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ABSTRACT 
This study prepared seven compounds I1-7 containing pyrrole, pyridine, and pyrazoline rings.  First, four 

chalcones I1-4 were prepared as precursors, and then three pyrazoline I5-7 cores were prepared from them. The 

chalcones compounds were synthesized by reacting with 4-ethoxy acetophenone or 3,4-(Methylenedioxy) 

acetophenone with Pyrrole-2-carboxaldehyde and 2-Pyridinecarboxaldehyde. The pyrazoline ring derivatives 

were obtained from reaction chalcones with hydrazine derivatives: (hydrazine,2-hydrazinobenzothiazole& phenyl 

hydrazine). All compounds were proven by FTIR, 1H& 13C NMR spectroscopies in addition to the physical 

properties. The biological activity of some compounds against Leishmania tropica and human lymphocytes was 

examined using the 3-[4,5-dimethylthiazole]-2,5-diphenyltetrazolium bromide (MTT) test. Considering the 

Leishmania tropica test, the prepared compound I3 showed the highest inhibition of 80-81%, While compound I2 

showed the highest toxicity against lymphocytes of 54-70% at (1 to 0.0625) mg/ml, which was confirmed by their 

molecular docking study with three different enzymes (DNA polymerase iota, HSP 90, Lysine-specific 

demethylase) has been measured and compared with the binding energy of the drug Amphotericin B, and 

Azithromycin where the docking energy appeared close to that of the drugs that were used, which nominates them 

as good anti-leishmania and lymphocytes in the future. 

Keywords: 5-Acetyl-1,3-benzodioxole, Claisen-Schmidt, pyrazoline, MTT assay. 

 

1. INTRODUCTION: 

The chemistry of chalcones has prompted a lot of 

scientific research around the world. The synthesis and 

biodynamic properties of chalcones have sparked 

particular interest. Kostanecki and Tambor came up with 

the term "Chalcones". These chemicals are also called 

benzalacetophenone and benzylidene acetophenone. 

Chalcones are composed of two aromatic rings connected 

by an aliphatic three carbon chain. A chalcone has a very 

excellent synthon, which allows the development of a wide 

range of new heterocycles (1) with promising medicinal 

properties (2). 

Chalcones are a class of aromatic ketones which have 

two aromatic groups connected by an enone linkage (Ar-

COCH=CH-Ar) (3). Furthermore, chalcones (trans-1,3-

diaryl-2-propen-1-ones) naturally occur in flavonoid 

compounds which are considered as intermediates in 

flavonoid biosynthesis and found in many plants. Many 

biologically active chemicals include the α, β-unsaturated 

ketone moiety in chalcones. Thus, natural or synthetic 

chalcone compounds demonstrated different 

pharmacological actions, such as antimicrobial (4). 

Nitrogenous heterocycles such as pyridine, pyrrole and 

pyrazoline play an important role as a valuable source of 

clinically relevant compounds in medicinal chemistry 
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research. These distinct substrates have been continuously 

used in a wide range of FDA-approved drug candidates. 

These substrates have received increasing attention as 

antidotes for many pathological conditions due to their 

ease of preparation and the possibility of testing and 

evaluating their biological activity (5). 

Leishmaniasis, a vector-borne infection is brought 

about by an intracellular protozoan parasite having a place 

with the class Leishmania. Additionally, it is spread by the 

nibble of a tainted female phlebotomine sandfly. 

Leishmaniasis is a vector-borne metazoonosis illness, 

caused by obligatory intra macrophage protozoa of the 

genus Leishmania (6). 

Disease exists in three kinds: cutaneous (skin), the most 

common form; mucocutaneous (mucous membranes), a very 

uncommon form; and visceral (internal organs). Different 

species of Leishmania generally cause different forms of 

disease. Leishmaniasis is also named kalaazar, Oriental sore, 

Delhi boil, and espundia (7). 

Chalcones derived from heterocyclic rings are unique 

and important compounds that have been studied in many 

research papers as anti-leishmaniasis (8) and human 

lymphocyte cell. The importance of these rings was 

highlighted by the preparation of a number of chalcones 

and the pyrazolines ring by ring-closure reaction, and a 

preliminary evaluation of their effectiveness against L. 

tropica and lymphocytes was conducted. 

 

2. EXPERIMENTAL AND METHODS 

2.1. Organic part 

Melting Point Digital Advanced SMP30 device 

equipped by Stuart-United Kingdom, at the University of 

Samarra - Faculty of Applied Sciences - Laboratories of 

the Department of Applied Chemistry, and all measured 

melting points are not corrected.IR (infrared) spectra were 

recorded on Shimadzu FT-IR (Fourier transform infrared) 

8400S instrument and were calibrated using a polystyrene 

film. Solid compounds were recorded in potassium 

bromide disks (KBr). 1H-NMR, 13C-NMR (nuclear 

magnetic resonance) spectra were recorded on 400 MHz 

(AV III-HD-800) bio spin spectrometer. Dimethyl 

sulfoxide (DMSO-d6) was used as a solvent and reference. 

Chemical shifts were quoted in ppm (parts per million). 

2.1.1. General procedure for the synthesis of 

chalcones (1-4) 

A solution of (0.0055 mol) NaOH dissolved in 13 ml 

distilled water/8 ml ethanol was mixed with (0.0244 mol) 

of aromatic ketone (4-ethoxyacetophenone or 1-

(benzo[d][1,3] dioxol-5-yl)ethan-1-one), stirred for 20 

minutes. Then (0.0244 mol) of aromatic aldehydes 

(pyrrole or pyridine carboxaldehyde) are added. After 

completing the addition, the reaction mixture was stirred 

at (15-30) °C for 3-7 hours. (Reference) 

Furniss, B. S., Hannaford, A. J., Smith, P. W. G., & 

Tatchell, A. R. (1989). Vogel’s TEXTBOOK OF 

PRACTICAL ORGANIC CHEMISTRY 5th ED Revised-

Brian S. Furniss. Journal of Polymer Science Part A: 

Polymer Chemistry, 29, 1034,1417. 

