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Chalcones, also known as Ot, 3-unsaturated ketones, are present in some natural products
as a major constituent. Chalcones and their derivatives are biologically active molecules
that have been an area of great interest from a medicinal view of point in current years.
Synthetic manipulations of chalcones or their isolation from natural sources are being
looked over worldwide for the expansion of more potent and effective drugs for the
treatment of several dreadful diseases including cancer, diabetes, HIV, tuberculosis,
and malaria. In previous years, a large volume of research papers and review articles
highlighting the biological activity of chalcone derivatives has been compiled in the
literature. Chalcones possessed a wide array of biological activity. Few of these biological
activities include anti-cancer, anti-aggregation, anti-microbial, and so on. In this review,
we have discussed chalcones as antimicrobial agents and also we have highlighted a

detailed structure-activity relationship study along with in vitro activity.

Keywords: Anti-microbial activity, chalcones, Claisen-Schmidt condensation,
kstructure—activity relationship

J

INTRODUCTION

Chalcones are aromatic ketone and an enone that forms the central
moiety for a broad spectrum of biological activity that is known
as chalconoids. Chalcones are a group of molecules with different
substitution patterns on the two aryl positions. Chalcones constitute
a predominant class of natural products belonging to the flavonoid
family and are reported to possess a wide spectrum of biological
activities, including anti-bacterial, anti-inflammatory, insect
antifeedant, antifungal, analgesic, anti-tumor, anti-mutagenic,!"”
antitubercular, antiulcerative,” antiplatelet,' immunomodulatory,”
anti-viral,® anti-malarial,”’ anti-cancer,""” antihyperglycemic,!"
antileishmanial, ™! antioxidant,!"*! inhibition of aldose reductase,!"!
inhibition of leukotriene B4,!""inhibition of tyrosinase,!" and
inhibition of chemical mediators release!'”! activities. The presence
of a reactive 0/, B-unsaturated ketone function in chalcones was
investigated to be responsible for their antimicrobial activity.
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Chemically, they contain open-chain flavonoids that have two aromatic
rings are connected by a three-carbon @, B-unsaturated carbonyl
system. Chalcone consists of O, -unsaturated keto function group
that is responsible for antimicrobial activity. In previous years, a variety
of chalcones have been investigated for their cytotoxic, anticancer
chemo preventive, and mutagenic as well as antiviral, insecticidal,

and enzyme inhibitory properties.I'®"!

There are many strategies available for the synthesis of «,
[-unsaturated keto function, that is, chalcone. Among them, the direct
aldol condensation and Claisen-Schmidt condensation still occupy
prominent positions. Both of them the Claisen-Schmidt condensation
method is most widely used for the synthesis of chalcone. The Claisen-
Schmidt condensation takes place in the presence of aqueous alkaline
bases,” Ba(OH)2,”" and LiOH microwave irradiation and ultrasound
irradiation.””They are also formed through Suzuki reaction,”” witting
reaction, Friedel-Crafts acylation with cinnamoyl chloride, or photo-
Fries rearrangement of phenyl cinnamates. An aldol condensation,
the preparation of chalcones needs at least two-steps aldol formation
and dehydration. Since aldol addition is reversible, Mukaiyama, or
Claisen-Schmidt condensation approach of using enol ether has come

out as another pathway.
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Anti-microbial activity of chalcones

Bhale et al. reported the synthesis and biological evaluation of chalcones
clubbed imidazo [1,2-a] pyridine scaffolds [Figure 1, la-g] as anti-
microbial agents through cup-plate agar diffusion method against
Bacillus coccus, Staphylococcus aureus, Aerogenes, and Pseudomonas
aeruginosa along with anti-fungal activity (Aspergillus niger). Results
of in vitro assay revealed that compound 1b and 1d possessed more
potent anti-microbial potential toward S. aureus (inhibition zone
[1Z] = 19 mm) and Aerogenes (IZ = 19 mm), respectively, while
compound 1f was more active toward B. coccus (IZ = 19 mm) and
A. niger (IZ = 20 mm). "

