming, Z. Z.; Chen, T.; Hao, G. F.; Yang, W. C.; Yang, G. F. Design, 

synthesis and herbicidal activity of novel quinazoline-2,4-diones as 4-hydroxyphenylpyruvate 

dioxygenase inhibitors. Pest Manag. Sci. 2015, 71 (8), 1122–1132.  

[16]  Ramesh, K. B.; Omkaramurthy, B. M.;  Srinivas, M. Synthesis, characterization, crystal structure and 

anticancer activity of tetrahydro-quinolines using silica iodide as a heterogeneous catalyst. J. Mol. Struct. 

2020,1222, 128790.  

[17]  Ramesh, K. B.;  Pasha, M. A. Study on one-pot four-component synthesis of 9-aryl-hexahydro-acridine-1, 

8-diones using SiO2–I as a new heterogeneous catalyst and their anticancer 

activity. Bioorg. Med. Chem. Lett.  2014, 24(16), 3907-3913. 

[18]  Vinoth, N.; Kalaiarasi, C.; Kumaradhas, P.; Vadivel, P.; Lalitha, A. Synthesis and antibacterial activity of 

new N-substituted hexahydroquinolinone derivatives and X-ray crystallographic studies. ChemistrySelect 

2020, 5, 2696–2700. 

[19]  Ye, F.; Ma, P.; Zhai, Y.; Yang, F.; Gao, S.; Zhao, L. X.; Fu, Y. Design, microwave-assisted synthesis, 

bioactivity and SAR of novel substituted 2-phenyl-2-cyclohexanedione enol ester derivatives. RSC Adv. 

2018, 8 (35), 19883–19893. 

https://orcid.org/0009-0001-1005-7022
https://orcid.org/0000-0001-5236-0233


40 

Biologically active heterocyclic compounds 

 

[20]  Reddy Chidipudi, S.; Khan, I.; Lam, H. W. Functionalization of C–sp³–H and C–sp²–H bonds: synthesis 

of spiroindenes by enolate-directed ruthenium-catalyzed oxidative annulation of alkynes with 2-Aryl-1,3-

dicarbonyl compounds. Angew. Chem. Int. Ed. 2012, 51 (48), 12115–12119. 

[21]  Goncalves, S.; Nicolas, M.; Wagner, A.; Baati, R. Exploring the one-pot C-acylation of cyclic 1,3-diones 

with unactivated carboxylic acid. Tetrahedron Lett. 2010, 51 (15), 2348–2351. 

[22]  Kohout, M.; Bielec, B.; Steindl, P.; Trettenhahn, G.; Lindner, W. Mechanistic aspects of the direct C-

acylation of cyclic 1,3-diones with various unactivated carboxylic acids. Tetrahedron 2015, 71 (18), 

2698–2707. 

[23]  Tabuchi, H.; Hamamoto, T.; Ichihara, A. Modification of the fries-type rearrangement of the O-enol acyl 

group using N,N-dicyclohexylcarbodiimide and 4-dimethylaminopyridine. Synlett 1993, 651–652. 

[24]  Lone, A. M.; Rather, M. A.; Bhat, M. A.; Bhat, Z. S.; Tantry, I. Q.; Prakash, P. Synthesis and in vitro 

evaluation of 2-(((2-ether) amino) methylene)-dimedone derivatives as potential antimicrobial agents. 

Microb. Pathog. 2018, 114, 431–435. 

[25]  Song, Y. L.; Dong, Y. F.; Wu, F.; Yang, T.; Yang, G. L. One-Pot Three-Component Synthesis of 3-

hydroxy-5,5-dimethyl-2-[phenyl(phenylthio)methyl]cyclohex-2-enone derivatives under ultrasound. 

Ultrason. Sonochem. 2015, 22, 119–124. 

[26]  Aljaar, N.; Malakar, C. C.; Conrad, J.; Strobel, S.; Schleid, T.; Beifuss, U. Cu-catalyzed reaction of 1,2-

dihalobenzenes with 1,3-cyclohexanediones for the synthesis of 3,4-dihydrodibenzo[b,d]furan-1(2H)-

ones. J. Org. Chem. 2012, 77 (18), 7793–7803. 

[27]  Yang, C.; He, X.; Zhang, L.; Han, G.; Zuo, Y.; Shang, Y. Synthesis of isocoumarins from cyclic 2-diazo-

1,3-diketones and benzoic acids via Rh(III)-catalyzed C–H activation and esterification. J. Org. Chem. 

