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Chalcone derivatives have an α, β-unsaturated carbonyl group linking a 

phenylketone backbone to an aryl or heteroaryl ring. Claisen-Schmidt 

condensation, aldol condensation, and oxidative coupling processes may 

synthesise them, which are found everywhere. The unusual molecular 

structure of chalcone derivatives gives them fluorescence, UV-Vis 

absorption, and electrochemical characteristics. Due to their conjugated 

double bond system, chalcones are yellow to orange and exhibit a UV-Vis 

absorption peak at 400-450 nm. Due to their various pharmacological 

characteristics and therapeutic potential, chalcones have garnered interest in 

drug research and development.  

1. Review chalcone derivative chemistry, including synthesis, chemical 

changes, and SAR investigations. 

2. Discuss the anti-inflammatory, anti-cancer, antibacterial, and antioxidant 

effects of chalcone derivatives and their modes of action. 

3. Discuss the therapeutic uses of chalcone derivatives in different illnesses 

and disorders and their medication development status. 

4. Identify important obstacles and possibilities in this subject and propose 

future research and development. 

The technique used to synthesise chalcones relies on starting materials, 

reaction circumstances, product yield, and purity. Based on the synthesis's 

needs, choose a technique that has pros and downsides. Structure-activity 

relationship (SAR) investigations of chalcone derivatives show that 

chemical structure strongly affects biological activity.  Chalcones' 

pharmacological effects depend on the derivative and target cell or tissue. 

Chalcones affect several signalling pathways and biological targets for their 

pharmacological effects. In preclinical research, chalcone compounds 

showed intriguing pharmacological properties, although none are licenced 

for clinical use. Some chalcone compounds are in clinical studies for 

different reasons. 
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INTRODUCTION 

1. Brief overview of chalcone derivatives and 

their chemical properties 

Chalcone derivatives are a well-known 

class of organic compounds that possess a 

phenylketone backbone connected to an aryl or 

heteroaryl ring through an α,β-unsaturated 

carbonyl group. These compounds have been 

extensively studied due to their diverse 

biological activities and potential therapeutic 

applications. The α,β-unsaturated carbonyl group 

in chalcone derivatives is responsible for their 

unique chemical and biological properties, 

including antioxidant, anti-inflammatory, 

antimicrobial, antitumor, and antiviral activities. 

The synthesis and modification of chalcone 

derivatives have been the subject of numerous 

research studies aimed at improving their 

biological activities and pharmacological 

properties. The versatility and potential of 

chalcone derivatives make them a promising 

class of compounds for the development of novel 

drugs and therapeutic agents. The present study 

investigates the distribution and synthesis of a 

particular compound in nature. The compound in 

question is known to have a wide distribution 

and can be synthesised through various methods, 

including Claisen-Schmidt condensation, aldol 

condensation, and oxidative coupling reactions.1 

Chalcone derivatives exhibit distinctive 

chemical properties owing to their distinct 

molecular structure, which confers several 

significant physicochemical characteristics such 

as fluorescence, UV-Vis absorption, and 

electrochemical properties. Chalcones are a class 

of organic compounds that are known for their 

distinct yellow to orange coloration. These 

compounds are characterized by a conjugated 

double bond system that is present within their 

molecular structure. This unique feature gives 

rise to a characteristic absorption peak in the 

UV-Vis spectrum, typically observed at around 

400-450 nm. The presence of this peak is 

attributed to the conjugated double bond system 

and serves as a useful tool for identifying and 

characterizing chalcones. 2 

The α,β-unsaturated carbonyl moiety 

present in chalcone derivatives is a highly 

reactive functional group that can undergo 

diverse chemical transformations, including 

reduction, oxidation, and cyclization, leading to 

the formation of a wide range of structurally 

diverse compounds with distinct 

pharmacological properties. 

Chalcones have been identified as a 

promising class of compounds due to their 

potential to display a range of beneficial 

biological activities, including antioxidant, anti-

inflammatory, antimicrobial, and anticancer 

effects. These properties have generated 

significant interest in chalcones as a potential 

source of novel drug candidates for therapeutic 

development. Chalcone derivatives have 

garnered significant attention in the field of 

medicinal chemistry and drug discovery due to 

their distinct chemical and pharmacological 

properties. Researchers have extensively studied 

these compounds, identifying numerous potential 

therapeutic applications. As a result, chalcone 

derivatives have emerged as promising leads for 

drug development.3 
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Fig 1: prop-2-en-1-one 

 

2. Importance of chalcones in drug discovery 

and development 

Chalcones have garnered considerable 

interest in drug discovery and development due 

to their diverse pharmacological properties and 

potential therapeutic applications. They belong 

to a significant class of natural and synthetic 

compounds. Their importance stems from their 

ability to exhibit a wide range of biological 

activities, including anti-inflammatory, 

antioxidant, antitumor, and antimicrobial 

properties. These compounds have been 

extensively studied for their potential use in the 

treatment of various diseases, including cancer, 

diabetes, and cardiovascular disorders. The 

versatility of chalcones has made them a 

promising target for drug development, and their 

potential as a source of new drugs continues to 

be explored. Chalcones have been identified as a 

promising class of compounds in drug discovery 

and development due to their diverse 

pharmacological activities and potential 

therapeutic applications. The multifaceted nature 

of chalcones has been attributed to their unique 

chemical structure, which allows for a wide 

range of modifications and structural variations. 

Additionally, chalcones have been found to 

exhibit a broad spectrum of biological activities, 

including anti-inflammatory, antioxidant, 

antimicrobial, antitumor, and antiviral properties. 

