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Abstract: In recent years, there has been a growing interest in developing green and sustainable synthetic
strategies for chalcones, aiming to minimize waste, reduce the use of hazardous chemicals, and enhance the
overall efficiency of the reactions. This review provides an overview of various green synthesis approaches for
chalcones and their derivatives, emphasizing environmentally friendly techniques such as solvent-free reactions,
microwave-assisted synthesis, ultrasound-assisted synthesis, and enzyme-catalytic methods. Additionally, the
biological activities of chalcones synthesized via green methods are explored, underscoring their potential in
drug development and therapeutic applications.
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1. Introduction

Chalcones, characterized by their o, p-unsaturated ketone structure (Fig.1), have received
significant attention in medicinal chemistry due to their diverse pharmacological properties. Chalcones
exhibit potent antioxidant activity ®, crucial in combating oxidative stress-related diseases such as
cancer, cardiovascular disorders, and neurodegenerative diseases. Their ability to scavenge free
radicals and inhibit oxidative damage makes them promising candidates for therapeutic intervention.
Many chalcones possess anti-inflammatory properties*!, which can help alleviate inflammation
associated with various conditions like arthritis, asthma, and inflammatory bowel diseases. By
modulating inflammatory pathways, chalcones offer potential for developing new anti-inflammatory
drugs. Chalcones have demonstrated antimicrobial activity 1#1¢ against a wide range of pathogens,
including bacteria, fungi, and viruses. This antimicrobial efficacy makes them valuable for developing
novel antibiotics, antifungal agents, and antiviral drugs, especially in the face of growing antimicrobial
resistance.
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Figure 1. General structure of chalcone

Chalcones exhibit promising anticancer 12! properties by interfering with multiple cellular

pathways in cancer development and progression. They can induce apoptosis (programmed cell death),
inhibit cell proliferation, and suppress tumor growth by targeting various molecular targets implicated
in carcinogenesis. Additionally, some chalcone derivatives have shown selectivity towards cancer
cells while sparing normal cells, highlighting their potential as cancer therapeutics with reduced side
effects. Certain chalcones possess antidiabetic properties 2% by modulating glucose metabolism,
improving insulin sensitivity, and protecting pancreatic -cells from damage. These compounds
promise to develop new strategies for managing diabetes and its complications.
Chalcones exhibit neuroprotective effects % by attenuating neuronal damage, reducing oxidative stress,
and inhibiting neuroinflammation. These properties make them potential candidates for the treatment
of neurodegenerative disorders such as Alzheimer's disease and Parkinson's disease. Chalcones can
inhibit angiogenesis, the formation of new blood vessels, essential for tumor growth and metastasis.
By targeting angiogenic pathways, chalcones hold promise as anti-cancer agents to suppress tumor
angiogenesis and metastasis. Chalcones also demonstrate a range of other pharmacological activities,
including anti-allergic, antiviral 2°, analgesic 32, and hepatoprotective effects, indicating their
versatility and potential for addressing various health conditions. The diverse pharmacological
properties of chalcones underscore their importance in medicinal chemistry. Their multifaceted
activities make them valuable scaffolds for drug discovery and development, with the potential to
yield novel therapeutic agents for a wide range of diseases.

Green chemistry principles advocate for the design, development, and implementation of

chemical processes that minimize environmental impact while maximizing efficiency and
sustainability. Aqueous medium synthesis aligns well with these principles by utilizing water as a
green solvent, which offers numerous advantages over traditional organic solvents. Water is inherently
safer than many organic solvents commonly used in chemical synthesis. It is non-toxic, non-
flammable, and readily available, reducing the risk of environmental contamination and potential
health hazards to workers. Aqueous medium synthesis minimizes the generation of hazardous waste
by utilizing water as the primary solvent. Unlike organic solvents that often require extensive
purification and disposal procedures, water-based reactions typically produce less waste, contributing
to pollution prevention and waste reduction efforts.
Many reactions conducted in aqueous medium can be performed under milder conditions, such as
ambient temperature and pressure, leading to energy savings compared to high-temperature reactions
often necessitated by organic solvents. Lower energy requirements translate to reduced greenhouse gas
emissions and overall energy consumption, aligning with sustainability goals. Aqueous medium
synthesis often employs catalytic processes, which enhance reaction efficiency, selectivity, and atom
economy. Catalysts facilitate reactions under mild conditions, reducing energy input and minimizing
the formation of undesired by-products. Additionally, catalysts can be recovered and reused, further
enhancing process sustainability. Water is readily biodegradable, offering environmental advantages
over persistent organic solvents that can accumulate in ecosystems and pose long-term environmental
risks. Aqueous medium synthesis promotes the development of biodegradable processes that minimize
environmental persistence and toxicity.

Some aqueous medium synthesis routes utilize renewable feedstocks derived from biomass or
waste streams, contributing to utilizing sustainable resources and reducing reliance on fossil fuels. By
integrating renewable feedstocks into chemical processes, aqueous medium synthesis promotes
circular economy principles and resource efficiency. Green chemistry emphasizes the importance of
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maximizing atom economy and minimizing waste generation. Aqueous medium synthesis often
enables high atom economy by facilitating selective reactions that minimize the formation of by-
products. Selective transformations reduce the need for purification steps and increase the overall
efficiency of the synthesis process. Aqueous medium synthesis embodies key principles of green
chemistry by prioritizing safety, efficiency, resource conservation, and environmental sustainability.
By utilizing water as a green solvent and implementing innovative synthetic strategies, aqueous
medium synthesis contributes to the advancement of sustainable chemical practices and the
development of greener, more environmentally friendly processes. Top of Form.

