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Abstract: 2-Pyridone is considered as one of the most
famous efficient pharmaceutical compounds. Many appro-
aches were discovered to synthesize 2-pyridone. In this
present research, chloroacetylation of benzylamine at
simple conditions, EtONa/EtCOONa produced N-benzyl-
2-chloroacetamide 2. Compound 2 was allowed to react
with different reagents. These reagents are acetylacetone,
ethyl cyanoacetate, ethyl acetoacetate, and diethyl malo-
nate, creating 2-pyridone derivativeswith a good yield. The
structures of the prepared compounds were elucidated by
spectral data (IR, 1HNMR, and 13CNMR). The synthesized
compound was tested for its antimicrobial activity against
the Gram-positive (Staphylococcus aureus) and the Gram-
negative (Escherichia coli) bacteria. In addition, the anti-
fungal activities of the compounds were tested against two
fungi (Candida albicans and Aspergillus flavus). Molecular
docking studies were applied using the Autodock vina
method. Theoretical methods prove all the experimental
results by using molecular docking using Autodock vina
and by ADEMT studies. The docking results represent that
compound 20 had the best docking free energy, and it is
the effective compound toward the selected bacterial
and fungal proteins. ADME studies showed that the
only compound 18 could cross the blood–brain barrier,
and compound 15 was predicted to be soluble.

Keywords: 2-pyridone, ethyl cyanoacetate, chloroaceta-
mide, lactam–lactim tautomerism, molecular docking,
ADMET

1 Introduction

Cyclization of α-halogenacetamides is a building block for
synthesizing several organic compounds, which attracted
the attention of many researchers due to their importance
in various fields [1–3]. While some derivatives occur natu-
rally, 2-pyridone does not [4,5]. 2-Pyridone has two forms
of tautomerism (keto and enol forms), expressed as lac-
tam–lactim tautomerism. In this type of tautomerism,
the H+ on the nitrogen atom can be attached to the
oxygen atom to obtain the second tautomer. In the solid
state, 2-pyridone exists in the keto form, where the IR
analysis indicated the presence of the ketone group.
However, in the solution state, 2-pyridone tautomeriza-
tion depends on the polarity of the solvent, wherein
polar solvents exist in ketone form, while nonpolar sol-
vents present as the hydroxyl form [6]. The dimerization
of 2-pyridone and 2-hydroxy pyridine underwent through
hydrogen bond [7].

α-Pyridone derivatives have wide and important appli-
cations in many fields like industry, biology, and medi-
cine. They are used as anticancer [8,9], anti-inflammatory
[10,11], antimicrobial, antifungal [12–15], pharmaceutical
[16], antiviral [17,18], anti-oxidant [19], dyes [20–24],
fluorescents [25], and natural products [26,27]. In addi-
tion, 2-pyridone has catalytic activity, and hence, it can
be used as a catalyst in proton-dependent reactions like
aminolysis of esters [28–30] and its uses as a ligand in
coordination chemistry [31,32]. Therefore, these ani-
mated researchers prepare 2-pyridone and its derivatives
through cyclic and condensation of an acyclic system
[33–40]. Thus, in this work, the preparation and properties
of some 2-pyridone derivatives are presented. Computa-
tional studies involving molecular docking by auto dock
vina were used to predict and prove the biological studies.
ADMET studies indicated the prediction and validation of
the activity of the synthesized compounds. The use of
computational studies is one of the modern techniques
that help describe the pharmacological properties of the
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synthesized compounds. The consequence of the present
research strengthens the applicability of these com-
pounds as encouraging anticancer and antibacterial
drugs that could help the medicinal chemists and phar-
maceuticals further design and synthesize more effec-
tive drug candidates [41–44].

2 Results and discussion

2.1 Chemistry

Chloroacetylation of benzylamine furnished multifunc-
tion product 2 (Scheme 1). The stretching frequency of 2
was observed at 3,271, 1,641, and 1,546 cm−1 for N–H,
C]O, and C]C, respectively. The exchangeable downfield
signal of N–Hwas shown at 8.70 ppm. The synthetic strategy
of producing a new pyridone system depends on the reaction
of active methylene with 1 followed by intramolecular

cyclization involving the condensation of the ester carbonyl
with nucleophilic benzylic carbon in a basic medium.
Thus, diethyl malonate underwent alkylation, cyclization
followed by hydrolysis, subsequent CO2 evolution, and
enolization to furnish 6 (Scheme 1). IR spectrum led to
peaks at 3,274, 1,644, and 1,549 for O–H, C]N, and C]C,
respectively. O–H appeared at 13.2 and 15.14 ppm.