(E)-2-(3-(4-ethoxyphenyl)prop-1-en-1-yl)-1H-

pyrrole (1): 

Yield 33%, m.p: 142°C, FT-IR (νmax, cm-1): 

3236,3086, 2978, 1651, 1608, 1581, 1H NMR (400 MHz, 

DMSO) δ 11.72 (s, 1H17), 8.09 – 8.01 (m, 2H6,8), 7.61 (s, 

2H11,12), 7.13 (dd, J = 2.5, 1.4 Hz, 1H16), 7.10 – 7.02 (m, 

2H5,9), 6.71 (dd, J = 3.6, 1.4 Hz, 1H14), 6.22 (dd, J = 3.6, 

2.5 Hz, 1H15), 4.10 (q, J = 7.0 Hz, 2H2), 1.34 (t, J = 7.0 Hz, 

3H1).13C NMR (101 MHz, DMSO) δ 187.21 (C-10), 

162.57 (C-4), 133.89 (CH-12), 131.43 (C-7), 130.70 (CH-

6,7), 129.73 (C-13), 124.32 (CH-16), 116.36 (CH-11), 

115.09 (CH-14), 114.73 (CH-5,9), 110.92 (CH-15), 63.95 

(CH2-2), 14.96 (CH3-1). 

(E)-2-(3-(4-ethoxyphenyl)prop-1-en-1-yl)pyridine (2): 

Yield 82%, m.p: 103°C, FT-IR (νmax, cm-1): 

3047,2982, 1645, 1600, 1573, 1H NMR (400 MHz, 

DMSO) δ 8.68 (d, J = 4.7, 1.4 Hz, 1H18), 8.15 - 8.11 (m, 

2H6,8), 7.92 (t, 1H16), 7.70 (d, J = 15.4 Hz, 1H12), 7.41 (d, 

J = 6.1, 4.8, 2.7 Hz, 2H11,15), 7.10 (d, 1H17), 6.97 (d, 

2H5,9), 4.16 – 3.99 (q, 2H2), 3.43 – 3.38 (dd, 1H), 1.34 (t, 

J = 6.9 Hz, 3H1).13C NMR (101 MHz, DMSO) δ 187.92 

(C-10), 163.17 (C-4), 153.42 (C-13), 150.45 (CH-18), 

142.68 (CH-12), 137.60 (CH-16), 131.40 (CH-6,8), 

130.49 (C-7), 125.50 (CH-11), 125.24 (CH-15), 125.12 

(CH-17), 114.95 (CH-5,9), 64.06 (CH2-2), 14.93 (CH3-

1). 
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(E)-1-(benzo[d][1,3]dioxol-5-yl)-3-(pyridin-2-

yl)prop-2-en-1-one (3): 

Yield 60%, m.p: 124°C, FT-IR (ν max, cm-1): 3078, 

2924, 1685, 1612, 1579, 1H NMR (400 MHz, DMSO) δ 

8.68 (d, J = 4.6, 1.5 Hz, 1H14), 8.11 (d, J = 15.4 Hz, 

1H8), 7.96 (d, 2H12,3),  7.80 (d, J = 8.2, 1.8 Hz, 1H9), 

7.68 (d, J = 15.4 Hz, 1H5), 7.57 (d, J = 1.8 Hz, 1H11), 

7.42 (ddd, J = 6.8, 4.8, 1.5 Hz, 1H13), 7.08 (d, J = 8.2 

Hz, 1H2), 6.17 (s, 2H18).13C NMR (101 MHz, DMSO) δ 

187.65 (C-7), 153.41 (C-10), 152.26 (C-1), 150.44 (CH-

4), 148.61 (C-6), 143.01 (CH-9), 137.59 (CH-12), 

136.18 (CH-3), 132.47 (C-4), 125.76 (CH-8), 125.50 

(CH-11), 125.13 (CH-13), 108.66 (CH-5), 108.16 (CH-

2), 102.64 (CH2-18). 

(E)-1-(benzo[d][1,3]dioxol-5-yl)-3-(1H-pyrrol-2-

yl)prop-2-en-1-one (4): 

Yield 57%, m.p: 211°C, FT-IR (ν max, cm-1): 3244, 

3093, 2978, 1647, 1570, 1546, 1H NMR (400 MHz, 

DMSO) δ 11.67 (s, 1H17), 7.71 (dd, J = 8.1, 1.8 Hz, 1H3), 

7.59 – 7.52 (m, 3H8, 5, 9), 7.17 – 7.06 (m, 2H16,2 ), 6.71 

(dd, J = 3.6, 1.9 Hz, 1H14), 6.22 (t, J = 3.4 Hz, 1H15), 6.15 

(s, 2H12).13C NMR (101 MHz, DMSO) δ 186.76 (C-7), 

151.52 (C-1), 148.39 (C-6), 134.14 (CH-9), 133.44 (C-

4), 129.69 (C-10), 124.51 (CH-3), 124.48 (CH-16), 

116.53 (CH-8), 114.95 (CH-14), 110.97 (CH-15), 108.57 

(CH-5), 107.98 (CH-2), 102.45 (CH2-12). 

2.1.2. General procedure for the synthesis of 

compounds (5-7): 

A solution of chalcones 1-3 (0.0019 mol) in absolute 

ethanol (10 mL) and hydrazine derivatives (hydrazine 

solution 80%, 2-hydrazinobenzothiazole, phenyl 

hydrazine) respectively with (0.0019 mol) were mixed. 

The reaction mixture was heated under reflux, then cooled 

to room temperature after completion. The separated 

crystalline substance was filtered, rinsed with cold ethanol 

and then dried. As a consequence, solid products were 

obtained and recrystallized using ethanol. (Reference) 

Sun, Z. G., Zhou, X. J., Zhu, M. L., Ding, W. Z., Li, Z., 

& Zhu, H. L. (2015). Synthesis and biological evaluation 

of novel aryl-2H-pyrazole derivatives as potent non-purine 

xanthine oxidase inhibitors. Chemical and Pharmaceutical 

Bulletin, 63(8), 603-607. 