Yin et al. described the design and synthesis of new series O-triazolyl
chalcones derivatives [Figure 2, 2a-j, 3a-c, and 4a-c] and evaluated
them for anti-microbial activity. Among the series, compounds 3a-c
and 4a-c were exhibited promising anti-microbial potential against a
panel of bacterial strains (MRSA, S. aureus, Bacillus subtilis, Micrococcus
luteus, Escherichia coli, Bacillus typhi, P. aeruginosa, Bacillus proteus) and
fungal strains (Candida albicans, Candida mycoderma). Compound 3a
was found to be more potent toward MRSA (MIC = 4 mg/mL),

M. luteus (MIC = 4 mg/mL), and C. mycoderma (MIC = 8 mg/mL),
respectively, than that of standard drugs (chloromycin, norfloxacin,
and fluconazole). Moreover, compound 3a forms a complex with calf
thymus DNA then inhibited the DNA replication as well as showed

interactions with human serum albumin.*”!

Mohammad et al. reported the synthesis of 1-(2°,4’-Dichlorophenyl)-
3-(substituted aryl)-2-propene-lones derivatives through Claisen-
Schmidt condensation reaction, and biological evaluation using the
agar diffusion method as anti-microbial agents. Compound 5 exhibited
higher anti-microbial potential toward E. coli (IZ = 15 mm) followed
by B. subtilis (IZ = 13 mm) and Bacillus pumilus (IZ = 8 mm) at
concentration 50 mg/mL. Moreover, compound 6 was found to be
most active toward A. niger (IZ = 12 mm) as an antifungal agent at
the same concentration. Furthermore, structure-activity relationship
studies revealed that compounds containing electron releasing groups

(methyl, naphthyl) exhibited better antibacterial activity [Figure 3].1%°!

Jin et al. reported the synthesized the novel series of
L-phenylalanine-derived C_-substituted rhodanine and chalcone

congeners bearing thiobarbituric acid or 2-thioxo-4-thiazolidinone

-Substitution with methoxy and Cl group at R3 position
/»showed maximum inhibition zone against S. aureus
>._ land Aerogenes.

Br 1ag

- ‘\I 1b: R1=R2=-H,R3=-OCH3
RREE 1d: R1=R2=-H, R3=-C|
1f: R1=-OH, R2=-H, R3=-CH3

Figure 1: Chalcones clubbed imidazo [1,2-a] pyridine derivatives as anti-microbial agents

-Monosubstituted derivatives were more potent
as compared to di-substituted derivatives.

4a: n=1, Y=CH,
4b: n=1, Y=0
4c: n=0, Y=CH,

Figure 2: O.-Triazolyl chalcones derivatives as anti-microbial agents

3a: n=1, Y=CH,
3b: n=1, Y=0

=N 3¢:n=0, Y=CH,
\N N/>
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[Figure 4, 7a-q, 8a-j, 9a-e, and 10a-e] and evaluated them as anti-
microbial agents toward the Gram-positive bacteria (S. aureus RN4220, S.
aureus KCTC 503 and . aureus KCTC 209) and Gram-negative bacteria
(E.coli 1356). Among the series, compounds bearing thiazolidine moiety
were found to be more active against gram-positive bacteria as well
as against the several multi-drug resistant strains having MIC values
ranging from 2 to 16 mg/mL, whereas showed less inhibitory potential
toward Gram-negative bacteria. Moreover, compound 7q was found
to excellent anti-microbial candidate toward S. aureus RN4220 having a

MIC value of 2 mg/mL, which bearing a naphthalene ring,”””

Design, synthesis, and biological evaluation of thiazole clubbed chalcones
derivatives [Figure 5, 11a-j] as anti-microbial agents disclosed by Liaras
et al. All synthesized compounds were evaluated for their in vitro assay
toward Gram-negative bacteria such as E. coli, P. aeruginosa, Salmonella
typhimurium, and Enterococcus faecalis as well as Gram-positive bacteria
including Bacillus cereus, Micrococcus flavus, Leishmania monocytogenes,
and $. aureus and fungi such as Aspergillus ochraceus, Aspergillus fumigatus,
and A. niger, Aspergillus versicolor, Penicillium funiculosum, Penicillium
ochrochloron, Trichoderma viride, and Fusarium sporotrichioides as fungi.
Results of in vitro assay revealed that almost all compounds exhibited
promising anti-microbial activity toward the tested strains, followed

OCH,

by more activity toward E. faecalis and less against L. monocytogenes.
Among the series, compound 11g containing 4-OCH, phenyl moiety
was found to be most potent against M. flavus (MIC = 8.54 uM/mL)
and E. faecalis (MIC = 17.09 uM/mL), respectively, as compared to
standard drug ampicillin (MIC = 24.79 uM/mL). All the synthesized
derivatives possessed moderate antifungal activity toward the tested

fungal species.”!