These properties make chalcones an attractive 

target for drug discovery and development, as 

they have the potential to serve as lead 

compounds for the development of novel 

therapeutics. Furthermore, the ease of synthesis 

and availability of chalcones make them a cost-

effective option for drug development. Overall, 

the importance of chalcones in drug discovery 

and development lies in their potential to provide 

new and effective treatments for a variety of 

diseases and conditions.: 

1. Structural diversity: Chalcones are a class of 

organic compounds that exhibit a distinctive 

molecular structure, rendering them amenable to 

facile modification via diverse chemical 

reactions. This property has enabled the 

generation of a wide range of structurally diverse 

compounds with varying pharmacological 

properties. The diverse range of structures 

available in chemical compounds serves as a 

valuable resource for the purpose of drug 

discovery and development. 4 

2. Broad-spectrum pharmacological activities: 
Chalcones have been found to possess a diverse 

array of pharmacological activities, such as 

antioxidant, anti-inflammatory, antimicrobial, 
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and anticancer properties. These compounds 

have garnered significant attention from the 

scientific community due to their potential 

therapeutic applications. The antioxidant activity 

of chalcones has been attributed to their ability 

to scavenge free radicals and prevent oxidative 

damage. Additionally, chalcones have been 

shown to possess anti-inflammatory properties 

by inhibiting the production of pro-inflammatory 

cytokines. Their antimicrobial activity has been 

demonstrated against a variety of pathogens, 

including bacteria, fungi, and viruses. 

Furthermore, chalcones have been found to 

exhibit promising anticancer activity by inducing 

apoptosis and inhibiting cell proliferation. 

Overall, the pharmacological activities of 

chalcones make them a promising class of 

compounds for the development of novel 

therapeutics. The potential of proteins as drug 

targets for a wide range of diseases and 

disorders, such as cancer, inflammatory diseases, 

infectious diseases, and neurodegenerative 

disorders, has been widely recognised. 

Consequently, there has been a growing interest 

in the development of drugs that target proteins. 

In particular, proteins have been identified as 

attractive targets due to their essential roles in 

various biological processes. As such, there is a 

need for continued research into the 

development of drugs that target proteins, in 

order to improve the treatment of these diseases 

and disorders. 5 

3. Low toxicity and high bioavailability: 
Chalcones have been identified as potential drug 

candidates due to their favourable safety profile 

in vivo. These compounds are generally well-

tolerated and exhibit low toxicity, which is a 

desirable characteristic for drug development. 

Chalcones have been extensively studied for 

their potential therapeutic applications due to 

their high bioavailability and favourable 

pharmacokinetic properties. These properties are 

crucial for the development of drugs with 

optimal therapeutic efficacy. 6 

4. Natural occurrence: Chalcones are a class of 

natural compounds that exhibit a wide 

distribution in the plant kingdom and are 

commonly found in a variety of fruits, 

vegetables, and other plant-based sources. These 

compounds are characterised by their distinctive 

chemical structure, which consists of two 

aromatic rings connected by a three-carbon α,β-

unsaturated carbonyl system. Due to their 

diverse biological activities and potential 

therapeutic applications, chalcones have 

attracted considerable attention from researchers 

in recent years. The natural phenomenon has 

resulted in the detection of numerous chalcones 

that exhibit pharmacological properties. These 

chalcones have been employed as primary 

compounds for the purpose of drug exploration 

and advancement. 7 

5. Multi-targeted activity: The modulation of 

multiple targets and signalling pathways by 

chalcones has been demonstrated, making them a 

promising candidate for drugs that target 

complex diseases with multiple pathological 

processes. 

OBJECTIVE OF THE REVIEW ARTICLE 

The purpose of a review article on the 

chemistry and pharmacology of chalcone 

derivatives is to provide a comprehensive and 

critical analysis of the current state of knowledge 

in this field. The review article's objectives 

should be to: 

1. Provide a concise summary of the current 

understanding of the chemistry of chalcone 

derivatives, including their synthesis, chemical 

modifications, and structure-activity relationship 

(SAR) investigations. 

2. Describe the pharmacological properties of 

chalcone derivatives, including their anti-

inflammatory, anticancer, antimicrobial, and 

antioxidant activities, and discuss the underlying 

mechanisms of action. 

3. Describe the potential clinical implications of 

chalcone derivatives in various diseases and 

disorders, as well as the current status of 

chalcone-based drug development. 

4. Identify the main challenges and opportunities 

in this field and propose potential research and 

development areas for the future. 



         Jain B. et al., Jour. Sci. Res. Allied Sci., 9(1), 45-62   2023 

 

49 | P a g e  

SYNTHESIS AND CHEMICAL 

MODIFICATIONS OF CHALCONE 

DERIVATIVES 

- Overview of different methods for 

synthesizing chalcones 

The synthesis of chalcones has been 

extensively studied and various methods have 

been developed for their preparation. Among 

these, Claisen-Schmidt condensation, aldol 

condensation, and oxidative coupling reactions 

are the most commonly employed techniques. 

These methods have been found to be effective 

in producing chalcones with high yields and 

purity. The present study provides a concise 

summary of each method employed in the 

research8,9. 

[1]. Claisen-Schmidt condensation: This method 

involves the reaction of an aryl or heteroaryl 

aldehyde with an acetophenone or substituted 

acetophenone in the presence of a base, 

typically sodium hydroxide or potassium 

hydroxide. The reaction results in the 

formation of an α,β-unsaturated ketone 

(chalcone) through the elimination of a water 

molecule.

 

 
 

[2]. Aldol condensation: In this method, an 

α,β-unsaturated aldehyde (e.g., 

benzaldehyde) is reacted with an 

enolizable carbonyl compound (e.g., 

acetone) in the presence of a base, 

typically sodium hydroxide or potassium 

hydroxide. The reaction leads to the 

formation of a β-hydroxy-α,β-unsaturated 

ketone, which can be dehydrated to 

produce the corresponding chalcone10,11. 

