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Abstract

In this investigation, a series of 2-quinolone-benzimidazole hybrids linked by a 1,2,3-triazole moiety
were prepared using copper-catalyzed Huisgen 1,3-dipolar cycloaddition and condensation reaction.
The newly synthesized compounds were characterized by *H NMR, *3C NMR, single crystal XRD and
HRMS analysis. The density functional theory (DFT) calculations were performed using B3LYP/6-
31+G(d,p) basis level set for the optimization of molecular geometries of compounds 7a, 7c, 7f and
71. The conformational analysis predicted the existence of two main conformations: a closed and an
open conformation. In vitro antibacterial activity was assessed against Gram-positive bacterium
Staphylococcus aureus (S. aureus) and Gram-negative bacterium Escherichia coli (E. coli). The
bioassays revealed that compounds 7a, 7c, 7f and 71 inhibited the growth of E. coli at a concentration
of 0.14 pmol/mL, which was nearly 2-fold stronger than the control drug ampicillin (0.26 pmol/mL).
Besides, compounds 7f and 71 exhibited the most promising activity against S. aureus with MIC and
MBC values of 0.07 umol/mL for 7f and 0.14 pmol/mL for 71 compared to 0.27 umol/mL for
ampicillin. These results were supported by the chemical reactivity parameters and electrostatic surface
potential (MEP) obtained using theoretical calculations. Molecular docking study of the most active
compounds using DNA gyrase A and DNA gyrase B proteins of S. aureus also confirmed the

experimental findings.
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1. Introduction

According to the WHO, antimicrobial resistance (AMR) is a growing threat to human health globally.
This phenomenon occurs when germs like bacteria and fungi develop mutations that make antibiotics
ineffective [1]. Among these germs is S. aureus, which has the ability to develop resistance to many
antimicrobial agents. It can induce various clinical diseases, including mild skin and soft tissue
infections, bacteremia, infective endocarditis and osteomyelitis [2]. Additionally, S. aureus is the
primary causative strain of severe secondary bacterial pneumonia following influenza A virus (1AV)
infection, which results in significant morbidity and mortality [3]. More importantly, it has been found
that S. aureus triggers respiratory complications in patients hospitalized with COVID-19 and is
associated with high case fatality rate [4]. Based on these facts, there is a continuous necessity for the
search of new effective antimicrobial drugs to overcome bacterial resistance. The 2-quinolone nucleus
is one of the most useful frameworks in the synthesis and development of impending antibiotics. 2-
Quinolones and their analogues are important nitrogen-containing heterocycles, widely present in
nature as alkaloids (such as Viridicatol or Viridicatin (Fig. 1)) [5-8] and possess an extensive spectrum
of biological properties among which is the antimicrobial [9,10]. Many of the quinolone-based
scaffolds with antibacterial activity, were found to act mainly by inhibiting the activity of bacteria type
Il topoisomerase (DNA gyrase) or type IV topoisomerase [11]. Both enzymes are important for
bacterial cell survival and are involved in the control of topological transitions of DNA. Consequently,
DNA gyrase and topoisomerase IV represent attractive targets in the design of antibacterial
therapeutics [12,13].

Molecular hybridization emerges as one of the best used strategies in the construction of new
pharmaceutical compounds [14-16]. This is based on the formation of potentially active molecules by
joining pharmacophore moieties of different bioactive substances [17]. Therefore, the combination of
2-quinolone and other heterocyclic compounds such as 1,2,3-triazole and benzimidazole may lead to
a much more potent antibacterial agent. 1,2,3-Triazoles are quite attractive for medicinal chemistry
applications and have become increasingly employed as linker units owing to their high
biocompatibility and stability under various chemical conditions [18]. They show very long range of
biological activities such as antimicrobial (Fig. 1) [19,20], antiviral [21] and anticancer [22]. On the
other hand, benzimidazoles are known to exhibit diverse pharmacological activities and are present in
numerous drugs, including Thiabendazole (antihelmintic and antimicrobial drug) [23,24],
Bendamustine (anticancer drug) [25], Domperidone (antiemitic drug) [26], Pimozide (antipsychotic
drug) [27], etc. Specifically, benzimidazolyl-phenol is considered a privileged structure due to its

chelating characteristics and fluorescence properties [28,29]. Moreover, many benzimidazolyl-phenol



derivatives and some of their metal complexes were reported to have significant antimicrobial effect

on Gram-negative bacteria and Gram-positive ones [30,31].

In light of the aforementioned data, we report herein the synthesis of novel hybrid molecules that
covalently connect 4-methyl-(1H)-quinolin-2-one and benzimidazole via a triazole ring. Although
much work has been done to assess the biological potency of 4-methyl substituted 2-quinolone [32—
34], its 6-halogeneted derivatives are still insufficiently studied. Hence, we elected to use 6-
bromo/fluoro-4-methyl-(1H)-quinolin-2-one as a starting point for producing new potential antibiotics.
All synthesized compounds were screened against E. coli and S. aureus using broth microdilution MIC
method. DFT calculations were used to optimize the molecular geometries and define reactivity
indexes. Molecular docking was also conducted to understand the binding mechanism of compounds
that best inhibited the growth of S. aureus. Further, single crystal X-ray study of compounds 6b and
7a has been reported.
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Fig. 1. Examples of antimicrobial agents and design strategy of target structures.
2. Experimental

2.1. Synthesis and characterization

Melting points were measured using a Biichi B-545 digital capillary melting point apparatus and are
uncorrected. NMR spectra were recorded at 300 MHz (*H, *3C) Bruker in (DMSO-ds, CDCl3) using
TMS as an internal reference. All chemical shifts () are expressed in parts per million and coupling
constant (J) are given in Hertz and multiplicities of the signals are indicated by the following

abbreviations: s, singlet; d, doublet; t, triplet; g, quadruplet; dd, doublet of doublets; td, triplet of



doublets and m, multiplet. LC-UV-MS was performed using a Dionex Ultimate 3000 LC system
equipped with DAD and Thermo TSQ Endura mass spectrometer. HRMS (ESI) was determined by
using micrOTOF-Q. Precoated Merck Silica Gel 60F-254 plates were used for thin layer
chromatography (TLC) and the spots were detected under UV light (254 nm). Column chromatography
(CLC) was performed using silica gel (0.063-0.2 mm) Fluka. All reagents used were purchased from
Fluka/Sigma-Aldrich.

General procedure for the synthesis of alkynes (2 and 3).

A mixture of quinolone 1a or 1b (1 mmol), K2COs (1 mmol) and propargyl bromide (1.5 mmol) in
anhydrous acetonitrile (5 mL) was stirred at 90°C during 5h. After removal of the solvent under
reduced pressure the residue obtained was purified on a silica gel column eluted with (hexane /EtOAC
95:5) then (CH2Cl2).

6-Bromo-4-methyl-1-(prop-2-yn-1-yl) quinolin-2(1H)-one (2a)

Yield 60%, white solid, Rf: 0.2 (CH2Cl2), Mp (°C) 200-202, *H NMR (300 MHz, CDCl3) & 7.74 (d,
1H, J = 2.3 Hz, Ar-H), 7.60 (dd, 1H, J = 9.0, 2.3 Hz, Ar-H), 7.33 (d, 1H, J = 9.0 Hz, Ar-H), 6.53 (s,
1H, ~C=CH), 4.99 (d, 2H, J = 2.5 Hz, CH2), 2.36 (s, 3H, CH3), 2.17 (t, 1H, J = 2.5 Hz, -C=CH). 13C
NMR (75 MHz, CDCls) & 160.63, 146.17, 137.37, 133.28, 127.95, 121.81, 116.65, 115.50, 77.76,
72.70, 31.42, 19.00. LC-MS (ESI) m/z 276.00 [M+H]*; HRMS (ESI) calculated for CisH1BrNO
[M+H]* 276.0019, found 276.0027.

6-Fluoro-4-methyl-1-(prop-2-yn-1-yl) quinolin-2(1H)-one (2b)

Yield 66%, colorless crystals, Rf: 0.16 (CH2Cl2), Mp (°C) 161-163, *H NMR (300 MHz, CDClz) §
7.41 (dd, 1H, J = 9.0, 4.5 Hz, Ar-H), 7.36 — 7.18 (m, 2H, Ar-H), 6.53 (s, 1H, -C=CH), 4.99 (d, 2H, J
= 2.5 Hz, CH2), 2.33 (s, 3H, CH3), 2.18 (t, 1H, J = 2.4 Hz, -C=CH). ¥C NMR (75 MHz, CDCl3) §
160.6, 158.00 (d, Jc-r = 242.4 Hz), 146.30 (d, Jc-r = 3.3 Hz), 134.87, 122.74 (d, Jc-r = 8.0 Hz), 121.82,
118.11 (d, Jc-F = 23.7 Hz), 116.49 (d, Jc-r= 8.0 Hz), 110.86 (d, Jcr = 23.3 Hz), 77.96, 72.59, 31.51,
19.00. LC-MS (ESI) m/z 216.08 [M+H]"; HRMS (ESI) calculated for C13H10FNO [M+H]" 216.0819,
found 216.0825.