2-(3-(benzo[d][1,3]dioxol-5-yl)-1-phenyl-4,5-

dihydro-1H-pyrazol-5-yl)pyridine (5): 

Yield 42%, m.p: 162°C, FT-IR (ATR) (ν max, cm-1): 

3063, 2904, 1597, 1566, 1H NMR (400 MHz, DMSO) δ 8.57 

(d, J = 4.7, 1.5 Hz, 1H14), 7.73 (ddd, J = 7.7, 1.8 Hz, 1H12), 

7.40 (d, J = 1.7 Hz, 1H5), 7.28 (m, J = 7.5, 5.1 Hz, 2H11, 13), 

7.21 – 7.10 (m, 3H3, 23, 25), 7.02 – 6.92 (m, 3H22, 24, 26), 6.74 – 

6.66 (d, 1H2), 6.08 (s, 2H17), 5.45 (dd, J = 12.4, 6.5 Hz, 1H9), 

3.89 (dd, J = 17.5, 12.4 Hz, 1H8), 3.20 (dd, J = 17.5, 6.5 Hz, 

1H8).13C NMR (101 MHz, DMSO) δ 161.65 (C-10), 150.13 

(C-7), 148.45 (C-1), 148.19 (CH-14), 147.76 (C-6), 144.89 

(C-21), 137.82 (CH-12), 129.38 (CH-23,25), 126.96 (C-4), 

123.23 (CH-13), 121.10 (CH-3), 120.94 (CH-24), 118.87 

(CH-11), 113.06 (CH-22,26), 108.79 (CH-5), 105.80 (CH-2), 

101.81 (CH2-17), 65.20 (CH-9), 42.22 (CH2-8). 

3-(4-ethoxyphenyl)-5-(1H-pyrrol-2-yl)-4,5-dihydro-

1H-pyrazole (6): 

Yield 73%, m.p: 161°C, FT-IR (ATR) (ν max, cm-1): 

3298, 3070, 2928, 1608, 1593, 1H NMR (400 MHz, DMSO) 

δ 10.85 – 10.79 (m, 2H15,19), 7.65 – 7.54 (m, 2H5,9), 6.98 – 

6.90 (m, 2H6,8), 6.70 (td, J = 2.6, 1.5 Hz, 1H18), 5.97 (ddd, J = 

7.8, 4.3, 2.2 Hz, 2H16,17), 4.78 (t, J = 10.8 Hz, 1H12), 4.03 (q, 

J = 7.0 Hz, 2H2), 3.25 (dd, J = 16.1, 10.2 Hz, 1H11), 2.96 (dd, 

J = 16.0, 11.4 Hz, 1H11'), 1.34 (t, J = 7.0 Hz, 3H1).13C NMR 

(101 MHz, DMSO) δ 159.09 (C-4), 149.98 (C-10), 132.28 

(C-13), 127.36 (CH-6,8), 126.38 (C-7), 117.88 (CH-18), 

114.82 (CH-5,9), 107.49 (CH-14), 105.77 (CH-16), 63.54 

(CH2-2), 58.12 (CH-12), 39.35 (CH2-11), 15.09 (CH3-1). 

2-(3-(4-ethoxyphenyl)-5-(pyridin-2-yl)-4,5-dihydro-

1H-pyrazol-1-yl)benzo[d]thiazole (7): 

Yield 80%, m.p: 110-112°C, FT-IR (ATR) (ν max, cm-1): 

3059, 2982, 1600, 1566, 1H NMR (400 MHz, DMSO) δ 8.54 

(s, 1H29), 7.88 (dd, J = 17.9, 8.2 Hz, 1H15), 7.81 – 7.69 (m, 

3H8,6,26), 7.66 (d, J = 15.0 Hz, 1H17), 7.31 – 7.22 (m, 3H4,16,28), 

7.01 (dd, J = 17.4, 8.4 Hz, 2H27), 6.96 – 6.90 (m, 2H5,9), 4.07 

(s, 1H12), 4.05 – 3.97 (m, 3H2,11,11'), 1.31 (d, J = 20.4 Hz, 

3H1).13C NMR (101 MHz, DMSO) δ 160.19 (C-21), 159.27 

(C-4), 153.90 (C-13), 149.62 (C-10), 136.91 (C-24), 130.18 

(CH-17), 128.22 (CH-15), 122.92 (C-23), 123..39 (CH-6,8), 

122.07 (CH-7,28), 121.69 (CH-16,27), 119.65 (CH-14,26), 

115.19 (CH-29), 114.66 (CH-5,9), 63.98 (CH-12), 42.28 

(CH2-2,11), 14.99 (CH3-1). 
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Scheme (1): Synthesis of chalcones and Pyrazoline derivatives (1-7) 
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2.2. Biological part 

2.2.1. Cytotoxic activity using the 3-[4,5-

dimethylthiazoyl]-2, 5-diphenyltetrazolium bromide 

(MTT) test (in vitro) 

2.2.1.1. Activity against Leishmania tropica 

The activity was evaluated for compounds (1-5) against 

L. tropica using the methylthiazol tetrazolium (MTT) 

bioassay solution. Briefly, 100 μLwell-1 Leishmania tropica 

promastigotes (106 cell mL-1) were cultured in 96-well tissue 

culture plate. Prepare different concentrations of 

compounds (1-5) solution (half concentrations), stock 

concentration was 1 mg.mL-1, so the first concentration was 

1 mg. mL-1 and so on until the sixth concentration. 

100 μL was added of various concentrations to each 

well and incubated at 26∘C for 24h. After incubation, 10μL 

of (MTT) solution (5 mg mL-1) was added to each well and 

incubation was continued for a further 4 hours. The 

experiment was performed in triplicate. (Reference) 

Mahmoudvand, H., Ezzatkhah, F., Sharififar, F., 

Sharifi, I., & Dezaki, E. S. (2015). Antileishmanial and 

cytotoxic effects of essential oil and methanolic extract of 

Myrtus communis L. The Korean journal of 

parasitology, 53(1), 21. 