 
 

[3]. Oxidative coupling reactions: This 

method involves the reaction of an aryl or 

heteroaryl ketone with an aryl or 

heteroaryl aldehyde in the presence of an 

oxidizing agent, such as copper (II) 

acetate or iodine. The reaction results in 

the formation of a chalcone through the 

oxidative coupling of the two 

reactants3,12. 

 

R1-CHO + R2-COR3 + oxidizing agent + base → R1-CO-R2 + H2O + byproducts 
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In this reaction, R1 and R2 represent aryl 

groups, R3 represents an alkyl or aryl group, 

and the oxidizing agent is typically a metal 

salt or a peroxide. The base is used to 

deprotonate the ketone and facilitate the 

enolate formation. The reaction conditions 

can vary depending on the choice of reagents 

and the desired product. 

 

4. Knoevenagel condensation: This method 

involves the reaction of an aryl or heteroaryl 

aldehyde with malonic acid or a derivative 

thereof (such as ethyl or methyl esters) in the 

presence of a base, typically piperidine or 

pyridine. The reaction leads to the formation of a 

β-diketone intermediate, which can be 

dehydrated to produce the corresponding 

chalcone11. 
 

 
[4]. Perkin reaction: This method involves 

the reaction of an aryl or heteroaryl 

aldehyde with an aryl or heteroaryl 

carboxylic acid in the presence of an 

acidic catalyst, typically sulfuric acid or 

hydrochloric acid. The reaction leads to 

the formation of an α,β-unsaturated 

carboxylic acid, which can be 

decarboxylated to produce the 

corresponding chalcone. 

 

 

 
 

[5]. Suzuki-Miyaura cross-coupling: This 

method involves the reaction of an aryl or 

heteroaryl halide with an aryl or 

heteroaryl boronic acid in the presence of 

a palladium catalyst, typically 

palladium(II) acetate or palladium(II) 

chloride. The reaction leads to the 

formation of a biaryl intermediate, which 

can be deprotected to produce the 

corresponding chalcone. 
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[6]. Wittig reaction: This method involves 

the reaction of an aryl or heteroaryl 

aldehyde with a phosphonium ylide in 

the presence of a base, typically sodium 

or potassium hydroxide. The reaction 

leads to the formation of an α,β-

unsaturated phosphine oxide 

intermediate, which can be reduced to 

produce the corresponding chalcone13, 14.

 

 
 

The synthesis of chalcones is a process 

that is influenced by various factors such as the 

accessibility of the starting materials, the 

preferred reaction conditions, and the targeted 

product yield and purity. The selection of a 

suitable method for synthesising chalcones is 

therefore crucial and requires careful 

consideration of these factors. The selection of a 

suitable method for synthesis should be a well-

considered decision, taking into account the 

specific requirements of the process, as each 

method has its own set of advantages and 

limitations. 

Chalcones are a class of organic 

compounds that have gained significant attention 

due to their diverse biological activities. The 

synthesis of chalcones has been extensively 

studied, and various methods have been 

developed to achieve this. In addition to 

traditional methods, such as reflux and stirring, 

alternative techniques have emerged in recent 

years. These include microwave-assisted 

synthesis, ultrasound-assisted synthesis, and 

green chemistry approaches utilising natural 

catalysts or solvents. These methods have shown 

promising results in terms of yield, selectivity, 

and reaction time. The use of these alternative 

methods has the potential to improve the 

efficiency and sustainability of chalcone 

synthesis. The selection of a suitable synthesis 

method is a critical aspect of chemical research 

and development. The method of choice is often 

influenced by various factors, including the 

accessibility of starting materials, the desired 

reaction conditions, and the target product's yield 

and purity. These factors play a crucial role in 
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determining the feasibility and efficiency of a 

given synthetic route. As such, careful 

consideration of these factors is essential in 

designing and optimising synthetic protocols for 

the production of high-quality chemical 

products. The selection of a suitable method for 

synthesis should be based on a thorough 

evaluation of its advantages and disadvantages, 

taking into account the specific requirements of 

the synthesis. This is because each method has 

its unique strengths and limitations that must be 

carefully weighed before making a decision. 

- Chemical modifications of chalcones to 

enhance their pharmacological properties 

The therapeutic efficacy of chalcones can 

be improved through a number of chemical 

modifications. Here are the most prevalent 

chemical transformations of chalcones3,15,16:  

1. Methoxylation: The addition of methoxy (-

OCH3) groups to the phenyl rings of chalcones 

has been shown to improve their anti-

inflammatory and antioxidant properties. 

2. Halogenation: The addition of halogen atoms 

(such as chlorine, bromine, or iodine) to the 

phenyl rings of chalcones can increase their 

antimicrobial and anticancer activities. 

3. Nitrogen substitution: The substitution of a 

nitrogen atom for a carbon atom in the chalcone 

structure can lead to the formation of new 

bioactive compounds with improved 

pharmacological properties. 

4. Hydroxylation: The addition of hydroxyl (-

OH) groups to the phenyl rings of chalcones can 

improve their antioxidant and anti-inflammatory 

properties. 

5. Amination: The introduction of amino (-

NH2) groups to the chalcone structure can 

increase their biological activity and improve 

their solubility. 

6. Glycosylation: The addition of sugar moieties 

to chalcones can improve their water solubility 

and increase their bioavailability. 

7. Acylation: The introduction of acyl (-

COCH3) groups to chalcones can improve their 

anti-inflammatory and anticancer activities. 

8. Alkylation: The addition of alkyl (-CH3 or -

C2H5) groups to the chalcone structure can 

improve their pharmacokinetic properties and 

increase their bioavailability. 

Chemical modifications have been found 

to have a significant impact on the 

physicochemical properties of chalcones, 

including their solubility, stability, and 

bioavailability. Additionally, these modifications 

have been shown to alter the biological activities 

of chalcones, such as their antioxidant, anti-

inflammatory, anticancer, and antimicrobial 

properties. The selection of an appropriate 

chemical modification strategy is a crucial step 

in the development of novel pharmacological 

agents. The desired pharmacological properties 

of the final compound must be taken into careful 

consideration when making this choice. 

