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Abstract: Chalcone is an α,β-unsaturated ketone and serves as the fundamental framework for numerous significant biological 

molecules. Due to the existence of α,β-unsaturated ketone functionality, the derivatives of chalcone exhibit enormous therapeutic 
value, including inhibition of enzymes, anti-bacterial, anti-cancer, anti-inflammatory, anti-fungal, anti-malarial, anti-protozoal, 
and anti-filarial action. A type of open-chain flavonoids known as chalcone can be produced synthetically as well as via 
biosynthesis in plants. The Claisen-Schmidt condensation reaction and the additional modern-day invention known as aldol 
condensation may both be used to produce the simplest chalcone by reacting benzaldehyde and an active methylene ketone in 
homogenous conditions. 1,3-diaryl-2-propen-1-one, also referred to as chalconoid, is a chemical building block shared by all 
chalcone compounds. There are two isomers: trans and cis, with trans having greater thermodynamic stability than the cis isomer. 
By adding various heterocyclic moieties to the structural framework of chalcones, after conducting many investigations, nearly 
all of them revealed different bioactivities. Chalcones produced from naturally occurring substances are homocyclic and have 
less bioactivity than compounds made using heterocyclic building blocks. Therefore, the capacity to structurally change chalcones 
by synthesis provides superior benefits than using natural chalcones, including higher yields, easier handling, cost-effectiveness, 
and many other things. Despite the reality that the Chalcones have undergone in-depth research, the precise mechanisms of 
action behind the many biological actions of the chalcones are currently insufficiently understood.   
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1. Introduction  

The primary core of chalcones is produced by the reaction between a ketone with an aldehyde (enone), they are a significant class 
of biological chemicals [1]. Given the shades of the majority of naturally occurring chalcones, the Greek word "chalcos," which 

means "bronze," is the source of the name "chalcone" [2]. The reactive, 𝛼, 𝛽-unsaturated system was found in the rings of the 
chalcone and showed a variety of potential pharmacological capabilities, such as enzyme inhibitory activity, anti-cancer, anti-
inflammation anti-bacterial, anti-malarial, anti-protozoal, and anti-filarial activities. The aromatic ring's structure can be altered to 
boost effectiveness, lessen toxicity, and expand the range of pharmacological effects. The most well-known sort of secondary 
metabolic product in plants is chalcones. For plants to survive and guard against molecular harm as well as harm from bacteria, 
insects, and animals, this is utilized in their defensive systems [3]. 

In several traditional medical practices, including homeopathy and Chinese medicine, chalcone and its compounds have long been 
employed. Traditionally, the Aldol condensation and the Clasien-Schmidt condensation, two more recent inventions, were used to 
react with benzaldehydes and active methyl ketones in homogeneous circumstances [4]. However, new techniques for creating 
chalcones provide various benefits depending on the kind of catalyst, solvent, base, and reaction circumstances [5]. Herpes simplex 
virus type 1 (HSV-1) [6] and human immunodeficiency virus type 1 (HIV-1) [7] are sensitive to nitrogen heterocycles with chalcone 
moiety. 

2. Synthesis Methods  

Chalcones are unusual as a scaffold with multifunctional biological capabilities because of their, 𝛼, 𝛽-unsaturated ketone with a 
diphenyl substitution and other functionalities. Logistical issues frequently arise when chalcones are obtained from natural sources 
which are plant pigments related to flavones. As a result, they are chemically produced using the following techniques. 
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2.1. Claisen-Schimdt condensation 

The typical Claisen-Schmidt condensation method is used to create chalcones from an aldehyde and acetophenone in the presence 
of an acid or base. The following list of expedients has been developed for the synthesis of chalcones. 

Different bases have been employed to aid in the synthesis of chalcones in the Claisen-Schmidt condensation process, including 
NaOH, KOH, LiOH, Ba(OH)2, and organic bases (i.e., piperidine and pyridine). Similar to this, acidic reagents like HCl and AlCl3 
have also been enhanced. Chalcone yields are relatively lower in both cases, averaging between 50 and 60 percent depending on the 
replacement. 

 

Figure 1 Clasien-Schmidt condensation reaction 

Later, several catalysts were also tested to boost yield. [8] [9] For the reaction, substances like chitosan [10] Al-Mg hydrotalcite [11], 
and Cs-pollucite nanozeolite modified with organosilane have been utilized. The acid-based catalyst, BF3-Et2O, offers various 
benefits over rivals, including a markedly increased chalcone yield that is beneficial for manufacturing efficacy. [12] Similar to this, 
other materials have been developed, including nanosized ZnWO4, Fe3O4-MOF core-shell magnetic microspheres, nanosized 
activated carbons [13], nanoporous AISBA-15 [14], cesium salts of 12-tungstophoric acid [15], ionic liquids [16], (MWCNTs)-
COOH-CeO2 hybrids [17], modified fluorapatite [18] and ZnO nanoparticles supported on graphene [19]. 

