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To conduct an analysis of the recently synthesized chalcone 
derivatives (A7-A17), the spectroscopic methods of FTIR, 1H-
NMR, 13C-NMR, and Elemental analysis were used. An MTT test 
was performed to investigate the cytotoxic effects of these 
compounds on five unique human cancer cell lines (HepG2, MCF-
7, HeLa, Ovcar-3, and A549) to identify whether or not these 
compounds had cytotoxic properties. Throughout the whole of 
this investigation, the drug adriamycin served in the role of the 
study's positive control medicine. In a similar fashion, in vitro 
testing with the DPPH moiety was carried out with the objective 
of assessing the antioxidative capacity of chalcone derivatives. 
The AutoDock Vina approach was used to dock the created 
compounds (A7-A16) and related chalcone derivatives (A1-A6), 
synthesized previously against the active site of Aquifex aeolicus 
histone deacetylase (HDAC) homolog, where this homolog across 
375 residues exhibits a 35.2% identity with human HDAC1. 
According to the findings of a molecular docking study, it was 
shown that all of the compounds (A1-A16) exhibited a binding 
mode with the active site of the Aquifex aeolicus HDAC homolog 
that was extremely similar to the co-crystallized ligand 
(Vorinostat SAHA). This was found to be the case when the 
ligand was crystallized along with the HDAC homolog. The in 
silico absorption, distribution, metabolism, excretion, and 
toxicity (ADMET) measurements were derived to show that all 
ligands have acceptable pharmacokinetic properties. 
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Introduction 

The term "cancer" is used to describe a 

collection of diseases that are defined by 

malignant cellular proliferation, which may 

lead to metastasis (the spread of the disease 

to other regions of the body) [1]. The 

cytotoxic effects of chemotherapy on healthy 

cells are a possible cause of the severe side 

effects experienced by those undergoing 

treatment for cancer [2]. 

Therefore, there is an immediate and 

pressing need to discover novel 

chemotherapeutic medications that are more 

selective for cancer cells and have fewer 

adverse side effects [3]. On the other hand, 

the human body is a consistent generator of 
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species of reactive oxygen and free radicals 

owing to the great diversity of continuous 

biological processes inside it [4]. 

The ability of antioxidants to scavenge free 

radicals, reduce oxidative stress, and slow 

down aberrant cell growth is directly linked 

to the cancer-preventing benefits of the 

antioxidants [5-7]. It is preferable to provide 

a single molecule with many mechanisms of 

action rather than a mixture of drugs [8]. As a 

result, various researchers have looked into 

the anticancer and antioxidant properties of 

newly created compounds [9-11]. 

Covalent chemical modifications of DNA 

and covalent post-translational modifications 

(PTMs) of histones are two examples of 

epigenetic controls that play an important 

role in gene regulation. Both of these types of 

modifications are examples of epigenetic 

controls [12]. Histone acetylation is a kind of 

post-translational modification (PTM), and it 

is reversible thanks to enzymes known as 

histone deacetylases (HDACs). Both histone 

acetyltransferases (HATs) and HDACs aim 

their activity at the lysine residues that are 

located in the histone core tail. DNA, which 

has a negative charge, creates strong 

connections with the positively charged 

histones, where the ε-amine of the lysine is 

responsible for. These interactions are 

necessary for the proper functioning of the 

cell. The acetylation of histones lowers the 

electrostatic potential of the lysine residues 

at the Nε-terminus, which transforms dense 

heterochromatin into more open 

euchromatin [13]. 

During the DNA transcription, 

euchromatin should be initially unraveled so 

that RNA polymerase and the proteins that 

control gene expression can attach to the 

DNA. HDACs are not only engaged in 

regulating the acetylation of histones, but also 

of tubulin, p21, and p53, suggesting that they 

play a role in a wider range of cellular 

activities [14,15]. Overexpression of HDACs 

has been linked to many different illnesses, 

including inflammatory diseases, 

neurodegenerative disorders, and many 

forms of cancer [16-18]. 

Therefore, HDAC inhibitors may find use 

in medical settings. Inhibitors of HDACs 

typically have a three-group chemical 

structure. Three parts make up the HDAC 

inhibitor: a hydrophobic cap that interacts 

with the enzyme's surface rim and identifies 

the HDAC isoform; a zinc binding group (ZBG) 

composed of hydroxamate, benzamide, and 

thiol motifs that chelate the zinc ion at the 

base of the catalytic domain; and a 

hydrophobic carbon chain linker connecting 

the ZBG and the cap and spanning into the 

tunnel of enzyme cavity. All of these 

components are necessary for the enzyme to 

be active [19-22]. 