2017, 82 (4), 2081–2088. 

[28]  Fan, C.; He, X.; Zuo, Y.; Shang, Y. Synthesis of oxazole and furan derivatives via Rh₂(OAc)₄-catalyzed 

C≡X bond insertion of cyclic 2-diazo-1,3-diketones with nitriles and arylacetylenes. Synth. Commun. 

2018, 48 (21), 2782–2792. 

[29]  Zuo, Y.; He, X.; Ning, Y.; Zhang, L.; Wu, Y.; Shang, Y. Divergent synthesis of 3,4-

dihydrodibenzo[b,d]furan-1(2H)-ones and isocoumarins via additive-controlled chemoselective C–C or 

C–N bond cleavage. New J. Chem. 2018, 42 (3), 1673–1681. 

[30]  Wang, X. M.; Wang, X. C.; Wang, C. F.; & Yang, L. One-pot synthesis of 4-aryl-7, 7-dimethyl-5-oxo-3, 

4, 5, 6, 7, 8-hexahydrocoumarin derivatives in glycerol. Green Chem. Lett. Rev. 2017,10(3), 134-137.  

[31]   Wang, X. M.; Ye, H. L.; Qaun, Z. J.; Wang, X. C. One-pot synthesis of benzoquinoline and coumarin 

derivatives using meldrum’s acid in three-component reactions. Res. Chem. Intermed. 2013, 39, 2357–

2367. 

[32]  Amancha, P. K.; Lai, Y. C.; Chen, I. C.; Liu, H. J.; Zhu, J. L. Diels–Alder reactions of acyclic α-cyano 

α,β-alkenones: a new approach to highly substituted cyclohexene system. Tetrahedron 2010, 66 (4), 871–

877.  

[33]  Birari, D. R.; Ghagare, M. G.; Kazi, M. A.; Bagul, S. M.; Ghotekar, B. K.; Toche, R. B.; Jachak, M. N. 

Synthesis of cytosine derivatives and study of their alkylation under mild conditions. Org. Prep. Proced. 

Int. 2009, 41 (6), 515–532. 

[34]  Boschelli, D. H.; Wang, D.; Prashad, A. S.; Subrath, J.; Wu, B.; Niu, C.; Chaudhary, D. Optimization of 

5-phenyl-3-pyridinecarbonitriles as PKCθ inhibitors. Bioorg. Med. Chem. Lett. 2009, 19 (13), 3623–3626. 

[35]    Han, G. F.; Zhao, L. J.; Chen, L. Z.; Du, J. W.; Wang, Z. X. The convenient synthesis of 11-methyl-3,8-

disubstituted-12-aryl-3,4,7,8,9,12-hexahydro-1H-chromeno[2,3-b]quinoline-1,10(2H)-dione derivatives. 

J. Heterocycl. Chem. 2015, 52 (4), 1219–1225. 

[36]  Kiyani, H.; Ghorbani, F. Efficient tandem synthesis of a variety of pyran-annulated heterocycles, 3,4-

disubstituted isoxazol-5(4H)-ones, and α,β-unsaturated nitriles catalyzed by potassium hydrogen 

phthalate in water. Res. Chem. Intermed. 2015, 41, 7847–7882. 

[37]  Mohareb, R. M.; Megally Abdo, N. Y.; Gamaan, M. S. Uses of cyclohexan-1,3-dione for the synthesis of 

tetrahydrochromeno[3,4-c]chromen derivatives with anti-tumor activities. J. Heterocycl. Chem. 2020, 57 

(6), 2512–2527. 

[38]  Anary-Abbasinejad, M.; Anaraki-Ardakani, H.; Mosslemin, M. H.; Khavasi, H. R. Isoquinoline-catalyzed 

reaction between 4-hydroxycoumarin or 4-hydroxy-6-methylpyran-1-one and dialkyl acetylene 

dicarboxylates: synthesis of coumarin and pyranopyrane derivatives. J. Braz. Chem. Soc. 2010, 21, 319–

323. 

[39]  Maleki, A.; Ghassemi, M.; Firouzi-Haji, R. Green multicomponent synthesis of four different classes of 

six-membered N-containing and O-containing heterocycles catalyzed by an efficient chitosan-based 

magnetic bionanocomposite. Pure Appl. Chem. 2018, 90 (2), 387–394. 

