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In this research, the acetone dicarboxylic acid was prepared from citric acid under
the influence of conc. H2SO4. Then, the Pechmann reaction was used to produce a
novel benzodipyrone molecule (SY1). The latter was reacted with a variety of
substituted phenols to produce the SY2-SY7 congeners. The chemical structures
of the synthesized benzodipyrone-based derivatives were recognized by
examining the analytically spectral charts. The anticancer, antibacterial, and
hypoglycemic potentials of our compounds were assessed in vitro. The initial
potential was tested using an ICso measure versus six tumorigenic cell lines. A
broth-dilution test was applied to assess the antimicrobial potential versus six
aerobic gram-negative bacteria, four anaerobic bacteria, two fungi, and one non-
pathogenic bacterial strain. Furthermore, the hypoglycemic potential was
evaluated in comparison to two different types of blood glucose-controlling
enzymes, yeast a-glucosidase and porcine a-amylase. The results obtained from
investigating the first potential revealed that our compounds, specifically SY4,
had a potent-to-moderate wide-range anti-tumor activity. This activity is
combined with a low risk of toxicity to the normal cells. Besides, these compounds
exhibited promising antimicrobial potential, particularly SY5 for aerobic gram-
negative bacteria, SY2 for anaerobic bacteria, and SY1 for pathogenic fungi. This
potential is coupled with the relative safety of our compounds towards the tested
normal flora bacteria. Furthermore, the compounds revealed moderate-to-weak
inhibitory effects versus the tested blood glucose-controlling enzymes, with SY2
and SY3 exhibiting the best hypoglycemic potential. The authors concluded that
our synthesized compounds offer privileged bioactive platforms which may
liberate a new window for the discovery of the novel therapeutically active
medications.
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Introduction
The most serious public health problems
worldwide are cancer and microbial resistance.
Since 1990, their frequency has increased; more
particularly in almost each area in the world [1].
Despite the development of a variety of
investigational drugs from native [2] and artificial
resources [3], the effective prophylaxis, and
therapy of several cancer types and infections
remains a challenge. As a result, there is still a
pressing need to construct the unique chemical
structures and study their molecular activities to
identify a workable alternative to these difficult
medical conditions [4].

Coumarin itself is a natural heterocyclic organic
aromatic compound that is presented in a wide
variety of microorganisms and higher plants [5-
8]. It was initially isolated from the seeds of a
flowering plant known as tonka beans in 1820.
Many therapeutic characteristics have been
discovered in this natural substance and the
majority of its synthetic counterparts. Some of
these
antimutagenic [9], virucidal [10,11], bactericidal
and fungicidal [12,13], inflammatory suppressors
[14,15], coagulant inhibitors [16,17], triglyceride
dropping [18], and CNS stimulating agents [19].
However, hydroxycoumarins were revealed to
have a strong antioxidant and the preventive
effect against the overload by
eliminating superoxide radicals [20]. Moreover,
the discovery of coumarins with a low estrogenic
activity has paved the path for their application in
menopausal complaint therapy [21]. Due to the
undesirable consequences such as moderate
nausea, diarrhea, and hepatotoxicity, the FDA has
limited the use of numerous coumarins as
smoking aromas, which are used as stationary
phases and flavorings [22,23]. Coumarins are
used in cosmetics, agrochemicals, and as optical
brightening agents in addition to their medicinal
applications [24].

This synthesize
functionalized novel benzodipyrone derivatives

documented bioactivities include

oxidative

work aims to several

with improved antitumor, antibacterial, and
hypoglycemic potentials. This aim was realized
by synthesizing SY1 via the Pechmann reaction.
The latter compound was used as a starting point

for coupling with different substituted phenols,
resulting in the synthesis of six congeners
entitled here as SY2-SY7. The antitumor activity
of our compounds was assessed versus six
tumorous-cell lines, viz. MCF-7, HeLa, SKG, AMN3,
SK-0V-3, and KYSE-30. The
properties of these compounds were evaluated
versus Ssix gram-negative
(Pseudomonas aeruginosa, Klebsiella pneumonia,
Haemophilus influenza, Escherichia coli,
Salmonella typhi, and Shigella dysenteriae), four
anaerobic (Bacteroides  fragilis,
perfringens, Fusobacterium
necrophorum, and Prevotella melaninogenica),
two fungi (Candida albicans and Aspergillus
niger), and one non-pathogenic bacterial strain
(Escherichia coli, BAA-1427). Furthermore, the
hypoglycemic effect was evaluated in comparison
to two different types of blood glucose-
controlling enzymes, yeast a-glucosidase (YG)
and porcine a-amylase (PA).

antimicrobial

aerobic bacteria

bacteria
Clostridium

Materials and Methods

The chemicals expended for synthesizing SY1
and its congeners SY2-SY7 were assumed from
documented international resources and utilized
without any additional purification. The melting
points (M.P) of the synthesized congeners were
detected based on the USP-dependent capillary
method via an electrothermal digital CIA-9300
instrument. The thin-layer chromatography
(TLC) consists of standard silica gel aluminum-
based plates and an eluting mixture of CHCls:
acetone (4:1) was used to assure the fulfillment
of reactions, as well as the purity of synthesized
chemical intermediates and congeners. The
employed instruments to scan the UV, FTIR, 1H-,
and 13C-NMR spectra of the synthesized
congeners included UV- 1600PC UV-Vis, Bruker-
o- ATR-FTIR, and Bruker Avance DRX-300 MHz
spectrophotometers, respectively. The tumorous-
cell lines and pathogenic standard bacteria
employed in this work were purchased from
Sigma-Aldrich Company and were prepared for
usage according to each leaflet’s instructions.

Plan of the Synthesis
Scheme 1 depicts the graphic stages applied to
synthesize SY1 and its congeners SY2-SY7.

1027 |Page



Zain Al-Abdeen S.H., et al. / ]. Med. Chem. Sci. 2022, 5(6) 1026-1039

COOH

COOH

HOOC H,S0,

70°C, 35 min

OH

Citric acid

Catalyst-1
—>

SY1
32 27
42 12
G
52 62

0
> 2 HOOC\)J\/COOH +
HO OH

Acetone dicarboxylic acid

Resorcinol

2 socl,

Y

2-mole equvalent
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2,2'-(2,8-Diox0-2,8-dihydropyrano[3,2-g]chromene-4,6-diyl)diacetic acid
SY2: G= OCH3; Bis(4-methoxyphenyl) 2,2'-(2,8-dioxo-2,8-dihydropyrano(3,2-g]chromene-4,6-diyl)diacetate
SY3: G= CH3 ; Di-p-tolyl 2,2'-(2,8-dioxo-2,8-dihydropyrano[3,2-g]chromene-4,6-diyl)diacetate

SY1:

SY4: G=F
SY5: G=Cl
SY6: G=Br
SY7:G=1

; Bis(4-fluorophenyl) 2,2'-(2,8-dioxo-2,8-dihydropyrano[3,2-g]chromene-4,6-diyl)diacetate
; Bis(4-chlorophenyl) 2,2'-(2,8-dioxo-2,8-dihydropyrano[3,2-g]chromene-4,6-diyl)diacetate
; Bis(4-bromophenyl) 2,2'-(2,8-dioxo-2,8-dihydropyrano[3,2-g]chromene-4,6-diyl)diacetate
; Bis(4-iodophenyl) 2,2'-(2,8-dioxo-2,8-dihydropyrano[3,2-g]chromene-4,6-diyl)diacetate

Scheme 1: The synthetic steps of SY1 and its congeners SY2-SY7

Synthesis of Acetone Dicarboxylic Acid

Anhydrous citric acid (0.1 mole, 19.2 g) in 30 mL
concentrated H,SO; was stirred for 60 min at
temperature adjusted at 25 °C, and then slowly
heated to 70 °C (the rate of heating controlled by
foaming). The generation of carbon monoxide
ceased after stirring at this
temperature, and the clear solution was formed,
which was then poured into 250 g of the crushed
ice water. Ethyl acetate was used to extract the
resulted solution, and the acquired ethyl acetate
containing phase was concentrated and dried to
produce light yellow acetone dicarboxylic acid
with a yield of 40% [25].

60 min of

Synthesis of 2,2'-(2,8-Dioxo-2,8-dihydropyrano(3,2-
gJchromene-4,6-diyl)diacetic acid (SY1)

The mixture of resorcinol (5 mmol, 0.55 g),
acetone dicarboxylic acid (10 mmol, 1.46 g), and
the [Msim]HSO4 as a promoter (0.096 mmol, 25

mg) was agitated under solvent-free conditions at
40 °C for 30 min. The resulted semi-solid crude
was diluted with ethyl acetate (10 mL) when TLC
documented the finishing of the reaction, and the
promoter can be isolated via a decantation. By
washing the organic phase with water (25 mL),
separating both phases, and evaporating the
organic layer, the target SY1 compound was
acquired and purified by recrystallization from
ethanol affording a white powder. Following
drying, the recovered ionic liquid may be utilized
without any additional purification in the
following run [26].

SY1: 2,2'-(2,8-Dioxo-2,8-dihydropyrano[3,2-
glchromene-4,6-diyl)diacetic acid. White powder,
yield= 42%, M.P = 198-200 °C, Anax (Ethanol, nm)
= 386 nm, Rf value (chloroform: acetone 4:1) =
0.26. IR vmax (cm1): 3062 (br, O-H, carboxylic
acid), 3013 (C-H, aryl), 2890 (C-H, alkane), 1732
(CO, lactone), 1690 (CO, COOH), 1590 (C=C, aryl).
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1H-NMR (ppm): 11.09 (2H, s, COOH), 7.92 (1H, s,
H-5), 7.12 (1H, s, H-10), 6.35 (2H, s, H-3, H-7),
2.49 (4H, s, C-1, C-1°). 3C-NMR (ppm): 173.1 (C,
C-2', C-2), 162.2 (C, C-2, C-8), 154.5 (C, C-4, C-6),
153.0 (C, C-12, C-14), 125.1 (C, C-5), 115.8 (C, C-
11, C-13), 113.4 (C, C-10), 108.5 (C, C-3, C-7), and
30.9 (C, C-1, C-1").

Synthetic technique of SY2-SY7 Congeners

In a salt-ice bath, a two-nick round-bottomed
flask containing SY1 (5 mmol, 1.65 g) in 25 mL of
refreshed SOCl; was immersed. The side-nick was
enclosed by a stopper provided with a blue litmus
paper, while the central nick was enveloped by a
condenser. The mixture was slowly stirred under
anhydrous conditions for 30 min, and then for the
same period at RT, and refluxed for 3 hours. The
course of the reaction was detected depending on
the color change of the litmus paper which was
replaced regularly every 30 min. As the color of
the blue litmus paper no longer changed, the
excess of SOCI; was distilled off. The white solid
material which remained in the concave of the
flask represented the acyl-chloride derivative of
SY1 [27,28].