Acetyl acetone underwent alkylation by using 2 in a
basic medium followed by cyclodehydration producing
pyridone derivative 8. N–H, C]O, and C]C stretching
frequency were observed at 3,275, 1,645, and 1,549 cm−1,
respectively. The N–H signal was detected at 11.09 ppm,
and the carbonyl carbon signal was detected at 139.29
and 166.43.

Ethyl cyanoacetate underwent SN reaction with 2,
cyclization, iminohydrolysis, dehydrogenation followed
by ester hydrolysis, and subsequent decarboxylation leading
to 12 (Scheme 2). IR spectrum led to C]O and C]N,
while there is no N–H signal.

As depicted in Scheme 2, cyclo-condensation of 2 and
ethyl acetoacetate furnished pyridone derivative 15. IR
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Scheme 1: Alkylation followed by cyclization of 2 with active methylene.
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peaks presented at 3,275, 1,644, and 1,548 cm−1 due to
O–H, C]N, and C]C, respectively. The O–H downfield
signal was observed at 12.2 ppm. The imidazole cycliza-
tion 16 was observed by using thiourea as a cyclizing
agent. IR spectrum showed peaks at 3,270, 1,641, and
1,311 for N–H, CN, and C]S, respectively. Intermolecular
cyclization of 2 and benzaldehyde led to benzylic con-
densation followed by Michael’s addition. IR spectrum
led to N–H, C]O, and C]C function, the N–H signal
was observed at 8.62 ppm, and carbonyl carbon was
located at 134.01.

Subjecting 2 to added to heteroallene electrophilic
carbon proved piperazine cyclization led to 20 (Scheme 3).
N–H, CO, and C]S functions were observed at 3,272, 1,638,
and 1,226 cm−1, respectively. N–H signal was observed at
8.79 ppm.

2.2 Biology

The biological activity of the produced compounds was
studied for their antimicrobial effects against the Gram-
positive (Staphylococcus aureus) and the Gram-negative

(Escherichia coli) bacteria. In addition, antifungal actions
of the compounds were tested against two fungi (Candida
albicans and Aspergillus flavus).

Table 1 shows that compounds 15, 18, and 20 have
inhibitory effects on S. aureus, E. coli, A. flavus, C. albicans
strains [41,42]. The antimicrobial activity of the tested
compounds was determined using a modified Kirby-Bauer
disc diffusion method [42].

Briefly, 100 µL of the test bacteria/fungi were grown
in 10mL of fresh media until they reached a count of
approximately 108 cells/mL for bacteria 105 cells/mL
for fungi [43].

2.3 Computational studies

2.3.1 Analyses of the docked complexes and ADME
predictions

The information regarding the active site of the proteins
was collected from the PDB database. Compound 8
showed the highest binding affinity with the DNA gyrase
B of S. aureus with interaction was observed with Gly85,

2

NC

HN

COOEt

O

HN

COOEt

O

NH

HN

COOEt

O

O

N
O

O

HN

O

COOEt
HN

O

N
H

N

NH

S

N
H

Cl
O

HN

O
Ethyl cyanoacetate

TEA/ Butanol

15h
TEA/ Butanol

15h

9 10

11

17

2) Hydrolysis

3) Decarbonation

13

12

14

Ethyl acetoacetate

th
io

ur
ea

Et
ho

xi
de

13
h

Et
ho

xi
de

Be
nz

al
de

hy
de

17
h

1516

1) Hydrolysis

2) -co2

Cl

1) -H2

N

OH

Enolization

18

Scheme 2: Azole and azine generation from acylated product 2.