2. Conventional Methods of Chalcone Synthesis

Traditional methods of chalcone synthesis have been foundational in organic chemistry and
have paved the way for developing more modern and efficient approaches. Some traditional methods
are illustrated below.

2.1. Claisen-Schmidt Condensation

This classic method involves the condensation of an aromatic aldehyde with a ketone or
another aldehyde containing an a-hydrogen atom in the presence of a base. The reaction proceeds via
the formation of an enolate ion from the o-hydrogen of the ketone/aldehyde, followed by a
nucleophilic attack on the carbonyl carbon of the aromatic aldehyde. The resulting B-hydroxy ketone
undergoes dehydration to yield the chalcone product.

Kantam et al.** To synthesize substituted chalcones in a straightforward work-up, a
heterogeneous solid base catalyst Mg—Al-OtBuhydrotalcite (HT-OtBu) was devised for CSC between
arylaldehydes and ketones. A comparative analysis was conducted using the hydrotalcite catalysts Mg-
Al-F, Mg-Al-NOs, and Mg-Al-CQOs, demonstrating that HT-OtBu is the most active catalyst in CSC,
among other catalysts. Using HT-OtBu as a catalyst, the CSC of benzaldehyde and acetophenone in
toluene produced a high yield of chalcone (98%) in 3.5 hours. The reaction produces large yields
quickly (Scheme 1)

Os__CHs o
CHTOBU N NN
RN * “Toluene, . R U _ S JR
L reflux, 3.5 h

Yield = 77.93%
R= OCHs, CI  R'= CHg, OCHjs, Cl
Scheme 1. CSC reactions catalyzed by the HT-OtBu catalyst
Eun-jin et al and co-workers.3* The synthesis of substituted chalcones was carried out using a

catalytic amount of H,SO, in methanol. The method was extended to synthesize some sulfonamide—
N-—chalcones and sulfonate-O-chalcones. Further, their biological activities were studied. (Scheme 2)
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Scheme 2. Synthesis of substituted chalcones using H2SO4

Jain et al. % synthesized chalcones by using chemically activated fly ash with 50 wt % NaOH
as a catalyst for a solventless liquid phase reaction of 4-methylbenzaldehyde with 1-(2-
hydroxyphenyl)ethan-1-one. The reaction was conducted using fly ash-supported solid base MgO,
yielding a 93 % vyield of (E)-1-(2-hydroxyphenyl)-3-(p-tolyl)prop-2-en-1-one (Chalcone) and an 86
% conversion of 4-methylbenzaldehyde (Scheme 3).

CHj
OH OH CHj
n MgO/fly ash O O
CHs 140°C, 4 h, X
e} solvent-free o
0~ "H

Yield = 93%
Scheme 3. Condensation of 4-methylbenzaldehyde with 1-(2-hydroxyphenyl)ethan-1-one
by using chemically activated fly ash

Yadav and Yadav [36] using the sol-gel method, a 5-15% w/w Al,O3/CaO catalyst was
produced, and it was thoroughly described. The most effective solid super base catalyst, 15% w/w
Al;O3/Ca0 in ethanol solvent at 120°C, was used for the liquid phase CSC of furfuraldehyde with
acetophenone. This resulted in 100% selectivity of 3-(furan-2-yl)-1-phenylprop-2-en-1-one and 98.5
% conversion of furfural for two hours. The activity of different prepared catalysts with different
Mg:Al ratios, such as 15% w/w Al,O; supported on MgO, CaO, and SrO, calcined hydrotalcite, and
hydrated hydrotalcite, was investigated. In two hours, Al,03/CaO produced 98.5 % of the maximum
furfural conversion, while Ca(OH); produced 88.5 %. Extremely little furfural was converted by other
catalysts (Scheme 4).

O 0
o P 15% wiw Al,05/Ca0 O
\ + Ethanol solvent, \ /)
120°C, 2 h

100% selectivity
Scheme 4. Cross condensation of 2-furfural with acetophenone over Al,0s/CaO
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The agrochemical, fragrance, and pharmaceutical industries employ  2,6-
dibenzylidenecycloalkanones as an intermediate. It is produced by CSC, which uses an acid or base
catalyst to combine cycloalkanones with aldehydes. The synthesis of 2,6-dibenzylidenecycloalkanones
[37] has been accomplished by a number of described techniques, including heterogeneous catalysis,
metal salt catalysis, microwave assistance, and ionic liquid catalysis. Previous study by Rafiee and
Rahimi used heterogeneous solid acid catalyst CsxHs-xPW12040 as a highly active super acid catalyst
in CSC of benzaldehyde with cyclohexanone for chalcone at 50 °C for 10 min under solventless
conditions (Scheme 5).

