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ABSTRACT 
 
Chalcones are naturally coloured compounds found in plants, characterized by a distinctive chemical 
structure with two aromatic rings linked by a three-carbon α, β-unsaturated carbonyl bridge. Chalcones 
synthesis was achieved via modified Claisen-Schmidt condensation utilizing aromatic aldehydes and 
aromatic ketones giving a yield of 80 – 98 % and was then combined with 2, 4-dinitrophenyl hydrazine (2, 
4-DNPH) to form hydrazones yielding 58 – 86 %. Products formed were characterized accordingly using 
1H-NMR, FTIR, UV, and elemental analysis. The biochemical assay involving antimicrobial activity by 
employing the agar well diffusion method indicated that the chalcones exhibited no activity against the 
selected isolates (E. coli, S. aureus, P. aeruginosa, and B. subtilis), while the compounds showed good 
analgesic properties as well as good antioxidant properties as indicated in the  DPPH radical scavenging 
assay with one of the products  BE6  showing (IC50=11.68 µM)  and the Nitric Oxide bioavailability of  
BE1A  indicating high activity. The total antioxidant determination indicated that the chalcones were better 
than the hydrazones with BE7 giving a value of TAC=8724.02. This indicates that coupled chalcones may 
exhibit good analgesic and antioxidant properties but still not good antimicrobial properties. 
 
 
Keywords: chalcone, hydrazone, antioxidant, DPPH scavenging, Nitric Oxide scavenging, TAC, Analgesic, Antimicrobial. 
 
 
1. INTRODUCTION 
 
1, 3-diaryl-2-propen-1-one referred to as Chalcones usually exists in the more stable Trans form [1] however the cis form is also recorded 
and known to be less stable. This stability and natural abundance make chalcones valuable for drug discovery and pharmaceutical 
research. Chalcones exhibit antioxidant, antimicrobial, anti-inflammatory, and anticancer properties, making them attractive for further drug 
development [2-5] with Clinical examples such as Metochalcone a choleretic drug, and Sofalcone an antiulcer agent [6]. Chalcones also 
contribute to the sensory qualities of various plants thus influencing their colors, flavors, and aromas [7]. 
Scientists continue to explore chalcone derivatives to enhance their bioactivity and selectivity, understanding their structure-activity 
relationships which is crucial for optimizing these compounds for therapeutic use [8]. Despite extensive research, the exact mechanisms 
underlying the biological activities of chalcones remain poorly understood [9]. However, their versatility and potential across numerous 
applications make them a focus for continued study. 
Hydrazones are an important class of biologically active drug compounds that have attracted interest due to their wide range of 
pharmacological properties. [10]. Hydrazones are derived from enones, replacing the oxygen atom with a =NNH2 group, which contributes to 
their biological diversity. 



 

 

Hydrazone derivatives have demonstrated notable biological activities, such as anticonvulsant effects [11] and antidepressant properties [12]. 
They also show promise as analgesic agents [13] and exhibit anti-inflammatory and antiplatelet activities, making them valuable for managing 
inflammation and preventing clotting [14]. Hydrazones’ antioxidant properties help mitigate oxidative damage [10]. Their anticancer potential is 
another area of active investigation. Hydrazones have been explored for other applications, including vasodilation, antiviral activity, and as 
potential treatments for HIV [12, 13, 15]  
This research aims to synthesize chalcone derivatives that may possess antioxidant, analgesic, and antimicrobial properties and their 
eventual derivatization by coupling reactions to achieve compounds that will be bioactive. 
 
EXPERIMENTAL SECTION (METHODS) 
 
Evaluation of Compounds 
The structure of compounds where confirmed using 1H-NMR with a JOEL Lambda 400 spectrometer, and FTIR analysis was conducted 
with a PerkinElmer Frontier (L1050101). Elemental analysis was carried out using an EA3000 CHNSO analyzer. Melting points 
(uncorrected) were measured using a Gallenkamp melting point apparatus, and compound purity was assessed through thin layer 
chromatography (TLC) performed using E. Merck Kieselgel 60 F254 plates. 
General method of chalcone and hydrazone synthesis 

 
Scheme1: showing the method of chalcone synthesis and their hydrazone counterparts 

 
(2E)-1, 3-diphenylprop-2-en-1-one (BE1) 
 
To ice-cold ethanol (20 ml) in a beaker, added benzaldehyde (5.3 g, 0.05 mol) and acetophenone (6.0g, 0.05 mol) and stirred with a 
magnetic stirrer for two hours, with temperature maintained below 10 ᵒC. Ice-cold 10% potassium hydroxide (20 ml) was added dropwise 



 

 

and stirred for another two hours. The reaction mixture was allowed to remain at room temperature for 72 hours. The resultant liquid was 
then neutralized by adding 50 ml of cold distilled water and 30 ml of 10% acetic acid dropwise. The crude precipitate was filtered by gravity, 
rinsed with cold water, and dried. It was eventually recrystallized from ethanol. The product was then allowed to dry over silica in the 
desiccator and characterized as compound BE1. Yield :( 9.4g, 95.5%); Color: yellow, mp; 44-47ᵒc, Rf: 0.54; UV (methanol) ʎmax: 220, 
340nm. FTIR: 1662.4 cm-1 (C=O), 1606.5 cm-1 (C=C), 3056.4 cm-1 (C-H). 1H NMR (400 MHz, Chloroform-d) δ 7.93 – 7.79 (m, 2H), 7.66 
(d, J = 15.8 Hz, 1H), 7.49 (dtd, J = 5.8, 3.5, 1.6 Hz, 2H), 7.44 – 7.39 (m, 1H), 7.38 – 7.32 (m, 2H). 

 
1-(2, 4-dinitrophenyl)-2-[(2E)-1, 3-diphenylprop-2-en-1-ylidene] hydrazine (BE1A) 
In a flask equipped with magnetic stirrer, 2, 4-dinitrophenylhydrazine (9.9 g, 0.05 mol) was mixed with ethanol (120 ml), gradually adding 
concentrated sulphuric acid 2 ml. BE1 (10.4 g, 0.05 mol) was dissolved in ethanol (60 ml) and added to the DNPH-ethanol solution with 
continuous stirring. The mixture was heated under reflux at 70°C for 15 minutes. The reaction progress was observed using TLC. Afterward, 
the reaction mixture was allowed to cool and reach room temperature. The resultant deep orange precipitates formed were collected via 
filtration by gravity. The crude precipitates were then recrystallized from acetone, allowed to dry in a desiccator, and characterized as 
compound BE1A. Yield :( 16.736g, 85.5 %); Color: deep orange, mp; 120-123ᵒc, Rf: 0.54; UV (methanol) ʎmax: 280,320,460nm, FTIR: 1587.8 
cm-1 (C=N), 3369.5 cm-1 (N-H), 1416.4 cm-1 (C-H), 1110 cm-1 (N-O). 1H NMR (400 MHz, DMSO-d6) δ 12.93 – 12.81 (m, 1H), 12.65 – 12.38 
(m, 3H), 12.38 – 12.10 (m, 5H), 8.10 (s, 22H), 7.26 (p, J = 1.8 Hz, 10H). 