6-Bromo-4-methyl-2-(prop-2-yn-1-yloxy)quinoline (3a)
Yield 17%, white solid, Rf: 0.54 (hexane/ethyl acetate, 9.5/0.5), Mp (°C) 97-99, *H NMR (300 MHz,
CDCl3) 6 7.89 (d, 1H, J = 1.6 Hz, Ar-H), 7.66 — 7.53 (m, 2H, Ar-H), 6.72 (s, 1H, -C=CH), 5.02 (d,

2H, J = 2.4 Hz, CHy), 2.49 (s, 2H, CHs), 2.42 (t, 1H, J = 2.4 Hz, -C=CH). 3C NMR & (75 MHz,
CDCl3) § 159.64, 145.34, 143.86, 131.52, 128.55, 125.93, 125.14, 116.60, 112.52, 78.11, 73.35, 52.29,



17.61. LC-MS (ESI) m/z 276.00 [M+H]*; HRMS (ESI) calculated for C13H10BrNO [M+H]* 276.0019,
found 276.0018.

6-Fluoro-4-methyl-2-(prop-2-yn-1-yloxy)quinoline (3b)

Yield 19%, white solid, Rf: 0.52 (hexane/ethyl acetate, 9.5/0.5), Mp (°C) 82-84, *H NMR (300 MHz,
CDClg) 8 7.73 (dd, 1H, J = 9.1, 5.4 Hz, Ar-H), 7.38 (dd, 1H, J = 9.8, 2.9 Hz, Ar-H), 7.28 (td, 1H, J =
8.6, 2.9 Hz, Ar-H), 6.73 (s, 1H, -C=CH), 5.02 (d, 2H, J = 2.4 Hz, CH2), 2.48 (s, 3H, CH3), 2.41 (t, 1H,
J=2.4 Hz,-C=CH). 3C NMR (75 MHz, CDCls) 6 160.05, 159.23 (d, Jc-r = 243.9 Hz), 157.63, 146.57
(d, Je-F = 4.9 Hz), 142.96, 129.85 (d, Jcr = 8.8 Hz), 126.17 (d, Jcr = 8.9 Hz), 118.64 (d, Jcr = 24.8
Hz), 113.42, 107.76 (d, Jc-r= 22.4 Hz), 79.30, 74.28, 53.20, 18.69. LC-MS (ESI) m/z 216.08 [M+H]";
HRMS (ESI) calculated for C13H10FNO [M+H]* 216.0819, found 216.0821.

General procedure for the synthesis of azide (5)

According to a previously reported method [35], salicylaldehyde (48 mmol) was added to a mixture
of formaldehyde (37% in H20, 3.6 mL) and hydrochloric acid (37%, 48 mL) and the reaction stirred
overnight at room temperature. The solid that formed was filtered and recrystallized from hot hexane
to give 4 as white crystalline solid. Subsequently, 5-chloromethyl salicylaldehyde 4 (11 mmol) was
dissolved in water-acetone (1:1) and successively was added to a solution of sodium azide (5eq, 10
ml) at 0°C. The mixture was stirred for 12h at room temperature and extracted with ethyl acetate (3 x
15 mL). Lastly, the extract was evaporated under reduced pressure, and the residue was purified by

flash chromatography column (hexane /EtOAc 98:2).
5-(Azidomethyl)-2-hydroxybenzaldehyde (5)

Yield 92%, white crystals, Rf: 0.17 (hexane/ethyl acetate, 9.9/0.1), *H NMR (300 MHz, CDCls) §
11.06 (s, 1H, OH), 9.92 (s, 1H, CHO), 7.54 (d, J = 1.8 Hz, 1H, Ar-H), 7.50 (dd, J = 8.7, 1.7 Hz, 1H,
Ar-H), 7.04 (d, J = 8.5 Hz, 1H Ar-H), 4.36 (s, 2H, CHz). *3C NMR (75 MHz, CDCls) 5 196.24, 161.58,
136.88, 133.18, 127.12, 120.43, 118.39, 53.78.

General procedure for the synthesis of triazole derivatives (6a-b)

A mixture of N-propargylquinolone 2a,b (2 mmol) in 5 ml of dimethyl formamide (DMF), EtsN (2
mmol), Cul (0.2 mmol) and azide 5 (2,4 mmol) was heated at 95°C for 1h. After removal of the solvent
under reduced pressure, the residue was purified by flash chromatography eluting with (CH2Cl2/MeOH
99:1).

5-((4-((6-Bromo-4-methyl-2-oxoquinolin-1(2H)-yl)methyl)-1H-1,2,3-triazol-1-yl)methyl)-2-
hydroxybenzaldehyde 6a



Yield 80%, white solid, Rf: 0.34 (CH2Cl2/CH3OH: 9.8/0.2), Mp (°C) 220-222, 'H NMR (300 MHz,
CDCls) & 10.96 (s, 1H, OH), 9.76 (s, 1H, CHO), 7.75 (d, J = 9.1 Hz, 1H, Ar-H), 7.69 (d, J = 2.2 Hz,
1H, Ar-H), 7.56 (dd, J = 9.0, 2.2 Hz, 1H, Ar-H), 7.53 (s, 1H, triazole-CH), 7.40 (d, J = 2.2 Hz, 1H, Ar-
H), 7.36 (dd, J = 8.6, 2.3 Hz, 1H, Ar-H), 6.89 (d, J = 8.5 Hz, 1H, Ar-H), 6.51 (s, 1H, -C=CH), 5.42 (s,
2H, CH), 5.34 (s, 2H, CH2), 2.35 (s, 3H, CHa). 13C NMR (75 MHz, CDCls) & 196.05, 161.88, 161.46,
146.32, 144.05, 137.87, 136.77, 133.51, 133.43, 127.73, 125.92, 123.32, 123.10, 121.66, 120.50,
118.72, 117.19, 115.47, 53.20, 38.06, 19.03. LC-MS (ESI) m/z 453.05 [M+H]"; HRMS (ESI)
calculated for C21H17BrN4O3 [M+H]"453.0557, found 453.0553.

5-((4-((6-Fluoro-4-methyl-2-oxoquinolin-1(2H)-yl)methyl)-1H-1,2,3-triazol-1-yl)methyl)-2-
hydroxybenzaldehyde 6b

Yield 93%, colorless crystals, Rf: 0.27 (CH2Cl2/CH3sOH: 9.8/0.2), Mp (°C) 210-212, *H NMR (300
MHz, CDCls) 6 11.04 (s, 1H, OH), 9.83 (s, 1H, CHO), 7.92 (dd, 1H, J = 9.04.6 Hz, Ar-H), 7.62 (s, 1H,
triazole-CH), 7.48 (d, J = 2.3 Hz, 1H, Ar-H), 7.43 (dd, J = 8.6, 2.3 Hz, 1H, Ar-H), 7.37 — 7.23 (m, 2H,
Ar-H), 6.97 (d, 1H, J= 8.6 Hz, Ar-H), 6.61 (s, 1H, -C=CH), 5.51 (s, 2H, CH2), 5.42 (s, 2H, CH2), 2.41
(s, 3H, CHz3). BC NMR (75 MHz, CDCl3) § 196.01, 161.88, 161.47, 157.99 (d, Jc-r= 242.5 Hz), 146.43
(d, Jor = 3.1 Hz), 144.21, 136.74, 135.44, 133.41, 125.96, 123.35, 122.56 (d, Jc-r = 7.8 Hz), 121.75,
120.52, 118.70, 118.40 (d, Jc-F = 23.6 Hz), 117.10 (d, Jcr = 8.1 Hz), 110.60 (d, Jc-r = 23.2 Hz), 53.18,
38.21, 19.02. LC-MS (ESI) m/z 393.14 [M+H]*; HRMS (ESI) calculated for C21H17FN4Os [M+H]"
393.1357, found 393.1366.

General procedure for the formation of compounds (7a-n)

Compounds 7a-n were synthesized following a reported method with modification [36]. Briefly, a
mixture of compound 6 (0.2 mmol), and 2 equivalents of sodium hydrogen sulfite were dissolved in
water/ethanol (1:9) and stirred for 20 min at 40°C. Then 1 equivalent of the appropriate o-
phenylenediamine was added to the mixture. The reaction mixture was allowed to stir at 40°C for 3 h.
After completion of the reaction (monitored by TLC), the precipitate was filtered and purified by flash
chromatography eluting with (CH2Cl2/MeOH 99:1).

1-((1-(3-(1H-benzo[d]imidazol-2-yl)-4-hydroxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-6-bromo-
4-methylquinolin-2(1H)-one (7a)

Yield 46%, white solid, Rf: 0.24 (CH2Cl2/CHsOH: 9.85/0.15), Mp (°C)  265-268, UV
(CH2Cl2/CH30H: 1/1) Amax = 236, 333 nm, *H NMR (300 MHz, DMSO-ds) 6 13.17 (s, 2H, OH+NH),
8.04 (s, 1H, Ar-H), 7.99 (s, 1H, Ar-H), 7.82 (s, 1H, Ar-H), 7.66 (d, J = 8.5 Hz, 2H, Ar-H), 7.61 (s, 1H,
triazole-CH), 7.31 (d, J = 8.3 Hz, 2H, Ar-H), 7.25 (brs, 2H, Ar-H), 6.98 (d, J = 8.1 Hz, 1H, -C=CH),



6.56 (s, 1H, ~C=CH), 5.47 (s, 2H, CHz), 5.43 (s, 2H, CH2), 2.36 (s, 3H, CHs). 3C NMR (75 MHz,
CDCl3) 5 160.83, 158.38, 151.61, 146.96, 143.54, 141.38, 138.32, 133.81, 133.54, 132.42, 128.17,
127.16, 126.99, 123.82, 123.22, 123.00, 121.80, 118.55, 118.06, 114.86, 113.38, 112.19, 53.16, 37.76,
18.96. LC-MS (ESI) m/z 541.10 [M+H]*; HRMS (ESI) calculated for CarH21BrNeO2 [M+H]*
541.0982, found 541.0974.