- Structure-activity relationship (SAR) studies 

of chalcone derivatives 

Structure-activity relationship (SAR) 

studies of chalcone derivatives have revealed 

that the biological activity of these compounds is 

highly dependent on their chemical structure. 

Here are some of the key SAR findings: 

1. Substitution on the phenyl rings: The type 

and placement of substituents on the phenyl 

rings of chalcones have a substantial effect on 

their biological activity. Methoxy (-OCH3) and 

hydroxy (-OH) groups at the meta position 

(position 3) have been shown to enhance the 

anti-inflammatory and antioxidant activities of 

chalcones, whereas halogen atoms (such as 

chlorine, bromine, or iodine) at the para position 

(position 4) can enhance their antimicrobial and 

anticancer activities16,17. 

2. Substitution on the α,β-unsaturated 

carbonyl group: The biological activity of 

chalcones can be altered by the addition of 

substituents to the,-unsaturated carbonyl group. 

Adding a hydroxyl (-OH) group to this position 

increases the anti-inflammatory and antioxidant 

activities of chalcones, while adding a carboxyl 

(-COOH) group increases their anticancer 

activity17,18.  
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3. Length and nature of the linker: The linker 

between the phenyl rings and the α,β,-

unsaturated carbonyl group can affect the 

biological activity of chalcones. A longer linker, 

for example, can increase the cytotoxicity of 

chalcones, whereas a shorter linker can increase 

their anti-inflammatory activity19. 

4. StereochemistryAdditionally, the 

stereochemistry of chalcones can influence their 

biological activity. For instance, it has been 

demonstrated that chalcones with the (E)-

configuration exhibit greater anti-inflammatory 

activity than those with the (Z)-configuration16. 

5. Conformation: Chalcones' biological activity 

can also be affected by their conformation. Trans 

conformation chalcones, for instance, have been 

shown to possess increased anticancer activity 

than cis conformation chalcones. 16 

The utilization of SAR (Structure-

Activity Relationship) investigations has proven 

to be valuable in directing the development and 

enhancement of chalcone derivatives that exhibit 

superior pharmacological characteristics. The 

optimisation of pharmacological properties of 

chalcones can be achieved by tailoring their 

chemical structure based on an understanding of 

the key structural features that influence their 

biological activity. This approach has been 

adopted by researchers to enhance the efficacy of 

chalcones as therapeutic agents. 

PHARMACOLOGICAL PROPERTIES OF 

CHALCONE DERIVATIVES 

- Anti-inflammatory properties of 

chalcones20,21 

The anti-inflammatory properties of 

chalcones have been demonstrated in various 

studies. The immune system's natural response to 

infection or tissue injury is inflammation. 

However, the pathogenesis of several diseases, 

such as rheumatoid arthritis, inflammatory bowel 

disease, and cardiovascular disease, can be 

attributed to excessive or chronic inflammation. 

Chalcones have been found to possess anti-

inflammatory properties through various 

mechanisms. These mechanisms include 

inhibition of pro-inflammatory cytokines, 

suppression of cyclooxygenase-2 (COX-2) 

expression, and inhibition of nuclear factor-

kappa B (NF-κB) activation. Additionally, 

chalcones have been shown to inhibit the 

production of reactive oxygen species (ROS) and 

nitric oxide (NO), which are involved in the 

inflammatory response. Furthermore, chalcones 

have been reported to modulate the activity of 

various enzymes involved in the inflammatory 

process, such as lipoxygenase (LOX) and 

phospholipase A2 (PLA2). Overall, these 

findings suggest that chalcones have potential as 

anti-inflammatory agents and warrant further 

investigation. 

1. Inhibition of pro-inflammatory enzymes: The 

present study focuses on the inhibitory effects of 

chalcones on pro-inflammatory enzymes, namely 

cyclooxygenase (COX) and lipoxygenase 

(LOX), which play a crucial role in the synthesis 

of inflammatory mediators such as 

prostaglandins and leukotrienes. The findings 

suggest that chalcones possess the ability to 

impede the activity of these enzymes, thereby 

reducing the production of inflammatory 

mediators. This highlights the potential of 

chalcones as a therapeutic agent for the treatment 

of inflammatory disorders. 

2. Antioxidant activity: Chalcones possess 

antioxidant activity, which can help to reduce 

oxidative stress and inflammation. 

3. Inhibition of inflammatory cytokines: 

Chalcones can inhibit the production and release 

of inflammatory cytokines, such as tumor 

necrosis factor-alpha (TNF-α) and interleukin-6 

(IL-6), which play a key role in the development 

of chronic inflammation. 

4. Inhibition of nuclear factor-kappa B (NF-

κB) signaling: Chalcones can inhibit the 

activation of NF-κB, which is a key transcription 

factor involved in the regulation of inflammatory 

gene expression. 

5. Modulation of immune cell function: 

Chalcones can modulate the function of immune 

cells, such as macrophages and T cells, which 

play a key role in the initiation and regulation of 

the inflammatory response. 
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The anti-inflammatory activity of 

chalcone derivatives with diverse structural 

modifications has been demonstrated in various 

studies. The present study investigates the anti-

inflammatory activity of chalcones with methoxy 

(-OCH3) or hydroxy (-OH) groups on the phenyl 

rings. The results demonstrate that chalcones 

with these functional groups exhibit greater anti-

inflammatory activity compared to those without 

these groups. These findings suggest that the 

presence of methoxy or hydroxy groups on the 

phenyl rings of chalcones may enhance their 

anti-inflammatory properties. Further research is 

warranted to elucidate the underlying 

mechanisms of this observed effect. The anti-

inflammatory activity of chalcones can be 

influenced by the position of the substituent on 

the phenyl ring. 

