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Abstract 

This type of compound with α,β-unsaturated ketone structure has an extensive structural 

diversity and broad bioactivity, and is an important class of compound in drug discovery, such 

as chalcones [2]. This study reports on the synthesis of eight new chalcone derivatives (NC-1 

through NC-8), which were obtained via a solvent-free mechanochemical Claisen–Schmidt 

condensation method in keeping with principles of green chemistry. Under seal condition, the 

synthesis was performed via mechanical oxidation of acetophenones with various substituents 

and aromatic aldehydes in solid state with potassium hydroxide as base catalyst. It has 

removed the cumbersome factor of organic solvents, minimized the time for the reaction and 

provided the desired products in considerable yields. 

The chalcone derivatives synthesized appeared as crystalline solids which isolated on workup 

and characterized on the basis of percentage yield, TLC behavior, and melting point 

determination for purity and structural integrity. As shown, the yields were moderate to high, 

illustrating the efficiency of the mechanochemical method. The effect of ABA and ABA 

derivatives via aromatic substitution on coupled physicochemical properties was revealed 

through changes in Rf values and melting points. 

Chalcones were synthesized and evaluated their inhibitory activity against two enzymes, α-

amylase and trypsin, by in-vitro enzymatic studies. All of the compounds were inhibitory to 

some measurable degree, and the differences were ascribed to   electronic and steric effects of 

the substituents on the aromatic rings. That is to say that the presence of electron-withdrawing 

and halogen substituents in the chalcones generally produced stronger inhibition on the 

enzymes. These results demonstrate the potential of this pathway-mediated strategy to be 

employed for mechanochemically synthesized scaffolds to for enzyme inhibition and 

medicinal chemistry direction. 

Keywords: Chalcones; Mechanochemical synthesis; Solvent-free method; Enzyme inhibition; 

Structure-activity relationship 

 

INTRODUCTION 

A tribute to Chalcone, structurally defined as 1,3-diphenyl-2-propen-1-one, which is an 

important kind of α,β-unsaturated ketones: because its chemical structure are relatively 

changeable. Chalcones attract the attention of the great researchers not only for their 
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characteristic structure but also, and even more so, their peculiarly extensive spectrum of 

biological efficacy. The percolation system of conjugated enone and benzene ring serves as a 

privileged pharmacophore, chalcones can engage in hydrogen bonding, π-π stacking, 

hydrophobic interactions and covalent Michael-type interactions with a rich variety of 

biological targets [1]. This is as shown by years of research into chalcone derivatives: they are 

have featured in dozens of experiments and gone head-to-head, often surpassing traditional 

drugs or natural products on quality and effectiveness. Even among those that failed to oust 

established medicines, however, there have undoubtedly been some noteworthy successes 

against all expectations [2-4].In recent years, increasing attention has been devoted to 

developing environmentally friendly and green strategies for synthesizing chalcones. 

Conventional solvent-based Claisen condensation reactions, although efficient, demand long 

working time and use a great deal of solvent, with environmental costs higher than other 

methods [5]. To address these problems, routes that minimize the amount of solvent employed 

or do not require any solvents at all-delivery grinding, microwave syntheses and melt techniqus 

have all been widely explored and proven to considerably reduce energy consumption and 

waste production compared with traditional techniques [6,7]. While the greensuitability of 

these methods conforms to present-day requirements for sustainability, they also place new 

limitation s on substrate reactivity and on the physiochemical properties of substances to be 

treated [8]. 

 
Figure 1: General chalcone structure 

Incorporating halogen atoms into the structure of chalcone presents a very effective strategy 

for increasing its biological activity. The halogen atoms: chlorine, bromine, fluorine or iodine, 

not only change electronic distribution and increase lipophilicity but also can make halogen 

bonding with active sites in many enzymes possible [9, 10]. Recent researches have shown that 

network organizations containing halogen atoms behave in different manners than those 

without them, and in particular may inhibit enzymes more profoundly than their strength as 

free or unmodified molecules would suggest, spaning a chemical cock-and-bull story of 

achievement. Examination of these relationships has become an important field called a 

structure–activity relationship (SAR) study [23,24]. However, these substitutions of chalcone 

have some adverse effects on synthetic efficiency, notably for those reactions which take place 

in green and do not make use of solvents-stauration should be limited due to steric hindrance 

[8, 9]. 
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Although there is an increasing body of evidence supporting the pharmacological significance 

chalcones, compounds with low isolated yields often fail to undergo detailed biological assays. 

