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CHAPTER 6

Synthesis and Pharmacological Properties of Chalcones
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Abstract: Chalcones are a notable class of bioactive flavonoids known for their diverse range of
medicinal properties. Extensive research across various scientific databases highlights their potential in
treating several health conditions. This review presents a comprehensive overview of preclinical studies
on chalcones and their derivatives, emphasizing their roles as antiparasitic, anticancer, antibacterial,
antioxidant, psychotropic. Despite these promising activities, studies on their bioavailability reveal
certain limitations, though recent advancements suggest improvements in their therapeutic application.
However, to fully unlock the potential of chalcones, further research is essential especially in
understanding their structural features, mechanisms of action, toxicity profiles, and interactions with
other biological molecules.
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1. Introduction

Chalcones serve as fundamental building blocks for many naturally occurring compounds.! These
compounds often have a variety of substituents on their aryl rings, which can significantly influence
their biological activity. However, the key pharmacophore responsible for their activity is the a,p-
unsaturated ketone group, which plays a central role in their interaction with biological targets.* They
are represented as
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Both natural and synthetic chalcones have demonstrated a wide range of biological activities, makes
them starting compounds in the development of various heterocyclic compounds. Historically, chalcones
have played an important role in traditional medicine, where they were used for centuries in herbal
remedies to treat numerous health conditions. In modern times, various chalcone derivatives have been
approved for therapeutic use. For example, metochalcone was introduced as a choleretic agent,

promoting bile flow, while sofalcone has been used as an antiulcer drug with mucoprotective
properties, helping protect the stomach lining. (Figure 1) ¢
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Each year, researchers report numerous new compounds built around the chalcone scaffold, largely
because chalcones are relatively easy to synthesize. Thanks to their simple yet versatile structure, many
of these compounds undergo biological testing and used to synthesize new and effective drugs based on
the chalcone framework.’

2. Biological Significance
e Chalcones as Antibacterial Agents

Kazuhiro Sugamoto and colleagues reported chalcone compounds (1) and (2) containing prenyl or
geranyl groups and evaluated their antimicrobial properties. The results showed strong antibacterial
activity, particularly against Gram-positive bacteria, with the prenyl group significantly enhancing
the effect.® Similarly, Amit Anthwal et al. developed chalcone-metronidazole hybrids and tested
their efficacy against strains of Trichomonas. Remarkably, some of these hybrid compounds
outperformed metronidazole in resistant strains.” In another study, Kant et al. explored the
antiplasmodial antibacterial, and antifungal activities of specific chalcone derivatives, further
highlighting the broad-spectrum potential of these compounds (4) in therapeutic development.
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Most of the tested chalcone-based compounds demonstrated notable antibacterial activity,
particularly against E. coli, P. aeruginosa, and S. boydii, with minimum inhibitory concentrations
(MICs) around 12.5 pg/mL. They also showed significant inhibition of S. aureus and E. faecalis,
with lower MIC values of 6.25 ng/mL, comparable to the standard antibiotic ciprofloxacin.!® In
another study, C.A.N. Ferraz examined a chalcone derivative (compound 5) containing a furan
ring for its antibacterial potential against multi-resistant strains of E. coli and S. aureus. This
compound not only displayed direct antibacterial activity but also enhanced the efficacy of
conventional antibiotics through synergistic effects, particularly against drug-resistant S. aureus,
allowing for reduced antibiotic dosages.'!
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e Chalcones as Anticancer Agents
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A. Kamal ef al. investigated the anticancer activity of chalcone—amido benzothiazole conjugates (6)
across five different human cancer cell lines. Several of these conjugates exhibited potent anticancer
effects.'? In another study, Wang et al. identified compound (7) as a novel HIF-1 inhibitor, showing
promising potential for cancer therapy.”* Similarly, chalcone—polyamine conjugates (8)
demonstrated significant cytotoxic activity, further supporting chalcones' role in anticancer drug
development.'* Further research on compound (9), which included hydroxyl and methoxy
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substitutions, revealed strong activity against MDA-MB-231 breast cancer cells, with ICso values of
1.3 uM and 1.2 uM, respectively. Detailed biological studies indicated that these compounds disrupt
tubulin assembly, a key mechanism in inhibiting cancer cell proliferation.'> Additionally, Yu Wang
et al. described (10) as a thioredoxin reductase inhibitor, with most of the derivatives exhibiting
stronger anticancer activity than xanthohumol, a known natural chalcone.'®

e Chalcones as Antidiabetic Agents

Several chalcone derivatives have demonstrated notable therapeutic potential beyond their
anticancer effects. Protein tyrosine phosphatase, a key target in diabetes and obesity, was
demonstrated to be strongly inhibited by compounds (11). Interestingly, this inhibitory effect was
amplified by allyl groups in the licochalcones' B ring.!” The chalcone-triazole derivative (12) was
investigated for its anticancer properties on several human cancer cell lines in vitro and its capacity
to inhibit rat intestinal o-glucosidase. '® Furthermore, HepG2 cells' glucose levels significantly
decreased as a result of chalcones and bis-chalcones (13) and (14) efficiently inhibiting a-
glucosidase, suggesting possible antidiabetic uses.In H9c2 cardiac cells, isoliquiritigenin (15),
another important substance, showed anti-inflammatory and antioxidant properties that prevented
hypertrophy, fibrosis, and apoptosis brought on by high glucose.!” According to these results,
isoliquiritigenin shows promise as a therapy for diabetic cardiomyopathy.*
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e Chalcones as Anti-inflammatory Agents