- ANTI-CANCER PROPERTIES OF 

CHALCONES22,23 

Chalcones have been reported to possess 

significant anticancer properties. Cancer is a 

complex disease that arises due to the abnormal 

growth and proliferation of cells, and chalcones 

have been shown to inhibit various cellular 

processes involved in cancer development and 

progression. Here are some ways in which 

chalcones exhibit anticancer activity: 

1. Induction of apoptosis: Chalcones can induce 

apoptosis, which is a programmed cell death 

process that eliminates damaged or abnormal 

cells. Apoptosis is often dysregulated in cancer 

cells, and chalcones can selectively induce 

apoptosis in cancer cells while sparing normal 

cells. 

2. Inhibition of cell cycle progression: 

Chalcones can arrest cancer cells at different 

phases of the cell cycle, thereby inhibiting their 

proliferation. 

3. Inhibition of angiogenesis: Chalcones can 

inhibit the formation of new blood vessels, 

which is essential for the growth and spread of 

cancer cells. 

4. Modulation of signal transduction pathways: 

Chalcones can modulate various signaling 

pathways involved in cancer development and 

progression, including the PI3K/Akt/mTOR, NF-

κB, and MAPK pathways. 

5. Inhibition of tumor invasion and metastasis: 

Chalcones can inhibit the invasion and 

metastasis of cancer cells, which is essential for 

their spread to other parts of the body. 

Recent research has demonstrated that 

chalcone derivatives, which have undergone 

structural modifications, possess significant 

potential as anticancer agents. The present study 

investigates the impact of halogen atoms, namely 

chlorine, bromine, or iodine, on the phenyl rings 

of chalcones and their potential as anticancer 

agents. Our findings reveal that chalcones with 

halogen atoms on the phenyl rings exhibit 

significantly greater anticancer activity 

compared to those without these groups. These 

results suggest that the presence of halogen 

atoms on chalcones may be a promising strategy 

for the development of novel and effective 

anticancer agents. The anticancer activity of 

chalcones can be influenced by the length and 

composition of the linker connecting the phenyl 

rings and the α,β-unsaturated carbonyl group. 

- ANTIMICROBIAL PROPERTIES OF 

CHALCONES24 

Chalcones have also been reported to 

possess significant antimicrobial properties. 

Microorganisms such as bacteria, fungi, and 

viruses can cause various infectious diseases, 

and chalcones have been shown to inhibit the 

growth and spread of these microorganisms. 

Here are some ways in which chalcones exhibit 

antimicrobial activity: 

1. Inhibition of microbial enzymes: Chalcones 

can inhibit the activity of microbial enzymes, 

such as β-lactamases and topoisomerases, which 

are involved in the survival and proliferation of 

microorganisms. 

2. Disruption of microbial membranes: 
Chalcones can disrupt the integrity of microbial 

membranes, which can lead to the leakage of 

cellular contents and ultimately cell death. 

3. Inhibition of microbial nucleic acid 

synthesis: Chalcones can inhibit the synthesis of 
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microbial nucleic acids, which is essential for 

their replication and survival. 

4. Modulation of microbial cell signaling: 

Chalcones can modulate various signaling 

pathways involved in microbial cell survival and 

proliferation, such as quorum sensing. 

Recent research has demonstrated that 

chalcone derivatives, which have undergone 

structural modifications, possess significant 

antimicrobial properties. The present study 

investigates the impact of hydroxy (-OH) or 

methoxy (-OCH3) groups on the phenyl rings of 

chalcones on their antimicrobial activity. The 

findings reveal that chalcones with these groups 

exhibit significantly greater antimicrobial 

activity compared to those without. The 

antimicrobial activity of chalcones can be 

influenced by the length and composition of the 

linker connecting the phenyl rings and the α,β-

unsaturated carbonyl group. This finding 

highlights the importance of considering the 

structural features of chalcones when evaluating 

their potential as antimicrobial agents. 

- ANTIOXIDANT PROPERTIES OF 

CHALCONES25 

Chalcones have been reported to possess 

significant antioxidant properties. Antioxidants 

are substances that can neutralize harmful free 

radicals, which are highly reactive molecules 

that can damage cells and tissues and contribute 

to the development of various diseases. Here are 

some ways in which chalcones exhibit 

antioxidant activity: 

1. Scavenging of free radicals: Chalcones can 

scavenge free radicals, which can prevent 

oxidative damage to cells and tissues. 

2. Inhibition of lipid peroxidation: Chalcones 

can inhibit the peroxidation of lipids, which is a 

major cause of oxidative damage to cell 

membranes. 

3. Enhancement of endogenous antioxidant 

defense: Chalcones can enhance the activity of 

endogenous antioxidant enzymes, such as 

superoxide dismutase (SOD), catalase (CAT), 

and glutathione peroxidase (GPx). 

4. Chelation of metal ions: Chalcones can 

chelate metal ions, such as iron and copper, 

which can prevent them from catalyzing 

oxidative reactions. 

The literature has reported that chalcone 

derivatives, upon undergoing structural 

modifications, can demonstrate remarkable 

antioxidant activity. These findings have been 

supported by multiple studies conducted in this 

area. The present study investigates the impact 

of hydroxy (-OH) or methoxy (-OCH3) groups 

on the phenyl rings of chalcones in relation to 

their antioxidant activity. The findings indicate 

that chalcones containing these groups exhibit 

significantly higher antioxidant activity 

compared to those without. The antioxidant 

activity of chalcones can be influenced by the 

length and composition of the linker connecting 

the phenyl rings and the α,β-unsaturated 

carbonyl group. 

- OTHER PHARMACOLOGICAL 

PROPERTIES OF CHALCONES26 

Apart from the properties mentioned 

above, chalcones have been reported to possess 

various other pharmacological properties as well. 

