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New quinoline-3-carbonitrile derivatives were synthesized and evaluated for their potential antibacterial be-
havior. Compounds were obtained by a one-pot multicomponent reaction of appropriate aldehyde, ethyl cya-
noacetate, 6-methoxy-1,2,3,4-tetrahydro-naphthalin-1-one and ammonium acetate. Structures were established

A;‘m?a“irial_ | ) by different physical and spectroscopic techniques. The molecular geometry, vibration frequencies,
PDO}S:;O; emical properties HOMO-LUMO energy gap, molecular hardness (g), ionization energy (IE), electron affinity (EA), and total en-

ergy of these compounds was assessed by DFT studies, employing DFT/RB3LYP method. Preliminary anti-
bacterial studies using both Gram-positive and Gram-negative bacterial strains and cytotoxicity studies on
mammalian cells revealed their promising antibacterial activity, without causing any severe host toxicity. All the
compounds (QD1-QD5) in this study obeyed the ‘Lipinski’s Rule of Five’ with logP values < 5 and HBA < 10,
hydrogen bond donor’s < 5. The most active compound QD4 showed good interaction with the target DNA
gyrase; target enzyme for quinoline class of antibiotics, which reveals its probable mechanism of action. Results
of all these studies establish these compounds as important scaffolds with broad-spectrum antibacterial activity
with no off-target toxicity. Having lower band gap energy of 3.40 eV and a low lying LUMO for compound QD4,
this compound may be a valuable starting point for the development of quinoline-3-carbonitrile based broad-
spectrum antibacterial agents.

1. Introduction gyrase, a type II topoisomerase, catalysing the seemingly complex re-

action of DNA supercoiling by interrupting the DNA breakage-reunion

The quinoline ring system is an important structural unit in natu-
rally occurring quinoline alkaloids, therapeutics, synthetic analogues
with interesting biological activities, and many standard drugs as well
[1]. In fact, introducing chloroquine into treatment of malaria more
than 60years ago triggered a new era of quickly developing anti-
microbial drugs. In synthetic medicinal chemistry the quinoline motif is
widely exploited, revealing a spectrum of activity covering anti-
malarial, anticancer, antifungal, antibacterial, antiprotozoic, antibiotic,
and anti-HIV [2-8]. The synthetic antibacterial agents that include ci-
noxacin, ciprofloxacin, nalidixic acid, norfloxacin, and ofloxacin belong
to the quinolone class of compounds, sharing quinoline as the basic ring
skeleton (Fig. 1). The quinolone class of antibacterials has been spec-
tacularly successful and continues to dominate the field of antibacterial
therapeutics with great influence [9]. Quinolone antibiotics target DNA

* Corresponding authors.

cycle of gyrase [10-13]. Therefore, development of quinolone based
compounds, as antibacterial agents will add to the repertoire of anti-
biotics to combat drug resistance [14].

The success of a new compound to emerge as a lead molecule also
strongly depends on its physicochemical properties [15-23]. Poor
physicochemical properties of a biologically potent molecule obturate
its use as a drug. Therefore evaluation of these properties is immensely
important before a molecule undergoes in vivo and clinical studies
[16,18,21]. The antimicrobial properties of biologically active mole-
cules have also been ascribed to different electronic parameters of a
molecule. It is believed that the antimicrobial property of compounds is
a function of LUMO (Lowest Unoccupied Molecular Orbital) energy.
LUMO is an electronic parameter, which measures the electrophilicity
of the molecules. When a molecule acts as a Lewis acid, incoming
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Fig. 1. Structures of the standard quinoline antibiotics and the designed compounds.

electrons are received in its LUMO. Molecules with low-lying LUMO are
more able to accept electrons than those with high energy LUMO, and
hence show higher activity [24,25].

Based on these facts and in view of the pressing demand for the
search of new treatment strategies which could help better target bac-
teria and augment the current treatment options, we designed a series
of quinoline derivatives and evaluated their physicochemical and bio-
logical behavior. We applied ab initio molecular computing using the
density functional theory (DFT) calculations to gain insight into the
electronic structure of the molecules to fully understand the experi-
mental data. Docking studies were performed to establish their prob-
able mechanism of action by inhibiting DNA gyrase; an important
target of the quinolone class of antibiotics.