Cyclization of N-acetyl derivative  37



Ile86, Ile51, and Ile175, while for E. coli DNA gyrase B,
the compound 20 showed the highest free energy of
binding with Asn46, Ile78, Pro79, and Ile90 were pre-
sent in the binding cavity (Figure 1a and b). Similarly,
compound 20 also has relatively higher interaction energy
with urate oxide of A. flavus with residues Tyr30, Met32,
Cys103, Hs104, and Trp106 in the docked site (Figure 1c).
Furthermore, the compounds showed less binding affinity
toward the glucosamine-6-phosphate synthase of C. albi-
cans, with relatively higher energy for the docked complex
of compound 20, which was observed to have interacted
with Leu411, Glu418, Tyr577, and Ala580 (Figure 1d). All
the studied compounds demonstrated significant ADME
properties, with the number of hydrogen bond donors
[1,2], the number of hydrogen bond acceptors [2–5],
and molecular weight of <320, which are considerable
(Table 2). None of the studied compounds showed the
ability to cross the blood–brain barrier except com-
pound 18, with the nontoxic nature of the selected com-
pounds. Compound 15 was predicted to be soluble, with
the rest of the compounds showing moderate solubility

in water. All the designed compounds are practicality
synthesizable, which can be indicated from the reason-
able ranges presented through the ADME calculations.

3 Experimental and methodology

3.1 Chemistry

An electro-thermal IA 9100 apparatus was used for mea-
suring melting points. Drying solvents were used for all
experiments. Purification of the produced compounds
was carried out by crystallization. The IR analyses (KBr
disc) were performed using a Pye Unicom Sp-3-300 or a
Shimadzu FTIR 8101 PC infrared spectrophotometer. The
1HNMR and 13CNMR spectra were recorded on Varian
Mercury VX-300 NMR 500 (75.4) MHz at a spectrophot-
ometer using DMSOd6 as a solvent. TMS was used as an
internal reference for all chemical shifts expressed on the
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Table 1: In vitro antibacterial and antifungal screening of the newly synthesized compounds

Sample Inhibition zone diameter (mm/mg sample)

Bacterial species

G+ G−

Fungal species

Staphylococcus aureus Escherichia coli Aspergillus flavus Candida albicans

Control: DMSO 0 0 0 0
6 0.0 0.0 0.0 0.0
8 9 0 0 0
15 10 12 0 0
18 10 10 0 0
20 11 15 10 26
Ampicillin Antibacterial agent 21 25 — —
Amphotericin B — — 17 21
Antifungal agent
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δ (ppm) scale. The values of the coupling constant (J) are
given in Hz [45,46].

3.1.1 6-Phenyl-3,6-dihydropyridine-2,5-diol (6)

A solution of N-benzyl-2-chloroacetamide 2 (1,500mg,
8mmol), diethyl malonate (1.22 mL, 8 mmol), and TEA
(1 mL) in butanol (20mL) was refluxed for 15 h and then
concentrated, and the formed precipitate was filtered off,
washed with water, dried, and crystallized with a mixture
of ethanol + H2O by ratio of 1:3 to obtain white crystals of
6. Yield 1175.1 mg (76%), m.p. 82–84°C. IR (KBr, v, cm−1):
3,274(2O–H) 1,644(C]N), 1,549(C]C). 1H NMR (500MHz,
DMSO-d6) δ 7.42–7.27 (m, 5H), 5.87 (td, J = 5.8, 1.8 Hz, 1H),
5.15 (dt, J = 1.8, 0.9 Hz, 1H), 3.11–2.98 (m, 2H). 13C NMR

(125 MHz, chloroform-d) δ 172.57, 158.29, 138.62, 128.43,
127.58, 126.55, 97.57, 59.28, 26.34. Elemental analysis
calculated (%) for C11H11NO2 (189): C 69.83; H 5.86; N
7.40. Found: C 69.65; H 5.76; N 7.32.

3.1.2 4-Acetyl-5-methyl-6-phenyl-3,4-dihydropyridin-
2(1H)-one (8)

A mixture of N-benzyl-2-chloroacetamide 2 (7,340mg,
40mmol), acetyl acetone (4.1 mL, 40mmol), and TEA
(1 mL) was refluxed in butanol (20 mL) for 15 h and then
concentrated. The formed precipitate was filtered off,
washed with water, dried, and recrystallized with mix-
ture of ethanol + H2O by ratio 1:3 to give brown powder of
8. Yield 6,598mg (72%), m.p. 80–86°C. IR (KBr, v, cm−1):

Figure 1: The docked complex formation (a) between S. aureus DNA gyrase B and compound 8, (b) between E. coli DNA gyrase B and
compound 20, (c) between A. flavus urate oxide and compound 20, and (d) between C. albicans glucosamine-6-phosphate synthase and
compound 20.