 
  (2E)-1-(4-methoxyphenyl)-3-phenylprop-2-en-1-one (BE2) 
BE2 was synthesized by mixing 4-methoxy benzaldehyde (5.0 g, 0.04 mol) and (6.1 g, 0.05 mol) and acetophenone (6.0 g, 0.05 mol). It was 
treated in the same manner as the reaction for BE1.     Yield :( 8.7g, 98.6%); Color: Yellow; mp; 85-87ᵒC, Rf: 0.6; UV (methanol) ʎmax: 240,280, 
340 nm FTIR (cm-1): 1654.9 (C=O), 1572.9 (C=C) 1H NMR (400 MHz, Chloroform-d) δ 8.05 – 7.96 (m, 7H), 7.79 (d, J = 15.7 Hz, 4H), 6.99 – 
6.87 (m, 8H), 3.86 (s, 10H). 



 

 

 
1-(2, 4-dinitrophenyl)-2-[(2E)-1-(4-methoxyphenyl)-3-phenylprop-2-en-1-ylidene] hydrazine (BE2A) 
 
The compound BE2A was synthesized by dissolving 2, 4-dinitrophenylhydrazine (9.9 g, 0.05 mol) in ethanol (120 ml) and gradually adding 
concentrated sulfuric acid 2 ml. In a separate step, BE2 (11.9 g, 0.05 mol) was dissolved in ethanol (60 ml) and added to the first mixture 
while continuously stirring. The mixture was processed similarly to the procedure used for BE1A. Yield :( 17.3g, 82.7%); Color: red 
precipitate; mp; 145-148ᵒC, Rf: 0.7; UV (methanol) ʎmax: 320, 360,440nm FTIR (cm-1): 1580.4 (C=N), 3287.5 (N-H), 1509.9 (C-H), 1133.1 (N-O). 
1H NMR (400 MHz, DMSO-d6) δ 11.59 (s, 1H), 8.90 (d, J = 2.7 Hz, 1H), 8.45 (ddd, J = 12.3, 9.5, 2.6 Hz, 2H), 8.08 (dd, J = 9.6, 2.2 Hz, 2H), 
7.81 (dd, J = 6.8, 3.0 Hz, 3H), 7.74 – 7.67 (m, 4H), 
 

 
(2E)-1-(4-chlorophenyl)-3-phenylprop-2-en-1-one (BE3) 
BE3 was synthesized by combining 4-chlorobenzaldehyde (5.0 g, 0.04 mol) and (7.0 g, 0.05 mol) and acetophenone (6.0 g, 0.05 mol). It 
was treated in the same manner as the reaction for BE1.                Yield :( 10.6 g, 92.72%); Color: Cream; mp; 60-62ᵒC, Rf: 0.5; UV (methanol) 
ʎmax: 240,320 nm FTIR (cm-1): 1654.9 (C=O), 1591.6 (C=C), 715.6 (C-Cl) 1H NMR (400 MHz, Chloroform-d) δ 8.03 (q, J = 1.9 Hz, 7H), 7.78 
(s, 5H), 7.59 (t, J = 2.9 Hz, 14H), 7.25 (d, J = 11.5 Hz, 5H). 
 

 
 1-[(2E)-1-(4-chlorophenyl)-3-phenylprop-2-en-1-ylidene]-2-(2, 4-dinitrophenyl) hydrazine (BE3A) 
The compound BE3A was synthesized by dissolving 2, 4-dinitrophenylhydrazine (9.9 g, 0.05 mol) in ethanol (120 ml), followed by a gradual 
addition of concentrated sulfuric acid 2 ml. In a separate step, BE3 (12.1 g, 0.05 mol) was dissolved in ethanol (60 ml) and added to the first 
mixture while continuously stirring. The reaction was processed similarly to BE1A. Yield :( 16.6 g, 77.9%); Color: deep red precipitate; mp 
179-181ᵒC, Rf: 0.5; UV (methanol) ʎmax: 360, 460nm, FTIR (cm-1): 1610.2 (C=N), 3298.7 (N-H), 1487.2 (C-H), 1286.0 (N-O). 1H NMR (400 MHz, 



 

 

DMSO-d6) δ 11.59 (s, 1H), 8.90 (s, 1H), 8.47 (dd, J = 19.4, 9.6 Hz, 1H), 8.10 (dd, J = 9.6, 6.9 Hz, 1H), 7.87 – 7.76 (m, 4H), 7.75 – 7.62 (m, 
1H), 7.57 (s, 1H), 7.57 – 7.40 (m, 6H), 7.22 (d, J = 16.8 Hz, 1H). 
 

 
(1E, 4E)-1, 5-bis (2H-1, 3-benzodioxol-5-yl) penta-1, 4-dien-3-one (BE4) 
BE4 was synthesized by combining Piperonal (7.5 g, 0.05 mol) and acetone (5.8 g, 0.05 mol). It was treated in the same manner as the 
reaction for BE1. Yield :( 6.9g, 90.86%); Color: Yellow; mp; 92-94ᵒC, Rf: 0.4; UV (methanol) ʎmax: 280,340 nm FTIR (cm-1): 1669.8 (C=O), 
1640.0 (C=C) 1H NMR (400 MHz, Chloroform-d) δ 7.19 – 6.98 (m, 1H), 6.83 (t, J = 6.9 Hz, 1H), 6.02 (d, J = 3.3 Hz, 1H), 2.35 (s, 1H). 
 

 
1-[(1E, 4E)-1, 5-bis (2H-1, 3-benzodioxol-5-yl) penta-1, 4-dien-3- ylidene]-2-(2, 4-dinitrophenyl) hydrazine (BE4A) 
The compound BE4A was synthesized by dissolving 2, 4-dinitrophenylhydrazine (9.9 g, 0.05 mol) in ethanol (120 ml), followed by a gradual 
addition of concentrated sulfuric acid 2 ml. In a separate step, BE4 (16.1 g, 0.05 mol) was dissolved in ethanol (60 ml) and added to the first 
mixture while continuously stirring. The reaction was processed similarly to the procedure used for BE1A. Yield :( 17.83g, 70.1%); Color: 
red; mp; 172-174ᵒC, Rf: 0.68; UV (methanol) ʎmax: 300, 480 nm FTIR (cm-1): 1610.2 (C=N), 3309.9 (N-H), 1252.4 (N-O). 1H NMR (400 MHz, 
DMSO-d6) δ 8.90 (d, J = 2.6 Hz, 2H), 8.87 (s, 1H), 8.44 (dd, J = 9.5, 2.7 Hz, 2H), 8.04 – 7.94 (m, 3H), 7.44 (d, J = 16.5 Hz, 2H), 7.35 (d, J = 
1.6 Hz, 2H), 7.32 – 7.23 (m, 2H), 
 

 
(2E)-1-(2H-1, 3-benzodioxol-5-yl)-3-phenylprop-2-en-1-one (BE5) 
BE5 was synthesized by combining Piperonal (7.5 g, 0.05 mol) and acetophenone (6.0 g, 0.05 mol) It was treated in the same manner as 
the reaction for BE1. Yield :( 9.5 g, 79.8%); Color: Yellow; mp; 78-81ᵒC, Rf: 0.6; UV (methanol) ʎmax: 260, 300, 340 nm FTIR (cm-1): 1654.9 
(C=O), 1587.8 (C=C). 1H NMR (400 MHz, Chloroform-d) δ 7.70 (d, J = 15.9 Hz, 1H), 7.60 – 7.43 (m, 5H), 7.53 – 7.39 (m, 3H), 7.21 – 6.72 
(m, 5H), 6.61 (d, J = 16.2 Hz, 1H), 3.85 (d, J = 3.7 Hz, 6H), 2.36 (s, 3H). 
 