Ekhlass Nassar et al. investigated (16) for their anti-inflammatory and ulcerogenic properties and
found that several of the synthesized derivatives exhibited strong anti-inflammatory activity.?!
Similarly, Nitesh Tamang et al. developed compounds (17) and evaluated both their cytotoxicity and
anti-inflammatory potential. One of the compounds showed the most significant anti-inflammatory
effect by inhibiting PGE: synthesis, while three others demonstrated notable cytotoxic activity.??
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Using RAW 264.7 macrophages, Zhiguo Liu and associates created allylated and prenylated
mono-carbonyl analogues of curcumin (18) and evaluated their anti-inflammatory properties. The
majority of the analogues successfully decreased pro-inflammatory cytokine levels, such as TNF-a
and IL-6.* Furthermore, K.V. Sashidhara et al. investigated the anti-inflammatory and antioxidant
properties of recently created chalcone derivatives with biscoumarin moieties (19 and 20). Strong
free radical scavenging activity was demonstrated by these substances, confirming their potential as
antioxidants.**

(18)

e Chalcones as Antimalarial Agents
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According to K.V. Sashidhara et al., hybrid chalcones based on chloroquine In vitro, (21) shows
potent antimalarial action against Plasmodium falciparum strains 3D7 and K1. Notably, the majority
of compounds demonstrated considerable efficacy against the drug-resistant K1 strain with activity
similar to that of chloroquine.”® Michael et al. evaluated the ADMET profiles and antimalarial
properties of chalcones with methoxy group (22) in a related investigation. These substances worked

Sustainable Chemistry and Advanced Materials: Challenges and Opportunities (Vol. I) - Sharad K. Pasale,
Arjun S. Chavan (Eds.) ISBN: 978-93-95369-47-3 (electronic) 978-93-95369-45-9 (paperback) | © 2025 77
Advent Publishing. All rights reserved.



Atul Sarangrao Renge

well against the chloroquine-resistant P. falciparum W2 clone.?® Furthermore, chalcone amides (23
and 24) with encouraging antimalarial action were reported by F.J. Smit and associates; the efficacy
of these compounds was discovered to be reliant on the length of the amide group's alkyl chain.?’
Beyond antimalarial applications, H. Kumar et al. synthesized quinoline based chalcones (25) and
found that these compounds effectively cleaved pBR322 plasmid DNA, suggesting potential use in
targeting nucleic acids for therapeutic purposes.?®

3. Methods of Synthesis
A. Kumar approach (2010)%

A. Kumar introduced a direct Julia—Kocienski olefination technique (3) as an effective way to synthesize
chalcone derivatives. Using 2-(benzo[d]thiazol-2-ylsulfonyl)-1-phenylethanones and benzaldehydes, the
reaction was conducted in tetrahydrofuran with DBU as a base. (Scheme 1).

H/O
/@)K/ CHO DBU
/©/ Ry

(24-88 %)

(Scheme 1)

X. Wu approach (2010)*

A palladium-catalyzed method was employed for the synthesis of chalcones from arylboronic acids
and styrenes. The reaction uses air as the terminal oxidant, making the process both efficient and
environmentally friendly. (Scheme 2).

B BOH), Pd(OAc), / DPPP
, ) t co+ "DMS0,60°C //

R
(Scheme 2) (65-95 %)

A. Hasaninejad approach (2010)>'A. Hasaninejad used silica phosphinoxide as catalyst for promoting
the reaction of benzaldehyde and cyclopentanone under solvent-free conditions. This green chemistry
approach enabled the efficient synthesis of bischalcone derivatives with important biological activity,
yielding the products in high efficiency (Scheme 3).

(0]
CHO é P205/Si020rSinhox \/
+
Solvent free, 80°C

(Scheme 3) (71-92% )
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P. Hermange approach (2011)3

P. Hermange discovered palladium chloride as catalyst for Heck reaction enabling the efficient
synthesis of chalcone derivatives in dioxane. The reaction was carried out at 80°C, and the study also
demonstrated the successful use of isotope tagging for mechanistic investigation (Scheme 4).