Quinoline clubbed ferrocenyl chalcones congeners
[Figure 6, 12a-f, and 13a-f] synthesized, and their biological
evaluation as anti-microbial agents was reported by Prasath et al. All
the synthesized derivatives were evaluated for anti-microbial potency
through agar cup-plate method toward bacterial strains (E. coli, P
aeruginosa, and S. aureus) and fungal strains (C. albicans and A. niger)
revealed that compound 12a and 12¢ exhibited maximum inhibitory
activity toward the tested bacterial strains having IZ values between
17.6 and 22.3 mm as well as showed antifungal activity toward the
fungal strains having 1Z values ranging from 19.0 to 22.4 mm, as

compared to positive control drug.”””!

Subramanian et al. reported the synthesis of a new series of
2,5-dimethyl-3-furyl chalcones derivatives [Figure 7, 14a-k] and

-Substitution with electron releasing group
favourable for anti-bacterial activity.

Figure 3: 1-(2’,4’-Dichlorophenyl)-3-(substituted aryl)-2-propene-1lones as anti-microbial agents

-Substitution with phenylpropionic acid group
at N-3 position plays crucial role for
enhancing anti-microbial activity.

R R
Ta: 2-F 7i: 4-Br
7b: 2-F 7j: 4-CHj3
7c: 4-Cl 7k: 2,4-(CH3)2
7d: 2-Cl 71: 2-OCH;
7e: 4-Cl 7m: 3-OCHj;
7. 2,4-(Cl), 7n: 4-OCHj
79: 2-Br 70: 4-NHCOCHj
7h: 3-Br 7p: H
7q: CgHg(3,4-fused)

COOH
R R
8a: 3-F 8f: 2,4-(Cl),
8b: 4-F 89: 3-Br
8c: 2-Cl 8h: 4-Br
8d: 3-Cl 8i: 4-CHjy
R R

9a: 2-F  9d: 3-Cl
9b: 4-F 9e: 4-Cl
9c: 2-Cl

R R
10a: 2-F  10d: 3-Cl
10b: 4-F 10e: 4-C|
10c: 2-Cl

Figure 4: L-phenylalanine-derived C5-substituted rhodanine and substituted chalcones derivatives as anti-microbial agents
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[

R R
11a: H 11f: 2-Cl N

11b: 4-NO, 11g: 4-OMe Ha%N__« .
11c: 3-NO, 11h: 2-OMe SN
1d: 4-Cl 1Mz 2,6-(Cl), 'O
11e: 3-Cl 11j: 2,4-(Cl), 1aq

12a-f

R

-Substitution with bulky electron withdrawing
group at R position such as nitro and chloro
moiety increased the anti-bacterial activity.
-Order of reactivity with chloro substitution
at R position follows:

ortho > meta > para.
-Mono-chloro and mono-methoxy
substituted derivatives more potent as
compared to other substitutions.

12a: R1=R2=R3=H
12c: R1=H, R2=CH3, R3=H

-Presence of ferrocene and quinoline
scaffolds within the same compound
showed synergistic effect in anti-
microbial potential.

Figure 6: Quinoline clubbed ferrocenyl chalcones congeners as anti-microbial agents

-Presence of OH group
' at meta position of
. phenyl ring favourable

Figure 7: 2,5-Dimethyl-3-furyl chalcones derivatives as anti-microbial agents

evaluated them as antibacterial, antifungal potential using the Kirby-
Bauer disk diffusion method as well as insect antifeedant activity. All
the compounds were synthesized using MW assisted reaction and
characterized by IR, '"H NMR, and "H NMR. Among the series,
compound bearing—-OH group at 3-position of phenyl ring was
found to be more active against all Gram-positive (B. subtilis and M.
luteus), except S. aureus, and Gram-negative bacterial strains (E. coli,
Klebsiella pneumoniae, and P. aeruginosa) having 1Z values ranging
between 6-11 mm and 6-9 mm, respectively. Moreover, most of
the compounds showed less inhibition toward fungal strains, whereas
few of them were active against A. niger, Micrococcus spp., and T viride