0 H O
CsxH 3-XPW1 2048 N %
+ solvent-free,
50°C, 10 min

Scheme 5. CSC of benzaldehyde with cyclohexanone using CsxHs-xPW12040 acid catalyst

Rafiee et al.® studied the effect of HsPMo010V2040 supported on SiO; as a solid acid-supported
catalyst in a solvent-free, clean acid-based condensation of aldehydes with various ketones at 50°C.
The results showed excellent product yields with no byproducts (Scheme 6).

(@]
Mo4oV-/SiO
. 10V2 2= —
Solvent-free,
i 50°C, 20-45 min R" R
R R"

R'= H, CI, CHj, OH, NO,, OMe Yield = 90-98%
R"= H, CI, OH, NO,

Scheme 6. HsPMo10V2040 supported on SiO; as a solid acid catalyst for Claisen-Schmidt condensation

Shylesh et al.*® In the condensation of benzaldehyde with acetophenone, the catalytic activity
of MCM-41, which is functionalized with sulfonic acid and ethane-bridged mesoporous organosilica,
was examined. The greater surface area and bigger pore channels of mesoporous organosilica provide
easy reactant accessibility and thermal stability. By functionalizing mesoporous materials with
sulfonic acids, solid acid catalysts with varying acidic strengths can be produced. After six hours of
reaction at 150°C, 72% of the acetophenone was converted and 95% of the chalcone was selectively
produced (Scheme 7).

0 0
/©)J\H )J\©\ _ES-S0-30% /‘/\)J\‘
R + " T150°C.6h O * R0
R, R' = H, OCHj, CI Selectivity = 91-96%

Scheme 7. Claisen-Schmidt condensation reaction using solid acid catalyst ES-SO-30%
2.2. Aldol Condensation

The aldol condensation involves the condensation of two molecules of an aldehyde or a ketone
in the presence of a base to form ap-hydroxy aldehyde and B-hydroxy ketone, which subsequently
undergoes dehydration to yield the chalcone product. This method can also be extended to the crossed
aldol condensation between different aldehydes/ketones to produce chalcones.
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E. Neyestani-Naeeni and M.R. Naimi-Jamal.*’ studied the applicability of nanoporous MCM-41-
SO3H catalyst in organic reactions. In continuation of this, they studied the usefulness of solvent-free
grinding in organic reactions. They reported MCM-41-SOsH as a heterogeneous catalyst for the
synthesis of chalcones and dibenzylidenealkanones via the aldol condensation reaction by grinding in
a solvent-free and efficient method without the formation of any by-products (Scheme 8).

0 o} O
=
R1._\ CHs RZ;—\ H MCM-41-SO3H R1_:\ | .
| >
_— * Y Grinding, 60°C = =
R'=ClI, NO, R2=F, CI, Br, NO,, OCH3, Me, OH

Scheme 8. The aldol condensation reaction catalyzed by MCM-41-SOsH

When catalyst used is AI-MCM-41 and catalyst loading is 10 mg time required for the reaction
to complete is 90 min the yield of the product obtained was 25% Similarly when catalyst used is
MCM-41-SOsH and catalyst loading is 5mg time required for the reaction to complete is 90 min the
yield of the product obtained was 70% Maximum vyield is obtained when catalyst used is MCM-41-
SO;H and catalyst loading is 10mg time required for this reaction for completion is only 15 min with
98% yield.

2.3. Meyer-Schuster Rearrangement

Meyer—Schuster involves the synthesis of chalcones from reactants such as propargyl alcohol.
This rearrangement is employed by using bases such as trimethylamine, KOH, and Rh(lll) catalyst,

which results in the synthesis of chalcone with a yield of 81-84% 4.
(0]

©/O\N)K
H
[1,3] shift
—_——

R

High Polar
solvent OH
—_— O

Ph

Ar1
R = OH, OSiMe;

Scheme 9. The aldol condensation reaction catalyzed by Rh(lll) catalyst

2.4. Chalcone Synthesis via Coupling Reaction

Chalcones' coupling reaction results in a C-C and C-heteroatom covalent bond via oxidative
addition-reductive elimination, which is tabulated below (Table 1).

2.5. Synthesis via Julia-Kocienski Olefination

The modified Julia reaction, also known as Julia-kocienski olefination, involves directly
coupling heteroaryl sulfones with carbonyl compounds in a single-step protocol 34, Atulkumar et al.
% synthesized chalcones via Julia-kocienski olefination by taking benzaldehyde and reacting it with
different coupling reagents. Several bases were used, such as DBU, LiHMDS, t-BuOK, and DABCO,
to optimize the reaction conditions. DBU was the most efficient base among all the bases used
(Scheme 10).
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00
N0
\ 1 DBU RN
Act + CHO—R -
THF

R'= Ar, Ar-OMe, Ar-F, Naphthelene, Ar-Cl, Ar-NHAc, Ar-OAc, Ar-Me

Scheme 10. DBU mediated synthesis of E-enones by coupling of BT-sulfones and benzaldehyde
derivatives in THF

2.6. Other Methods for Chalcone synthesis

In addition to the classical methods mentioned, chalcones can be synthesized through

various other traditional approaches, such as the Claisen rearrangement, the Knoevenagel
condensation, and the Reformatsky reaction. These methods offer versatility in chalcone synthesis and
have been extensively utilized in organic synthesis.
While traditional methods of chalcone synthesis have been widely employed and are well-established,
they often suffer from limitations such as poor atom economy, harsh reaction conditions, and limited
substrate scope. Modern synthetic approaches, including those utilizing aqueous medium, enzymatic
catalysis, and green chemistry principles, have emerged to address these challenges and offer more
sustainable and efficient alternatives for chalcone synthesis. Organic solvent-based synthesis methods
come with several challenges, including environmental, health, and economic concerns.

