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INTRODUCTION

Microbial resistance has emerged as a significant health
issue, posing a formidable challenge for researchers worldwide
[1]. World Health Organization (WHO) reports an alarming
statistic, noting that approximately 50,000 individuals succumb
to microbial infections on a daily basis [2]. In 1990, 16 million
people lost their lives to such infections, a number that slightly
decreased to 15 million in 2010 and is anticipated to further
decline to 13 million by 2050 [3]. Centre for Disease Control
and Prevention (CDC) highlights the prevalence of approxi-
mate 2.8 million bacterial infections annually, causing about
35,000 deaths in the US alone [4]. Recent efforts in antimicro-
bial agent development must confront significant challenges
such as heightened toxicity risks, inadequate antimicrobial effi-
cacy and the ongoing emergence of microbial resistance. Hetero-
cyclic compound chemistry has long been a focal point in the
exploration of antimicrobial agents [5,6].

Gram-negative and Gram-positive bacteria are prevalent
culprits in a variety of diseases, including lower respiratory
tract infections, urinary tract infections, intra-abdominal infec-
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Coumarin piperazine acetamide analogues have shown great potential as drug candidates due to their wide range of biological activities. |
A series of novel coumarin-piperazine derivatives were synthesized and performed the in vitro antibacterial activity and ADME profiling. |
Compounds MS1, MS2, MS5 and MS6 exhibited docking scores higher than the standard ranging from -8.6 to -7.6 Kcal mol™'. Compound

MS6 showed the best zone of inhibition, measuring 17 mm at 150 pg/mL against Staphylococcus epidermidis. Molecular docking and in |
vitro study of compound suggest that the presence of halogen on the aromatic ring, attached to piperazine might responsible for a good |
antibacterial potential. ADME profiling of the synthesized compounds showed the log S ESOL value between -2.39 to -4.52, number of
H bond acceptors between 4-5, No. of H bond donors 1, high GIT absorption and adhered to the Lipinski, Ghose and Veber drug-likeness

tions and skin-soft tissue infections [7,8]. Antibiotics are the
crucial in addressing bacterial infections, yet their widespread
and inappropriate use contributes to the rapid proliferation of
antibiotic resistance, diminishing the efficacy of empiric anti-
microbial treatments [9].

Coumarin has become an important part of medicinal chem-
istry due to its wide range of pharmacological applications and
low toxicity to normal cells [ 10]. Numerous heterocyclic mem-
bers, including warfarin, phenprocoumon and acenocoumarol,
are renowned for their potent anticoagulant properties [11].
Moreover, compounds like novobiocin and clorobiocin exhi-
bited antibiotic used to treat microbial infections [12]. Coumarins
analogues have been discovered before as an antibacterial agent.
Some important class of coumarin derivatives including some
hydroxylated variations were tested for antibacterial and anti-
biofilm activity against R. solanacearum [13]. Previous studies
on coumarins reveals that coumarin (2-oxo-2H-chromene) and
its analogues show a wide spectrum of pharmacological such
as antitumor, antibacterial, antifungal, anticoagulant, antioxidant
and anti-inflammatory [14], efc.
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Piperazine comes in class of heterocyclic organic comp-
ound, having ring of six-membered containing two nitrogen
atoms at opposite positions of each other. Piperazine is a weak
base in nature having two pK, values of 5.35 and 9.73 at 25 °C
[15]. Piperazine is used as an anthelmintic agent to treat round-
worm and pinworm infections in humans and domestic animals.
Itis also used as a solvent for uric acid [16]. Nitrogen contain-
ing polycyclic structures have been associated with a wide-
ranging of physiological effects, comprising antimicrobial,
anthelmintic, anti-inflammatory, anti-tumour, AChE inhibitors,
antidepressant, antipsychotic, antidiabetic, antihistaminic and
flavouring properties [17]. This wide array of pharmacological
effects has spurred medicinal chemists to synthesize numerous
novel chemotherapeutic agents based on these frameworks [18].

EXPERIMENTAL

Waters Alliance e2695/HPLC-TQD Mass spectrometer
was used for ESI/MS, LC-ESI/MS, LC-MS/MS and Agilent
QTOF spectrometer was used for HR-ESI/MS analysis. The
mass spectral data confirmed the expected molecular structures
of the targeted compounds analyzed, as indicated by correlation
between the observed mass spectral data and the anticipated
structures.

