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ABSTRACT

In the field of drug development, structural modification of over-the-counter drugs is extensive to combat drug-
resistant strains as well as discover new purposes or biological applications. Paracetamol is an example of OTC
analgesic drug that is commonly used in the treatment of pain and fever. In this research, paracetamol was
modified by introducing various alkyl chains CrH2n+1, where n varied from 3 to 14 via Williamson etherification
with bromoalkanes to yield 49% — 86% of N-(4-oxy)phenyl)acetamide derivatives 1-10. Employing the Kirby-
Bauer disc diffusion method, the bacteriostatic activity of the series in comparison to the parental compound
(paracetamol) and standard drug (ampicillin) showed that compounds 1 (n = 3), 4 (n =6) and 7 (n = 9) displayed
excellent activity against Escherichia coli with an inhibition zone of 8.1 £ 0.4 mm, 8.3 0.4 mmand 7.9 £ 0.5
mm, respectively, while the paracetamol and ampicillin inhibition zones are 8.0 £ 0.0 mm and 16.0 £ 0.0 mm,
respectively. Interestingly, compounds 7 (n = 9) and 10 (h = 14) exhibited excellent activity towards
Staphylococcus aureus with an inhibition zone of 8.2 £ 0.4 mm and 12.5 £ 0.5 mm, respectively, outperforming
paracetamol (6.0 + 0.0 mm) and ampicillin (11.0 £ 0.0 mm). The in vitro findings were in line with the molecular
docking investigation conducted using AutoDock Vina software towards the active site of DNA gyrase enzymes,
revealing the structure-activity relationship of the series. Besides, the synthesised compounds 1-10 complied with
the drug-likeness analysis and ADME pharmacokinetics profile. The results of this study are significant in
delivering new prospects of the potential antibacterial drugs obtained through derivatisation of the known drug,
paracetamol. While these initial results are promising, further toxicity and in vivo analyses are necessary to ensure
the efficacy and safety of the newly developed drug in living organisms, providing a clearer understanding of its
potential as an antibacterial medicine.
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INTRODUCTION

With the recent experience of the pandemic, the
emergence of new drugs has become a priority
due to the spiking cases of infectious diseases
caused by antimicrobial resistance. In the drug
discovery and development process, structure-
based drug design is essential to ensure the
effectiveness and efficiency of the drugs towards
the target receptor (Batool er al., 2019). The
conventional way of identification and
development of new therapeutic drugs takes 12-
15 years with a cost between $900 million to $2
billion from the point of formulation to the point
of drug approval (Deore et al., 2019). However,
given the current circumstance, the urgency has
forced the researchers to turn to different

strategies that could expedite the process while
delivering similar effectiveness. The innovative
strategies that are being conducted intensively
by the researchers are performing repurposing,
repositioning, redirecting and modifying the
over-the-counter approved drugs (Farha &
Brown, 2019; Moo et al., 2019) on top of
computational tools that assist in escalating the
drug discovery process by giving information of
the drugs pharmacokinetic and
pharmacodynamics (Barbolosi ef al., 2016).

Paracetamol or also known as N-(4-
hydroxyphenyl) ethanamide are widely used
drug that was first synthesised in 1878 by Morse
and used as an analgesic (pain reliever) and
antipyretic (reduce fever) in the medical field
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since 1893 (Przybyla et al., 2021). The chemical
structure of paracetamol comprises of a benzene
ring, a hydroxyl group and an amide group
located at the para position (Refat et al., 2017,
Srabovic et al., 2017) allowing further structural
modification and capable to serve as precursors
for a formation of new derivatives (Begum et a!.,
2023). There are previously reported studies on
the modification of paracetamol for various
biological applications (Begum et al., 2023) for
instance, antioxidant (Alisi ef al., 2012; Sathe et
al., 2019), antitubercular (Ahmad et al., 2016),
anticancer (Ramanjaneyulu et al., 2019) and
antibacterial activities (Kumar et al., 2018).

Owing to the structure of paracetamol, the
modifications are advancing at a significant pace
in which, in this context, the presence of the
phenolic hydroxyl group enabled the formation
of ether through Williamson etherification
which occurs via SN, reaction by deprotonation
of an alkoxide ion which further reacted with a
primary alkyl halide for the addition of alkyl
substituents (Long et al., 2020; Yearty et al.,
2020). The interest in the introduction of alkyl
substituents into the structure is based on
previous studies and literature precedents that
reported the presence of long alkyl chains could
contribute to a better antimicrobial effect (Abd
Halim & Ngaini, 2016; Ardean et al., 2021;
Odzak et al., 2023). This is due to the
amphiphilic properties of the compounds
possessing both hydrophobicity and
lipophilicity character improving the adhesion to
the bacterial cell membrane which eventually
leads to disruption (Sahariah et al., 2015;
Babamale et al., 2021; Mehta et al., 2021).
Furthermore, compounds containing an alkyl
chain in their structure can imitate the membrane
of the bacterial cell wall, increasing its
permeability and inflicting damage reflected by
an increase in the bactericidal action (Mehta et
al.,2021; Gao et al., 2022; Lin et al., 2023).