Given that the results are produced with greater yields—between 75 and 96%—BF3-etherate can serve as a more effective catalyst 
for the manufacture of chalcones. Chalcones are produced in greater quantities when heterogeneous catalysts are utilized, and they 
may be recycled for several cycles of the processes. 

2.2. One-Pot synthesis  

Vacuum gas stripping method or direct synthesis or telescopic reaction or multicomponent reaction or cascade reaction or tandem 
reaction. One-pot reactions are a series of numerous synthetic transformations performed in a single pot without the need for 
intermediate chemical purification. In one-row synthesis, a one-pot method can generate many chemical linkages, permitting the 
production of very complex compounds. It is a green technique because the use of solvents and chemical waste is kept to a 
minimum, harsh reaction conditions are minimized, and the synthetic pathways are simplified to the greatest extent possible [20]. 

The chalcone chemical scaffold can be manufactured via the conventional one-pot Claisen-Schmidt condensation method, in which 
suitable aldehydes and ketones are combined under basic conditions to yield final chalcones [21]. They can also be generated by 
different one-pot synthetic methods. Soozani et al. described the synthesis of quinoxaline chalcones in acetonitrile utilizing diethyl 
amine as the base and Pd/Cu as the catalyst in a one-step reaction of 3-substituted-2-chloroquinoxalines and aromatic aldehydes 
with calcium carbide [22]. The use of calcium carbide, eliminates the need for protection and deprotection phases, resulting in a 
more efficient and environmentally friendly one-pot method. Synthesis of (E)-3-(2-aminoquinoxalin-3-yl)-1-arylprop-2-en-1-one 
derivatives from 2-amino-substituted-3-chloroquinoxalines, calcium carbide, and aromatic aldehydes [23]. 

 
Figure 2 Example of One-Pot synthesis 

 
2.3. Fredel Craft Acylation 
Using Cinnamoyl Chloride. Chalcones may be produced using a strong Lewis acid catalyst, such as aluminum trichloride, by the 
Friedel Crafts acylation of an aromatic ether and cinnamoyl chloride. Shotter et al. described this approach in 1978, with four 
chalcones produced in reasonable yields Nonetheless, this process has not been frequently employed for chalcone synthesis [24]. 
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Figure 3 Example of Fredel Crafts Acylation  

3. Pharmacological Activity 

Chalcones have several biological therapeutic properties which are still being studying to get the complete detail of the therapeutic 
activity of the chalcones and their derivatives. 

3.1. Anti-Bacterial Activity  

Today, chemical factories create thousands of chalcone derivatives. Chalcones with several functional groups displayed a broad 
range of biological actions, namely antibacterial [25]. It was demonstrated that natural substances with the important component 
known as chalcone (1,3-diphenyl-2-propen-1-ones) are good for human wellness [26]. A wide range of biological actions are brought 

about by the particular, 𝛼, 𝛽-unsaturated ketone structure of chalcone [27]. The natural chalcone derivatives xanthohumol and 
licochalcone exhibit potent antibacterial properties [28]. 

 

                Figure 4 Licochalcone                                                                       Figure 5 Xanthohumol 

Importantly, the microbial cell membrane was depolarized and made permeable as part of the antibacterial actions of our drugs. 
These findings offer fresh perspectives on the possible application of chalcone peptide mimics as cutting-edge and effective 
antibacterial agents. In comparison to Gram-negative bacteria, the cationic compounds were more efficient against Gram-positive 
bacteria. Chalcone displayed unique behaviors in various aryl groups. Both substances with thienyl or furanyl groups and those with 
various substituted phenyl groups demonstrated good action. It is obvious that some synthetic heterocyclic chalcones function by 
destroying SA's cell wall, which is analogous to the observed action of the well-known cell membrane-permeant polymyxin B [29]. 
The most effective inhibitors of strains of MRSA include chalcones with a lipophilic group, like isoprenoid, and groups of methoxy 
at positions 3′, 5′, as well as 2′ of ring A. A ring with a prenyl group exhibits good activity, but when the prenyl group is cyclized or 
added to a different ring (the B ring), the activity is reduced. 

3.1.1 Structure-activity relationship 

Chalcones activity was primarily linked to the existence of phenolic hydroxyl groups, that possess a strong affinity for proteins and 

may therefore block microbial enzymes. A free hydroxyl group in position 4 (B ring) appears to be a very important requirement. 