This may lead to a publication bias due to low isolable yield, and it also means we are unable 

to develop an understanding of the structure and reactivity boundaries involved in green 

synthesis [13]. Recent studies underlined that low-yield chalcone derivatives nonetheless still 

possess significant biological and enzyme inhibitory activity--calling for comprehensive 

evaluation strategies that take into account both synthetic feasibility and biological relevance 

[1,14]. 

Using metabolic and proteolytic enzymes as the main research subjects for enzyme inhibition 

studies can provide an important criterion for judging the pharmaceutical action of chalcone 

derivatives. α-Amylase inhibition has long been associated with anti-diabetic activity and 

control over postprandial hyperglycemia, while trypsin inhibition is associated with anti-

inflammatory and protease-modulating effects [15,16]. Such assays, together with molecular 

docking and computational modeling methods, enable us to correlate experimental inhibitory 

data against predicted modes of binding and thus make it possible for rational interpretation of 

SAR results as well as actual lead optimization [17,18]. 

 

Materials and Method 

The synthesis of chalcone derivatives is not possible without acetophenones and aromatic 

aldehydes, all of which were obtained from normal commercial sources and used without 

further purification. The base catalyst in this reaction was potassium hydroxide (KOH) of 

analytical grade. Using silica gel 60 F₂₅₄ precoated thin layer chromatographic plates, the 

development and purity of a product were monitored throughout a reaction. Work-up and 

purification steps required the use of ethanol and distilled water. 

The chalcone derivatives (NC-1 to NC-8) were synthesized using a solvent-free 

mechanochemical Claisen-Schmidt condensation. Equal amounts (0.01 mol) of acetophenone 

and the corresponding aromaticaldehyde were placed together in a clean mortar and stirred in 

one dry, powdered form with 0.01 mol potassium hydroxide as catalyst. Stirring was continued 

for 30-40 minutes in one direction with a pestle at room temperature until an even paste was 

obtained. Mechanical grinding provided sufficient activation energy to facilitate carbon-carbon 

bond formation without the use of organic solvents. Reaction progress was semi-continuously 

monitored by TLC using n-hexane:ethyl acetate (7:3) as a mobile phase. Upon completion of 

the reaction, the mixture was added slowly to crushed ice with agitation, yielding a precipitated 

chalcone product. The solid was collected by vacuum filtration, thoroughly washed with cold 

dist. water to remove any residual alkali, further washed with cold ethanol and finally dried in 

air at room temperature. Final purification was achieved by recrystallization from ethanol to 

give the pure chalcone derivatives. 

The synthesis of the chalcone derivatives was confirmed by yield, TLC behavior, and melting 

point determination. Percentage yield was calculated on the basis of the weight obtained for 

the pure product. By means of TLC analysis completion and purity of the reaction could be 

confirmed, with Rf values being recorded. Melting points were determined using the open 

capillary method and are reported as uncorrected values. In-vitro enzymatic evaluation was 
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carried out to assess α-amylase and trypsin inhibitory activity. α-Amylase inhibition was 

determined using the DNSA method to measure the reduction in maltose production at 540 nm, 

while trypsin inhibition was measured with casein as the substrate and absorbance recorded at 

280 nm at the conclusion of the reaction. Enzyme activities were expressed as percentage 

inhibitions against a given concentration. 

 
Figure 2: Scheme of methodology for study  

RESULTS  

The 8 novel chalcone derivatives NC-1 to NC-8 were synthesized by a solvent-free 

mechanochemical Claisen–Schmidt condensation. The reactions proceeded efficiently in 

ambient conditions, yielding crystalline products that could be easily taken from the benchtop 

after a simple work-up and recrystallization. The use of a solvent-free grinding method 

minimized solvent usage and sped up the formation with good yields, demonstrating how this 

Green Chemistry strategy is practical. 

To confirm purity and structural integrity, the synthesized chalcones were characterized by the 

percentage yield, thin layer chromatography (TLC) behaviour and their melting point analysis. 

In addition, the bioactivity of synthesized compounds was evaluated through in-vitro, enzyme 

inhibition studies against α-amylase and trypsin enzymes. These enzymes were chosen because 

they are involved in metabolic and proteolytic processes-making them important objec tives 

for biology. 