Hence, herein we report on the synthesis of
N-(4-oxy)phenyl)acetamide derivatives 1-10
modified from paracetamol as parent structures
bearing alkyl chains C,Hzn+1, where n varied
from 3 to 14. The series was evaluated for its
antibacterial potential against both Gram-
negative (Escherichia coli) and Gram-positive
bacteria (Staphylococcus aureus) where the
effects of the alkyl chains lengths were
evaluated followed by a discussion on the
structure-activity relationship (SAR) obtained
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through docking and pharmacokinetics profile
from absorption, distribution, metabolism and
excretion (ADME) analysis.

MATERIALS AND METHODS

Chemicals

4-Hydroxyacetanilide (paracetamol), sodium
hydroxide, 1-bromopropane (Gy), 1-
bromobutane (C4), 1-bromopentane (Cs), 1-
bromohexane (Ce), 1-bromoheptane (C;), 1-
bromooctane (Cg), 1-bromononane (Co), 1-
bromodecane (Cio), 1-bromododecane (Ci»),
and 1-bromotetradecane (Cis) were acquired
from Merck. Potassium carbonate was
purchased from Fisher Scientific. The acetone
solvent was dried and distilled over calcium
hydride under nitrogen prior to usage while all
the other reagents were used as received without
any further purification.

Equipments or Instrumentations

Melting points were determined using Stuart
SMP3 melting point apparatus and uncorrected.
The elemental CHNS analysis was conducted
using the Thermo Scientific FlaskSmart
Elemental Analyzer. Infra-red (IR) spectra
(v/cm™!) were recorded at the wavelength of 400
— 4000 cm™ with KBr pellets on Perkin Elmer
1605 spectrophotometer. "H NMR and '*C NMR
spectra were recorded using JEOL ECA 500
spectrometer at 500MHz ('H) and 125 MHz
(3C) with the chemical shifts 8 (ppm) reported
relative to chloroform-d (CDCl;) as standards.

General Synthesis Procedure of N-(4-
oxy)phenyl)acetamide derivatives, 1-10

In 20 mL of acetone, a mixture of 4-
hydroxyacetanilide (3 mmol), alkyl bromide (3
mmol) and K»COs (0.41 g, 3 mmol) was heated
at reflux with constant stirring for 48 h. The
reaction mixture was brought to dryness after
being cooled to room temperature. The solid
obtained was then agitated for one hour with 50
mL of 2% sodium hydroxide and filtered to
afford N-(4-oxy)phenyl)acetamide derivatives
1-10 with the following yields.

N-(4- propoxyphenyl)acetamide ).
Compound 1 was obtained as a white solid.
Yield: 0.35 g (60.0%), m.p: 107 — 108 °C;
(Found: C, 68.40; H, 7.87; N, 7.26. C;1H;sNO;.
Requires: C, 68.37; H, 7.82; N, 7.25); Vmax ( KBr/
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em') 3254 (N-H), 2933 (C-H), 1655
(C=0),1506 (Ar-C), 1020 (C-O). &1 (500 MHz,
CDCly) 1.0 3H, t, 1x CHs), 1.7-1.9 (3H, m,
CH,CHs), 3.90 (2H, t, 1x OCH,), 6.8 (2H, 10 d,
] =7.65 Hz, Ar-H), 7.4 (2H, d, J = 8.6 Hz, Ar-
H), 7.3 (1H, s, 1x NH). ¢ (125 MHz, CDCL;)
10.6 (CHs), 22.7, 24.4 (CH,), 69.9 (O-CH,),
114.9, 122.0, 130.8, 156.1 (Ar-C), 168.4 (C=0).

N-(4-butoxyphenyl)acetamide (2). Compound
2 was obtained as a white solid. Yield: 0.37 g
(59.7%), m.p: 111-112 °C; (Found: C, 69.59; H,
8.29; N, 6.79. C12H17NO,, Requires: C, 69.54; H,
8.27; N, 6.76); vmax ( KBr/ cm™) 3304 (N-H),
2935 (C-H), 1657 (C=0), 1509 (Ar-C), 1024 (C-
0). éu (500 MHz, CDCls3) 1.0 (3H, t, 1x CH3),
1.6 — 1.8 (5H, m, CH,CH3), 3.9 (2H, t, 1x OCH>)
,6.8(2H,d, J=7.65 Hz, Ar-H), 7.4 (2H, d, J =
8.6 Hz, Ar-H), 7.2 (1H, s, 1x NH). 6¢ (125 MHz,
CDCl3) 13.9 (CH3), 19.3, 24.4, 31.4, 68.1 (O-
CH,), 114.9, 122.0, 130.8, 156.1 (Ar-C), 168.3
(C=0).