fungal strains with IZ values between 5 and 8 mm.B%

Siddiqui et al. synthesized pyrazolyl-substituted chalcone derivatives
[Figure 8, 15a-c and 16a-c] and evaluated them for an anti-microbial
activity through a modified disk diffusion method against Gram-
positive and Gram-negative bacterial and also against fungal strains. All

the synthesized chalcones derivatives possessed promising inhibition

R R
14a: H 149: 4-OH
14b: 4-Br  14h: 3-OCHj3
14c: 2-Cl  14i: 4-OCH,
14d: 4-ClI  14j: 3-NO,
14e: 4-F 14k: 4-NO,
14f: 3-OH

potential having IZ ranging between 15.4 mm and 27.2 mm against
bacterial strains (S. pyogenes, MRSA, E. coli, K. pneumoniae, P. aeruginosa)
and 14.1-25.5 mm toward fungal strains (C. albicans, A. fumigatus,
Trichophyton mentagrophytes, Penicillium marneffei). Among the series,
compound 15b (MIC = 12.5 mg/mL) was found to promising
inhibitory candidate toward all tested bacterial strains than that of

standard drugs (ciprofloxacin, griseofulvin, and fluconazole).""!

Mohamed et al. described the design and synthesis of a new series
of chalcones bearing pyrazole scaffold [Figure 9, 17a-b, 18a-b, and
19a-b] and screened them for anti-proliferative along with anti-
microbial activity. Results of in vitro cytotoxicity assay revealed that
compound 18a, 18b, and 19a exhibited excellent inhibition potential
toward MCF-7, HEPG-2, and HCT-116 breast cancer cells, as
compared to reference drug doxorubicin having IC_ values (4.7, 4.4,
and 3.9 ug/ml). All the compounds were evaluated against bacterial
strains revealed that compound 19a and 19b showed inhibition

toward S. aureus, S. faecalis, B. subtilis, E. coli, Pseudomonas aeruginosa,
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CH;
N= N-<
I N
N/ |
Cl R
16a-c
O
HsC H
4 N
15¢c, 16¢c =R= /g
@) l}l S
H
15b, 16b =R= ,&
O l}l @)
H
Figure 8: Pyrazolyl chalcones and pyrazolines derivatives as anti-microbial agents
N 17a, 17b
17a: X=H
v 18a, 18b
17b: X=OMe 18a: X=H
18b: X=0OMe
) \/_\ -Electron releasing group at X position
‘X' |enhance the anti-bacterial activity.
-Presence of dimedone plays
important role for increasing anti-
microbial potential as compared
N k to indandione moiety.
19a, 19b
19a: X=H
19b: X=OMe
Figure 9: Chalcones bearing pyrazole scaffold as anti-microbial agents
and Neisseria gonorrhoeae, whereas compound 18b showed inhibition Sarveswari et al. synthesized the 4-Hydroxy-2(1H)-quinolone-based

1321

against N. gonorrhoeae, S. faecalis, and E. coli at MIC 20 mg/ml. chalcones razoline derivatives [Figure 10, 20a-j and 21a-j] b
g g , S faecalis, g s PY [Fig , 20a-j jl by

Pharmaspire | Jan-Mar 2021 | Vol 13 | Issue 1



Sharma and Chawla: Chalcones as antimicrobial agents

OH N-N
I R
X
N~ 0
H
20a-j 21a+j

20h: R=Thiophen-2-yl = 21d: R=4-methoxyphenyl

Figure 10: 4-Hydroxy-2(1H)-quinolone-based chalcones, pyrazoline

derivatives as anti-microbial agents

MW assisted synthesis and evaluated them as anti-microbial along
with anti-malarial agents. Among the series, compound 20h and 21d
displayed more anti-malarial activity as compared to reference drug,
whereas other compounds revealed less anti-malarial and moderate

anti-microbial activity. B3l

CONCLUSION

Chalcones are versatile scaffolds for synthetic modification and
showed a wide variety of biological activities. Chalcones have better
bioavailability and high tolerance in the body so that chalcones are
a great interest for development of new potent molecules to treat
various discases worldwide. This review updates recent developments
regarding synthetic and biological activities of chalcones and their
derivatives. Clinical studies have proven their excellent bioavailability
and maximum tolerance in the human body. At present, various drugs
are available in the market containing chalcone nucleus and also in
clinical trials.