In addition, chalcones are a favored 

structural class with several biological 

functions, including antimicrobial activity 

[23], anti-malarial [24], anti-fungal [25], anti-

Alzheimer’s disease [26], anti-platelet [27], 

anti-oxidant [28], anti-inflammatory [29, 30], 

and anti-cancer activities [31-34]. HDAC 

inhibitors with the diol (ZBG) have been 

reported, like catechol derivatives (1) (Figure 

1), which had 20.7±4.0% HeLa cell line 

inhibition at 100 µM compared to 

Trichostatin A having IC50=0.0106±0.0027 

µM at the same condition [35]. Catechol (2) 

(Figure 1) had an HDAC4 IC50 value of (24.7 

µM), while (3) (Figure 1) had an HDAC4 IC50 

value of (4.47 µM) exhibiting much higher 

activity compared to SAHA (IC50 > 40 µM) 

[36], as depicted in Figure 1. 

Among the natural chalcones, Butein (4) 

(Figure 1) appeared to be the best inhibitor of 

HDAC activity showing  IC50 total HDAC value 

(60 µM) compared to (0.14 µM) of SAHA [37]. 

Chalcone derivative (5) (Figure 1) bearing 

the hydroxamate group as the zinc binding 

group showed IC50 (µM) of 0.62±0.04, 

2.05±0.48, and 2.92±0.52 compared to 

3.33±0.74, 2.18±0.35, and 1.23±0.08 of SAHA 

against human HepG2, MCF-7, and HCT-116 

cells, respectively [38]. 
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FIGURE 1 Diol and chalcone derivatives as HDAC inhibitors 

According to the studies mentioned 

earlier, the present work aimed at gathering 

the two bioactive entities (chalcone) and (3-

propoxy-1, 2-diol as (ZBG and antioxidant 

motif)) in one compact structure to increase 

predicted anti-tumor action. Starting from 

compound (5), a (chalcone with hydroxamate 

methoxy group), we plan to design chalcones 

with diol methoxy group as novel ZBG. The 

hybrids of HDACIs and chalcones (A1-A6) 

[39] were synthesized and assessed for their 

in vitro cytotoxic activity using an MTT-based 

assay against five human cancer cell lines 

HepG2, A549, HeLa, Ovcar-3, and MCF-7, and 

for DPPH radical scavenging assay to 

determine antioxidant activity. Other 

HDACIs/chalcone hybrids (A7-A16) have 

been synthesized and assessed for the above 

in vitro cytotoxic and antioxidant activity. 

HDACIs/chalcone hybrids (A1-A16) have 

been docked into the binding sites of Aquifex 

aeolicus histone deacetylase homolog to 

investigate how well they pair with the 

targeted binding pockets in addition to the in 

silico Absorption, Distribution, Metabolism, 

Excretion, and Toxicity (ADMET) study. 

Experimental  

Chemicals and instruments 

Reagents and chemicals procured from 

international suppliers for use in the 

synthesis of chalcone derivatives. There was 

no additional purification on the acquired 

biological and chemical agents. Without any 

pre-correction, melting points were 

determined using Stuart's SMP3 melting 

temperature instrument. Thin-layer 

chromatography was utilized to test for 

impurities in the synthesized derivatives and 

track their development during the synthesis. 

This method uses a TLC plate supported by 

aluminum and coated with a silica gel 60 F254 

sheet, as well as a mobile phase composed of 

a combination of n-Hexane, Ethylacetate, and 

Methanol (3:3:1). 

The IR spectrum was collected using an 

ATR-FTIR spectrophotometer (Schimadzu, 

Japan), and the 13C-NMR and 1H-NMR spectra 

were collected in deuterated dimethyl 

sulfoxide (DMSO-d6) on Inova 125 and 500 

MHz instruments, respectively. Chemical 

shifts were recorded in parts per million, or 

ppm, units. The elemental analyzer, Euro 

EA3000, was routinely used for CHNS(O) 

micro-analysis. 

Chemical pathways 

Compound (I) 4-(2,3-dihydroxypropoxy)-3-

methylbenzaldehyde was produced using the 

procedure that was explained by Ahmed et al. 

[39] (65 % yield) (m.p.: 94-96 °C). Rf = 0.35. 
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A general procedure for the synthesis of 

(chalcones A7-A16) [40-43] 

10 New chalcones (A7-A16), in addition to 

the previously prepared (A1-A6) [39], have 

been synthesized as follow:  one mmol (0.21 

g) of (I) and 5 mL of ethanol was used 

dissolve it (except for A14 (50 mL), A15 (25 

mL), and A13, A16 (15 mL), and then 0.5 mL 

of a 40% NaOH solution was added drop wise 

while continuously rotation the mixture for 

ten minutes at 0 ˚C. 

After adding one mmol of the substituted 

acetophenone derivative to the mixture, the 

reaction was carried out while the mixture 

was stirred for twenty-four hours at room 

temperature. After observing the reaction 

using TLC, the mixture was then diluted with 

5 mL of water and placed in the refrigerator 

for the duration of the night. To get pure 

chalcone, the precipitate was initially filtered, 

and then cold water was used to clean it for 

several times, and finally ethanol was used to 

recrystallize it. 