Table 2: List ADMET properties calculated for the selected inhibitors

S. no. Compound name QP log Po/w QPP Caco QP log BB QPPMDCK #metab QP log Khsa Percent human oral absorption

1 6 2.42 205.83 −0.422 113.96 4 −0.235 82.535
2 8 1.83 1063.07 −0.402 528.52 3 −0.151 92.02
3 15 3.37 493.71 −0.119 293.40 3 0.085 94.92
4 18 2.92 597.64 0.466 606.98 2 0.301 93.75
5 20 2.40 351.05 −0.366 794.06 3 −0.089 86.60

Predicted 1: octanol/water partition coefficient; 2: Caco-2 cell permeability (nm/s); 3: brain/blood partition coefficient; 4: apparent MDCK
cell permeability (nm/s); 5: human serum albumin binding; 6: number of metabolic reactions; 7: percent human oral absorption.
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3,275(N–H), 1,645(C]O), 1,549(C]C). 1H NMR (500MHz,
DMSO-d6) δ 7.55–7.47 (m, 3H), 7.43–7.36 (m, 2H), 4.70
(tdt, J = 7.7, 2.9, 1.5 Hz, 1H), 2.74 (dd, J = 15.7, 7.8 Hz,
1H), 2.52–2.46 (m, 1H), 2.13 (d, J = 1.5 Hz, 3H), 1.82 (d,
J = 1.3 Hz, 3H). 13C NMR (125MHz, chloroform-d) δ 206.16,
171.14, 137.14, 133.68, 128.84, 128.20, 127.51, 114.39, 52.84,
37.35, 29.09, 16.52.

Elemental analysis calculated (%) for C14H15NO2

(229.11): C 73.34; H 6.59; N 6.11. Found: C 73.29; H
6.46; N 6.6.

3.1.3 6-Phenyl-3,4-dihydropyridine-2,5-dione (12)

A solution of N-benzyl-2-chloroacetamide 2 (1,500mg,
8mmol), ethyl cyanoacetate (0.9 mL, 8m.mol), and TEA
(1 mL) in butanol (15 mL) was refluxed for 15 h and then
concentrated. The formed precipitate was filtered off,
washed with water, dried, and crystallized from butanol
to give orange crystals of 12. Yield 1112.8 mg (72%), m.p.
75–78°C. IR (KBr, v, cm−1): 1,641(C]O), 1,529(C]N). 1H
NMR (500MHz, DMSO-d6) δ 8.19–8.11 (m, 1H), 7.57–7.47
(m, 1H), 3.16–3.09 (m, 1H), 3.02–2.95 (m, 1H). 13C NMR
(125 MHz, chloroform-d) δ 193.68, 176.82, 162.36, 135.84,
130.19, 129.74, 129.31, 32.30, 31.61. Elemental analysis cal-
culated (%) for C11H9NO2 (187): C 70.58; H 4.85; N 7.48.
Found: C 70.50; H 4.78; N 7.40.

3.1.4 5-Methyl-6-phenyl-3,4-dihydropyridin-2-ol (15)

A solution of N-benzyl-2-chloroacetamide 2 (1,000mg,
5mmol), ethyl acetoacetate (0.688mL, 5mmol), and TEA
(1 mL) in butanol (20 mL) was refluxed for 15 h and then
concentrated. The formed precipitate was filtered off,
washed with water, dried, and crystallized from butanol
to give pale yellow crystals of 15. Yield 795.3mg (78%),
m.p. 79–80°C. IR (KBr, v, cm−1): 3,275(O–H), 1,644(C]N),
1,548(C]C). 1H NMR (500 MHz, DMSO-d6) δ 7.76–7.70
(m, 1H), 7.55–7.43 (m, 1H), 2.63–2.51 (m, 1H), 1.76 (s,
1H). 13C NMR (125 MHz, chloroform-d) δ 167.90, 147.09,
137.19, 129.73, 128.22, 127.15, 126.12, 30.42, 26.15, 18.90.
Elemental analysis calculated (%) for C12H13NO (187.1): C
76.98; H 7.00; N 7.48. Found: 76.90; H 6.94; N 7.40.

