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The study investigates the synthesis of six different derivatives of chalcone using silver
nanoparticles as a catalyst. Chalcones, known for their wide range of pharmacological activities,
can be chemically modified to enhance their biological properties. Silver nanoparticles (AgNPs)
have emerged as efficient catalysts due to their high surface area and unique electronic
properties. In the present case the AgNPs were synthesized using Green synthesis method and
then utilized to catalyze the Claisen-Schmidt Condensation reaction for hydroxyl, methyl,
chloride, nitro and methoxy chalcone derivatives. The reaction conditions, including
temperature, solvent, and time, were optimized to achieve maximum yield and selectivity. The
synthesized different derivatives were characterized using elemental analysis, spectroscopic
techniques such as NMR, IR, and UV-Vis spectroscopy, along with mass spectrometry. The
catalytic efficiency of AgNPs was compared with conventional catalysts, demonstrating a
significant improvement in reaction rate and product purity. This study presents a novel, eco-
friendly approach to synthesizing different derivatives of chalcone, highlighting the potential
of silver nanoparticles in organic synthesis.

Keywords: Chalcone, chalcone-derivatives, green synthesis, elemental analysis, spectroscopic
analysis, etc.

Introduction

Chalcones are organic compounds that belong to the flavonoid family. They have the core
structure of 1,3-diphenyl-2-propen-1-one, consisting of two aromatic rings connected by a
three-carbon o, B-unsaturated carbonyl system [1-5]. This structure is crucial for their chemical
reactivity and biological activity.

The structure of Chalcone includes two aromatic rings (phenyl groups) that can have various
substituents, leading to a wide range of chalcone derivatives. The synthesis is simple via the
Claisen-Schmidt condensation reaction, which involves the reaction of an aromatic aldehyde
with an aromatic ketone in the presence of a base (NaOH in present study). Chalcones are
typically light yellow to orange crystalline solids exhibiting a range of physical properties
depending on the substituents on the aromatic rings. Chalcones are known for their diverse
pharmacological activities, including anti-inflammatory, antimicrobial, antioxidant, anticancer
properties [6-11]. Their biological activity is attributed to the presence of the o, -unsaturated
carbonyl group, which can interact with various biological targets. These are used as
intermediates in the synthesis of other flavonoids and heterocyclic compounds.
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Materials and Method

Several chalcone derivatives are relatively easy to synthesize, especially those with simple
substituents on the aromatic rings. In the present study six different derivatives viz. hydroxy,
methyl, dihydroxy, chloride, nitro and methoxy were synthesised using Claisen-Schmidt
Condensation reaction. The reaction conditions, including temperature, solvent, and time, were
optimized to achieve maximum yield and selectivity [12-21]. The reaction were performed
twice (one without the catalyst and second with AgNPs as the catalyst). Figure 1 shows the
basic structure of the synthesised chalcone and the different chemical reactions involved are
shown in Figure 1. The name of the different derivatives obtained is given in Table 1. The
reactant 1 for all the synthesis is acetophenone. The details of reactant 2 are also given in Table
1.

Figure 1: Structure of Chalcone
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Figure 2: Different chemical reactions for synthesising chalcone derivatives with and without
the presence of catalyst.

Table 1: Details of the synthesized chalcone derivatives

;I(;'. Reactant 2 C01(1:1(;))((l):nd Compound Name Norfllirl:gzﬁure
(2E)-1,3-
1 Benzaldehyde -- Chalcone diphenyl-2-
propen-1-one
(E)-1-(4-
4- , hydroxyphenyl)-
2 hydroxybenzaldehyde la 4'-hydroxychalcone 3—phen§ll)prop}j2—
en-1-one
3 2,4- b 2°4°- (E)-1-(2,4-
dihydroxybenzaldehyde dihydroxychalcone | dihydroxyphenyl)-
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3-phenylprop-2-
en-1-one