To the same flask containing the white residue, a
solution of substituted phenols (9.6 mmol) and
pyridine (1 mL) in 50 mL of anhydrous diethyl
ether was added in one portion at RT and stirred
under dehydrated conditions for 30 min. The
reaction was refluxed for a period of time,
evidenced by changing the color of the litmus
paper as described above. As the reaction was
finished, H20 (50 mL) was added to the mixture,
and the organic layer was separated, dehydrated,
and vaporized. The SY congener was acquired
[29,30] by the recrystallization of a mixture of
propanone and CH;Cl; (1:2).

SY2: G= OCHs; Bis(4-methoxyphenyl) 2,2'-(2,8-
dioxo-2,8-dihydropyrano(3,2-g]chromene-4,6-
diyl)diacetate. Light yellow powder, 82%, M.P
156-158 °C, Amax (Ethanol, nm) = 512 nm, R¢value
(chloroform: acetone 4:1) = 0.69. IR vmax (cm-1):
3096 (C-H, alkene-lactone), 2917 (C-H, CHzs),
2820 (C-H, CHy), 1733 (C=0, cyclic lactone ester),
1710 (C=0, side chain ester), 1668 (C=C, lactone),
1595 (C=C, aryl), 1266, 1028 (C-0-C, ether). 1H-
NMR (ppm): 7.92 (1H, s, H-5), 7.12 (1H, s, H-10),
7.01 (4H, d, J= 6 Hz, H-3", H-5"), 6.74 (4H, d, J=6

Hz, H-2", H-6"), 6.35 (2H, s, H-3, H-7), 4.12 (6H, s,
OCH3), 3.12 (4H, s, H-1°, H-1"). 13C-NMR (ppm):
169.5 (C, C-2°, C-27), 162.2 (C, C-2, C-8), 1564 (C,
C-4", C-4"), 154.5 (C, C-4, C-6), 153.0 (C, C-12, C-
14), 144.6 (C, C-1", C-1"), 125.1 (C, C-5), 120.1 (C,
c-2", C-6"), 115.8 (C, C-11, C-13), 113.4 (C, C-3",
C-5"),112.3 (C, C-3,C-7),51.1 (C, OCH3), and 28.3
(G, C-1,C-1).

SY3: G= CHs; Di-p-tolyl 2,2'-(2,8-dioxo-2,8-
dihydropyrano[3,2-g]chromene-4,6-
diyl)diacetate. Light yellow powder, 80%, M.P
150-152 °C, Amax (Ethanol, nm) = 510 nm, R¢ value
(chloroform: acetone 4:1) = 0.66. IR vmax (cm-1):
3090 (C-H, alkene-lactone), 2877 (C-H, CHs),
2818 (C-H, CHy), 1733 (C=0, cyclic lactone ester),
1712 (C=0, side chain ester), 1668 (C=C, lactone),
1597 (C=C, aryl). 1H-NMR (ppm): 7.92 (1H, s, H-
5),7.26 (4H, d, J= 6 Hz, H-3", H-5"), 7.24 (4H, d, J=
6 Hz, H-2"H-6"), 7.12 (1H, s, H-10), 6.35 (2H, s, H-
3,H-7),3.12 (4H, s, H-1', H-17), 2.75 (6H, s, CH3).
13C-NMR (ppm): 169.5 (C, C-2°, C-27), 162.2 (C, C-
2, C-8), 154.5 (C, C-4, C-6), 153.0 (C, C-12, C-14),
149.3 (C, C-1", C-1"), 134.2 (C, C-4", C-4"), 125.1
(G, C-3",C-5M),122.0 (C, C-5),119.0 (C, C-2",C-6M),
115.8 (C, C-11", C-13"), 113.4 (C, C-10), 108.5 (C,
C-3,C-7),27.5(C,C-1°,C-1%), and 24.1 (C, CHa).
SY4: G=F; Bis(4-fluorophenyl) 2,2'-(2,8-dioxo-
2,8-dihydropyrano|3,2-g]chromene-4,6-diyl)
diacetate. Light yellow powder, 58%, M.P 167-
169 °C, Amax (Ethanol, nm) = 490 nm, R¢ value
(chloroform: acetone 4:1) = 0.56. IR vmax (cm-1):
3070 (C-H, alkene-lactone), 2820 (C-H, CHy),
1733 (C=0, cyclic lactone ester), 1711 (C=0, side
chain ester), 1692 (C=C, lactone), 1590 (C=C,
aryl), 1077 (C-F). tH-NMR (ppm): 7.92 (1H, s, H-
5),7.27 (4H, d, J= 6 Hz, H-3", H-5"), 7.25 (4H, d, J=
6 Hz, H-2", H-6"), 7.12 (1H, s, H-10), 6.35 (2H, s,
H-3,H-7),3.12 (4H, s, H-1", H-1"). 13C-NMR (ppm):
169.5 (C, C-27, C-27), 162.2 (C, C-2, C-8), 158.7 (C,
C-4", C-4"), 154.4 (C, C-4, C-6), 153.0 (C, C-12, C-
14), 147.9 (C, C-1", C-1"), 125.1 (C, C-5), 120.7 (C,
c-2", C-6"), 115.8 (C, C-11, C-13), 113.4 (C, C-3",
C-5"), 109.4 (C, C-10), 108.5 (C, C-3, C-7), and
27.5(C,C-1°, C-17).

SY5: G= CI; Bis(4-chlorophenyl) 2,2'-(2,8-dioxo-
2,8-dihydropyrano|3,2-g]chromene-4,6-diyl)
diacetate. Light yellow powder, 60 %, M.P 143-
145 °C, Amax (Ethanol, nm) = 496 nm, R¢ value
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(chloroform: acetone 4:1) = 0.57. IR vmax (cm-1):
3068 (C-H, alkene-lactone), 2820 (C-H, CHy),
1730 (C=0, cyclic lactone ester), 1710 (C=0, side
chain ester), 1667 (C=C, lactone), 1594 (C=C,
aryl), 985 (C-Cl). tH-NMR (ppm): 7.92 (1H, s, H-
5),7.36 (4H, d, J= 6 Hz, H-2", H-6"), 7.34 (4H, d, J=
6 Hz, H-3", H-5"), 7.12 (1H, s, H-10), 6.35 (2H, s,
H-3,H-7),3.12 (4H, s, H-1", H-1"). 13C-NMR (ppm):
169.5 (C, C-27, C-27), 162.2 (C, C-2, C-8), 154.4 (C,
C-4, C-6), 153.0 (C, C-12, C-14), 150.4 (C, C-1", C-
1), 132.0 (C, C-4", C-4"), 125.1 (C, C-3", C-5"),
122.9 (C, C-5), 120.5 (C, C-2", C-6"), 115.8 (C, C-
11, C-13),113.4 (C, C-10), 108.5 (C, C-3, C-7), and
33.2(C, C-1°,C-1).

SY6: G= Br; Bis(4-bromophenyl) 2,2'-(2,8-dioxo-
2,8-dihydropyrano[3,2-g]chromene-4,6-diyl)
diacetate. Light yellow powder, 62 %, M.P 136-
139 °C, Amax (Ethanol, nm) = 491 nm, Rf value
(chloroform: acetone 4:1) = 0.59. IR vmax (cm1):
3066 (C-H, alkene-lactone), 2819 (C-H, CH),
1732 (C=0, cyclic lactone ester), 1709 (C=0, side
chain ester), 1664 (C=C, lactone), 1593 (C=C,
aryl), 900 (C-Br). 1H-NMR (ppm): 7.92 (1H, s, H-
5),7.78 (4H, d, J= 6 Hz, H-3", H-5"), 7.76 (4H, d, J=
6 Hz, H-2", H-6"), 7.11 (1H, s, H-10), 6.35 (2H, s,
H-3, H-7),3.13 (4H, s, H-1", H-1"). 13C-NMR (ppm):
169.5 (C, C-27, C-27), 162.2 (C, C-2, C-8), 154.4 (C,
C-4, C-6), 153.0 (C, C-12, C-14), 151.3 (C, C-1", C-
1M, 125.1 (C, C-3", C-5"), 123.6 (C, C-2", C-
6"),121.3 (C, C-5), 118.5 (C, C-4", C-4"), 115.8 (C,
C-11, C-13), 1134 (C, C-10), 108.5 (C, C-3, C-7),
and 33.2 (C, C-1°, C-17).

SY7: G= I; Bis(4-iodophenyl) 2,2'-(2,8-dioxo-2,8-
dihydropyrano[3,2-g] chromene-4,6-diyl)
diacetate. Light yellow powder, 51 %, M.P 122-
125 °C, Amax (Ethanol, nm) = 491 nm, R¢ value
(chloroform: acetone 4:1) = 0.59. IR Vmax (cm1):
3064 (C-H, alkene-lactone), 2823 (C-H, CHy),
1732 (C=0, cyclic lactone ester), 1711 (C=0, side
chain ester), 1661 (C=C, lactone), 1592 (C=C,
aryl), 866 (C-I). tH-NMR (ppm): 7.92 (1H, d, J= 6
Hz, H-3", H-5"), 7.84(1H, s, H-5), 7.11 (1H, s, H-
10), 6.84 (4H, d, J= 6 Hz, H-2", H-6"), 6.35 (2H, s,
H-3, H-7), 3.13 (4H, s, H-1', H-1). 13C-NMR (ppm):
169.5 (C, C-27, C-27), 162.2 (C, C-2, C-8), 154.4 (C,
C-4, C-6), 153.0 (C, C-12, C-14), 151.2 (C, C-1", C-
1), 129.6 (C, C-3", C-5"), 125.1 (C, C-5), 120.7 (C,
Cc-2",C-6"), 115.8 (C, C-11, C-13), 113.4 (C, C-10),

108.5 (C, C-3, C-7), 93.0 (C, C-4", C-4"), and 33.2
(C,C-1,C-1").