N-(4-pentyloxyphenyl)acetamide A3).
Compound 3 was obtained as a white solid.
Yield: 0.53 g (79.1%), m.p: 107 — 108 °C;
(Found: C, 70.58; H, 8.62; N, 6.33. C13H1oNO».
Requires: C, 70.56; H, 8.65; N, 6.33); Vimax ( KBt/
cm) 3325 (NH), 2955 (CH), 1658 (C=0), 1514
(Ar-C), 1029 (C-0O). éu (500 MHz, CDCls) 1.0
(3H, t, 1x CH3), 1.6 — 1.8 (7H, m, CH,CH3), 3.9
(2H, t, 1x OCH»), 6.8 (2H, d, ] = 7.65 Hz, Ar-H),
7.4 (2H, d,J=8.6 Hz, Ar-H), 7.3 (1H, s, Ix NH).
6c (125 MHz, CDCls) 14.1 (CHa3), 22.5, 24 .4,
28.3, 29.0, 68.4 (O-CHy), 144.9, 122.0, 130.8,
156.1 (Ar-C), 168.4 (C=0).

N-(4-(hexyloxy)phenyl)acetamide 4).
Compound 4 was obtained as a white solid.
Yield: 045 g (51.1%), m.p: 111 — 112 °C;
(Found: C, 71.46; H, 8.95; N, 5.92. CisH21NO,,
Requires: C, 71.46; H, 8.99; N, 5.95); Vimax ( KBt/
cm) 3282 (NH), 2939 (CH), 1655 (C=0), 1507
(Ar-C), 1029 (C-0O). &u (500 MHz, CDCls) 0.9
(3H, t, 1x CHz3), 1.25 — 1.76 (6H, m, 3xCH>),
2.16 (3H, s, 1xCH3), 3.86 (2H, t, 1x OCH3), 6.86
(2H, d, ] = 7.65 Hz, Ar-H), 7.42 (2H, d, ] = 8.6
Hz, Ar-H), 7.31 (1H, s, 1x NH). 8¢ (125 MHz,
CDCls) 14.1 (CHa3), 22.7,24.4, 25.8, 29.3, 31.7,
68.4 (O-CH,), 114.8, 122.0, 130.8, 156.1(Ar-C),
168.4 (C=0).

N-(4-(heptyloxy)phenyl)acetamide 5.
Compound 5 was obtained as a white solid.
Yield: 0.37 g (49.0%), m.p: 99 — 100 °C; (Found:
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C,72.10; H,9.30; N, 5.65. C;5H23NO,. Requires:
C, 72.25; H, 9.30; N, 5.62); Vmax ( KBr/ cm™)
3295 (NH), 2925 (CH), 1655 (C=0), 1511 (Ar-
C), 1016 (Ar-0). 6u (500 MHz, CDCIs) 0.8 (3H,
t, 1x CH3), 1.25 — 1.77 (8H, m, 4xCH,), 2.10
(3H, s, 1xCH3), 3.91 (2H, t, 1x OCH>), 6.81 (2H,
d,J=7.0 Hz, Ar-H), 7.35 (2H, d, J=7.0 Hz, Ar-
H), 7.63 (1H, s, NH). 6c (125 MHz, CDCls) 14.1
(CH3), 22.7, 24.3, 26.1, 28.9, 29.1, 31.8, 68.4
(O-CH»), 114.8, 115.2, 122.0, 130.9, 156.1 (Ar-
0), 168.5 (C=0).

N-(4-(octyloxy)phenyl) acetamide (6).
Compound 6 was obtained as a white solid.
Yield: 0.47 g (59.0%), m.p: 99 — 100 °C; (Found:
C,72.96; H,9.53; N, 5.32. C1sH2sNO» Requires:
C, 72.96; H, 9.57; N, 5.32); Vmax ( KBr/ cm™)
3318 (NH), 2925 (CH), 1655 (C=0), 1508 (Ar-
C), 1033 (Ar-O). éu (500 MHz, CDCls) 0.88
(3H, t, 1x CH3s), 1.25 — 1.77 (12H, m, 6xCH>»),
2.16 (3H, s, 1xCHj3), 3.94 (2H, t, 1x OCH>), 6.87
(2H, d, J = 8.5 Hz, Ar-H), 7.32 2H, d, J = 6.5
Hz, Ar-H), 7.38 (1H, s, NH). éc (125 MHz,
CDCls) 14.1 (CHa3), 22.7,24.4, 26.1, 29.3, 29.3,
29.4, 31.9, 68.4 (O-CH»), 114.8, 122.0, 130.7,
156.1 (Ar-C), 168.5 (C=0).

N-(4-(nonyloxy)phenyl) acetamide 7).
Compound 7 was obtained as a white solid.
Yield: 0.62 g (75.0%), m.p: 99 — 100 °C; (Found:
C,73.64; H,9.79; N, 5.02. C17H27NO>. Requires:
C, 73.61; H, 9.81; N, 5.05); Vma ( KBr/ cm™)
3290 (NH), 2919 (CH), 1656 (C=0), 1507 (Ar-
C), 1018 (Ar-0). éu (500 MHz, CDCIls) 0.88
(3H, t, 1x CHj3), 1.25 — 1.78 (14H, m, 7xCH>),
2.11 (3H, s, IxCH3), 4.04 (2H, t, 1x OCH>), 6.83
(2H, d, J = 6.5 Hz, Ar-H), 7.36 2H, d, J= 7.0
Hz, Ar-H), 7.42 (1H, s, NH). éc (125 MHz,
CDCls) 14.2 (CH3), 22.8, 24.3, 26.1, 29.3, 29.3,
29.4, 29.6, 31.9, 68.4 (O-CH,), 114.8, 122.0,
130.9, 156.1 (Ar-C), 168.5 (C=0).