 

 

 
1-(2, 4-dinitrophenyl)-2-[(2E)-1-(4-methoxyphenyl)-3-phenylprop-2-en-1-ylidene] hydrazine (BE5A) 
The compound BE5A was synthesized by dissolving 2, 4-dinitrophenylhydrazine (9.9 g, 0.05 mol) in ethanol (120 ml), followed by a gradual 
addition of concentrated sulfuric acid 2 ml. In a separate step, (2E)-1-(2H-1, 3-benzodioxol-5-yl)-3-phenylprop-2-en-1-one (12.6 g, 0.05 mol) 
was dissolved in ethanol (60 ml) and added to the first mixture while continuously stirring. The reaction was processed similarly to BE1A. 
Yield: (12.47g, 73.6%), Color: red precipitate, mp; 150-154ᵒC, Rf: 0.7; UV (methanol) ʎmax: 320, 380, 440nm,    FTIR (cm-1): 1610.2 (C=N), 
3295.0 (N-H), 1487.2 (R-Ar), 1448.2 (C-H), 1125.5 (N-O). 1H NMR (400 MHz, DMSO-d6) δ 8.96 – 6.69 (m, 1H). 

 
(1E, 4E)-1-(3-methoxyphenyl)-5-(4-methoxyphenyl) penta-1, 4-dien-3-one (BE6) 
BE6 was synthesized by mixing 4-methoxy benzaldehyde (6.8 g, 0.05 mol) and acetone (5.8 g, 0.05 mol). It was treated in the same 
manner as the reaction for BE1. Yield :( 5.5 g, 79.8%); Color: Cream; mp; 75-78ᵒC, Rf: 0.7; UV (methanol) ʎmax: 300, 340 nm FTIR: 1654.4 
(C=O), 1595.3 (C=C). 1H NMR (400 MHz, Chloroform-d) δ 7.70 (d, J = 15.9 Hz, 1H), 7.60 – 7.43 (m, 5H), 7.53 – 7.39 (m, 3H), 7.21 – 6.72 
(m, 5H), 6.61 (d, J = 16.2 Hz, 1H), 3.85 (d, J = 3.7 Hz, 6H), 2.36 (s, 3H). 
 

 
1-[(1E, 4E)-1-(3-methoxyphenyl)-5-(4-methoxyphenyl) penta-1, 4-dien-3- ylidene]-2-(2, 4-dinitrophenyl) hydrazine (BE6A) 
The compound BE6A was synthesized by dissolving 2, 4-dinitrophenylhydrazine (9.9 g, 0.05 mol) in ethanol (120 ml), followed by a gradual 
addition of concentrated sulfuric acid 2 ml. In a separate step, BE6 (14.7 g, 0.05 mol) was dissolved in ethanol (60 ml) and added to the first 
mixture while continuously stirring. The reaction was processed similarly to the procedure used for BE1A. Yield :( 15.5 g, 65.4%); Color: 
Deep red precipitate; mp 149-151ᵒC, Rf: 0.7; UV (methanol) ʎmax: 300, 360, 480 nm, FTIR (cm-1): 1587.8 (C=N), 3302.4 (N-H), 1487.2 (R-Ar), 
1448.2 (C-H), 1224.9 (N-O). 1H NMR (400 MHz, DMSO-d6) δ 10.73 (s, 1H), 8.05 (dd, J = 9.7, 2.7 Hz, 1H), 7.60 (dt, J = 9.6, 2.4 Hz, 1H), 
7.17 (dd, J = 22.0, 9.6 Hz, 1H), 6.91 – 6.74 (m, 4H), 6.52 – 6.37 (m, 2H), 6.24 (dd, J = 16.2, 8.5 Hz, 3H), 6.17 – 6.07 (m, 3H), 2.98 (d, J = 
11.3 Hz, 6H), 1.67 (p, J = 1.9 Hz, 13H), 1.47 (s, 1H), -0.83 (s, 1H). 
 



 

 

 
(1E, 4E)-1-(3-chlorophenyl)-5-(4-chlorophenyl) penta-1, 4-dien-3-one (BE7) 
BE7 was synthesized by combining 4-chlorobenzaldehyde (5.0 g, 0.04 mol) and (7.0 g, 0.05 mol) and acetophenone (6.0 g, 0.05 mol). It 
was treated in the same manner as the reaction for BE1.                Yield :( 6.9 g, 95.6%); Color: Yellow; mp; 58-60ᵒC, Rf: 0.4; UV (methanol) 
ʎmax: 260,320 nm FTIR (cm-1): 1647.5 (C=O) 1587.8 (C=C), 823.7 (C-Cl). 1H NMR (400 MHz, Chloroform-d) δ 8.07 – 8.00 (m, 2H), 7.81 (d, J 
= 15.7 Hz, 1H), 7.64 (d, J = 6.5 Hz, 1H), 7.62 – 7.57 (m, 2H), 7.57 – 7.48 (m, 2H), 7.44 (d, J = 15.6 Hz, 1H), 7.01 – 6.93 (m, 2H), 3.88 (s, 
3H). 
 

  
1-[(1E, 4E)-1-(3-chlorophenyl)-5-(4-chlorophenyl) penta-1, 4-dien-3- ylidene]-2-(2, 4-dinitrophenyl) hydrazine (BE7A) 
The compound BE7A was synthesized by dissolving 2, 4-dinitrophenylhydrazine (9.9 g, 0.05 mol) in ethanol (120 ml), followed by a gradual 
addition of concentrated sulfuric acid 2 ml. In a separate step, BE7 (15.16 g, 0.05 mol) was dissolved in ethanol (60 ml) and added to the 
first mixture while continuously stirring. The reaction was processed similarly to the procedure used for BE1A. Yield :( 13.8g, 57.1%); Color: 
red precipitate; mp 150-152ᵒC, Rf: 0.6; UV (methanol) ʎmax: 360, 460nm, FTIR: 1613.9 (C=N), 3306.1 (N-H), 1448.2 (C-H), 1293.4 (N-O). 1H 
NMR (400 MHz, DMSO-d6) δ 1.70 – 1.64 (m, 11H), -0.83 (s, 1H). 
 
Antioxidant Activity 
1, 1-Diphenyl–2 Picrylhydrazyl (DPPH) Radical Scavenging 
Evaluation of the scavenging potential of the synthesized compounds against DPPH free radicals was carried out following the procedure 
proposed by Gyamfiet al, (1999) [16]. In this method, suitable dilutions of the samples dissolved in 1 ml DMSO were mixed with 1 ml of a 0.4 
mM ethanolic mixture containing DPPH radicals. The solution was then kept in the dark for 30 minutes, after which its absorbance was 
measured at 516 nm using a UV-visible spectrophotometer. The DPPH radical scavenging potential was subsequently calculated. 
A linear regression analysis was conducted using the concentration (log C) versus radical scavenging capability (%) plot to determine the 
IC50 values of the test sample. GraphPad Prism version 10.0 was used for the IC50 determination.  
 
