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1. ABSTRACT

To investigate the in vitro antibacterial activity of these chalcones against Gram-positive and Gram-
negative bacteria as well as fungi, a series of five chalcones that closely mimic those found in nature
were created. By the Claisen-Schmidt condensation and a green chemistry procedure that used sodium
hydroxide as a catalyst in clean water, chalcones were produced from acetophenone and substituted
benzaldehydes with good yields. Amoxicillin and fluconazole were used as standards for the
antimicrobial assessment, which was done using the filter paper disc plate technique on a set of chosen
bacteria. The structure of the generated derivatives has been determined by employing FTIR
Spectroscopy, NMR, and other physicochemical characteristics. These synthesized chalcones showed
the expected antibacterial action after being tested for it. This green procedure is the most practical,
effective, and environmentally friendly method for the synthesis of chalcones by the Claisen- Schmidt
condensation because it is simple to synthesize and purify these chalcones and because high yields are
observed. The future development of chalcone derivatives as commercial antibacterial medicines is

quite promising.

2. KEYWORDS

Chalcone, Chalcone Synthesis, substituted chalcone derivatives, antimicrobial agents

3. INTRODUCTION

The therapeutic potential of natural product compounds is gaining more attention. An important class with
nature compounds is chalcones. They are composed of open-chain flavonoids, which have two aromatic
rings connected by a three-carbon unsaturated carbonyl system. It is revealed that the reactive, a,p
unsaturated keto activity of chalcones gives rise to their antibacterial properties [1-2]. Recently,

cytotoxic, anticancer, mutagenic, Research has been done on several chalcones' antibacterial, insecticidal,
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and enzyme-inhibitory characteristics [3].

The chalcones have been found to be useful in providing the structure of natural products like phloretin,
sakuranet, hemlocktanin, homoeriodictyol, ergodicity, cyanamaclurin [4-6] etc. Chalcone is an aromatic
ketone and an Enone, and it is a key component of a variety of significant biological compounds that
Harborne et al. refer to as chalcones or chalconoids [7]. Chalcones were researched for a very long time
because of their high reactivity and strong kinship to flavanones, flavones, and dihydro flavonols. Its

investigation as precursors to drugs with therapeutic value has been of significant interest.

The chalcones are useful starting materials for the synthesis of a variety of heterocyclic compounds,
such as deoxybenzoins and hydantoins, which have some medicinal utility, as well as flavones, flavonols,
pyrimidines, pyrazolines, anthocyanins, and benzal coumaranones. Bandgar, B. P., et al. [8-9]. Several
biological actions, including antibacterial, anti- inflammatory, analgesic, antiplatelet, anti-ulcerative,
anti-malarial, anticancer, and antiviral, have been documented for compounds using chalcones as their
backbone. The existence the presence of a catalytic, a, B-unsaturated keto functionality is discovered

to the root cause of the biological activities of chalcones.

Benzylideneacetophenone serves as the parent chemical for the chalcone series. Some other names for
chalcone include phenyl styryl ketone, benzalacetophenone, phenylacrylophenone, diphenyl-, and
phenyl-benzoyl ethylene. With sodium hydroxide acting as a catalyst, chalcones can be produced by
performing an aldol reaction between acetophenone and benzaldehyde [10]. The release of chemical
mediators, leukotriene B4 [11], and aldose reductase [12] activities are all inhibited by a variety of
chalcones with hydroxy and alkoxy groups in various places, including those with antibacterial [13-15],
anti-HIV agent [16], antifungal [17], antiulcer [18], antimalarial [19], antioxidant [20-21], vasodilatory
[22], anticonvulsant [23],

anti-analgesic, antidiabetic [24-25] anti-tumour agent [26] antimitotic [27], and antileishmanial
[28] properties.