2.2.1.2. Collection and processing of human 

lymphocytes 

A healthy 26-year-old male donor provided peripheral 

venous blood, and lymphocytes were collected in 

accordance with Rafael and Vaclav (9). The suspension of 

cultured human lymphocytes was adjusted to 

approximately 1 × 104 cells/ml. To achieve a final cell 

count of 1000 cells per well, 100 μl of the cell suspension 

was added to each of the 96 wells of a microtiter plate. The 

plates were then incubated at 37 °C in an incubator with 

5% CO2 for 24 hours (10). After incubation, prepared 

compounds (1-5) were added to each well at different 

concentrations and incubated for 24 h (9). 

The ELISA reader was used to measure absorbance for 

each well at 620 nm. The mean absorbance for each group 

of replicates was calculated. The viable cells, percentage 

inhibition ratio was calculated according to the equation: 

Growth Inhibition%=O.D. of control−O.D. of Sample 

O.D. of control×100 

Where O.D. is the optical density 

Viability=100-growth inhibition % 

While activity against human lymphocyte 

This test was performed by dissolving 3-[4,5-

dimethylthiazoyl]-2, 5-diphenyltetrazolium bromide 

in phosphate buffered saline (PBS) at 2 mg/ml, filtrated by 

a 0.22 μm millipore filter. 50 μl of the MTT dye was added 

to each of the microtiter plate wells containing human 

lymphocytes treated with different concentrations of 

prepared compounds (1-5) solution (half concentrations), 

stock concentration was 1 mg.mL-1, so the first 

concentration was 1 mg. mL-1 and so on until the sixth 

concentration for 24 h. The ELISA reader was used to 

measure absorbance for each well at 620 nm (11). The mean 

absorbance for each group of replicates was calculated. 

The viable cells, percentage inhibition ratio was calculated 

according to the formula (12): 

Growth Inhibition%=O.D. of control−O.D. of Sample 

O.D. of control×100 

Where O.D. is the optical density 

Viability=100-growth inhibition % 

Statistical analysis: 

The significant differences are determined in rate of 

probability 5% as the statistical analysis includes one way 

analysis of variance (ANOVA). 

▪ Chi-square to know the kind of relationship whether 

significant or not among type of concentration and 

compound used (13). 

Results and discussion 

Organic part: 

In this work, four different chalcones and three of 

pyrazoline derivatives were synthesized (1-7). Four 

chalcones were synthesizes using the Claizen-Schmidt 

technique (14). 

The reaction began by removing a proton from the 

alpha carbon atom in acetophenone derivative to form the 

https://www.sciencedirect.com/science/article/pii/S1018364714000998#b0155
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stable enolate ion due to resonance, followed by a 

nucleophilic attack by enolates on carbonyl carbon of 

benzaldehyde derivative leading to formation of a new 

carbon-carbon bond. This step followed by adding a proton 

and removing it using a hydroxide ion, which is the last 

step to form chalcones (15), as shown in diagram below: 

 
 

 
 

 

 

The IR spectra is used for synthesized compounds and 

revealed a carbonyl (C=O) stretching absorption band for 

chalcones at about (1658 to 1554) cm-1. C=C bands 

appeared at approximately (1612 to 1570) cm-1, and a 

C=N absorption band at (1597 to 1546) cm-1. The 1H-

NMR spectra revealed significant signals, such as aromatic 

CH signals appeared at δ 6.22–8.1. The olefinic hydrogen 

atoms is shown at δ 7.2-8.2. Finally, signals of hydrogen 

NH group appeared at δ 11.67 and 11.72 ppm. 

The 13C-NMR spectra of a similar compounds showed 

methyl group signals at δ 14.91-14.96 and CH2 group 

signals at δ 42.22-102.64. Signals of CH groups close to 

carbonyl groups ranged from 116 to 125.7, whereas signals 

of CH or C near to NH groups or N atoms ranged from δ 

124 to 152.26. Tertiary carbon atoms produced signals 

between δ 126 to 153.42. Aromatic carbon signals were 

detected between δ 105 to 152.26 ppm, whereas carbonyl 

group carbon produced significant signals at δ 186.76 to 

187.92 ppm. 

Pyrazoline derivatives were prepared according to 

nucleophilic addition by which the free electron pair located 

on one of the nitrogen atoms in the hydrazine molecule, 

attacking the beta carbon atom in the chalcone molecule, the 

product of Michael addition (1,4) is formed. Then the free 

electron pair of the other nitrogen atom is attacked on the 

carbon atom of the carbonyl group in the chalcone molecule, 

where this addition product is of the Claisen type (1,2), and 

by deleting the water molecule the compound was produced 

(16) as illustrated in the diagram below: 
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The IR spectra showed the evanescence of carbonyl 

(C=O) stretching absorption band for chalcones and 

revealed instead of that bands belong to C=N absorption 

band at (1593 to 1566) cm-1. The 1H-NMR spectra 

revealed significant signals, such as CH2 signals appeared 

at δ 2.96–4.05 ppm. 

The 13C-NMR spectra of a similar compound showed 

methylene group signals at δ 39.35-42.28, whereas signals 

of CH groups close to carbonyl groups were demised 

which ranged from δ 116.36 to 125.76. In addition to that 

carbonyl groups signals disappeared from their positions 

at δ 187.21 to 187.92 ppm. 

Biological part: 

Activity against Leishmania tropica 

After the Leishmania parasite was treated in 96 wells 

on a plate with five compounds, each at five concentrations 

and in three duplicates, the inhibition rates varied. In this 

investigation, a negative control, the medication 

pentostam, was utilized alongside the five produced 

compounds at half concentrations. The control exhibited a 

reading of (0.330), whereas pentostam indicated an 

inhibition rate of (77%). While compound No. (2,3) had 

the maximum inhibition rate of (81%), compound No. (5) 

had the lowest inhibition rate of (6%). It is worth noting 

that the provided findings were read using ELISA 

equipment. 

After treating the Leishmania parasite in 96 wells on a 

plate with five compounds, five concentrations and three 

duplicates, there was a variation in the rates of inhibition. In 

this investigation, the negative control, medication 

pentostam, were utilized alongside the five produced 

compounds at half concentrations. The control exhibited a 

reading of (0.330), whereas pentostam indicated an 

inhibition rate of (77%). While compounds No. (2 and 3) 

had the maximum inhibition rate of (81%), compound No. 