EQUATION 1 The synthesis of chalcones derivatives (A7-A16) 

 

3-(4-(2,3-Dihydroxypropoxy)-3-methylphenyl)-

1-(p-tolyl)prop-2-en-1-one (A7): 

Yellow powder 0.189 g (58 % yield) (m.p.: 

150-152 ˚C). Rf = 0.52; IR νmax (cm-1): 3417 

(OH), 1651 ( C=O); 1H-NMR (ppm, 500 MHz, 

DMSO-d6): δ= 7.97 (d, 3H, 2´, 6´, β), 7.46 (m, 

3H, 2, 6, α), 7.25 (d, 2H, 3´, 5´), 6.74 (d, 1H, 5), 

4.83 (s, 1H, d), 4.61 (s, 1H, e), 3.83 (m, 1H, b), 

3.72 (m, 2H, a, a´), 3.43 (m, 2H, c, c´), 2.45 (s, 

3H, 7´), and 2.09 (s, 3H, 7); 13C-NMR (ppm, 

125 MHz, DMSO-d6): δ= 190.2 (11), 157.7 (4), 

144.5 (β, 4´), 134.1 (1´), 131.5 (2), 129.5 (1, 

2´, 3´, 5´, 6´), 128.2 (6), 127.2 (3), 122.4 (α), 

113.4 (5), 70.9 (8, 9), 64.3 (10), 23.1 (7´), and 

16.1 (7). Elemental analysis for C20H22O4: C, 

73.60%; H, 6.79%; O, 19.61%. Found: C, 

73.56%; H, 6.89%; and O, 19.49%. 

3-(4-(2,3-Dihydroxypropoxy)-3-methylphenyl)-

1-(4-ethylphenyl)prop-2-en-1-one (A8): 

Off white powder 0.194 g (57 % yield) (m.p.: 

155-157 ˚C). Rf = 0.52; IR νmax (cm-1): 3286 

(OH), 1652 (C=O); 1H-NMR (ppm, 500 MHz, 

DMSO-d6): δ= 7.95 (d, 3H, 2´, 6´, β), 7.44 (m, 

3H, 2, 6, α), 7.22 (d, 2H, 3´, 5´), 6.75 (d, 1H, 5), 

4.84 (s, 1H, d), 4.63 (s, 1H, e), 3.85 (m, 1H, b), 

3.70 (m, 2H, a, a´), 3.41 (m, 2H, c, c´), 2.69 (q, 

2H, 7´), 2.08 (s, 3H, 7), and 1.25 (t, 3H, 8´); 
13C-NMR (ppm, 125 MHz, DMSO-d6): δ= 189.7 

(11), 158.7 (4), 148.5 (4´), 145.5 (β), 136.1 
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(1´), 131.3 (2), 129.2 (1, 2´, 3´, 5´, 6´), 128.0 

(6), 127.1 (3), 121.4 (α), 113.8 (5), 70.8 (8, 9), 

64.1 (10), 27.5 (7´), and 15.8 (7, 8´). 

Elemental analysis for C21H24O4: C, 74.09%; H, 

7.11%; and O, 18.80%. Found: C, 74.29%; H, 

7.17%; and O, 18.84%. 

3-(4-(2,3-Dihydroxypropoxy)-3-methylphenyl)-

1-(4-isopropylphenyl)prop-2-en-1-one (A9): 

Off white powder 0.205 g (58 % yield) (m.p.: 

155-157 ˚C). Rf = 0.55; IR νmax (cm-1): 3275 

(OH), 1653 (C=O); 1H-NMR (ppm, 500 MHz, 

DMSO-d6): δ= 7.93 (d, 3H, 2´, 6´, β), 7.43 (m, 

3H, 2, 6, α), 7.21 (d, 2H, 3´, 5´), 6.75 (d, 1H, 5), 

4.84 (s, 1H, d), 4.62 (s, 1H, e), 3.86 (m, 1H, b), 

3.75 (m, 2H, a, a´), 3.45 (m, 2H, c, c´), 2.98 (m, 

1H, 7´), 2.11 (s, 3H, 7), and 1.28 (d, 6H, 8´); 
13C-NMR (ppm, 125 MHz, DMSO-d6): δ= 190.4 

(11), 157.7 (4), 150.5 (4´),145.5 (β), 136.1 

(1´), 131.4 (2), 129.7 (1, 2´, 6´), 128.5 (6), 

127.4 (3), 125.5 (3´, 5´), 121.9 (α), 114.2 (5), 

70.8 (8, 9), 64.1 (10), 34.4 (7´), 23.5 (8´), and 

16.1 (7). Elemental analysis for C22H26O4: C, 

74.55%; H, 7.39%; and O, 18.06%. Found: C, 

74.45%; H, 7.47%, and O, 17.94%. 