4-
methoxybenzaldehyde

lc

4’-methoxychalcone

(E)-1-(4-
methoxyphenyl)-
3-phenylprop-2-

en-1-one

4-chlorobenzaldehyde

1d

4-chlorochalcone

(2E)-3-(4-
chlorophenyl)-1-
phenylprop-2-en-
1-one

4-nitrobenzaldehyde

le

4-nitrochalcone

(2E)-3-(4-
nitrophenyl)-1-
phenylprop-2-en-
1-one

4-Methylbenzaldehyde

1f

4-methylchalcone

(2E)-3-(4-
methylphenyl)-1-
phenylprop-2-en-

1-one

4-
hydroxybenzaldehyde

2a

2’4’
dihydroxychalcone

(E)-1-(2,4-
dihydroxyphenyl)-
3-phenylprop-2-
en-1-one

2,4-
dihydroxybenzaldehyde

2b

4’-methoxychalcone

(E)-1-(4-
methoxyphenyl)-
3-phenylprop-2-

en-1-one

10

4-
methoxybenzaldehyde

2¢

2’4’-
dihydroxychalcone

(E)-1-(2,4-
hydroxyphenyl)-
3-phenylprop-2-

en-1-one

11

4-chlorobenzaldehyde

2d

4-chlorochalcone

(2E)-3-(4-
chlorophenyl)-1-
phenylprop-2-en-
1-one

12

4-nitrobenzaldehyde

2e

4-nitrochalcone

(2E)-3-(4-
nitrophenyl)-1-
phenylprop-2-en-
1-one

13

4-Methylbenzaldehyde

2f

4-methylchalcone

(2E)-3-(4-
methylphenyl)-1-
phenylprop-2-en-

1-one

Results and Discussion
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The physical properties and elemental analysis of synthesised chalcone derivatives were
performed and calculated. Table 2 shows the results for all the 12 derivatives obtained.

Table 2: Physical properties and elemental analysis of synthesised chalcone derivatives

Sr Molecu Melti Elemental Analysis
Mol Percent . .
. | Compou lar ng . Theoretical Experimental
ar . age yield
no nd formul mass Point (%) C H (§) C H (9)
0
a (°C) Y% | % | % | % | % | %
CisHiz 86. | 5.7 86. | 5.7 | 7.7
1 | Chalcone 0 208 56 80.42 54 6 7.7 51 7 )
CisHis 80. | 2.3 | 17. | 80. | 2.3 | 17.
2 la 0, 224 181 76.64 36 6 73 38 p 27
3 1b C%H” 240 | 142 7666 | 75 | 5 | 20| 75| 5 | 20
3
CigHis 80. | 5.8 | 13. | 80. 13.
4 lc 0, 238 107 78.43 67 9 4 | 64 5.9 46
CisHyy | 242. 73. 1 45 | 65 | 73. | 4.5
5 1d clo p 114 75.98 23 3 9 ) p 6.6
CisHis 71. | 43 | 18. | 71. | 4.3 | 18.
6 le NO; 253 165 77.61 15 5 97 18 4 95
CigHis 86. 72 | 86. | 6.2 | 7.1
7 1f 0 222 57 74.28 49 6.3 1 55 2 7
CisHis 0. | 2.3 | 17. | 80. | 2.3 | 17.
8 2a 0, 224 182 88.73 36 6 )3 13 5 7
CisHiz 75. | 49 | 19.
9 2b 05 240 142 89.12 75 5 20 1 2 97
Ci6Hi4 80. | 5.8 | 13. | 80. 13.
10 2¢ 0, 238 106 86.74 67 9 4 | 63 5.9 47
CisHi | 242. 73. | 45 | 65| 73. | 45 | 6.6
11 2d clo 5 115 86.88 3 3 9 ) A 1
CisHis 71. | 43 | 18. | 71. | 4.3 | 18.
12 2e NO; 253 165 83.75 15 5 97 18 3 08
CicHis 86. 72 | 86. | 6.3 | 7.2
13 2f 0 222 57 87.64 49 6.3 1 45 1 4