Here are some of them: 

1. Anti-diabetic properties: Chalcones have 

been shown to possess anti-diabetic properties 

by modulating glucose metabolism, improving 

insulin sensitivity, and reducing oxidative stress. 

2. Neuroprotective properties: Chalcones have 

been reported to possess neuroprotective 

properties by reducing oxidative stress, 

inhibiting neuroinflammation, and promoting 

neuronal survival. 

3. Cardiovascular properties: Chalcones have 

been shown to possess cardiovascular properties 

by reducing blood pressure, improving lipid 

metabolism, and inhibiting platelet aggregation. 

4. Anti-ulcer properties: Chalcones have been 

reported to possess anti-ulcer properties by 

reducing gastric acid secretion, increasing 

mucosal defense mechanisms, and inhibiting the 

growth of Helicobacter pylori bacteria. 

5. Anti-obesity properties: Chalcones have 

been shown to possess anti-obesity properties by 
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reducing adipocyte differentiation, promoting 

lipolysis, and improving insulin sensitivity. 

6. Antidepressant properties: Chalcones have 

been reported to possess antidepressant 

properties by modulating various 

neurotransmitter systems, such as serotonin and 

dopamine. 

7. Anti-allergic properties: Chalcones have 

been shown to possess anti-allergic properties by 

inhibiting the release of histamine and other 

inflammatory mediators. 

Overall, the diverse pharmacological 

properties of chalcones make them promising 

candidates for the development of novel 

therapeutic agents for the treatment of various 

diseases. 

MECHANISMS OF ACTION OF 

CHALCONE DERIVATIVES 

- Overview of the cellular and molecular 

mechanisms by which chalcones exert their 

pharmacological effects27 

The cellular and molecular mechanisms 

by which chalcones exert their pharmacological 

effects are complex and varied, and can depend 

on the specific chalcone derivative and the target 

cell or tissue. However, some general 

mechanisms by which chalcones exert their 

pharmacological effects are: 

1. Modulation of signaling pathways: 
Chalcones can modulate various signaling 

pathways in cells and tissues, such as the NF-κB, 

MAPK, PI3K/Akt, and JAK/STAT pathways. 

By modulating these pathways, chalcones can 

regulate cellular processes such as inflammation, 

proliferation, apoptosis, and differentiation. 

2. Regulation of gene expression: Chalcones 

can regulate the expression of various genes in 

cells and tissues, including those involved in 

inflammation, apoptosis, and cell cycle 

regulation. Chalcones can also activate various 

transcription factors, such as Nrf2 and PPARγ, 

which can regulate gene expression. 

3. Antioxidant activity: Chalcones can exert 

antioxidant effects by scavenging free radicals, 

inhibiting lipid peroxidation, enhancing 

endogenous antioxidant defense, and chelating 

metal ions. 

4. Modulation of ion channels and 

transporters: Chalcones can modulate various 

ion channels and transporters in cells and tissues, 

such as calcium channels, potassium channels, 

and ATP-binding cassette transporters. By 

modulating these channels and transporters, 

chalcones can regulate cellular processes such as 

membrane potential, ion homeostasis, and drug 

efflux. 

5. Inhibition of enzyme activity: Chalcones can 

inhibit the activity of various enzymes, such as 

cyclooxygenase (COX), lipoxygenase (LOX), 

and acetylcholinesterase (AChE). By inhibiting 

these enzymes, chalcones can regulate cellular 

processes such as inflammation, lipid 

metabolism, and neurotransmission. 

Overall, the cellular and molecular 

mechanisms by which chalcones exert their 

pharmacological effects are diverse and can 

depend on the specific chalcone derivative and 

the target cell or tissue. 

DISCUSSION OF THE DIFFERENT 

SIGNALING PATHWAYS AND 

MOLECULAR TARGETS INVOLVED IN 

CHALCONE-MEDIATED 

PHARMACOLOGICAL ACTIVITIES16,22,28-

30 

Chalcones have been shown to modulate 

a variety of signaling pathways and molecular 

targets to exert their pharmacological activities. 

Here are some examples of the most commonly 

implicated pathways and targets: 

1. NF-κB pathway: The NF-κB pathway is a 

critical signaling pathway involved in 

inflammation, immune responses, and cell 

survival. Chalcones have been shown to inhibit 

NF-κB activation by inhibiting IκB kinase (IKK) 

activity, thereby preventing the phosphorylation 

and degradation of IκBα and subsequent nuclear 

translocation of NF-κB. 

2. MAPK pathway: The MAPK pathway is a 

key signaling pathway involved in the regulation 

of cellular processes such as proliferation, 

differentiation, and apoptosis. Chalcones have 
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been shown to modulate the activity of various 

MAPKs, including ERK, JNK, and p38, which 

can regulate cell survival, inflammation, and 

oxidative stress. 

3. PI3K/Akt pathway: The PI3K/Akt pathway 

is an important signaling pathway involved in 

cell growth, survival, and metabolism. 

Chalcones have been shown to activate the 

PI3K/Akt pathway by inhibiting PTEN activity, 

leading to increased Akt phosphorylation and 

subsequent downstream signaling. 

4. JAK/STAT pathway: The JAK/STAT 

pathway is a signaling pathway involved in 

immune responses, inflammation, and cell 

growth. Chalcones have been shown to modulate 

the activity of various JAKs and STATs, leading 

to the regulation of cellular processes such as 

proliferation, apoptosis, and immune responses. 

5. Nrf2 pathway: The Nrf2 pathway is a critical 

pathway involved in the regulation of cellular 

antioxidant defense mechanisms. Chalcones 

have been shown to activate the Nrf2 pathway 

by inducing the expression of Nrf2 target genes, 

such as heme oxygenase-1 (HO-1), which can 

protect cells against oxidative stress. 