Synthetic route for the synthesis of targeted compound
MS1-MS6: Compounds MS1-MS6 was synthesized by reac-
ting different piperazines with intermediate compound d (1.0
mmol) in ethanol (10 mL) and anhydrous potassium carbonate
(0.3 g) under reflux at 80 °C for 4 h. After the reaction was
completed, the mixture was filtered, dried and recrystall-ized
using ethanol. The final product was then dried using a rotary
evaporator to obtain the targeted compounds MS1-MS6.

6-Aminocoumarin (c): Brownish-yellow crystals, m.p.:
160°C (Lit. 158 °C) [19]. Yield: 76%. TLC solvent-chloroform:
methanol 6:4. ESI/MS: m/z [M*] 162, m/z [M*] +1 163, m/z
[M*] +2 164.

2-Chloro-N-(2-0x0-2H-chromen-6-yl)acetamide (d):
Fine brown crystals, yield: 75%, m.p.: 220 °C, [M*] +1: 237,
Solubility: methanol, acetone. TLC solvent:chloroform:ethyl
acetate 5:5. IR (KB, Vina, cm™): 3165.43 (>NH str), 3102.36
(Ar.-CH str.), 2995.86 and 2594.51 (>CH, str.), 1765.84 and
1701.91 (C=0 peaks), 825.83 (>CH-Cl str.). ESI/MS: m/z [M
1236.2, m/z [M'] +1 238.2, m/z [M*] +2 239.2.

2-(4-(2-Chlorophenyl)piperazin-1-yl)-N-(2-oxo-2H-
chromen-6-yl)acetamide (MS1): Light yellow, m.p.: 110-112
°C, yield: 65%, Ry: 0.6; IR (KBT, Vinu, cm™): 3521 (>NH str),
3089 (Ar.-CH str), 2835 (>CH, str), 1719 (C=0 peaks), 550
(>C-Cl str.). HRMS (ESI+) m/z caled. for C;HyCIN;Os+H
398.1193, found 398.1727 [M+H*]; "HNMR (400 MHz, DMSO-
ds, dppm): 10.200 (s, 1H,-NH), 8.146 (s, 1H, Ar-H, 2H-chromen-
2-one), 7.803 (d, Ar-H, 2H-chromen-2-one), 7.389 (d, 1H, Ar-H,
2H-chromen-2-one), 7.360 (d, Ar-H, 2H-chromen-2-one), 6.499
(d, 2H, Ar-H, phenyl), 6.467 (d, 1H, Ar-H, 2H-chromen-2-
one), 3.766 (2H, piperazine), 2.679 (s, 1H, >CH,), 2.500 (d, 2H,
piperazine).

N-(2-Oxo0-2H-chromen-6-yl)-2-(4-(pyridin-2-yl)piper-
azin-1-yl)acetamide (MS2): Dull white, m.p.: 150-152 °C,
yield: 70%, R¢: 0.5; IR (KBT, Vina, cm™): 3236 (>NH str:), 3036

