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Abstract
The structural and spectroscopic characteristics of the synthesized structurally novel compound 4-chloro-6-
methylquinoline-2(1H)-one (4C6MQ) and its isomer 4-chloro-8-methylquinoline-2(1H)-one (4C8MQ) have been ex-
amined by means of experimental and computational quantum chemical methods like density functional theory
(DFT). The crystal structure of the 4C6MQ compound has been brought to light by single-crystal x-ray diffraction
(SCXRD) method which consists of two independent molecules (A and B) in the asymmetric unit with similar
conformations. Both the isomer compounds are characterized spectroscopically by FTIR, FT-Raman, UV-Vis, and
NMR spectrum and compared with DFT results. The geometries of the isomer compounds have been optimized by
using DFT/B3LYP method with the 6-311G++(d,p) basis sets. From the optimized geometry of the compounds,
geometric parameters (bond lengths, bond angles, and torsion angles); vibrational analysis; chemical shifts; and
electronic absorption of the isomer compounds have been computed and compared with the experimental result.
The detailed assignments of vibrational wave numbers have been prepared based on potential energy distribution
(PED) which was carried out in the VEDA4 program. In addition, natural bonding orbital analysis, frontier molec-
ular orbital, and molecular electrostatic potential have been explained theoretically. The in silico (absorption, distri-
bution, metabolism, excretion and toxicity) studies were analyzed to identify the potential drug likeliness of the
isomer compounds. The implications of the inhibitory activity of isomer compounds against DNA gyrase and
lanosterol 14 α-demethylase enzyme by molecular docking are discussed. Further, the isomer compounds were
screened for their antibacterial and antifungal activities.
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Antimicrobial activity

Introduction

Quinoline consists of a benzene ring connected to a pyridine
ring which is at its proximity. Most of the quinoline deriva-
tives that are extracted from their natural sources or those
which are prepared synthetically are more significant in me-
dicinal chemistry and biomedical use [1]. Normally, quinoline
is widely utilized as antimalarial [2], antibacterial [3], anti-
tuberculosis [4], antifungals [5], and anticancer agents [6].

Quinoline compounds are broadly used as Bparental^ com-
pounds to synthesize molecules with medical benefits, espe-
cially for antimalarial [7–9], antimicrobial [10–13], and anti-
cancer activities [14]. This wide range of biological and bio-
chemical functions has been further facilitated by the synthetic

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11224-018-1149-6) contains supplementary
material, which is available to authorized users.

* S. Murugavel
smurugavel27@gmail.com

1 Department of Physics, Thanthai Periyar Government Institute of
Technology, Vellore, Tamil Nadu 632002, India

2 Department of Physics, Saveetha Engineering College, Thandalam,
Chennai, Tamil Nadu 602105, India

3 Department of Chemistry, Arignar Anna Govt. Arts College for
women, Walajapet, Vellore, Tamil Nadu 632513, India

4 Organic Chemistry Division, School of Advanced Sciences, VIT
University, Vellore, Tamil Nadu 632014, India

Structural Chemistry
https://doi.org/10.1007/s11224-018-1149-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s11224-018-1149-6&domain=pdf
http://orcid.org/0000-0002-4626-8104
https://doi.org/10.1007/s11224-018-1149-6
mailto:smurugavel27@gmail.com


versatility of quinoline, which permits generating a large num-
ber of structurally varied byproducts.

Different functional groups, such as, halogens, nitro, and
methoxy have an effective importance in medicinal chemistry.
The addition of halogen, oxygen, and other substitution to
quinoline ring has shown great alteration in molecular struc-
ture, charge distribution, optical properties, and biological ac-
tivities [15, 16]. Specifically, the halogen-like chloro, as in
antifungal azoles offers an effective antifungal activity [17].
2-Quinolone or quinolin-2(1H)-one and their derivatives ex-
hibit a wide spectrum of valuable biological activities, partic-
ularly antimicrobial effect [18, 19], antioxidant agents [20],
and anticancer and antitumor activities [21, 22]. Literature
review has been motivated to synthesis the chloro quinolone
derivative.

To the best of our knowledge, the isomer compounds are
synthesized and structurally characterized by single-crystal x-
ray diffraction (SCXRD), NMR, FTIR, FT-Raman, and UV-
Vis for the first time. Hence, the isomer compounds are struc-
turally novel.

The present paper discusses about the synthesis of the 4-
chloro-6-methylquinoline-2(1H)-one (4C6MQ) and its isomer
4-chloro-8-methylquinoline-2(1H)-one (4C8MQ) [23] and al-
so explores the structural properties of the same using spectral
(NMR, FTIR, FT-Raman, UV-Vis) studies and compares it
with the density functional theory (DFT) calculations. The
crystal structure of 4C6MQ has been investigated by SCXRD
method and compared with the DFT studies. The properties of
the structural geometry, molecular electrostatic potential
(MEP), natural bond orbital (NBO) analysis, and chemical re-
activity descriptors have been investigated for 4-chloromethyl
quinoline (4CMQ) isomer. We also have made comparisons
between experimental and computational calculations.

Since literature survey reveals that the chloro quinolone de-
rivative exhibits antimicrobial activity, docking studies has
been carried out against the bacterial protein DNA gyrase en-
zyme and fungal protein lanosterol 14α-demethylase enzymes.

DNA gyrase, which is situated in the bacterial cell cyto-
plasm, is an essential enzyme for bacterial pathogen [24]. The
DNA gyrase inhibition disturbs the production of DNA and

finally onsets the death of the pathogen. This makes them as
an effective target for antibacterial drugs. Hence, the isomer
compounds were docked into DNA gyrase enzyme.

The lanosterol 14 α-demethylase (CYP51) enzyme is the
most imperative catalyze for ergosterol biosynthesis process.
The key role of antifungal compound is affecting the CYP51
function and to stop the production of ergosterol in fungi,
which is essential for fungal cell membrane activity [25].
The disturbance of ergosterol production subsequently de-
creased the cellular protection causing outflow of cellular sub-
stances and ultimately results in cell death. The lanosterol
14α-demethylase enzyme has been known for a long time as
an effective target for antifungal drugs. Hence, the isomer
compounds were docked with lanosterol 14α-demethylase
enzyme.

A molecular docking outcome for 4CMQ isomer recom-
mends that the compounds might exhibit inhibitory activity
against microbial strain. The results of molecular docking in-
spired us to perform anti-bacterial and antifungal activities.

Experimental and computational methods

Synthesis

The synthetic route leading to the target isomer compounds is
depicted in Scheme 1. When equimolar mixture of methyl
substituted anilines (1), (0.001 mol) and malonic acid (2),
(0.001 mol) were refluxed with 30 ml of phosphorous oxy
chloride on a heating mantle maintained at a temperature of
80–100 °C for 5 h, 2,4-dichloromethyl quinolines (3) were
synthesized [26]. On completion of the reaction (monitored
by TLC), the reaction mixtures were cooled and poured slow-
ly onto the crushed ice with continuous stirring. The solid thus
separated was filtered, dried, and washed thoroughly with
water. Column purification (95:5 hexane/EtOAc) of the crude
solid gave 2,4-dichloromethyl quinoline (3), in a good yield.
The isomer compounds, (4) have been synthesized by
refluxing (3) with 20 ml of 4 N HCl for 30 min. The solid
thus separated was filtered and washed thoroughly with

Scheme 1 Synthesis of 4-chloromethyl quinoline-2(1H)-one (4CMQ) isomer
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distilled water and then dried to obtain the compounds
4C6MQ and 4C8MQ. The compound 4C6MQ was dissolved
in ethanol and single crystals were developed by slow evapo-
ration at room temperature.