1-(4-(Tert-butyl)phenyl)-3-(4-(2,3-

dihydroxypropoxy)-3-methylphenyl)prop-2-en-

1-one (A10): 

Faint yellow powder 0.214 g (58 % yield) 

(m.p.: 158-160 ˚C). Rf = 0.57; IR νmax (cm-1): 

3286 (OH), 1668 (C=O); 1H-NMR (ppm, 500 

MHz, DMSO-d6): δ= 7.92 (d, 3H, 2´, 6´, β), 7.42 

(m, 3H, 2, 6, α), 7.21 (d, 2H, 3´, 5´), 6.76 (d, 1H, 

5), 4.81 (s, 1H, d), 4.65 (s, 1H, e), 3.82 (m, 1H, 

b), 3.70 (m, 2H, a, a´), 3.41 (m, 2H, c, c´), 2.10 

(s, 3H, 7), and 1.35 (s, 9H, 8´); 13C-NMR (ppm, 

125 MHz, DMSO-d6): δ= 190.4 (11), 158.1 (4), 

155.7 (4´), 145.2 (β), 137.1 (1´), 131.5 (2), 

129.3 (1, 2´, 6´), 128.3 (6), 127.0 (3), 126.1 

(3´, 5´), 121.8 (α), 112.9 (5), 70.6 (8, 9), 64.7 

(10), 35.1 (7´), 31.0 (8´), and 15.9 (7). 

Elemental analysis for C23H28O4: C, 74.97%; H, 

7.66%; and O, 17.37%. Found: C, 75.01%; H, 

7.60%; and O, 17.45%. 

3-(4-(2,3-Dihydroxypropoxy)-3-methylphenyl)-

1-(4-methoxyphenyl)prop-2-en-1-one (A11): 

Beige powder 0.195 g (57 % yield) (m.p.: 

166-168 ˚C). Rf = 0.48; IR νmax (cm-1): 3282 

(OH), 1653 (C=O); 1H-NMR (ppm, 500 MHz, 

DMSO-d6): δ= 7.99 (d, 3H, 2´, 6´, β), 7.41 (m, 

3H, 2, 6, α), 7.05 (d, 2H, 3´, 5´), 6.77 (d, 1H, 5), 

4.81 (s, 1H, d), 4.64 (s, 1H, e), 3.84 (m, 4H, b, 

7´), 3.75 (m, 2H, a, a´), 3.45 (m, 2H, c, c´), and 

2.11 (s, 3H, 7); 13C-NMR (ppm, 125 MHz, 

DMSO-d6): δ= 190.5 (11), 164.1 (4´), 158.2 

(4), 145.2 (β), 134.7 (1´), 131.9 (2, 2´, 6´), 

129.6 (1), 128.5 (6), 127.4 (3), 121.9 (α), 

113.8 (5, 3´, 5´), 71.2 (8, 9), 63.8 (10), 55.4 

(7´), and 16.2 (7). Elemental analysis for 

C20H22O5: C, 70.16%; H, 6.48%; and O, 

23.36%. Found: C, 70.22%; H, 6.34%; and O, 

23.32%. 

1-(4-Butoxyphenyl)-3-(4-(2, 3-

dihydroxypropoxy)-3-methylphenyl)prop-2-en-

1-one (A12): 

Yellow powder 0.215 g (56 % yield) (m.p.: 

176-178 ˚C). Rf = 0.51; IR νmax (cm-1): 3421 

(OH), 1644 (C=O); 1H-NMR (ppm, 500 MHz, 

DMSO-d6): δ= 7.97 (d, 3H, 2´, 6´, β), 7.44 (m, 

3H, 2, 6, α), 7.04 (d, 2H, 3´, 5´), 6.75 (d, 1H, 5), 

4.84 (s, 1H, d), 4.62 (s, 1H, e), 3.95 (t, 2H, 7´), 

3.80 (m, 1H, b), 3.76 (m, 2H, a, a´), 3.44 (m, 

2H, c, c´), 2.08 (s, 3H, 7), 1.83 (m, 2H, 8´), 1.50 

(m, 2H, 9´), and 0.95 (t, 3H, 10´); 13C-NMR 

(ppm, 125 MHz, DMSO-d6): δ= 190.2 (11), 

162.4 (4´), 157.9 (4), 144.6 (β), 132.9 (1´), 

131.4 (2, 2´, 6´), 129.4 (1), 128.2 (6), 127.1 

(3), 122.6 (α), 114.4 (5, 3´, 5´), 70.8 (8, 9, 7´), 

64.2 (10), 30.9 (8´), 16.4 (7, 9´), and 13.5 

(10´). Elemental analysis for C23H28O5: C, 

71.85%; H, 7.34%; and O, 20.81%. Found: C, 

71.77%; H, 7.42%; and O, 20.89%. 