Tablel. Various coupling reactions for chalcone synthesis
Name of reaction Reactants Catalyst Yield (%) Reference
Suzuki coupling phenylboronic acid and N- Pd(PPhs3).Cl; 87 [42]

acylsaccharins

N-Vinylpyridinium and - Pd(dba)s 88 [43]
trialkylammonium

tetrafluoroborate salts

Heck coupling Allylic alcohol 0./Pd(OAC),)/ 97 [44]
Dmphen

Still coupling benzoyl  chloride and Pd(dba)s/PPhs 91 [45]
alkenylstannanes

Decarboxylative cinnamic acid and FeCly/ K3S;0s 62-83 [46]

cross-coupling benzoylformic acid

Julia type olefination phosphorous ylides and CuCly/PhsP=S 45-72 [47]

/Cu- sulfones

oxidativecoupling

3. Methodologies for Chalcone Synthesis through a Green Approach

3.1. Microwave-Assisted Synthesis
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Microwave-assisted organic synthesis (MAQOS) is a valuable technique in green
chemistry, known for significantly reducing reaction times while enhancing product yields.
This method offers an efficient and energy-saving alternative to conventional heating °!
Microwave irradiation has accelerated chalcone synthesis in aqueous medium. Mohammed Rayees
Ahmad et al. 52 reported the synthesis of chalcone derivatives using microwave irradiation. Equimolar
amounts of the corresponding aldehydes and 2-acetyl heterocyclic derivatives were combined and
dissolved in the least amount of alcohol. Aqueous potassium hydroxide solution was gradually added
and combined. A 70-80% vyield was achieved after the reaction mixture was microwave-irradiated for
two to five minutes at a power of 180 watts. It uses microwave irradiation to get a decent yield in a
shorter reaction time (Scheme 11).

ﬂ? n CHO  Ethanol, aq KOH
HsC o C—CH, —
R

MWI, 2-5 mins

R=H, 4-Cl, 4-F, 4-NO, , (2,4)-Cl HaC  vield= 70-80%

Scheme 11. Microwave assisted synthesis of chalcones from aldehydes and 2-acetyl heterocyclic
derivatives

Tupare et al. ® used a microwave to facilitate acid-catalyzed condensation of aromatic
aldehydes with cyclohexanone to synthesize a number of mono and bis-chalcone analogues. Under
microwave radiation, the reaction was carried out using catalytic quantities of Eaton's reagent
(12 mmol) for 3 mmol of reactants in a brief length of time (2-4 min) and with high yields, without the
production of byproducts. The stability of the acid catalyst in these settings is one benefit of using
microwave irradiation with this technique (Scheme 12).

o) Os_H O
S — goUe
+ —_—
R R
R
R=H, 2-Cl, 4-F, 4-OMe, 4-NO, (75-92%)

i) Eatons Reagent (1 mmol),MW, 3-6 min
Scheme 12. Synthesis of bis-chalcone by using Eaton's reagent

Asiri et al. > used microwave irradiation and basic catalysis to create a new bis-chalcone

analogue with a thiophene moiety by aldol condensation of terephthalaldehyde with 3-acetyl-2,5-
dimethylthiophene (Scheme 13).

O i o

i) NaOH (Cat), EtOH, MW at 210 W, 90 s. (86%)

Scheme 13. Synthesis of bis-chalcone with thiophene moiety via aldol condensation
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Chaudhari et al. > Beginning with N-phenylpyrrolidine-2,5-dione and N-phenylpiperidone-
2,5-dione, reported the synthesis of a series of N-phenylpyrrolidine and N-phenylpiperidone-based
bis-chalcone analogues. Utilizing neutral AlOs; (a solid support) and microwave heating, they

completed the reaction in just a couple of minutes with good yields (77-92%) (Scheme 14).
Cl

Cl
Cl o
e L X
+ H o o
=~ "N

|
R=-CH3 N>R

i) ALO3 (1g), MW at 800W, 4-6 min, neat. (77-92%)
Scheme 14. Synthesis of bis-chalcone analogues using Al,Os as a solid support under microwave
heating

3.2. Ultrasound-Assisted Synthesis

Ultrasound irradiation has emerged as an effective tool for chalcone synthesis in aqueous
medium. The use of ultrasound can overcome mass transfer limitations and promote efficient mixing
of reactants, facilitating chalcone formation. Calvino,* and team synthesized chalcones via Claisen-
schmidt under sonochemical irridation(ultrasound). The reaction between benzaldehyde and
acetophenone was carried out using two basic activated carbons (Na and Cs-Norit) as a catalyst. The
effect of ultrasound activation has been studied. A substantial enhancing effect in the yield was
observed when the carbon catalyst was activated under ultrasound. This green method has been
generally used in the synthesis of chalcones having antibacterial properties. Cs-doped carbon act’s as
optimum catalyst giving excellent activity for this kind of condensation (Scheme 15).