Figure 1. Structure of chalcone
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Moreover, since many heterocycles exhibit a variety of biological activities, they are widely
acknowledged as crucial intermediates in their chemical synthesis. [29]. There is increasing proof of the
antibacterial action of chalcones. Several research teams were looking into isolating or creating
chalcones with antibacterial characteristics. It was found that conjugate addition with a nucleophilic
group was demonstrated by the, a, B -unsaturated ketone (Enone) reactive moiety in chalcones, which
also contributed to their antibacterial activity. The type and arrangement of the substituents on the
aromatic rings found in chalcones can vary, similar to a thiol group in an important protein, and this
affects the antibacterial action of the chalcones. These results prompted us to create chalcones, which
could serve as a model for future antibacterial drugs. The substitution pattern on the
benzylideneacetophenones' nucleus is provided by the scaffold, it must be noticed.

4, EXPERIMENTAL

4.1 Materials

1. Anisaldehyde

2. Acetophenone

3. Sodium hydroxide

4. Methanol

5. 4-dimethyl amino benzaldehyde
Solvent:

1. Ethyl acetate

2. n-hexane

42 METHOD/SYNTHESIS

The general procedure of chalcone:

Chalcones were produced using a core Condensation reactions chemical bond with the appropriate
acetophenones and substitute benzaldehydes [16]. This method is widely known in the literature. The
derivatives of acetophenone and benzaldehyde were mixed together and diluted in 10 ml of rectified

spirit in a 250 ml shaped flasks with a magnetic stirring. Next, dropwise, 5.5 gm NaOH in 50 ml of
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distilled water was added.when the reaction mixture had been vigorously stirred for 2 hours and the
solution had turned turbid. A chilled water immersion on the magnetic stirrer was used to keep the
reaction temperature between 20 and 25 C. The precipitation took place when 0.1-0.2N HCI was added
to the reaction mixture after 2 hours of vigorous stirring. After being filtered out, the unrefined chalcones
were air dried and then recrystallized using rectified spirit. To get pure chalcones, the residue underwent

column chromatography purification (silica with 10% ethanol in n-hexane) (Scheme 1).

o
CHs o=
+ 1
R

NaOH,

R,-OH,

20-25 °C

2 hr

i
//

Scheme 1. Chalcone derivative

Procedure of chalcone using anisaldehyde

A mixture of acetophenone (5 ml), anisaldehyde (2.5 ml) and NaOH (2.5 ml) in methanol (15 mL) was
kept at ambient temperature for 2 h followed by dilution with ice-cold water, acidification with cold
dilute hydrochloric acid, and ether extraction.The purity of compound was evaluated using thin-layer

chromatography using ethyl acetate/ n-hexane as an adhesive.And also evaluated by *H NMR, IR.
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Scheme 2. 4-methoxy chalcone

Figure 2. Anisaldehyde solution
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Procedure of chalcone using 4-dimethyl amino benzaldehyde

A mixture of acetophenone (6.35 ml), 4-dimethyl amino benzaldehyde (5.5 gm), NaOH (2.75 gm),
distilled water (25 ml), and methanol (15.25 mL) was kept at ambient temperature for 2 h followed by

dilution utilising icy water, acidification with cold dilute hydrochloric acid, together with extraction

ether. The purity of the compound was evaluated using thin-layer chromatography using ethyl acetate/

n-hexane as a purge. And also evaluated by *H NMR,IR.

o
o X
CH,
+
Hie” CHs
NaOH,
CH,OH,
20-25 °C
o 2 hr
=
s
CH,

Scheme 3. 4- dimethyl amino benzaldehyde

Figure 3.4-dimethyl amino benzaldehyde solution
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Analysis of data

C %
Code Molecular Mo[ecular Yield | M.P. TH%| N%
No. N R F 1 Weight o
0. ormula (2/m) (%) o Found
1 la p-OCH; CgHzO2 136.15 73 -1 70.5% 5.8%
2 Ib | p- CoH11NO 149.19 72 74 72.4% 73% 9.3%
N(CH3); '