2. Results and discussion
2.1. Chemistry

The synthesis of Quinoline-3-carbonitrile derivatives (QD1-QD5)
was achieved by a one-pot multicomponent reaction (MCR) of 6-
methoxy-1,2,3,4-tetrahydro-naphthalin-1-one, the appropriate alde-
hydes, an excess of ammonium acetate and ethyl cyanoacetate as shown
in Scheme 1. The purified products were characterized by the FT-IR, 'H
NMR, '3C NMR and MS (ESI ") spectra. The IR spectrum of compounds
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shows a characteristic band at 3233-3258 cm ™' due to presence of
—NH group and at 1600-1638 cm ™! attributed to the C=0 group. IR
spectra also shows a C=N stretch at 1234-1288 cm !, which conforms
the formation of quinoline derivatives (QD1-QD5). The 1H NMR
spectra of all the compounds measured at room temperature shows one
singlet at 8.71-8.11 ppm for the NH. The appearance of different peaks
in the range § 8.02-6.47 are due to aromatic protons which have been
assigned as singlets (s), doublets (d) or double doublets (dd) to their
respective protons in the experimental section. Two multiplets at §
2.76-2.54 and 2.56-2.34 ppm correspond to the benzylic protons (C6-H
and C5-H respectively) (see experimental Section 3.3). Moreover, 3¢
NMR spectra showed signals in the range of § 156.48-120.00 ppm and
at § 1169.28-165.56 ppm due to aryl carbon and pyridine carbon, re-
spectively. Characteristic molecular ion and fragmentation peaks were
observed in the mass spectra of all the compounds (QD1-QD5). The
mass spectrum of compound QD1 shows a molecular ion peak (M**) m/
z 421. All the compounds followed a similar fragmentation pattern.

2.2. Physicochemical properties

The importance of physicochemical properties in designing bioa-
vailable drugs has been widely recognized and increased efforts have
been spent on assessing the drug “developability” based on calculated

and measured physicochemical parameters [15-19]. The pKa,
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Scheme 1. Synthesis of Quinoline 3-carbonitrile derivatives (QD1-QD5).
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solubility, and lipophilicity are among the most fundamental physico-
chemical properties of a drug candidate, and their measurements are
essential for both in silico and in vitro evaluation of drug-like properties
[15-23]. They are also the fundamental parameters for assessing
ADMET (absorption, distribution, metabolism, excretion and toxicity)
properties of drug candidates, whose deficiencies account for 50-60%
of compound failures during development [22]. The optimal range of
lipophilicity for good drug candidates lies in a narrow range of logD
between ~1 and 3 [19] or <5 (Lipinski’s Ro5) [20], and to achieve a
solubility of > 100uM, a typical desirable value for drug molecules
[21], it requires a logP value < 3.25. In general, a lower log P means
increased compound solubility [22,23]. Good intestinal absorption,
reduced molecular flexibility (measured by the number of rotatable
bonds), low polar surface area (PSA) or total hydrogen bond count (sum
of donors, HBDs and acceptors, HBAs), are also important predictors of
good oral bioavailability. Molecular properties such as membrane
permeability and bioavailability are associated with logP, molecular
weight (MW), or hydrogen bond acceptors and donors count in a mo-
lecule. The rule states that most molecules with good membrane per-
meability have logP < 5, molecular weight < 500, number of hydrogen
bond acceptors < 10, and number of hydrogen bond donors < 5. This
rule is widely used as a filter for drug-like properties. All the com-
pounds (QD1-QD5) in this study obeyed the ‘Rule of Five’ with logP
values < 5 and HBA < 10, hydrogen bond donor’s < 5 as shown in
Table 1. The most active compound QD4 has properties more closer to
the standard drugs compared to the other derivatives. Therefore this
compound could be put to further advanced studies to unravel its po-
tential.