6-Bromo-1-((1-(4-hydroxy-3-(5-methyl-1H-benzo[d]imidazol-2-yl)benzyl)-1H-1,2,3-triazol-4-
yl)methyl)-4-methylquinolin-2(1H)-one (7b)

Yield 56%, white solid, Rf: 0.24 (CH:Cl/CH3OH: 9.85/0.15), Mp (°C) 220-224, UV
(CH2Cl2/CH3OH: 1/1) Amax = 236, 324 nm, *H NMR (300 MHz, DMSO-de) & 13.23 (s, 1H, OH),
13.07 (s, 1H, NH), 8.04 (d, J = 1.9 Hz, 1H, Ar-H), 8.01 (s, 1H, Ar-H), 7.87 (s, 1H, Ar-H), 7.67 (dd, J
=22.0, 9.1 Hz, 2H, Ar-H), 7.60 — 7.36 (m, 2H, Ar-H), 7.33 (dd, J = 8.5, 2.0 Hz, 1H, Ar-H), 7.09 (d, J
= 5.5 Hz, 1H, Ar-H), 7.00 (d, J = 8.4 Hz, 1H, Ar-H), 6.60 (s, 1H, ~C=CH), 5.49 (s, 2H, CH2), 5.46 (s,
2H, CHy), 2.44 (s, 3H, CHa), 2.41 (s, 3H, CHs). 3C NMR (75 MHz, DMSO-ds) 5 160.24, 157.73,
150.63, 146.37, 142.93, 141.06, 138.84, 137.73, 133.42, 132.94, 131.63, 127.58, 126.37, 126.31,
124.76, 124.00, 123.20, 122.63, 121.20, 117.50, 117.41, 114.27, 112.84, 111.26, 52.57, 37.15, 21.27,
18.36. LC-MS (ESI) m/z 555.11 [M+H]"; HRMS (ESI) calculated for CasHzsBrNeO2 [M+H]*
555.1165, found 555.1144.

6-Bromo-1-((1-(3-(5,6-dimethyl-1H-benzo[d]imidazol-2-yl)-4-hydroxybenzyl)-1H-1,2,3-triazol-
4-yl)methyl)-4-methylquinolin-2(1H)-one (7c)

Yield 56%, off-white solid, Rf: 0.23 (CH2Cl2/CH3OH: 9.85/0.15), Mp (°C) 288-290, UV
(CH2Cl2/CH30H: 1/1) Amax = 214, 326 nm, *H NMR (300 MHz, DMSO-ds) & 13.38 (s, 1H, OH),
13.05 (s, 1H, NH), 8.08 (d, J = 5.8 Hz, 2H, Ar-H), 7.95 (s, 1H, Ar-H), 7.74 (dd, J = 22.7, 9.0 Hz, 2H,
Ar-H), 7.53 (s, 1H, triazole-CH), 7.45 — 7.33 (m, 2H, Ar-H), 7.05 (d, J = 8.4 Hz, 1H, Ar-H), 6.67 (s,
1H, -C=CH), 5.55 (s, 2H, CH2), 5.53 (s, 2H, CH?2), 2.48 (s, 3H, CHs), 2.40 (s, 6H, 2xCHs). 3C NMR
(75 MHz, CDCI3) 6 160.84, 158.30, 150.77, 146.99, 143.54, 140.02, 138.31, 133.56, 132.80, 132.08,
128.19, 126.84, 123.80, 123.21, 121.79, 118.48, 118.09, 117.98, 114.88, 113.50, 112.05, 53.18, 37.74,
20.56, 18.98, some peaks are overlapping. LC-MS (ESI) m/z 569.13 [M+H]*; HRMS (ESI) calculated
for C29H25BrNeO2 [M+H]" 569.1286, found 569.1295.

6-Bromo-1-((1-(3-(5-fluoro-1H-benzo[d]imidazol-2-yl)-4-hydroxybenzyl)-1H-1,2,3-triazol-4-
yl)methyl)-4-methylquinolin-2(1H)-one (7d)

Yield 53%, white solid, Rf: 0.21 (CH2CI2/CH3OH: 9.85/0.15), Mp (°C) 276-278, UV
(CH2Cl2/CH30H: 1/1) Amax = 237, 322 nm, *H NMR (300 MHz, DMSO-ds) & 13.21 (s, 1H, OH),



12.81 (s, 1H, NH), 8.06 (d, J = 1.9 Hz, 1H, Ar-H), 8.02 (s, 1H, Ar-H), 7.86 (d, J = 2.1 Hz, 1H, Ar-H),
7.75-7.63 (m, 2H, Ar-H), 7.61 (s, 1H, triazole-CH), 7.55 — 7.39 (m, 1H, Ar-H), 7.35 (dd, J=8.5, 1.6
Hz, 1H, Ar-H), 7.12 (m, 1H, Ar-H), 7.02 (d, J = 8.4 Hz, 1H, Ar-H), 6.59 (s, 1H, -C=CH), 5.50 (s, 2H,
CH?>), 5.46 (s, 2H, CH>), 2.40 (s, 3H, CH3). 3C NMR (75 MHz, DMSO-ds) § 160.23, 157.52, 152.41,
146.36, 142.94, 137.72, 132.93, 132.00, 131.85, 130.05, 127.57, 126.80, 126.53, 123.22, 122.62,
121.20, 119.06, 118.93, 117.47,114.26, 112.89, 52.49, 37.15, 18.35, some peaks are overlapping. LC-
MS (ESI) m/z 559.09 [M+H]*; HRMS (ESI) calculated for C27H20BrFNsO2 [M+H]* 559.0888, found
559.0886.

6-Bromo-1-((1-(4-hydroxy-3-(5-(trifluoromethyl)-1H-benzo[d]imidazol-2-yl) benzyl)-1H-1,2,3-
triazol-4-yl)methyl)-4-methylquinolin-2(1H)-one (7e)

Yield 66%, white solid, Rf: 0.21 (CH2CI2/CH3OH: 9.85/0.15), Mp (°C) 286-288, UV
(CH2Cl2/CH30H: 1/1) Amax = 236, 293, 331 nm, *H NMR (300 MHz, DMSO-ds) & 13.39 (s, 1H,0H),
12.55 (s, 1H, NH), 8.12 (s, 1H, Ar-H), 8.03 (s, 1H, Ar-H), 7.89 (m, 2H, Ar-H), 7.79 (d, J = 8.4 Hz, 1H,
Ar-H), 7.71 (dd, J = 9.0, 2.2 Hz, 1H), 7.65 (s, 1H, triazole-CH), 7.63 — 7.56 (m, 1H, Ar-H), 7.38 (dd,
J=8.5, 2.0 Hz, 1H, Ar-H), 7.05 (d, J = 8.5 Hz, 1H, Ar-H), 6.60 (s, 1H, -C=CH), 5.52 (s, 2H, CH>),
5.47 (s, 2H, CH2), 2.41 (s, 3H, CH3).3C NMR (75 MHz, DMSO-ds) & 160.23, 157.46, 153.02, 146.37,
142,93, 137.72, 132.94, 132.41, 127.58, 127.38, 126.74, 123.25, 122.63, 121.20, 119.62, 118.84,
117.49, 115.45, 114.25, 112.87, 112.66, 52.41, 37.15, 18.35, some peaks are overlapping. LC-MS
(ESI) m/z 609.08 [M+H]*; HRMS (ESI) calculated for C2sH20BrFsNsO2 [M+H]" 609.0883, found
609.0863.

6-Bromo-1-((1-(3-(5-chloro-1H-benzo[d]imidazol-2-yl)-4-hydroxybenzyl)-1H-1,2,3-triazol-4-
yh)methyl)-4-methylquinolin-2(1H)-one (7f)

Yield 70%, white solid, Rf: 0.2 (CH2Cl2/CHsOH: 9.85/0.15), Mp (°C) 278-280, UV (CH2Cl2/CH3OH:
1/1) Amax = 236, 293, 331 nm, *H NMR (300 MHz, DMSO-ds) & 13.23 (s, 1H, OH), 12.79 (s, 1H,
NH), 8.12 (d, J = 1.9 Hz, 1H,Ar-H), 8.07 (s, 1H, Ar-H), 7.89 (d, J = 2.1 Hz, 1H, Ar-H), 7.74 (dd, J =
9.0, 2.1 Hz, 2H, Ar-H), 7.69 — 7.66 (m, 1H, Ar-H), 7.68 (s, 1H, triazole-CH), 7.41 (dd, J = 8.5, 1.9 Hz,
1H, Ar-H), 7.32 (dd, J = 8.6, 1.7 Hz, 1H, Ar-H), 7.07 (d, J = 8.5 Hz, 1H, Ar-H), 6.63 (s, 1H,~C=CH),
5.55 (s, 2H, CH2), 5.50 (s, 2H, CHa), 2.44 (s, 3H, CHs).23C NMR (75 MHz, DMSO-ds) & 160.93,
158.39, 152.88, 146.60, 143.63, 138.64, 133.38, 132.52, 128.05, 127.89, 127.47, 126.98, 123.72,
123.54, 123.40, 121.96, 118.13, 117.97, 114.79, 113.57, 53.34, 37.98, 18.68, some peaks are
overlapping. LC-MS (ESI) m/z 575.06 [M+H]*; HRMS (ESI) calculated for C27H20BrCINeO2 [M+H]*
575.0592, found 575.0580.



6-Bromo-1-((1-(3-(5-bromo-1H-benzo[d]imidazol-2-yl)-4-hydroxybenzyl)-1H-1,2,3-triazol-4-
yl)methyl)-4-methylquinolin-2(1H)-one (7g)

Yield 60%, white solid, Rf: 0.2 (CH2Cl2/CH3sOH: 9.85/0.15), Mp (°C) 250-252, UV (CH2Cl2/CH30OH:
1/1) Amax = 221, 278, 324 nm, *H NMR (300 MHz, DMSO-ds) & 13.20 (s, 1H, OH), 12.67 (s, 1H,
NH), 8.06 (d, J = 1.8 Hz, 1H, Ar-H), 8.00 (s, 1H, Ar-H), 7.92 — 7.76 (m, 2H, Ar-H), 7.68 (dd, J = 9.0,
2.0 Hz, 1H,Ar-H), 7.62 (s, 1H, triazole-CH), 7.59 (s, 1H,Ar-H), 7.42 — 7.30 (m, 2H,Ar-H), 7.01 (d, J
= 8.4 Hz, 1H,Ar-H), 6.57 (s, 1H,—~C=CH), 5.49 (s, 2H, CH2), 5.44 (s, 2H, CH?2), 2.38 (s, 3H, CH3). *C
NMR (75 MHz, DMSO-ds) 6 160.90, 158.33, 152.68, 146.66, 143.60, 138.63, 133.43, 132.59, 128.10,
127.55,127.06, 126.18, 123.73, 123.39, 121.96, 118.12, 118.03, 115.48, 114.77, 113.54, 53.28, 37.95,
18.74, some peaks are overlapping. LC-MS (ESI) m/z 619.01 [M+H]"; HRMS (ESI) calculated for
C27H20Br2NeO2 [M+H]*619.0087, found 619.0079.

