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Synthesis and Physicochemical Properties of

Coumarin Derivatives as Antimicrobial Agents

Manisha, Anita Singh, Pravin K Singh

Abstract: A series of new cumarine Schiff base derivatives has
been designed using in silico methods and synthesised as
potential antimicrobial agents. Furthermore, the compounds
were evaluated for their antibacterial and antifungal properties.
In silico results indicate that all the compounds adhere to the
Lipinski rule of five.
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Abbreviations:

FIC: Fractional Inhibitory Concentration
MIC: Minimum Inhibitory Concentration
TLC: Thin-Layer Chromatography

PSA: Polar Surface Area

TPSA: Total Polar Surface Area

I. INTRODUCTION

Microbes are a significant cause of deadly diseases, and

their widespread transmission poses an escalating threat to
human health [1]. Effectively treating these severe
infections and eliminating antimicrobial resistance [2]
requires the deployment of novel antimicrobial agents, a
crucial area of ongoing scientific research. Utilizing potent
chemotherapeutic agents can shorten treatment durations
and reduce the emergence of new resistant strains. Exploring
appropriate  combinations of existing and novel
antimicrobial candidates as drug regimens could help
eradicate the pressing issue of drug resistance [3]. Extensive
research into antimicrobial agents has revealed protein
synthesis as the most promising target among several for
developing powerful drugs [4]. Despite considerable
progress in antibacterial therapy and the availability of
inhibitors against drug-resistant Gram-positive and Gram-
negative bacterial strains, a critical need remains for new
drugs or drug regimens with optimal safety profiles to
overcome drug resistance [5]. Similarly, life-threatening
ailments caused by pathogenic fungi are a regular challenge,
particularly in immunocompromised patients.
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Although fungal infections are widespread, treatment
options are limited, making the research and development of
novel antifungal drugs essential at present [6]. Schiff bases,
formed by the condensation of primary amines with
carbonyl groups, have recently garnered significant attention
[7] due to their diverse biological and industrial
applications. The imine functional group, specifically the
azomethine moiety with its sp2 hybridized nitrogen atom
bearing a lone pair of electrons, enables these compounds to
interact uniquely with nucleophiles and electrophiles. This
allows them to perform various roles, including
antibacterial, anticancer, antifungal, and radical scavenging
activities, and to function as enzymatic intermediates or
inhibitors in biochemical processes. The formyl functional
group within the 2H-chromen-2-one ring, also known as the
coumarin ring, is key to extending its reactivity. This
functionality facilitates the formation of Schiff bases of 2H-
chromen-2-one, where the formyl group can be selectively
attached to either the benzene ring or the 2H-pyran-2-one
ring at various positions within the coumarin structure [8].
The inherent planarity of the fused lactone ring enables
coumarin to engage in non-covalent interactions with
biomolecules, such as proteins and DNA, contributing to its
diverse range of biological activities [9]. Furthermore,
recent modifications of benzopyrone framework-based
coumarins have led to the development of several
derivatives with remarkable antibacterial efficacy. Coumarin
exhibits a broad spectrum of pharmacological activities,
including antibacterial [10], antioxidant [11], anti-
inflammatory [12], anticancer, and antifungal [13]
properties. Given the significant therapeutic potential of
coumarin and its derivatives, these compounds continue to
attract substantial scientific interest for their diverse
biological effects [14]. Notably, certain coumarin-based
antibiotics, such as novobiocin, clorobiocin, and
coumermycin Al, have achieved clinical success in
combating acute infections, fueling further exploration for
new coumarin-based antibacterial agents.

Our research involved assessing the physicochemical and
pharmaceutical properties of the designed molecules using
various in silico techniques. The collected data were
compiled and analyzed for further investigation. To evaluate
antibacterial activity, the Minimum Inhibitory Concentration
(MIC) value of the synthesised compounds was determined
[15]. A combination approach was also employed to
calculate the *Fractional Inhibitory Concentration (FIC),
which helped in studying the synergistic effects of the tested
compounds and standard references [16]. This approach
may lead to the development of potential drug regimens
against human pathogenic bacteria. Similarly, antifungal
activities were examined using
both the zone inhibition
method and the serial broth
microdilution method [17].