Itis believed that the information compiled in this mini-review article
with antimicrobial activity of chalcones can present this promising
moiety for the design of novel chalcone molecules with enhanced

medicinal properties.

ACKNOWLEDGMENTS

The authors are grateful to the management of ISF College of
Pharmacy for constant support and motivation.

REFERENCES

1. Dimmock JR, Elias DW, Beazely MA, Kandepu NM. Synthesis and
characterization of 4-hydroxy chalcones using PEG-400 as a recyclable solvent.
Curr Med Chem 1999;6:1125-50.

2. Go X, Wu ML, Lui LX. Synthesis and characterization of 4-hydroxy chalcones
using PEG-400 as a recyclable solvent. Curr Med Chem 2005;12:483-99.

3. Nowakowka Z. Synthesis and characterization of 4-hydroxy chalcones using
PEG-400 as a recyclable solvent. Curr Med Chem 2007;42:125-37.

4. Kumar PM, Basu SK, Mukesh D. Synthetic chalcones as potential anti-

inflammatory and cancer chemoprotective agents. Chem Pharm Bull

2007;55:144.

14.

15.

20.

21.

22.

23.

24.

25.

26.

27.

Mukarami S, Muramatsu M, Aihara H, Otomo S. Synthesis and antimicrobial

activity of some chalcone derivatives. Biochem Pharmacol 1991;42:1447.

Viana GS, Bandeira MA, Matos F. Synthesis and antiviral activity of unsaturated
ketones of thiopene series. ] Phytomed 2003;10:189.

Satyanarayana M, Tiwari P, Tripathi K, Srivastava AK, Pratap R. A solid phase
synthesis of chalcones by claisen-schmidt condensations. Bioorg Med Chem
2004;12:883.

Onyilagna JC, Malhotra B, Elder M, Towers GH. Synthesis of benzimidazolyl
chalcone derivatives. ] Plant Pathol 1997;19:133.

Liu M, Wilairat P, Go LM. Synthetic chalcones as potential anti-inflammatory
and cancer chemopreventive agents. ] Med Chem 2001;44:4443.

Francesco E, Salvatore G, Luigi M, Massimo C. Synthesis of chalcone and their
derivatives as antimicrobial agents. Phytochemical 2007;68:939.

Barford L, Kemp K, Hansen M, Kharazmi A. Synthesis and antimicrobial
activity of some chalcone derivatives. Int Immunopharmacol 2002;2:545.
Nielsen SF, Chen M, Theander TG, Kharazmi A, Christensen SB. A solid phase
synthesis of chalcones by claisen-schmidt condensations. Bioorg Med Chem
Lett 1995;5:449.

Miranda CL, Aponso GL, Stevens JF, Deinzer ML, Buhler DR. Synthesis

and antimicrobial activity of some chalcone derivatives. Agric Food Chem

2000;48:3876.

Severi F, Benvenuti S, Costantino L, Vampa G, Melegari M, Antolini L. An
efficient and operationally simple synthesis of some new chalcones by using
grinding technique. Eur | Med Chem 1998;33:859.

Deshpande AM, Argade NP, Natu AA, Eckman . Synthesis and antimicrobial
activity of some novel chalcones containing 3-hydroxy benzofuran. Bioorg Med
Chem 1999;7:1237.

Khatib S, Nerya O, Musa R, Shmnel M, Tamir S, Vaya J. Synthesis and biological
evaluation of some heterocyclic derivatives of chalcones. Bioorg Med Chem
2005;13:433.

Ko HH, Tsao LT, Yu KL, Liu CT, Wang JP, Lin CN. Synthesis of chalcone and
their derivatives as antimicrobial agents. Bioorg Med Chem 2005;13:433.
Won §J, Liu CT, Tsao LT, Ko HH, Wang JP, Lin CN. Synthetic chalcones as
potential anti-inflammatory and cancer chemoprotective agents. Eur ] Med
Chem 2005;40:103-12.