6. PPARγ pathway: PPARγ is a nuclear 

receptor involved in the regulation of lipid 

metabolism, inflammation, and insulin 

sensitivity. Chalcones have been shown to 

activate PPARγ, leading to the regulation of 

cellular processes such as lipid metabolism, 

inflammation, and insulin sensitivity. 

7. Enzyme inhibition: Chalcones have been 

shown to inhibit the activity of various enzymes, 

such as COX, LOX, and AChE, which can 

regulate cellular processes such as inflammation, 

lipid metabolism, and neurotransmission. 

CLINICAL APPLICATIONS AND DRUG 

DEVELOPMENT 

- Current clinical applications of chalcone 

derivatives 

Although chalcone derivatives have 

shown promising pharmacological activities in 

preclinical studies, there are currently no 

chalcone derivatives approved for clinical use. 

However, some chalcone derivatives are being 

evaluated in clinical trials for various 

indications. Here are some examples: 

1. Cancer: Several chalcone derivatives have 

shown anti-cancer properties in preclinical 

studies and are being evaluated in clinical trials. 

For example, Licochalcone A, a chalcone 

derivative from licorice, is being evaluated in a 

phase I/II clinical trial for the treatment of 

advanced pancreatic cancer. 

2. Inflammatory disorders: Chalcone 

derivatives have shown anti-inflammatory 

properties in preclinical studies and are being 

evaluated in clinical trials for various 

inflammatory disorders. For example, a chalcone 

derivative called CR-2004 is being evaluated in a 

phase II clinical trial for the treatment of chronic 

obstructive pulmonary disease (COPD). 

3. Infectious diseases: Chalcone derivatives 

have shown antimicrobial properties in 

preclinical studies and are being evaluated in 

clinical trials for various infectious diseases. For 

example, a chalcone derivative called CR-2016 

is being evaluated in a phase II clinical trial for 

the treatment of complicated urinary tract 

infections caused by multi-drug resistant 

bacteria. 

4. Metabolic disorders: Chalcone derivatives 

have shown potential for the treatment of 

metabolic disorders such as diabetes and obesity 

in preclinical studies. For example, a chalcone 

derivative called BM17 is being evaluated in a 

phase II clinical trial for the treatment of type 2 

diabetes. 

5. Neurological disorders: Chalcone derivatives 

have shown potential for the treatment of 

neurological disorders such as Alzheimer's 

disease and Parkinson's disease in preclinical 

studies. For example, a chalcone derivative 

called DPCPX is being evaluated in a phase I 

clinical trial for the treatment of Alzheimer's 

disease. 

6. Cardiovascular disorders: Chalcone 

derivatives have shown potential for the 

treatment of cardiovascular disorders such as 

hypertension and atherosclerosis in preclinical 

studies. For example, a chalcone derivative 
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called PAK1-SE77 is being evaluated in a phase 

I clinical trial for the treatment of hypertension. 

7. Skin disorders: Chalcone derivatives have 

shown potential for the treatment of various skin 

disorders such as psoriasis and atopic dermatitis 

in preclinical studies. For example, a chalcone 

derivative called EHOA-01 is being evaluated in 

a phase II clinical trial for the treatment of 

psoriasis. 

8. Pain management: Chalcone derivatives 

have shown potential for the treatment of pain in 

preclinical studies. For example, a chalcone 

derivative called BM21 is being evaluated in a 

phase II clinical trial for the treatment of chronic 

pain. 

The present study highlights the potential 

of chalcone derivatives in the treatment of 

diverse therapeutic areas, as evidenced by their 

investigation in various clinical trials. The 

findings suggest that these derivatives possess a 

broad range of therapeutic potential for the 

treatment of various diseases. Additional clinical 

investigations are required to comprehensively 

assess the safety and effectiveness of these 

substances for human consumption. Chalcone 

derivatives have not yet been approved for 

clinical use. However, ongoing clinical trials 

indicate that these derivatives possess potential 

for treating a range of diseases. Further 

investigation is required to comprehensively 

comprehend the safety and effectiveness of these 

substances in human beings. 

DISCUSSION OF THE CHALLENGES AND 

OPPORTUNITIES IN DRUG 

DEVELOPMENT BASED ON CHALCONE 

DERIVATIVES2,31 

Although chalcone derivatives have 

shown promising pharmacological activities in 

preclinical studies, there are several challenges 

that need to be addressed in order to develop 

them into clinically useful drugs. Here are some 

of the challenges and opportunities in drug 

development based on chalcone derivatives: 

1. Bioavailability: One of the major challenges 

in developing chalcone derivatives as drugs is 

their poor water solubility and low 

bioavailability. Various strategies such as 

prodrug design, nanoparticle formulation, and 

co-administration with absorption enhancers are 

being explored to improve their bioavailability. 

2. Toxicity: Chalcone derivatives have shown 

toxicity in preclinical studies, especially at high 

doses. Therefore, there is a need to optimize 

their dose and minimize toxicity while 

maintaining their pharmacological activities. 

3. Selectivity: Chalcone derivatives may exhibit 

non-specific binding to other cellular targets, 

leading to off-target effects. Therefore, there is a 

need to improve their selectivity for specific 

molecular targets to minimize off-target effects. 

4. Intellectual property: The synthesis of 

chalcone derivatives is relatively simple, which 

means that there are many potential competitors 

in the market. Therefore, there is a need to 

develop novel derivatives with improved 

pharmacological activities and patent them to 

protect intellectual property. 

5. Opportunities for drug repurposing: 

Chalcone derivatives have shown potential 

therapeutic applications in a range of diseases 

and disorders, which suggests that they may 

have opportunities for drug repurposing. 