4-chloro-6-methylquinoline-2(1H)-one, 4aWhite solid, 82.6%
yield, and mp 236–238 °C. IR (KBr) cm−1: 856, 1667, 2823,
and 3450. Proton NMR (DMSO-d6, 300 MHz) δ: 2.42 (3H, s,
CH3); 6.06 (1H, s, CH); 7.23 (2H, m, CH); 7.6 (1H, s, CH);
and 11.8 (1H, s, NH). Carbon-13 NMR (DMSO-d6, 75 MHz)
δ: 22.1, 115.6, 117.3, 121.2, 2 × 122.8, 131.8, 138.4, 141.3,
and 160.3. Mol. formula: C10H8ClNO.

4-chloro-8-methylquinoline-2(1H)-one, 4bWhite solid, 74.4%
yield, and mp 232–234 °C. IR (KBr) cm−1: 856, 1647, 2906,
and 3430. Proton NMR (CDCl3, 400 MHz) δ: 2.42 (3H, s,
CH3); 6.06 (1H, s, CH); 7.23 (2H, m, CH); 7.6 (1H, s, CH);
and 11.7 (1H, s, NH). C-13 NMR (CDCl3, 100 MHz) δ: 55.7,
124.2, 125.6, 126.4, 129.3, 130.5, 142.7, 144.1, 147.1, and
159.0. Mol. formula: C10H8ClNO.

Experimental

Spectral measurements

Infrared absorption spectral data in this work was collect-
ed using a PerkinElmer Spectrum one FTIR spectropho-
tometer. FTIR measurements were recorded between the
frequency 4000 and 450 cm−1. Bruker RFS27 FT-Raman
spectrophotometer with an external 300-mW diode laser
operating at 785 nm as source was used throughout this
work. The proton and carbon-13 NMR spectra have been
carried out using Bruker AVANCE-III spectrometer with
TMS as internal standard and CDCl3 as solvent. The UV-
absorption spectra were examined in the range 500–
190 nm using a PerkinElmer lambda 35 UV-Vis spectro-
photometer (spectral bandwidth is 1 nm).

Crystallography

A suitable 4C6MQ fine crystal with dimensions
7.51 mm × 8.57 mm × 14.55 mm was mounted on a goniom-
eter using cyanoacrylate adhesive and data collection was per-
formed on a Bruker AXS Kappa APEX II-CCD diffractome-
ter [27] utilizing the ω scan technique with graphite-
monochromatic MoKα radiation (wave length λ =
0.71073 Å) at room temperature (293 K). The systematic ab-

sence and intensity symmetries confirm the triclinic P1 space
group. A total of 17,254 reflections (3742 unique) were ob-
tained within the θ range 2.51° to 26.75°. Empirical absorp-
tion correction (μ = 0.385 mm−1) was attained by the integra-
tion method via SADABS [28] program.

SHELXS-97 [29] implemented in WINGX [30] was uti-
lized in the solvation of the molecular structure by direct
methods. The positional and anisotropic temperature parame-
ters were refined by the full-matrix least squares technique
based on F2 utilizing SHELXL-97 for all atoms except for
hydrogen. All hydrogen atoms were located geometrically
and were constrained to be dependent on their parent atom
with the bond lengths at 0.86, 0.93, and 0.96 Å for NH, CH,
and CH3 atoms, respectively. Due to interference from the
beam stop, the poor reflections (− 1 0 1), (2–4 4) and (0 0 1)
were eliminated from the final cycles of refinement.

The general purpose crystallographic software such as
PLATON [31], ORTEP [30], and MERCURY [32] were
used for the structure analysis and demonstration of the
results. Complete details of the crystal data, restraints and
the parameters of the refinement process for 4C6MQ are
given in Table 1.

Antimicrobial activity

The 4CMQ isomer compounds were screened for their an-
timicrobial activity and compared with available standard
drugs like ciprofloxacin for bacteria and fluconazole for
fungi. The bacterial activity for the isomer compounds
was screened against Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa with nutrient niger,
Monascus purpureus, and Penicillium citrinum with nutri-
ent sabouraud dextrose agar medium by applying DMSO
as solvent. The antimicrobial activities were assayed by
Kirbybauer disk diffusion method [33] under the guide-
lines of CLSI M38-A [34]. Each 4CMQ isomer compound
was dissolved separately in DMSO solvent at 25, 50 and
75 μg/ml concentration and screened against selected mi-
crobial pathogens. The test compounds having antimicro-
bial behavior inhibit bacterial/fungal growth in the media
nearby the discs and thereby produced clear distinct areas
that are defined as the zone of inhibition in millimeter.

Computational details

DFT

All the quantum chemical computations of the isomer com-
pounds have been carried out using the GAUSSIAN 03 pro-
gram package [35]. The geometries of the compounds were
optimized at the hybrid density functional B3LYP with the 6-
311++G(d,p) basis set [36, 37].

Frequency analyses also were performed using the same
basis set to generate calculated infrared and Raman spectra.
Furthermore, not even a single imaginary wave number is
available in the predicted vibrational spectrum, entailing that
the optimized geometries are situated at the local minimum
energy on the potential surface. We realized that the
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computation wave numbers are typically higher than the ex-
perimental result. These discrepancies arise due to the avoid-
ance of anharmonicity effects, the incomplete association of
electron correlation, and the use of basis set in the computa-
tional treatment. These discrepancies are rectified by scaling
with a factor of 0.958 for the high-energy-level vibrational
bands (above 1700 cm−1) and a factor of 0.983 for the low-
energy-level vibrational bands (below 1700 cm−1) [38, 39].
Based on the potential energy distribution (PED), the compu-
tational normal mode wave number of the isomer compounds
were interpreted by utilizing VEDA 4 program [40].

Gauge-independent atomic orbital (GIAO) proton (1H) and
carbon-13 (13C) NMR chemical shifts of isomer compounds
have been computed by the B3LYP/6-311++G (d,p) method.
TD-DFT method with 6-311++G (d,p) basis has been used to
compute the electronic absorption spectra for 4CMQ isomer

compounds in the chloroform solvent phase. Further, upper-
most filled orbital-lowermost empty orbital (HOMO-LUMO)
and molecular electrostatic potential diagrams were obtained
using the same level theory.

Pharmacological investigation

The drug likeness analysis on the basis of Lipinski rule of five
and molecular parameter score of isomer compounds were
computed by Molinspiration online server [41]. The
Lipinski’s Brule of five^ [42] has four physiochemical param-
eters such that molecular weight, miLogP, number of H-bond
donor and number of H-bond acceptors. Here, five represent
limits of these parameters which are multiples of five. The
organic compounds are considered orally active if the molec-
ular weight (MW) is lower than 500 g per mole; miLogP value
does not exceed five; number of H-bond acceptor value is
below ten, and number of H-bond donor value does not ex-
ceed five [43]. Lipinski rule of five is essentially used to de-
cide, whether the compound with a specific biological activity
is an orally dynamic drug or not. The pharmacological prop-
erties like absorption, distribution, metabolism, excretion and
toxicity (ADMET) for isomer compounds were carried out
using Pre-ADMET online server [44].