This result shows that differences in aromatic substitution significantly affects both the 

physicochemical properties and enzyme inhibitory activity observed. The difference between 

yield, Rf values, melting points and percent inhibition by different chalcones is a reflection of 

electronic and spatial effects that are felt in this molecule. Following are the results in detail, 
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starting with yield analysis to prove purity expected from a synthesis product, then TLC 

behaviours and melting point characteristics before concluding on a discussion of bioactivity. 

 
Figure 3: Scheme of reaction 

 
Figure 4: List of synthesized compounds  

 

Table 1. Yield Summary of Halo-Substituted Chalcone Derivatives 

Compound Code Yield (%) 

NC-1 82 

NC-2 78 

NC-3 85 

NC-4 74 

NC-5 80 

NC-6 83 

NC-7 76 

NC-8 88 
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The isolated yields of the synthesized chalcone derivatives were found to vary between 74% 

and 88%, thus establishing the overall efficiency of the mechanochemical synthesis method. 

The chalcone derivatives with electron-withdrawing groups had higher yields, and this can be 

attributed to the increased electrophilicity of the compounds, thus making it easier for the 

condensation reaction to occur. However, the derivatives with bulkier alkyl groups had slightly 

lower yields, and this could be attributed to steric effects that may hinder solid-state molecular 

interactions during the grinding process. The overall high yields of all the derivatives establish 

the efficiency of the solvent-free mechanochemical method in the synthesis of chalcones with 

diverse structures. 

Thin-Layer Chromatography (TLC) Analysis 

Table 2: TLC Rf Values of Synthesized Chalcones 

Compound Code Rf Value* 

NC-1 0.56 

NC-2 0.60 

NC-3 0.52 

NC-4 0.48 

NC-5 0.62 

NC-6 0.50 

NC-7 0.54 

NC-8 0.46 

*Solvent system: n-hexane : ethyl acetate (7:3) 

Thin Layer Chromatography was used to check the progress of the reaction and the purity of 

the synthesized chalcones. All the compounds gave a single, sharp spot on the TLC plate, which 

confirmed the successful transformation of the starting materials and their proper purification. 

The Rf values were dependent on the type of substituents present on the aromatic rings. The 

chalcones containing polar functional groups had lower Rf values because of increased 

interaction with the stationary phase, while the alkyl-substituted chalcones had higher Rf 

values. 

Melting Point Analysis 

Table 3: Melting Point Data of Synthesized Chalcones 

Compound Code Melting Point (°C) 

NC-1 128–131 

NC-2 121–124 

NC-3 134–137 

NC-4 142–145 

NC-5 118–121 

NC-6 146–149 

NC-7 139–142 

NC-8 151–154 

The synthesized chalcones were assessed for their crystalline nature and purity by determining 

their melting points. All compounds showed narrow melting ranges with a high degree of 
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purity and less significant impurities. Electron-withdrawing or polar substituents in the 

chalcone molecules usually result in higher melting points, due to stronger forms of 

intermolecular interaction and/or better crystal packing. In contrast, the melting points of 

alkyl-substituted derivatives were relatively low. Melting point data corroborate the successful 

synthesis of chemically diverse chalcone derivatives. 

In-Vitro Enzymatic Inhibition Studies 

Table 4 Enzymatic Inhibition Activity of Synthesized Chalcones 

Compound Code α-Amylase Inhibition (%) Trypsin Inhibition (%) 

NC-1 31.4 ± 1.2 26.8 ± 1.0 

NC-2 29.6 ± 1.1 24.3 ± 0.9 

NC-3 35.2 ± 1.4 28.9 ± 1.2 

NC-4 33.7 ± 1.3 27.5 ± 1.1 

NC-5 30.8 ± 1.0 25.6 ± 0.8 

NC-6 36.5 ± 1.5 30.1 ± 1.3 

NC-7 32.4 ± 1.2 26.9 ± 1.0 

NC-8 38.1 ± 1.6 31.4 ± 1.4 

 

The synthesized chalcone derivatives have been evaluated for a quantitative finding for their 

α-amylase and trypsin inhibitory activity. Differences in inhibition percentages during a 48 h 

period corroborated the effect of varying site of substitution on aromatic rings on enzyme 

interaction. The increased inhibition of chalcones bearing a strong electron-withdrawing group 

for both enzymes indicates higher binding affinity. Derivatives with alkyl substitutions 

exhibited moderate inhibition levels. In general, the results reflect that the structural 

modification of the chalcone scaffold is an essential factor that contributes to the modulation 

of enzymatic activity, and accordingly, these kind of compounds are probably good candidates 

for more biological exploring. 