 Nitric Oxide Radical Scavenging Assay 
The Greiss reaction was employed to quantify nitric oxide (NO) generated by sodium nitroprusside. A solution of sodium nitroprusside (5 
mM) in phosphate buffer of pH 7.3 was combined with various concentrations of the products dissolved in DMSO and incubated at 25 °C for 



 

 

3 hours. Subsequently, the samples were reacted with a Greiss reagent. The absorbance of the samples was measured at 546 nm against 
a blank solution using a UV-visible spectrophotometer. The test was performed in triplicate, and the IC50 values calculated. 
Gricss Reagent 
This was formulated by dissolving 1 g of sulphanilamide, 5 mL of phosphoric acid, and 0.1 g of 1-naphtylenediamine dihydrochloride in 100 
mL of distilled water. 
 
Total Antioxidant by the Phosphomolybdenum Method 
Exactly 1 mL comprising 0.6 M sulfuric acid, sodium phosphate (28 mM), and 4 mM ammonium molybdate was combined with 0.1 mL of the 
sample solution (corresponding to 100 mg). Instead of the sample, ethanol (0.1 mL) was utilized as the blank. The tubes were firmly sealed 
and incubated for 90 minutes in a boiling water bath at 95oC. The absorbance of each aqueous solution was measured at 695 nm after the 
samples were cooled to room temperature. The antioxidant capacity was expressed in milligrams of Gallic acid. 
 
Analgesic Activity 
Preparation of Red Blood Cell Suspension 
A blood sample (5 mL) was collected from a healthy volunteer who had abstained from NSAIDs for two weeks before the experiment and 
transferred to a centrifuge tube. The sample was centrifuged at 3000 rpm for 10 minutes, then washed three times with an equal volume of 
normal saline. Finally, it was adjusted to a volume of 100 mL by adding 90% normal saline. 
Preparation of Hyposaline 
Disodium hydrogen phosphate (1.38 g) was weighed into a beaker using an analytical weighing balance it was dissolved in distilled water 
and made up to 100 mL. Exactly 2.68 g of sodium dihydrogen phosphate was weighed and dissolved in distilled water and made up to 100 
mL. Disodium hydrogen phosphate (28 mL) was measured using a measuring cylinder and transferred into a 100-volumetric glass. Sodium 
dihydrogen phosphate (72 mL) was measured and transferred into the same volumetric glass and was mixed appropriately (PBC is formed). 
Exactly 0.9 g of NaCl is weighed and dissolved with PBC and made u to 100 mL. 
Preparation of Stock Solution with Sample and Standard 
Exactly 0.025 g of the chalcones and hydrazones derivative was weighed using an analytical weighing balance and dissolved with dimethyl 
sulfur oxide (DMSO). It was made up to 25 mL with DMSO. The same procedure was done for the rest chalcones, hydrazones, and 
diclofenac the reference standard.  
Hypotonic solution-induced hemolysis 
The control was prepared by mixing 2ml of hyposaline solution and 10 µL of red blood cells (RBC) in a test tube. 0.1 mL of the samples, 1.9 
mL of hyposaline, and 10 µL of the RBC solution were pipetted into a test tube using the micropipette and mixed properly. The procedure 
was done in triplicate and allowed to sit for 10 minutes before being subjected to a UV-visible spectrophotometer set to a wavelength of 540 
nm. The readings were carefully recorded, and the same procedure was done for all the chalcone and hydrazone derivatives stock at 
different concentrations (200 µg/mL, 400 µg/mL, 600 µg/mL, 800 µg/mL, and 1000 µg/mL). 
 
Antimicrobial Activity 



 

 

Preparation of Mueller Hinton Agar 
Mueller Hinton agar (8.3 g) was weighed and dissolved in distilled water (485 mL) and autoclaved at a temperature of 121ᵒ C for 15 minutes. 
Then the agar solution was allowed to cool, poured into sixteen (16) petri-dish plates, allowed to solidify, and then dried in the dryer until the 
petri-dish plates were completely dried and free of moisture. 
Preparation of standard and synthesized solution 
McCartney bottles (16) were autoclaved at a temperature of 121ᵒC for 15 minutes. Exactly 0.2 g of chalcones were weighed into a 
McCartney bottle and dissolved in 8 ml of DMSO. Exactly 4ml of DMSO was pipetted to three of the McCartney bottles each and labeled 
appropriately. The serial dilution process was carried out to achieve a concentration of 3125 µg/ml after which 4 ml of the solution was 
pipetted and discharged. Ciprofloxacin solution infusion containing 200 mg per 100 mL was used to prepare the standard of 10 µg/mL. 
100ml of distilled water was weighed and transferred to a syrup bottle, it was then autoclaved at 121ᵒC for 15 minutes and allowed to cool. 
Exactly 0.5 mL of water was discharged, and ciprofloxacin solution (0.5ml) was then pipetted inside and shaken properly.   
Procedure 
Two Gram-positive clinical isolates of Bacillus subtilis and Staphylococcus aureus were used, also two-gram negative clinical isolates of 
Pseudomonas aeruginosa and Escherichia coli were used. The Petri dishes were labeled according to the isolates and a sterile swap stick 
was used to dip inside an already cultured broth medium of the isolates and was used to swap around the petri-dish plates and allowed to 
dry.  Six holes were bored using a cork borer of 7mm diameter of which the cork borer was sterilized under the flame after each hole was 
drilled. Molten agar was used to seal each hole with the aid of a Pasteur pipette and allowed to solidify. The holes were labeled 
appropriately and placed in their respective labeled holes and then incubated for 24 hours and their respective zone of incubation was 
measured. This was done for all concentrations of 12,500 µg/mL, 6250 µg/mL, and 3125 µg/mL and also for all isolates. This procedure was 
done in duplicate. 
 
 
 
3. RESULTS AND DISCUSSION 
 
 



 

 

 
Fig 1: DPPH Radical scavenging activities of synthesized compounds 
 

 
Fig 2: Nitric oxide radical scavenging activities of synthesized compounds 
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Fig 3: Total antioxidant capacity of synthesized compounds 
 

 
Fig 4:  Analgesic activity of synthesized compounds. 
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Table 1: Anti-microbial screening of synthesized sample against bacterial isolates 
 

Sample 

zone of inhibition 

S. 
aureus 

E. coli B. 
subtilis 

P. 
aeruginosa 

  B1 - - - - 

  B2 - - - - 

  BE31 - - - - 

  BE32 - - - - 

  BE41 - - - - 

  BE42 - - - - 

  BE71 - - - - 

  BE72 - - - - 

BE4A1 - - - - 

BE4A2 - - - - 

BE7A1 - - - - 

BE7A2 - - - - 

-Represent no activity 
 
 



 

 

Table 2:  IC50 values for synthesized chalcones 
Compounds IC50 values 

(DPPH) 

IC50 values 

(NO) 

IC5O values 

(Analgesic) 