Molecular docking

Molecular docking studies are computational methods for ex-
ploration of probable interaction between a substrate and a
given receptor, enzyme, or other binding site. The docking
studies of each isomer compound were performed using
AutoDock 4.2 software [45] which was a suite of automated
docking tools (ADT). The target protein DNA gyrase (PDB
ID:3G75) and CYP51 (PDB ID:1EA1) retrieved from the
protein data bank (www.rcsb.org/pdb). Prior to docking, the
co-crystallized ligand, water molecules, and co-factors were
removed from the target protein. The ADT graphical user
interface helps to add polar hydrogen which are bonded with
electronegative nitrogen and oxygen atoms and detection of
Kollman charges within active sites of amino acids. The DFT/
B3LYP/6-311++G(d,p) level optimized ligand structure was
used for docking. By choosing a flexible and rigid molecule to
generate grid map dimensions 60 Å × 60 Å × 60 Å along x-, y-
and z-axis allocated to epicenter of the grid map X, Y, and Z
coordinates of 8.25, − 4.37, and 16.14 and − 18.23, − 7.97,
and 65.96 for 3G75 and 1EA1 enzymes, respectively, and
the molecular stimulation parameters of resultant compounds
were computed by Lamarckian genetic algorithm [46]. The
target protein with 4CMQ isomer compounds were docked
individually and then ten optimum conformations were eval-
uated. The conformational protein structure is modeled and
visualized using Discovery Studio Visualizer [47].

Table 1 Crystallographic data and refinement parameter for 4C6MQ

Empirical formula C10H8ClNO

Formula weight 193.62

Temperature 293 K

Wavelength 0.71073 Å

Crystal system Triclinic

Space group
P1

Unit cell dimensions

A 7.5173 (3) Å

B 8.5757 (4) Å

C 14.5572 (6) Å

α 96.355 (2)°

β 96.193 (9)°

γ 106.632 (2)°

Volume 884.01 (7) Å3

Z 4

Density (calculated) 1.455 g−3

Absorption coefficient 0.385 mm−1

F (000) 400

Crystal size 0.23 × 0.21 × 0.16 mm−3

Theta range for data collection 2.51 to 26.75°

Index ranges − 9 ≤ h ≤ 7, − 10 ≤ k ≤ 10, − 18
≤ l ≤ 18

Reflections collected 17,254

Independent reflections 3742 [Rint = 0.0264]

Completeness to theta = 26.75° 99.3%

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.915 and 0.940

Refinement method Full-matrix least squares on F2

Data/restraints/parameters 3742:0:237

Goodness-of-fit on F2 1.000

Final R indices [I > 2 sigma (I)] R1 = 0.0387, wR2 = 0.1051

R indices (all data) R1 = 0.0488, wR2 = 0.1147

Largest diff. peak and hole 0.563 and − 0.550e Å−3
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Results and discussion

Crystal structure

Crystals of the 4C6MQ belongs to the triclinic space group P1
with two independent molecules (A and B) per asymmetric
unit, which is shown in Fig. 1a. The unit cell constants of
4C6MQ are a = 7.5173 (3) Å, b = 8.5757 (4) Å, c = 14.5572
(6) Å, α = 96.355(2)°, β = 96.193 (9)°, γ = 106.632 (2)°, V =
884.01 (7) Å3, and Z = 4 (at 293 K). The supplementary infor-
mation in the CIF form is available (refer supplementary
materials) from Cambridge Crystallographic Database
Centre, No. CCDC 928281.

The quinoline ring system [N1/C1–C9] of both molecules
A and B are approximately planar [maximum deviation = −
0.014 (2) Å for atomN1A ofmolecule A and − 0.038 (2) Å for
atom C7B of molecule B]. The Cl1A/O1A atom of molecule
A and Cl1B/O1B atom of molecule B are deviated by − 0.034
(1)/0.004 (1) Å and − 0.052 (1)/0.090 (1) Å, respectively, from
the attached quinoline ring system. In both molecules, the sum
of bond angles around N1 [360.0°] specifies that the atom N1
is in sp2 hybridization. A structural overlay of the two inde-
pendent molecules A and B [RMS deviation for fitting all
atoms = 0.050 Å] which shows a similar conformation and is
depicted in Fig. 2. The geometrical parameters of molecules A
and B are comparable with the reported values of similar
quinoline derivatives [43, 48].

The hydrogen bond geometry for 4C6MQ is listed in Table
2. In both A and B, the molecular structure is stabilized by

C2A–H2A … Cl1A and C2B–H2B … CllB intra-molecular
hydrogen bonds, each forming S(5) ring motifs. In the crystal,
molecules A and B are inter connected by inversion dimers
through intermolecular N1A–H1A … O1Bi and N1B–H1B
… O1Ai [i = − x, − y, − z] hydrogen bonds, each generates

an R2
2 8ð Þ ring motif. These dimers are further joined by inter-

molecular C–H… π interaction between a methyl atomH10A
and pyridine ring (N1B/C1B/C6B/C7B–C9B) of an immedi-
ate molecule as an acceptor with a C10B–H10A… Cg3ii [ii =
1 − x, − y, 1 − z] separation of 2.85 Å and π–π interactions
with Cg1 … Cg1iii, Cg1 … Cg2iii, Cg2 … Cg1iii, Cg2 …
Cg2iv, Cg3 … Cg3v, Cg3 … Cg4v, and Cg4 … Cg3v separa-
tion of 3.790 (1), 3.608 (1), 3.608 (1), 3.708 (1), 3.870 (1),
3.631 (1), and 3.631 (1) Å, respectively, [Cg1, Cg2, Cg3, and
Cg4 are the centroids of the pyridine ring of molecule A,
C1A–C6A ring, pyridine ring of molecule B and C1B–C6B
ring, respectively, and symmetry codes: iii = − x, 1 − y, – z;
iv = 1 − x, 1 − y, − z, and v = − x, − y, 1 − z] making a three-
dimensional supramolecular network as displayed in Fig. 3.

Optimized geometry

4CMQ isomers were initially simulated by DFT methods to
scrutinize themolecular structures, alongwith the vibration-
al spectra. Their calculated geometrical structures and dimer
of 4C8MQ were completely optimized using B3LYP/6-
311++G(d,p) basis set as shown in Figs. 1b and 4. An inter-
action of CH3, Cl, and O with quinoline ring plays a
signif icant part for defining the structural and

Fig. 1 View of 4C6MQ showing
two crystallographically
independent molecules A and B
with the atom-numbering scheme
(a). Displacement ellipsoids are
drawn at the 50% probability
level. The optimized geometric
structure of 4C6MQ (b)
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vibrational properties of isomer compounds. These iso-
mer structures have two carbon-nitrogen, seven carbon-
hydrogen, one nitrogen-hydrogen, one carbon-oxygen,
and nine carbon-carbon bond lengths. Binil et al. report-
ed carbon-linked oxygen double-bond length as
1.2145 Å (DFT) and 1.23 Å (XRD) [49]. In this case,
C=O bond length for both isomer compounds exactly
coincides with reported value [43] (refer Table 3). The
bond length between carbon and chlorine atom agrees
quite well with Y. Sert et al’s. reported result [50].
From Table 3, the bond angle C1–C9–C8 is expanded
and the bond angles C1–C9–Cl1 and C8–C9–Cl1 are
shrunken from perfect hexagonal angle (120°) due to
the substitution of electronegative chlorine atom. The
bond angles O1–C7–C8 and O1–C7–N1 are expanded
and the bond angle N1–C7–C8 is shrunken from 120°
due to the attachment of oxygen atom at C7 position.
From this discussion, the substituted chlorine and oxy-
gen atoms in the isomer compound leads to certain dis-
tortion in the bond lengths and bond angles of the pyr-
idine ring. The steric interactions raise the small distor-
tion among the experimental and computed result of the
dihedral angles [51].