1-((1-(3-(1H-benzo[d]imidazol-2-yl)-4-hydroxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-6-fluoro-4-
methylquinolin-2(1H)-one (7h)

Yield 76%, white solid, Rf: 0.19 (CH:Cl/CH:OH: 9.85/0.15), Mp (°C) 276-278, UV
(CH2Cl2/CH30H: 1/1) Amax = 218, 333 nm, 'H NMR (300 MHz, DMSO-ds) 5 13.20 (s, 2H, OH+NH),
8.07 (s, 1H, Ar-H), 8.02 (s, 1H, Ar-H), 7.71 (dd, J = 9.3, 4.6 Hz, 2H, Ar-H), 7.61 (brs, 1H, Ar-H), 7.53
(dd, J = 9.7, 2.8 Hz, 1H, Ar-H), 7.44 (td, J = 8.6, 2.8 Hz, 1H, Ar-H), 7.35 (d, J = 8.5 Hz, 1H, Ar-H),
7.27 (d, = 4.6 Hz, 2H,Ar-H), 7.01 (d, J = 8.4 Hz, 1H,Ar-H), 6.60 (s, 1H,~C=CH), 5.50 (s, 2H, CH2),
5.47 (s, 2H, CH2), 2.37 (s, 3H, CH3).13C NMR (75 MHz, DMSO-ds) & 160.85, 159.31, 157.73 (d, Jo-r
= 239.2 Hz), 151.61, 147.14 (d, Jo-r = 3.1 Hz), 143.71, 141.33, 135.88, 133.80, 132.45, 127.20, 127.02,
123.85, 123.03, 122.55 (d, Jc.r = 8.2 Hz), 121.84, 118.60 (d, Jo-r = 23.7 Hz), 118.07, 117.77 (d, Jor =
8.3 Hz), 113.38, 112.24, 111.45 (d, Jo-r = 23.1 Hz), 53.15, 37.85, 19.04. LC-MS (ESI) m/z 481.18
[M+H]*; HRMS (ESI) calculated for Co7H21FNsO2 [M+H]* 481.1783, found 481.1782.

6-Fluoro-1-((1-(4-hydroxy-3-(5-methyl-1H-benzo[d]imidazol-2-yl)benzyl)-1H-1,2,3-triazol-4-
yl)methyl)-4-methylquinolin-2(1H)-one (71)

Yield 75%, white solid, Rf: 0.21 (CH:Cl/ICH:OH: 9.85/0.15), Mp (°C) 240-242, UV
(CH2Cl2/CH3OH: 1/1) Amax = 226, 276, 324 nm,*H NMR (300 MHz, DMSO-ds) 5 13.24 (s, 1H, OH),
13.11 (s, 1H, NH), 8.05 (s, 1H, Ar-H), 8.02 (s, 1H, Ar-H), 7.72 (dd, J = 9.2, 4.6 Hz, 1H, Ar-H), 7.56
(dd, J = 9.7, 2.5 Hz, 2H, Ar-H), 7.45 (m, 2H, Ar-H), 7.39 — 7.30 (m, 1H, Ar-H), 7.09 (d, J = 6.3 Hz,
1H, Ar-H), 7.00 (d, J = 8.5 Hz, 1H, Ar-H), 6.62 (s, 1H, ~C=CH), 5.50 (s, 2H, CH2), 5.48 (s, 2H, CH2),
2.44 (s, 3H, CHa), 2.39 (s, 3H, CH3).1*C NMR (75 MHz, DMSO-ds) & 160.96, 158.55, 157.88 (d, Jc-r
= 239.6 Hz), 151.49, 146.80 (d, Jcr = 3.1 Hz), 143.79, 136.24 (d, Je = 1.5 Hz), 132.97, 132.02,



126.97, 126.72, 124.88, 123.67, 122.76 (d, Jcr = 8.1 Hz), 122.03, 118.34 (d, Jcr = 23.7 Hz), 118.01,
117.72 (d, Jcr = 8.2 Hz), 113.74, 111.22 (d, Jc-F = 23.3 Hz), 53.42, 38.11, 21.68, 18.74, some peaks
are overlapping. LC-MS (ESI) m/z 495.19 [M+H]*; HRMS (ESI) calculated for C2sH23FNsO2 [M+H]*
495.1939, found 495.1944.

1-((2-(3-(5,6-Dimethyl-1H-benzo[d]imidazol-2-yl)-4-hydroxybenzyl)-1H-1,2,3-triazol-4-
yl)methyl)-6-fluoro-4-methylquinolin-2(1H)-one (7))

Yield 78%, off white solid, Rf: 0.11 (CH:Cl2/CH3OH: 9.85/0.15), Mp (°C) 288-290, UV
(CH2Cl2/CH30H: 1/1) Amax = 220, 276, 326 nm, *H NMR (300 MHz, DMSO-ds) & 8.00 (d, J = 2.1
Hz, 1H, Ar-H), 7.88 (s, 1H, Ar-H), 7.73 (dd, J = 9.3, 4.7 Hz, 1H, Ar-H), 7.50 (dd, J = 9.7, 2.9 Hz, 1H,
Ar-H), 7.43 — 7.34 (m, 3H, Ar-H), 7.28 (dd, J = 8.5, 2.1 Hz, 1H, Ar-H), 6.97 (d, J = 8.4 Hz, 1H, Ar-
H), 6.58 (s, 1H, -C=CH), 5.49 (s, 2H, CHz2), 5.49 (s, 2H, CH>), 2.40 (s, 3H, CH3), 2.36 (s, 6H, 2xCH3).
13C NMR (75 MHz, DMSO-ds) § 160.96, 158.54, 157.88 (d, Jc-r = 239.6 Hz), 150.99, 146.79 (d, Jc-r
= 3.1 Hz), 143.78, 136.24, 132.05, 131.84, 126.83, 126.62, 123.66, 122.76 (d, Jc-r = 8.0 Hz), 122.03,
118.34 (d, Jcr = 23.8 Hz), 117.97, 117.72 (d, Jc-r = 8.2 HZz), 113.82, 111.22 (d, Jc-r = 23.2 Hz), 53.44,
38.11, 20.23, 18.74, some peaks are overlapping. LC-MS (ESI) m/z 509.21 [M+H]"; HRMS (ESI)
calculated for C29H25FN6O2 [M+H]* 509.2096, found 509.2091.

6-Fluoro-1-((1-(3-(5-fluoro-1H-benzo[d]imidazol-2-yl)-4-hydroxybenzyl)-1H-1,2,3-triazol-4-
yl)methyl)-4-methylquinolin-2(1H)-one (7k)

Yield 69%, white solid, Rf: 0.23 (CH2CI2/CH3OH: 9.85/0.15), Mp (°C) 259-261, UV
(CH2Cl2/CH30H: 1/1) Amax = 218, 275, 322 nm, *H NMR (300 MHz, DMSO-ds) § 13.26 (s, 1H, OH),
12.85 (s, 1H, NH), 8.11 (d, J = 2.1 Hz, 1H, Ar-H), 8.06 (s, 1H, Ar-H), 7.75 (dd, J = 9.3, 4.7 Hz, 1H,
Ar-H), 7.68 (s, 1H,Ar-H), 7.59 (dd, J = 9.7, 2.9 Hz, 1H, Ar-H), 7.55 — 7.43 (m, 2H, Ar-H), 7.39 (dd, J
=8.5,2.1 Hz, 1H, Ar-H), 7.16 (t, J = 8.6 Hz, 1H, Ar-H), 7.06 (d, J = 8.5 Hz, 1H, Ar-H), 6.65 (s, 1H, —
C=CH), 5.54 (s, 2H, CH2), 5.51 (s, 2H, CH>), 2.42 (s, 3H, CH3).*C NMR (75 MHz, DMSO-ds) §
160.23, 157.45, 157.12 (d, J = 239.2 Hz), 152.01, 146.54 (d, J = 3.1 Hz), 143.09, 135.28, 131.95,
126.82, 126.54, 123.25, 121.94 (d, J = 8.2 Hz), 1201.23, 118.00 (d, J = 23.7 Hz), 117.45, 117.16 (d, J
= 8.4 Hz), 112.89, 110.85 (d, J = 23.0 Hz), 52.48, 37.24, 18.43, some peaks are overlapping. LC-MS
(ESI) m/z 499.17 [M+H]*; HRMS (ESI) calculated for C27H20F2NsO2 [M+H]" 499.1715, found
499.1696.