[(cinnamyl) PdCI], (2.5 mol %) o
cataCXium A (1mol%) e
Cy,NMe (3 equiv) @/ ¢\©
+13
Co+ Dioxane, 95°C R/ =

(Scheme 4) (41-79 %)

S. Tanaka approach (2014)%

S. Tanaka developed an efficient method for the synthesis of chalcone derivatives via the oxidation of
allylic alcohols in acetonitrile at 250°C, utilizing hydrogen peroxide as the oxidant and an iron—
picolinate complex as the catalyst (Scheme 5). This approach offers a direct and practical route to
chalcones under oxidative conditions.

Iron catalyst
Radical trapping agent (1 eq) 0

OH
35% H,0, aq (1.25 eq)
Ph/v\R - Ph/\)LR

CH3CN,25°C,15 min

(Scheme 5) (31-97 %)

N. Zhang approach (2015)*

N. Zhang described a coupling reaction between cinnamic acid and keto acids carried out in water at
100°C, offering an environmentally friendly and efficient route to valuable chalcone derivatives. This
method holds significant promise for the development of pharmaceutically relevant compounds
(Scheme 6).

R R
cooHHO0C ~ N AgNO;, Na,S,04 1|\\ = g
+ ™2 K,CO4H,0,1009%C L~ e

(Scheme 6) (54-92 %)

M. Naresh approach (2016)*

M. Naresh proposed a method involving the tandem hydration/condensation of alkynes and aldehydes to
synthesize chalcone derivatives. In this approach, the reaction was carried out using H-zeolite as a
catalyst, yielding the desired chalcones with satisfactory efficiency (Scheme 7).
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(Scheme 7) (59-96 % )

M. Tiecco approach (2016)3

Matteo Tiecco et al. proposed the use of a deep eutectic solvent (DES) as a green, sustainable, and
reusable reaction medium for the synthesis of chalcone derivatives via Claisen—Schmidt condensation.
This method proceeds under mild conditions and delivers excellent yields, highlighting its potential for
environmentally friendly organic synthesis (Scheme 8).

R1 9] 0 R’*] R1 (0] R'1
Ra H H3C)k©R‘2 SB3-Cy/CSA Re O F O R
+
R3 R’ Rj R’
R4 R4

(Scheme 8)

A. Murugesana approach (2017)%’

A. Murugesan described a TiO.—BPTETSA-catalyzed aldol condensation between a piperazine-
containing quinoline-3-carbohydrazide moiety and various acetophenones. This solvent-free protocol,
conducted at 120°C, efficiently yields quinoline-based chalcones incorporating a piperazine unit,
demonstrating its potential for medicinal chemistry applications (Scheme 9).

(0] 0 O

X H jae N TiO,-BPTETSA X X
_ + ° | /_R 0 P I /—R
N U Solvent free, 120 °C,2h N ,\(j

W N

(Scheme 9) (80-97 %) W

S. Tripathi approach (2018)*

S. Tripathi developed a visible light-induced catalytic method for the synthesis of chalcone
derivatives by coupling benzaldehydes with [-nitrostyrenes at room temperature. This
photocatalytic approach offers a mild and sustainable pathway for chalcone formation under ambient
conditions (Scheme 10).

o o

©)LH ©/\/Noz (White LEDs,7 W) \
+
NHPI (10 mol%) O O

CH3CN, Ny, rt, 8-12 h

(76-96 %)

(Scheme 10)
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M. Tiwari approach (2019)*

S.M. Tiwari established a facile, metal-free method for the synthesis of chalcones via the
alkenylation of carbonyl compounds in DMSO at 60°C, using Cs:COs and Et:N (triethylamine) as
catalysts. This approach offers a clean and efficient alternative to traditional metal-catalyzed protocols
(Scheme 11).

Re H Cs,CO3,TEA
+
Ry DMS0,60°C, 30 min
Ry Ry (51-90 %)
(Scheme 11)

Q. Zhao approach (2021)

Q. Zhao discovered that an ionic liquid can effectively catalyze the aldol condensation between
benzaldehyde and various acetophenones for the synthesis of chalcones, even in the absence of a
solvent. This solvent-free, green approach demonstrates high catalytic efficiency and sustainability
(Scheme 12).

o
©)LH H3CJ\O [Bmlm]OH MRz
(Scheme 12) (70-100 %)

4. Conclusion

This study explored a wide range of biological activities associated with chalcone derivatives.
Chalcones have shown notable anticancer activity across diverse cancer cell lines, along with
significant antibacterial and antiprotozoal effects. These promising outcomes support the potential of
chalcones in the development of novel therapeutic agents, pharmaceutical formulations, and
advanced drug delivery strategies—especially nano-formulations designed to enhance
bioavailability, prolong therapeutic effects, and target drug delivery. Further research is warranted to
investigate their pharmacological profiles, interactions with other compounds or drugs, and possible
toxicity, thereby paving the way for future clinical applications.
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