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


https://doi.org/10.35940/ijbsac.L0537.11120825
https://www.ijbsac.org/
mailto:scholar.manisha@gmail.com
https://orcid.org/0009-0009-9215-4966
mailto:anita.singh@ngbu.edu.in
https://orcid.org/0009-0001-4120-1971
mailto:dr.pks28@gmail.com
https://orcid.org/0000-0002-0034-0190
https://www.openaccess.nl/en/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijbsac.L0537.11120825&domain=www.ijbsac.org

Synthesis and Physicochemical Properties of Coumarin Derivatives as Antimicrobial Agents

II. EXPERIMENTAL

A. Design, Physicochemical Descriptors and ADME
Properties of Schiff Base of Coumarin Derivative

Using Molinspiration and ChemDraw software, some
physically significant descriptors and pharmaceutically
relevant properties of compounds, such as molecular weight,
H-bond donors, H-bond acceptors, logP, rotatable bonds,
and TPSA, have been analysed based on Lipinski’s rule of
five. ADME properties, such as aqueous solubility (LogS),
skin permeability (Log Kp), synthetic accessibility scores,
and Absorption (%ABS), were calculated using DS 2.5
software.

III. CHEMISTRY

All chemicals and reagents were purchased from Sigma-
Aldrich Chemical Company, USA, and E. Merck India Ltd,
India. All reactions were performed in oven-dried apparatus
using dried and distilled solvents. The progress of the
reaction was monitored by thin-layer chromatography
(TLC) using silica gel 60F254 aluminium sheets, and
visualised under ultraviolet light at 254 nm. Synthesized
compounds were purified by column chromatography by
using silica gel (100-200 mess). Melting points recorded on
an electrothermal apparatus using open capillary tubes are
uncorrected. NMR spectra were recorded on a BRUKER
AV400 spectrometer (Bruker Co., Fillanden, Switzerland) in
DMSO-d6 ('H at 400 MHz and *C at 100 MHz). Chemical

shifts (8) are expressed in parts per million (ppm) and J
(coupling constant) values in Hz. Multiplicities are indicated
by s (singlet), d (doublet), t (triplet), q (quartet), and m
(multiplet). The elemental analyses were performed on
Perkin-Elmer 240-C analysis equipment.

For the synthesis of Schiff base, two coumarin derivatives,
viz.  3-acetyl-6-chloro-2H-chromen-2-one,  3-acetyl-8-
methoxy-2H-chromen-2-one and commercially available
different types of aromatic amines, viz. benzo[d]oxazol-6-
amine, 2,3-dihydrobenzo[b][1,4]dioxin-6-amine,
benzo[d]oxazol-2-amine, 1-methyl-6-phenyl-1H-
benzo[d]imidazol-2-amine, 21,6-dimethyl-1H-imidazo[4,5-
b]pyridin-2-amine have been used. For the synthesis of the
coumarin Schiff base, the compound was treated with
commercially available different aromatic amines (1:1) in
ethanol (30 mL) containing a few drops of glacial acetic
acid. The resulting reaction mixture was heated at 40°-50°C
for 3-4 hours. TLC checked the progress of the reaction.
After the reaction was completed, the mixture was cooled to
room temperature, concentrated, and then poured into ice-
cold water. It was subsequently basified with 2 M NaOH
(pH 10), resulting in the formation of a precipitate. The
precipitate was filtered, washed with water, and dried over
CaCl2 in the vacuum chamber to obtain the crude product.
The product was then purified by column chromatography
and finally crystallized using ethanol. The characterisation
was performed using 'H NMR, mass spectrometry, and
elemental analysis techniques.
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(E)-3-(1-(benzo[d]oxazol-6-ylimino) ethyl)-6-chloro-2H-chromen-2-one

White colour solid, M.P. 206 °C, yield 35 %. '"H NMR: § 2.30 (3H, s), 7.37-7.59 (4H, 7.43 (dd, J= 6.0, 1.7 Hz), 7.46
(dd, J=8.0, 0.4 Hz), 7.53 (dd, /= 8.0, 1.7 Hz), 7.54 (dt, /= 1.7, 0.4 Hz)), 7.84 (1H, dd, J= 1.7, 0.4 Hz), 8.12-8.28 (2H, 8.18
(dt, J= 6.0, 0.4 Hz), 8.23 (t, J= 0.4 Hz)), 8.36 (1H, s) *C NMR: § 24.6 (1C, s), 110.3 (1C, s), 114.8 (1C, s), 116.0 (1C, s),
117.1 (1C, s), 117.5 (1C, 8), 120.4 (1C, s), 121.1 (1C, s), 133.1 (1C, s), 133.5 (1C, s), 140.1 (1C, s), 147.3 (1C, s), 147.6 (1C,
s), 152.6 (1C, s), 154.4 (1C, s), 154.7 (1C, s), 159.1 (1C, s), 160.8 (1C, s).
(E)-6-chloro-3-(1-((2,3-dihydrobenzo[b][1,4]dioxin-6-yl)imino)ethyl)-2H-chromen-2-one