6-Fluoro-1-((1-(4-hydroxy-3-(5-(trifluoromethyl)-1H-benzo[d]imidazol-2-yl)benzyl)-1H-1,2,3-
triazol-4-yl)methyl)-4-methylquinolin-2(1H)-one (71)



Yield 74%, white solid, Rf: 0.23 (CH2Cl2/CHsOH: 9.85/0.15), Mp (°C) 268-270, UV
(CH2Cl2/CH3OH: 1/1) Amax = 221, 293, 331 nm, *H NMR (300 MHz, DMSO-ds) 5 13.40 (s, 1H, OH),
8.13 (s, 1H,Ar-H), 8.04 (s, 1H, Ar-H), 7.82 (s, 1H, Ar-H), 7.71 (dd, J = 9.3, 4.7 Hz, 1H, Ar-H), 7.61 —
7.49 (m, 2H, Ar-H), 7.49 — 7.36 (m, 2H, Ar-H), 7.05 (d, J = 8.5 Hz, 2H, Ar-H), 6.60 (s, 1H, —-C=CH),
5.52 (s, 2H, CHz), 5.47 (s, 2H, CHz), 2.38 (s, 3H, CH3).13C NMR (75 MHz, DMSO-ds) & 160.96,
158.49, 157.88 (d, Jcr = 239.7 Hz), 154.08, 146.72 (d, Jc-r = 3.1 Hz), 143.83, 136.25 (d, Jcr = 1.4
Hz), 132.83, 130.91, 127.83, 127.31, 127.12, 124.27 (q, Jcr = 31.8 Hz), 123.73 (s, Jc-r = 6.4 Hz),
122.76 (d, Jo-r = 8.1 Hz), 122.03, 120.11, 119.85 (q, Jc-r = 3.6 Hz), 118.28 (d, Jc.r = 23.8 Hz), 118.22,
117.67 (d, Jc-r = 8.2 Hz), 113.57, 111.16 (d, Jcr = 23.2 Hz), 53.32, 38.13, 18.67, some peaks are
overlapping. LC-MS (ESI) m/z 549.17 [M+H]"; HRMS (ESI) calculated for C2sH20FsNeO2 [M+H]*
549.1657, found 549.1661.

1-((1-(3-(5-Chloro-1H-benzo[d]imidazol-2-yl)-4-hydroxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-
6-fluoro-4-methylquinolin-2(1H)-one (7m)

Yield 83%, white solid, Rf: 0.2 (CH2Cl2/CH3OH: 9.85/0.15), Mp (°C) 245-247, UV (CH2Cl2/CH3OH:
1/1) Amax = 224, 275, 323 nm, *H NMR (300 MHz, DMSO-ds) & 13.28 (s, 1H, OH), 12.74 (s, 1H,
NH), 8.13 (s, 1H, Ar-H), 8.07 (s, 1H, Ar-H), 7.85 — 7.71 (m, 2H, Ar-H), 7.67 (s, 1H, Ar-H), 7.59 (d, J
= 9.7 Hz, 1H, Ar-H), 7.51 (m, 1H, Ar-H), 7.41 (d, J = 8.4 Hz, 1H, Ar-H), 7.37 — 7.27 (m, 1H, Ar-H),
7.07 (d, J = 8.4 Hz, 1H, Ar-H), 6.66 (s, 1H, —-C=CH), 5.55 (s, 2H, CH2), 5.52 (s, 2H, CH2), 2.43 (s,
3H, CH3).13C NMR (75 MHz, DMSO-ds) § 160.22, 157.46, 157.11 (d, Jc-r = 239.2 Hz), 152.10, 146.52
(d, Jer = 3.1 Hz), 143.07, 135.26, 132.11, 127.07, 126.59, 123.23, 122.61, 121.93 (d, Jcr = 8.2 Hz),
121.22,119.28, 117.99 (d, Jc-F = 23.7 Hz), 117.46, 117.14 (d, Jcr = 8.1 Hz), 112.85, 111.38, 110.83
(d, JeFr = 23.2 Hz), 52.45, 37.23, 18.42, some peaks are overlapping. LC-MS (ESI) m/z 515.14
[M+H]*; HRMS (ESI) calculated for C27H20CIFNsO2 [M+H]*515.1420, found 515.1400.

1-((1-(3-(5-Bromo-1H-benzo[d]imidazol-2-yl)-4-hydroxybenzyl)-1H-1,2,3-triazol-4-yl)methyl)-
6-fluoro-4-methylquinolin-2(1H)-one (7n)

Yield 59%, white solid, Rf: 0.2 (CH:Cl/CHsOH: 9.85/0.15), Mp (°C) 277-279, UV
(CH2CI2/CHaOH: 1/1) Amax = 224, 275, 323 nm, *H NMR (300 MHz, DMSO-ds) & 13.20 (s, 1H, OH),
12.71 (s, 1H, NH), 8.08 (s, 1H, Ar-H), 8.02 (s, 1H, Ar-H), 7.83 (s, 1H, Ar-H), 7.71 (dd, J = 9.0, 4.5
Hz, 1H), 7.64 — 7.48 (m, 2H, Ar-H), 7.49 — 7.41 (m, 1H, Ar-H), 7.40 — 7.30 (m, 2H, Ar-H), 7.02 (d, J
= 7.8 Hz, 1H, Ar-H), 6.60 (s, 1H, -C=CH), 5.50 (s, 2H, CH2), 5.47 (s, 2H, CH2), 2.38 (s, 3H, CHa).
13C NMR (75 MHz, DMSO-ds) & 160.22, 157.47, 157.11 (d, Jcr = 239.2 Hz), 151.84, 146.52 (d, Jc-r
= 3.0 Hz), 143.07, 135.26, 132.13, 127.10, 126.60, 125.62, 123.24, 121.93 (d, Jc-r = 8.2 Hz), 121.22,



117.98 (d, Jc-F = 23.8 Hz), 117.46, 117.14 (d, Jc-r = 8.3 Hz), 112.83, 110.83 (d, JcF = 23.0 Hz), 52.45,
37.23, 18.42, some peaks are overlapping. LC-MS (ESI) m/z 561.09 [M+H]*; HRMS (ESI) calculated
for C27H20BrFNsO2 [M+H]* 559.0888, found 559.0877.

2.2. Single crystal X-ray diffraction

Suitable crystals of compounds 6b and 7a were grown by slow evaporation from their
dichloromethane/methanol and dichloromethane/DMSO  solutions, respectively, at ambient
temperature. Crystal evaluation and data collection for these compounds were performed at 173 K on
a Bruker Venture diffractometer with a Mo-Ka microsource and equipped with a Photon-11 detector.
The APEX3 program was used for data collection and SAINT, XPREP and SADABS for the
integration of the data using default parameters, for the empirical absorption correction using spherical
harmonics employing symmetry-equivalent and redundant data, and the correction for Lorentz and
polarization effects [37]. The frames were integrated with the Bruker SAINT software package using
a narrow-frame algorithm. The two crystal structures were solved using the ab initio iterative charge
flipping method with parameters described elsewhere [38] using the Superflip program [39]. The
structural models were refined against |F|> using full-matrix non-linear least-squares procedures as
implemented in CRYSTALS [40] on all independent reflections with 1>-3c(l). The hydrogen atoms

were refined with riding constraints in all structures [41].
2.3. Biology

Antibacterial testing of all compounds (6a,b and 7a-c) was carried out against Staphylococcus aureus
(CIP 53154) and Escherichia coli (CIP 54127) by the micro-broth dilution method in 96-well plates
according to the Clinical and Laboratory Standards Institute (CLSI) guidelines MO7-A10 for bacteria
[42]. Each bacterial suspension was prepared from a colony of each strain culture in sterile
physiological water (NaCl solution at 0.9%), and then adjusted to 108 CFU/mL at 620 nm equivalent
to 0.5 McFarland. Test compounds were dissolved in chloroform/DMSO (1:1) which was used as a
negative control, while ampicillin was used as a positive control. Plates were incubated at 37 °C for
24 h. The lowest concentration that prevents visible growth of the bacterial strains was regarded as
minimum inhibitory concentrations (MIC). The minimum bactericidal concentration (MBC) was
recorded as the lowest concentration that kills at least 99.99% of bacteria. All experiments were

performed in duplicate.
2.4. Computational details

The quantum chemical calculations were performed by means of the Gaussian 09Wprogram [43,44]

package with the Density Functional Theory (DFT) using the hybrid functional B3LYP functional



[45,46] and the basis set 6-31+G (d,p). Geometric optimizations were performed in the gas phase and
all structures have no imaginary frequencies; this state means that they are being at global minima on
the total potential energy surface (PES). The chemical reactivity parameters, namely, energy gap (EQ),
ionization energy (I), electron affinity (A), chemical potential (u), global hardness (n),
electronegativity () and electrophilicity index (w) were calculated based on the Koopmans’ theorem

[47] via the following equations (1) - (7) :

Eg = ELumo — Ernomo (@8]
I=-ELumo (2
A =— Enomo 3
u = (ELumo + EHomo)/ 2 (4)
N = (ELumo — Enomo)/ 2 (5)
L= "h (6)
® = P¥2n @)

2.5. Molecular docking

The crystal structure of DNA gyrase A co-crystallized with ciprofloxacin (PDB ID: 2XCT) and DNA
gyrase B co-crystallized with 4-methyl-5-[3-(methylsulfanyl)-1H-pyrazol-5-yl]-2-thiophen-2-yl-1,3-
thiazole (PDB ID: 3G75) of S. aureus were retrieved from protein data bank (PDB) (Source:
www.rcsh.org/pdb/). The proteins were prepared by deleting water molecules and native ligands. Then
they were saved in PDBQT format after adding Kollman and Gastieger charges and polar hydrogens
using AutoDockTools-1.5.7 software. The structures of the studied compounds were drawn using
ChemDraw Ultra 12.0, energy minimized in Chem3D Ultra software using MM2 force field and saved
in PDBQT format for input into docking. AutoDock Vina was used to execute the docking calculations
[48]. The active site of 2XCT protein defined by a grid box size of 20 x 20 x 20 A centered at (x, y, z)
of (-12.8, 34.8, 65.8) A was used for docking. As regards 3G75 protein, the grid box was generated at
the binding pocket with a grid box size of 20 x 20 x 20 A centered at (x, y, z) of (48.3, -4.3, 16.1) A.

The resulting docking conformations were analyzed with the Discovery Studio Visualizer v21.1.


http://www.rcsb.org/pdb/

3. Results and discussion
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Scheme 2. Synthesis of novel hybrid compounds based on quinolin-2-one.