(5) had the lowest inhibition rate of (6%). It is worth noting 

that the provided findings appeared using the ELISA 

equipment. 
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Table (1) Cytotoxicity effect %, Mean ±SD of prepared compounds (1-5) against promastigote of Leishmania 

tropica. 

Conc.mg/mL 
Comp. No 

Drug1(I1) Drug2(I2) Drug3(I3) Drug4(I4) Drug5(I5) 

1 46.4± 0 A 81±0 A 80± 0 A 70±0.73 A 56± 0.34 A 

0.5 45.8± 0 A 80±0 A 81± 0 A 48± 0 B 52±0.30 A 

0.25 40.03±0.33 B 72±0 AB 81± 0 A 46± 0 B 49±0.29 A 

0.125 35.3±0.33 B 51±0.65 C 81± 0 A 49± 0 B 6±0.12 B 

0.0625 35.0±1.15 BC 39±±0.61 C 80± 0 A 50± 0 B 1±0.17 C 

Pentostam 77±0.57 D 77±0.57 D 77±0.57 D 77±0.57 D 77±0.57 D 

Control 100±0.28 E 100±0.28 E 100±0.28 E 100±0.28 E 100±0.28 E 

 

IC50 1.12 0.01 <0.001 0.26 0.68 

*p. value =0.05 

* IC50 is the antilogarithm of the concentration at which the curve passes through the 50% percent of inhibition. 

• Different letters within a column imply a significant difference (P <0.05). 

• Different letters within a Raw of IC50 presuppose a significant difference (P <0.05). 

Clarifying how the statistical significance was determined would strengthen the credibility of the findings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1) Cytotoxicity effect of prepared compounds (1-5) against promastigote of Leishmania tropica.
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Activity against Human Lymphocyte 

After the lymphocytes had been isolated from the 

blood, they were put in the plate, and the synthesized 

compounds were added at half concentrations, with five 

concentrations of substance. Three duplicates were taken 

for each concentration, and after one hour of incubation, 

the results were read in the ELISA equipment. The results 

were good when compared with the control, as the 

inhibition percentage of the compounds applied to the 

samples ranged from the highest inhibition percentage, 

which reached (70%), which returned to compound No. 

(2), to the lowest inhibition percentage, which was (% -

78), which was for compound (5), the viability of 

compound (4,5) for the concentration 1 mg/mL reached to 

(120, 178) respectively. 

After the lymphocytes had been isolated from the 

blood, they were put in the wells, then the synthesized 

compounds were added at half concentration, with five 

concentrations of substance for each. In addition, three 

duplicates were taken for each concentration, after one 

hour of incubation, the plate was inserted into the ELISA 

equipment, and the results appeared. The results were good 

compared with the control. As the inhibition percentage of 

the compounds ranged from the highest inhibition which 

reached (70%) - that attributed to compound No. (2) - to 

the lowest inhibition, which was (-78%), that attributed to 

compound (5). The viability of compound (4 and 5) for the 

concentration 1 mg/mL reached to (120 and 178) 

respectively. 

 

Table (2) Cytotoxicity effect %, Mean ±SD of prepared compounds (1-5) against human lymphocyte. 

Conc.mg/mL 
Comp.No. 

Drug1(I1) Drug2(I2) Drug3(I3) Drug4(I4) Drug5(I5) 

1 
37.87 

± 0.23 B 

70.00 

± 0 A 

73.02 

± 0.54 B 

41.85 

± 0. 89 B 

37.71 

± 0.96 B 

0.5 
36.70 

± 0.29 B 

69.00 

± 0 A 

72.08 

± 0.76 C 

17.80 

± 0. 65 C 

25.61 

± 0 .78 C 

0.25 
35.43 

± 0 A 

49.00 

± 0 A 

51.22 

± 0 A 

14.08 

± 0. A 

-11.53 

± 0.77 C 

0.125 
31.10 

± 0 A 

41.20 

± 0.11 AB 

32.25 

± 0 A 

10.59 

± 0 A 

-12.43 

± 0 .12 A 

0.0625 
28.20 

± 0 A 

30.23 

± 0. 22 B 

14.78 

± 0 A 

4.61 

± 0 A 

-61.53 

± 0 .14 D 

Control 100±0 E 100±0 E 100± 0 E 100± 0 E 100± 0 E 

IC50 2.22 0.34 0.41 1.26 1.01 

*p. value =0.05 

• Different letters within a column imply a significant difference (P <0.05). 

• Different letters within a Raw of IC50 imply a significant difference (P <0.05). 
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Figure (2) Cytotoxicity effect of prepared compounds (1-5) against human lymphocyte. 

 

The growth inhibition observed on the growth of 

lymphocytes incubated with concentrations. The results 

clearly indicate that the rate of inhibition of growth was 

concentration dependent. The inhibitory effect was 

increased when compared with the negative control. 

The colorimetric cytotoxic assay by MTT is widely 

used for the measurement of cell viability (19). The assay is 

dependent on the fact that the MTT dye is reduced to a 

purple formazan product by live cells. The higher the 

number of live cells, therefore, the more MTT-formazan is 

produced. The quantity of MTT-formazan produced can be 

determined spectro-photometrically once it is solubilized 

in a suitable solvent (since it is insoluble in aqueous 

solution) (20). 

The prepared compounds may be induce apoptosis 

through the elevation of the cAMP concentration (21). 

Meanwhile, Shergalis et al. have described how is the 

compound (E)-3-(benzo[d][1,3]dioxol-5-yl)acrylic acid 

has anti-benign prostatic hyperplasia (22), so the prepared 

compounds may be cause morphological changes in 

normal cells due to a loss of adherence between the cells 

and their plastic container, which is inherently an apoptotic 

process. Nierman and Fedorova (23) have gone on to 

describe this phenomenon in lymphocytes, spleen cells, 

thymocytes and macrophages. 

As they considered the prepared compounds, it is 

possible that these compounds passed through the 

cytoplasmic membrane and disrupted its structure at 

different layers, leading to membrane permeabilization. 