3-(4-(2,3-Dihydroxypropoxy)-3-methylphenyl)-

1-(4-phenoxyphenyl)prop-2-en-1-one (A13): 

Off white powder 0.218 g (54 % yield) (m.p.: 

148-150 ˚C). Rf = 0.54; IR νmax (cm-1): 3282 

(OH), 1650 (C=O); 1H-NMR (ppm, 500 MHz, 
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DMSO-d6): δ= 7.94 (d, 3H, 2´, 6´, β), 7.47 (m, 

3H, 2, 6, α), 7.25 (t, 2H, 9´, 11´), 7.12 (t, 1H, 

10´), 7.02 (d, 4H, 3´, 5´, 8´, 12´), 6.74 (d, 1H, 5), 

4.85 (s, 1H, d), 4.62 (s, 1H, e), 3.81 (m, 1H, b), 

3.73 (m, 2H, a, a´), 3.42 (m, 2H, c, c´), and 2.07 

(s, 3H, 7); 13C-NMR (ppm, 125 MHz, DMSO-

d6): δ= 189.3 (11), 157.7 (4, 7´), 149.7 (4´), 

144.8 (β), 132.9 (1´), 131.9 (2, 2´, 6´), 129.8 

(1, 9´, 11´), 128.5 (6), 127.4 (3), 124.4 (10´), 

121.9 (α), 120.2 (3´, 5´), 118.6 (8´, 12´), 113.5 

(5), 71.2 (8, 9), 63.6 (10), and 16.1 (7). 

Elemental analysis for C25H24O5: C, 74.24%; H, 

5.98%; and O, 19.78%. Found: C, 74.38%; H, 

5.90%; and O, 19.84%. 

1-([1, 1'-Biphenyl]-4-yl)-3-(4-(2,3-

dihydroxypropoxy)-3-methylphenyl)prop-2-en-

1-one (A14): 

Pink powder 0.194 g (50 % yield) (m.p.: 190-

192 ˚C). Rf = 0.62; IR νmax (cm-1): 3282 (OH), 

1650 (C=O); 1H-NMR (ppm, 500 MHz, DMSO-

d6): δ= 7.99 (d, 3H, 2´, 6´, β), 7.69 (d, 2H, 3´, 

5´), 7.57 (d, 2H, 8´, 2´), 7.45 (m, 5H, 2, 6, α, 9´, 

11´), 7.37 (t, 1H, 10´), 6.72 (d, 1H, 5), 4.80 (s, 

1H, d), 4.60 (s, 1H, e), 3.85 (m, 1H, b), 3.74 (m, 

2H, a, a´), 3.45 (m, 2H, c, c´), and 2.07 (s, 3H, 

7); 13C-NMR (ppm, 125 MHz, DMSO-d6): δ= 

190.4 (11), 158.1 (4), 144.5 (β, 4´), 140.2 (7´), 

136.2 (1´), 131.6 (2), 129.8 (1, 2´, 6´, 9´, 11´), 

128.4 (6), 127.6 (3, 3´, 5´, 8´, 10´, 12´), 121.8 

(α), 113.5 (5), 70.7 (8, 9), 64.6 (10), and 16.2 

(7). Elemental analysis for C25H24O4: C, 

77.30%; H, 6.23%; and O, 16.47%. Found: C, 

77.38%; H, 6.27%; and O, 16.43%. 

3-(4-(2,3-Dihydroxypropoxy)-3-methylphenyl)-

1-(naphthalen-2-yl)prop-2-en-1-one (A15): 

Yellow powder 0.192 g (53 % yield) (m.p.: 

181-183 ˚C). Rf = 0.57; IR νmax (cm-1): 3282 

(OH), 1644 (C=O); 1H-NMR (ppm, 500 MHz, 

DMSO-d6): δ= 8.45 (s, 1H, 6´), 7.95 (d, 5H, 2´, 

3´, 7´, 10´, β), 7.58 (t, 1H, 9´), 7.45 (m, 4H, 2, 6, 

8´, α), 6.77 (d, 1H, 5), 4.81 (s, 1H, d), 4.62 (s, 

1H, e), 3.85 (m, 1H, b), 3.70 (m, 2H, a, a´), 3.41 

(m, 2H, c, c´), and 2.10 (s, 3H, 7); 13C-NMR 

(ppm, 125 MHz, DMSO-d6): δ= 190.0 (11), 

158.0 (4), 144.3 (β), 134.6 (1´, 4´, 5´), 131.5 

(2), 129.4 (1, 6´, 10´), 128.4 (6, 3´, 7´), 127.4 

(3, 2´, 9´), 126.1 (8´) 122.2 (α), 113.2 (5), 70.5 

(8, 9), 64.1 (10), and 16.2 (7). Elemental 

analysis for C23H22O4: C, 76.22%; H, 6.12%; 

and O, 17.66%. Found: C, 76.28%; H, 6.14%; 

and O, 17.62%. 