(Ar.-CH str), 2833 (>CH, str:), 1732 (C=0 peaks), 1245 (>C-N
str:). HRMS (ESI+) m/z caled. for CooHoN4Os+H 365.1535, found
365.2397 [M+H*]. '"H NMR (400 MHz, DMSO-ds, & ppm):
10.025 (s, 1H, -NH), 8.004 (d, 2H, Ar-H, pyridine), 8.004 (d, 2H,
Ar-H, pyridine), 7.559 (d, 2H, Ar-H, pyridine), 7.205 (s, 1H,
Ar-H, 2H-chromen-2-one), 7.155 (d Ar-H, 2H-chromen-2-
one), 7.048 (d, 1H, Ar-H, 2H-chromen-2-one), 6.455 (d, 1H,
Ar-H, 2H-chromen-2-one), 3.425 (2H, piperazine), 3.055 (s,
1H, >CH,), 2.025 (d, 2H, piperazine).
2-(4-Methylpiperazin-1-yl)-N-(2-ox0-2H-chromen-6-
yDacetamide (MS3): White, m.p.: 185-187 °C, yield: 60%,
Re: 0.4; IR (KBTI, Vina, cm™): 3356 (>NH str:), 3150 (Ar.-CH
str), 2920 (>CHa str.), 1632 (C=0 peaks), 1450 (>C=C str.),
1150 (>C-N str.). HRMS (ESI+) m/z calcd. for C6HoN3Os+H
302.1426, found 302.1811 [M+H*]. 'H NMR (400 MHz,
DMSO-ds, d ppm): 10.015 (s, 1H, -NH), 7.869 (d, 1H, Ar-H, 2H-
chromen-2-one),7.665 (s, 1H, Ar-H, 2H-chromen-2-one), 7.543
(d, Ar-H, 2H-chromen-2-one), 7.015 (d, 1H, Ar-H, 2H-chromen-
2-one), 6.755 (d, 1H, Ar-H, 2H-chromen-2-one), 3.425 (2H,
piperazine), 3.245 (s, 1H, >CH.), 2.525 (d, 2H, piperazine),
1.985 (s, 1H, >CH,).
2-(4-Ethylpiperazin-1-yl)-N-(2-oxo0-2H-chromen-6-yl)-
acetamide (MS4):While, m.p.: 210-212 °C, yield: 60%, R;:
0.7; IR (KBTI, Vi, c;x™)): 3420 (>NH str), 3055 (Ar.-CH str),
2820 (>CHa str.), 1620 (C=0 peaks), 1560 (>C=C str.), 1050
(>C-N str). HRMS (ESI+) m/z calcd. for Ci7H2 1 N;O;+H316.1583,
found 316.1978 [M+H*]. 'HNMR (400 MHz, DMSO-ds, § ppm):
9.998 (s, 1H, -NH), 7.759 (d, 1H, Ar-H, 2H-chromen-2-one),
7.435 (s, 1H, Ar-H, 2H-chromen-2-one), 7.324 (d, Ar-H, 2H-
chromen-2-one), 7.215 (d, 1H, Ar-H, 2H-chromen-2-one),
6.456 (d, 1H, Ar-H, 2H-chromen-2-one), 3.515 (2H, piperazine),
3.025 (s, 1H, >CH,), 2.019 (d, 2H, piperazine), 1.886 (s, 1H,
>CH,), 1.055 (s, 1H, >CHs;).
2-(4-(2-Cyanophenyl)piperazin-1-yl)-N-(2-oxo-2H-
chromen-6-yl)acetamide (MS5): Grey, m.p.: 166-167 °C, yield:
70%, Ry 0.4; IR (KBTI, Vi, cm™): 3310 (>NH str), 3031 (Ar.-
CH str), 2821 (>CH, str), 1724 (C=0 peaks), 1233 (>C-N
str.). HRMS (ESI+) m/z calcd. for C»H0N4Os+H 389.1535,
found 389.1884 [M+H"]. '"H NMR (400 MHz, DMSO-ds, &
ppm): 9.775 (s, 1H, -NH), 7.505 (s, 1H, Ar-H, 2H-chromen-
2-one), 7.400 (d Ar-H, 2H-chromen-2-one), 7.149 (d, 1H, Ar-H,
2H-chromen-2-one), 7.045 (d, Ar-H, 2H-chromen-2-one),
6.635 (d, 2H, Ar-H, Phenyl), 6.330 (d, 2H, Ar-H, phenyl), 6.250
(d, 1H, Ar-H, 2H-chromen-2-one), 3.345 (2H, piperazine), 3.045
(s, 1H, >CH,), 2.645 (d, 2H, piperazine).
N-(2-Oxo0-2H-chromen-6-yl)-2-(4-phenylpiperazin-1-
yDacetamide (MS6): Brown, m.p.: 175-177 °C, yield: 65%,
Re: 0.6; IR (KBTI, Vina, cm™): 3410 (>NH str), 3021 (Ar.-CH
str), 2812 (>CH, str), 1710 (C=0 peaks), 1212 (>C-N str.).
HRMS (ESI+) m/z caled. for C;;Hy N;O3+H 364.1616, found
364.2397 [M+H*]. '"H NMR (400 MHz, DMSO-ds, & ppm):
10.245 (s, 1H, -NH), 7.745 (s, 1H, Ar-H, 2H-chromen-2-one),
7.635 (d Ar-H, 2H-chromen-2-one), 7.539 (d, 1H, Ar-H, 2H-
chromen-2-one), 7.245 (d, Ar-H, 2H-chromen-2-one), 6.075
(d, 2H, Ar-H, Phenyl), 6.024 (d, 2H, Ar-H, Phenyl), 6.015 (d,
1H, Ar-H, 2H-chromen-2-one), 3.435 (2H, piperazine), 3.235
(s, 1H, >CH,), 2.535 (d, 2H, piperazine).
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In vitro antibacterial screening: All the synthesized
coumarin-piperazine acetamide derivatives (MS1-MS6) were
evaluated for their in vitro antimicrobial activities using the
agar well diffusion method [20]. The zone of inhibition was
measured at the concentrations of 50 pg/mL, 100 pg/mL and
150 pg/mL against Gram-positive bacteria (Staphylococcus
aureus, Bacillus subtilis and Staphylococcus epidermidis) and
Gram-negative bacteria (Pseudomonas aeruginosa).