Light brown colour solid, M.P. 195-201 °C, yield 32 %. '"H NMR: § 2.29 (3H, s), 4.21 (2H, ddd, /= 13.7, 7.0, 1.8 Hz),
4.50 (2H, ddd, J=17.8, 7.0, 1.8 Hz), 6.77-6.99 (3H, 6.84 (dd, J= 8.6, 0.5 Hz), 6.88 (dd, /= 8.6, 1.3 Hz), 6.94 (dd, /= 1.3,
0.5 Hz)), 7.35-7.52 (2H, 7.41 (dd, J= 8.0, 1.6 Hz), 7.46 (dd, J= 8.0, 0.5 Hz)), 7.89 (1H, dd, J= 1.6, 0.5 Hz), 8.11 (1H, s).
BC NMR: § 24.6 (1C, s), 64.2-64.3 (2C, 64.2 (s), 64.2 (s)), 98.2 (1C, s), 114.8 (1C, s), 116.0 (1C, s), 117.3 (1C, s), 117.5
(1C, s), 120.4 (1C, s), 123.8 (1C, s), 132.6 (1C, ), 133.1 (1C, s), 133.5 (1C, s), 143.3 (1C, s), 147.3 (1C, s), 149.4 (1C, s),
154.4 (1C, s), 159.1 (1C, s), 160.8
(E)-3-(1-(benzo[d]oxazol-2-ylimino) ethyl)-6-chloro-2H-chromen-2-one

Cream colour solid, M.P. 217 °C (208 °C lit), yield 57 %. '"H NMR: § 2.30 (3H, s), 7.36-7.53 (2H, 7.43 (ddd, J = 7.7, 7.5,
1.5 Hz), 7.47 (dd, J = 8.2, 0.4 Hz)), 7.54-7.77 (4H, 7.62 (ddd, J = 8.0, 7.5, 1.7 Hz), 7.62 (dd, J = 1.6, 0.4 Hz), 7.68 (ddd, J =
8.0, 1.5, 0.5 Hz), 7.70 (dd, J= 8.2, 1.6 Hz)), 8.04 (1H, ddd, J= 7.7, 1.7, 0.5 Hz), 8.66 (1H, s). 3C NMR: & 24.6 (1C, s),
109.3 (1C, s), 114.8 (1C, s), 116.0-116.0 (2C, 116.0 (s), 116.0 (s)), 117.5 (1C, s), 120.4 (1C, s), 124.4 (1C, s), 125.1 (1C, s),
133.1 (1C, s), 133.5 (1C, s), 143.4 (1C, s), 147.3 (1C, s), 149.2 (1C, s), 154.4 (1C, s), 159.1 (1C, s), 160.8 (1C, s), 169.5 (1C,
s).
(E)-6-chloro-3-(1-((1-methyl-6-phenyl-1H-benzo[d]imidazol-2-yl)imino)ethyl)-2H-chromen-2-one

Light green colour solid, M.P. 191 °C, yield 38 %. "H NMR: § 2.32 (3H, s), 4.03 (3H, s), 7.35-7.79 (9H, 7.41 (dd, J = 8.3,
0.4 Hz), 7.51 (tdd, /= 5.9, 1.8, 1.6 Hz), 7.53 (dd, /= 1.8, 0.5 Hz), 7.57 (dd, /= 8.3, 1.7 Hz), 7.63 (dddd, /= 7.3, 5.9, 1.9, 0.5
Hz), 7.68 (dd, /= 1.7, 0.4 Hz), 7.73 (dddd, /= 7.3, 1.7, 1.2, 0.5 Hz)), 7.94 (1H, dd, J= 5.1, 1.8 Hz), 8.10 (1H, dd, J= 5.1,
0.5 Hz), 8.38 (1H, s). ®*C NMR: § 21.4 (1C, s), 24.6 (1C, s), 110.3 (1C, 5), 114.8 (1C, s), 116.0 (1C, s), 117.1 (1C, s), 117.5
(1C, s), 120.4 (1C, s), 124.8 (1C, s), 126.9 (2C, ), 128.2 (1C, ), 128.9 (2C, s), 133.1 (1C, s),
133.5 (1C, s), 134.2 (1C, s), 138.1-138.2 (2C, 138.2 (s), 138.2 (s)), 139.9 (1C, s), 140.3 (1C,
s), 147.3 (1C, s), 154.4 (1C, s), 159.1 (1C, s), 160.8 (1C, s)
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(E)-6-chloro-3-(1-((1,6-dimethyl-1H-imidazo[4,5-b] pyridin-2-yl) imino) ethyl)-2H chromen-2-one