Yu DC, Panfilova LV, Borcko EI. Synthetic chalcones as potential anti-
inflammatory and cancer chemoprotective agents. Pharm Chem 1982;16:103-5.
Prasad YR, Rao AL, Rambabu R, Kumar PR. Synthesis and antiviral activity of
unsaturated ketones of thiopene series. Orient | Chem 2007;23:927-37.

Rao MS, Kotesh ], Narukulla R, Duddeck H. Synthesis and antimicrobial
studies of some novel isoxazoline derivatives. Arkivoc 2004;14:96-102.
Calvino V, Picallo M, Lopez-Peinado AJ, Martin-Aranda RM, Duran-Valle C.
Synthesis and characterization of 2, 4-dihydroxy substituted chalcones using
aldol condensation by socl2/EtOH. ] Appl Surf Sci 2006;252:6074.

Eddarir S, Catelle N, Bakkour Y, Ronlando C. Synthesis, characterization and
antimicrobial activity of cu (ii), co (ii) and ni (ii) complexes with O, N, and S
donor ligands. Tetrahedron Lett 2003;44:5359-63.

Bhale PS, Dongare SB, Chanshetti UB. Synthesis and antimicrobial screening
of chalcones containing imidazo [1, 2-a] pyridine nucleus. Res J Chem Sci
2013;2231:606X.

Yin BT, Yan CY, Peng XM, Zhang SL, Rasheed S, Geng RX, et al. Synthesis
and biological evaluation of Oi-triazolyl chalcones as a new type of potential
antimicrobial agents and their interaction with calf thymus DNA and human
serum albumin. Eur ] Med Chem 2014;71:148-59.

Mohammad F, Rahaman SA, Moinuddin MD. Synthesis and antimicrobial
activity of 1-(2",4"-dichlorophenyl)-3-(substituted aryl)-2-propene-1-ones.
Int ] Life Sci Pharm Res 2012;2:82-7.

Jin X, Zheng CJ, Song MX, WuY, Sun LP, LiY], et al. Synthesis and antimicrobial
evaluation of L-phenylalanine-derived C5-substituted rhodanine and chalcone

derivatives containing thiobarbituric acid or 2-thioxo-4-thiazolidinone. Eur |

Med Chem 2012;56:203-9.

Pharmaspire | Jan-Mar 2021 | Vol 13 | Issue 1



28.

29.

30.

Sharma and Chawla: Chalcones as antimicrobial agents

Liaras K, Geronikaki A, Glamoclija ], Ciri¢ A, Sokovi¢ M. Thiazole-based
chalcones as potent antimicrobial agents. Synthesis and biological evaluation.

Bioorg Med Chem 2011;19:3135-40.
Prasath R, Bhavana P, Ng SW, Tiekink ER. The facile and efficient ultrasound-

assisted synthesis of new quinoline-appended ferrocenyl chalcones and their

properties. ] Organomet Chem 2013;726:62-70.

Subramanian M, Vanangamudi G, Thirunarayanan G. Hydroxyapatite catalyzed
aldol condensation: Synthesis, spectral linearity, antimicrobial and insect
antifeedant activities of some 2, 5-dimethyl-3-furyl chalcones. Spectrochimica
Acta Part A Mol Biomol Spec 2013;110:116-23.

Pharmaspire | Jan-Mar 2021 | Vol 13 | Issue 1

31.

32.

33.

Siddiqui ZN, Musthafa TM, Ahmad A, Khan AU. Thermal solvent-free synthesis
of novel pyrazolyl chalcones and pyrazolines as potential antimicrobial agents.

Bioorg Med Chem Lett 2011;21:2860-5.
Mohamed MF, Mohamed MS, Shouman SA, Fathi MM, Abdelhamid IA.

Synthesis and biological evaluation of a novel series of chalcones incorporated
pyrazole moiety as anticancer and antimicrobial agents. Appl Biochem
Biotechnol 2012;168:1153-62.

Sarveswari S, Vijayakumar V, Siva R, Priya R. Synthesis of 4-hydroxy-2 (1H)-
quinolone derived chalcones, pyrazolines and their antimicrobial, in silico

antimalarial evaluations. Appl Biochem Biotechnol 2015;175:43-64.