CHO o) 9

Cs doped Carbon O A O
[j . ( j/ ~ -

Scheme 15. Claisen-Schmidt condensation between benzaldehyde and acetophenone in the presence
of basic activated carbons as a catalyst to yield the chalcone

Khan et al. °” conducted the green synthesis of bis-chalcones via ultrasonic radiation. They
synthesized the chalcones by ultrasonic radiation-aided aldol condensation reaction between 3-acetyl-
2,5-dimethylthiophene/3-acetyl-2,5-dimethylfuran and terephthalaldehyde (Scheme 16).

CHO

Ultrasonic radiation

+
/ \ NaOH, EtOH, 5 min CH3 X X CHg,
CHs x~ M CHO

Scheme 16. Synthesis of bischalcones via ultrasonic radiation

Ganesan et al., %® have effectively produced a novel range of bis-chalcone analogues by
employing the 1,4-dihydropyridine derivative along with a variety of aromatic aldehydes. This
reaction was conducted in ethanol with an ultrasonic generator in a water bath that was about room
temperature, and NaOH 20% as the catalyst. Without raising the temperature, the ultrasonic waves
aided the reaction, saving time and boosting yields to 83-87% (Scheme 17).
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o)
H)J\/©\
+
R2 R
R'=H,Br,CI,F R?=H,F i) NaOH (20% aq), EtOH,rt 15 min

Scheme 17. Synthesis of bis-chalcone analogues by using 1,4-dihydropyridine derivatives

Liargkova et al,>® synthesized new bis-chalcone ethers, which have the potential to be
pleiotropic agents. They achieved this by combining ultra-sound with basic catalysis, which speed up
the reaction time and increased the yields. The influence of the ultrasound on the reaction's shortening
is unclear, however, as the reaction times for the synthesis of the bis-chalcone analogs were not clear
(Scheme 18).

o o (6] (0]
SN oF ilan sUUNS Al
J i
_— = AN
o "0 +H R 9 o

(72-89%)
i= NaOH (50%), EtOH, 30-35 oc
R':

e

Scheme 18. Synthesis of bis-chalcone ethers using ultrasound with a basic catalyst

Adole et al, % reported the first synthesis method for obtaining (E)-3-(2,3-dihydrobenzofuran-
5-yl)-1-(aryl)prop-2-en-1-one derivatives under ultrasound irradiation. Simplifying the work-up
procedures was their aim. The optimal reaction conditions were found when substituted acetophenones
and 2,3-dihydrobenzofuran-5-carbaldehyde reacted in ethanol with sodium hydroxide present and
under ultrasound radiation at room temperature (Scheme 19).

0 0 0
NaOH, EtOH X N
. R > | R
o] Ultrasonication,rt O

(95%)

R= CH3, OCH3, Cl, OH, N02
Scheme 19. Synthesis of(E)-3-(2,3-dihydrobenzofuran-5-yl)-1-(aryl)prop-2-en-1-one derivatives

3.3. Enzyme-Catalyzed Synthesis

Biocatalytic approaches for chalcone synthesis have also been explored, utilizing pure
enzymes, crude enzyme extracts, subcellular fractions, or whole-cell suspensions of
eukaryotic organisms®l. Enzymes, such as lipases and proteases, have been employed as catalysts
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for chalcone synthesis in aqueous medium. Enzymes can facilitate the regio- and stereoselective
synthesis of chalcones, enabling the production of specific chalcone derivatives.

For the first time, an extremely highly stereoselective enzyme-catalyzed process produced E-
chalcone. Given the significance of these chemicals as formula ingredients in the food,
pharmaceutical, and cosmetic industries, a "green" approach to their production is desirable.

Only the lipase from the hog pancreas showed promiscuity among the lipases under study,
activating the Claisen-Schmidt condensation when imidazole was present as a promoter. Under the
same reaction conditions, acylase from Aspergillus melleusalso showed activity in the synthesis of E-
chalcone. This acylase also catalyzed the reaction between acetophenone and p-nitrobenzaldehyde,
together with the recombinant D-aminoacylase. More research will be done to shed further light on
imidazole's mechanism of action. The best conditions for achieving high yields and selectivity in the
biocatalytic synthesis of differently substituted chalcones should be determined using the use of
molecular modelling, protein engineering, and process engineering methods.®

While looking for the appropriate reaction conditions, X. Chen, B.-K. Liu, H. Kang, X.-F. Lin,
and J. Mol identified a way to implement a heterogeneous enzyme-catalyzed aldol condensation. In
this reaction, acetone (R = CHs) and aromatic aldehydes were employed. Imidazole and recombinant
D-aminoacylase were used to create the arylbut-3-en-2-ones, which had good yields (74%), as well as
high E-selectivity (245:1).% (Scheme 20).

0]
o 0]
0 D-aminoacylase enzyme, |
H X imidazole
H3C)J\CH3 + | R > SR+
n-octane >
R=H, p-NO,, m-NO,, 0-NO, E-Product Z-Product

Scheme 20. Enzyme catalyzed synthesis of chalcones
3.4. Solvent-Free Synthesis of Chalcone

This method describes the eco-friendly, solvent-free synthesis of chalcones via condensation
between substituted acetophenone and benzaldehyde in the presence of a suitable base catalyst such as
NaOH or KOH. The reaction is carried out under grinding to enhance yield and reaction efficiency. In
traditional methods, organic solvents such as ethanol, methanol, or acetone are used as reaction media.
However, solvent-free synthesis eliminates their use, reducing environmental pollution, health
hazards, and cost.