BE1 58.31 76.48 NA 

BE2 22.76 216.4 NA 

BE3 18.0 39.7 129.0 

BE4 22.34 19.53 2.976 

BE5 17.06 49.13 186.6 

BE6 11.68 145.0 NA 

BE7 20.58 75.72 131.0 

Ref. Standard GA =34.26 GA=28.31 DICL=154.7 

 
Table 3: IC50 values for synthesized Hydrazones 

Compounds IC50 values 

(DPPH) 

IC50 values 

(NO) 

IC5O values 

(Analgesic) 

BE1A 109.2 19.06 NA 

BE2A 12.41 30.60 NA 

BE3A 49.86 79.31 NA 



 

 

BE4A 77.01 29.05 355.1 

BE5A 11.97 33.85 NA 

BE6 39.64  38.45 NA 

BE7 39.03 498.3 122 

Ref. Standard GA =34.26 GA=28.31 DICL=154.7 

 
Synthesis  
Many conventional medicines and some under clinical investigation were obtained via chemical synthesis and computer-aided designs 
using various methods [17-21]. A series of chalcone derivatives were synthesized through the utilization of the Claisen-Schmidt condensation 
reaction, which involves the reaction of aromatic aldehydes with suitable aromatic ketones in the presence of aqueous alkali at a low 
temperature. The reaction mechanism is believed to proceed according to the scheme illustrated below.  

 
Scheme 2: Chalcones Synthesis Mechanism  
Subsequently, to form the hydrazones from the chalcones, the coupling reaction with chalcones and 2, 4-dinitrophenylhydrazine (2, 4-
DNPH) where achieved in ethanol catalyzed by sulphuric acid. The perceived reaction mechanism is likely as shown in the scheme below. 
 



 

 

 
Scheme 3: Coupling Mechanism of Hydrazone 
The synthesized chalcones all have high percentage yield above 85.5% except BE5 and BE6 which has slightly lower percentage yield 
(79.8% and 85.5%). Similarly, the hydrazones generated from the coupling reaction with 2, 4-dinitrophenyl hydrazine (DNPH), gave lower 
yields (65.4% and 57.1% respectively). The plausible reason responsible for this low yield may just be steric.  
All the chalcone compounds exhibit characteristic absorptions in the UV-visible region. Specifically, the chalcones show absorption peaks at 
wavelengths such as 220 nm, 240 nm, 280 nm, and 340 nm. Upon coupling to form hydrazone derivatives, these compounds demonstrate 
absorptions at 260 nm, 280 nm, 320 nm, 360 nm, 440 nm, and 480 nm. The bathochromic shifts observed between the chalcones and their 
hydrazones are attributed to extended conjugation following the coupling process, confirming the successful formation of the hydrazone 
derivatives. 
In the FTIR spectra, all chalcones exhibit a distinct C=O stretch between 1654.9 cm⁻¹ and 1669.8 cm⁻¹. After coupling to form the 
hydrazone derivatives, the C=O stretch disappears, replaced by a characteristic C=N stretch around 1580 cm⁻¹ to 1610 cm⁻¹. Additionally, 
the presence of N-H and N-O vibrational signals further supports the formation of hydrazones, indicating the effectiveness of the coupling 
process. 
The characterized chalcones exhibit proton 1NMR features consistent with their conjugated aromatic systems and α,β-unsaturated carbonyl 
groups, with aromatic protons resonating between δ 7.25 and δ 8.03 ppm, including singlets from δ 7.57 to δ 7.80 ppm, doublets at δ 7.79 
and δ 8.03 ppm, and multiplets from δ 7.57 to δ 7.77 ppm, reflecting conjugation effects. The synthesized hydrazones display distinct 
signals confirming the hydrazone functional group (-C=N-NH), with a prominent singlet at δ 11.59 ppm for the NH proton, doublets between 
δ 8.45 and δ 8.90 ppm, and multiplets from δ 7.57 to δ 7.87 ppm, indicating changes in electron density while preserving the aromatic 
system. Overall, the NMR data affirm the successful synthesis of hydrazones from chalcones, as evidenced by the NH peak around δ 11.59 



 

 

ppm and significant shifts in the aromatic region, confirming the structural transformations and retention of the conjugated aromatic integrity 
alongside the new functionality. 
 
DPPH Radical Scavenging Activity 
DPPH radical scavenging activity gauges a substance's capacity to neutralize or diminish DPPH radicals. Commonly used to assess the 
antioxidant potential of compounds, the assay relies on lower IC50 values indicating greater efficiency in neutralizing free radicals. 
Substances demonstrating significant DPPH radical scavenging activity are deemed valuable in addressing oxidative stress and reducing 
the risk of various diseases linked to free radical damage.  
The chalcone derivatives can be ranked in terms of scavenging DPPH radical activity from highest to lowest as follows: BE6 > BE5 > BE3 > 
BE7 > BE4 > BE2 > BE1. All synthesized chalcones apart from BE1 possess IC50 (IC50 = 58.3 µM) higher than Gallic acid (IC50 = 34.26 µM) 
the reference standard indicating that all the synthesized chalcones are potent scavengers of DPPH radicals. 
Although BE1 has the least steric hindrance, the decrease in its DPPH radical scavenging potential might be attributed to the absence of 
substituents on both its ketonic and aldehydic portions. From the experimental data, it was observed that the presence of substituents in 
either the ketonic or aldehydic portion tends to enhance the DPPH radical scavenging potential. 
 
Structural activity relationship based on DPPH radical scavenging activity  
From the experimental data, a structural activity relationship (SAR) for the DPPH radical scavenging potential was observed. It was 
observed that the chalcone compound with no substituents in both the A and B ring has the least potency to scavenge the DPPH radical. 
The methoxy (-OCH3) substituent in both ring A and B gives chalcones with higher DPPH scavenging potential while a methoxy group in 
only ring A yields a less potent DPPH scavenging potential. A diether substituent in ring A also yields chalcones with high DPPH radical 
scavenging ability. The presence of the chloro group in ring A also yields chalcones with good DPPH radical scavenging ability. Chlorine 
substituent in both ring A and ring B gives chalcones with good DPPH radical scavenging potentials but are slightly less potent than 
chalcones having chlorine in only their A ring, and chalcones with a di-ether substituent in both A and B ring also displays good DPPH 
scavenging potential but are slightly inferior to chalcones having only di-ether substituent in the ring A only.  
Among the 2,4-DNPH coupled products, BE5A displayed the highest DPPH scavenging activity, as indicated by its significantly lesser IC50 
value of 11.94 µM surpassing Gallic acid (IC50=34.26), the reference standard. This increased potency can be attributed to the presence of 
an ether group in the A ring. On the other hand, BE1A exhibited the lowest DPPH scavenging activity among the coupled products, with an 
IC50 value of 109.2 µM. This higher IC50 value might be due to the absence of substituents in either the ketonic or aldehydic portions of the 
compound.  
 The 2,4-DNPH coupled products can be ranked in terms of DPPH radical scavenging activity from highest to lowest as follows: 
BE5A>BE2A>BE7A>BE6A>BE3A>BE4A>BE1A. 
Additionally, BE5A (IC50=11.9), and BE2A (IC50=12.41) exhibited lesser IC50 values than Gallic acid (IC50=34.2), suggesting that these 
coupled products have a better ability to neutralize the DPPH radicals compared to the reference standard antioxidant. In contrast, BE1A 
(IC50=109.2), BE3A (IC50=49.86), and BE4A (IC50=77.01) exhibited IC50 values much higher than that of Gallic acid, indicating relatively 