2.3. DFT studies

2.3.1. Frontier molecular orbital analysis

The frontier orbitals (HOMO and LUMO) of chemical species are
very important in defining their reactivity [26]. Higher value of HOMO
of a molecule has a tendency to donate electrons to appropriate ac-
ceptor molecule with low energy empty molecular orbitals. The total
energy, highest occupied molecular orbital (HOMO) energy, the lowest
unoccupied molecular orbital (LUMO) energy, hardness (1), ionization
energy (IE), electron affinity (EA) have been calculated and sum-
marised in Table 2. DFT calculations showed that the molecule QD4 has
3.40 eV energy gap which is lower than all other studied molecules
(QD1, QD2, QD3 and QDS5). These results indicate that the molecule
QD4 is comparatively softer than rest of the molecules as shown in
Fig. 2. Our theoretical results correlate well with obtained experimental
results. As well, the molecule with higher energy gap (Eg,p, = 3.59 €V)
has shown poor antibacterial activities. Further, these results are sup-
ported by the literature as is reported that an electronic system with a
larger HOMO-LUMO gap should be less reactive than the one having
smaller gap. The decrease in the HOMO and LUMO energy gap explains
the eventual charge transfer interaction taking place within the

Table 1
Lipinski’s tools for measuring drug likeness.

Compound MW LogP  LogD No. of HBAs” No. of HBDs" PSA

QD1 416.43 2.91 1.72 6 1 89.81
QD2 356.37 3.17 2.04 4 1 71.35
QD3 386.13 3.04 1.88 5 1 80.58
QD4 316.08 191 1.23 3 1 71.35
QD5 370.10 3.07 1.82 5 1 80.58
Ciprofloxacin 331.34 1.32 -1.13" 6 2 72.88
Levofloxacin  361.14 1.35 NA 7 1 73.32

* At pH 7.4.
& HBA—hydrogen bond acceptor, HBD—hydrogen bond donor, PSA—polar
surface area obtained by Marvin Sketch 5.1.
# Values adopted from referred sources. NA: Data not available.
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molecule due to the strong electron-accepting ability of the electron
acceptor group. The strong charge transfer interaction is responsible for
the bioactivity of the molecule [27].

The ionization energy (IE) can be expressed through HOMO orbital
energies as IE = —epomo and electron affinity (EA) can be expressed
through LUMO orbital energies as EA = —egrymo. The hardness (n)
corresponds to the energy gap between HOMO and LUMO orbital.
Larger the HOMO-LUMO orbital energy gap, harder the molecule. The
hardness is also associated with the stability of the chemical system as
shown in Fig. 3. Hardness and stability are directly proportional to each
other. The theoretical calculations are performed in gaseous phase and
the experimental results of molecules were recorded in solid or liquid
phase. In spite of the differences, calculated physicochemical properties
and frontier orbitals represent a good approximation of antibacterial
activities of the molecules.

2.4. Molecular docking studies

Molecular docking study of the newly synthesized compound QD1-
QD4 was performed to gain insights into its probable mechanism of
action. 2D structure of the synthesized ligand molecules was converted
to energy minimized 3D structure and was further used for docking.
Bacterial DNA gyrase was taken as the target receptor and the binding
pocket was validated by performing redocking of the ligand (clor-
obiocin). The binding pocket and the interaction of the ligand in
complex with DNA gyrase is shown in Fig. 4. Molecular docking cal-
culations of all the test compounds were carried out with Auto dock
vina [28]. The conformation with the lowest binding free energy was
used for analysis. All molecular docked models were prepared using
PyMOL viewer. Docked images of the most active compound (QD4) are
shown in Fig. 5. Binding energy and other parameters of all the docked
compounds including the standard drugs is presented in Table 3. The
docking studies revealed that the synthesized molecule QD4 has less
binding energy towards the target and several molecular interactions
were responsible for the observed affinity. The best docking energy
model and most possible interaction mode of the most active compound
(QD4) and 1KZN is shown in Fig. 4. It was observed that the compound
mainly interacts with the target enzyme by showing hydrogen bonding
interaction with GLU50, ASP73, and GLY77 residues, mimicking clor-
obiocin that shows interaction with ASN46, ASP73, ARG136 aminoacid
residues (see Fig. 4). Besides hydrophobic and Van der Waals interac-
tions were also involved. Binding affinity value of the docked target
compounds were found to be in the range —8.6 to —10.8 kcalmol ~*.
The results revealed that the quinoline ring NH and C=0 show strong
hydrogen bonding interaction with the amino acid residues of the
protein, which clearly advocates its better antibacterial efficacy. The
presence of a furan ring in DQ4 in place of other substituted phenyl
rings in other derivatives may have helped this compound to obtain
optimum electron density and proper orientation to fit in the active site
of the enzyme. From these results it can be inferred that compound QD4
probably shows its antibacterial activity in a similar way as that of the
quinoline antibiotics by interfering with the functioning of DNA gyrase.
The structure of the quinoline-3 carbonitrile derivative DQ4 can be
further optimized by using different heteroaromatic rings in place of the
furan ring for more detailed structure-activity relationship studies.