White colour solid, M.P. 176-180 °C. 'HNMR: § 2.17 (3H, s), 2.34 (3H, s), 4.02 (3H, s), 7.41-7.67 (3H, 7.47 (dd, J=8.2,
0.4 Hz), 7.56 (dd, /= 1.6, 0.4 Hz), 7.61 (dd, J= 8.2, 1.6 Hz)), 8.11 (1H, d, J= 1.7 Hz), 8.50-8.67 (2H, 8.55 (s), 8.62 (d, J=
1.7 Hz)). 3C NMR: & 18.4 (1C, s), 24.6 (1C, s), 32.9 (1C, s), 114.8 (1C, s), 116.0 (1C, s), 117.5 (1C, s), 119.5 (1C, s), 120.4
(1C, s), 130.4 (1C, s), 133.1 (1C, s), 133.5 (1C, s), 139.9 (1C, s), 144.6 (1C, s), 147.3 (1C, s), 151.1 (1C, s), 154.4 (1C, s),
159.1 (1C, s), 160.8 (1C, s), 164.4 (1C, s).
(E)-3-(1-(benzo[d]oxazol-6-ylimino)ethyl)-8-methoxy-2H-chromen-2-one

Light green colour solid, M.P. 186 °C, yield 32 %. 'H NMR: & 2.37 (3H, s), 3.77 (3H, s), 7.15 (1H, dd, J= 8.0, 1.4 Hz),
7.35 (1H, dd, J= 8.0, 1.4 Hz), 7.43-7.58 (2H, 7.49 (dd, /= 5.8, 1.7 Hz), 7.52 (t, J= 8.0 Hz)), 7.79 (1H, dt, J= 1.7, 0.5 Hz),
8.01 (1H, dt,J= 5.8, 0.4 Hz), 8.20 (1H, t,J= 0.5 Hz), 8.35 (1H, s) '3C NMR: § 24.6 (1C, s), 55.8 (1C, s), 110.3 (1C, s),
113.8 (1C, s), 117.1 (1C, s), 120.4 (1C, s), 121.1 (1C, s), 123.7 (1C, s), 125.2 (1C, s), 130.9 (1C, s), 140.1 (1C, s), 142.9 (1C,
s), 147.0 (1C, s), 147.3 (1C, s), 147.6 (1C, s), 152.6 (1C, s), 154.7 (1C, s), 159.1 (1C, s), 160.8 (1C, s)
(E)-3-(1-((2,3-dihydrobenzo[b][1,4]dioxin-6-yl)imino)ethyl)-8-methoxy-2H-chromen-2-one

White colour solid, M.P. 176 °C, yield 22 %.'"H NMR: § 2.29 (3H, s), 3.81 (3H, s), 4.17 (2H, ddd, J = 13.7, 7.0, 1.8 Hz),
4.50 (2H, ddd, J=17.8, 7.0, 1.8 Hz), 6.77-7.12 (4H, 6.83 (dd, J = 8.6, 0.5 Hz), 6.90 (dd, J= 8.6, 1.3 Hz), 6.94 (dd, J= 1.3,
0.5 Hz), 7.05 (dd, J = 8.2, 1.7 Hz)), 7.25 (1H, dd, J = 8.2, 8.1 Hz), 7.43 (1H, dd, J= 8.1, 1.7 Hz), 8.08 (1H, s). *C NMR: &
24.6 (1C, s), 55.8 (1C, s), 64.2-64.3 (2C, 64.2 (s), 64.2 (s)), 98.2 (1C, s), 113.8 (1C, s), 117.3 (1C, s), 120.4 (1C, s), 123.7-
123.8 (2C, 123.7 (s), 123.8 (s)), 125.2 (1C, s), 130.9 (1C, s), 132.6 (1C, s), 142.9 (1C, s), 143.3 (1C, s), 147.0 (1C, s), 147.3
(1C, s), 149.4 (1C, s), 159.1 (1C, s), 160.8 (1C, s)
(E)-3-(1-(benzo[d]oxazol-2-ylimino) ethyl)-8-methoxy-2H-chromen-2-one