3.1.5 4-(Benzyl amino)-1,5-dihydro-2H-imidazole-2-
thione (16)

A solution of thiourea (380mg, 5mmol), N-benzyl-2-chlor-
oacetamide 2 (1,000mg, 5mmol), and sodium (120mg,

5mmol) in ethanol (20mL) was refluxed for 13 h, and
then HCl was added dropwise till complete precipitate
was obtained. The formed precipitate was filtered off,
washed with water, dried, and crystallized from ethanol
to give white crystals of 16. Yield 860.5mg (77%), m.p.
150–152°C. IR (KBr, v, cm−1): 3,270(N–H), 1,641(C]N),
1,311(C]S). 1H NMR (500 MHz, DMSO-d6) δ 9.40 (t, J =
5.0 Hz, 1H), 8.52 (t, J = 4.5 Hz, 1H), 7.36–7.30 (m, 1H), 7.31
(s, 3H), 7.34–7.22 (m, 2H), 4.52 (dd, J = 5.0, 0.8 Hz, 2H),
4.26 (d, J = 4.6 Hz, 2H). 13C NMR (125 MHz, chloroform-d)
δ 188.12, 167.22, 138.11, 128.29, 127.59, 127.49, 47.53,
46.85. Elemental analysis calculated (%) for C10H11N3S
(205): C 58.51; H 5.40; N 20.47; S 15.62. Found: C 58.49; H
5.32; N 20.42; S 15.58.

3.1.6 3-Chloro-4,5-diphenyl-1,3-dihydro-2H-pyrrol-2-
one (18)

A solution of benzaldehyde (0.54mL, 5 mmol), N-benzyl-
2-chloroacetamide 2 (1,000mg, 5 mmol), and sodium
(120mg, 5 mmol) in ethanol (20mL) was refluxed for
17 h, and then HCl was added dropwise till complete
precipitate was obtained. The formed precipitate was fil-
tered off, washed with water, dried, and crystallized from
ethanol to give yellow crystals of 18. Yield 1,099mg
(75%), m.p. 72–75°C. IR (KBr, v, cm−1): 3,283(N–H),
1,652(C]O), 1,532(C]C). 1H NMR (500 MHz, DMSO-d6)
δ 9.28 (s, 1H), 7.60–7.54 (m, 2H), 7.53–7.46 (m, 1H),
7.44–7.34 (m, 4H), 7.34–7.26 (m, 3H), 6.14 (s, 1H). 13C
NMR (125MHz, chloroform-d) δ 169.86, 135.75, 131.13, 130.22,
128.92, 128.58, 128.10, 128.00, 127.62, 126.32, 108.92, 57.22.
Elemental analysis calculated (%) for C16H12ClNO (269):
C 71.25; H 4.48; Cl 13.14; N 5.19. Found: C 71.20; H 4.42;
Cl 13.08; N 5.07.

3.1.7 4-Benzoyl-6-phenyl-5-thioxopiperazin-2-one (20)

A solution of benzoyl isothiocyanate (40mmol), N-benzyl-
2-chloroacetamide 2 (7,340 mg, 40 mmol) in dioxane
(23 mL) was refluxed for 17 h and then poured into
crushed ice. The formed precipitate was filtered off,
washed with water, dried, and crystallized from dioxane
to give pale orange crystals of 20. Yield 8,680mg (70%),
m.p. 80–81°C. IR (KBr, v, cm−1): 3,272(N–H), 1,638(C]O),
1,552(C]C), 1,226(C]S). 1H NMR (500MHz, DMSO-d6) δ
7.88–7.82 (m, 2H), 7.58–7.46 (m, 3H), 7.45–7.38 (m, 2H),
7.38–7.27 (m, 3H), 7.20 (d, J = 7.5 Hz, 1H), 5.64 (dd, J = 7.6,
0.7 Hz, 1H), 4.81–4.70 (m, 2H). 13C NMR (125MHz, chloro-
form-d) δ 200.42, 169.86, 166.14, 138.09, 135.23, 132.07,
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129.12, 128.71, 128.04, 127.98, 62.79, 49.38. Elemental ana-
lysis calculated (%) for C17H14N2O2S (310): C 65.79; H 4.55;
N 9.03; S 10.33. Found: C 65.72; H 4.50; N 8.99; S 10.28.