Assessments of In Vitro Biological Potentials

Assessment of the Preliminary Cytotoxic Potential
Our derivatives, along with their control
substance 5-fluorouracil (5-FU), were dissolved
in DMSO to produce six concentration levels (400,
200, 100, 50, 25, and 12.5 pg/mL). Then, after
dividing the tumorous cell lines into a 96-well
plate to achieve 10,000 cells per well, each well
separately  with
the synthesized
benzodipyrone-based derivatives after 24 hours.
After 72 hours of incubation, the vitality of the
cells was measured by removing the medium and
incubating the cells for 90 minutes at 37 °C with
28 puL. MTT solutions (3.27mM). The absorption
spectra of the treated well (As) and control well
(Ac) were measured using a microplate reader
set at 492 nm. Every synthesized chemical
evaluated was subjected to this procedure in
triplicate [31,32]. To calculate the percentage of
growth inhibition, the following mathematical
equation was applied:

was treated various

concentrations of

Growth inhibition % = (Ac-As)/Ac X 100

Assessments of the Antimicrobial Potential

The activity of the synthesized benzodipyrone-
based derivatives as antibacterial and antifungal
candidates was evaluated in this study using the
well-known broth-dilution technique.

Assessment of the Activity towards Aerobic Gram
Negative Bacteria

Mueller-Hinton broth (MHB) was used as a
growing medium for the bacteria. The reference
was ciprofloxacin (CPF), while the negative
qualifying drug was methyl sulfoxide (DMSO). A 2
mL of the testing composite with a concentration
of 100 mg/mL was allowed to dry first, and the
remaining was evaluated.

The mother solution was made by combining 7.5
mg of the residue with 5 mL of methyl sulfoxide.
A series of 13 two-fold dilutions with a range of
labeled concentrations between 1024 and 0.25
g/mL were then established using autoclaved
distilled water as a thinning liquid. As a pre-
incubation solution, 3 mL of MHB, 0.2 mL of
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inoculant diluted to 0.5 McFarland with
autoclaved distilled water, and 1 mL of a preset
concentration were put in a marked test tube.
After a 24-hour incubation period at 37 °C, the
growth of bacteria was examined with the naked
eye. The previous scientific approaches were
repeated with diluted quantities based on the
values of 4, 1, 0.5, or 0.05, depending on which
concentration
proliferation. The first microbiological variable
was calculated in the final step as the minimum
inhibitory (MIC),
measured in micrograms per milliliter [36].

revealed minor bacterial

concentration which is

Assessment of the Activity towards Anaerobic
Bacteria

Despite minor differences, the method utilized to
assess the activity of the synthesized composites
against pathogenic
identical to that used to assess activity against
aerobic pathogenic bacteria. The only difference
in the microbiological variables is the notation
MABC, which stands for the minimum anaerobic

anaerobic bacteria was

bactericidal concentration. The differences were
in the growth medium, which was Brucella-agar
mixed with sheep blood (5%) and the reference
drug, Metronidazole (MNZ). In addition, cultures
were incubated for 48 hours at 37
container containing an anaerobic milieu (10 %
CO2, 10 % Hy, and 80 % Nz), an anaerobe marker,
and a metal catalyst (palladium) [37].

°C in a

Assessment of the Activity towards Pathogenic
Fungi

The fungicidal activity of the synthesized
composites was evaluated using a slightly
different method than that was utilized to
examine their activity against aerobic bacteria.
Except for the term MFC, which stands for the
minimum fungicidal concentration, all of the
microbiological variables are the same. The
Sabouraud-dextrose broth was used as the
growth medium. The reference agent was
Nystatin (NYS). The incubation period was 48
hours at 30 °C [38].

Assessment of the Hypoglycemic Potential

The suppressive capacity of the synthesized
benzodipyrone-based derivatives against two
phenotypes of the enzyme, porcine-amylase and

yeast-glucosidase, was tested in vitro both of
which is significant in controlling blood glucose
levels. The ICso measure, which is the dose of the
synthesized drug necessary to inhibit enzyme
activity by 50% under the experimental
circumstances, is used to describe this capacity.
Prior to execute these two tests, different dosages
of the chemical under research (2 mg/mL) were
created. The concentrations of 1000, 800, 400,
200, 100, 50, and 25 uM were obtained using
MeOH as a solvent [39-43].

Assessment of the Yeast a-Glucosidase (YG)
Receding Influence

20 uL of the synthesized benzodipyrone-based
derivative were mixed with the same volume of
the reference solution, both containing 0.1
unit/mL of the YG enzyme. Para-nitrophenyl
glucopyranoside was solubilized in a KzPO4 (pH
6.8) solution to reach the target concentration
level of 375 M. After that, 40 uL of this solution
combined with the compound-enzyme
mixture and maintained at 37 °C for 30 minutes.
A K3PO4 solution containing 80 pL of carbonic
acid disodium salt (0.2 M) was added to the
mixture to complete the reaction. The ability of
the chemical to decrease enzyme activity was
assessed using a colorimetric technique at 405
nm, and the receding percent was calculated
using the equation:

YG receding % = Abscontral — Abssample + Abscontrol X 100

was

The utilized standard was acarbose (AC). The
reference solution was made in the same way as
the examined solution, except using DMSO
instead of the synthesized compound [44].

Assessment of Porcine a-Amylase (PA) Abating
Influence

20 pl of the synthesized benzodipyrone-based
derivative and the same volume of the reference
solution, both of which contained 2 units/ml of
the PA enzyme, were mixed together. To produce
2 mL of 0.5 mM concentration, the starch
substrate was dispersed in K3;PO. buffer (pH 6.8).
After that, the assessed combination was held at
25 °C for 10 minutes. Then, 2 ml of a solution of
0.4 M aqueous sodium hydrate, 12 % anhydrous
L-potassium sodium tartrate, and 1% o-
dinitrocarboxylphenol were added to finish the
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reaction. The obtained sample was warmed in a
water bath for 15 minutes before being thinned
with H;0 to achieve the necessary amount of 10
ml. Next, an ice bath was used to bring the
temperature of the mixture to 25 °C. The
effectiveness of the chemical combination to
reduce enzymatic activity was measured using a
technique 540
percentage of abating was calculated using the
following formula:

PA abating % = Abscontrol — Abssample + Abscontral ¥ 100

colorimetric at nm. The

The standard used was AC. The reference
solution was made in the same way as the
examined solution, except using DMSO instead of
the synthesized compound [45].

Results and Discussion

Chemical Synthesis

Initially the authors used two moles of acetone
dicarboxylic acid with one mole of resorcinol in
the presence of sulfuric acid as catalyst; however,

coumarin molecule was produced because the
second hydroxyl in resorcinol was very weak [46-
50]. Then, we used 4 moles, and 6 moles of
acetone dicarboxylic acid, respectively, with one
mole of resorcinol in the presence of sulfuric acid,
but the result was further coumarin molecule.
Finally by using special catalyst ([Msim]HSO4),
benzodipyrone-based derivatives was produced
[51-53]. The analytical methods such as IR, tH
NMR, and 13C NMR spectroscopies were used to
analyze the synthesized benzodipyrone-based
derivatives.

In Vitro Biological Potentials

Preliminary Cytotoxic Potential

The activities of the novel benzodipyrone-based
derivatives were determined using the minimum
inhibitory concentration (ICso) measure. They
were tested against six tumorigenic cell lines:
MCF-7, HeLa, SKG, AMN3, SK-OV-3, and KYSE-30
[33,34], as indicated in Table 1.

Table 1: The results of the assessment of SY1-SY7 cytotoxic activity

Compound IC50 (uM) = SD (n=3)
symbol MCF-7 HeLa SKG AMN3 SK-0V-3 KYSE-30 RWPE-1
5-FU 12.42+0.99 | 13.37 £1.05 22.12 +0.98 24.89+1.12 | 22.43+1.16 | 30.72+1.02 | 34.79+0.96
SY1 91.26+1.08 | 62.16+1.15 100.02 +1.16 63.79+1.08 | 64.67+0.93 | 69.01+1.12 | 40.24+1.08
SY2 28.56+0.92 | 24.45+0.95 46.29 £1.15 54.16+1.00 | 57.92+1.12 | 50.16+0.92 | 55.01+1.12
SY3 34.21+1.00 | 41.12+1.08 4212 +1.08 67.54+0.93 | 40.16+1.00 | 53.79+1.17 | 48.17+1.22
SY4 13.08+£1.05 13.42 £1.00 31.15 +1.00 28.43+0.94 | 25.08+1.06 | 41.45+1.07 | 112.45+1.16
SY5 22.65+1.10 16.35 +1.15 31.24 ¥1.15 30.65+1.08 | 28.89+0.96 | 41.67 £1.00 | 57.67+£0.99
SYé 84.16+1.05 53.34 +£1.00 82.76 £1.04 63.14+1.16 | 57.38+1.18 | 57.43 +1.18 | 44.12+091
SY7 88.91+1.15 54.09 £0.96 79.45 +0.98 69.21 £1.10 63.19£0.98 | 60.26 £1.02 | 40.63%1.06

The order of ICso values of the synthesized benzodipyrone-based derivatives concerning each
tumorigenic cell line are recorded in Table 2.

Table 2: The order of the antitumor activity of SY1-SY7 versus the investigated tumorigenic cell lines

Order of MCF-7 | Hela SKG AMN3 SK-OV-3 | KYSE-30
activity

1 SY4 SY4 SY4 SY4 SY4 SY4

2 SY5 SY5 SY5 SY5 SY5 SY5

3 SY2 SY2 SY3 SY2 SY3 SY2

4 SY3 SY3 SY2 SY6 SY6 SY3

5 SY6 SY6 SY7 SY1 SY2 SY6

6 SY7 SY7 SY6 SY3 SY7 SY7

7 sY1 sY1 SY1 SY7 SY1 SY1

8 SA1 SA1 SA7 SA1 SA7 SA1
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A number of conclusions on the anticancer
activity of the synthesized benzodipyrone-based
derivatives against tumorigenic cell lines were
drawn from these two tables. To begin with, the
fluorinated and chlorinated chemicals (SY4 and
SY5, respectively) reveal the greatest potency
against all examined cell lines. This is due to the
fluoride and chloride moieties that have a
significant electron-withdrawing ability, which
makes the resulting molecule more active.
Secondly, the activity of
benzodipyrone-based compounds was lower
than that of 5-FU, as the reference [54-56].