Light green colour powder, M.P. 180 °C. 'H NMR: § 2.31 (3H, s), 3.77 (3H, s), 7.15 (1H, dd, J= 7.7, 1.4 Hz), 7.31 (1H,
dd, J= 8.0, 7.7 Hz), 7.44-7.67 (2H, 7.51 (ddd, J= 7.6, 7.5, 1.4 Hz), 7.60 (ddd, /= 7.9, 7.5, 1.7 Hz)), 7.75 (1H, ddd, J= 7.9,
1.4, 0.5 Hz), 7.85-8.08 (2H, 7.91 (dd, J= 8.0, 1.4 Hz), 8.02 (ddd, J= 7.6, 1.7, 0.5 Hz)), 8.65 (1H, s). *C NMR: § 24.6 (1C,
s), 55.8 (1C, s), 109.3 (1C, s), 113.8 (1C, s), 116.0 (1C, s), 120.4 (1C, s), 123.7 (1C, s), 124.4 (1C, s), 125.1 (1C, s), 125.2
(1C, s), 130.9 (1C, s), 142.9 (1C, s), 143.4 (1C, s), 147.0 (1C, s), 147.3 (1C, s), 149.2 (1C, s), 159.1 (1C, s), 160.8 (1C, s),
169.5 (1C, s).
(E)-8-methoxy-3-(1-((1-methyl-6-phenyl-1H-benzo[d]imidazol-2-yl)imino)ethyl)-2H-chromen-2-one

Light green colour solid, M.P. 175-180 °C. '"H NMR: § 2.32 (3H, s), 3.82 (3H, s), 4.01 (3H, s), 7.13 (1H, dd, /= 7.6, 1.5
Hz), 7.43-7.71 (7H, 7.49 (tdd, /= 5.9, 1.9, 1.6 Hz), 7.51 (dd, J= 2.0, 0.4 Hz), 7.53 (dd, J= 7.9, 7.6 Hz), 7.62 (dddd, J = 7.1,
5.9, 1.9, 0.5 Hz), 7.64 (dddd, J= 7.1, 1.7, 1.2, 0.5 Hz)), 7.78-7.97 (3H, 7.83 (dd, /= 5.1, 0.4 Hz), 7.91 (dd, J= 7.9, 1.5 Hz),
7.92 (dd, J= 5.1, 2.0 Hz)), 8.37 (1H, s). *C NMR: & 24.6 (1C, s), 32.9 (1C, s), 55.8 (1C, s), 113.8 (1C, ), 117.0-117.1 (2C,
117.1 (s), 117.1 (s)), 120.4 (1C, s), 123.7 (1C, s), 124.8 (1C, s), 125.2 (1C, s), 126.9 (2C, s), 128.2 (1C, s), 128.9 (2C, s),
130.9 (1C, s), 137.1 (1C, s), 137.3 (1C, s), 140.3 (1C, s), 142.5 (1C, s), 142.9 (1C, s), 147.0 (1C, s), 147.3 (1C, s), 159.1 (1C,
s), 160.8 (1C, s), 164.4 (1C, s).
(E)-3-(1-((1,6-dimethyl-1H-imidazo[4,5-b]pyridin-2-yl)imino)ethyl)-8-methoxy-2H-chromen-2-one

White colour powder, M.P. 195 °C. 1H NMR: $ 2.15 (3H, s), 2.34 (3H, s), 3.77 (3H, s), 4.01 (3H, s), 7.15-7.37 (2H, 7.21
(dd, J=17.6, 1.4 Hz), 7.30 (dd, ] = 7.9, 7.6 Hz)), 7.91 (1H, dd, J= 7.9, 1.4 Hz), 8.08 (1H, d, J= 1.7 Hz), 8.52 (1H, s), 8.66
(1H, d,J=1.7 Hz).13C NMR: 8 18.4 (1C, s), 24.6 (1C, s), 32.9 (1C, s), 55.8 (1C, s), 113.8 (1C, s), 119.5 (1C, s), 120.4 (1C,
s), 123.7 (1C, s), 125.2 (1C, s), 130.4 (1C, s), 130.9 (1C, s), 139.9 (1C, s), 142.9 (1C, s), 144.6 (1C, s), 147.0 (1C, s), 147.3
(1C, s), 151.1 (1C, s), 159.1 (1C, s), 160.8 (1C, s), 164.4 (1C, s).

permeability of drugs. The octanol-water partition
coefficient (logP) is defined as a physicochemical parameter
of hydrophobicity. Compounds with higher lipophilicity
directly affect increased metabolism, as well as an increased
possibility of toxicity. These factors are used to assess the
acceptance of oral activity. All physicochemical or
biological data of the Schiff base derivative were evaluated
using Lipinski’s rule of five. Lipinski’s rule of five states
that drug molecules should have a molecular weight <500,