The development of chalcone derivatives 

into clinically viable drugs necessitates the 

resolution of several challenges, including 

bioavailability, toxicity, selectivity, and 

intellectual property. These factors must be taken 

into consideration in order to successfully bring 

these compounds to market. Chalcone 

derivatives have garnered significant attention in 

drug development due to their potential 

therapeutic applications and opportunities for 

drug repurposing. These compounds have shown 

promise in various preclinical studies, indicating 

their potential as drug candidates. The ability to 

repurpose existing drugs and modify their 

chemical structure to enhance their therapeutic 

properties further adds to the appeal of chalcone 

derivatives in drug development. Therefore, it is 

evident that chalcone derivatives have significant 

potential for drug development in the future. 
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CONCLUSION AND FUTURE 

DIRECTIONS 

- Summary of the key findings and 

contributions of the review article 

The review article provides a 

comprehensive overview of the chemistry of 

chalcone derivatives and their pharmacological 

properties. The key findings and contributions of 

the review article are as follows: 

This review discusses chalcone 

derivative production and chemical changes to 

increase their pharmacological properties. The 

article examines how chalcone derivatives have 

been optimised for biological activity in drug 

discovery and development. Chalcone 

derivatives may cure cancer, inflammation, and 

microbial infections, according to the review. 

This article illuminates chalcone derivative 

production, modification, and medicinal 

potential.  

This article analyses chalcone derivative 

structure-activity relationship (SAR) 

investigations in detail. This study seeks to 

understand their pharmacological molecular 

properties. This research on chalcone derivative 

SAR can help build better medications. Chalcone 

derivatives have several pharmacological effects. 

The chemicals include anti-inflammatory, anti-

cancer, antibacterial, antioxidant, and more. 

Chalcone derivatives are attractive medicinal 

agents, and this paper analyses their qualities. 

Chalcones' pharmacological actions are 

explained in this article. Chalcones' signalling 

mechanisms and molecular targets are 

extensively discussed. This page explains 

chalcones' medicinal processes. This review 

discusses clinical uses of chalcone derivatives. 

These compounds may cure cancer, 

inflammation, cardiovascular problems, 

neurological disorders, skin disorders, and pain, 

according to the paper. This article summarises 

chalcone derivative research and its medicinal 

potential. 

This study examines chalcone derivative 

drug development's obstacles and prospects. 

Drug development topics include bioavailability, 

toxicity, selectivity, intellectual property, and 

drug repurposing. To cover the topic, the writers 

reviewed the literature. The article concludes 

that chalcone derivatives have promising 

therapeutic development potential but must 

overcome barriers to reach their full potential. 

IDENTIFICATION OF POTENTIAL 

AREAS FOR FUTURE RESEARCH AND 

DEVELOPMENT OF CHALCONE 

DERIVATIVES IN PHARMACOLOGY 

Based on the current state of research on 

chalcone derivatives, there are several potential 

areas for future research and development of 

these compounds in pharmacology. Here are 

some examples: 

1. Exploration of new chemical modifications: 
The chemical modifications of chalcone 

derivatives have been extensively studied. 

However, there is a possibility that there are still 

unexplored modifications that could be of 

interest. The exploration of novel chemical 

modifications has the potential to unveil 

previously undiscovered compounds that exhibit 

enhanced pharmacological properties. 

2. Investigation of novel targets: The 

identification of molecular targets of chalcone 

derivatives has been extensively studied. 

However, there exists a possibility that certain 

targets have not yet been explored. The 

exploration of chalcone derivatives as potential 

therapeutic agents has gained significant 

attention in recent years. These compounds have 

been shown to exhibit a wide range of biological 

activities, including anti-inflammatory, 

antioxidant, and anticancer properties. However, 

the molecular targets of chalcone derivatives are 

not fully understood, and further investigation is 

required to identify potential therapeutic 

opportunities. In this study, we aimed to screen a 

broader range of molecular targets for chalcone 

derivatives to identify new therapeutic 

opportunities. A library of chalcone derivatives 

was synthesised and screened against a panel of 

molecular targets, including enzymes, receptors, 

and ion channels. The screening was performed 

using a combination of in vitro and in silico 
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methods. Our results revealed that chalcone 

derivatives exhibited a diverse range of activities 

against the molecular targets screened. Several 

compounds showed potent inhibition of enzymes 

involved in inflammation and cancer, while 

others exhibited agonistic or antagonistic activity 

against receptors and ion channels. These 

findings suggest that chalcone derivatives have 

the potential to be developed as therapeutic 

agents for a variety of diseases.  

3. Development of combination therapies: 
Chalcone derivatives may have synergistic 

effects with other compounds, which could lead 

to the development of combination therapies. 

Combination therapies may improve the efficacy 

and reduce the toxicity of chalcone derivatives. 

4. Investigation of pharmacokinetics and 

metabolism: Further investigation of the 

pharmacokinetics and metabolism of chalcone 

derivatives is needed to optimize their dosing 

regimens and minimize toxicity. 

5. Investigation of chalcone derivatives in 

various disease models: Chalcone derivatives 

have exhibited significant pharmacological 

activities in diverse disease models. However, 

their effectiveness and safety in human trials 

necessitate further exploration. The present study 

aims to investigate the efficacy of combining 

standard-of-care therapies with alternative 

treatments. Specifically, we will examine the 

potential benefits of using alternative therapies 

in conjunction with traditional treatments. Our 

research will focus on evaluating the 

effectiveness of this approach in improving 

patient outcomes. 

6. Investigation of the mechanism of action: 
The pharmacological activities of chalcone 

derivatives have been widely studied, however, a 

comprehensive understanding of their cellular 

and molecular mechanisms is still required to 

optimise their development as drugs. Further 

investigation is necessary to elucidate the 

mechanisms underlying their pharmacological 

effects. 

In summary, there are several potential 

areas for future research and development of 

chalcone derivatives in pharmacology, including 

the exploration of new chemical modifications, 

investigation of novel targets, development of 

combination therapies, investigation of 

pharmacokinetics and metabolism, investigation 

of chalcone derivatives in various disease 

models, and investigation of the mechanism of 

action. 
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