3-(4-(2,3-Dihydroxypropoxy)-3-methylphenyl)-

1-(6-methoxynaphthalen-2-yl)prop-2-en-1-one 

(A16): 

Faint yellow powder 0.212 g (54 % yield) 

(m.p.: 184-186 ˚C). Rf = 0.55; IR νmax (cm-1): 

3421 (OH), 1643 (C=O); 1H-NMR (ppm, 500 

MHz, DMSO-d6): δ= 8.43 (s, 1H, 6´), 7.93 (d, 

4H, 2´, 3´, 10´, β), 7.72 (d, 1H, 9´), 7.55 (d, 1H, 

7´), 7.43 (m, 3H, 2, 6, α), 6.75 (d, 1H, 5), 4.84 

(s, 1H, d), 4.64 (s, 1H, e), 3.83 (m, 4H, 11´, b), 

3.72 (m, 2H, a, a´), 3.43 (m, 2H, c, c´), and 2.13 

(s, 3H, 7); 13C-NMR (ppm, 125 MHz, DMSO-

d6): δ= 189.6 (11), 157.5 (4, 8´), 144.6 (β), 

135.2 (1´, 4´), 131.5 (2), 129.6 (1, 6´, 10´), 

128.4 (6, 2´, 5´), 127.4 (3), 126.0 (3´) 122.2 

(α), 113.6 (5, 9´), 109.8 (7´) 71.2 (8, 9), 63.9 

(10), 55.4 (11´), and 15.9 (7). Elemental 

analysis for C24H24O5: C, 73.45%; H, 6.16%; 

and O, 20.38%. Found: C, 73.53%; H, 6.20%; 

and O, 20.40%. 

Biological testing 

Antitumor evaluation 

An MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-

diphenyl-2Htetrazolium bromide) test, a 

tetrazolium salt, was used to measure 

antitumor activity, as previously described. 

[44,45] to get IC50 of (A7-A16) and 

adriamycin (positive control), as shown in 

table 1. 

Antioxidant Activity  

An 1, 1-Diphenyl-2-picryl Hydrazyl (DPPH) 

Assay was used to investigate antioxidant 

capacity as previously described [46-48]. The 
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IC50 value indicates the concentration of the 

sample needed to quench 50% of the DPPH 

free radicals, as presented in Table 2. 

Method of Molecular Docking 

 The AutoDock Vina algorithm was used to 

dock the tested compounds against Aquifex 

aeolicus histone deacetylase homolog active 

site, where this homolog contains 375 

residues that are identical to human HDAC1 

(35.2%). The ligand that is co-crystallized 

inside the protein crystal (PDB code: 1C3S) 

obtained from the RCSB PDB generated the 

binding sites. The targeted proteins were 

prepared by removing water molecules, 

adding missing amino acids, correcting 

unfilled valence atoms, and minimizing the 

protein peptide energy by applying CHARMM 

force fields. A selection was made of the 

protein's essential amino acids, and 

preparations were made for testing them. 

Chem-Bio create Ultra17.0 was used to create 

the 2 dimensional orientation of the 

derivatives that were put to the test, and then 

the resulting drawings were saved in SDF file 

format. Protonation was performed on the 

ligands that were put through the test, and 

energy was reduced using the MMFF94 with 

an RMSD of 0.1 kcal/mol. After the structures 

were reduced, they were saved for molecular 

docking. Docking algorithms were used to 

carry out the process of molecular docking. 

While the target pocket was kept stiff 

throughout the process, the ligands were 

permitted to be flexible. During the refining 

process, it was permitted for each molecule to 

develop a total of twenty distinct interaction 

postures with the protein. Recorded were the 

docking scores, denoted by the symbol ΔG 

and representing the affinity interaction 

energy between the best-fitting postures and 

the active site of histone deacetylase [49, 50]. 

Utilizing the Discovery Studio 2016 visualizer 

program allowed for the generation of 3D 

orientation. 

Results and discussion 

Neoplastic suppressive results 

Table 1 presents the findings of studies 

showing that the chalcones produced had a 

good interesting anti-neoplastic effect on all 

the various cancer cell lines tested. A2 was 

the most potent, which may be attributable to 

the trifluoromethyl group inserted into 

position 4' of A2 as part of the skeletal 

formula. 

The beneficial trifluoromethyl 

substitution's influence on the aromatic 

system has been the subject of several studies 

[51-53], which has been found to slow the 

progression of malignancies. 
 

TABLE 1 The study's findings assessed chalcone derivatives' potential to prevent neoplastic growth 