The minimum energy of the 4C8MQ monomer and
dimer structures was evaluated by the DFT/B3LYP/6-
311++G(d,p) computation as − 5,123,355.3509 and −

2,561,644.1678 kJ mol−1, respectively. The dimer formation
energy (ΔE = Ed ime r − 2 × Emonome r ) i s equa l to
16.0063 kcal mol−1, which is equal to energy of two hydrogen
bonds [52]. These predict that two N–H ... O hydrogen bonds
are present in this dimer as shown in Fig. 4. The N–H … O
hydrogen bond distance for 4C8MQ dimer is 1.831 Å and
intermolecular hydrogen bond for 4C8MQ compound dimer
structure is nearly linear (the N–H ... O angle is around
171.69°). Both isomer structures are different in the sense that
the methyl group is attached to the C3 and C5 atom in 4C6MQ
and 4C8MQ compound, respectively.

Vibrational spectra

Each isomer nonlinear compound has 21 atoms and 57
normal modes of vibration. These 57 vibration modes
are classified by 20 stretching, 19 bending, and 18 tor-
sion modes. The potential energy distribution (PED) for
each normal mode among the symmetry coordinates of
the molecules was computed. A wide-ranging assignment
of the fundamentals was proposed based on the calculat-
ed PED values, infrared absorption intensities and
Raman scattering activities. The experimental and theo-
retical infrared and Raman spectra of isomer compounds
4C6MQ and 4C8MQ are displayed in Figs. 5 and 6,
respectively. The observed and scaled computed wave
numbers along with other data are listed in Tables S1
and S2 (supplementary materials).

Ring vibration

Each isomer compounds have seven C–H stretching
modes linked with ring and methyl group. The wave
numbers resulting from the ring C–H stretching of iso-
mer compounds fel l in the spectral range 3000
−3100 cm−1, which coincide with reported wave num-
bers [53, 54]. The aromatic C–H stretching vibration
mode does not affect by the location and properties of
the substitution in this region. In the present analysis, the
isomer compounds show C−H absorption modes in the
wave number region 3015−3098 cm−1 for FTIR and FT-
Raman spectrum. The DFT/B3LYP/6-311++G(d, p) wave
numbers for ring C–H stretching modes are best agree-
ments with experimental data.

The wave number region 1625–1430 cm−1 has been
assigned to ring carbon-carbon stretching vibration mode.
Particularly, Varsanyi et al. quoted five bands (frequency
range 1625–1590, 1590–1575, 1540–1470, 1460–1430,
and 1380–1280 cm−1) with variable intensity for ring vi-
bration in the fingerprint region [55]. In this case, the C–
C and C=C stretching vibration mode wave number are
exactly coincided with theoretical and also reported value
[43]. The ring vibration for FTIR and FT-Raman spectrum

Fig. 2 The structural overlay of independent molecule A (red) and B
(blue) of the 4C6MQ compound

Table 2 Hydrogen bonding geometry for 4C6MQ (Å, °)

D−H … A D−H (Å) H−A (Å) D−A (Å) D−H … (Å)

C2A–H2A … Cl1A 0.93 2.68 3.070 (2) 106

C2B–H2B… Cl1B 0.93 2.69 3.077 (2) 106

N1A–H1A … O1Bi 0.86 1.98 2.829 (2) 171

N1B–H1B … O1Ai 0.86 1.95 2.813 (2) 176

C10B–H10A … Cg3ii 0.96 2.85 3.646 (2) 141

Symmetry code: i = − x, − y, − z; ii = 1 − x, − y, 1 − z

Cg3 is the centroid of the pyridine ring of molecule B
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of isomer compounds were observed in the range 1496–
1622 cm−1 which is in harmony with computational re-
sults (1440–1636 cm−1).

N–H vibration

Obviously, heterocyclic compounds exhibits N–H
stretching vibrations in the range 3500–3200 cm−1[56].
In this investigation, N–H absorption spectrum appears
at 3450 and 3430 cm−1 for isomer compounds 4C6MQ
and 4C8MQ, respectively. This wave number is exactly
coinciding with computational result of the both com-
pounds. One hundred percent potential energy distribu-
tion value proves that this mode is pure. XRD data
reveals that presence of hydrogen (N–H … O) bond in

4C6MQ and conforms that N–H stretching vibration
was relocated to higher energy state which is caused
by the protonation [43].

C–Cl vibration

The vibrations belong to C–Cl bonds which are formed
between the ring and the chlorine atom. Chlorine-attached
compounds absorb strongly in the region 760–505 cm−1

due to the C–Cl stretching vibration [57]. In the present
case, the band absorbed at 856 cm−1 in FTIR spectrum
due to C–Cl stretching vibration of both compounds. In
FT-Raman, C–Cl bond gets absorbed at 874 and 843 cm−1

for the isomer compound 4C6MQ and 4C8MQ, respec-
tively. Two impacts may be responsible for the change of

Fig. 3 View of a three-
dimensional supra molecular net-
work of 4C6MQ compound. The
N–H ... O, π–π, and C–H … π
interactions are shown as red,
pink, and orange dotted lines,
respectively

Fig. 4 The optimized geometry
of 4C8MQ compound (a) with
atoms numbering and its
hydrogen-bonded dimer (b)
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higher absorption frequency of C–Cl in isomer com-
pounds. The first one is affected by vibrational coupling
with other groups and another one is an inductive effect of
C–Cl bond [43]. The computed wave number (862–
851 cm−1) of C–Cl stretching mode by B3LYP/6-311++
G(d,p) agrees well with the experimental value.

C=O vibration

The stretching vibrations of carbonyl (C=O) typically appears
in the frequency range 1700–1600 cm−1 [53]. In this investi-
gation, FT-Raman band and FTIR band observed between the
range 1647–1667 cm−1 for isomer compounds could be
assigned to C=O stretching vibration. DFT computational
wave number (at 1666 cm−1) is in a noble agreement with
the experimental result of the isomer compounds and related
literature studies [58].

C–N vibration

In fingerprint region, identifying the carbon-nitrogen
stretching vibration is a difficult job because this vibra-
tion mode seems to be superimposed with several inter-
nal vibrations. According to previous reports [59],
carbon-nitrogen absorption band appears at 1382–
1266 cm−1 due to C–N stretching vibration. In this
study, the carbon-nitrogen stretching vibration is ob-
served at 1254/1265 cm−1 (4C6MQ) in FT-Raman/
FTIR and 1271/1274 cm−1 (4C8MQ) in FT-IR/FT-
Raman spectrum. The PED of these modes are 22 and
17% for 4C6MQ and 4C8MQ, respectively. The low
PED percentages prove that C–N mode is coupled with
other vibration modes.

Methyl group vibration

For the assignments of methyl group frequencies, basi-
cally nine fundamentals can be associated to each CH3

group, namely, symmetric stretch, asymmetric stretch,
scissoring, and rocking which belongs to in-plane vibra-
tions. In addition to wagging and twisting modes of
CH3 group, it would be expected to be depolarized for
out-of-plane vibrations [55]. In our case, both 4C6MQ
and 4C8MQ isomer compounds have one methyl group
at the sixth and eighth position substitution in the quin-
oline ring, respectively. The bands in the region 2928–
2985 cm−1 were assigned to asymmetric stretching mode
of methyl group in isomer compounds. The symmetric
stretching mode of methyl group has been identified in
the region 2823–2906 cm−1. The observed symmetry
and asymmetry stretching mode wave numbers agreed
with the computational result. The symmetric and asym-
metric deformation mode wave numbers are gathered in
the previous reported region (ref. Tables S1 and S2)
[60].