 

 

weaker antioxidant activity compared to the reference standard. While BE6A (IC50=39.64) and BE7A (IC50=39.03) have similar IC50 values 
as that of the reference standard Gallic acid. 
The comparison of chalcone derivatives with their respective coupled products shows that the antioxidant activity can vary as some 
chalcone derivatives (BE1, BE3, BE4, BE6, and BE7) exhibit stronger antioxidant activity than their coupled counterparts (BE1A, BE3A, 
BE4A, BE6A, and BE7A). However, BE2A and BE6A display stronger antioxidant activity than their parent chalcone BE2 and BE6. In 
general, the hydrazones showed higher IC50 values than their parent chalcone, therefore they are less potent scavengers of DPPH radicals. 
This could be attributed to steric hindrance as the hydrazones have a bulkier structure than their parent chalcones. Significant 
resemblances were noted when compared with previous research findings which reported the potent DPPH radical scavenging activities of 
chalcones and their derivatives. [10, 22, 23] 
 
Total Antioxidant Capacity (TAC) 
The TAC measurement provides valuable information about the presence and concentration of antioxidants in compounds by evaluating the 
ability of the synthesized compounds to reduce molybdenum (IV) to molybdenum (V). Among the chalcones, (1E, 4E)-1-(3-chlorophenyl)-5-
(4-chlorophenyl) penta-1, 4-dien-3-one (BE7) exhibits the highest total antioxidant capacity with a TAC value of 8724.02. This suggests that 
BE7 has the most potential to scavenge free radicals and can serve as a robust protector against oxidative damage. This observed 
phenomenon can be attributed presence of–Cl substituents at para positions in both the ketonic and aldehydic portions of the compound. 
Following BE7, BE6 (TAC value = 4277.597) demonstrates the second-highest total antioxidant capacity, this might be due to the presence 
of a methoxy group in both the ketonic and aldehydic portions of the compound. Based on the observed phenomenon, it is reasonable to 
conclude that the inclusion of substituents with electron-withdrawing ability such as –Cl and OCH3 groups at the para position in both the 
ketonic and aldehydic segments of the chalcones tends to enhance their overall antioxidant capacity.BE3 and BE4 also display 
considerable total antioxidant capacity, with TAC values of 3874.459 and 3483.709 respectively, indicating their ability to effectively 
neutralize free radicals. On the other hand, BE1, BE2, and BE5 show relatively lower total antioxidant capacity with TAC values of 
3132.716, 3039.216, and 2704.082 respectively, suggesting a comparatively weaker ability to scavenge free radicals and provide 
antioxidant defense. This could be attributed to the fact that BE1, BE2, and BE5 have substituents in only their ketonic segments or no 
substituents at all. 
 
Structural activity relationship based on total antioxidant capacity  
From the experimental data, a structural activity relationship (SAR) for the total antioxidant capacity was observed. It was noted that the 
chalcone compound with no substituents in both the A and B rings has the least total antioxidant capacity. The methoxy (-OCH3) substituent 
in both rings A and B gives chalcones with higher total antioxidant capacity while a methoxy substituent in only ring A gives a reduced total 
antioxidant capacity. Chlorine substituent in both ring A and B gives chalcones with higher total antioxidant capacity while a chlorine 
substituent in only ring A gives a reduced total antioxidant capacity. 
Among the coupled products, BE4A (TAC value = 3989.704) exhibits the highest total antioxidant potential, indicating a significant 
concentration of antioxidant compounds. This suggests that BE4A has the potential to be a potent scavenger of free radicals and a robust 



 

 

protector against oxidative damage. The reason for this behavior might be due to the presence of an ether group in both the ketonic and the 
aldehydic portion of the compound. 
Following BE4A, BE2A demonstrates the second-highest total antioxidant capacity with a TAC value of 3137.715, highlighting its notable 
antioxidant potential. BE3A (TAC= 2330.651) and BE6A (TAC= 1721.509) also display considerable total antioxidant capacity, indicating 
their ability to effectively neutralize free radicals and provide antioxidant defense. On the other hand, BE7A, BE1A, and BE5A show 
relatively lower total antioxidant capacity, suggesting a comparatively weaker ability to scavenge free radicals and provide antioxidant 
defense.  
In comparing the TAC of the chalcone derivatives and their respective coupled products, it is evident that the chalcone derivatives generally 
exhibit higher total antioxidant capacity values. This suggests that the coupling process with 2, 4-DNPH leads to a reduction in the overall 
antioxidant potential of the compounds. Significant parallels were noted in the total antioxidant capacity exhibited by both chalcones and 
their hydrazone derivatives in comparison to previous research findings which have documented the strong total antioxidant capacity of 
chalcones [24, 25]. 
 
Nitric oxide scavenging activity 
Assessing the scavenging ability of nitric oxide is essential for comprehending the potential health advantages of a substance, especially in 
the realm of anti-inflammatory and antioxidant properties. Nitric oxide (NO) scavenging activity pertains to a substance's capability to 
neutralize or hinder the actions of nitric oxide, a signaling molecule implicated in diverse physiological processes within the body. Among 
the chalcone derivatives and Gallic acid (GA) used as a reference standard in the nitric oxide scavenging assay, BE4 showed the lowest 
IC50 value of 19.53 µM, indicating its superior ability to scavenge nitric oxide radicals compared to GA, with an IC50 value of 28.31 µM. This 
might be due to the presence of a diether substituent present in both the ketonic and aldehydic portion of the compound. These values 
suggest that BE4 can effectively scavenge nitric oxide radicals and provide antioxidant defense against nitric oxide-induced oxidative 
damage. 
Following BE4, BE3, and BE5 demonstrated the second and third lowest IC50 values of 39.70 µM and 49.13 µM respectively. This can be 
attributed to the presence of -Cl substituents in the A ring of the compound BE3 and the presence of a diether substituent in BE5. Although 
BE3 and BE5 possess a slightly higher IC50 value than Gallic acid (IC50=19.53 µM) the reference standard, they can also serve as a nitric 
oxide radical scavenger and provide antioxidant defense against nitric oxide-induced oxidative damage.  
Compounds BE7, IC50 value of 75.72 µM, BE1, IC50 value of 76.48 µM, BE6, IC50 value of 145.0 µM, and  BE2, IC50 value of 216.4 µM, all 
showed higher IC50 values when compared to Gallic acid the reference standard hence are pore scavenge nitric oxide radicals. The 
chalcone can be ranked in terms of their nitric oxide radical scavenging potential as BE4 > BE3 > BE5 > BE7 > BE1 > BE6 > BE2. 
For the 2, 4-DNPH coupled products used in the nitric oxide scavenging assay, BE1A exhibited the highest scavenging activity, as indicated 
by its lowest IC50 value of 19.06 µM. This might be because BE1A has no substituents and has the least steric hindrance. The IC50 value 
suggests that BE1A possesses a potent nitric oxide scavenging ability that is even greater than Gallic acid (IC50=28.31) making it an 
effective agent for reducing nitric oxide-related oxidative stress.  
Following BE1A, BE4A IC50 value of 29.05 µM, BE2A, IC50 value of 30.60 µM, BE5A IC50 value of 33.85 µM, and BE6A IC50 value of 38.45 
µM all have slightly higher IC50 than Gallic acid the reference standard, the can also serve as an effective agent for reducing nitric oxide-