N-(4-(decyloxy)phenyl) acetamide (8).
Compound 8 was obtained as a white solid.
Yield: 0.75 g (86.0%), m.p: 100 — 101 °C;
(Found: C, 74.14; H, 10.02; N, 4.79. CisH29NO,,
Requires: C, 74.18; H, 10.03; N, 4.81); Vimax (
KBr/ cm™) 3307 (NH), 2922 (CH), 1657 (C=0),
1508 (Ar-C), 1020 (Ar-O). éu (500 MHz,
CDCl;) 0.88 (3H, t, 1x CH3), 1.25 — 1.76 (16H,
m, 8xCH>), 2.16 (3H, s, 1xCH3), 3.92 (2H, t, 1x
OCH»), 6.87 (2H, d,J= 7.0 Hz, Ar-H), 7.36 (2H,
d, J= 6.5 Hz, Ar-H), 7.28 (1H, s, NH). 8¢ (125
MHz, CDCls) 14.2 (CH3), 22.7,24.4,26.1,29.4,
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29.5, 29.6, 31.9, 68.4 (O-CHy), 114.8, 122.0,
130.9, 156.1 (Ar-C), 168.4 (C=0).

N-(4-(dodecyloxy)phenyl)acetamide ).
Compound 9 was obtained as a white solid.
Yield: 0.62 g (64.0%), m.p: 102 — 103 °C;
(Found: C, 75.19; H, 10.39; N, 4.39. C19H31NOx,
Requires: C, 75.19; H, 10.41; N, 4.38); Vimax (
KBr/ cm™) 3315 (NH), 2918 (CH), 1656 (C=0),
1508 (Ar-C), 1028 (Ar-O). éu (500 MHz,
CDCls) 0.87 (3H, t, 1x CH3), 1.25 — 1.76 (20H,
m, 10xCH,), 2.12 (3H, s, 1xCH3), 3.91 (2H, t,
1xOCH,), 6.82 (2H, d, J=9.55 Hz, Ar-H), 7.36
(2H, d, J = 9.6 Hz, Ar-H), 7.54 (1H, s, IxNH).
éc (125 MHz, CDCls) 14.2 (CHas), 22.8, 26.1,
29.4, 29.5, 29.7, 32.0, 68.3 (O-CH,), 115.1,
122.0, 130.9, 156.1 (Ar-C), 168.5 (C=0).

N-(4-(tetradecyloxy)phenyl)acetamide (10).
Compound 10 was obtained as a white solid.
Yield: 0.77 g (74.0%), m.p: 102 — 103 °C;
(Found: C, 76.03; H, 10.71; N, 4.03. C20H33NO,,
Requires: C, 76.03; H, 10.73; N, 4.03); Vmax (
KBr/ cm™) 3317 (NH), 2917(CH), 1655 (C=0),
1509 (Ar-C), 1028 (Ar-O). éu (500 MHz,
CDCls) 0.87 (3H, t, 1xCH3), 1.25 — 1.76 (24H,
m, 12xCH,), 2.13 (3H, s, 1xCH3), 3.91 (2H, t,
1xOCH>»), 6.83 (2H, d, J=9.55 Hz, Ar-H), 7.36
(2H, d, J=9.6 Hz, Ar-H), 7.27 (1H, s, 1xXNH).
6c (125 MHz, CDCls) 14.2 (CHa3), 22.7, 26.1,
29.4,29.5,29.6,29.7,32.0, 68.3 (O-CH,), 114.8,
122.0, 130.8, 156.1 (Ar-C), 168.3 (C=0).

In vitro Antibacterial Study

The antibacterial activities of  N-(4-
oxy)phenyl)acetamide derivatives 1-10 were
determined against E. coli and S. aureus strains
by the Kirby-Bauer disc diffusion method
following standard methods recommended by
the Clinical and Laboratories Standards Institute
(CLSI) for measuring the in vitro susceptibility
of bacteria to antimicrobial agents used in
clinical settings (Nunes et al., 2021). The
bacteria were grown on media with Mueller-
Hinton at 37 °C. The inoculums were stirred at
120 rpm for 18 h. The Mueller Hinton agar was
poured into the plate and left for 5 min to
solidify. The surface was then inoculated by
streaking the swab over the entire agar surface.
The plate was rotated approximately 60° each
time and swabbed a few times to ensure even
inoculum distribution. A 5 mm disc was placed
on the surface of the agar plate and was pressed
down softly for complete contact. The
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synthesised compounds 1-10 and paracetamol
with a sample volume of 10 pL were
impregnated on the discs. Ampicillin was used
as a positive control, while DMSO as a negative
control. The plates were incubated aerobically at
37 °C for 24 h and the zone of inhibition (halo
diameter) was measured by a ruler or calliper.