The linear regression diagram of the experimental and
computed wave numbers of isomer compounds in FTIR and
FT-Raman is shown in Fig. S1 (supplementary materials). The
regression depicts coherence between the experimental and
computational wave numbers.

Table 3 Selected structural parameters for 4CMQ isomer

Parameters 4C6MQ DFT 4C8MQ

XRD DFT

Molecule A Molecule B

Bond lengths (Å)

C3–C10 1.505 (2) 1.502 (2) 1.509 –

C6–N1 1.380 (2) 1.381 (2) 1.380 1.381

C7–O1 1.241 (2) 1.239 (2) 1.223 1.222

C7–N1 1.352 (2) 1.358 (2) 1.393 1.394

C9–CL1 1.727 (2) 1.728 (2) 1.757 1.757

C5-C10 – – – 1.508

Bond angles(°)

C2–C3–C10 120.68 (17) 120.59 (17) 121.51 –

C4–C3–C10 121.22 (17) 121.14 (16) 120.47 –

N1–C6–C5 120.20 (15) 120.17 (15) 120.97 120.28

N1–C6–C1 119.90 (15) 119.96 (15) 119.54 118.89

O1–C7–N1 121.15 (16) 120.97 (17) 120.06 120.87

O1–C7–C8 122.98 (16) 123.26 (16) 124.85 124.95

N1–C7–C8 115.86 (15) 115.76 (15) 114.09 114.19

C8–C9–Cl1 119.28 (14) 119.35 (13) 118.59 118.45

C1–C9–Cl1 118.02 (13) 118.01 (12) 118.62 118.58

C7–N1–C6 124.80 (15) 124.70 (15) 125.91 126.29

C4–C5–C10 – – – 121.33

C6–C5–C10 – – – 120.72

Torsion angles(°)

C1–C2–C3–C10 179.39 (18) − 177.65 (16) 180 –

C4–C5–C6–N1 − 179.59 (17) − 177.29 (16) 180 − 180
C2–C1–C6–N1 179.47 (16) 178.34 (15) − 180 180

C9–C1–C6–N1 − 0.4 (2) − 0.4 (2) 0 0

O1–C7–C8–C9 179.44 (19) 179.23 (17) 180 180

N1–C7–C8–C9 − 0.2 (3) − 1.1 (3) 0 0

C7–C8–C9–Cl1 − 178.34 (15) 179.40 (13) − 180 − 180
C6–C1–C9–Cl1 178.65 (14) − 178.68 (12) − 180 180

C2–C1–C9–Cl1 − 1.2 (3) 2.7 (2) 0 0

O1–C7–N1–C6 179.48 (17) − 177.74 (16) − 180 − 180
C8–C7–N1–C6 − 0.9 (3) 2.6 (3) 0 0

C5–C6–N1–C7 − 178.49 (18) 176.74 (17) 180 180

C1–C6–N1–C7 1.2 (3) − 1.9 (3) 0 0

C3–C4–C5–C10 – – – 180

C10–C5–C6–N1 – – – 0

C1–C6–C5–C10 – – – 180

Struct Chem



NMR spectra

A nuclear magnetic resonance spectrum is playing a deci-
sive role in identification of structural isomer molecules.
In order to confirm the presence of predicted functional
groups, the NMR spectra were analyzed in terms of their
chemical shifts and splitting and integrations. The carbon-
13 chemical shift is obtained as δ = σref − σ, where σref is
the shielding constant of carbon-13 in tetramethylsilane
and σ is the same parameter in the molecule of interest
[61]. The shielding constant of C-13 and proton NMR is
184.79 and 31.99 ppm, respectively.

Normally, the aromatic carbons chemical shifts are ap-
peared in the range 90–160 ppm [62]. In our case, the
chemical shifts of aromatic carbons found in the vicinity
of 115–160(Exp)/120–165(DFT) ppm and 120–160(Exp)/
125–165(DFT) ppm for 4C6MQ and 4C8MQ isomer
compounds, respectively. In carbon-13 NMR, the fairly
heavy atom oxygen and chlorine bound carbon atoms
C7 and C9 as shows more deshielded (down field) than
the others due to relativistic effects [63] as observed in

Table 4. The isomer compound 4C6MQ/4C8MQ displays
strong deshielded at C3/C5 atom owing to the attachment
of methyl group. The methyl group carbon (C10) bonded
with three hydrogen atoms has more shielding (up field)
compared to other ring carbon atoms.

The proton NMR shows extremely deshielding and
shielding effect on nitrogen-attached proton and three methyl
protons, respectively, which have been proved from the chem-
ical shift results (Table 4). The linear regression diagram of the
computed and experimental chemical shifts of carbon-13 and
proton nuclei have been shown in the Fig. S2 (supplementary
materials). The regression depicts coherence between the ex-
perimental and computational chemical shifts.

NBO analysis

NBO analysis is one of the most information-rich and
succinct tools for studying of hydrogen bonding and elec-
tron density delocalization from filled Lewis-type NBO to
virtual non-Lewis-type NBO. The strength of interaction
between Lewis and non-Lewis NBO is calculated based

Fig. 5 Comparison of the
experimental and theoretical IR
and Raman spectra of 4C6MQ

Fig. 6 Comparison of the
experimental and theoretical IR
and Raman spectra of 4C8MQ
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on second-order perturbation theory. The stabilization en-
ergy related with delocalization of interacting filled (i)
and virtual orbitals (j) is calculated using the relation [64],

E 2ð Þ ¼ qi
Fi; j

� �2

ε j−εi

where qi is the filled orbital occupancy, εi and εj are (or-
bital energies) diagonal elements, and Fi, j is the off-
diagonal NBO Fock matrix element. If the stabilization
energy is higher, then the strong interaction takes place
between donors and acceptor orbitals [65]. In our com-
pound 4C6MQ, π(C4–C5) → π*(C1–C6) has 21.14 kJ/
mol, π(C2–C3) → π*(C4–C5) has 21.00 kJ/mol, and
π(C8–C9) → π*(O1–C7) has 18.92 kJ/mol and hence
they provide greater stabilization to structure. In
4C8MQ, π(C4–C5) → π*(C1–C6) has 21.58 kJ/mol,
π(C2–C3) → π*(C4–C5) has 20.51 kJ/mol, and π(C8–
C9) → π*(O1–C7) has 19.16 kJ/mol and hence they pro-
vide intense stabilization to structure. From Tables S3 and
S4, chlorine, nitrogen, and oxygen had loan pair (LP) and
the stabil izat ion energy of LP(N) and LP(O) is
52.68:52.8 kJ mol−1 and 27.11:26.98 kJ mol−1 for
4C6MQ/4C8MQ, respectively. Owing to the higher stabi-
lization energy value, these atoms are easily interacting
with target protein active site which leads to strong bind-
ing energy between compound and target protein also,
confirm the presence of N–H … O inter molecular

hydrogen bond. The larger inter charge transmission oc-
curs around the methyl group attached position in ring
evident from the stabilization energy of π*(C4–C5) →
π*(C2–C3) is 199.15 kJ/mol and π*(C6–C1) → π*(C4–
C5) is 198.21 kJ/mol in 4C6MQ and 4C8MQ compounds,
respectively. This enormous stabilization value represents
larger delocalization of the NBO orbital. From the NBO
analysis (ref. supplementary materials in Tables S3 and
S4), it can be exposed that there is some vital charge
transfer arising inside the isomer compounds, which is a
symptom for the occurrence of bioactivity in molecule.