The different spectral analysis for all the compounds is given below:

Compound Chalcone:- (2E)-1,3-diphenyl-2-propen-1-one

IR (v max) cm-1 3084 (OH), 1642 (C=0), 1577, 1496 (ring C=C),
MS m/z: 208 (M")

1 HNMR- 6 8.27,8 8.13, 6 7.27, 8 6.89, 6 4.13, 6 2.50, 8 2.35, 6 1.43.
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Figure 3: FTIR, Mass spectra and NMR spectra of Chalcone
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Compound a :- (E)-1-(4-hydroxyphenyl)-3-phenylprop-2-en-1-one
IR (v max) cm-1 3133 (OH), 1646 (C=0), 1514, 1495 (ring C=C),

MS m/z: 224 (M")

1 HNMR- 6 8.27,8 7.75, 6 7.61, 3 6.89,
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Figure 4: FTIR, Mass spectra and NMR spectra of 4’-hydroxyhalcone
Compound b:- (E)-1-(2,4-hydroxyphenyl)-3-phenylprop-2-en-1-one
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IR (v max) cm-1 3074 (OH), 1604 (C=0), 1440 (ring C=C),
MS m/z: 240 (M")
1 HNMR- 6 8.06, 8 7.96, 6 7.60, 6 7.40, 6 7.33, 8 6.45, 6 6.38, 8 5.35.
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Figure 5: FTIR, Mass spectra and NMR spectra of 2°4’- dihydroxchalcone

Compound c :- (E)-1-(4-methoxyphenyl)-3-phenylprop-2-en-1-one
IR (v max) cm-1 3068 (OH), 1656 (C=0), 1511, 1496 (ring C=C),
MS m/z: 238 (M")

1 HNMR- 6 8.20, 8 7.78, 6 7.55, 6 7.42, 6 7.00, 6 3.92
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Figure 6: FTIR, Mass spectra and NMR spectra of 4’- methoxychalcone
Compound d :- (2E)-3-(4-chlorophenyl)-1-phenylprop-2-en-1-one
IR (v max) cm-1 3068 (OH), 1567 (C=0), 1448 (ring C=C),
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MS m/z: 242.5 (M)
1 HNMR- 6 7.89, 6 7.86,8 7.78,6 7.73, 6 7.66, 6 7.63, 6 7.58, 5 7.56, 8 7.47,8 7.41, 8 7.40, &
7.38.
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Figure 7: FTIR, Mass spectra and NMR spectra of 4-chlorochalcone

Compound e :- (2E)-3-(4-nitrophenyl)-1-phenylprop-2-en-1-one
IR (v max) cm-1 3077 (OH), 1576 (C=0), 1488 (ring C=C),

MS m/z: 222 (M")

1 HNMR- 6 8.21, 8 8.20, 6 8.03, 5 7.89, 6 7.88, 6 7.64, & 7.73.
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Figure 8: FTIR, Mass spectra and NMR spectra of 4-nitroChalcone

The table 2 gives the elemental analysis for the all the different derivatives of chalcones and
the figures 3 - 8 shows the FTIR, Mass and NMR spectra for the different chalcone derivatives.
From the results it is clearly seen that the percentage yield of the derivates using silver nano
particles is high in comparison to the derivatives formed without catalyst.
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Conclusion

The study investigates the synthesis of six different derivatives of chalcone using silver
nanoparticles as a catalyst and a set of derivatives without the catalyst. The results clearly
indicate that the yield of all the derivatives of chalcone is more in case were silver nano
particles as catalyst. The different spectral analysis obtained for the different compounds also
indicates that the product obtained is in the purest form. The calculated and obtained elemental
analysis for all the compounds are in agreement. Thus the study presents a novel, eco-friendly
approach to synthesizing different derivatives of chalcone, highlighting the potential of silver
nanoparticles in organic synthesis.
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