The toxicity of these compounds was tested using
RWPE-1 as a model organism (human normal
prostate epithelial cells) [57-60]. The novel
benzodipyrone-based derivatives were revealed
to be safer than 5-FU against the test normal cell
line.

anticancer

Antimicrobial Potential

Aerobic Gram-Negative Bacteria
The pathogenic aerobic gram-negative bacterial
strains used in this study were Pseudomonas

aeruginosa (27853-ATCC, P-aeruginosa),
Klebsiella  pneumonia  (700603-ATCC, K-
pneumonia), Haemophilus influenza (49247-

ATCC, H-influenza), Escherichia coli (25922-

ATCC, E-coli), Salmonella typhi (6539-ATCC, S-
typhi), and Shigella dysenteriae (13313-ATCC, S-
dysenteriae). The safety profile of the synthesized
benzodipyrone-based derivatives on normal flora
bacteria was evaluated using the non-
pathological Escherichia coli strain (BAA-1427, E-
coli).

The initial finding, as presented in Table 3, is that
the synthesized benzodipyrone-based derivatives
exhibit a less bacterial growth inhibitory effect on
the pathogenic bacterial than the
reference, CPF. The that these
derivatives have bacterial growth inhibitory
effect in the following order: SY5, SY2, SY3, SY4,
SY6, SY7, and SY1. Among our derivatives, SY5
exhibits the most activity. This might be because
the chloride moiety is one of the most potent
electron-withdrawing replacements, resulting in
the production of a highly active molecule [61].
Another two findings came from determining the
safety profile of the synthesized benzodipyrone-
based derivatives by examining their effects on
natural flora. The first is that, as compared to
CPF, they are all less toxic to the normal floral E.
coli strain than CPF. The second is that the
toxicity of these substances is in the following
sequence, starting with the least toxic: SY1, SY5,
SY6, SY4, SY7,SY3, and SY2 [62-65].

strains
second is

Table 3: Bacterial growth inhibitory influence of SY1-SY7 compounds versus gram-negative aerobic bacteria

. . Micro- Symbols of the standard and tested synthetic composites
Aerobic gram-negative . .
. biological
bacteria . CPF SY1 | SY2 | SY3 | SY4 SY5 SYé SY7
variable

P-aeruginosa ATCC 27853 MIC 0.75 | 12.00 | 3.50 | 4.50 | 5.50 1.90 7.50 7.00

K-pneumonia ATCC 700603 MIC 0.40 | 10.00 | 3.00 | 4.50 | 5.00 1.95 6.50 7.50

H-influenzae ATCC 49247 MIC 0.60 | 12.00 | 3.50 | 6.00 | 6.50 1.65 6.00 7.00

E-coli ATCC 25922 MIC 0.85 | 16.00 | 3.00 | 6.50 | 7.00 1.40 8.00 7.50

S-typhi ATCC 6539 MIC 0.80 | 14.00 | 4.00 | 6.00 | 7.50 1.95 8.50 9.50

S-dysenteriae ATCC 13313 MIC 0.55 | 14.00 | 4.50 | 5.50 | 5.00 1.85 7.50 9.00

E-coli BAA-1427 MIC 0.90 | 14.00 | 6.00 | 8.00 | 10.00 | 12.00 | 12.00 | 10.00
Anaerobic Bacteria gha'f Fhe };synthesm;d 1 benzo'dl'pyrone-basej

In this work, four anaerobic pathogenic bacterial e'rlvatlves ave much less activity compare

with MNZ, as the standard drug. The order of

strains were utilized, namely Bacteroides fragilis
(BF), Clostridium perfringens (CP), Fusobacterium
necrophorum (FN), and Prevotella melaninogenica
(PM). The results recorded in Table 4 revealed

their bacterial growth inhibitory effect against
the test pathogen is: SY2, SY3, SY5, SY4, SY7,
SY6, and SY1.
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Micro- Symbols of the standard and tested synthetic composites
Anaerobic bacteria biological
variable MNZ | SY1 | SY2 | SY3 | SY4 | SY5 | SY6 | SY7
BF ATCC 25285 MIC 3.00 | 52.00 | 10.00 | 16.00 | 32.00 | 28.00 | 44.00 | 36.00
CP ATCC 13124 MIC 0.75 | 48.00 | 8.00 | 12.00 | 30.00 | 24.00 | 40.00 | 30.00
FN ATCC 25286 MIC 1.75 | 32.00 | 8.00 | 14.00 | 36.00 | 26.00 | 40.00 | 48.00
PM ATCC 25845 MIC 0.75 | 44.00 | 10.00 | 12.00 | 40.00 | 30.00 | 36.00 | 48.00
Pathogenic Fungi growth inhibitory effect [66-68]. On the other

The fungal growth inhibitory influence of the
synthesized benzodipyrone-based derivatives
was tested against two pathological fungal
strains, Candida albicans (10231-ATCC, C-
albicans) and Aspergillus niger (16888-ATCC, A-
niger).

Several critical remarks are made as indicated in
Table 5. The most notable is that, as compared to
NYS, the synthesized benzodipyrone compounds
(SY1, SY4, and SY5) have a very strong fungal

hand, SY6 and SY7 exhibit virtually no efficacy
against the tested fungal strains. This might be
due to the decreased electron withdrawing
capability of the bromide and iodide moieties in
these two compounds compared to the other
substituents, making the molecule less active
[69,70]. The following is the order in which these
chemicals have fungal growth inhibitory effects:
SY1, SY4, SY5, SY3, SY2, SY7, and SY6.

Table 5: Fungal growth inhibitory effect of SY1-SY7 compounds versus two pathogenic fungi

Micro- Symbols of the standard and tested synthetic composites
Path ic f i iological
athogenic fungi | biological | o | oy | ova | sy3 | sva | sy5 | sve | sy7
variable
C-albicans ATCC MIC 400 | 1.25 | 500 | 400 | 155 | 1.60 | 20.00 | 12.00
10231
A-niger ATCC 16888 MIC 8.00 1.50 | 12.00 | 14.00 | 1.90 1.85 | 32.00 | 24.00
Hypoglycemic Potential Third, SY2 and SY3 have the strongest

Some key observations were made based on
Table 6. First, the synthesized benzodipyrone
compounds block both the YG and PA enzymes in
the same way. Second, our compounds revealed a
less hypoglycemic effect than AC, as the standard.

suppressive properties of these novel chemicals.
That could be attributed to the OCHs and CH3
moieties, respectively. The order of hypoglycemic
effect of these new benzodipyrone compounds
was SY2, SY3, SY1, SY4, SY5, SY6, and SY7 [71].

Table 6: The results of investigating the hypoglycemic potential of the synthesized benzodipyrone-based

derivatives SY1-SY7 and the reference

C d
ompounds Assay and results
symbol
Acarbose 283.04+0.88 263.26+0.92
sy1 . 396.72+1.01 . 348.22+0.91
(5] Q
SY2 § 364.31+0.95 2 326.47+0.96
= = a
SY3 g @ 366.84+0.91 £ Q 334.13+0.90
o0 4 e H
- n (=] n
SY4 g g 403.05+0.94 E S 352.67+0.93
(5}
SY5 o 413.38+0.94 : 353.12+1.01
&}
[~
SY6 = 421.94+0.99 370.28+0.86
SY7 424.02+1.02 372.39+0.98
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Conclusion

This work reports the creation of a novel
chemical nucleus symbolized here as SY1, from
which a series of six congeners (SY2-SY7) were
synthesized by coupling with various phenol-
derived products. The results of investigating the
anticancer, antibacterial, and hypoglycemic
properties of the synthesized compounds
revealed that fluorinated congeners can be
effective anti-tumor applicants with a broad
spectrum of action. Besides, the chlorinated
congeners indicated promise as antibacterial
applicants. Concerning the hypoglycemic effect,
the methoxy-congeners have the strongest
suppressive properties among the synthesized
compounds. Finally, these congener-phenotypes
can be thought of as the privileged platforms and
bio-medically verified scaffolds for the discovery
of novel therapeutically active candidates.

Acknowledgment

The authors are very grateful to the University of
Baghdad/College of Pharmacy for their provided
facilities, which helped to improve the quality of
this work.

Funding

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

Authors' contributions

All authors contributed toward data analysis,
drafting and revising the paper and agreed to
responsible for all the aspects of this work.

Conflict of Interest
We have no conflicts of interest to disclose.

ORCID

Salah Hassan Zain Al-Abdeen
https://www.orcid.org/0000-0002-5685-481X
Yasser Fakri Mustafa
https://www.orcid.org/0000-0002-0926-7428

References
[1]. Abers M., Schroeder S., Goelz L., Sulser A., St
Rose T., Puchalski K., Langland ]., Antimicrobial

activity of the volatile substances from essential
oils, BMC complementary medicine and therapies,
2021, 21:124 |[Crossref], [Google Scholar],
[Publisher]

[2]. Mustafa Y.F, Khalil R.R, Mohammed E.T,
Antimicrobial

activity extracts
acquired from the seeds of two apples’ cultivars,
Systematic Reviews in Pharmacy, 2020, 11;382
[Google Scholar], [Publisher]

[3]- Dat T.T.H., Cuc N.T.K,, Cuong P.V,, Smidt H,,
Sipkema D., Diversity and antimicrobial activity
of Vietnamese sponge-associated bacteria, Marine
drugs, 2021, 19:353 [Crossref], [Google Scholar],
[Publisher]

[4]. Mustafa Y.F., Synthesis, characterization and
preliminary cytotoxic study of sinapic acid and its
analogues, |/ Glob Pharma Technol, 2019, 11:1
[Google Scholar], [Publisher]

[5]- Mustafa Y.F, Najem M.A, Tawffiq Z.S.,
Coumarins from Creston apple seeds: Isolation,
chemical modification, and cytotoxicity study, J.
Appl. Pharm. Sci,, 2018, 8:49 [Crossref], [Google
Scholar], [Publisher]

[6]. Annunziata F., Pinna C. Dallavalle S,
Tamborini L., Pinto A., An overview of coumarin
as a versatile and readily accessible scaffold with
broad-ranging biological activities, International
Journal of Molecular Sciences, 2020, 21:4618
[Crossref], [Google Scholar], [Publisher]

[7]. Carneiro A., Matos M.]., Uriarte E., Santana L.,
Trending topics on coumarin and its derivatives
in 2020, Molecules, 2021, 26:501 [Crossref],
[Google Scholar], [Publisher]

[8]. Oglah M.K., Mustafa Y.F., Bashir M.K,, Jasim
M.H., Mustafa Y.F., Curcumin and its derivatives:
A review of their biological activities, Syst. Rev.

of aqueous

Pharm.,, 2020, 11:472 [Google Scholar],
[Publisher]
[9]. Khudhayer Oglah M. Fakri Mustafa Y,

Curcumin analogs: synthesis and biological
activities, Medicinal Chemistry Research, 2020,
29:479 [Crossref], [Google Scholar], [Publisher]