Raghav and Malik ® reported the solvent free synthesis of chalcones. The synthesis was
accomplished by mixing acetophenone, substituted benzaldehyde and KOH in pestle mortar. The
mixture first went into solution and thereafter solidified. The solid was washed properly with water to
obtain the chalcones(Scheme 21).

o) CHO O
CHs KOH =
. —— R

Scheme 21. Synthesis of chalcones in solvent-free conditions by using KOH as a catalyst

3.5. Heteroaromatic Hybrid Chalcone Synthesis

This section presents a range of conventional and green synthetic methods used to prepare
hybrid chalcones featuring a heteroaromatic moiety. The heteroaromatic units incorporated into the
chalcone framework include both single-ring systems (such as furan, pyrrole, thiazole, thiophene,
pyridine, and pyrimidine) and fused-ring systems (including indole, benzimidazole, benzothiazole,
benzofuran, pyrazolopyridine, and quinoline) .
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i CHO q 1
N .\ 20mol% NaOH(aq.) N pZ
\_/ : \ /)
EtOH, RT, overnight
91% vyield (a) Pyrrolyl chalcone
0] CHO 0]
0 . H 20mol% NaOH(aq.) o =
\ =\
EtOH, RT, 6h
88% vyield (b) Furyl chalcone

Scheme 22. Synthesis of Hybrid Chalcone by using NaOH as a catalyst
3.6. One-Pot synthesis via Claisen-Schmidt Condensation

One-pot reactions involve performing multiple sequential synthetic steps within a single
reaction vessel, eliminating the need to isolate or purify intermediate compounds. This streamlined
approach enables the efficient formation of multiple chemical bonds in a single operation, often
leading to the synthesis of structurally complex molecules. Considered a green chemistry strategy,
one-pot procedures minimize solvent use and chemical waste, reduce the need for harsh reaction
conditions, and enhance the overall efficiency and sustainability of synthetic pathways. The chalcone
chemical scaffold may be synthesized by classical one-pot Claisen-Schmidt condensation, where the
desired aldehyde and ketone mixed under basic conditions render final chalcones .

0]

N NHR> y  Pd(PPh3),Cl, Cul Ny NHR;
_ + CaC, + >
NS x CH4CN, Et,NH N x

o
80°C o

53-86%
Scheme 23. One-Pot synthesis of chalcones under basic conditions

3.7. Nano Catalyst in Chalcone Synthesis

Nanocatalysts are regarded as next-generation catalysts owing to their exceptional
efficiency, sustainability, and ability to significantly accelerate chemical reactions compared
to traditional catalysts. They combine the recoverability of heterogeneous catalysts with the
high activity of homogeneous systems. Moreover, nanocatalysts are considered
environmentally friendly, as they often deliver near-quantitative yields of the desired product
with minimal or no side products. Their high catalytic efficiency also means they are required
in smaller amounts, further contributing to their green credentials.

Recently, Elamathi et al. reported the use of a heterogeneous AISBA-15 mesoporous solid
acid catalyst under non-conventional, environmentally friendly conditions for the synthesis of vanillin-
based chalcones and their derivatives. Among the tested catalysts, AISBA-15 with an nSi/nAl ratio of
41 (AISBA-15 (41)) demonstrated superior catalytic efficiency, achieving 98% conversion of 1-
tetralone and 100% selectivity for compound 2.1, with a 91% vyield in just 120 minutes (Figure 2).
This enhanced performance, compared to AISBA-15 (129) and AISBA-15 (210), is likely attributed to
the higher density of acidic sites and better accessibility of reactants due to the larger pore size (54 A)
of AISBA-15 (41). The newly synthesized chalcone derivatives also exhibited notable antioxidant
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activity, with some outperforming both the parent chalcone (compound 2.2) and the standard
antioxidant, curcumin 7.

e} 0]
_0 MeO A
oD LU T
HO HO
2.1 2.2
Figure 2. chalcone derivatives exhibited notable antioxidant activity

4. Applications of Synthesized Chalcones

Chalcones, are a class of bioactive compounds with a broad spectrum of
pharmacological activities. They have been investigated for their potential as anticancer, antidiabetic,
anti-HIV, antioxidant, antimalarial, antitubercular, antiviral, anti-inflammatory, and antidiuretic
agents. Additionally, certain chalcones have been identified as inhibitors of key biological targets such
as lipoxygenase, [-secretase (BACEL), acetylcholinesterase (AChE), butyrylcholinesterase (BChE),
cyclooxygenase, peroxisome proliferator-activated receptor gamma (PPARy), and Yersinia
enterocolitica tyrosine phosphatase . Some biological properties of chalcones are presented below.
(Figure 3)

Figure 3. Biological properties of chalcones
4.1. Anticancer Agents

Chalcones exhibit significant anticancer activity by interfering with various cellular pathways
in tumor growth and metastasis. Aqueous medium synthesized chalcones have shown promise as lead
compounds for developing novel anticancer drugs with improved efficacy and reduced toxicity. Some
anticancer drugs used include Dabrafenib (used for skin cancer) and Dasatinib (used for bone marrow)
as anticancer treatment (Figure 4).
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Figure 4.Anticancer drugs containing chalconesmoity

4.2. Antimicrobial Agents

Chalcones possess antimicrobial properties against bacteria, fungi, and viruses, making them
potential candidates for developing new antibiotics, antifungal agents, and antiviral drugs. Aqueous
medium-synthesized chalcones have been investigated for their antimicrobial activity and potential
applications in infectious disease management. Cloxacillin, Dicloxacillin, and Sulfisoxazole are
examples of antimicrobial agents (Figure 5).