5. RESULT AND DISCUSSION

The current study's findings showed that the green chemistry used was a potent tool that could be used to
construct and make chalcones in distilled water accelerated by sodium hydroxide as well as to produce, -
unsaturated ketones in good vyield. The final watery reaction mixture is filtered once it has cooled to
room temperature in order to separate the products in the almost pure state without the use of any
solvents. By using IR, element microanalysis (CHN), and other physical standards, the structures of the
produced compounds were confirmed The synthesised chalcone derivatives showed a number of
distinct, sharp bands in the infrared spectra, with the lines around 1635 and 1660 cm-1 indicating the
presence of the carbonyl C=0 group of the produced ketone. was coupled to an alkene system as well as
an aromatic system. The basic microanalysis showed good agreement between the result and the
estimated percentages. The percentage disparities between the observed and calculated values were
discovered to be within the bounds of accounting for at least. Uncorrected melting points were
determined using the ThermoCall0 melting point device (Analab Scientific Pvt. Ltd.). Silica gel 60
F254 seeped through aluminium sheets as they underwent TLC.

Before use, none of the chemical compounds were cleaned; they were all of the LR grade. Alkenes,
ethanol, sodium hydroxides, and phenyl urea used in the experiment were supplied by Merck in
Bombay, India. Every solvent was used exactly as it had been delivered by Lockheed Martin in

Mumbai, India.

Antimicrobial activity
As chemists, pharmacists, and doctors first refined the active ingredients from plant and animal tissues,

then subsequently from microorganisms and their fermentation by-products, the chemistry of
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therapeutically relevant compounds was born. Several Certain substances have been linked to
therapeutic benefits for frequently poorly understood medical conditions. Several of the chemicals in
question have been linked to therapeutic benefits for frequently poorly understood medical conditions.
Principal:

The test microorganism is injected onto agar plates in a consistent amount. The paper discs are placed on
the agar surface and have a diameter of about 6 mm. They contain the test substance at the desired

concentration. A suitable environment is used to incubate the Petri dishes.

Typically, antimicrobial drugs permeate into the agar, inhibiting the test microorganism's germination
and development, after which the diameters of the inhibitory growth zones are determined. Incubation

results in the formation of a clean zone or ring around a disc if the chemical prevents bacterial growth.

Requirements

1. Gram positive Organism Subtilis Bacillus
A. Staphylococcus

2. Gram negative Organsim

E. coli

Pseudomonas aeruginosa

3 Test Compound

4 Alcohol

5. Sterile Nutrient Agar
6 Glass Spreader

7 Sterile Petri Plates
8 Paper discs

9. Sterile Forceps

Inoculum preparation

An appropriate broth was used to emulsify 4-5 colonies of the indicator organism from the slope of a stock
culture to create the inoculum. The inoculation broth was heated to 37 °C until it reached the McFarland
standard of 0.5 turbidity. This occurs in 2 to 8 hours.

Procedure
- Take 4 Sterile Petri dishes and pour Nutrient Agar (Autoclaved) on jars of Petri dishes.
- Take 0.1 mL of Your 24-48 hours old bacterial culture and spread it onto the exterior of nutrient

Agar dishes using a glass Spreader.
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The disc holding the chemical should be inserted into the top layer of the agar plates using sterile
pipette or a disc dispenser.

- Right away, softly push it down with the tool to make sure the disc and the upper surface of agar are
completely in touch. Never move a disc once it has been exposed to the surface of the agar because some
drug diffusion happens instantly.

- Incubate plates at 37°C or at an optimum growth temperature day and night.

- Observe the zone of inhibition after the incubation period & The size of the inhibitory zones should

be read and noted.

BACTERIAL IMAGE

Figure 4. Antimicrobial of E.coli (-)
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Figure 5. Antimicrobial of Bacillus (+)

Figure 7. Antimicrobial of E.coli (-)
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Figure 8. Antibacterial of Bacillus (+)

5.1 CHARACTERISATION

Melting points were calculated without correction using ThermoCal10 (Analab Scientific Pvt. Ltd.) melt
point equipment. Aluminum sheets that had silica gel 60 F254 percolated through them underwent TLC.