[10].Mustafa Y.F., Abdulaziz N.T. Biological
potentials of hymecromone-based derivatives: A

systematic review, Systematic Reviews in
Pharmacy, 2020, 11:438 [Google Scholar],
[Publisher]

[11].Fakri Mustafa Y. Riyadh Khalil R. Tareq

1035|Page


https://www.orcid.org/0000-0002-5685-481X
https://www.orcid.org/0000-0002-0926-7428
https://doi.org/10.1186/s12906-021-03285-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Abers%2C+M.%2C+Schroeder%2C+S.%2C+Goelz%2C+L.%2C+Sulser%2C+A.%2C+St.+Rose%2C+T.%2C+Puchalski%2C+K.%2C+Langland%2C+J.+BMC+Complementary+Medicine+and+Therapies+2021%2C+21%2C+124.&btnG=
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-021-03285-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+Activity+of+Aqueous+Extracts+Acquired+from+the+Seeds+of+Two+Apples%27+Cultivars&btnG=
https://www.sysrevpharm.org/abstract/antimicrobial-activity-of-aqueous-extracts-acquired-from-the-seeds-of-two-apples-cultivars-65410.html
https://doi.org/10.3390/md19070353
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Diversity+and+Antimicrobial+Activity+of+Vietnamese+Sponge-Associated+Bacteria+by+Ton+That+Huu+Dat+1%2C2%2C*ORCID%2CNguyen+Thi+Kim+Cuc+1%2CPham+Viet+Cuong+1%2CHauke+Smidt+2ORCID+andDetmer+Sipkema&btnG=
https://www.mdpi.com/1660-3397/19/7/353
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+Characterization+and+Preliminary+Cytotoxic+Study+of+Sinapic+Acid+and+its+Analogues&btnG=
http://www.jgpt.co.in/index.php/jgpt/article/view/2883
https://doi.org/10.7324/JAPS.2018.8808
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Coumarins+from+Creston+Apple+Seeds%3A+Isolation%2C+Chemical+Modification%2C+and+Cytotoxicity+Study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Coumarins+from+Creston+Apple+Seeds%3A+Isolation%2C+Chemical+Modification%2C+and+Cytotoxicity+Study&btnG=
https://www.japsonline.com/abstract.php?article_id=2697
http://doi.org/10.3390/ijms21134618
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+Overview+of+Coumarin+as+a+Versatile+and+Readily+Accessible+Scaffold+with+Broad-Ranging+Biological+Activities&btnG=
https://www.mdpi.com/1422-0067/21/13/4618
http://doi.org/10.3390/molecules26020501
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Trending+Topics+on+Coumarin+and+Its+Derivatives+in+2020&btnG=
https://www.mdpi.com/1420-3049/26/2/501
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Curcumin+and+Its+Derivatives%3A+A+Review+of+Their+Biological+Activities&btnG=
https://www.sysrevpharm.org/abstract/curcumin-and-its-derivatives-a-review-of-their-biological-activities-65960.html
https://doi.org/10.1007/s00044-019-02497-0
https://scholar.google.com/scholar?hl=en&q=Curcumin+analogs:+synthesis+and+biological+activities&as_sdt=0
https://link.springer.com/article/10.1007/s00044-019-02497-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biological+potentials+of+Hymecromone-based+derivatives%3A+A+systematic+review&btnG=
https://www.sysrevpharm.org/abstract/biological-potentials-of-hymecromonebased-derivatives-a-systematic-review-66627.html

Zain Al-Abdeen S.H., et al. / ]. Med. Chem. Sci. 2022, 5(6) 1026-1039

Mohammed E., Bashir M.K., Khudhayer Oglah M.,
Effects of Structural Manipulation on the
Bioactivity of some Coumarin-Based Products,
Archives of Razi Institute, 2021, 76:1297
[Crossref], [Google Scholar], [Publisher]

[12].0glah M.K., Bashir M.K, Mustafa Y.F,
Mohammed E.T., Khalil R.R., Mustafa Y.F,
Synthesis and biological activities of 3, 5-
disubstituted-4-hydroxycinnamic acids linked to
a functionalized coumarin, Systematic Reviews in

Pharmacy, 2020, 11:717 [Google Scholar],
[Publisher]
[13].Jebir R.M., Mustafa Y.F, Watermelon

Allsweet: A Promising Natural Source of Bioactive
Products, Journal of Medicinal and Chemical
Sciences, 2022, 5:652 [Crossref], [Google Scholar],

[Publisher]

[14].Mahmood A.A.]J., Mustafa Y.S., Abdulstaar, M.,
New coumarinic azo-derivatives of
metoclopramide and diphenhydramine:

Synthesis and in vitro testing for cholinesterase
inhibitory effect and protection ability against
chlorpyrifos, [IUM Medical Journal Malaysia,

2014, 13:3 [Crossref], [Google Scholar],
[Publisher]
[15].Mustafa Y., Mohammed E. Khalil R,

Synthesis, characterization, and anticoagulant
activity of new functionalized biscoumarins,
Egyptian Journal of Chemistry, 2021, 64:4461
[Crossref], [Google Scholar], [Publisher]

[16].Khalil R.R, Mustafa Y.F., Phytochemical,
antioxidant and antitumor studies of coumarins
extracted from Granny Smith apple seeds by

different methods, Systematic Reviews in
Pharmacy, 2020, 11:57 [Google Scholar],
[Publisher]

[17].Mustafa Y.F., Abdulaziz N.T., Jasim M.H., 4-
Methylumbelliferone and its derived compounds:
A brief review of their cytotoxicity, Egyptian
Journal of Chemistry, 2021, 64:1807 [Crossref],
[Google Scholar], [Publisher]

[18].Mustafa Y.F., Mohammed N.A., A promising
oral 5-fluorouracil prodrug for lung tumor:
Synthesis, characterization and releas,
Biochemical and Cellular Archives, 2021, 21:1991
[Google Scholar], [Publisher]

[19].Mustafa Y.F., Abdulaziz N.T., Hymecromone
and its products as cytotoxic candidates for brain

cancer: A brief review, NeuroQuantology, 2021,
19:175 [Crossref], [Google Scholar], [Publisher]
[20].Mustafa Y.F., Bashir M.K,, Oglah M.K,, Original
and innovative advances in the synthetic schemes
of coumarin-based derivatives: A
Systematic Reviews in Pharmacy, 2020, 11:598
[Google Scholar], [Publisher]

[21].Atia Y.A, Bokov D.O. Zinnatullovich KR,
Kadhim M.M., Suksatan W., Abdelbasset W.K,, et
al.,, The role of amino acid functionalization for
improvement of adsorption Thioguanine
anticancer drugs on the boron nitride nanotubes
for drug delivery, Materials Chemistry and Physics,
2022, 278:125664 [Crossref], [Google Scholar],
[Publisher]

[22].Mustafa Y.F., Moath K.B. Oglah M.K., Khalil
R.R,, Mohammed E.T., Bioactivity of some natural
and semisynthetic coumarin derived compounds,
NeuroQuantology, NeuroQuantology, 2021,
19:129 [Crossref], [Google Scholar], [Publisher]
[23].Mustafa Y.F.,, Oglah MK, Bashir MK,
Conjugation of sinapic acid analogues with 5-
Fluorouracil: Synthesis, preliminary cytotoxicity,
and release study, Systematic Reviews in
Pharmacy, 2020, 11:482 [Google Scholar],
[Publisher]

[24].Mustafa Y.F., Synthesis, characterization and
activity heterocycle,
coumacine, and two of its derivatives, Saudi
pharmaceutical journal, 2018, 26:870 [Crossref],
[Google Scholar], [Publisher]

[25].Budi H.S. Jameel M.F., Widjaja G., Alasady
M.S., Mahmudiono T., Mustafa Y.F., Fardeeva I,
Kuznetsova M., Study on the role of nano
antibacterial materials in orthodontics (a
review), Brazilian Journal of Biology, 2022,
84:e257070  [Crossref], [Google Scholar],
[Publisher]

[26].Mustafa Y.F., Mohammed E.T. Khalil R.R,
Antioxidant and antitumor activities of
methanolic extracts obtained from Red delicious
and Granny Smith apples’ seeds, Systematic

review,

antibacterial of novel

Reviews in Pharmacy, 2020, 11:570 [Google
Scholar], [Publisher]
[27].0glah M.K, Mustafa Y.F.,, Synthesis,

antioxidant, and preliminary antitumor activities
of new curcumin analogues, Journal of Global
2020, 12:854 [Google