[40]  Ibrahim, M. A.; Badran, A. S.; Hashiem, S. H. Heteroannulated coumarins and chromones from chemical 

transformations of 6,8-dimethylchromone-3-carbonitrile. J. Heterocycl. Chem. 2018, 55 (12), 2844–2851. 



                                                                           41                                                                                                                                    

Ibrahim and Alwan, Org. Commun. (2025) X:X XX-XX 

 

[41]  Dai, C.; Xie, Z.; Qing, X.; Luo, N.; Wang, C. DBU-Mediated annulation of 2-aryl-3-nitro-2H-chromenes 

with 1,3-cyclohexanediones for the synthesis of benzofuro[2,3-c]chromenone derivatives. Mol. Divers. 

2020, 24, 191–200. 

[42]  Ghosh, M.; Santra, S.; Mondal, P.; Kundu, D.; Hajra, A. Diversified synthesis of furans by coupling 

between enols/1,3-dicarbonyl compounds and nitroolefins: direct access to dioxa[5]helicenes. Chem. 

Asian J. 2015, 10 (11), 2525–2536. 

[43]  rahim, M. A.; Al-Harbi, S. A.; Allehyani, E. S. Synthetic approach for building heteroannulated furo[3,2-

g]chromenes using 4,9-dimethoxy-5-oxo-5H-furo[3,2-g]chromene-6-carbonitrile and cyclic carbon 

nucleophiles. Heterocycles 2020, 100 (9), 1450–1462. 

[44]  Hellmann, H.; Schröder, M. Unsymmetrische dreikohlenstoff-kondensationen, VI. Kondensationen von 

β-naphthol mit formaldehyd und dihydroresorcinen, antipyrin oder 4-hydroxy-cumarin. Liebigs Ann. 

Chem. 1961, 641 (1), 75–77.  

[45]  Li, M.; Chen, C.; He, F.; Gu, Y. Multicomponent reactions of 1,3-cyclohexanediones and formaldehyde 

in glycerol: stabilization of paraformaldehyde in glycerol resulted from using dimedone as substrate. Adv. 

Synth. Catal. 2010, 352 (2–3), 519–530. 

[46]   Ibrahim, M. A.; Badran, A. S.; Hashiem, S. H. Heteroannulated coumarins and chromones from chemical 

transformations of 6,8-dimethylchromone-3-carbonitrile. J. Heterocycl. Chem. 2018, 55 (12), 2844–2851. 

[47]  Shirini, F.; Khaligh, N. G. Succinimide-N-sulfonic acid: An efficient catalyst for the synthesis of 

xanthene derivatives under solvent-free conditions. Dye. Pigment. 2012, 95, 789–794 

[48]  Tabatabaeian, K.; Khorshidi, A.; Mamaghani, M.; Dadashi, A.; Jalali, M. K. One-pot synthesis of 

tetrahydrobenzo[a]xanthen-11-one derivatives catalyzed by ruthenium chloride hydrate as a homogeneous 

catalyst. Can. J. Chem. 2011, 89, 623–627 

[49]  Pasha, M. A.; Jayashankara, V. P. Molecular iodine catalyzed synthesis of aryl-14H-

dibenzo[a,j]xanthenes under solvent-free condition. Bioorg. Med. Chem. Lett. 2007, 17, 621–623. 

[50]    Rahmatpour, A. An efficient, high yielding, and eco-friendly method for the synthesis of 14-aryl- or 14-

alkyl-14H-dibenzo[a,j]xanthenes using polyvinylsulfonic acid as a recyclable brønsted acid catalyst. 

Monatsh. Chem. 2011, 142, 1259–1263. 

[51]  Khazaei, A.; Moosavi-Zare, A. R.; Mohammadi, Z.; Zare, A.; Khakyzadeh, V.; Darvishi, G. Efficient 

preparation of 9-aryl-1,8-dioxo-octahydroxanthenes catalyzed by nano-TiO2 with high recyclability. RSC 

Adv. 2013, 3, 1323–1326.  

[52]  Javid, A.; Heravi, M. M.; Bamoharram, F. F. One-pot synthesis of 1,8-dioxo-octahydroxanthenes 

utilizing silica-supported preyssler nano particles as novel and efficient reusable heterogeneous acidic 

catalyst. E-J. Chem. 2011, 8, 910–916. 