In silico Molecular Docking Screening

The docking simulation on selected compounds
with prominent activities, 1 (n =3),4 (n=6) 7
(n=9) and 10 (n = 14) were carried out using
AutoDock Vina 1.1.2 software (Trott & Olson,
2009). The polar hydrogens of the compounds
and protein were added with AutoDock Tools
1.5.6 (Abd Halim & Ngaini, 2016) prior to
docking with the Autodock Vina program. The
cubic grid box of 60 A size (x, y, z) with a
spacing of 0375 A was centred while
dimensions (x,y,z) were set to 19.667, 19.561,
43.028 and 42.786, 1.624, 23.391 targeted the
active site of the E. coli and S. aureus protein,
respectively. The X-ray crystal structure of the
DNA gyrase of E. coli (PDB entry: 1KZN) and
S. aureus (PDB entry: 3G7B) was retrieved from
Protein Data Bank (http://www.rcsb.pdb.org)
(Behera et al., 2022; Maahury & Allo, 2021).

In silico Lipinski Rule and Pharmacokinetics
ADME

The  druglikeness and  pharmacokinetic
screening on 1-10 were carried out using online
software namely SwissADME (Daina et al.,
2017). The canonical simplified molecular input
line entry system (SMILES) notation of the
synthesised compounds was used as entry and
submitted through the SwissADME tool at
http://www.swissadme.ch/index.php  whereby
the data obtained was analysed by comparing
with standard drug ampicillin and parent
structure of paracetamol. The druglikeness data
follow Lipinski’s rule of five bases which the
parameter is for the compounds to have a
molecular weight (M.W.) <500, octanol-water
partition coefficient (Log P) <5, hydrogen bond
acceptors (HBA) <10, hydrogen bond donors
(HBD) <5 and molar reactivity of 40 — 130 (Al-
blewi et al., 2018; Adamovich et al., 2020). The
pharmacokinetics data of 1-10 which is the
quantitative study of drug absorption,
distribution, metabolism, and excretion
(ADME) was extracted based on the compound
activity towards cytochrome P450s (CYPs), the
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important drug-metabolizing enzymes (Li et al.,
2019).

RESULTS AND DISCUSSION
Chemistry

The synthesis of N-(4-oxy)phenyl)acetamide
derivatives 1-10 was carried out via Williamson
ether synthesis whereby an alkoxide ion is
produced by treating the alcohol group with an
organohalide employing a powerful base

K2C03 R Br
)L acetone )J\ acetone

Paracetamol
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proceeded with an SN, reaction in which an
alkoxide ion replaces a halogen ion (Kazemi et
al., 2013). In this research, 4-hydroxy
acetanilide, better known as paracetamol was
reacted with a series of bromoalkanes (C3;— Ci4)
in the presence of a base, K,CO; that aided the
polarisation of the phenolic hydroxyl group, thus
rendering its nucleophilicity (Javaherian et al.,
2017). After 48 h of reflux in acetone,
compounds 1-10 were obtained with yields of
49-86 % and the synthesis route as illustrated in

Scheme 1.

R,1=CsH7
1-10 2 =CasHo
3=CsHu
4 =CeHus
5=C7His
6 = CgHur
7 =CoHuo
8 = CioHa
9 =Ci12Hzs
10 = C1aHao

Scheme. N-(4-oxy)phenyl)acetamide derivatives 1-10

The FTIR spectra of 1-10 showed the
presence of absorption peaks at 3354 — 3307 cm’
I'and 2939 — 2917 cm™! attributed to v (NH) of
acetanilide (El-Rayyes et al., 2022) and v (CH)
of the aliphatic carbon chain, respectively. The
strong absorption bands at 1656 — 1655 cm™
were attributed to v (C=0) which slight
downshift in the frequency than the predicted
value of 1700 cm™ due to an intra-molecular
hydrogen bond (Abd Halim & Ngaini, 2017).
The v (Ar-C) absorption band was observed at
1514 - 1507 cm™.

The confirmation of 1-10 formation was
supported by 'H and '*C NMR spectroscopies.
In 'H NMR spectra, the singlet peak observed at
7.63 — 7.28 ppm was corresponded to CONH
(Rahu & Jérv, 2020) and the aromatic protons of
the compound were represented by two doublets
at 7.42 — 7.30 ppm and 6.86 — 6.80 ppm. The
successful merging of the alky chain substituent
was confirmed by the presence -OCH, peak
observed at 3.91 — 3.88 ppm and multiple peaks
of -CH,CH3 chains at 1.76 — 0.80 ppm (Ali &
Tomi, 2018). For *C NMR, the resonance at

168.7 — 168.3 ppm was attributed to C=0, while
multiple resonances observed within the 156.1

ppm to 114.8 ppm region were assigned to the
aromatic carbon in the structure. The -OCH,
peak appeared at a higher chemical shift of 69.9
— 68.1 ppm than the alkyl chain -CH, resonated
at 32.0 — 22.7 ppm due to the downfield effect
caused by the electronegative oxygen atom (Abd
Halim & Ngaini, 2016; Rahamathullah et al.,
2018). Whilst, at the most upfield region, a -CHj3
peak was observed at 14.2 — 13.9 ppm.