Pharma Technology,

1036 |Page


http://doi.org/10.22092/ari.2021.356100.1776
https://scholar.google.com/scholar?hl=ar&as_sdt=0%2C5&q=Effects+of+Structural+Manipulation+on+the+Bioactivity+of+some+Coumarin-Based&btnG=
https://archrazi.areeo.ac.ir/article_124999.html
https://scholar.google.com/scholar?hl=en&q=Synthesis+and+Biological+Activities+of+3,5-Disubstituted-4-Hydroxycinnamic+Acids+Linked+to+a+Functionalized+Coumarin&as_sdt=0
https://www.sysrevpharm.org/abstract/synthesis-and-biological-activities-of-35disubstituted4hydroxycinnamic-acids-linked-to-a-functionalized-coumarin-65996.html
https://dx.doi.org/10.26655/JMCHEMSCI.2022.5.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%22Watermelon+Allsweet%3A+A+Promising+Natural+Source+of+Bioactive+Products%22&btnG=
http://www.jmchemsci.com/article_145737.html
https://doi.org/10.31436/imjm.v13i1.486
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=New+Coumarinic+Azo-Derivatives+of+Metoclopramide+and+Diphenhydramine%3A+Synthesis+and+In+Vitro+Testing+for+Cholinesterase+Inhibitory+Effect+and+Protection+Ability+Against+Chlorpyrifos&btnG=
https://journals.iium.edu.my/kom/index.php/imjm/article/view/486
https://dx.doi.org/10.21608/ejchem.2021.73699.3641
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+Characterization%2C+And+Anticoagulant+Activity+Of+New+Functionalized+Biscoumarins&btnG=
https://ejchem.journals.ekb.eg/article_175555.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Phytochemical%2C+antioxidant+and+antitumor+studies+of+coumarins+extracted+from+Granny+Smith+apple+seeds+by+different+methods&btnG=
https://www.sysrevpharm.org/abstract/phytochemical-antioxidant-and-antitumor-studies-of-coumarins-extracted-from-granny-smith-apple-seeds-by-different-method-65285.html
https://dx.doi.org/10.21608/ejchem.2021.59702.3281
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4-Methylumbelliferone+And+Its+Derived+Compounds%3A+A+Brief+Review+Of+Their+Cytotoxicity&btnG=
https://ejchem.journals.ekb.eg/article_152667.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+promising+oral+5-fluorouracil+prodrug+for+lung+tumor%3A+Synthesis%2C+characterization%2C+and+release&btnG=
https://connectjournals.com/03896.2021.21.1991
http://doi.org/10.14704/nq.2021.19.7.NQ21101
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hymecromone+and+Its+Products+as+Cytotoxic+Candidates+for+Brain+Cancer%3A+A+Brief+Review&btnG=
https://www.neuroquantology.com/article.php?id=2680
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Original+and+Innovative+Advances+in+the+Synthetic+Schemes+of+Coumarin-Based+Derivatives%3A+A+Review&btnG=
https://www.sysrevpharm.org/abstract/original-and-innovative-advances-in-the-synthetic-schemes-of-coumarinbased-derivatives-a-review-65909.html
https://doi.org/10.1016/j.matchemphys.2021.125664
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+role+of+amino+acid+functionalization+for+improvement+of+adsorption+Thioguanine+anticancer+drugs+on+the+boron+nitride+nanotubes+for+drug+delivery&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0254058421014474?via%3Dihub
http://doi.org/10.14704/nq.2021.19.6.NQ21078
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bioactivity+of+Some+Natural+and+Semisynthetic+Coumarin+Derived+Compounds&btnG=
https://www.neuroquantology.com/article.php?id=2657
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Conjugation+of+Sinapic+Acid+Analogues+with+5-+Fluorouracil%3A+Synthesis%2C+Preliminary+Cytotoxicity%2C+and+Release+Study&btnG=
https://www.sysrevpharm.org/abstract/conjugation-of-sinapic-acid-analogues-with-5fluorouracil-synthesis-preliminary-cytotoxicity-and-release-study-65964.html
https://doi.org/10.1016/j.jsps.2018.03.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization+and+antibacterial+activity+of+novel+heterocycle%2C+coumacine%2C+and+two+of+its+derivatives&btnG=
https://www.sciencedirect.com/science/article/pii/S1319016418300732?via%3Dihub
https://doi.org/10.1590/1519-6984.257070
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+on+the+role+of+nano+antibacterial+materials+in+orthodontics+%28a+review%29&btnG=
https://www.scielo.br/j/bjb/a/MSTJcpzjzGdwNhR4bw8LFnx/?lang=en
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antioxidant+and+Antitumor+Activities+of+Methanolic+Extracts+Obtained+from+Red+Delicious+and+Granny+Smith+Apples%27+Seeds&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antioxidant+and+Antitumor+Activities+of+Methanolic+Extracts+Obtained+from+Red+Delicious+and+Granny+Smith+Apples%27+Seeds&btnG=
https://www.sysrevpharm.org/abstract/antioxidant-and-antitumor-activities-of-methanolic-extracts-obtained-from-red-delicious-and-granny-smith-apples-seeds-65725.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+Antioxidant%2C+and+Preliminary+Antitumor+Activities+of+New+Curcumin+Analogues&btnG=

Zain Al-Abdeen S.H., et al. / ]. Med. Chem. Sci. 2022, 5(6) 1026-1039

Scholar], [Publisher]
[28].Aldewachi H., Mustafa Y.F., Najm R, Ammar
F., Adulteration of slimming products and its

detection methods, Systematic Reviews in
Pharmacy, 2020, 11:289 [Google Scholar],
[Publisher]

[29].Ismael R.N., Mustafa Y.F.,, Al-qazaz H.K,
Citrullus lanatus, a Potential Source of Medicinal
Products: A Review, Journal of Medicinal and
Chemical Sciences, 2022, 5:607 [Crossref],
[Google Scholar], [Publisher]

[30].Mustafa Y.F., Classical Approaches and their
Creative Advances in the Synthesis of Coumarins:
A Brief Review, Journal of Medicinal and Chemical
Sciences, 2021, 4:612 [Crossref], [Google Scholar],

[Publisher]
[37].Mustafa Y.F., Kasim S.M., Al-Dabbagh B.M., Al-
Shakarchi W., Synthesis, characterization and
biological evaluation of new azo-coumarinic
derivatives, Applied Nanoscience, 2021 [Crossref],
[Google Scholar], [Publisher]

[38].Jasim S.F., Mustafa Y.F., A Review of Classical
and Advanced Methodologies for Benzocoumarin
Synthesis, Journal of Medicinal and Chemical
Sciences, 2022, 5:676 [Crossref], [Publisher]
[39].Mustafa Y.F., Bashir M.K,, Oglah M.K,, Original
and innovative advances in the synthetic schemes
of coumarin-based derivatives: A

review,
Systematic Reviews in Pharmacy, 2020, 11:598
[Google Scholar], [Publisher]

[Publisher]

[31].Khalil R.R.,, Mohammed E.T., Mustafa Y.F,
Various Promising Biological Effects of Cranberry
Extract: A Review, Clinical Schizophrenia &
Related Psychoses, 2021, 15:1 [Google Scholar],
[Publisher]

[32].Tasior M., Kim D., Singha S., Krzeszewski M.,
Ahn KH., Gryko D.T., m-Expanded coumarins:
synthesis, optical properties and applications,
Journal of Materials Chemistry C, 2015, 3:1421
[Crossref], [Google Scholar], [Publisher]
[33].Waheed S.A., Mustafa Y.F., Benzocoumarin
Backbone Is a Multifunctional and Affordable
Scaffold with a Vast Scope of Biological Activities,
Journal of Medicinal and Chemical Sciences, 2022,
5:703 [Crossref], [Google Scholar], [Publisher]
[34].Ansari M.],, Jasim S.A., Taban T.Z., Bokov D.O,,
Shalaby M.N., Al-Gazally M.E., Kzar H.H., Qasim
M.T., Mustafa Y.F., Khatami M., Anticancer drug-
loading capacity of green synthesized porous
magnetic iron nanocarrier and cytotoxic effects
against human cancer cell line, Journal of Cluster
Science, 2022 [Crossref], [Google Scholar],
[Publisher]

[35].Lv H.N.,, Tu P.F, Jiang Y. Benzocoumarins:
isolation, synthesis, and biological activities, Mini
Reviews in Medicinal Chemistry, 2014, 14:603
[Crossref], [Google Scholar], [Publisher]
[36].Wiese ]., Imhoff ].F., Gulder T.A., Labes A,
Schmaljohann R., Marine fungi as producers of
benzocoumarins, a new class of inhibitors of
glycogen-synthase-kinase 3f, Marine Drugs,
2016, 14:200 [Crossref], [Google Scholar],

[40].Hussien F.A.H., Keshe M., Alzobar K., Merza J.,
Karam A., Synthesis and nitration of 7-hydroxy-4-
methyl coumarin via Pechmann condensation
using eco-friendly medias, International Letters of
Chemistry, Physics and Astronomy, 2016, 69:66
[Crossref], [Google Scholar], [Publisher]
[41].Bashir M.K, Mustafa Y.F., Oglah MK,
Synthesis and antitumor activity of new
multifunctional Periodico  Tche
Quimica (Online), 2020, 17:871 [Google Scholar],
[Publisher]

[42].Mohammed E.T., Mustafa Y.F.,, Coumarins
from Red Delicious apple seeds: Extraction,
phytochemical analysis, and
antimicrobial agents, Systematic Reviews in
Pharmacy, 2020, 11:64 [Google Scholar],
[Publisher]

[43].Roomi A.B., Widjaja G., Savitri D., Turki Jalil
A., Fakri Mustafa Y., Thangavelu L., Kazhibayeva
G. Suksatan W., Chupradit S., Aravindhan S,
Sn02: Au/Carbon Quantum Dots
Nanocomposites: Synthesis, Characterization, and
Antibacterial Activity, Journal of Nanostructures,
2021, 11:514 |[Crossref], [Google Scholar],
[Publisher]

[44].Mustafa Y.F., Synthesis, characterization, and
biomedical assessment of novel bisimidazole-
coumarin conjugates, Applied Nanoscience, 2021
[Crossref], [Google Scholar], [Publisher]
[45].Mustafa Y. Khalil R.R, Mohammed E.T,
Synthesis and antitumor potential of new 7-
halocoumarin-4-acetic acid derivatives, Egyptian
Journal of Chemistry, 2021, 64:3711 [Crossref],