FMO and MEP

The computational molecular orbital shows that the first 50
molecular orbitals are occupied and the remaining (51 to 346)

Table 4 Comparison of B3LYP/
6-311++G (d,p) calculated and
experimental values of carbon-13
and proton chemical shift (ppm)
relative to the TMS for 4CMQ
isomer

Atom 4C6MQ 4C8MQ Position

Exp. value DFT value Exp. value DFT value

C1 117.3 124.95 122.6 125.16 (1C, Ar C)

C2 131.8 131.77 130.5 130.98 (1C, Ar C–H)

C3 138.4 144.86 – – (1C, Ar C–CH3)

– – 126.4 128.62 (1C, Ar C–H)

C4 122.8 141.03 142.7 140.32 (1C, Ar CH)

C5 115.6 121.51 – – (1C, Ar C–H)

– – 144.1 144.21 (1C, Ar C–CH3)

C6 122.8 141.26 129.3 130.64 (1C, Ar C)

C7 160.3 165.95 159.0 165.55 (1C, Ar C=O)

C8 121.2 127.35 124.2 127.34 (1C, Ar C–H)

C9 141.3 162.39 147.1 163.60 (1C, Ar C–Cl)

C10 22.1 23.27 55.7 18.63 (1C, C–H3)

H1 11.8 8.41 11.72 8.24 (s, 1H, N–H)

H2 7.23 7.96 7.63 8.20 (d, 1H, Ar CH)

H3 – – 7.8 7.60 (d, 1H, Ar CH)

H4 7.6 7.89 7.23 7.85 (t, 1H, Ar CH)

H5 7.23 7.43 – – (d, 1H, Ar CH)

H8 6.60 6.90 6.79 7.05 (s, 1H, Ar CH)

H10 2.42 2.61 2.41 2.48 (s, 3H, CH3)

Table 5 Calculated energy values of 4CMQ isomer by the B3LYP/6-
311++G(d,p) approach

Parameters 4C6MQ 4C8MQ

Chemical hardness (η) 2.1580 2.2073

Chemical potential (μ) − 4.2990 − 4.3407
Electro negativity (χ) 4.2990 4.3407

Softness (s) 0.2317 0.2265

Electrophilicity index (ω) 4.2821 4.2680
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molecular orbitals are empty for both isomer compounds. The
energy value of uppermost filled orbital (HOMO), lowermost
empty orbital (LUMO), andmolecular orbital gap are found as
− 6.4573, − 2.1415, and − 4.3157 and − 6.5479, − 2.1334, and
− 4.4145 for 4C6MQ and 4C8MQ (Table 5), respectively, as
shown in Fig. 7. Electron affinity and ionization potential of
the compound are associated with EHOMO and ELUMO, respec-
tively; that is, electron affinity (I) = − EHOMO and ionization
potential (A) = − ELUMO. Having the value of electron affinity
and ionization potential, one could get the chemical hardness
η ¼ I−A

2

� �
and electronegativity χ ¼ IþA

2

� �
[61]. The chemical

hardness values represent softness, stability, and inter molec-
ular charge transfer (chemical reactivity) of the compound. In
the present case, the low value of HOMO-LUMO energy gap
in isomer compounds predicts intermolecular charge transfer
occurs within the molecules which lead to biological dynamic
behavior [66].

The MEP gives the complete details to identify the sites of
nucleophilic and electrophilic attacks and charge distribution
in molecular space based on different colors as per their po-
larity. The red and blue colors represent electrophilic and nu-
cleophilic reactivity region as shown in Fig. 8. The color code
of the current diagram is in the range from − 0.059 a.u (red) to
0.059 a.u (blue) for both the isomer compounds. The most
nucleophilic region around N1–H1 atom which MEP value
V(r) = 0.049/0.042 a.u. The oxygen atom (O1) has a high val-
ue of molecular electrostatic potential V(r) = − 0.059/−
0.056 a.u for 4C6MQ/4C8MQ compound which is in the
maximum negative region. Thus, the result of MEP proves
the presence of intermolecular N1−H1… O1 hydrogen bond.
The occurrence of nucleophilic and electrophilic rich region
around nitrogen and oxygen atom, respectively, in isomer
compounds indicates the significance of bioactivity for our
synthesized compounds.

Fig. 7 The molecular orbital and
energies for the HOMO and
LUMO of 4CMQ isomer

Fig. 8 Molecular electrostatic
potential surface for 4CMQ
isomer
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Electronic absorption spectra

The electronic absorption spectra were induced in mole-
cule by the electron jump from non-bonding or bonding
molecular orbital to anti-bonding molecular orbital. Most
possible transition types in organic materials are π → π*,
n → π* and π*(donor) → π*(acceptor) [67]. In our case,
electronic absorption UV spectra of the isomer com-
pounds were computed using the time-dependent-DFT
method with B3LYP/6-311++G(d,p) level-optimized
structures in the chloroform solvent phase. The computed
and experimental absorption spectra results have been
listed in Table 6. From Table 6, computed value of ab-
sorption wave length was slightly deviated from the ex-
perimental results and both isomer compounds show ho-
mo → lumo transition has major contribution (85% for
4C6MQ and 86% for 4C8MQ) in absorption spectra.
The strong n → π* (H → L) transition has major contri-
bution in isomer compounds, which is proven from the
highest delocalization value in NBO analysis. The com-
puted and experimental absorption spectra of isomer com-
pounds were shown in Fig. 9.

Pharmacological investigation results

The isomer compounds and standard drugs (ciprofloxacin and
fluconazole) are uploaded in the Molinspiration online tool to
evaluate the drug-likeness of the isomer compounds and to

compare the drug-likeness of the isomer compounds with
standard drugs.

For both isomer compounds, the miLogP values are less
than five, number of H-bond acceptor was two, molecular
weight of the isomer compounds were less than 500 g per
mole, and number of H-bond donor was detected to be one.
The isomer compounds have zero rotatable bond and topolog-
ical polar surface area (TPSA) is 32.86 Å2. Due to the absence
of rotatable bonds and lowest TPSAvalue, the present isomer
compounds can be passed in aqueous blood and penetrate the
lipid-based cell membrane to reach the core of a cell [68].

Thus, the physiochemical properties (Table 7) obtained for
isomer compounds satisfy Lipinski’s rule of five, which pre-
liminarily suggests the drug-likeness of the isomer com-
pounds. Hence, the drug-likeness of our isomer compounds
is comparable with standard drug.