Antibacterial Activity

The bacteriostatic potential of compounds 1-10
was screened against Gram-negative (E. coli)
and Gram-positive bacteria (S. aureus)
employing the Kirby-Bauer disc diffusion
method. In this evaluation, ampicillin was
chosen as the reference drug (positive control)
and paracetamol, a parental compound as a
benchmark. The halo diameter of each
compound is tabulated in Table 1.

The overall results demonstrated that
alkylated series 1-10 showed better inhibition
towards E. coli than S. aureus which was
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believed due to the nature of the cell wall of the
microorganism (Slavin et al., 2017). In
comparison to E. coli, the cell wall of Gram-
positive bacteria such as S. aureus is composed
of a thicker peptidoglycan layer which limits the
diffusion of 1-10 into the membrane decreasing
inhibition efficacy (Hamida et al., 2020; Hilmi
et al., 2019). However, notably compounds 7 (n
=9) and 10 (n = 14) depicted excellent inhibition
toward S. aureus strains with an inhibition zone
0f 8.2+ 0.4 mmand 12.5 + 0.5 mm, respectively.
The latter showed even better inhibition than the
ampicillin (11.0 = 0) drug. This superiority
might be due to the structural imitation in terms
of carbon chain length of 7 with a pentaglycine
bridge and 10 with a pentapeptide stem
subsisting in the S. aureus peptidoglycan layer
(Kim et al., 2015; Romaniuk & Cegelski, 2018).
The disruption toward those components will
rupture the integrity of the cell walls by
destroying the peptidoglycan cross-links leading
to cell lysis (Loskill et al., 2014; Luo et al.,
2020).

Focusing on the antibacterial potency of 1-10
toward the E. coli strain, all compounds showed
inhibitory action with remarkable activity
depicted by compounds 1 (n = 2), 4 (n = 5) and
7 (n = 9) exhibited comparable inhibition zone
as paracetamol (= 8.0 mm). These foregoing
results suggested that compound 1-10 structures
having a hydrophilic head and hydrophobic tail
owing to the alkyl chain are better suited to
permeate through cell membranes in E. coli cell
walls causing death (Kwasniewska et al., 2020;
Lin et al., 2021). In addition, the alkyl chain
heightens the lipophilic character of the
compounds increasing the cell permeability into
the Gram-negative cell wall that is tightly
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packed with highly lipophilic
lipopolysaccharide (LPS) (Abd Halim & Ngaini,
2016; Kolari¢ et al., 2021).

Table 1. Zone of inhibition of N-(4-
oxy)phenyl)acetamide derivatives 1-10 against
Escherichia coli and Staphylococcus aureus

Halo diameter (mm)

Compounds E. coli S. aureus
1 (-CsHy) 8.1+04 5.0+£0.0
2 (-C4 Ho) 73+0.0 55+0.5
3 (-CsHn) 73+0.8 55+0.5
4 (-Cs Hi3) 83+04 57+0.5
5 (-C7His) 74+05 50+0.0
6 (-CsHi7) 6.7+0.5 5.0+0.0
7 (-Co Huo) 7.9+0.5 8.2+04

8 (-Cio Hz21) 6.9+0.5 5.5+0.5

9 (-Ci2 Has) 7.0+04 5.0+£0.0

10 (-C14 Ha9) 73+04 125+£0.5

DMSO 5.0+0.0 5.0+£0.0

Paracetamol 8.0+0.0 6.0+0.0

Ampicillin 16.0 £0.0 11.0£0.0

*5.0 mm is the diameter of the disc
In silico Molecular Docking

To further understand the interaction of
compounds 1 (n=3),4(n=6),7(n=9)and 10
(n = 14) with good inhibition capabilities,
molecular docking analyses were conducted in
comparison to ampicillin as a reference drug and
parent compound, paracetamol targeting the
DNA gyrase of both studied strains. A DNA
gyrase was chosen due to its significance in
catalysing the intricate events of DNA
supercoiling in prokaryotes, which are in charge
of retaining the topological state of bacteria
making it a target for antimicrobial drug (Smith
& Mondragén, 2021; Jakhar et al., 2022). The
summary of the interactions is tabulated in Table
2 (E. coli) and Table 3 (S. aureus).