3.1. Chemistry

Initially, the starting materials 6-bromo-4-methylquinolin-2(1H)-one l1a and 6-fluoro-4-
methylquinolin-2(1H)-one 1b were synthesized in a two-step sequence from ethyl acetoacetate and
halogen-substituted aniline using Knorr reaction conditions according to the literature [49,50]. Next,
compounds 1a,b were reacted with propargyl bromide in the presence of K2COsto give a mixture of
N- and O-alkylated products. N-propargylated quinolones 2a,b were the major products (60-66%),
while their O-regioisomers 3a,b were formed in poor yields (17-19%) (Scheme 1).The precursor 4 was
synthesized from salicylaldehyde following an already described method [35]. Then it converts in to
the azido derivative 5 by reacting it with sodium azide (Scheme 1). This was followed by a Cu(l)-
catalyzed azide-alkyne 1,3-dipolar cycloaddition (CUAAC) of the azide salicylaldehyde 5 with N-
propargylated quinolones. The reactions were carried out in DMF in the presence of EtsN and
copper(l)-iodide leading to new 1,4-disubstituted 1,2,3-triazole-derived quinolones 6a,b in high yields
(80-93%) (Scheme 2). Finally, the condensation of the carbonyl group of the triazole derivatives 6a,b
with a variety of phenylenediamines afforded the corresponding benzimidazole hybrids 7a-n in fair to
good yields. The reaction took place in absolute ethanol/water at a temperature of 40°C with sodium
bisulfite (NaHSO3) as oxidant agent according to a reported method with some modification [36]
(Scheme 2). NaHSOs was used as a catalyst to promote the oxidative cyclodehydrogenation of Schiff
bases intermediates generated from the condensation reaction [51]. The choice of NaHSOswas due to
its low-cost, chemoselectivity and low environmental impact. The results obtained were grouped in
Table 1. The structures of all products were elucidated by LC-MS, HRMS and NMR spectroscopy.
The structures of compounds 6b and 7a were additionally confirmed by single-crystal X-ray diffraction

analysis.
3.2. Spectral analysis

The formation of 1,2,3-triazole-derived quinolones 6a,b was confirmed by the NMR data. For
instance, the *H NMR spectrum of compound 6a showed a singlet at § 7.53 ppm, which was assigned
to -CH of triazole ring. The proton of aldehyde group -CHO appeared as singlet at 6 9.76 ppm, while
the salicyl OH proton resonated at 6 10.96 ppm. In the *3C NMR spectrum of compound 6a, the signals
of the carbon atoms of the 1,2,3-triazole moiety were observed at ¢ 125.92 and ¢ 144.05 ppm. Both
methylene carbons -CH:z exhibited peaks at ¢ 38.06 and ¢ 53.18 ppm. The conversion of compounds
6a,b into benzimidazole derivatives 7a,n was confirmed by the absence of the signal due to the
proton of the formyl group in the *H NMR spectrum and, in the 1*C NMR spectrum, by the appearance
of a signal due to the carbon atom attached to NH of the imidazole unit between ¢ 150.63 - 154.08
ppm. The peaks corresponding to OH (phenol) and NH (imidazole) protons were located in the



downfield region between ¢ 12,55 and ¢ 13,4 ppm, implying their involvement in the formation of
hydrogen bonds, which was also evidenced by the density functional theory (DFT) calculations and
X-ray diffraction analysis. This finding agreed with another report [52]. Worthy to note is that for some
benzimidazole derivatives, NH and OH protons could merge together or they could undergo rapid
proton exchange with the deuterated solvent, leading to the decrease or disappearance of the

corresponding signals from the *H NMR spectra.

Mass analysis also supported the successful synthesis of the target molecules. The LC-MS and HRMS
spectra of compound 6a, as an example, revealed two molecular ion peaks at m/z 453 [M+H]* and m/z
455 [M+H+2]* due to the characteristic isotope pattern of bromine. The accurate mass of [M+H]" ion
was m/z 453.0553, which was in complete accord with the calculated value for C21H17"°BrN4Osa:
453.0557.

Table 1
Results of hybrid compounds 6a,b and 7a-n.

Entry Product R! R? R® Yield® (%)
1 6a Br - - 80
2 6b F - - 93
3 7a Br H H 46
4 7b Br CHs H 56
5 7c Br CH; CHs 56
6 7d Br F H 53
7 Te Br CFs H 66
8 7f Br Cl H 70
9 79 Br Br H 60
10 7h F H H 76
11 7i F CHs H 75
12 7j F CHa CHs 77
13 7k F F H 69
14 71 F CF; H 74
15 m F Cl H 73
16 n F Br H 59

el jsolated yield
3.3. X-ray crystal structures description

The ORTEP-style drawings of 6b and 7a derivatives are illustrated in Fig. 2. Crystal data, data
collection and structure refinement details are summarized in Table 2. A full check of the

intramolecular geometry of the two compounds was performed using the MOGUL software [53,54]



against the data within the 5.43 version of the Cambridge Structural Database [55]: no unusual features
were found in bond length, valence and torsion angles and ring geometries. Full crystallographic
information can be obtained from the Cambridge Crystallographic Data Centre with the deposition
numbers 2224015 (6b) and 2224016 (7a).

6b Ta

Fig. 2. ORTEP style drawings of the molecular structures of 6b and 7a based on the results from the
X-ray diffraction analyses. The anisotropic atomic displacement ellipsoids have been drawn at the 50%

probability level.

No classical intermolecular hydrogen bonds are present in the three-dimensional crystal structure of
6b; however, there is an intramolecular hydrogen bond between the hydroxyl group and the
carboxaldehyde group of the 2-hydroxybenzaldehyde scaffold. Molecules line up in linear chains along
the c-b direction connected by relatively short n-n contacts (3.76 A distance between centroids of
adjacent fluorophenyl rings). These molecular chains line up in the c+b and a directions via other Van
der Waals interactions, such as alkyl-r and anion-r interactions. A hydrogen-bond propensity analysis
[56,57] of 6b shows that the observed potential hydrogen-bond pattern with one donor and 5 acceptors,
viz. no intermolecular hydrogen bonds, is exactly what is expected from a statistical comparison with
structures with analogous donor and acceptor groups. In other words, if another polymorphic structure

exists, it is likely to be less stable than the current structure.

Two hydrogen-bond interactions are present in the structure of 7a: an intramolecular interaction
between the phenolic hydrogen and the nitrogen atom of the benzimidazole ring, and an intermolecular
one between the carbonyl oxygen of the quinolone scaffold of one moiety and the amino hydrogen of

the benzimidazole unit of a neighboring moiety. The intermolecular hydrogen-bond contacts are



arranged in C1%(14) infinite chains along the crystallographic a-axis. Parallel molecular chains are
connected to each other by different x type interactions, such as n-n and alkyl-n interactions, which
are also found when this molecule interacts in the binding pockets of DNA gyrase A and DNA gyrase
B of S. aureus with amino acid residues (see molecular docking study). A similar hydrogen-bond
propensity analysis as for 6b was performed, with for 7a two possible donor groups and 6 possible
acceptor groups, including Br. The observed hydrogen-bonding pattern is exactly what can be expected
from the log it hydrogen-bonding propensity model derived from 1839 structures with analogous donor
and acceptor sites, which leads to the conclusion that also this structure is the most stable polymorph
for this compound.

Table 2

The crystal data and parameters for structure refinement of 6b and 7a.

Structure 6b 7a
Formula C21H17FN4O3 C27H21BrNsO;
Moiety C21H17FN4Os3 C27H21BrNsO;
M:; (g.mol™) 392.39 541.40
Temperature (K) 173 173
Crystal system triclinic triclinic
Space group P-1 P-1

a (A) 7.1544(12) 10.0981(4)
b (A) 8.9067(14) 10.4977(5)
c(A) 14.556(3) 12.5715(5)
a (%) 104.963(6) 80.962(2)
B () 90.363(6) 68.887(2)
7 (°) 98.997(6) 69.701(2)
V (A% 884.0(3) 1165.21(9)
Z 2 2

P (g.cm™) 1.474 1.543
u(mm™) 0.108 1.803
Rint 0.068 0.093
Ormax (°) 36.387 29.651
Resolution (A) 0.60 0.73
Niot (Measured) 67037 59705
Nrer (Unique) 8574 6574
Neer (1 > 26 (1)) 6241 4500
Nrer (least-squares) 8572 6573
Nipar 266 333
<o(I)/1> 0.0455 0.0496



Ry (1> 20(1)) 0.0508 0.0393

WR; (1>26(1)) 0.1339 0.0904
R, (all) 0.0709 0.0692
WR; (all) 0.1506 0.1506
GOF 0.9995 0.9653

Ap (min/max) (e A7) -0.37/0.65 -0.76/0.69
crystal size mm?® 0.05x0.23x0.25 0.05x0.11x0.12