Cl Cl
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Cloxacillin Dicloxacillin Sulfisoxazole

Figure 5. VariousChalcones containing molecules as a antimicrobial agent
4.3. Anti-inflammatory Drugs

Chalcones exhibit anti-inflammatory effects by modulating inflammatory pathways and
reducing inflammation associated with various diseases such as arthritis, asthma, and inflammatory
bowel diseases.

Visagaperumal et al. ® produced 4-hydroxychalcones using traditional and microwave-aided
synthesis techniques. Three to four drops of concentrated sodium hydroxide were added to equimolar
amounts of substituted benzaldehydes and 4-hydroxyacetophenones dissolved in alcohol. After stirring
the mixture for two to three hours and refrigerating it overnight, chalcones were produced. All
required to accomplish the microwave assisted synthesis was to expose the reaction mixture to 160—
320 W radiation for 60-120 seconds. When the anti-inflammatory activity of the chalcones was
evaluated, it was discovered that all of them had a negligible anti-inflammatory effect, with edema
inhibition ranging from 4.6 to 8.05 %, compared to indomethacin's 74.71 %. (Scheme 24).
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Scheme 24. Synthesis of chalcone exhibiting anti-inflammatory property

Five chalcone derivatives were synthesized by Yadav et al. " and subjected for anti inflammatory
properties. The -F/-Cl groups of the molecule, 4-fluoro/4-chloro chalcone, reportedly gave it more
activity than the usual medication, indomethacin. Therefore, electron-withdrawing groups (EWG) on
the chalcone moiety improved the anti-inflammatory action of chalcone derivatives. Butein and
sappanchalcones are few examples of anti-inflammatory agents (Figure 6).
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~
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butein sappanchalcone

Figure 6.Chalcone exhibiting anti-inflammatory property
4.4. Anti-tuberculosis Drugs

Tuberculosis is disease generally having highest cases occurring in Africa and Asia. The drugs
for the treatment of tuberculosis have been available for nearly 50 years but still patients of TB are
dying nearly two million people each year.”72 Tuberculosis is caused by Mycobacterium tuberculosis,
which is facultative intracellular bacillus, this is the world’s number one killer among the infectious
disease and leading cause of the death among women of reproductive age. "® Chalcones like compound
have been demonstrated the most significant anti-TB activity among all the compounds evaluated Y .-
M. Lin et al,”* studied Anti-tuberculosis activity of chalcones-like compounds. As presented in the
table below, compounds 1,2,3 and 4 show inhibition of 96,97,96 and 98% growth respectively, of Mtb
H37Ryv at a drug concentration of 12.5 mg/mL. (Table 2)

RW/\/R\

Table 2. Various chalcone-like compounds ShO\?V Anti-tuberculosis activity
Compound R R' Activity % inhibition
at 12.5 mg/mL
1 Pyridin-3-yl- Phenanthren-9-yl- 96
2 3-Hydroxyphenyl- Phenanthren-9-yl- 97
3 Furan-2-yl- 3-Phenyl- 96
4 4-Fuorophenyl- Pyridin-3-yl- 98

Solankee and Tailor ™ described a new series of chalcones with a 1,3,5-triazine group (Figure
7). These were synthesized using the traditional Claisen-Schmidt condensation of a substituted ketone
with the matching substituted aldehydes. All of the recently created compounds' in vitro antitubercular
properties were assessed using a Lowenstein-Jensen medium against the Mycobacterial tuberculosis
H37Rv strain compared to the reference medications rifampicin and isoniazid.
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Figure 7. Chalcone with triazine group as antitubercular agent
4.5. Herbicides

Chalcones have been investigated for their herbicidal activity against weeds and unwanted
plant species. Aqueous medium synthesized chalcones may offer environmentally friendly alternatives
to conventional herbicides with reduced environmental impact and toxicity.

Weeds are becoming more and more resistant to herbicides, and they pose a threat to the world's food
production. Nguyen, et al. ® have identified chalcones as selective inhibitors of phosphoenolpyruvate
carboxylase (PEPC), a key enzyme for carbon fixation in the C4 photosynthetic pathway of many of
the world’s most damaging weeds. In contrast, many of the most important crop plants use Cs
photosynthesis. Computational screening using the feedback inhibitor binding pockets of C4 PEPC
from F. trinervia (PDB ID 3ZGE) and Cs PEPC from F. pringlei (PDB ID 3ZGB) as models indicated
that the plant polyphenol butein could be a potential inhibitor against the C,4 over the C; Isomers.
Butein is a chalcone containing two hydroxyl groups on rings A and B. If ring A contains only two
hydroxyl groups, ring B must have at least two hydroxyl groups for a good inhibitory effect. The ICsq,
cavalie Of butein, robetin are ~ 2.5 uM. This result indicates that the hydroxyl group at position 3' of
ring A or positions 3,4 of ring B in butein & robetin which is necessary to increase inhibition of C,4
PEPC. Examples of a few herbicides are Butein and Robtein (Figure 8).