Table 2. Molecular docking interaction of selected compounds against Escherichia coli

Compounds Binding affinity (kcal/mol)
Ampicillin -5.0
Paracetamol 4.1

1(-CsHy) -4.5

4 (-CeHiz) 4.7

7 (-CoHay) -4.1

E. coli
Binding Residues

TYR26, VAL118, HOH1087

GLU185, ALA188, ARG192, ASP214, HOH1109
ARG192, PHE196, TYR218, GLU193

ARG192, HOH1118, PHE196, TYR218, GLU193
ARG192, HOH1082, PHE196, GLU193

Table 3. Molecular docking interaction of selected compounds against Staphlylococcus aureus

Compounds Binding affinity (kcal/mol)
Ampicillin -5.7
Paracetamol -4.5

7(-CoHio) -4.9

10 (-Cya Hzo) 5.5

S. aureus
Binding Residues
THR80, ASN82, GLN66, GLN210
ARG223, TYR192
H1S143, THR80, GLUG8, LYS170, ASN82, GLN66

ARG176, VAL174, TYR141, HIS143, THR80, GLU68, GLN66
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The binding affinity of the selected
compound was evaluated based on binding free
energies (AGb, kcal/mol) and the data obtained
was in correlation with the in vitro antibacterial
activity using the disc diffusion procedure
discussed earlier. The docking toward E. coli
protein showed that compound 4 (n = 6) scored
the highest binding affinity scores of -4.7
kcal/mol (Figure 1d) which is slightly lower than
the ampicillin (-5.0 kcal/mol) (Figure 1a). There
are several basic residues namely ARGI192,
HOH1118, TYR218 and GLU193 observed in
the vicinity of compound 4 (n = 6), remarks a
strong electrostatic interaction was involved in
the binding process and attributed to high
binding affinity scores (Zhou & Pang, 2018). In
addition, the phenyl ring in compound 4 (n = 6)
also strongly enchains to DNA gyrase of E. coli
through ©-m bond interactions (yellow colour
cylindrical wireframe) with hydrophobic
pockets of PHE196 which subsequently
increased the lipophilicity of the compound (
Wang et al., 2020; Chikhale et al., 2021). A
similar hydrophobic interaction was also
displayed by compound 1 (z = 3) with a binding
affinity of -4.5 kcal/mol (Figure 1c).

While comparing compound 7 (n = 9) with
paracetamol which shows a = 0.1 mm difference
in the in vitro study previously, there is no
difference in terms of their binding affinity as
both scored a binding affinity of -4.1 kJ
kcal/mol. However, the mode of binding
interactions is not identical as the hydroxyl
group in paracetamol strongly bound to the DNA
gyrase protein through hydrogen bonding with
an amine of ASP214 residue (Figure 1b). The
presence of hydrogen bonds increases the drug's
solubility in water and further promotes
interaction between the drug and its biological
target (Chen et al., 2016; El-Shershaby et al.,
2021). Whereas, compound 7 (n = 9) is linked
with the protein through electrostatic interaction
with ARG192, HOHI1082, PHEI196, and
GLU193 residues (Figure 1e).

The docking of the selected compounds with
DNA gyrase of S. aureus on the other hand
showed that paracetamol scored a lower binding
affinity of -4.5 kJ kcal/mol (Figure 2b) in line
with the in vitro data showing slight inhibition.
Whilst, compound 10 (n = 14) with the biggest
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inhibition zone scored a binding value of -5.5
kcal/mol (Figure 2d) which is slightly lower than
the ampicillin of -5.7 kcal/mol (Figure 2a). Both
compounds, however, possessed similar modes
of binding action by strong electrostatic
interaction with the protein as multiple residues
are observed in proximity disrupting the cell
stability (Halperin et al., 2004; Zhou & Pang,
2018). Even though it is not reflected in terms of
binding affinity value, there are more residues
for compound 10 (n = 14) namely ARG176,
VAL174, TYR141, HIS143, THR80, GLUGS
and GLN66 than ampicillin binding to only
THR80, ASN82, GLN66 and GLN210 residues
reasoned the better inhibition of 10 than
ampicillin in in vitro study. Likewise, compound
7 (n = 9) interacted with residues like HIS143,
THR80, GLU68, LYS170, ASN82 and GLN66
giving docked scores of -4.9 kcal/mol (Figure
2¢).

Drug likeness and
properties — ADME profile

pharmacokinetic

For a newly developed compound to be a drug
candidate, it is important to determine its drug-
likeness referring to Lipinski’s rules of five
(Parameter: molecular weight, hydrogen donor,
hydrogen acceptor, lipophilicity and molar
refractivity) (Adamovich et al., 2020; Mendie &
Hemalatha, 2022) and the pharmacokinetic
properties catering for the absorption,
distribution, metabolism and excretion detailed
of adrug (Bocci et al., 2017; Kar & Leszczynski,
2020). This is a crucial step in drug design and
drug discovery stages aiming to increase the
likelihood that a chemical will enter and succeed
in clinical trials (Jia et al., 2020). In this study,
the screening was conducted employing
SwissADME software available on the platform
(Daina et al., 2017).