 

DISCUSSION 

We report the synthesis and physicochemical characterization of eight new chalcone 

derivatives (NC-1 to NC-8), which were prepared via a high-yielding mechanochemical 

Claisen–Schmidt condensation method under solvent-free conditions, and assess their in-vitro 

enzymatic inhibition potential. This discussion then overlaps these results with the classical 

and more recent literature to provide interpretations for the trends observed in terms of yield, 

purity, melting, and enzyme inhibition while focusing on substitution effects, non-covalent 

interactions, and enzyme–ligand binding. 

Halogen bonding and other types of weak intermolecular interactions are quite relevant to the 

physiochemical properties and biological effect of small molecules. Directional halogen 

bonding is a stabilizing interaction that has been well established in biological systems, 

contributing to ligand specificity and binding strength [19]. The halogen-containing chalcone 

derivatives in current study had relatively higher melting points and enzyme inhibition 

compared with the relatives which may associated with stronger intermolecular interactions 

and the better binding complementarity due to halogen participation. 
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The possibility to modify the reaction pathways, to sieve the selectivity and also to provide 

the reaction with high efficiency as a solvent-free reaction has been shown by the 

mechanochemical synthesis [20,21]. All chalcone derivatives synthesized in the present study 

were obtained in even shorter reaction times than these screened via mechanochemistry, thus 

demonstrating the applicability of this technique beyond carbon-carbon bond-forming 

reactions. Differences in yield from NC-1 to NC-8 can be attributed to electronic and steric 

effects that influence the formation of the enolate and its subsequent condensation reaction, 

effects which have been shown to be particularly pronounced under solid-state reaction 

conditions [21]. 

Enzyme inhibition and molecular docking studies on chalcone scaffolds have been well 

characterized. Two recent studies reported on various chalcone derivatives possessing 

heterocyclic scaffolds with appreciable enzyme inhibitory activity further supported by 

docking analysis suggesting substituent effects and electronic properties play a key role on the 

overall activity [22]. The enzyme inhibition results obtained have alluded such observations, 

particularly for chalcones bearing electron-withdrawing groups that show a better inhibition 

percentage. 

Hybrid chalcone compounds remain an object of interest as their biological profiles are 

improved [6,7,8,9]. Hybrids based on chalcone have been described as selective aldose 

reductase inhibitors and demonstrate CHO cytotoxicity [23], highlighting the diverse range of 

possible enzyme targets for compounds based on the chalcone core. The moderate to high 

inhibition of enzymes observed for the present chalcone derivatives is consistent with their 

potential utility as lead scaffolds for further functionalization and hybridization. 

Chalcone and pyrazoline derivatives have also been studied extensively as protein-protein 

inhibitors of transcription factors [24], suggesting that the scope of biological activity of 

chalcone-based molecules may extend beyond classical enzyme targets. Such results strengthen 

the importance of chalcones being multi-functional bioactive scaffolds and also substantiate 

the use of enzyme inhibition studies as early biological screening step. 

While the present study was not concerned specifically with enzyme inhibition over 

cytotoxicity, it may be noted that previous reports dealing with structurally related heterocyclic 

compounds provide evidence that both the substitution pattern and linker design strongly 

influence biological effects [25]. These results highlight the importance of both steric and 

electronic factors in guiding the interpretation of enzyme inhibition data and in the 

prioritization of targets for further biological testing. 

Furthermore, significant contribution to their biological activity in the antitubercular field was 

also observed from electronic modulation, such as electron-withdrawing substituents and 

aromatic substitutions in functionalized chalcone derivatives [26]. While this work did not 

include antitubercular screening, the inhibition trends on the enzymes vary with the presence 

of end functional groups and rank according to reports where structural heterogeneity increase 

interactions with biological targets. 

Carbohydrate-processing enzymes including α-glucosidase and α-amylase are potential 

therapeutic targets for metabolic disorders. Recently, highly potent α-glucosidase inhibition 

was found with coumarin–chalcone hybrids and it was shown that activity is highly dependent 
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on aromatic substitution and noted electronic effects [27]. NC-1 to NC-8 exhibited similar 

trends in α-amylase inhibition suggesting a chalcone scaffold amenable to carbohydrate-

digesting enzyme modulation. 