coumarins,

evaluation as

1037 |Page


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+Antioxidant%2C+and+Preliminary+Antitumor+Activities+of+New+Curcumin+Analogues&btnG=
http://www.jgpt.co.in/index.php/jgpt/article/view/3390
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Adulteration+of+Slimming+Products+and+its+Detection+Methods&btnG=
https://www.sysrevpharm.org/abstract/adulteration-of-slimming-products-and-its-detection-methods-65710.html
https://dx.doi.org/10.26655/JMCHEMSCI.2022.4.16
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Citrullus+lanatus%2C+a+Potential+Source+of+Medicinal+Products%3A+A+Review&btnG=
http://www.jmchemsci.com/article_145016.html
https://dx.doi.org/10.26655/JMCHEMSCI.2021.6.10
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Classical+Approaches+and+Their+Creative+Advances+in+the+Synthesis+of+Coumarins%3A+A+Brief+Review&btnG=
http://www.jmchemsci.com/article_138430.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Various+promising+biological+effects+of+Cranberry+extract%E2%80%AF%3A+A+review&btnG=
https://www.clinicalschizophrenia.net/abstract/various-promising-biological-effects-of-cranberry-extract-a-review-81211.html
http://doi.org/10.1039/c4tc02665a
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%CF%80-Expanded+coumarins%3A+synthesis%2C+optical+properties+and+applications&btnG=
https://pubs.rsc.org/en/content/articlelanding/2015/TC/C4TC02665A
https://dx.doi.org/10.26655/JMCHEMSCI.2022.5.5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Benzocoumarin+Backbone+Is+a+Multifunctional+and+Affordable+Scaffold+with+a+Vast+Scope+of+Biological+Activities&btnG=
http://www.jmchemsci.com/article_146655.html
https://doi.org/10.1007/s10876-022-02235-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Anticancer+Drug-Loading+Capacity+of+Green+Synthesized+Porous+Magnetic+Iron+Nanocarrier+and+Cytotoxic+Effects+Against+Human+Cancer+Cell+Line&btnG=
https://link.springer.com/article/10.1007/s10876-022-02235-4
http://doi.org/10.2174/1389557514666140622204608
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Benzocoumarins%3A+Isolation%2C+Synthesis%2C+and+Biological+Activities&btnG=
http://www.eurekaselect.com/article/61093
https://doi.org/10.3390/md14110200
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Marine+Fungi+as+Producers+of+Benzocoumarins%2C+a+New+Class+of+Inhibitors+of+Glycogen-Synthase-Kinase+3%CE%B2&btnG=
https://www.mdpi.com/1660-3397/14/11/200
https://doi.org/10.1007/s13204-021-01873-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization+and+biological+evaluation+of+new+azo-coumarinic+derivatives&btnG=
https://link.springer.com/article/10.1007%2Fs13204-021-01873-w
https://dx.doi.org/10.26655/JMCHEMSCI.2022.5.3
http://www.jmchemsci.com/article_145991.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Original+and+innovative+advances+in+the+synthetic+schemes+of+coumarin-based+derivatives%3A+A+review&btnG=
https://www.sysrevpharm.org/abstract/original-and-innovative-advances-in-the-synthetic-schemes-of-coumarinbased-derivatives-a-review-65909.html
http://doi.org/10.18052/www.scipress.com/ILCPA.69.66
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+Nitration+of+7-Hydroxy-4-Methyl+Coumarin+via+Pechmann+Condensation+Using+Eco-Friendly+Medias&btnG=
https://www.scipress.com/ILCPA.69.66
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%09+Synthesis+and+antitumor+activity+of+new+multifunctional+coumarins&btnG=
https://www.tchequimica.com/arquivos_jornal/2020/36/886_Periodico36.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Coumarins+from+Red+Delicious+Apple+Seeds%3A+Extraction%2C+Phytochemical+Analysis%2C+and+Evaluation+as+Antimicrobial+Agents&btnG=
https://www.sysrevpharm.org/abstract/coumarins-from-red-delicious-apple-seeds-extraction-phytochemical-analysis-and-evaluation-as-antimicrobial-agents-65287.html
https://dx.doi.org/10.22052/JNS.2021.03.009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=SnO2%3AAu%2FCarbon+Quantum+Dots+Nanocomposites%3A+Synthesis%2C+Characterization%2C+and+Antibacterial+Activity&btnG=
https://jns.kashanu.ac.ir/article_111529.html
https://doi.org/10.1007/s13204-021-01872-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization%2C+and+biomedical+assessment+of+novel+bisimidazole%E2%80%93coumarin+conjugates&btnG=
https://link.springer.com/article/10.1007%2Fs13204-021-01872-x
https://dx.doi.org/10.21608/ejchem.2021.68873.3508

Zain Al-Abdeen S.H., et al. / ]. Med. Chem. Sci. 2022, 5(6) 1026-1039

[Google Scholar], [Publisher]
[46].Cheng F., Li W, Liu G., Tang Y., In silico
ADMET prediction: recent advances, current

challenges and future trends, Current topics in
medicinal chemistry, 2013, 13:1273 [Crossref],

[55].Van Booven D., Marsh S., McLeod H., Carrillo
M.W., Sangkuhl K., Klein, T.E., Altman R.B., 2010.
Cytochrome P450 2C9-CYP2C9,
Pharmacogenetics and genomics, 2010, 20:277
[Crossref], [Google Scholar], [Publisher]

[Google Scholar], [Publisher]

[47].Paul Gleeson M., Hersey A., Hannongbua S.,
In-silico ADME models: a general assessment of
their utility in drug discovery applications,

Current topics in medicinal chemistry, 2011,
11:358 [Crossref], [Google Scholar], [Publisher]
[48].Waheed N.A, Waheed S.A, Molecular
Docking Study and Structure Based Design of
Ketotifen and Some of its Analogues Including
ADME and Toxicity Study, International Journal of
Pharmaceutical ~ Research, 2020, 12:1498
[Crossref], [Google Scholar], [Publisher]
[49].Mustafa Y.F, Oglah MK, Bashir MK,
Mohammed E.T., Riyadh R., Mutual Prodrug of 5-
Ethynyluracil and 5-Fluorouracil: Synthesis and
Pharmacokinetic Profile, Clinical Schizophrenia &
Related Psychoses, 2021, 15:1 [Google Scholar],
[Publisher]
[50].Hinman S.S,,

Wang Y., Allbritton N.L,
Photopatterned membranes and chemical
gradients enable scalable phenotypic
organization of primary human colon epithelial
models, Analytical chemistry, 2019, 91:15240
[Crossref], [Google Scholar], [Publisher]
[51].Artursson P, Palm K., Luthman K, Caco-2
monolayers in experimental and theoretical
predictions of drug transport, Advanced drug
delivery reviews, 2012, 64:280 [Crossref], [Google
Scholar], [Publisher]

[52].Nejres A.M., Mustafa Y.F, Aldewachi H.S,
Evaluation of natural asphalt properties treated
with egg shell and low density
polyethylene, International Journal of Pavement
Engineering, 2022, 23:39 [Crossref], [Google
Scholar], [Publisher]

[53].Finch A., Pillans P., P-glycoprotein and its
role in drug-drug interactions, Australian
Prescriber, 2014, 37:137 [Crossref], [Google
Scholar], [Publisher]

[54].Zhou S.F., Drugs behave as substrates,
inhibitors and inducers of human cytochrome
P450 3A4, Current drug metabolism, 2008, 9:310
[Crossref], [Google Scholar], [Publisher]

waste

[56].Nejres AM., Ali HK, Behnam S.P., Mustafa
Y.F., Potential effect of ammonium chloride on the
optical physical properties of polyvinyl alcohol,
Systematic Reviews in Pharmacy, 2020, 11:726
[Google Scholar], [Publisher]

[57].Ghafourian, T. and Amin, Z., 2013. QSAR
models for the prediction of plasma protein
binding, Biolmpacts: Bl, 2013, 3:21 [Google
Scholar], [Publisher]

[58].Van De Waterbeemd H., Gifford E., ADMET in
silico modelling: towards prediction paradise?,
Nature reviews Drug discovery, 2003, 2:192
[Crossref], [Google Scholar], [Publisher]
[59].Muehlbacher M., Spitzer G.M., Liedl KR,
Kornhuber J., Qualitative prediction of blood-
brain barrier permeability on a large and refined
dataset, Journal of computer-aided molecular
design, 2011, 25:1095 [Crossref], [Google
Scholar], [Publisher]

[60].Mustafa Y.F., Chemotherapeutic applications
of folate prodrugs: A review, NeuroQuantology,
2021, 19:99 |[Crossref], [Google Scholar],
[Publisher]

[61].Benet L.Z., Hosey C.M., Ursu 0., Oprea T.I,
BDDCS, the Rule of 5 and drugability, Advanced
drug delivery reviews, 2016, 101:89 [Crossref],
[Google Scholar], [Publisher]

[62].Raya I, Chen T.C., Pranoto S.H., Surendar A,
Utyuzh A.S., Al-Janabi S., Alkaim A.F., Danh, N.T.,
Mustafa Y.F., 2021. Role of Si Minor Addition on
Glass Formation and Flow Stress Characteristics
of a Zr-Based Metallic Glass, Materials Research,
2021, 24:e20210245 [Crossref], [Google Scholar],
[Publisher]

[63].Molchanova N., Nielsen J.E., Sgrensen K.B.
Prabhala B.K.,, Hansen P.R., Lund R., Barron A.E,,
Jenssen H., Halogenation as a tool to tune

antimicrobial activity of peptoids, Scientific
reports, 2020, 10:14805 [Crossref], [Google

Scholar], [Publisher]

[64].Kosikowska U., Wujec M., Trotsko N., Ptonka
W.,, Paneth P., Paneth A., Antibacterial activity of
fluorobenzoylthiosemicarbazides and their cyclic