[53]  Khazaei, A.; Zolfigol, M. A.; Moosavi-Zare, A. R.; Zare, A.; Khojasteh, M.; Asgari, Z.; Khakyzadeh, V.; 

Khalafi-Nezhad, A. Organocatalyst trityl chloride efficiently promoted the solvent-free synthesis of 12-

aryl-8,9,10,12-tetrahydrobenzo[a]xanthen-11-ones by in situ formation of carbocationic system in neutral 

media. Catal. Commun. 2012, 20, 54–57. 

[54]  Mane, P.; Shinde, B.; Mundada, P.; Gawade, V.; Karale, B.; Burungale, A. Sodium acetate/MWI: a green 

protocol for the synthesis of tetrahydrobenzo[a]xanthen-11-ones with biological screening. Res. Chem. 

Intermed. 2020, 46, 231–241. 

[55]  Zarei, A.; Hajipour, A. R.; Khazdooz, L. The one-pot synthesis of 14-aryl or alkyl-14H-

dibenzo[a,j]xanthenes catalyzed by P₂O₅/Al₂O₃ under microwave irradiation. Dye. Pigment. 2010, 85, 

133–138  

[56]  Rostamizadeh, S.; Amani, A. M.; Mahdavinia, G. H.; Amiri, G.; Sepehrian, H. Ultrasound promoted 

rapid and green synthesis of 1,8-dioxo-octahydroxanthenes derivatives using nanosized MCM-41-SO3H 

as a nanoreactor, nanocatalyst in aqueous media. Ultrason. Sonochem. 2010, 17, 306–309. 

[57]  Patil, M. S.; Palav, A. V.; Khatri, C. K.; Chaturbhuj, G. U. Rapid, efficient and solvent-free synthesis of 

(un)symmetrical xanthenes catalyzed by recyclable sulfated polyborate. Tetrahedron Lett. 2017, 58, 

2859–2864. 

[58]  Harichandran, G.; Amalraj, S. D.; Shanmugam, P. Synthesis and characterization of phosphate anchored 

MnO2 catalyzed solvent-free synthesis of xanthene laser dyes. J. Mol. Catal. A Chem. 2014, 392, 31–38. 

[59]  Abdelmoniem, A. M.; Elwahy, A. H. M.; Abdelhamid, I. A. Bis(indoline-2,3-diones): versatile precursors 

for novel bis(2′,6′-dicarbonitrile) derivatives. Arkivoc 2016, 2016, 304–312. 

[60]  Salama, S. K.; Darweesh, A. F.; Abdelhamid, I. A.; Elwahy, A. H. M. Microwave assisted green 

multicomponent synthesis of novel bis(2-amino-tetrahydro-4H-chromene-3-carbonitrile) derivatives 

using chitosan as eco-friendly basic catalyst. J. Heterocycl. Chem. 2017, 54, 305–312. 

[61]  Sanad, S. M. H.; Kassab, R. M.; Abdelhamid, I. A.; Elwahy, A. H. M. Microwave assisted multi-

component synthesis of novel bis(1,4-dihydropyridines) based arenes or heteroarenes. Heterocycles 2016, 

92, 910–924. 



42 

Biologically active heterocyclic compounds 

 

[62]   Khandelwal, S.; Rajawat, A.; Tailor, Y.; Kumar, M. Diversity oriented p-TSA catalyzed efficient and 

environmentally benign synthetic protocol for the synthesis of structurally diverse heteroannulated 

benzothiazolopyrimidines. Curr. Organocatalysis 2015, 2, 37–43. 

[63]  Keshari, A. K.; Singh, A. K.; Raj, V.; Rai, A.; Trivedi, P.; Ghosh, B.; Kumar, U.; Rawat, A.; Kumar, D.; 

Saha, S. p-TSA-promoted syntheses of 5H-benzo [h] thiazolo [2, 3-b] quinazoline and indeno [1, 2-d] 

thiazolo [3, 2-a] pyrimidine analogs: molecular modeling and in vitro antitumor activity against 

hepatocellular carcinoma. Drug design, development and therapy, 2017, 1623-1642. 

[64]  Darweesh, A. F.; Salama, S. K.; Abdelhamid, I. A.; Elwahy, A. H. Green synthesis of novel 

bis(hexahydro-1H-xanthene-1,8(2H)-diones) employing p-toluenesulfonic acid (p-TSA) as a solid acid 

catalyst. Synth. Commun. 2021, 51(3), 471–484. 