The 4CMQ isomer compounds of ADMET and toxicity
parameters were computed using pre-ADMET online server
and the values are gathered in Tables 8 and 9, respectively.
The human intestinal absorption (HIA) percentage for isomer
compounds and standard drugs are above 95% which predicts
these are potent drug agent. The isomer compounds are
strongly interacting with plasma protein when compared with
ciprofloxacin and fluconazole as evidenced from the plasma
protein binding percentage (88.28% for 4C6MQ and 70.73%
for 4C8MQ). The absorption parameter Caco-2 cell perme-
ability of the isomer compounds is 24.43 nm/s and MDCK
cell permeability scores are 67.18 and 55.07 nm/s for 4C6MQ

Table 6 Theoretical and
experimental electronic
transitions, oscillator strength,
and major contributions for
4CMQ isomer compound

Name B3LYP/6-311++G(d,p) Exp. Assignments Major contributions

λ (nm) f E (eV) λ (nm)

4C6MQ 326 0.141 3.799 339 n→ π* H→ L (85%)

274 0.133 4.527 275 π→ π* H − 1→ L (76%)

4C8MQ 321 0.130 3.868 345 n→ π* H→ L (86%)

279 0.166 4.441 233 π→ π* H − 1→ L (78%)

H HOMO, L LUMO

Fig. 9 UV Spectrum for 4CMQ isomer by experimental and TD-DFT approach
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and 4C8MQ isomer compounds, respectively, which are
higher than the standard drug. The blood-brain barrier
(BBB) penetration parameter is associated with central
nerves system (CNS) affecting behavior of the compound
[69]. The BBB values of the isomer compounds and stan-
dard drug predict inactive against CNS. Both the isomer
compounds have positive and negative carcinogen predic-
tion in mouse and rat, respectively, as shown in Table 9.
The carcinogen predictions of isomer compounds are
comparable to standard drug.

The isomer compounds are predicted of being possessed
with remarkable biological activity, from their pharmacologi-
cal properties. Moreover this also is a capable inhibitor for
microbial diseases among the standard drug.

Molecular docking analysis

The pharmacological results motivate to analyze the docking
interaction of isomer compounds with target protein like DNA
gyrase enzyme for bacterial and lanosterol 14 α-demethylase
enzyme for fungal.

4CMQ-3G75 complex

To investigate the anti-bacterial activity of the isomer com-
pounds, they were docked with anti-bacterial target protein
DNA gyrase enzyme (PDB ID: 3G75). The molecular
docking binding energy, bonding type and bond separation
was obtained and presented in Table 10. The interactions ob-
tained in isomer compounds and ciprofloxacin with target
protein 3G75 were displayed in Fig. 10. In 4C6MQ-3G75
and 4C8MQ-3G75 complexes, the ligands were interacted
with amino acid residues GLY85, ASP81, ARG84, and
PRO87.

In 3G75-4C6MQ complex, the oxygen (O1) atom of
4C6MQ has branched H-bond polar interaction with the
atom N2 and N3 of residue GLY85 and ARG84 at a
distance of 2.139 and 3.069 Å, respectively. Moreover,
the nitrogen atom of 4C6MQ interacts with atom OD1
of ASP81 at a separation of 2.140 Å. Likewise, π-alkyl
hydrophobic interaction can be noticed between five-
membered ring of PRO87 and the chlorine atom Cl1 of
4C6MQ (distance = 4.690 Å).

Table 7 Molinspiration property values of 4CMQ isomer, ciprofloxacin, and fluconazole

Compound mi LogPa Topological polar
surface area

Molecular
weight

No. of H-bond
acceptors

No. of H-bond
donors

No. of
violations

Volume n atoms Number of
rotatable bonds

4C6MQ 2.49 32.86 193.63 2 1 0 162.10 13 0

4C8MQ 2.47 32.86 193.63 2 1 0 162.10 13 0

Ciprofloxacin − 0.70 74.57 331.35 6 2 0 285.46 24 3

Fluconazole − 0.12 81.66 306.28 7 1 0 248.96 22 5

a Logarithm of partition coefficient between n-octanol and water (miLogP)

Table 8 ADMET property values of 4CMQ isomer with ciprofloxacin and fluconazole using pre-ADMET online server

Compound Absorption Distribution

Human intestinal
absorption
(HIA %)

CaCo-2 cell
permeability
(nm/s)

MDCK cell
permeability
(nm/s)

Skin permeability
(logkp, cm/h)

Plasma protein
binding (%)

Blood-brain
barrier penetration
(c.brain/c.blood)

4C6MQ 97.25 24.43 67.18 − 2.60 88.28 0.8379

4C8MQ 97.25 24.43 55.07 − 2.65 70.73 0.8378

Ciprofloxacin 96.27 21.28 10.30 − 4.60 31.05 0.0136

Fluconazole 95.59 17.23 1.84 − 4.18 55.16 0.2470

Table 9 Toxic parameters of
4CMQ isomer, ciprofloxacin, and
fluconazole using pre-ADMET
online server

Compound Carcinogenicity(Mouse) Carcinogenicity(Rat)

4C6MQ Carcinogen Non-carcinogen

4C8MQ Carcinogen Non-carcinogen

Ciprofloxacin Non-carcinogen Non-carcinogen

Fluconazole Non-carcinogen Carcinogen
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Similarly, other complex 3G75-4C8MQ also induce the
same type of interaction with 3G75 (Table 10). Both com-
plexes exhibit more interactions when compared to
ciprofloxacin-3G75 complex. Further, the binding energy of
isomer 4C6MQ and 4C8MQ complexes are − 4.79 and −
4.83 kcal/mol, respectively, which is higher than ciprofloxacin
complex binding energy (− 4.01 kcal/mol). The results of
docking showed that isomer compounds exert DNA gyrase
enzyme inhibitory activity and thereby act as a good medicine
for bacterial diseases.

4CMQ-1EA1 complex

To investigate the antifungal activity of the isomer com-
pounds, they were docked with antifungal target lanosterol
14 α-demethylase enzyme (PDB ID:1EA1). The molecular
docking binding energy, bonding type, and bond separation
was acquired and listed in Table 11. The ligand interactions of
4CMQ-1EA1 complexes were shown in Fig. 11.

In 4C6MQ-1EA1 complex, the residue ILE323 has bifur-
cated H-bond interaction with N1 and O1 atom of isomer
compound 4C6MQ at a distance 3.077 and 3.011 Å, respec-
tively. The benzene ring of 4C6MQ has splitting hydrophobic
sigma-π and π … π interactions with CD2 atom of LEU321
and six-membered ring of PHE78 at a distance of 3.639 and
5.397 Å, respectively. The six-membered ring of PHE78 and
five-membered ring of HIS259 has π… π and π-alkyl hydro-
phobic interactions with pyridine ring and chlorine atom of
4C6MQ at a separation 5.612 and 3.905 Å, respectively.

In 4C8MQ-1EA1 complex, the O1 atom of 4C8MQ has
connected with NE2 atom of HIS259 and N atom of VAL435
by H-bond at a distance 2.935 and 2.860 Å, respectively.
Likewise, the nitrogen atom of ILE323 residue interacts with
Cl1 atom of 4C8MQvia H-bond forming a distance of 3.295Å.
A π–π hydrophobic interaction between the six-membered ring
of PHE78 and benzene ring of 4C8MQ also observed at a
distance 4.932 Å. Moreover, the binding energy of 4C6MQ-
1EA1, 4C8MQ-1EA1, and fluconazole-1EA1 complexes are −
4.32, − 4.39, and − 3.59 kcal/mol, respectively.