Consequently, the cytotoxic effect appeared to involve 

https://www.sciencedirect.com/topics/chemistry/inhibition-of-growth
https://www.sciencedirect.com/topics/chemistry/cell-viability
https://www.sciencedirect.com/science/article/pii/S1018364714000998#b0025
https://www.sciencedirect.com/topics/engineering/suitable-solvent
https://www.sciencedirect.com/science/article/pii/S1018364714000998#b0005
https://www.sciencedirect.com/science/article/pii/S1018364714000998#b0130
https://www.sciencedirect.com/science/article/pii/S1018364714000998#b9010
https://www.sciencedirect.com/topics/engineering/splenocyte
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such membrane damage. However, prepared compounds 

showed that in human lymphocyte and L. tropica cells, 

prepared compounds can act as prooxidants affecting inner 

cell membranes and organelles such as mitochondria (24). 

As a result, there is an urgent need to develop a new, 

safe, effective, and economical antileishmanial 

medication. Several bioactive compounds with 

antileishmanial activity and various mechanisms of action 

have been synthesized (25,26). A number of natural and 

synthetic chalcones have been found to have 

antileishmanial properties (27, 28, 29, 30). Several studies (31, 32, 

33,34) found chalcone derivatives effective against 

leishmanial targets. However, in this research, the 

synthesized chalcone analogues were shown to be more 

effective and safer for inhibiting Leishmania donovani 

than the reference compound Pentostam. 

Antileishmanial activity in vitro and the connection 

between structural activity  

Following the effective synthesis of the five chalcone 

analogues, the antileishmanial activity at concentrations 

ranging from 200 to 0.05 lg/ml was measured as a 

percentage of inhibition and 50% inhibitory concentration 

(IC50). The five prepared compounds had significant IC50 

values ranging from 4.01 to 12.43. Conversely, the 

substitution with pyridine moiety in prepared compounds 

(1, 4, 5) showed decrease in IC50(35). 

In addition to cancer cells, the tumor 

microenvironment (TME) contains immune cells (such as 

macrophages or T-cells) (36,37). The interaction of all TME 

variables leads to the growth of the tumor. Macrophages 

constitute the bulk of immune cells in the TME, and the 

number and phenotype of tumor-associated macrophages 

(TAMs) influence tumor formation and progression (38,39). 

Macrophages can have two distinct phenotypes: M1, 

which is conventionally active and produces pro-

inflammatory TNF-α and IL-1β, and M2, which is 

activated and produces pro-tumoral IL-10 and TGF-β (38, 

39, 40). TAMs have an M2-like phenotype (38, 40). 

The chalcones play an important role in macrophage 

polarization by influencing metabolic and inflammatory 

signaling pathways. The activity of chalcones on 

macrophages causes macrophage polarization to cell, 

enhanced pro-inflammatory cytokine production by 

Lipopolysaccharide -stimulated macrophages (LPS), and 

suppression of IL-4-induced polarization to M2 (41,42). 

Molecular docking: 

The molecular docking energy of some prepared 

compounds as (I2 and I3) has been studied and compared 

with the binding energy of some drugs which considered 

as a standard material for this comparison. 

It is worth knowing that the binding energy of the 

compound (I3) -the compound that gave the highest 

inhibition rate against leishmaniasis - and the three 

different enzymes (DNA polymerase iota, HSP 90, 

Lysine-specific demethylase) have been measured and 

compared with the binding energy of the drug 

(Amphotericin B) - Amphotericin B is used to treat 

leishmaniasis. It is known that the mechanism of action of 

amphotericin B is mainly related to its binding to 

ergosterol, which damages cells by causing membrane 

permeability )17( - and the same three enzymes. 

Then the molecular docking study of the compound 

(I3) has clarified the value of the binding energy which is 

(-8.6 Kcal/mole).  When this energy is compared with the 

binding energy of the drug (AmphotericinB), (which is 

equal to 8.6 Kcal/mole), it is noted that the compound has 

a binding energy equal to the drug. The reason is that the 

compound (I3) has three hydrogen bonds (with the amino 

acids SER301, ARG357, SER407) in addition to the other 

bonds (Hydrophobic, Alkyl Hydrophobic Pi-Alkyl) and 

the drug has the same type of bonds but with different 

numbers. 

This study also provided information about the 

molecular binding values of the compound (I3) and the 

same drug (AmphotericinB) but with two other enzymes. 

One of which is (HSP 90). This one gave the drug a 

binding energy value of (-9.4 Kcal/mole), which is higher 

than the energy value of the compound (I3) which was (-
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6.7 Kcal/mole). The cause behind this is the difference in 

the number of hydrogen bonds that the drug is bound to 

when compared to the hydrogen bonds that the compound 

is bound to with the same enzyme. 

The other one (Lysine-specific demethylase) shows a 

molecular binding with the same drug along with the 

prepared compound(I3). It also gave a binding value with 

the drug (Amphotericin B) which is (-9.2 Kcal/mole) while 

the compound (I3) gave an energy of (-7.3 Kcal/mole) 

through its binding with the same enzyme. 

To conclude, the first enzyme (DNA polymerase iota) 

gave the best binding value with the compound (I3). Its 

value was equal to the value of the drug used to eliminate 

leishmaniasis. it gave a promising vision about the activity 

and the effect of the prepared compound. 

Table (1) shows all the information related to the 

binding energy and the types of bonds of the prepared 

compounds and the drugs. 

The figures of compound (I3), the drug 

(AmphotericinB) and the enzymes (DNA polymerase iota, 

HSP 90, Lysine-specific demethylase) are presented in 

(3D, 2D) dimensions. 

Concerning compound (I2) (which gave the highest 

inhibition rate against human lymphocytes), its binding 

energy with the enzyme (HSP 90-alpha) was compared 

with the binding energy of the drug (Azithromycin) with 

the same enzyme. 

Azithromycin prevents the growth of bacteria by 

interfering in their protein synthesis as it binds to the 50S 

subunit of the bacterial ribosome and thus prevents the 

translation of mRNA. 

Azithromycin is used to treat or prevent some bacterial 

infections which cause middle ear infections, sore throat, 

pneumonia, typhoid, bronchitis, and sinusitis. 