Docking studies: Docking studies: Docking of designed
compounds (MS1-MS6) was performed by PyRx 0.8 software
for anti-bacterial screening on DNA gyrase subunit b receptor
(PDB: 1KZN) [21]. The three-dimensional structure of the DNA
gyrase subunit B receptor (PDB: 1KZN) was downloaded from
the Protein Data Bank (https://www.rcsb.org/). The structure
of the target protein was visualized using the BIOVIA Discovery
Studio 2016 software. The docking process was performed using
the Vina Wizard feature integrated into PyRx 0.8, which predicts
the binding affinity of the designed compounds [22]. Cloro-
biocin contains coumarin in its structure and norfloxacin contains

piperazine, both of which show structural similarity with the
synthesized compounds, therefore were chosen as standards
for the docking studies.

ADME profiling: ADME profiling of synthesized comp-
ounds was performed by the Swiss-ADME open-access data-
base [23]. Canonical SMILES of synthesized compounds was
generated by the Chem-Draw software. For ADME profiling,
the physico-chemical properties, lipophilicity, water solubility,
pharmacokinetics and drug likeness were measured.

RESULTS AND DISCUSSION

Targeted derivatives of coumarin-piperazine acetamide
derivatives (MS-MS6) were synthesized in four steps, as out-
lined in Scheme-I. Nitration of coumarin (a) was achieved by
nitrating agent HNO; in conc. H,SO4(50 mL) at —5 °C and then
24 mL nitrating mixture (HNO; and H,SO, 1:3 volume ratio)
was added. After the completion of stirring crushed ice was
added in to the mixture to obtain white precipitate of 6-nitro-
coumarin (b) [19,24]. In second step, 6-nitrocoumarin (b)

N | O,N N ) H,N. N
1 11
o o 0 o 0 0

2H -Chromen-2-one

(@) (b)

H
O\C/ : X

R

Q

MS1-MS6
‘/\N/
1
S

O
C Z
MS1
Z
L. OO
L N
MS

4

6-Nitro-2H -chr omen-2-one

/

6-Amino-2H -chromen-2-one

©

ii

H
o N
. A X
1v
—
a o o

o
2-Chloro-N-(2-0x0-2H-chromen-6-yl)acetamide
)
3
N N
\) /
MS2

CH,
\)N/
MS3
//\N/
MSé6

N
~
MS5

Scheme-I: Synthesis of coumarin-piperazine acetamide derivatives (MS1-MS6), (i) HNOs, H>SO., -5 °C (ii) HCI, methanol, stannous chloride,
150°C, 7 h, (iii) acetone, chloroacetyl chloride, K;COs, 45 °C, (iv) Solvent and temperature varied as per derivatives (see experimental

section) R = substituted piperazine derivatives
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(40.00 g, 0.20 mol) and stannous chloride dihydrate (80.00 g,
0.36 mol) was mixed in conc. HCI (172 mL, 202.96 g) for time
period of 15 min at 80 °C. After 15 min of stirring methanol
(250 mL) was added at 150 °C to get clear solution and then
stirred at 150 °C for 17 h till completion of the reaction, finally
refrigerated it overnight. After cooling overnight, a yellow
precipitate formed, which was filtered and dissolved in distilled
water. The solution was then filtered again to obtain a clear
yellow liquid. This solution was made alkaline by adding anhy-
drous NaHCOs powder, leading to the precipitation of free
amine. The precipitated amine was filtered and extracted with
acetone in five separate portions of 200 mL each. Extract was
concentrated under reduced pressure using rotatory evaporator
to get yellow crystals of 6-amino-2H-chrome-2-one (¢) (6.5 g,
39%) [19]. 6-Amino-2H-chrome-2-one (c¢) (0.44 g, 0.002 mol),
chloroacetyl chloride (0.17 mL, 0.002 mol) and anhydrous
K>COs (0.5 g) placed in 150 mL of RBF, acetone (10 mL) was
added and the mixture was refluxed for 3 h. The precipitate
was formed, filtered off the precipitate and recrystallized with
ethanol after evaporation of ethanol by rotatory evaporator to
obtain titled compound 2-chloro-N-(2-oxo0-2H-chromen-6-y1)
acetamide (d) [25]. The resulting intermediate was then reacted
with various substituted piperazines to yield the desired
compounds MS1-MS6. The characterization of structure of
synthesized compound MS1-MS6 was done by FT-IR, Nuclear
magnetic resonance (NMR) spectroscopy, Mass spectral
studies, TLC and physico-chemical properties.