The data obtained showed that all alkylated
paracetamol derivatives except 10 (n=14)
complied with Lipinski’s rule indicating the
synthesised series exhibit high drug-likeness and
potential to be orally active (Al-blewi et al.,
2018) as tabulated in Table 4. Compound 10
(n=14) violated the parameter MlogP < 4.15
revealing the low lipophilicity and high
hydrophobic nature of the compound reflecting
poor oral bioavailability (Shady et al., 2020).
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Figure 1. Docking visualisation of (a) ampicillin, (b) paracetamol, (¢c) 1 (n =3), (d)4 (n=6) and (e) 7 (n = 9)
towards DNA gyrase of E. coli (PDB entry: 1KZN)
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Figure 2. Docking visualisation of (a) ampicillin, (b) paracetamol, (¢) 7 (n =9) and (d) 10 (n = 14) towards DNA

gyrase of Staphlyloccus aureus (PDB entry: 3G7B)

Table 4. Lipinski’s Rule of Five for compound 1-10

Lipinski rule H-bond H-bond Molar Refractivi MLOGP

Molecule \F/)iolation MW (< 500 Da) acceptors (<5)  donors (< 10) (40 - 130) v (<4.15)
Ampicilin No 349.40 5 3 92.56 0.75
Paracetamol No 151.16 2 2 42.78 0.91
1(-C3Hy) No 193.24 2 1 56.86 1.83
2 (-C4Hy) No 207.27 2 1 61.67 211
3 (-CsHi1) No 221.30 2 1 66.47 2.38
4 (-CeHia) No 235.32 2 1 71.28 2.64
5 (-C7H1s) No 249.35 2 1 76.09 2.90
6 (-CgHi7) No 263.38 2 1 80.90 3.15
7 (-Co Ho) No 277.40 2 1 85.70 3.39
8 (-CioHa1) No 291.43 2 1 90.51 3.63
9 (-C12Hzs) No 319.48 2 1 100.12 4.09
10 (-Cy1q Hag) Yes; 1 violation: 34753 2 1 109.74 453

MLOGP>4.15

The pharmacokinetic profile on N-(4-
oxy)phenyl)acetamide derivatives 1-10
revealed that all compounds have a
bioavailability score of 0.55 and possessed high
Gl absorption predicting the suitability of the
compound to be administered orally and acting
at the intended target site of action to deliver a

good therapeutic effect (Xue et al., 2022). In
addition, similar to the parent compound
paracetamol, the series except for 10 (n=14) are
able to permeate the blood-brain barrier (BBB).
Having the capability to cross BBB for newly
developed antibacterial drugs is a significant
finding in the treatment of the central nervous
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system (CNS) infected pathogen disorder (Nau
et al., 2010; Sullins & Abdel-Rahman, 2013;
Bagchi et al., 2019). Other remarkable
pharmacokinetic  properties exhibited by
compounds 1-10 are the CYP1AZ2 inhibition that
is not displayed by both ampicillin and
paracetamol. CYP1A2 is an enzyme that is
majorly expressed in the liver and the ability to
suppress this enzyme is predicted to increase
drug adsorption concentration into plasma hence
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decreasing substrate clearance or excretion and
enhancing the therapeutic effect (Ayano, 2016;
Mar et al., 2022). Apart from the above
discussion, as tabulated in Table 5, each of the
synthesised  compounds  showed  multi-
inhibitory action to cytochrome P450 (CYP)
enzymes underlining its versatile metabolism
action aside from lowering drug-drug interaction
(DDI) interactions (Bocci et al., 2017).

Table 5. Pharmacokinetic profile of N-(4-oxy)phenyl)acetamide derivatives 1-10

Molecule Gl BBB Pgp CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 Bioavailability
absorption  permeant substrate inhibitor inhibitor inhibitor inhibitor  inhibitor Score
Ampicillin Low No No No No No No No 0.55
Paracetamol High Yes No No No No No No 0.55
1(-CsHy) High Yes No Yes No No No No 0.55
2 (-C4Hy) High Yes No Yes No No Yes No 0.55
3 (-CsHu1) High Yes No Yes No No Yes No 0.55
4 (-CHia) High Yes No Yes Yes No Yes No 0.55
5 (-C7H1s) High Yes No Yes Yes No Yes No 0.55
6 (-CsHi7) High Yes No Yes Yes No Yes No 0.55
7 (-CoHyo) High Yes No Yes Yes Yes Yes No 0.55
8 (-CioHa1) High Yes No Yes No Yes Yes No 0.55
9 (-C12Hzs) High Yes No Yes No Yes Yes Yes 0.55
10 (-C14 Hzo) High No No Yes No No Yes Yes 0.55

CONCLUSION REFERENCES

The alkylated paracetamol derivatives 1-10 were
successfully  synthesised with  promising
antibacterial potential. According to the in vitro
results, compounds 1 (n =3),4 (n=06) and 7 (n
= 9) had good antibacterial activity against
Gram-negative (E. coli), whereas compounds 7
(n =9) and 10 (n = 14) had excellent activity
towards Gram-positive (S. aureus). The
biological effect is significantly enhanced by the
presence of the alkyl chain, which was
confirmed by the binding affinity discovered
through molecular docking studies. In addition,
compounds 1-10 exhibited a bioavailability
score of 0.55 apart from compliances with
Lipinski’s rule on the drug-likeness and
favourable ADME pharmacokinetics profile.
Overall, this study provided a thorough analysis
of the potential of the series as an antibacterial
agent for pharmaceutical applications.
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