Less active skeletons appear to result from acetylation or methylation of the 2' -OH group. When the 4' hydroxyl group is free, the 

activity decreases, suggesting that a 40'-methoxyl group is an additional need. However, adding an isoprenyl group to the B ring 

does not increase the activity. It is discovered that the A-ring's prenyl moiety contributes to a rise in bacterial activity. A ring's 

methoxy group at position 4' has little impact on activity.  Gram-positive and Gram-negative bacteria that were susceptible in the 

preliminary test, as well as strains that were clinically isolated organisms of multidrug-resistant Gram-positive bacteria, were used to 

figure out the minimum inhibitory concentration (MIC) for the compounds. Clinical and Laboratory Standards Institute, Methods 

for Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow Aerobically, Approved Standard M7–A6, Clinical and 

Laboratory Standards Institute, Wayne, PA, USA 2003. Maintenance of antibacterial action requires the, 𝛼, 𝛽-unsaturated ketone 

moiety [30]. It is advantageous to increase activity by adding sulfone, triazole, or dithiocarbamate groups to the double bond. In 

particular for Gram-negative bacteria like P. aeruginosa, the hybrid compounds could widen the antibacterial spectrum and 

considerably increase activity [31]. Efflux pump inhibiting (EPI), type II fatty acid biosynthetic process (FAS-II), interfering 
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replication of DNA, filamentous dependent on temperature mutant Z (FtsZ), virulence factor, and protein tyrosine phosphatases 

are a few of the targets through which natural or synthetic chalcones have demonstrated their antibacterial properties. 

 

 

 

 

Figure 6 Chalcone Moiety 

3.2. Anti-diabetic Activity  

Many medications, including insulin secretion substances, reduction of aldol inhibiting agents, R-glycosides inhibitors, and others, 
have been studied to treat diabetes or its consequences largenides [32]. Recent developments in peroxisome proliferators are 
activated. Targeting the (PPAR)-receptor, ligands has been created. Type II diabetes (also known as diabetes mellitus not insulin 
dependent; (NIDDM). These medications enhance the state of insulin. Triggering the differentiation of preadipocytes to tiny 
adipocytes can increase insulin-induced glucose absorption. 

These substances have been employed as fluorescence substrates that can be useful for the detection of fluorides28 and saccharide
s like glucose that may be applied to the creation of biosensors for diabetes [33].  

The production costs, efficacy, and affordability of diabetes treatments are obstacles to advancement, despite the wide range of in
vestigations that have been done to find a permanent cure. Therefore, finding and researching novel and potent potential 
medications that are easily attainable by diabetes people is still necessary. Five chalcone derivatives were created in an attempt to 
identify compounds with potential anti-diabetic properties. These researchers’ respective anti-diabetic activities were investigated in 
real-time. The structure-activity relationship between the strength of the association (SAR) was assessed through anti-diabetic action 
and structural alteration. 

3.3. Challenges and Opportunities 

Chalcones have been used therapeutically for thousands of years to cure a variety of diseases like tumors, autoimmune disorders, a
nd Type 2 diabetes by using medicinal herbs and plants [34]. The solvent polarization, PH, and contact with the surfactants or 
peptides have an important influence on the fluorescent intensity of chalcones based on molecules. However, the ability of 
fluorescent chalcones to identify various disorders has been investigated. The chalcones analogs can be utilized to scan human 
histamine H3 transmitters (hH3R) in stable infected HEK293 cells. 

Simple chalcones are artificially hybridized through other templates, like stilbenes [34]. The prime disadvantage of this chalcone 
reaction is its slow reactivity rate it often takes several days to complete. the nonsolvent microwave technique has the following 
benefits it allows more versatility for the reaction temperature because it does not have to be limited through the boiling point and 
volatility of the solvents. It drastically reduces reaction time; it significantly increases reaction in water that of common solvent 
systems. Other well-known reactions have been researched for the manufacture of chalcones such as cross-coupling Friedel crafts 
acylation etc 
 

4. Conclusion  
In this review, we have covered the many biological activities of chalcones as well as their synthesis techniques. Chalcones is the 
precursor of many heterocyclic moieties of useful pharmaceutical compounds, as the foregoing description makes evident. Further 
research is necessary to confirm the therapeutic actions of chalcone derivatives, which may also be a promising chemical with anti-
inflammatory and anticancer potential. Even though certain changes showed very little benefit, there may be a link between structure 
and activity, therefore additional research is required for a more thorough assessment that takes into account the molecular 
mechanisms behind activities. 
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