3.4. Biology

The in vitro activity of the newly synthesized compounds (6a,b and 7a-n) was evaluated against Gram-
negative bacterium strain Escherichia coli (CIP 53154) and Gram-positive bacterium strain
Staphylococcus aureus (CIP 54127) and expressed as MIC and MBC values, which are summarized
in Table 3. Ampicillin was selected as a standard antibiotic. In general, the tested molecules displayed
moderate to high antibacterial activity. The triazole derivatives 6a and 6b exhibited modest levels of
inhibitory activity. However, it was observed that the replacement of the bromine atom in position-6
of the quinolone moiety (compound 6a) by the fluorine atom (compound 6b) improved the activity
against S. aureus by reducing the MIC and the MBC values from 11.03 to 3.19 pmol/mL. In addition,
the fluoro derivative 6b completely killed E. coli at MBC of 6.37 umol/mL, while a concentration of
11.03 pmol/mL was required by the bromo derivative 6a to completely kill the same bacterium. In
case of compounds 7a-n, the type of the substituent on the benzimidazole nucleus was found to have
a significant effect on the biological activity. For hybrids containing 6-bromoquinolin-2-one core,
compounds 7a, 7c and 7f showed the highest activity. Compound 7a having an unsubstituted
benzimidazole ring and its dimethyl substituted analogue 7c exerted remarkable selectivity toward E.
coli. They had an MIC value of 0.14 umol/mL, which was 1.85 times lower than that of the reference
drug. Meanwhile, the MBCs of 7a and 7c were 0.29 pmol/mL and 0.27 pmol/mL, respectively, while
the MBC of ampicillin was 0.53 umol/mL. The chloro-modified derivative 7f demonstrated excellent
anti-staphylococcal activity with MIC and MBC values as low as 0.07 pmol/mL, which was 3.86-fold
more potent than the control drug ampicillin. Furthermore, compound 7f could effectively inhibit the
growth of E. coli strain with an MIC of 0.14 umol/mL. Noticeably, in the series of fluoroquinolin-2-
one derivatives 7h-n, the trifluoromethyl-bearing molecule 71 gave the best antibacterial efficiencies
with MIC and MBC values of 0.14 umol/mL towards the two studied bacteria strains. The remaining
compounds had weak to moderate inhibitory activity with MIC levels ranging from 0.32 to 10.11
pmol/mL for S. aureus, and 0.31 to 4.85 umol/mL for E. coli, while the corresponding MBCs lay
between 0.56 and 10.11 umol/mL for S. aureus, and 0.31 and 9.71 pumol/mL for E. coli.



Considering the above, it can be concluded that the introduction of the benzimidazole scaffold
generally increased the antibacterial activity. All the synthesized benzimidazole derivatives exhibited
better efficacy than the corresponding 1,2,3-triazole hybrids, except for 7i and 7n, which had higher
MICs against S. aureus in comparison to the parent 6b (Fig. 3). The MBC/MIC ratios were calculated
to determine whether the activity of the investigated 2-quinolone hybrids was bacteriostatic
(MBC/MIC ratio > 4) or bactericidal (MBC/MIC ratio < 4) [58]. Interestingly, the MBC/MIC ratios

were < 2, indicating the bactericidal effect of the tested compounds.

Table 3
Minimum inhibitory concentration (MIC in pmol/mL) and minimum bactericidal concentration (MBC

in umol/mL) of compounds 6a,b, 7a-n and standard drug ampicillin.

S. aureus (CIP 54127) E. coli (CIP 53154)
Compound
MIC MBC MBC/MIC MIC MBC MBC/MIC
6a 11.03 11.03 1 5.52 11.03 2
6b 3.19 3.19 1 6.37 6.37 1
7a 1.15 2.31 2 0.14 0.29 2
7b 0.56 0.56 1 4.5 4.5 1
7c 4.39 8.78 2 0.14 0.27 2
7d 2.23 2.23 1 0.56 0.56 1
Te 1.03 2.05 2 1.03 1.03 1
7f 0.07 0.07 1 0.14 0.14 1
79 8.06 8.06 1 4.03 4.03 1
7h 0.32 0.65 2 0.32 0.65 2
7i 10.11 10.11 1 2.53 2.53 1
7] 2.46 4.92 2 0.61 0.61 1
7K 0.63 0.63 1 0.31 0.31 1
7 0.14 0.14 1 0.14 0.14 1
m 2.43 4.85 2 4.75 9.71 2
n 4.47 4.47 1 4.47 4.47 1
Ampicillin 0.27 0.27 1 0.26 0.53 2
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Fig. 3. Comparison of MICs (umol/mL) of tested compounds (6a,b and 7a-n) and ampicillin (Amp).
3.5. Computational studies

In order to support the biological results of compounds 7a, 7c, 7f and 71, a computational study of their

structural and electronic properties was undertaken using B3LYP /6-31+G (d,p) method.
3.5.1. Molecular structure study

Aided by DFT calculations, it was found that compounds 7a, 7c, 7f and 71 can exist as multiple
conformational isomers. The first two lowest energy conformations of each compound were optimized
in the isolated state (gaseous state) (Fig. 4, 5). The total and relative energies are gathered in Table 4,
and the properties of the hydrogen bonds are reported in Table 5. The most stable conformation
(the global minimum energy conformation) is the one that promotes the formation of two
intramolecular hydrogen bonds of the type NH...O and OH...N. The first one is between the carbonyl
oxygen (Oaus) of the quinolone scaffold and the amino hydrogen (Has) of the benzimidazole ring, and
the second one is between the phenolic hydrogen (Has2) and the nitrogen atom (Na4s) of the
benzimidazole unit. This latter acts both as a donor and an acceptor making the molecule adopt a closed
conformation (A) stabilized by the internal hydrogen bonds. The short calculated distances Has...O1s
(1.902-1.990 A) and Haz...Nas (1.702-1.716 A) demonstrated the strength of these bonds (Table 5).

Only the DFT optimized geometries of 7a can be compared with the experimental X-ray structure,
since only for this compound, single crystals of sufficient quality could be obtained for an X-ray
diffraction data collection. The experimental structure has an open conformation as DFT structure 7a
(B), i.e. there is only one internal hydrogen bond, viz. between the phenolic hydrogen and the

benzimidazole nitrogen atom. The root mean square difference (RMSD) between the experimental



molecular structure and the DFT structure 7a (B) is 2.2633 A, which can be considered as fairly large.
The main difference lies in the relative orientation of the triazole moiety with respect to that of
hydroxy-phenyl moiety, expressed as a nearly equal but opposite torsion angle difference through the
C-CH2-C segment joining the two moieties: 66.48° for the experimental structure 7a and -66.05° for
the DFT structure 7a (B), so that the triazole-quinolone moiety in 7a (B) is turned the same amount to
the right as it is turned to the left in the experimental structure with respect to a perpendicular plane
along the long axis of the benzimidazole unit. The RMSD between the experimental structure and the
DFT structure 7a (A) is larger with 3.4909 A, meaning that the closed conformation of 7a (A) is far

from the more open conformation of the experimental structure.

The energy difference between conformers (A) and (B) is relatively small, in the interval of 1.46 -
4.1 kcal/mol, implying that the open structure (B) which has no hydrogen bond is also favorable. The
open conformation is also more likely able to interact with a biological system through the formation
of intermolecular hydrogen bonds in addition to hydrophobic and aromatic interactions. For this

reason, conformers (B) were used in the ensuing calculations.

Fig. 4. DFT-optimized structures of conformers (A) of 7a, 7c, 7f and 71 in the gas phase.



Fig. 5. DFT-optimized structures of conformers (B) of 7a, 7c, 7f and 71 in the gas phase.
Table 4

Total (E (a.u.)) and relative (AE (kcal/mol)) energies at B3LYP/6-31+G (d,p) level of low-lying
isomers on the total PES of 7a, 7c, 7f and 71.

Compound E (a.u.) AE (kcal/mol)
7a (A) -4092.331993 172
7a (B) -4092.329257
7c (A) -4170.971425 146
7c (B) -4170.969105
7f (A) -4551.925809 250
7f (B) -4551.921823
71 (A) -1957.506032

4.10
71 (B) -1957.499505




Table 5

Intramolecular hydrogen bonds parameters for conformations (A) of 7a, 7c, 7f and 7I.

Compound D-H...A D-H(A) H..A(A) D-H..A(°
7a N45—H46 ... O18 1.019 1.977 158.407
O41—H42 ... N44 1.000 1.707 147.491
7c N45—H46 ... O18 1.018 1.990 158.409
O41—H42 ... N44 1.001 1.702 147.624
7f N45—H46 ... O18 1.019 1.962 158.083
O41—H42 ... N44 0.998 1.716 158.083
7l N45—H46 ... O18 1.024 1.902 164.525
O41—H42 ... N44 0.997 1.716 147.016

3.5.2. Frontier molecular orbital analysis

With the aim to get insight into the reactivity and the chemical stability of compounds 7a, 7c, 7f and
71, the frontier molecular orbital analysis was carried out using the orbitals of HOMO (Highest
Occupied Molecular Orbital) and LUMO (Lowest Unoccupied Molecular Orbital). The energies of
these orbitals were utilized to calculate the energy gap (Eg) and the reactivity parameters (ionization
energy (I), electron affinity (A), chemical potential (), global hardness (n), electronegativity () and
electrophilicity index (w)) with the help of equations (1) - (7) given in the experimental section. The
HOMO and LUMO of compounds 7a, 7c, 7f and 71 are displayed in Fig. 6, and the values of Eg, I, A,
1, x and o are listed in Table 6. The rearrangement of the atoms in the four molecules is the same
regardless of the nature of the substituents (F, Cl, Br and CH3). For hybrids 7a and 7c, the electron
density of the HOMO is mainly located on the benzimidazole moiety and the phenolic group, while
the LUMO is completely delocalized over on the quinolone ring. Contrastingly, for compounds 7f and
71, the HOMO concentrates mostly on the quinolone scaffold, while the LUMO appears in the
benzimidazole and the phenol rings. These results suggest that the intramolecular charge transfer
occurs from the benzimidazole-phenol moiety to the quinolone part in compounds 7a and 7c and the
opposite in compounds 7f and 71. On the other hand, the distribution of frontier orbitals may have
somehow contributed to the difference observed in the antibacterial activity between the four
compounds, especially against S. aureus. Nevertheless, additional studies of molecular interactions

would be required before concluding on this point.

As seen from Table 6, the energy gap (Eg) between the HOMO and LUMO orbitals is approximately

4.2 eV for compounds 7a, 7f and 7l and 3 eV for compound 7c. These values prove the good structural



stability of these molecules. Also, from the data of the global indexes, it is inferred overall that the
investigated compounds could donate electrons to positively charged amino acid residues and accept

free electrons when they interact with a biological environment.