Derivative 
(μM) ± SD (n=3) 50IC 

HepG2 MCF-7 HeLa Ovcar-3 A549 

Adriamycin 0.20 ± 0.01 0.06 ± 0.002 0.076 ± 0.003 0.06 ± 0.002 0.30 ± 0.01 

A1 0.81 ± 0.02 0.97 ± 0.04 1.6 ± 0.06 1.01 ± 0.06 0.81 ± 0.03 

A2 0.61 ± 0.02 0.54 ± 0.02 0.91 ± 0.05 0.60 ± 0.03 0.22 ± 0.01 

A3 0.56 ± 0.02 0.86 ± 0.03 1.34 ± 0.08 0.72 ± 0.04 0.52 ± 0.03 

A4 0.91 ± 0.05 0.66 ± 0.02 1.31 ± 0.04 1.32 ± 0.04 0.52 ± 0.01 

A5 0.52 ± 0.02 0.75 ± 0.02 1.42 ± 0.05 0.71 ± 0.04 0.62 ± 0.02 

A6 0.42 ± 0.01 0.94 ± 0.03 1.51 ± 0.06 0.72 ± 0.04 0.72 ± 0.03 

A7 0.81± 0.03 0.97± 0.03 1.53± 0.03 1.12± 0.03 0.80± 0.03 
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A8 0.81± 0.03 0.91± 0.03 1.56± 0.03 1.12± 0.03 0.81± 0.03 

A9 0.90± 0.03 1.12± 0.03 1.59± 0.03 1.32± 0.03 0.82± 0.03 

A10 0.91± 0.03 1.02± 0.03 1.60± 0.03 1.32± 0.03 0.90± 0.03 

A11 0.91± 0.03 1.08± 0.03 1.31± 0.03 1.18± 0.03 0.91± 0.03 

A12 0.94± 0.03 1.18± 0.03 1.53± 0.03 1.28± 0.03 1.01± 0.03 

A13 1.09± 0.03 1.40± 0.03 1.61± 0.03 2.52± 0.03 1.25± 0.03 

A14 1.19± 0.03 1.30± 0.03 1.61± 0.03 2.71± 0.03 1.30± 0.03 

A15 0.93± 0.03 1.00± 0.03 1.61± 0.03 2.00± 0.03 1.11± 0.03 

A16 0.91± 0.03 1.10± 0.03 1.64± 0.03 2.03± 0.03 1.20± 0.03 

 

Antioxidant activity results 

Ascorbic acid, a common vitamin C 

supplement, was found to have an IC50 of 

23.27µg/mL. 

Among the sixteen new compounds 

examined for antioxidant activity using the 

DPPH approach, the compound A2 produced 

in the previous work remains the excellent 

radical scavenger with strong antioxidant 

activity. 

In contrast, the IC50 values for A1, A3-A16 

show moderate to low antioxidant activity 

[54]. Table 2 lists the data on antioxidant 

activity. 

TABLE 2 The antioxidant activity of the produced chalcone derivatives (IC50 in µg/mL) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Derivative ± SD (n=3) 50IC 

A1 88.51 ± 3.4 

A2 45.79 ± 1.8 

A3 65.54 ± 3.2 

A4 73.73 ± 1.8 

A5 78.14 ± 2.7 

A6 57.49 ± 2.2 

A7 75.27 ± 3.9 

A8 82.14 ± 4.1 

A9 91.61 ± 5.0 

A10 78.72 ± 4.3 

A11 79.53 ± 3.1 

A12 75.64 ± 4.0 

A13 82.64 ± 4.7 

A14 110.84 ± 7.2 

A15 106.66 ± 6.1 

A16 95.64 ± 5.1 

Ascorbic acid 23.27 ± 1.2 



P a g e  | 820 In silico study of chalcones … 
 

 

The outcomes of docking  

The docking findings of the compounds, 

including the predicted values for their free 

binding energies ΔG (Docking Score) 

(kcal/mol), as well as the interactions that 

occur with important amino acid residues at 

the active site of homolog, are expressed in 

Table 3 and Figures (2-10). All compounds 

showed hydrogen and pi interactions at the 

active site of Aquifex aeolicus HDAC homolog, 

and most of them had bond dipole-ion 

interaction with Zinc ion (Zn+2). 

 

 

 

TABLE 3 (ΔG) kcal/mol of (A1-A16) and vorinostat (SAHA) against (Aquifex aeolicus HDAC homolog) 

target site (PDB ID:  1C3S) 

Compound 
RMSD value 

(Å) 
ΔG 

(kcal/mol) 

Interactions 

Hydrogen 
Binding 

π-interactions 

Compound A1 501. -9.34 2 6 

Compound A2 1.52 -9.54 2 8 

Compound A3 1.01 -9.53 1 11 

Compound A4 1.29 -9.45 1 6 

Compound A5 1.35 -9.09 2 5 

Compound A6 1.56 -9.79 3 5 

Compound A7 1.51 -9.45 2 5 

Compound A8 1.27 -9.76 2 5 

Compound A9 1.46 -9.97 3 7 

Compound A10 1.53 -10.10 1 6 

Compound A11 1.69 -9.85 2 6 

Compound A12 1.50 -9.44 1 9 

Compound A13 1.28 -10.69 2 7 

Compound A14 1.28 -10.25 2 9 

Compound A15 1.27 -9.86 2 10 

Compound A16 1.77 -9.82 - 6 

SAHA 1.22 -10.33 3 1 
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FIGURE 2 Mapping surface and 3d representation of the co-crystalized ligand (SAHA) docked in Aquifex 

aeolicus HDAC homolog 

 