1038 |Page


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Synthesis+And+Antitumor+Potential+Of+New+7-Halocoumarin-4-Acetic+Acid+Derivatives&btnG=
https://ejchem.journals.ekb.eg/article_166082.html
http://doi.org/10.2174/15680266113139990033
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+Silico+ADMET+Prediction%3A+Recent+Advances%2C+Current+Challenges+and+Future+Trends&btnG=
http://www.eurekaselect.com/article/52804
https://doi.org/10.2174/156802611794480927
https://scholar.google.com/scholar?q=In-Silico+ADME+Models:+A+General+Assessment+of+their+Utility+in+Drug+Discovery+Applications+Author(s):+M.+Paul+Gleeson,+Anne+Hersey+and+Supa+Hannongbua&hl=en&as_sdt=0,5
http://www.eurekaselect.com/article/32387
http://doi.org/10.31838/ijpr/2020.SP1.232
https://scholar.google.com/scholar?q=Molecular+Docking+Study+and+Structure+Based+Design+of+Ketotifen+and+Some+of+its+Analogues+Including+ADME+and+Toxicity+Study&hl=en&as_sdt=0,5
http://www.ijpronline.com/ViewSpecialArticleDetail.aspx?ID=375
https://scholar.google.com/scholar?hl=en&q=Mutual+Prodrug+of+5-Ethynyluracil+and+5-Fluorouracil:+Synthesisand+Pharmacokinetic+Profile&as_sdt=0
https://www.clinicalschizophrenia.net/abstract/mutual-prodrug-of-5ethynyluracil-and-5fluorouracil-synthesisand-pharmacokinetic-profile-84500.html
https://doi.org/10.1021/acs.analchem.9b04217
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Photopatterned+Membranes+and+Chemical+Gradients+Enable+Scalable+Phenotypic+Organization+of+Primary+Human+Colon+Epithelial+Models&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.analchem.9b04217
http://doi.org/10.1016/j.addr.2012.09.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Advanced+Drug+Delivery+Reviews+Volume+64%2C+Supplement%2C+December+2012%2C+Pages+280-289+Advanced+Drug+Delivery+Reviews+Caco-2+monolayers+in+experimental+and+theoretical+predictions+of+drug+transport%E2%98%86&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Advanced+Drug+Delivery+Reviews+Volume+64%2C+Supplement%2C+December+2012%2C+Pages+280-289+Advanced+Drug+Delivery+Reviews+Caco-2+monolayers+in+experimental+and+theoretical+predictions+of+drug+transport%E2%98%86&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169409X12002657?via%3Dihub
https://doi.org/10.1080/10298436.2020.1728534
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+natural+asphalt+properties+treated+with+egg+shell+waste+and+low+density+polyethylene&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+natural+asphalt+properties+treated+with+egg+shell+waste+and+low+density+polyethylene&btnG=
https://www.tandfonline.com/doi/full/10.1080/10298436.2020.1728534
https://doi.org/10.18773/austprescr.2014.050
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=P-glycoprotein+and+its+role+in+drug-drug+interactions&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=P-glycoprotein+and+its+role+in+drug-drug+interactions&btnG=
https://www.nps.org.au/australian-prescriber/articles/p-glycoprotein-and-its-role-in-drug-drug-interactions#:~:text=In%20the%20gut%2C%20P%2Dglycoprotein,the%20bioavailability%20of%20susceptible%20drugs.
https://doi.org/10.2174/138920008784220664
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhou%2C+S.-F.+Curr.+Drug+Metab.+2008%2C+9%2C+310%E2%80%93322&btnG=
http://www.eurekaselect.com/article/11784
http://doi.org/10.1097/FPC.0b013e3283349e84
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Van+Booven%2C+D.%2C+Marsh%2C+S.%2C+McLeod%2C+H.%2C+Carrillo%2C+M.W.%2C+Sangkuhl%2C+K.%2C+Klein%2C+T.E.%2C+Altman%2C+R.B.+Pharmacogenet.+Genomics+2010%2C+20%2C+277%E2%80%93281&btnG=
https://journals.lww.com/jpharmacogenetics/Citation/2010/04000/Cytochrome_P450_2C9_CYP2C9.8.aspx
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Potential+Effect+of+Ammonium+Chloride+on+the+Optical+Physical+Properties+of+Polyvinyl+Alcohol&btnG=
https://www.sysrevpharm.org/abstract/potential-effect-of-ammonium-chloride-on-the-optical-physical-properties-of-polyvinyl-alcohol-66004.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ghafourian%2C+T.%2C+Amin%2C+Z.+BioImpacts+2013%2C+3%2C+21%E2%80%9327+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ghafourian%2C+T.%2C+Amin%2C+Z.+BioImpacts+2013%2C+3%2C+21%E2%80%9327+&btnG=
https://pubmed.ncbi.nlm.nih.gov/23678466/
http://doi.org/10.1038/nrd1032
https://scholar.google.com/scholar?q=+ADMET+in+silico+modelling:+towards+prediction&hl=en&as_sdt=0,5
https://www.nature.com/articles/nrd1032
http://doi.org/10.1007/s10822-011-9478-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ve+prediction+of+blood%E2%80%93brain+barrier+permeability+on+a+large+and+refined+dataset&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ve+prediction+of+blood%E2%80%93brain+barrier+permeability+on+a+large+and+refined+dataset&btnG=
https://link.springer.com/article/10.1007/s10822-011-9478-1
http://doi.org/10.14704/nq.2021.19.8.NQ21120
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemotherapeutic+Applications+of+Folate+Prodrugs%3A+A+Review&btnG=
https://www.neuroquantology.com/article.php?id=2699
http://doi.org/10.1016/j.addr.2016.05.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%27%27BDDCS%2C+the+Rule+of+5+and+drugability%27%27Benet%2C+L.Z.%2C+Hosey%2C+C.M.%2C+Ursu%2C+O.%2C+Oprea%2C+T.I.+Adv.+Drug+Deliv.+Rev.+2016%2C+101%2C+89%E2%80%9398+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169409X16301491?via%3Dihub
https://doi.org/10.1590/1980-5373-MR-2021-0245
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Role+of+Si+Minor+Addition+on+Glass+Formation+and+Flow+Stress+Characteristics+of+a+Zr-Based+Metallic+Glass&btnG=
https://www.scielo.br/j/mr/a/8kp5cPK3r47JMMbs8SNgq6D/abstract/?lang=en
https://doi.org/10.1038/s41598-020-71771-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Halogenation+as+a+tool+to+tune+antimicrobial+activity+of+peptoids&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Halogenation+as+a+tool+to+tune+antimicrobial+activity+of+peptoids&btnG=
https://www.nature.com/articles/s41598-020-71771-8

Zain Al-Abdeen S.H., et al. / ]. Med. Chem. Sci. 2022, 5(6) 1026-1039

analogues with 1, 2, 4-triazole scaffold, Molecules,
2021, 26:170 [Crossref], [Google Scholar],
[Publisher]

[65].Shinada N.K,, de Brevern A.G., Schmidtke P.,
Halogens in protein-ligand binding mechanism: a

[68].Jekabsone A., Sile I, Cochis A. Makrecka-
Kuka M. Laucaityte G., Makarova E. et al,
Investigation of
antiinflammatory activities of proanthocyanidins
from pelargonium sidoides DC root extract,
Nutrients, 2019, 11:2829 [Crossref], [Google
scholar], [Publisher]

antibacterial and

structural perspective, Journal of medicinal
chemistry, 2019, 62:9341 [Crossref], [Google
Scholar], [Publisher]

[66].Makvandi, P. Iftekhar, S. Pizzetti, F,

Zarepour, A., Zare, E.N., Ashrafizadeh, M., et al,,
2021.
nanomaterials

Functionalization of polymers and
treatment, food
packaging, textile and biomedical applications: A
review, Environmental Chemistry Letters, 2021,
19:583 [Crossref], [Google Scholar], [Publisher]

[67].Gonzalez N., Sevillano D., Alou L., Cafini F.,

Gimenez M.].,, Gomez-Lus M.L., Prieto J., Aguilar L.,

for water

Influence of the MBC/MIC ratio on the
antibacterial activity of vancomycin versus
linezolid against methicillin-resistant
Staphylococcus aureus isolates in a

pharmacodynamic model simulating serum and

soft tissue interstitial fluid concentrations
reported in diabetic patients, Journal of
Antimicrobial Chemotherapy, 2013, 68:2291

[Crossref], [Google Scholar], [Publisher]

HOW TO CITE THIS ARTICLE

[69].Mezoughi A.B., Abdussalam-Mohammed W.,
Ali A.A., Synthesis and Molecular Docking Studies
of Some Thiohydantoin Derivatives as Potential
Anticancer and Antimicrobial Agents, Advanced
Journal of Chemistry-Section A, 2021, 4:327
[Crossref], [Google Scholar], [Publisher]
[70].Ajala A., Uzairu A, Shallangwa G.A., Abechi
S.E., In-Silico Design, Molecular Docking and
Pharmacokinetics Studies of Some Tacrine
Derivatives as Anti-Alzheimer Agents:
Theoretical Investigation, Advanced Journal of
Chemistry-Section A, 2022, 5:59 [Crossref],
[Google Scholar], [Publisher]

[71].Pandya K., Dave B., Patel R, Desai P., In Silico
Approach Towards the Prediction of Drug-
likeness, in Vitro Microbial Investigation and
Formation of Dihydropyrrolone Conjugates,
Advanced Journal of Chemistry-Section A, 2020,
3:378 [Crossref], [Google Scholar], [Publisher]

Salah Hassan Zain Al-Abdeen, Yasser Fakri Mustafa. Synthesis and Biological Potentials of Novel Benzodipyrone-Based

Derivatives, J. Med. Chem. Sci., 2022, 5(6) 1026-1039
https://doi.org/10.26655/JMCHEMSCI.2022.6.16
URL: http://www.jmchemsci.com/article 149798.html

1039 |Page


https://doi.org/10.3390/MOLECULES26010170
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antibacterial+Activity+of+Fluorobenzoylthiosemicarbazides+and+Their+Cyclic+Analogues+with+1%2C2%2C4-Triazole+Scaffold&btnG=
https://www.mdpi.com/1420-3049/26/1/170
https://doi.org/10.1021/acs.jmedchem.8b01453
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Halogens+in+Protein%E2%80%93Ligand+Binding+Mechanism%3A+A+Structural+Perspective&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Halogens+in+Protein%E2%80%93Ligand+Binding+Mechanism%3A+A+Structural+Perspective&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.jmedchem.8b01453
https://doi.org/10.1007/s10311-020-01089-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Functionalization+of+polymers+and+nanomaterials+for+water+treatment%2C+food+packaging%2C+textile+and+biomedical+applications%3A+a+review&btnG=
https://link.springer.com/article/10.1007/s10311-020-01089-4
https://doi.org/10.1093/jac/dkt185
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Influence+of+the+MBC%2FMIC+ratio+on+the+antibacterial+activity+of+vancomycin+versus+linezolid+against+methicillin-resistant+Staphylococcus+aureus+isolates+in+a+pharmacodynamic+model+simulating+serum+and+soft+tissue+interstitial+fluid+concentrations+reported+in+diabetic+patients&btnG=
https://academic.oup.com/jac/article/68/10/2291/716239
https://doi.org/10.3390/nu11112829
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jekabsone+A%2C+Sile+I%2C+Cochis+A%2C+et+al.+Investigation+of+antibacterial+and+antiinflammatory+activities+of+proanthocyanidins+from+pelargonium+sidoides+dc+root+extract.+Nutrients.+2019%3B11%2811%29.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jekabsone+A%2C+Sile+I%2C+Cochis+A%2C+et+al.+Investigation+of+antibacterial+and+antiinflammatory+activities+of+proanthocyanidins+from+pelargonium+sidoides+dc+root+extract.+Nutrients.+2019%3B11%2811%29.+&btnG=
https://www.mdpi.com/2072-6643/11/11/2829
https://doi.org/10.22034/AJCA.2021.291823.1266
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Mezoughi%2C+A.%2C+Abdussalam-Mohammed%2C+W.%2C+Abdusalam%2C+A.+%282021%29.+Synthesis+and+Molecular+Docking+Studies+of+Some+Thiohydantoin+Derivatives+as+Potential+Anticancer+and+Antimicrobial+Agents.+Advanced+Journal+of+Chemistry-Section+A%2C+4%284%29%2C+327-338.+doi%3A+10.22034%2Fajca.2021.291823.1266&btnG=
http://www.ajchem-a.com/article_134894.html
https://doi.org/10.22034/AJCA.2022.321171.1292
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In-Silico+Design%2C+Molecular+Docking+and+Pharmacokinetics+Studies+of+Some+Tacrine+Derivatives+as+Anti-Alzheimer+Agents%3A+Theoretical+Investigation&btnG=
http://www.ajchem-a.com/article_144077.html
https://doi.org/10.33945/SAMI/AJCA.2020.4.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+Silico+Approach+Towards+the+Prediction+of+Drug-likeness%2C+in+Vitro+Microbial+Investigation+and+Formation+of+Dihydropyrrolone+Conjugates&btnG=
http://www.ajchem-a.com/article_96198.html
https://doi.org/10.26655/JMCHEMSCI.2022.6.16
http://www.jmchemsci.com/article_149798.html