All reagents utilized were of LR grade & utilized without any purification. Various aldehydes, phenyl urea,
ethanol, and sodium hydroxides were utilised in the form that Merck, Mumbai, India, supplied.All the

solvents were used as received from Merck, Mumbai, India.

Infrared Spectroscopy

Infrared spectroscopy is considered one among the most important technique used in organic chemistry
for elucidating the composition of various organic compounds according to their characteristic
absorption frequencies pertaining to the operational teams and type of bonds present in compound.

The most potent analytical approach is infrared spectroscopy, which can identify all types of organic and
many types of inorganic substances as well as find functional groups in pure molecules. IR

spectrometers may take a range of types of samples, include gases, liquids, and solids, using various
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sampling techniques. IR spectroscopy is a vital and well-liked tool for deciphering structures and
identifying chemicals.

Infrared spectra of synthesis derived products have scanned in KBr pellets by utilising Shimashu 1801
FTIR. Spectrophotometer instrument in area from 4000 cm-1 to 667 cm-1 . Roughly 100 mg of dry
potassium bromide powder is completely combined with the sample (0.5 to 1.0 mg), which is coarsely
pulverised. Grinding and combining can be accomplished with a mortar and pestle. The finely ground
mixture was transferred to the mould, and high transparency pellets were formed by pressing on the
hydraulic press. The produced pellets were used to scan the sample's infrared spectra.

1. Synthesis of chalcone using anisaldehyde

Examination of IR spectra reveals that all the compounds of chalcone showed a stronge absorption near
at 1644-1618 cm™ and at 1685-1666 cm™ demonstrates the existence of - CH=CH- and C—O group. For
the FT-IR Spectra of anisaldehyde revelved that the broad band at 1656 cm™ observed for the OCHs
group, and the stretching vibration shows the existence of OCHs group. Also, the shifting of band

confirms that the OCHz group presence in the chalcone for chalcone derivative.
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Figure 9. FT-IR spectra of anisaldehyde
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2. Synthesis of chalcone using 4-dimethyl amino benzaldehyde

IR spectra reveals that all the derivatives of chalcone were displayed. A stronge absorption near at 1644-
1618 cm™ and at 1685-1666 cm™ indicates being present -CH=CH- and C-O group. From figure 8. The
IR bands at 1669 cm-1 indicates that the 4-dimethyl amino group presence in the chalcone-derived

substance and its due to the shifting of bands at the region of chalcone derivative.
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Figure 10. FT_IR spectra of 4-dimethyl amino benzaldehyde

NMR:

Nuclear magnetic resonance spectroscopy (NMR) is one of the most recent physical approaches for
studying organic molecules. It permits the qualitative and quantitative identification of distinct atom-to-
atom bonds. High resolution 1H NMR is another effective technology that has been used in the analysis
of organic structure. The 1H-NMR spectra were acquired on a BRUKER AVANCE 11 400 NMR
spectrometer using DMSO as the solvent and TMS as the internal reference.
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6. CONCLUSION

The synthesised chalcone analogues have moderate antibacterial activity, including those against
Staphylococcus. The findings, which were based on the potentially active chalcone skeleton, highlighted
the importance of the positions of the electron releasing groups in the B ring, specifically the methoxy
and hydroxy groups or compounds 2 and 4, in achieving superior antibacterial activity when compared to
the reference standard amoxicillin at both the 0.5 ml (500 g) and 1 ml (1000 g) concentration levels.
Evaluating chalcones with pharmacophores like nitro groups to the reference standard fluconazole at
concentrations of 0.1 ml (100 g), 0.5 ml (500 g), and 1 ml (1,000 g), fungicidal screening data showed
that nitro group-containing chalcones had stronger antimicrobial properties than other chalcones. values
of concentration at 1 ml (1000 g). These findings imply that perhaps the chalcone derivatives might
serve as a good design and development template for novel commercial antibacterial compounds. To
clarify their mode of action, more research is required. While reviewing the antimicrobial findings, an
intriguing structure-activity link was found, showing that particle groups tended to reduce the efficacy

of the antifungal activity while exciton groups increased it.
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