IV. RESULTS AND DISCUSSION

A. Analysis of Physicochemical Descriptors of Coumarin
Schiff Base Derivatives 1-10

Several coumarin Schiff base derivatives have been
designed as potential antimicrobial agents using a structure-
based in silico approach. The physicochemical data of all
compounds and  standard  antimicrobial  agents
(chloramphenicol,  cycloheximide,  nevirapine,  and

fluconazole) were calculated using the online Molinspiration
and ChemDraw software. Some pharmaceutical-related
properties and physicochemical descriptors, such as the
number of hydrogen bond donors and acceptors, molecular
weight, the octanol-water partition coefficient (log P), total
polar surface area (TPSA), and the number of rotatable
bonds, have been considered to evaluate the drug-likeness
score of the compounds under study. Polar surface area
(PSA) is a surface descriptor applied to measure the
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log p <5, hydrogen bond acceptor <10, hydrogen bond
donor <5 and polar surface area < 140 A2 [18]. The rule of
five confirmed the bioavailability and the molecule designed
in the library were assumed to have better intestinal
permeability and good cell internalization. The entire
designed compounds can ionise at a definite pH due to the
presence of hydrogen bond

donor and hydrogen bond
acceptor sites, which are
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C=N, C=0, and N-C dipoles that help increase the solubility
of the compounds. The results (Tables 1 and 2) revealed that
the compounds exhibited drug-like characteristics like those
of standard antibiotics. Log P value, defining the
lipophilicity of a compound, indicates the permeability of
the drug through the cell membrane. The intermediate TPSA
values of all compounds predicted good cell internalisation,
similar to that of standard drugs. Molecules possessing more
than one kind of violation are rejected because they are
expected to have difficulty with bioavailability. The drug-

International Journal of Basic Sciences and Applied Computing (IJBSAC)
ISSN: 2394-367X (Online), Volume-11 Issue-12, August 2025

like properties for good bioactivity were also calculated for
ion channel modulator, G-protein coupled receptor (GPCR),
nuclear receptor ligand and kinase inhibitor (Table 2).
Physicochemical results revealed that all the designed
ligands adhered to the rule of five and were comparable to
standard antibiotics, with some compounds even showing
better results than the reference drugs. Therefore, all
compounds were expected to exhibit lead-like properties, as
shown in Table 2.

Table I: Drug-Likeness Properties of Compounds 1-10

Compounds QPCR Ion Channel Ki.na'se Nuclea'r Pro‘te‘ase En?y‘me
Ligand Modulator Inhibitor Receptor Ligand Inhibitor Inhibitor
1 -0.34 -0.16 -0.58 -0.45 -0.57 -0.13
2 -0.28 -0.09 -0.49 -0.21 -0.49 -0.00
3 -0.41 -0.22 -0.58 -0.40 -0.54 -0.18
4 -0.42 -0.20 -0.58 -0.40 -0.55 -0.20
5 -0.34 -0.22 -0.55 -0.40 -0.56 -0.17
6 -0.27 -0.24 -0.47 -0.18 -0.49 -0.06
7 -0.41 -0.17 -0.56 -0.37 -0.54 -0.23
8 -0.42 -0.30 -0.56 -0,38 -0.55 -0.25
9 -0.31 -0.18 -0.12 -0.67 -0.17 -0.32
10 21 -21 -0.32 -0.19 -0.21 -0.67
Table II: Physicochemical Data of Compound 1-10
compounds | 500" | "S5 | Zid0 | "0 | 'S5 | bonas | Viewtion<t | PGS
1 388.74 2.96 68.60 5 0 2 0 0.55
2 355.77 435 61.03 5 0 2 (0) 0.55
3 338.74 4.73 68.60 5 0 2 0 0.55
4 427.88 4.87 60.39 4 0 3 0 0.55
5 366.80 4.18 73.28 5 0 2 0 0.55
6 334.33 4.08 77.83 6 0 3 0 0.55
7 351.35 3.71 70.26 6 0 3 0 0.55
8 334.33 3.0 77.83 6 0 3 0 0.55
9 423.46 4.05 69.62 5 0 4 0 0.55
10 362.38 3.53 82.51 6 0 3 0 0.55
TPSA = total polar surface area, HBA = no. of H-bond acceptors, HBD = no. of H-bond
donors, Violation = violation of Lipinski’s rule of five.