The IR spectra of 6-aminocoumarin (c¢) showed a charac-
teristic peak of C=0 group at peak at 1637.40 cm™, whereas
the peak at 1550.25 cm™ signify the presence of C-H and
C=C group in the aromatic ring. The presence of primary amine
in 6-aminocoumarin (c) was directed by the peak at 3225.20

cm'and 3410.30 cm ™' respectively. The IR spectra of 2-chloro-
N-(2-0x0-2H-chromen-6-yl) acetamide (d) showed the peak
at 1620.34 cm™, which is attributed due to the presence of
C=0 group, whereas the peak at 1520.20 cm™ confirmed the
presence of C—H and C=C group in aromatic ring. The presence
of secondary amine in intermediated d was confirmed by the
peak at 3360.30 cm™.

The existence of -NH functional group in compounds
MS1-MS6 was showed by the peak at the range between 9.5-
10.25 ppm in 'H NMR spectra. The existence of Ar-H of coum-
arin in compounds MS1-MS6 was showed by the peak at the
range between 7.4-8.0 ppm in 'H NMR spectra. The existence
of Ar-H of aromatic piperazine in compounds MS1-MS6 was
showed by the peak at 6.5-7.4 ppm. The existence of H-atom
of piperazine ring in compounds MS1-MS6 was showed by
the peak at 2.7-7.4 ppm. The existence of —-C=0 functional
group in compounds MS1-MS6 was showed by the bands bet-
ween 1700-1600 cm™ in IR spectra. Similarly, the existence
of 2°-amine in compounds MS1-MS6 was showed by the
bands between 3400-3300 cm™. IR bands at 3150-3000 cm’!
directed the presence of C-H in the aromatic structure and
1550.25 cm™ confirmed the presence of C—H and C=C group
in aromatic ring of compounds MS1-MS6.

Antibacterial activity: in vitro antibacterial activity reve-
aled that compounds MS1, MS2, MS4 and MS6 demonstrated
good antibacterial activity, establishing themselves as strong
candidates for further development as an antimicrobial agent.
The ZOI values of the synthesized compounds are shown in
Table-1. Ofloxacin, streptomycin, doxycycline and ciproflo-
xacin were employed as the standards. Ofloxacin and ciproflo-
xacin were chosen as standard drugs due to the presence of a
piperazine ring in their structure, which shows the structural

TABLE-1
ANTIBACTERIAL DATA OF SYNTHESIZED COMPOUNDS (MS1-MS6)

Concentrations Zone of inhibition (mm)
Compounds = = : = =
(pg/mL) Staphylococcus aureus Bacillus subtilis Staphylococcus epidermidis ~ Pseudomonas aeruginosa

50 12 10 11 10
MS1 100 14 12 13 14
150 16 15 14 16
50 - 10 10 10
MS2 100 10 10 11 12
150 12 13 12 15
50 - 10 10 -
MS3 100 10 11 10 10
150 10 13 11 11
50 - 10 - -
MS4 100 10 10 10 12
150 12 12 10 13
50 10 10 12 10
MS5 100 13 11 14 12
150 14 14 15 13
50 12 10 13 10
MSé6 100 14 11 15 13
150 16 13 17 14
Ofloxacin 5 pg/disc 24 22 22 30
Streptomycin 300 ug/disc 22 25 27 33
Doxycycline 30 pg/disc 16 27 27 29
Ciprofloxacin 10 pg/disc 30 26 28 34
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similarity with the synthesized compounds. Ofloxacin (5 pg/
disc) showed the best zone of inhibition (ZOI) of 34 mm against
P. aeruginosa, followed by ciprofloxacin (10 pg/disc) with a
Z0I of 34 mm, streptomycin (300 pg/disc) with a ZOI of 33
mm and doxycycline (30 pg/disc) with a ZOI of 33 mm against
P. aeruginosa. Notably, all compounds demonstrated antibact-
erial activity in vitro at varying concentrations 50 pg/mL, 100
pg/mL and 150 pg/mL. Among them, compound MS6 emerged
as the most potent, with ZOI of 17 mm, against Staphylococcus
epidermidis. The remaining compounds MS1, MS2, MS4 and
MS6 exhibited zones of inhibition ranging from 14-17 mm against
all bacterial strains at 150 pug/mL. Consequently, they could serve
as lead compounds for the development of other coumarin-
piperazine acetamide derivatives as antibacterial agents.
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Docking studies: The docking results of the synthesized
compounds showed that compound MS6 displayed the best
binding score of -8.6 kcal/mol, while compounds MS1 and
MS2 also displayed good binding scores of -8.5 and -8.3 kcal/
mol, respectively (Table-2). Clorobiocin and norfloxacin displayed
binding scores of -7.7 and -7.6 kcal/mol, respectively, which
were found lower than the binding scores of some compounds
MS1, MS2, MS5 and MS6. On the basis of the chemical struc-
ture of the synthesized compounds, it is found that the presence
of aromatic substitution on the piperazine ring led to an increase
in binding affinity. Compounds MS1-MSS5 showed the conven-
tional hydrogen bonding with the oxygen of acetamide and the
asparagine amino acid (ASN A: 46), while compound MS6
showed conventional hydrogen bonding with the arginine amino
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Fig. 1. 2D interaction of compounds MS1-MS6, clorobiocin and norfloxacin with 1KZN
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TABLE-3
PHYSICO-CHEMICAL PROPERTIES, LIPOPHILICITY, WATER SOLUBILITY,
PHARMACOKINETICS AND DRUG LIKENESS OF SYNTHESIZED MS1-MS6