In recent years, it has been used primarily to prevent 

bacterial infections for infants and patients with weak 

immune systems (18). The molecular docking study of 

compound (I2) provided information about the binding 

energy value. The binding energy given by the compound 

(I2) was equal to (-6.7 Kcal/mole). when it is compared 

with the binding energy of the drug (Azithromycin) (which 

is equal to -5.1 Kcal/mole), it is noted that the compound 

(I2) has a higher binding energy than the binding energy 

of the drug with the enzyme (HSP 90-alpha), as it is linked 

to the enzyme by a hydrogen bond and the alkyl bond with 

the amino acids (LYS58, MET98). 

 

Table (1) information of molecular docking for (I2 and I3) and the drugs (Amphotericin B and Azithromycin). 

Comp. 

Symb. 

Type of 

Enzyme 

Docking 

Score 

Kcal/m

ole 

Interactions 
Distance 

Å 
Bonding Bonding Types 

Binding site of 

target 

Binding site of 

ligand 

Amphoterici

n B 

dna 

polymera

se iota 

-8.6 D:LYS237:NZ - 

A:AmphotericinB:O 

2.77422 Hydrogen Bond Conventional Hydrogen 

Bond 

D:LYS237:NZ A:AmphotericinB:

O 

A:AmphotericinB:H - 

A:AmphotericinB:O 

1.89954 Hydrogen Bond Conventional Hydrogen 

Bond 

A:AmphotericinB

:H 

A:AmphotericinB:

O 

A:AmphotericinB:O - 

E:DA872:OP2 

3.0503 Hydrogen Bond Conventional Hydrogen 

Bond 

A:AmphotericinB

:O 

E:DA872:OP2 

A:AmphotericinB:H - 

A:AmphotericinB:O 

1.88256 Hydrogen Bond Conventional Hydrogen 

Bond 

A:AmphotericinB

:H 

A:AmphotericinB:

O 

A:AmphotericinB:C - D:LEU78 5.06512 Hydrophobic Alkyl A:AmphotericinB

:C 

D:LEU78 

E:DG873 - A:AmphotericinB:C 4.01549 Hydrophobic Pi-Alkyl E:DG873 A:AmphotericinB:

C 

I3 dna 

polymera

se iota 

-8.6 D:SER301:OG - A:UNL1:O2 O2 3.11887 Hydrogen Bond Conventional Hydrogen 

Bond 

D:SER301:OG A:UNL1: 

D:ARG357:NH1 - A:UNL1:O3 2.92132 Hydrogen Bond Conventional Hydrogen 

Bond 

D:ARG357:NH1 A:I3:O3 

D:SER407:OG - A:I3:O3 3.23997 Hydrogen Bond Conventional Hydrogen 

Bond 

D:SER407:OG A:I3:O3 

A:I3:C15 - D:CYS409 4.32032 Hydrophobic Alkyl A:I3:C15 D:CYS409 

A:I3 - D:CYS409 4.34002 Hydrophobic Pi-Alkyl A:I3 D:CYS409 

A:I3 - D:ARG357 4.03185 Hydrophobic Pi-Alkyl A:I3 D:ARG357 

Amphoterici

nB 

HSP 90 -9.4 A:AmphotericinB:H - 

A:AmphotericinB:O 

2.92584 Hydrogen Bond Conventional Hydrogen 

Bond 

A:AmphotericinB

:H 

A:AmphotericinB:

O 

A:AmphotericinB:H - 

A:MET87:SD 

2.68654 Hydrogen Bond Conventional Hydrogen 

Bond 

A:AmphotericinB

:H 

A:MET87:SD 

A:AmphotericinB:H - 

A:ASP91:OD1 

2.95279 Hydrogen Bond Conventional Hydrogen 

Bond 

A:AmphotericinB

:H 

A:ASP91:OD1 
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Comp. 

Symb. 

Type of 

Enzyme 

Docking 

Score 

Kcal/m

ole 

Interactions 
Distance 

Å 
Bonding Bonding Types 

Binding site of 

target 

Binding site of 

ligand 

I3 HSP 90 -6.7 A:ASN40:ND2 - A:I3:O1 3.34072 Hydrogen Bond Conventional Hydrogen 

Bond 

A:ASN40:ND2 A:I3:O1 

A:PHE128:N - A:I3:O1 3.19091 Hydrogen Bond 

Conventional 

Hydrogen Bond A:PHE128:N A:I3:O1 

A:MET87:CE - A:I3 3.68211 Hydrophobic Pi-Sigma A:MET87:CE A:I3 

A:MET87:SD - A:I3 3.97399 Other Pi-Sulfur A:MET87:SD A:I3 

A:I3 - A:ALA44 4.46286 Hydrophobic Pi-Alkyl A:I3 A:ALA44 

Amphoterici

nB 

Lysine-

specific 

demethyl

ase 

-9.2 A:GLN945:NE2 - 

A:AmphotericinB:O 

2.61112 Hydrogen Bond Conventional Hydrogen 

Bond 

A:GLN945:NE2 A:AmphotericinB:

O 

A:GLN945:NE2 - 

A:AmphotericinB:O 

3.08449 A:GLN945:NE2 A:AmphotericinB:

O 

A:AmphotericinB:H - 

B:GLN1007:OE1 

2.42388 A:AmphotericinB

:H 

B:GLN1007:OE1 

A:AmphotericinB:H - 

B:THR1017:OG1 

2.17382 A:AmphotericinB

:H 

B:THR1017:OG1 

A:AmphotericinB:H - 

A:ALA942:O 

1.83753 A:AmphotericinB

:H 

A:ALA942:O 

I3 Lysine-

specific 

demethyl

ase 

-7.3 A:ARG938:NH1 - A:I3:O1 3.15161 Hydrogen Bond Conventional Hydrogen 

Bond 

A:ARG938:NH1 A:I3:O1 

B:THR946:N - A:I3:N1 3.24727 Hydrogen Bond Conventional Hydrogen 

Bond 

B:THR946:N A:I3:N1 

A:I3 - B:PRO963 4.88149 Hydrophobic Pi-Alkyl A:I3 B:PRO963 

A:I3 - B:PRO963 5.22398 Hydrophobic Pi-Alkyl A:I3 B:PRO963 

Azithromyci

n 

HSP 90-

alpha 

-5.1 A:ASN79:ND2 - 

A:Azithromycin:O 

3.05689 Hydrogen Bond Conventional Hydrogen 

Bond 

A:ASN79:ND2 A:Azithromycin:

O 

A:Azithromycin:H - 

A:ASN79:OD1 

2.12919 Hydrogen Bond Conventional Hydrogen 

Bond 

A:Azithromycin:

H 

A:ASN79:OD1 

A:Azithromycin:H - 

A:Azithromycin:O 

2.59669 Hydrogen Bond Conventional Hydrogen 

Bond 

A:Azithromycin:

H 

A:Azithromycin:

O 

A:Azithromycin:C - A:VAL92 4.96975 Hydrophobic Alkyl A:Azithromycin:

C 

A:VAL92 

A:HIS77 - A:Azithromycin:C 4.61305 Hydrophobic Pi-Alkyl A:HIS77 A:Azithromycin:C 

I2 HSP 90-

alpha 

-6.7 A:LYS58:NZ - A:I2:O2 3.19598 Hydrogen Bond Conventional Hydrogen 

Bond 

A:LYS58:NZ A:I2:O2 

A:I2 - A:MET98 5.2538 Hydrophobic Pi-Alkyl A:I2 A:MET98 
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Figure (3): The interaction between the drug Amphotericin B and the enzyme DNA polymerase iota in 3D and 

2D dimensions. 
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Figure (4): The interaction between I3 and the enzyme DNA polymerase iota in 3D and 2D dimensions. 
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Figure (5): The interaction between the drug Amphotericin B and the enzyme HSP90 in 3D and 2D dimensions. 
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Figure (6): The interaction between I3 and the enzyme HSP 90 in 3D and 2D dimensions. 
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Figure (7): The interaction between the drug Amphotericin B and the enzyme Lysine-specific demethylase in 3D 

and 2D dimensions. 
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Figure (8): The interaction between I3 and the enzyme Lysine-specific demethylase in 3D and 2D dimensions. 

 

 

 



Synthesis and Characterization …                                                                                     Israa I. Salih, Maha Salih Hussein 

- 1036 - 

 
 

 
 

 

Figure (9): The interaction between the drug Azithromycin and the enzyme HSP 90-alpha in 3D and 2D 

dimensions. 

 

 



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 4, 2025 

- 1037 - 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (10): The interaction between I2 and the enzyme HSP 90-alpha in 3D and 2D dimensions. 
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CONCLUSIONS 

In the current study, the prepared chalcones and its 

derivatives (1-7) were synthesized using distinct 

procedures, and they have activity against L. tropica and 

human lymphocyte. The biological activity increased in a 

concentration-dependent manner. Compound (3) revealed 

the high significant activity against L. tropica and human 

lymphocyte. They revealed that they have an increased 

biological significance, in addition to their value as novel 

and effective organic chemicals. 

This study reflects that the chalcones were prepared by 

a distinct procedure and it shows that they have activity 

against L. tropica and human lymphocyte. The biological 

activity increased in a concentration-dependent manner. 

Compound (3) revealed the high significant activity 

against L. tropica and human lymphocyte. In addition, 

they exhibit that they have an increased biological 

indication, besides to their novel and effective organic 

chemicals. 
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"تخليق وتوصيف مشتقات البيرول، البيريدين، والبيرازولين: النشاط البيولوجي ضد طفيل الليشمانيا المدارية، 
 والخلايا الليمفاوية البشرية، ودراسة الرسو الجزيئي"

 
 1مها صالح حسي،  *1إسراء آي. صالح

 
 .سامراء، العراققسم الكيمياء، كلية التربية، جامعة سامراء،  1

  

 ملخـص
تحتوي على حلقات البيرول والبيريدين والبيرازولين. في البداية، تم  I1–I7قامت هذه الدراسة بتحضير سبعة مركّبات 

تم تصنيع مركّبات . منها I5–I7كمركّبات أولية، ثم تم تحضير ثلاث نوى بيرازولين  I1–I4تحضير أربعة مركّبات شالكون 
كاربوكسي ألدهيد و -2-ميثيلين ديوكسي أسيتوفينون مع بيرول-3,4إيثوكسي أسيتوفينون أو -4تفاعل  الشالكون من خلال

أما مشتقات البيرازولين فقد تم الحصول عليها من خلال تفاعل مركّبات الشالكون مع مشتقات  .بيريدين كاربوكسي ألدهيد-2
 FTIRتم إثبات بنية جميع المركّبات باستخدام أطياف  .هيدرازينهيدرازينو بنزوثيازول، وفينيل -2الهيدرازين،  :الهيدرازين

تم تقييم النشاط البيولوجي لبعض المركّبات ضد  .إضافةً إلى دراسة الخواص الفيزيائية لها ¹³C NMRو  ¹H NMRو 
-MTT (3-[4,5-dimethylthiazol-2-yl]وخلايا اللمف البشرية باستخدام اختبار  Leishmania tropicaطفيلي 

2,5-diphenyltetrazolium bromide).  وأظهر المركّبI3  بينما أظهر %81–80أعلى نسبة تثبيط للطفيلي بلغت ،
تم دعم  .( ملغم/مل0.0625إلى  1عند تراكيز تتراوح بين ) %70–54أعلى سمّية تجاه الخلايا اللمفاوية بنسبة  I2المركّب 

 DNA polymerase :مع ثلاثة إنزيمات مختلفة هي (Molecular Docking) هذه النتائج بدراسة الارتباط الجزيئي

iota ،HSP90و ،lysine-specific demethylase.  وقد تمت مقارنة طاقات الارتباط مع دواءيAmphotericin 

B وAzithromycin وكانت نتائج الارتباط قريبة من تلك التي حققها الدواءان، مما يشير إلى إمكانية ترشيح هذه ،
 .ركّبات كمضادات واعدة لليشمانيا وربما كعوامل مؤثرة في الخلايا اللمفاوية مستقبلاً الم

 .MTTشميت، بيرازولين، اختبار –بنزودايأوكسول، تفاعل كلايزن -1,3-أسيتيل-5 الكلمات الدالة:
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