3.2 Biology

A panel of Gram-positive bacteria (Staphylococcus aureus)
and Gram-negative bacteria were examined for the anti-
microbial action of the synthesized samples (Escherichia
coli). The antifungal activities of the compounds were
tested against two fungi (Candida albicans and Aspergillus
flavus). Each sample was dissolved in DMSO, and 1mg/mL
of solutions were prepared separately as paper discs of
Whitman filter paper of the standard size (5 cm) and
were cut and sterilized in an autoclave. Petri dishes with
nutrient agar media (agar 20 g + beef extract 3 g + peptone
5 g) were seeded with Staphylococcus aureus, E. coli,
Candida albicans, and Aspergillus flavus, and the paper
discs soaked in the desired concentration of the complex
solution were placed aseptically. The Petri dishes were
incubated at 36°C, and the inhibition zones were recorded
after 24 h of incubation. Each test was repeated three times
at the same solvents and solution concentration, and the
antibacterial activities of a common standard antibiotic
ampicillin and antifungal colitrimazole were recorded
by using the same procedure as mentioned earlier. The
percent activity index for the complex was calculated by
the following formula:

% Activity index
Zone of inhibition by test compound diametre

Zone of inhibition by standard diametre
100.

( )

   

=              ( )
         

×

3.3 Computational studies

3.3.1 Molecular docking and ADME analyses

As per the reference of the standard compounds used for
the evaluation of the activities of the designed com-
pounds, the protein target for each organismwas selected
from the Protein Data Bank (PDB) listed in Table 3. To study
theeffect of thedrugsonbacterialprotein, theDNAgyraseB
(PDB IDs – 3U2K, 1KZN) was selected, but for A. flavus,

it was urate oxide (PDB ID – 1R51), and for C. albicans, the
glucosamine-6-phosphate synthase (PDB ID – 2PUV) was
used. The selected structures were optimized using the
utilities JAGUAR modules [42] present in MAESTRO
(Schrödinger Release 2018-1: Maestro, Schrödinger, LLC,
New York, NY, 2018). Consequently, molecular docking
was performed between the designed molecules and target
proteins using Autodock vina [43]. The best-docked
conformations were statistically characterized through
the combination of the free energy functional, the
Lamarckian Genetic Algorithm, and the empirical force
field [2]. The space of grid dimensional was set for 40 ×
40 × 40Å along the XYZ directions with varied central
coordinates, and the maximum efficiency range was
used in the parameters for the optimum results.

Furthermore, the ADME properties for each com-
pound were calculated using QikProp tools present in
the Schrodinger 2020-2. ADME (absorption, distribution,
metabolism, and excretion), including drug-likeness ana-
lysis, is essential in the drug discovery, which accom-
modates to make a reasonable decisiveness on whether
inhibitors can be conducted to a biological system [40,41].
A potent antagonistic interaction of inhibitors with a
receptor protein or enzyme cannot guarantee the ability
of an inhibitor as a drug; therefore, ADME assessment is
essential in the drug development. Inhibitors with lower
ADME properties and high toxicity effects on the biological
systems are often the dominant explanation of most failed
medicines in the clinical phase of experiments. From the
output of some ADME and drug-likeness properties pre-
sented in Table 2, it was observed that most compounds
have one or two violations of Lipinski’s rule.

Table 3: List of molecular docking-based generated free energies of
binding for the designed inhibitors

S. no. Compound Free energy of binding (kcal/mol)

S.
aureus

E. coli A.
flavus

C. albicans
Glucosamine-
6-phosphate
synthase

DNA
gyrase
B

DNA
gyrase
B

Urate
oxide

1. 6 −6.9 −6.6 −6.7 −6.0
2. 8 −8.2 −7.5 −7.7 −6.6
3. 15 −7.7 −7.2 −6.9 −5.9
4. 18 −7.5 −6.8 −7.4 −6.6
5. 20 −7.7 −7.6 −8.2 −6.9
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4 Conclusion

α-Chloroacetyl derivative 2 underwent alkylation followed
by intramolecular cyclization using carbonyl to provide
pyridones. Target 2 underwent heterocyclization with
benzaldehyde and benzoyl isothiocyanate to yield deri-
vatives of 2-pyridone. The synthesized compound was
tested for its antimicrobial activity against the Gram-
positive (Staphylococcus aureus) and the Gram-negative
(Escherichia coli) bacteria. The antifungal activities of
the compounds were tested against two fungi (Candida
albicans and Aspergillus flavus). Compound 20 has the
highest antibacterial activity against Gram-positive (Staphy-
lococcus aureus) and Gram-negative (Escherichia coli)
bacteria and antifungal activity against Candida albi-
cans. Such compounds that had antimicrobial activity
should be further reused for the inhibitory microbial
growth. The docking results show that compound 2
had the best docking free energy results toward S.
aureus, while compound 20 was the effective compound
toward the selected bacterial and fungal proteins. These
results agreed with the experimental results.
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