[65]  Andrade Bartolomeu, A.; Menezes, M.; Silva Filho, L. Efficient one-pot synthesis of 14-aryl-14H-

dibenzo[a,j]xanthene derivatives promoted by niobium pentachloride. Chem. Pap. 2014, 68(11), 1593–

1600. 

[66]  dos Santos, W. H.; Da Silva-Filho, L. C. Facile and efficient synthesis of xanthenedione derivatives 

promoted by niobium pentachloride. Chem. Pap. 2016, 70(12), 1658–1664. 

[67]  Li-Bin, L.; Tong-Shou, J.; Li-Sha, H.; Meng, L.; Na, Q.; Tong-Shuang, L. The Reaction of Aromatic 

Aldehydes and 1,3-Cyclohexanedione in Aqueous Media. J. Chem. 2006, 3(3), 117–121. 

[68]  Ulusal, H.; Fındıkkıran, G.; Demirkol, O.; Akbaşlar, D.; Giray, E. S. Supercritical diethylether: a novel 

solvent for the synthesis of aryl-3,4,5,6,7,9-hexahydroxanthene-1,8-diones. J. Supercrit. Fluids 2015, 

105, 146–150.  

[69]  Walle, M. R.; Pansare, D. N.; Kamble, S. S.; Pawar, R. P.; Ingale, R. D. Synthesis of 1,8-

dioxooctahydroxanthene and 3,3-arylidene bis(4-hydroxycoumarin) derivatives. Eur. Chem. Bull. 2019, 

8(3), 101–104. 

[70]  Patel, C.; Thakur, A.; Pereira, G.; Sharma, A. Gluconic acid promoted cascade reactions of 2-

phenylimidazo[1,2-a]pyridine-3-carbaldehyde with cyclohexane-1,3-dione to create novel fused 

Bisheterocycles. Synth. Commun. 2019, 49(14), 1836–1846.  

[71]  Petrova, O. N.; Zamigajlo, L. L.; Ostras, K. S.; Shishkina, S. V.; Shishkin, O. V.; Borisov, A. V.; Lipson, 

V. V. Multicomponent reaction of 2-aminobenzimidazole, arylglyoxals, and 1,3-cyclohexanedione. 

Chem. Heterocycl. Compd. 2015, 51, 310–319. 

[72]  Gein, V. L.; Prudnikova, A. N.; Kurbatova, A. A.; Dmitriev, M. V.; Novikova, V. V.; Rudakova, I. P.; 

Starikov, A. L. Three-component reaction of dimedone with aromatic aldehydes and 5-aminotetrazole. 

Russ. J. Gen. Chem. 2019, 89, 881–885. 

[73]    Kaya, M.; Basar, E.; Colak, F. Synthesis and antimicrobial activity of some bisoctahydroxanthene-1,8-

dione derivatives. Med. Chem. Res. 2011, 20, 1214–1219.  

[74]  Gholizadeh, M.; Sepehr, Z. 1,3,5-trichloro-2,4,6-triazinetrion: a versatile heterocycle for the one-pot 

synthesis. Bull. Korean Chem. Soc. 2011, 32 (5), 1697-1702. 

[75]    Pugazhenthi, I.; Ghouse, S. M.; Khan, F. R. N.; Jeong, E. D.; Bae, J. S.; Kim, J. P.; Dasaradhan, C. Water 

mediated reactions: TiO2 and ZnO nanoparticle catalyzed multi-component domino reaction in the 

synthesis of tetrahydroacridinediones, acridindiones, xanthenones and xanthenes. RSC Adv. 2015, 5(22), 

17257–17268. 

[76]  Yin, G.; Ren, T.; Rao, Y.; Zhou, Y.; Li, Z.; Shu, W.; Wu, A. Stereoselective synthesis of 2,8-

dioxabicyclo[3.3.1]nonane derivatives via a sequential Michael addition/bicyclization reaction. J. Org. 

Chem. 2013, 78(7), 3132–3141.  

[77]  Ansari, K.; Nazeef, M.; Ali, S.; Waseem, M. A.; Shah, W. A.; Ansari, S.; Singh, J. A. A metal-free visible 

light promoted three-component facile synthesis of 4-oxo-tetrahydroindoles in ethanol–water. J. 

Heterocycl. Chem. 2021, 58(2), 622–629. 

[78]  Ye, W.; Li, Y.; Zhou, L.; Liu, J.; Wang, C. Three-component reaction between substituted β-

nitrostyrenes, β-dicarbonyl compounds and amines: diversity-oriented synthesis of novel β-enaminones. 