B. In silico ADMET Prediction of Coumarin Schiff Base
Derivatives 1-10

ADMET properties, including aqueous solubility (Log S),
skin permeability (Log Kp), synthetic accessibility scores,
and absorption (% ABS), were calculated using PkCSM
software. In silico toxicity, pharmacokinetic and metabolic
parameters of all coumarin Schiff base derivatives are
predicted and summarized in Table 3. Intestinal absorption
is greater than 75% for all compounds, surpassing the
reference drugs cycloheximide (64.8%) and
chloramphenicol (69.94%) [19]. Water solubility influences
drug bioavailability, which is expressed as log S (mol/L). A
compound that displays the value of water or aqueous
solubility < (-) 4 is highly soluble [20]. Skin permeability is
responsible for the transdermal delivery of drugs, which is
represented by log Kp (cm/s or cm/h). A higher negative
value of log Kp indicates a lower skin permeability of a drug
or chemical compound [21]. The blood-brain barrier (BBB)
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regulates the passage of chemical substances from the blood
into the cerebrospinal fluid, which then enters the brain and
spinal cord. The blood-brain barrier (BBB) process is
measured as the log BB, which represents the logarithmic
ratio of the brain-to-plasma concentration of the drug. The
value log BB < (-) 1 indicated a poorly distributed drug in
the brain. Metabolism plays a vital role in the bioavailability
of drugs, and cytochrome CYP450 enzymes are the most
crucial class to study this effect. Compounds were studied
either to act as substrates or inhibitors of CYPs. Most of the
designed compounds were found to be substrates for
CYP3A4 and inhibitors of CYP1A2, CYP2C19, and
CYP2C9. All ADMET parameters, including absorption,
distribution, metabolism, excretion, and toxicity, revealed
that all the designed ligands represented an acceptable
range. In some cases, compounds showed even better results
than reference drugs (Tables 3
and 4).
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Table I1I: In Silico ADMET Predictions and Synthetic Accessibility of Compounds 1-10

]
) . ) ) o Synthetic
Abzorption Diztribution Metabolizm Excretion Toxicity Accessibility
Intestinal Blood- .
) Absorption Skin brain | 22| 3a4 | 1a2 | 2¢19 | 209 | 16 | 3a4 | Toml Renal Maximum
Compound Water e . 6 clearance OCT2 tolerated doze
P (Human) Permeability barrier .
Solubility . . . e Numeric Substrate (human)
; Numeric Numeric Permeabili Inhibitors . s .
(logz molL) i (logml'mn Categorieal Numeric
(% {loz Kp) ty Substrate Tkg) ) (Logmg/kg/day)
Abzorbed) Loz BB) Categorical YN - Emg/ ¥
1 -5.00 57.13 257 -0.60 N| ¥ | ¥ Y Y | M| ¥ 0.06 ¥ -0.012 334
2 -5.18 97.73 -2.55 0.24 N Y Y Y Y N N 0.073 Y -0.111 341
3 -358 93.57 -291 -02% N Y Y Y Y N N -0.03 N 0.51 341
4 -280 8743 -273 0.53 N Y Y Y Y N Y 043 T 014 >
5 -2.96 96.31 -2.74 -1.02 N N Y Y Y N Y 046 Y 0.65 330
6 =507 9723 -3.04 -0.45 Y Y Y Y Y N N 0.6% N 0.87 348
7 -5.08 58.71 -3.19 037 Nl ¥ | ¥ Y Y | M| W 047 N 0.76 3.69
B -5.076 97.23 -3.04 033 N Y Y Y Y N N 046 N 087 336
9 373 97.72 278 063 N| Y | N N Y | N | ¥ 0.57 2.89 041 .73
10 -274 98.93 -180 -0.37 N Y Y N Y N N 0.5% N 0.13 346
Water solubility == -4 soluble; Intestmal abscrption = Below 30 % mdicates poor absarbance; Blood bram bamier permeability = < -1 considered poerly distnbuted to the brain; 8km pammeability = » -2 considered to
penetrate the CHE; Total Clearance (logCLtot) = Lowar value indicates high drug half lifetime; LD (Lethal Dose) = Lowar value predicts minimim toxieity; Manmum tolerated dose =< 0.47 predicts lower tomdeity;
Synthatic Accessibilitv = 1 (vary easy) to 10 (very difficult).