Compounds code log S ESOL H bond donors H bond acceptors GIT absorption Lipinski rule Veber rule
MS1 -4.52 1 4 High Yes Yes
MS2 -3.47 1 5 High Yes Yes
MS3 -2.39 1 5 High Yes Yes
MS4 -2.62 1 5 High Yes Yes
MS5 -3.88 1 5 High Yes Yes
MS6 -4.04 1 5 High Yes Yes
acid (ARG A: 76). Due to the presence of an oxygen-containing ACKNOWLEDGEMENTS

group on the phenyl piperazine, compound MS6 showed the
conventional hydrogen bonding with other amino acids such
as SER A: 121, HIS A: 95, and ALA A: 96, which contributed
to its increased potency in terms of binding affinity. (Fig. 1).

TABLE-2
DOCKING SCORES OF DESIGNED COMPOUNDS (MS1-MS6)
FOR THE TARGET 1KZN COMPLEX WITH CLOROBIOCIN
AND STANDARD DRUG (NORFLOXACIN)

Docking score Docking score
Compd. et Keamoly | COMP e Koal/mol)
MS1 -8.5 MS5 -8.3
MS2 -8.3 MS6 -8.6
MS3 -7.6 Clorobiocin -1.7
MS4 -7.7 Norfloxacin -7.6
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ADME studies: Due to the presence of aromatic substi-
tution on the piperazine ring, Compounds MS1 and MS6 showed
log S ESOL values of -4.52 and -4.04, respectively, indicating
poor water solubility. In contrast, compounds MS2-MSS5 exhi-
bited log S ESOL values ranging from -3.88 to -2.39, indicating
higher water solubility compared to compounds MS1 and MS6.
Compounds MS1-MS6 followed both Lipinski’s rule and
Veber’s rule of drug-likeness. Similarly, Compounds MS1-MS6
exhibited one H-bond donor and high gastrointestinal (GIT)
absorption. Compound MS1 had four H-bond acceptors, while
compounds MS2-MS6 had five H-bond acceptors, which influ-
enced their water solubility (Table-3). These properties predict
the compounds’ absorption and bioavailability and found satis-
factory (Table-3).

Conclusion

A new series of coumarin piperazine acetamide derivatives
(MS1-MS6) was synthesized and characterized using spectral
analysis, high-resolution mass spectrometry (HRMS),NMR
and FTIR spectroscopic techniques. These compounds were
evaluated for their in vitro antibacterial activity against Gram-
positive bacteria (Staphylococcus aureus, Bacillus subtilis and
Staphylococcus epidermidis) as well as Gram-negative bacteria
(Pseudomonas aeruginosa). Compound MS6 showed the best
zone of inhibition, measuring 17 mm at 150 pg/mL against
Staphylococcus epidermidis. Active compounds MS1, MS2,
MS4 and MS6 exhibited zones of inhibition ranging from 14-
17 mm against all bacterial strains at 150 pg/mL. Compound
MS6 showed the highest binding score -8.6 against the target
DNA gyrase (PDB-1KZN).
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