Fig. 10 Interaction of a 4C6MQ, b 4C8MQ, and c ciprofloxacin to 3G75 binding site

Table 10 Binding energy, hydrogen bond, and hydrophobic contacts of 4CMQ isomer compounds and Ciprofloxacin with 3G75

Inhibitor Binding energy
kcal m−1

Interactions Distance
Å

Bonding Bonding types Binding site of protein Binding site of
ligand

4C6MQ − 4.89 GLY85 [N2–H2… O1] 2.139 Hydrogen H-bond N2 O1

[N1–H1 ... OD1] ASP81 2.140 Hydrogen H-bond OD1 N1

ARG84 [N3–H3 … O1] 3.069 Hydrogen H-bond N3 O1

PRO87 [CD … Cl1] 3.695 Hydrogen CH-bond CD Cl1

PRO87 [π … Cl1] 4.690 Hydrophobic π-Alkyl 5-membered ring Cl1

4C8MQ − 4.83 GLY85 [N2–H2… O1] 2.017 Hydrogen H-bond N2 O1

[N1–H1 ... OD1] ASP81 2.044 Hydrogen H-bond OD1 N1

ARG84 [H3–N3 … O1] 3.039 Hydrogen H-bond N3 O1

PRO87 [π … Cl1] 4.865 Hydrophobic π-Alkyl 5-membered ring Cl1

Ciprofloxacin − 4.01 ARG144 [N1–H1 … O21] 3.845 Hydrogen H-bond N1 O21

GLY85 [O21–H13 ... O] 3.431 Hydrogen H-bong O21 O

PRO87 [CD … π] 3.925 Hydrophobic Sigma-π CD Pyridine ring
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The higher binding affinity which is based on the H-bond
and hydrophobic interaction in isomer ligand-protein com-
plexes discloses that isomer compounds exert Lanosterol 14
α-demethylase enzyme inhibitory activity and possibly will
act as an anti-drug agent for fungal diseases.

Interpretation of antimicrobial activity

The pharmacological and docking results encouraged us to
execute in vitro studies. The outcomes of the anti-bacterial
and antifungal studies by Kirby Bauer disk diffusion methods
are presented in Table 12. According to the result emulated

through this research, the isomer compounds performed grad-
ually raising scores of inhibition against the tested microor-
ganisms. Thus, the 4CMQ isomer compounds reveals the an-
tibacterial activity as moderate to good against P. aeruginosa
and as mild to moderate against E. coli and S. aureus when
compared with ciprofloxacin. Finally, moderate to good anti-
fungal activity against M. purpureus and P. citrinum was re-
vealed by both the isomer compounds and the least antifungal
activity was revealed by the compound 4C6MQ towards A.
niger when compared to the fluconazole. From the result, it is
obvious that 4C6MQ has the highest antimicrobial activity
compared to 4C8MQ compound. The comparative responses

Table 11 Binding energy, hydrogen bond, and hydrophobic contacts of 4CMQ isomer and fluconazole with 1EA1

Inhibitor Binding energy
kcal m−1

Interactions Distance
Å

Bonding Bonding types Binding site of protein Binding site of ligand

4C6MQ − 4.39 ILE323 [N–H … O1] 3.077 Hydrogen H-bond N O1

[N1–H1… O] ILE323 3.011 Hydrogen H-bond O N1

LEU321 [CD2 … π] 3.639 Hydrophobic Sigma-π CD2 C1–C6 Benzene ring

PHE78 [π … π] 5.397 Hydrophobic π … π 6-membered ring C1–C6 Benzene ring

PHE78 [π … π] 5.612 Hydrophobic π … π 6-membered ring Pyridine ring

HIS259 [π … Alkyl] 3.905 Hydrophobic π–alkyl 5-membered ring Cl1

4C8MQ − 4.32 HIS259 [NE2–HE2…O1] 2.935 Hydrogen H-bond NE2 O1

VAL435 [N–H … O1] 2.860 Hydrogen H-bond N O1

ILE323 [N–H … Cl1] 3.295 Hydrogen H-bond N Cl1

PHE78 [π … π] 4.932 Hydrophobic π … π 6-membered ring C1–C6 Benzene ring

Fluconazole − 3.59 ARG96 [N1–H1 … N18] 3.489 Hydrogen H-bond N1 N18

ARG96 [N1–H2 … N18] 3.354 Hydrogen H-bond N1 N18

HIS259 [NE2–HE2 … F2] 3.343 Hydrogen H-bond NE2 F2

ILE323 [N–H … F1] 3.860 Hydrogen H-bond N F1

LEU321 [π … CG] 3.693 Hydrophobic π-Sigma Difluorobenzene CG

TYR76 [π–π] 4.160 Hydrophobic π … π 6-membered ring 1,2,3-Triazole

PHE78 [π–π] 5.247 Hydrophobic π … π 6-membered ring Difluro-4-nitro-benzene

PHE225 [π–π] 4.556 Hydrophobic π … π 6-membered ring 1,2,3-Triazole

Fig. 11 Interaction of a 4C6MQ, b 4C8MQ, and c fluconazole to 1EA1 binding site

Struct Chem



of isomer compounds and standard drug against all microbial
species are shown in Figs. 12 and 13.

The antimicrobial outcomes disclosed that isomer com-
pounds exert pathogen inhibitory activity and possibly will
act as potent anti-drug agent for bacterial and fungal diseases.
Thus, the novel isomer 4-chloromethyl quinoline compounds
disclose the effective antimicrobial properties which could be
used as an effective antimicrobial agent, particularly for the
treatment of multidrug resistant infections.

Conclusions

4-chloro-6-methylquinoline-2(1H)-one and its isomer 4-
chloro-8-methylquinoline-2(1H)-one were synthesized. One
of the isomer compound 4-chloro-6-methylquinoline-2(1H)-

one was characterized and confirmed by SCXRD method.
Both the isomer compounds have been characterized by
FTIR, FT-Raman, UV-Vis, and NMR spectroscopy and com-
pared with computational results, which have been exactly
coincided. The NBO investigation substantiates the inter
charge transmission in both isomer compounds and the possi-
bility of bioactivity. The MEP polarity region and HOMO-
LUMO energy values are confirmed the biological activity
of the isomer compounds. The TD-DFT computational result
has close agreement with UV-Vis spectrum data and which
predicts the n→ π* transition between the molecular orbitals.
Further, physiochemical and ADMET properties confirm the
drug likeness and non-toxic behavior of isomer compounds.
The good docking scores obtained for the isomer ligand-
protein complexes reveals the inhibition nature of the isomer
compounds against DNA gyrase and lanosterol 14 α-

Table 12 Antimicrobial activity of 4CMQ isomer compound at different concentrations against bacterial and fungal pathogens

Microorganisms 4C6MQ 4C8MQ Positive control 25 μg/ml

Zone of inhibition (mm) Zone of inhibition (mm)

Compound concentration Compound concentration

25 μg/ml 50 μg/ml 75 μg/ml 25 μg/ml 50 μg/ml 75 μg/ml

Bacterial pathogens – – – – – – Ciprofloxacin

Staphylococcus aureus (MTCC 10623) 17 17 20 18 19 20 21

Escherichia coli (MTCC 443) 29 31 33 29 30 35 32

Pseudomonas aeruginosa (MTCC 1435) 30 34 40 31 32 38 35

Fungal pathogens – – – – – – Fluconazole

Penicillium citrinum (NCIM768) 10 14 17 10 14 16 16

Aspergillus niger (MTCC281) 5 11 12 8 11 13 14

Monascus purpureus (MTCC369) 18 21 21 19 21 24 22

Values are mean of three independent experiments

Fig. 12 A bar diagram for the
antibacterial activity of 4CMQ
isomer compounds
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demethylase enzymes. Further, the in vitro antimicrobial result
confirms that the synthesized novel 4CMQ isomer com-
pounds are very eye-catching antimicrobial drugs and can
help as an excellent platform for the treatment of multidrug
resistant infections. Hence, we hope that the isomer com-
pounds may be after a systematic in vivo analysis and may
be the best anti-drug agents for microbial diseases in future.
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