 

 

related oxidative stress. Furthermore, BE3A IC50 value of 79.31 µM and BE7A IC50 value of 498.3 µM, possess relatively high IC50 values, 
therefore they are poor scavengers of nitric acid radicals.This reduced efficacy might be because they both possess chlorine substituents. 
Hence, the hydrazones can be ranked in terms of their ability to scavenge nitric oxide radicals as BE1A > BE4A > BE2A > BE5A > BE6A > 
BE3A > BE7A.  
The comparison between the IC50 values of the chalcone derivatives and their coupled products reveals that the 2, 4-DNPH coupled 
products generally demonstrate better nitric oxide (NO) scavenging activity compared to the original chalcone analogs. This might be due to 
the bulky nature of the hydrazone derivatives and the electron-donating capacity the nitrogen in the hydrazone functional group possesses. 
Notable similarities were observed in the nitric oxide radical scavenging capabilities of chalcones and their hydrazone derivatives when 
compared to prior research findings. This report aligns with previous findings highlighting the strong scavenging potential of hydrazone 
derivatives [26, 27].  
 
Analgesic activity 
The compounds were evaluated for their capacity to inhibit red blood cell hemolysis, which happens when excessive fluid accumulates 
inside cells, causing their membranes to rupture. In a hypotonic solution, water enters cells via osmosis, leading to swelling and eventual 
hemolysis. Cell injury increases susceptibility to further damage, often caused by free radical-induced lipid peroxidation—a chain reaction in 
which free radicals attack unsaturated fatty acids in cell membranes, resulting in cellular damage. 
Analgesic activity assessments were conducted on a specific subset of synthesized products, namely BE3, BE4, BE5, BE7, BE4A, and 
BE7A.  
Among the chalcone derivatives, BE4 exhibited the most analgesic capacity, displaying an IC50 value of 2.967 µg/ml, surpassing the 
reference standard dichlorofenac (IC50 value of 154.7 µg/ml). This heightened activity can be due to the presence of diether substituents in 
both the aldehydic and ketonic portions of the compound. Additionally, BE3 demonstrated noteworthy analgesic activity, boasting an IC50 
value of 129.1 µg/ml, surpassing the reference standard. This might be because of the chlorine substituent in the A ring of the compound. 
BE7 also exhibited noteworthy analgesic capacity with an IC50 value of 131.0 µg/ml surpassing diclofenac the reference standard. This 
might be attributed to chlorine (-Cl) substituents present in both the aldehydic and ketonic portions of the compound. 
Moving to the hydrazone derivatives, BE7A demonstrated considerable analgesic potential with an IC50 value of 120.0 µg/ml, outperforming 
the reference standard dichlorofenac (154.7 µg/ml). Conversely, BE4A exhibited poor analgesic activity, evident from its significantly higher 
IC50 value of 355.1 µg/ml. 
Conversely, BE5A displayed the least analgesic effect, due to its slightly elevated IC50 value of 186.6 µg/ml. Although BE5A displays a 
slightly higher IC5O value when compared to diclofenac the reference standard, it is important to note that it also possesses moderate 
analgesic activity. In comparison, chalcone BE4 and its hydrazone derivative BE4A, BE4 (2.976 µg/ml) exhibited superior analgesic 
capacity compared to BE4A (355.1 µg/ml), the observed decline in efficacy can be attributed to steric factors. However, both BE7 and 
BE7A showed good analgesic capacity, and the hydrazone derivative demonstrated slightly improved analgesic properties, suggesting that 
the coupling process enhances the analgesic capacity of this compound. 
Significant resemblances were noted in the analgesic activities exhibited by both chalcones and their hydrazone derivatives when compared 
with previous research findings which documented the strong analgesic activities of chalcones [28]. 



 

 

 
Antimicrobial Activity 
The results of antimicrobial testing conducted through the agar well diffusion method demonstrated that, across all tested concentrations, 
the test substance showed no activity against the clinical isolates of E. coli, S. aureus, P. aeruginosa, and B. subtilis. The inhibitory zones 
around the wells were indistinguishable from those observed in the negative control plates. These findings are consistent with earlier 
studies that documented negligible anti-microbial activities for tested chalcone analogs [5, 10, 29]. 
 
4. CONCLUSION 
 
Chalcones were synthesized utilizing a modified Claisen–Schmidt condensation reaction in an alkaline medium using sodium hydroxide as 
a catalyst. Thereafter, the chalcones were converted to hydrazone using 2, 4- dinitrophenyl hydrazine via an acid-catalyzed condensation 
reaction. The chalcone products and their coupled hydrazone products were then characterized and assessed for their antioxidant potential, 
antimicrobial activity, and analgesic properties. For the antioxidant activity, the chalcone analogs demonstrate superior activity in the DPPH 
scavenging assay and total antioxidant capacity compared to their 2, 4-DNPH coupled counterparts. Conversely, for the nitric oxide radical 
scavenging activity, the 2, 4-DNPH-coupled product exhibits stronger scavenging activity in comparison to its parent chalcones. In addition, 
the chalcones exhibit enhanced analgesic activity relative to their hydrazone derivatives. Furthermore, the antimicrobial screening indicated 
no activity against tested bacterial strains.  
 
 
 
CONSENT (WHEREEVER APPLICABLE) 
 
N/A 
 
ETHICAL APPROVAL (WHEREEVER APPLICABLE) 
N/A 
 
REFERENCES 
 

1. Iwata, S.,  Nishino, H. Inoue, N. Nagata, Y. Satomi, H. Nishino & S. Shibata. (1997). Antitumorigenic activities of chalcone (ii). 
Photo-isomerization of chalcones and the correlation with their biological activities. Biology and Pharmacy Bulletin, 20, 1266-1270 

2. Sharma, P., Kumar, S., Ali, F., Anthal, S., Gupta, V. K., Khan, I. A., &Satti, N. K. (2013). Synthesis and biologic activities of some 
novel heterocyclic chalcone derivatives. Medicinal Chemistry Research, 22(9), 3969-3983. 



 

 

3. Bukhari, S. N. A., Zhang, X., Jantan, I., Zhu, H. L., Amjad, M. W., &Masand, V. H. (2015). Synthesis, molecular modeling, and 
biological evaluation of novel 1, 3‐diphenyl‐2‐propen‐1‐one based pyrazolines as anti‐inflammatory agents. Chemical biology & drug 
design, 85(6), 729-742. 

4. Bunu, S.J., Awala, E.V., &Eboh D.D., (2020). Preparation and antifungal properties of chalcone and halogenated derivatives. Saudi 
Journal of Medical and Pharmaceutical Sciences, 6(4): 379 - 389. 

5. Awala, E.V., Bunu, S.J., Haruna B., &Oluwadiya, J.O., (2019). Synthesis, antimicrobial, and anti-inflammatory evaluation of epoxide 
and 4-methoxy- and 4,6-diphenyl-2-thiopyrimidine derivatives of chalcones. Scholars Academic Journal of Pharmacy, 8(8): 436-
442. 