Green Chem. 2015, 17(1), 188–192. 

[79] Wang, T.; Qing, X.; Dai, C.; Su, Z.; Wang, C. Regioselective construction of 1,3-diaryl 

tetrahydroindazolones via the three-component reaction of 1,3-cyclohexanediones, β-nitrostyrenes and 

arylhydrazines. Org. Biomol. Chem. 2018, 16(14), 2456–2463. 

[80]  Barakat, A.; Al-Majid, A. M.; Al-Qahtany, B. M.; Ali, M.; Teleb, M.; Al-Agamy, M. H.; Ul-Haq, Z. S. 

Synthesis, antimicrobial activity, pharmacophore modeling and molecular docking studies of new 

pyrazole-dimedone hybrid architectures. Chem. Cent. J. 2018, 12, 1–13  

[81]  Sayyar, R.; Makarem, S.; Mirza, B. Organic electrosynthesis as a new facile and green method for one-

pot synthesis of nanosized particles of octahydro-imidazo[1,2-a]quinolin-6-one derivatives via a 

multicomponent reaction. J. Heterocycl. Chem. 2019, 56(6), 1839–1843. 



                                                                           43                                                                                                                                    

Ibrahim and Alwan, Org. Commun. (2025) X:X XX-XX 

 

[82]  Mohareb, R. M.; Manhi, F. M.; Mahmoud, M. A. A.; Abdelwahab, A. Uses of dimedone to synthesis 

pyrazole, isoxazole and thiophene derivatives with antiproliferative, tyrosine kinase and Pim-1 kinase 

inhibitions. Med. Chem. Res. 2020, 29, 1536–1551. 

[83]  Kamalifar, S.; Kiyani, H. An expeditious and green one-pot synthesis of 12-substituted-3,3-dimethyl-

3,4,5,12-tetrahydrobenzo[b]acridine-1,6,11(2H)-triones. Res. Chem. Intermed. 2019, 45(12), 5975–5987. 

[84]  Wang, F. M.; Zhou, L.; Li, J. F.; Bao, D.;  Chen, L. Z. Synthesis, structure, and biological activities of 

10‐substituted 3, 3, 6, 6‐tetramethyl‐9‐aryl‐3, 4, 6, 7, 9, 10‐hexahydroacridine‐1, 8 (2H, 5H)‐dione 

derivatives. J. Heterocycl. Chem. 2017, 54(6), 3120-3125.  

[85]  Abdelmoniem, A. M.; Hammad, H. F.; Darweesh, A. F.; Abdelaziz, M. A.; Abdelhamid, I. A.; Elwahy, 

A. H. Hantzsch one-pot multicomponent synthesis of a novel series of bis(9,10-diarylhexahydroacridine-

1,8-diones). Synth. Commun. 2021, 51(17), 2695–2712. 

[86]  Chen, L.; Lin, Z.; Zhang, X., Tan, L.; Zhang, M.;  Li, Y. Catalyst-free visible-light induced synthesis of 

nitrogen-and oxygen-containing heterocycles from 1, 3-diketones. Environmental Chemistry Letters, 

2021, 19, 1831-1837.  

[87]  Shirini, F.; Langarudi, M. S. N.; Seddighi, M.;  Jolodar, O. G. Bi-SO3H functionalized ionic liquid based 

on DABCO as a mild and efficient catalyst for the synthesis of 1, 8-dioxo-octahydro-xanthene and 5-

arylmethylene-pyrimidine-2, 4, 6-trione derivatives.  Res. Chem. Intermed. 2015, 41, 8483-8497.  

[88]  Wadhwa, P.; Kharbanda, A.; Bagchi, S.; Sharma, A. Water‐mediated one‐pot three‐component reaction to 

bifunctionalized thiadiazoloquinazolinone‐coumarin hybrids: a green approach. ChemistrySelect. 

2018, 3(10), 2837-2841.  