FIGURE 3 Mapping surface and 3d orientation of compound A1 (left), compound A2 (right) docked in 

Aquifex aeolicus HDAC homolog 
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FIGURE 4 Mapping surface and 3d orientation of compound A3 (left), compound A4 (right) docked in 

Aquifex aeolicus HDAC homolog 

 

FIGURE 5 Mapping surface and 3d orientation of compound A5 (left), compound A6 (right) docked in 

Aquifex aeolicus HDAC homolog 
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FIGURE 6 Mapping surface and 3d orientation of compound A7 (left), compound A8 (right) docked in 

Aquifex aeolicus HDAC homolog 

 

FIGURE 7 Mapping surface and 3d orientation of compound A9 (left), compound A10 (right) docked in 

Aquifex aeolicus HDAC homolog 
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FIGURE 8 Mapping surface and 3d orientation of compound A11 (left), compound A12 (right) docked in 

Aquifex aeolicus HDAC homolog 

 

FIGURE 9 Mapping surface and 3d orientation of compound A13 (left), compound A14 (right) docked in 

Aquifex aeolicus HDAC homolog 
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FIGURE 10 Mapping surface and 3d orientation of compound A15 (left), compound A16 (right) docked in 

Aquifex aeolicus HDAC homolog 

Pharmacokinetic study (ADMET studies) 

ADMET studies  

Biovia Discovery Studio 2019 was used to 

analyze the results of the ADMET studies 

[55,56]. All ligands were shown to have high 

to very high permeability across the brain-

blood barrier (BBB), with the exception of A6, 

which exhibited low permeability, and SAHA 

exhibited medium permeability. Except for 

SAHA, which showed excellent solubility, 

other ligands ranged from poorly soluble to 

very soluble. 

In addition, the ligands demonstrated high 

rates of absorption and showed no signs of 

inhibiting cytochrome P450. Regarding their 

potential to cause damage to the liver, none of 

the ligands were considered hazardous. 

Finally, it was determined that all ligands, 

with the exception of SAHA, had a probability 

of binding plasma protein (PPB) that was 

more than 90%. All ligands were shown to 

have favorable pharmacokinetic 

characteristics, justifying their selection for 

future study (Figure 11) and (Table 4). 
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FIGURE 11 ADMET outcomes predicted for the synthesized chalcone derivatives  

TABLE 4 ADMET predictions for the synthesized chalcones (A1-A16) 

Compound 
BBB 

level a 

Solubilit
y 

level b 

Absorptio
n 

level c 

Hepatotoxici
ty 

CYP2D6 
prediction d 

PPB 
predictio

n e 

Compound A1 2 3 0 Negative Negative Positive 
Compound A2 1 2 0 Negative Negative Positive 
Compound A3 2 3 0 Negative Negative Positive 
Compound A4 2 3 0 Negative Negative Positive 
Compound A5 2 3 0 Negative Negative Positive 
Compound A6 4 3 0 Negative Negative Positive 
Compound A7 2 3 0 Negative Negative Positive 
Compound A8 1 3 0 Negative Negative Positive 
Compound A9 1 3 0 Negative Negative Positive 

Compound A10 1 2 0 Negative Negative Positive 
Compound A11 2 3 0 Negative Negative Positive 
Compound A12 1 3 0 Negative Negative Positive 
Compound A13 1 2 0 Negative Negative Positive 
Compound A14 1 2 0 Negative Negative Positive 
Compound A15 1 2 0 Negative Negative Positive 
Compound A16 2 2 0 Negative Negative Positive 

SAHA 3 4 0 Negative Negative Negative 
aBBB level, blood brain barrier level, 4 = very low, 3 = low,  2 = medium,  1 = high, and   0 = very high. 
bSolubility level, 4 = optimal, 3 = good,  2 = low, and 1 = very low. 
cAbsorption level, 3 = very poor, 2 = poor, 1 = moderate, and 0 = good. 
dCYP2D6, cytochrome P2D6, Negative = non inhibitor and Positive = inhibitor.  
ePredicted plasma protein binding. Positive means more than 90%, and Negative means less than 90%.The 

categorization of whether a molecule is strongly bound (bound to at least 90% of plasma proteins) using a 

cut-off Bayesian score of -2.209 as the determining factor. 

Conclusion  

The pharmacological relevance of chalcone 

scaffolds provides vast possibilities for the 

discovery of new drugs with unique 

mechanisms of action. In this study, a number 

of chalcone derivatives were produced, and 

their in vitro anticancer and antioxidant 

characteristics were evaluated (A1-A16) with 

a 3-propoxy-1, 2-diol arm as (ZBG). While the 

results indicated that all compounds could 

have some anti-cancer properties, compound 
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A2 proved to be the most effective. Docking 

and cytotoxicity studies yielded the following 

results: compound A2 is a good lead molecule 

for novel HDACIs with alkyl 1, 2-diol as (ZBG). 
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