Table I'V: Toxicity Predictions of Compounds 1-10 and Reference Drugs

hERG - Oral Rat . .
AMESToxicity | poteret inhibitor | Oral Rat dcute Toxicity Chronic Hepatotoxicity | Skin Seasation | piormie | Yamow
Compound Categorical . Categorical . Toxieity (LOAFL) Categorical Categorical . : :
(YeNo) Numerie (YeNe) Numeric (Log me/ke_bwiday) (Vez/no) (Vez/no) Numerie Numeric
(log me/ke/day) 1 it (Mol ez) (logng/L) (lozmM)
1 Y -0.12 N N 203 208 ¥ N 0.5 2.26
2 Y -0.111 Jy) N 243 243 T35 N
3 N 0.51 N T 2.86 151 ¥ N 107 0.34
4 ¥ 0.14 i) T 2. 0.07 N N 0.23 -2.80
5 Y 0.93 N T 249 0.7% ¥ N 0.23 -1.8%
[ N 0.37 N N 27 165 bl N 0.93 060
7 N 0.76 N T 154 132 N N 0.90 063
5 N 0.37 N T 27 165 bl N 0.93 060
9 N 041 N ¥ 189 212 ¥ N 0.33 -047
10 N 0.13 N T 153 128 bl N0 0.53 1.33
Ref l=Donepezil Ref 2 = Rivastigmine Faf3=Tacrme LD30 = Lower value predicts mmmwm tescicrty; Maimum tolerated dose = 0.47 pradicts lower tordeity; AMES = Mutagenic or carcmoegenic toxieity; LOAEL
(Lowest adverse effect level test = LOAEL 10 mg per kg per day were labeled a= substantial chronic toxicity, chemicals with LOAEL =50 mg per kg per day were labelled as weak chronic tesaerty and chemicals with
LOAEL ranged from 10 to 50 mg per ks per day were labeled as medium chronic tomeity. T. Pyriformis toxicity = Tetrahymena Pyriformis tosieity, Mmnow toxicity = Acute fathead mimow tosieity 1= the basis of
hazard and risk assessament for compounds m the aquatic enviromment Structure—mimnow toxieity relationship as follows: log LC30 =0.94 log p = 0.84 log (0.000063 p+ 13 - 1.25, whera p is the n-octanol’ water partition
coefficient.

V. BOILED-EGG MODEL

Brain access and gastrointestinal absorption are two
essential pharmacokinetic behaviours that must be
considered at different stages of the drug discovery process.
For this purpose, the Brain or Intestinal Estimated
permeation method (BOILED-Egg) is proposed as an
accurate prediction model, which works by computing the
polarity and lipophilicity of small molecules. The BOILED-
Egg model, illustrated in Fig. 1, encompasses all
compounds.

Compounds 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10, which are
present in the yellow zone, can permeate through the blood-
brain barrier (BBB). All compounds present in the white
area can be absorbed very easily by the gastrointestinal tract.

Compound 1
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Compound 8

Compound 9

Compound 10

[Fig.1: BOILED-Egg Model of the Coumarin Schiff
Base Compounds 1-10]

Compounds 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10, which are
present in the yellow zone, can permeate through the blood-
brain barrier (BBB). All compounds present in the white
area can be absorbed very easily by the gastrointestinal tract.

A transmembrane permeability glycoprotein (P-gp) is a
member of the ATP-binding cassette (ABC) superfamily. P-
gp functions as a carrier-mediated primary active efflux
transporter. P-gp is distributed widely in the whole body and
possesses a diverse range of
substrates. Various therapeutic
drugs are substrates to P-gp
and them.
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Bioavailability resistance is evoked due to protein efflux. Physicochemical results (drug-like properties) of designed
Hence, P-gp inhibitors have been explored for overcoming compounds may also be represented through radar graph
the multidrug resistance and poor bioavailability problems using Swiss-ADME software (Fig. 2). Fig.2 Radar graph of

associated with therapeutic P-gp substrates [22]. isatin Schiff base derivatives 1, 2, 3,4, 5, 6, 7, 8, 9, 10,
reference chloramphenicol and nevirapine (pink area reflect
VI. RADAR GRAPH the permissible values for a drug molecule.
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Compound 7 Compound 8
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[Fig.2: Radar Graph of Coumarin Schiff base Derivatives 1, 2, 3,4, 5, 6, 7, 8, 9, 10, Reference Chloramphenicol and
Nevirapine (Pink Area Reflects the Permissible Values for a Drug Molecule)]

VII. TARGET PREDICTION AND SWISS

The screening was done using Swiss Target Prediction
against different targets such as kinase, protease, family A G
protein-coupled receptor, secreted protein,
phosphodiesterase, etc, for exploring future design
(http://www.swisstargetprediction) (Fig. 3). We further used
Swiss Similarity for in silico ligand-based virtual screening
by using a combined method from ASINEX database
(#693000) and ZINC (drug-like) method. Among all
compounds, compounds 12 and 15 were found to be the
most active; hence, the top three hits from each database are
displayed in Figure 8 [23].
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[Fig.3: Swiss Target Prediction (Pie Chart) of a few
Coumarin Schiff Base Compounds 1-10]

VIII. CONCLUSION

Synthesized molecule exhibits promising antimicrobial,
activity, suggesting it as a valuable scaffold for further drug
development. The combination of experimental data and
computational insights suggests potential pharmacological
benefits and supports further exploration of cumarine Schiff
base compounds in medicinal chemistry.
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