[89]  Abdo, N. Y. M.; Mohareb, R. M.; Halim, P. A. Uses of cyclohexane-1,3-dione for the synthesis of 1,2,4-

triazine derivatives as anti-proliferative agents and tyrosine kinases inhibitors. Bioorg. Chem. 2020, 97, 

103667 

[90]  Adib, M.; Soheilizad, M.; Zhu, L. G.; Wu, J. A one-pot, three-component synthesis of 3-(1H-pyrazol-1-

yl)-4H,7H-[1,2,4,5]tetraazino[6,1-b][1,3]benzoxazin-7-ones under solvent-free conditions. Synlett 2015, 

26(2), 177–182  

[91]  Adib, M.; Rajai-Daryasarei, S.; Pashazadeh, R.; Jahani, M.; Yazzaf, R.; Amanlou, M. A consecutive four-

component synthesis of polysubstituted thiophenes in aqueous medium. Eur. J. Org. Chem. 2018, 3001–

3016. 

[92]  Mohareb, R. M.; Al Farouk, F. O.; Wardakhan, W. W. Uses of dimedone for the synthesis of new 

heterocyclic derivatives with anti-tumor, c-Met, tyrosine, and Pim-1 kinases inhibitions. Med. Chem. Res. 

2018, 27, 1984–2003. 

[93]  Sayed, O. M.; Mekky, A. E.; Farag, A. M.; Elwahy, A. H. 3,4-dimethyl-2,5-functionalized thieno[2,3-

b]thiophenes: versatile precursors for novel bis-thiazoles. J. Sulphur Chem. 2015, 36(2), 124–134. 

[94]  Elwahy, A. H. Synthesis of new benzo-substituted macrocyclic ligands containing quinoxaline subunits. 

Tetrahedron 2000, 56(6), 897–907.  

[95]  Muathen, H. A.; Aloweiny, N. A.; Elwahy, A. H. Synthesis of novel amide-crownophanes and Schiff 

base-crownophanes based on p-phenylene, 2,6-naphthalene, and 9,10-anthracene. J. Heterocycl. Chem. 

2009, 46(4), 656–663. 

[96]  Mekky, A. E.; Elwahy, A. H. Synthesis of novel benzo-substituted macrocyclic ligands containing 

thienothiophene subunits. J. Heterocycl. Chem. 2014, 51(S1), E34–E41. 

[97]  Eid, E. M.; Hassaneen, H. M.; Abdelhamid, I. A.; Elwahy, A. H. Facile one-pot, three-component 

synthesis of novel bis(heterocycles) incorporating thieno[2,3-b]thiophenes via Michael addition reaction. 

J. Heterocycl. Chem. 2020, 57(5), 2243–2255. 

[98]  Bhosle, M. R.; Kharote, S. A.; Bondle, G. M.; Sangshetti, J. N.; Ansari, S. A.; Alkahtani, H. M. 

Organocatalyzed domino synthesis of new thiazole-based decahydroacridine-1,8-diones and 

dihydropyrido[2,3-d:6,5-d′]-dipyrimidines in water as antimicrobial agents. Chem. Biodivers. 2020, 17(2), 

e1900577. 

[99]  Singh, S.; Kumari, S. One-pot-condensation reaction of heterocyclic amine, 1,3-diketone and aldehydes 

using in situ generated superoxide ion: a rapid synthesis of structurally diverse drug-like complex 

heterocycles. In Heterocycles-Synthesis and Biological Activities; IntechOpen: London, 2019. 

[100]  Mohareb, R. M.; Klapötke, T. M.; Reinhardt, E. Uses of dimedone for the synthesis of thiazole 

derivatives as new anti-tumor, c-Met, tyrosine kinase, and Pim-1 inhibitions. Med. Chem. Res. 2018, 27, 

2494–2511. 

[101]  Majumdar, P.; Mohanta, P. P.; Behera, R. K.; Behera, A. K. Chemistry of dimedone for synthesis of 

oxygen-, nitrogen-, and sulfur-containing heterocycles from 2-(3-hydroxy-5,5-dimethylcyclohex-2-

enylidene)malononitrile. Synth. Commun. 2013, 43, 899–914. 



44 

Biologically active heterocyclic compounds 

 

[102]  Mohanta, P. P.; Sahu, S.; Majumdar, P.; Behera, A. K. Diverse synthetic approach for sulfur and 

nitrogen-containing spiroheterocycles from dimedone and their pharmacological evaluation. Synth. 

Commun. 2019, 49(21), 2941–2951. 

[103]  Majumdar, P.; Mohanta, P. P., Sahu, S.; Behera, A. K. Studies on the synthesis of spiroheterocycles and 

their derivatives using dimedone as synthetic precursor. Synth. Commun. 2018, 48(14), 1747-1754. 

 

 
© 2025 ACG Publications 