71 (HOMO) 71 (LUMO)

Fig. 6. HOMO-LUMO of 7a, 7c, 7f, and 71 compounds at B3LYP/6-31+G(d,p) level.



Table 6
HOMO-LUMO energies (eV) and calculated global reactivity parameters of compounds 7a, 7c, 7f
and 71 at B3LYP/6-31+G(d,p) level in gas phase.

Compound E(He(iy)o E(e\y) (eE\% (e{/) (:\\/) ) @) (e)\(/) o)
Ta -6.2 -1.94 4.26 6.2 1.94 -4.08 211 4.07 3.89
7c -5.62 -2.48 3.14 5.62 2.48 -4.05 1.57 4.05 5.23
7f -6.29 -2.06 4.23 6.29 2.06 -4.18 2.12 4.18 4.12
71 -6.32 -2.17 4.16 6.32 2.16 -4.24 2.08 4.24 4.33

3.5.3. Molecular Electrostatic Maps
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Fig. 7. MEP diagrams of compounds 7a, 7c, 7f and 71 at B3LYP/6-31+G(d,p) level.

The molecular electrostatic potential (MEP) of the synthesized hybrids 7a, 7c, 7f and 71 was also
evaluated to predict the reactive sites that facilitate interaction within the receptor protein. Indeed, the
MEP gives information about the charge distribution of these molecules and their behavior towards
electrophilic and nucleophilic attacks. The MEP maps of the four compounds are shown in Fig. 7. The

red color refers to the highly negative charged region, whereas the blue region is positively charged.



The negative charge is mainly situated on the nitrogen atoms of the triazole ring along with the
carbonyl and the hydroxyl groups, which represent possible sites of electrophilic attack. Notably, the
strongest positive potential is at the hydrogen atom bonded to the nitrogen atom of the benzimidazole
ring. The remaining zones are also positively polarized and thereby constitute nucleophilic sites, which
may render the investigated molecules prone to generating intermolecular hydrogen bonds.

3.6. Molecular docking

As already mentioned in this paper, DNA gyrase is a potential therapeutic target for the identification
and development of antibacterial agents. It is composed of two subunits DNA gyrase A (GyrA) and
DNA gyrase B (GyrB). The Gyr A subunit is responsible for the breakage and reunion of the double
DNA strand, while the GyrB subunit contains the ATPase domain [59]. Quinolones [60] as well as
several benzimidazole [61] and 1,2,3-triazole [62] derivatives have been reported to inhibit DNA
gyrase. Therefore, compounds 7f and 71 having good inhibition potential against S. aureus were
subjected to molecular docking analysis in an attempt to explore their mode of action against GyrA

and GyrB of S. aureus.

First, the docking protocol was validated by re-docking the cognate ligands into the active site of the
corresponding protein. The re-docked and crystal conformations of the native ligands were well
aligned with RMSD less than 1 A, indicating the validity of the applied protocol (See Fig. S75 and
S76 in the supplementary data). The results of the binding affinity of the investigated molecules and
their interactions with amino acid residues of target proteins are detailed in Table 7. The best docked
poses of the ligands and their 2D interactions are presented in Fig. 8 and 9. The docking experiments
with the 2XCT protein (GyrA) revealed that hybrids 7f and 71 could fit into the binding pocket with
good docking scores of -11.3 and -11.5 kcal/mol, respectively, with reference to ampicillin (-7.2
kcal/mol). Remarkably, 7f made four hydrogen bonds with the following amino acid residues
ARG458, DG9 and DG8, whereas 7l formed seven hydrogen bonds with ARG1122, ARG458, DG9
and GLY1082. Concerning the 3G75 protein (GyrB), compounds 7f and 71 had energy scores of -8.7
and -8.2 kcal/mol, respectively, while ampicillin exhibited a docking score of -6.2 kcal/mol. At the
binding site of GyrB, 7f created three hydrogen bonds with GLU58 and ASN54. Likewise, 71
interacted via three hydrogen bonds to SER55, GLU58 and PRO87 amino acids of 3G75. The main
functional groups involved in hydrogen bonding interactions were the oxygen atom of the carbonyl
group of the quinolone moiety and the nitrogen atoms of the triazole scaffold. The NH of the imidazole
unit and the OH of the phenolic ring acted as hydrogen bond donors. Meanwhile, the chlorine atom
in 7f and the fluorine atoms in 71 served as hydrogen bond acceptors. Other types of contacts (i.e. Pi-
anion, Pi-sigma, Pi-Pi stacked, Pi-alkyl, alkyl-alkyl and halogen (fluorine)) with different amino acid



residues were also observed in both proteins. These findings are in correlation with the DFT

predictions.

All in all, compounds 7f and 71 had better docking scores and formed more interactions (hydrogen
bonds and hydrophobic interactions) than the standard ampicillin, which was in line with the in vitro
experiments. More also, it was noticed that the docked compounds have more affinity for GyrA than
for GyrB and thus they probably show their antibacterial activity against S. aureus by inhibiting DNA
gyrase A. Lastly, it is worth mentioning that the docking study highlighted the important role of each
pharmacophore of hybrids 7f and 71 in the binding mechanism.

Table 7

Docking scores (in kcal/mol) and interactions of ampicillin and compounds 7f and 71 with amino acid

residues of target proteins in S. aureus

Docking score

Compound H-bonds interactions Residual interactions
(kcal/mol)
GyrA (PDB: 2xct)
DG8, DC12
- [a] ’ 1
7f 11.3 ARG458 (2)¥, DGY9, DG8 DC13. DG9, ARG458
21 415 ARG1122, ARG458 (3)®, DG9, = ARG1122, DG8 (5)P!, DC12,
' GLY1082 (2) @ DC13, DG9 (5) "1, ARG458
Ampicillin -7.2 DG9, DC13, DT10 (2) @ DC13, DG9 (2) I
GyrB (PDB: 3g75)
ASP57, GLU58
- [a] ’ )
7f 8.7 GLU58, ASN54 (2) ILES6 (3)1), ILE102 (2) 1
ASP81 (2) Pl GLUS5S,
71 -8.2 SER55, GLU58, PRO87 ILE102 (3) ), ILES6 (3) !
Ampicillin -6.2 ILE102 VAL131

[l Number of hydrogen bonds
[l Number of interactions made with binding site residues



Fig. 8. Conformations of docked molecules 7f (lavender rose), 71 (drover) and ampicillin (yellow)
along with co-crystallized ligands: a) ciprofloxacin (Persian green) in S. aureus DNA gyrase A and b)
4-methyl-5-[3-(methylsulfanyl)-1H-pyrazol-5-yl]-2-thiophen-2-yl-1,3-thiazole (rust) in S. aureus
DNA gyrase B.
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Fig. 9. 2D and 3D representations of binding interactions of docked compounds within active sites

of the proteins: a) 7f-GyrA, b) 7I1-GyrA, c) 7f-GyrB and d) 71-GyrB.




4. Conclusion

In summary, a series of novel compounds containing 2-quinolone, 1,2,3-triazole and benzimidazole
moieties in one scaffold were successfully synthesized and characterized by spectral analysis. The
structures of compounds 6b and 7a were additionally verified by single crystal X-ray diffraction.
Antibacterial screening showed that compounds 7a, 7c, 7f and 71 exhibited similar MIC values against
E. coli and are nearly twice as potent as the reference drug ampicillin. In case of S. aureus,
compounds 7f and 71 displayed appreciable inhibitory activity with MIC values almost 4 and 2 times
less than that of ampicillin, respectively. Moreover, the MBC/MIC ratios demonstrated that all the
tested compounds are bactericidal not just bacteriostatic. In addition, the optimized molecular
structures, reactivity, stability and quantum chemical parameters of compounds 7a, 7c, 7f and 71 were
investigated using DFT calculations. In general, it was found that the open conformation of these
molecules could interact with the biological receptor by the formation of hydrogen bonds or other non-
covalent interactions. Finally, the docking analysis against DNA gyrase A and DNA gyrase B of S.
aureus indicated that DNA gyrase A inhibition is likely responsible for the antibacterial activity of

compounds 7f and 71.
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Captions of schemes and figures

Scheme 1. Synthesis of starting compounds.
Scheme 2. Synthesis of novel hybrid compounds based on quinolin-2-one.
Figure 1. Examples of antimicrobial agents and design strategy of target structures.

Figure 2. ORTEP style drawings of the molecular structures of 6b and 7a based on the results from
the X-ray diffraction analyses. The anisotropic atomic displacement ellipsoids have been drawn at the
50% probability level.

Figure 3. Comparison of MICs (umol/mL) of tested compounds (6a,b and 7a-n) and ampicillin
(Amp).

Figure 4. DFT-optimized structures of conformers (A) of 7a, 7c, 7f and 71 in the gas phase.
Figure 5. DFT-optimized structures of conformers (B) of 7a, 7c, 7f and 71 in the gas phase.
Figure 6. HOMO-LUMO of 7a, 7c, 7f, and 71 compounds at B3LYP/6-31+G(d,p) level.
Figure 7. MEP diagrams of compounds 7a, 7c, 7f and 71 at B3LYP/6-31+G(d,p) level.

Figure 8. Conformations of docked molecules 7f (lavender rose), 71 (drover) and ampicillin (yellow)
along with co-crystallized ligands: a) ciprofloxacin (Persian green) in S. aureus DNA gyrase A and b)
4-methyl-5-[3-(methylsulfanyl)-1H-pyrazol-5-yl]-2-thiophen-2-yl-1,3-thiazole (rust) in S. aureus
DNA gyrase B.

Figure 9. 2D and 3D representations of binding interactions of docked compounds within active sites
of the proteins: a) 7f-GyrA, b) 7I1-GyrA, c) 7f-GyrB and d) 71-GyrB.