Halogenated chalcone derivatives have been systematically screened for inhibition of 

metabolic enzymes and found that halogen substituents enhance binding affinity through 

hydrophobic interactions and halogen bonding [28]. The enhanced inhibition observed in the 

presence of halogen-substituted derivatives in this work thus validates these findings and 

provides further rationale for a preference that takes halogen incorporation for chalcone design 

to other HSPs. 

Complete reviews on chalcone pharmacology emphasize the high diversity of biological 

activities found in these compounds as enzyme inhibitors [30], anticancer [31], anti-

inflammatory [32], and antibacterial [33], but the structure–activity relationships (SAR) are 

essential in defining the potency and selectivity [29]. These results expand on this evidence by 

showing that small changes in aromatic substitution can exert large changes in inhibiting 

enzymes. 

Additionally, in addition to metabolic enzymes, chalcones have also been found to inhibit 

bacterial virulence factors, thus disrupting the process leading to infection [30]. This broadens 

the therapeutic importance of chalcones by suggesting that inhibition of enzyme activity in 

vitro can lead to a variety of biological applications. 

More recent studies of antiparasitic activity of chalcone derivatives show that both the 

positions of the aromatic substitutions and electronic effects are highly important in the 

biological activity [31]. The reproducibility of substitution-dependent activity over different 

biological targets validates the SAR trends found herestory. 

In recent years, multi-target enzyme inhibition has arisen as an important strategy of 

contemporary medicinal chemistry. Reported chalcone hybrids also exhibit dual enzyme 

inhibitory activity, complemented by in-silico characterization and biological evaluation [32]. 

The moderate inhibition towards both α-amylase and trypsin obtained in the present work 

indicates that these chalcone derivatives probably have multi-target activity which must be 

continued in future years. 

Investigations on chalcone derivatives have continuously shown that there is a satisfactory 

correlation between enzyme inhibition, docking scores, and anticancer activity in 

computational and experimental studies [33]. While none of the work performed here was 

computational analysis, the antimicrobial inhibition results make an excellent starting point 

for targeted in-silico exploration. 

Chalcones with halogenated substituents have been additionally described as anti-

inflammatory agents with good ADME features, further highlighting the most important part 

of the structure and the therapeutic value of halogen substitutions [34]. The inhibition patterns 

with these enzymes observed in the present study substantiates these findings and merit further 

biological profiling. 

Since then, a lot of studies have compared the anticancer activities of a range of novel chalcone 

derivatives including heterocyclic systems, indicating that alteration of the basic chalcone 

scaffolds allowed for a significant improvement in biological activity [35]. Moreover, these 



CINEFORUM 

ISSN: 0009-7039 

Vol. 65. No. 4, 2025 

961 

   © CINEFORUM 

reports provide additional support for the chalcone framework as a modular platform for drug 

development. 

Chalcones have been identified as potential multifunctional therapeutic agents, including 

antioxidant and enzyme inhibitory properties, and new studies show that the synergy of 

experimental and computational data is essential for the characterization of the molecular 

mechanisms involved in a combination of biological activities [36] The current study 

contributes to this expanding field with systematic data on enzyme inhibition for informing 

future optimization. 

 

CONCLUSION 

It has been successfully accomplished the sustainable syntheses of eight novel chalcone 

derivatives by solven–free mechanochemical technique under Claisen–Schmidt condensation 

approach followed by the merits of green chemistry such as less amount of solvent (No 

solvent), simple operational procedure & improved product productivity. The chalcones were 

obtained in good yields and were characterized by TLC and melting point analysis for their 

purity and crystalline nature. Differences in the experimental physicochemical properties 

suggested the effect of aromatic substitution as the intermolecular interactions between 

molecules were altered. An in-vitro enzyme inhibition study demonstrated that all derivatives 

inhibited α-amylase and trypsin and that enhanced inhibition of chalcones with electron-

withdrawing (or halogen) substituents was observed, suggesting the importance of electronic 

effects on enzyme–ligand interactions. The findings confirm that the chalcone scaffold can 

function as a generalizable template for enzyme inhibition and highlight that the 

mechanochemical approach can be used in future studies to rapidly develop bioactive 

compounds. In conclusion, these results provide a basis for further investigations, including 

kinetic studies, molecular docking, cytotoxicity evaluation, and structural optimizations, that 

plausibly continues in the area of chalcone derivatives as compound classes in medicinal 

chemistry and drug development. 
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