6. Saul, A., Daléo, A., Attaccalite, C., &Fages, F. (2012). Influence of halogen substitution on aggregation-induced near-infrared 
emission of boron difluoride complexes of 2′-hydroxychalcones. Materials Chemistry Frontiers, 3(1), 86-92. 

7. Francesco, E., Salvatore, G., Luigi, M. & Massimo, C. (2007). Chemistry and pharmacology of oxyprenylated secondary plant 
metabolics. Phytochemistry. Molecules 68(7), 939. 

8. Bunu, S.J., Miediegha, O., Awala, E.V., Alfred-Ugbenbo, D., Baba, H., Usifoh, C.O., (2024). Synthesis and In Silico Analysis of 
Chalcone Derivatives as Potential Prostaglandin Synthetase Inhibitors, Biomed J Sci & Tech Res, 55(2), 46709-46720. 

9. Chunlin, Z., Wen, Z., Tingyou, L. I., &Saijian, S. H. I. (2017). Recent research progress on anti-microtubule agents targeting multi-
drug resistant cancers. Current Medicinal Chemistry 35(5), 385-393. 

10. Ere, D., Eboh, A. S., Ifidi, P., &Dode, E. (2020). Synthesis, Antibacterial and Antioxidant Activity Studies of 2, 4-Dinitrophenyl 
Hydrazone Derivatives of 4-Methoxyphenyl Propenone Chalcones. Journal of Pharmaceutical Sciences and Research 7 (4), 974-
4290. 

11. Jain, J., Kumar, Y., Sinha, R., Kumar, R., & Stables, J. (2011). Menthone aryl acid hydrazones: a new class of anticonvulsants. 
Medicinal Chemistry, 7(1), 56-61. 

12. Popiołek, Ł. (2021). The bioactivity of benzenesulfonylhydrazones: A short review. Biomedicine & Pharmacotherapy, 1(41), 111-
851. 

13. Verma, G., Marella, A., Shaquiquzzaman, M., Akhtar, M., Ali, M. R., &Alam, M. M. (2014). A review exploring biological activities of 
hydrazones. Journal of pharmacy & bio allied sciences, 6(2), 69-76 

14. Kajal, A., Bala, S., Sharma, N., Kamboj, S., & Saini, V. (2014). Therapeutic potential of hydrazones as anti-inflammatory agents. 
International journal of medicinal chemistry, 20(12), 1-76 

15. Vicini, P., Incerti, M., La Colla, P., &Loddo, R. (2009). Anti-HIV evaluation of benzo isothiazolehydrazones. European Journal of 
Medicinal Chemistry, 44(4), 1801-1807. 

16. Gyamfi, M. A., Yonamine, M., & Aniya, Y. (1999). Free-radical scavenging action of medicinal herbs from Ghana: 
Thonningiasanguinea on experimentally-induced liver injuries. General Pharmacology: The Vascular System, 32(6), 661-667. 

17. Vaikosen, E.N., Bunu, S.J., Miediegha, O., Chilaka, U.P., Echendu, C.E., Usifoh, C.O., (2024). Synthesis and Antimicrobial 
Evaluation of Some Schiff Base Derivatives. Pharmacy and Drug Development, 3(2); 1-4. DOI: 10.58489/2836-2322/031.   

18. Khwaza, V., Mlala, S., &Aderibigbe, B. A. (2024). Advancements in Synthetic Strategies and Biological Effects of Ciprofloxacin 
Derivatives: A Review. International journal of molecular sciences, 25(9), 4919. https://doi.org/10.3390/ijms25094919. 



 

 

19. Li, X., H. Zhang, Dong, S., Gao, X., Sun, H., Zhou, Z., Hu, K., Guo, S., Zhang, Q., Guo, Z., Bunu, S.J., J. Zhu, B. Li, Y. Zhang, 
Shen, J., AkberAisa, H., Hu, Z., Cai, H., Shi, J., Zhu, W., (2024). Design, synthesis, and biological evaluation of novel 1-amido-2-
one-4-thio-deoxypyranose as potential antitumor agents for multiple myeloma. Bioorganic & Medicinal Chemistry, 111, 117843. 
https://doi.org/10.1016/j.bmc.2024.117843.  

20. Dong, S., Huang, H., Li, J., Li, X., Bunu, S.J., Yang, Y., Zhang, Y., Jia, Q., Xu, Z., Li, Y., Zhou, H., Li, B., Zhu, W., (2024). 
Development of ketalized unsaturated saccharides as multifunctional cysteine-targeting covalent warheads. Communications 
Chemistry; 7, 201. https://doi.org/10.1038/s42004-024-01279-z.  

21. Bunu, S.J., Cai, H., Wu, L., Zhang, H., Zhou, Z., Xu, Z., Shi, J., Zhu W., (2024). TRIP13 - A Potential Drug Target in Cancer 
Pharmacotherapy. Bioorganic Chemistry. 151, 107650. https://doi.org/10.1016/j.bioorg.2024.107650.  

22. Kamal, V., and Naik, H.B. (2004). Synthesis of novel Schiff Base and azetidinone derivatives and their antibacterial activity. 
European Journal of Chemistry, 5(1) 272-276. 

23. Ammaji, S., Masthanamma, S., Bhandare, R. R., Annadurai, S., & Shaik, A. B. (2022). Antitubercular and antioxidant activities of 
hydroxy and chloro substituted chalcone analogs: Synthesis, biological and computational studies. Arabian Journal of Chemistry, 
15(2), 103-111. 

24. Janković, T., Turković, N., Kotur-Stevuljević, J., Vujić, Z., &Ivković, B. (2020). Differences in the antioxidant potential of chalcones in 
human serum: In vitro study. Chemico-biological interactions, 324, 109-184. 

25. Martins, T., Fonseca, B. M., &Rebelo, I. (2021). Antioxidant effects of chalcones during the inflammatory response: an overall 
review. Current Medicinal Chemistry, 28(37), 7658-7713. 

26. Herencia, F., Lo, M. P., Ubeda, A., &Ferrándiz, M. L. (2002). Nitric oxide-scavenging properties of some chalcone derivatives. Nitric 
oxide, 6(2), 242-246. 

27. Emam, S. H., Sonousi, A., Osman, E. O., Hwang, D., Kim, G. D., & Hassan, R. A. (2021). Design and synthesis of methoxyphenyl-
and coumarin-based chalcone derivatives as anti-inflammatory agents by inhibition of NO production and down-regulation of NF-κB 
in LPS-induced RAW264. 7 macrophage cells. Bioorganic Chemistry, 10(7), 104-630. 

28. Higgs, J., Wasowski, C., Marcos, A., Jukič, M., Paván, C. H., Gobec, S., & Marder, M. (2019). Chalcone derivatives: synthesis, in 
vitro and in vivo evaluation of their anti-anxiety, anti-depression and analgesic effects. Heliyon, 5(3). 156-164 

29. Doan, T. N., & Tran, D. T. (2011). Synthesis, antioxidant, and antimicrobial activities of a novel series of chalcones, pyrazolic 
chalcones, and allylic chalcones. Pharmacology & Pharmacy, 2(4), 282-301.  

 
 
 
 



 

 

 