OH OH
HO oH HO O ‘ OH
O AN O X OH

OH O OH O

Butein Robtein
Figure 8. Butein and Robteinas chalcones as a herbicides

4.6. Cosmetics

Chalcones possess antioxidant properties that can help protect the skin from oxidative damage
and premature aging. Aqueous medium synthesized chalcones have applications in cosmetic
formulations, including skincare products, sunscreens, and anti-aging creams. chalcone derivatives
with skin-lightening properties have been developed for use in cosmetic products aimed at reducing
hyperpigmentation and improving skin tone.

Aqueous medium synthesis allows for producing chalcone derivatives with desirable cosmetic
properties and formulation compatibility. Over the past few years, dermatologists have explored using
chalcone derivatives to extract the most active ingredient for treating or preserving skin health.
Xanthohumol, isoliquiritigenin, and licochalcone A are a few well-known chalcone derivatives that
have minimal side effects and low toxicity when used to treat illnesses and skin conditions. It has been
discovered that chalcone, along with other bioactive substances like hesperidin methyl chalcone and
lipochalcone A, can lessen the harmful effects of UV radiation.”” Some examples of chalcones used in
cosmetics are Xanthohumol and isoliquiritigenin (Figure 9).
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Figure 9. Xanthohumol andisoliquiritigenin chalcones used in cosmetics
4.7. Antioxidant Activity

Reactive oxygen species and free radicals cause aging, and oxidative damage is linked to a
number of clinical processes, including cancer. Because they can scavenge free radicals, antioxidants
are substances that stop oxidative damage. "8 In chalcones this ability is attributed to phenolic —-OH
group attached to the ring structures. °

Sandip et al. & synthesized chalcone compounds with antioxidant properties by employing
traditional Claisen-Schmidt condensation. Substituted benzaldehydes and acetophenones were used in
the presence of methanol and sodium hydroxide at room temperature for 45 minutes to achieve their
synthesis (Scheme 25). Isoliguiritigenin and isoprenylchalcone are some example of antioxidant
chalcones. (Figure 10)
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CHy . /@R NaOH/EtOH Z
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Scheme 25. Substituted chalcones having antioxidant property
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Figure 10. Soliguiritigenin and isoprenylchalconeas an antioxidant agent
4.8. Antifungal Activity

Chalcones appear to be a potential class of antifungal drugs. It has been demonstrated that they
prevent the growth of various fungi and yeasts, including members of the Candida species 8. It is well
established that the chalcones' route of antifungal action involves inhibiting the fungal cell wall. The
reactive enone moiety is mostly responsible for their antimicrobial activity, especially the antifungal
action. &

Lopez etal.®® Using the agar dilution method, chalcones were evaluated against a panel of
human opportunistic pathogenic fungi and found that the most active compound did not have an
electron-withdrawing group in the para-position of ring A (Figure 11). As well as did not have
substituents in ortho-position but showed strong antifungal activities against fungi such as
Microsporumgypseum  (MIC=1.5ug/mL),  Trichophyton =~ mentagrophytes (3  pg/mL),
Microsporumcanis (25 pg/mL), trichophyton rubrum (3 ug/mL) and Epidemophytonfloccosum (0.5
ug/mL). Isobavachalcone and chinendihydrochalcone are few examples of anti-fungal agents.
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Figure 11.Various anti-fungal agents having substituted Chalcone moiety
5. Challenges and Future Directions

Despite the promising advantages, there are several challenges associated with the green
methods for the synthesis of chalcones: While green synthesis methods may work efficiently on a
small scale in laboratories, scaling them up to industrial levels can present difficulties. This includes
challenges in maintaining reaction efficiency, yield, and reproducibility in large-scale production.
Some green methods require the use of specialized equipment, catalysts, or solvents that can increase
production costs compared to traditional synthetic methods.

Certain substrates or complex reactions may require more specific conditions that may not be
achievable through green methods. Green methods often involve the use of non-toxic, environmentally
friendly reagents, but optimizing reaction conditions such as temperature, pressure, and time to
achieve high yields can still be a challenge. While green chemistry aims to minimize harmful impacts,
some new materials or reagents used in the synthesis may still have unintended ecological effects or
require energy-intensive processes for their production and disposal. The introduction of new green
solvents, catalysts, or reagents often faces regulatory scrutiny.

6. Conclusion

The green methods for the synthesis of chalcones present a promising approach to enhance
both the efficiency and sustainability of chemical processes. These environmentally friendly
techniques, which utilize renewable resources, non-toxic solvents, and energy-efficient processes,
align well with the principles of green chemistry. Furthermore, chalcones themselves exhibit
significant biological activity, making them valuable compounds in the development of
pharmaceuticals and other bioactive materials. The integration of green synthesis methods not only
reduces the environmental impact of chemical production but also contributes to the sustainable
development goals by promoting eco-friendly practices in the chemical industry. Continued research
and development in this area will likely lead to even more efficient and scalable green processes,
enhancing the accessibility of chalcones as bioactive compounds and supporting the transition toward
a more sustainable and health-conscious future.
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