2.5. Antimicrobial activity

2.5.1. Disc diffusion assay

The compounds (QD1-QD5) were tested for their antibacterial ac-
tivities by disc-diffusion method using nutrient broth medium. Two
Gram-positive bacteria and two Gram-negative bacteria utilized in this
study consisted of Staphylococcus aureus, Streptococcus pyogenes,
Escherichia coli and Salmonella typhimurium. All the test compounds
showed varying range of antibacterial activities against the selected
panel of pathogens, as is evident from the zone of inhibitions (ZOI),
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Table 2
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Physicochemical data of compounds QD1-QD5 calculated by using DFT/RB3LYP/6-31G*

Compound Total Energy (kcal/mol) HOMO (eV) LUMO (eV) Energy gap (eV) Hardness® (1)) IE = -epomo EA = -erumo
QD1 —886907.638 —5.52 -1.94 3.59 1.79 5.52 1.94
QD2 —743186.810 -5.63 -2.07 3.56 1.78 5.63 2.07
QD3 —815043.379 —5.64 —2.06 3.58 1.785 5.64 2.06
QD4 —669923.402 -5.74 -2.34 3.40 1.7 5.74 2.34
QD5 —789623.987 —5.66 -2.18 3.48 1.74 5.66 2.18

@ Hardness (¢) = ¥ (HOMO - LUMO).

A A

L {

Fig. 2. Highly occupied and lowest unoccupied molecular orbitals of com-
pounds QD1-QD5 represented as A-E.
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Fig. 3. Molecular orbital surface and HOMO-LUMO energy gap for compound
QD4 obtained by density functional theory.

presented in Table 4. The results showed that among the five com-
pounds tested, furan substituted qunioline derivative QD4 showed
comparatively higher antibacterial activity than the other derivatives.

2.5.2. Minimum Inhibitory Concentrations (MIC)

Evaluation of the MIC values by broth dilution assay, showed that
all the test compounds were active in vitro against both Gram-positive as
well as Gram-negative bacteria (Table 5). The furan substituted qu-
nioline derivative (QD4), exhibited high antibacterial activity with MIC
ranging from 4 to 8 ug/mL against all strains of bacteria tested. The MIC
values of other compounds are 2-3 fold higher than the most active
compound. Ciprofloxacin as a positive control showed MIC in the range
of < 1-2 ug/mL against the tested strains as shown in Table 5.

2.6. In vitro cytotoxicity studies

3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide
(MTT) is reduced by the succinate dehydrogenase system of mi-
tochondrial living cells to produce water insoluble purple formazan
crystals which, after solubilization can be measured spectro-photo-
metrically [29]. Since the amount of formazan produced is directly
proportional to the number of active cells in the culture, MTT has long
been used to assess the cell viability in cell proliferation and cytotoxi-
city [29,30].

Compounds QD1-QD5 were screened for their antibacterial activity
and then evaluated for their cytotoxicity against MDA-MB-231 cell line
to ensure any cytotoxicity to the mammalian host. A sub-confluent
population of MDA-MB-231 cells was treated with increasing con-
centration of these compounds and the number of viable cells was
measured after 48h by MTT cell viability assay. The concentration
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Fig. 4. Crystal structure and binding pocket of the ligand (clorobiocin) in complex with DNA gyrase and interaction of the ligand with different aminoacid residues in

the pocket.

Fig. 5. Docking poses of the most active compound (QD4) with DNA gyrase
1KZN.

Table 3
Binding affinity values and other parameters of the docked compound DQ4.
Compound  Binding affinity values Amino acid residues H-bond
(kcal/mol)
QD1 —-8.6 ASP-49, PRO-75 2
QD2 —-10.2 ALA47, ARG76 2
QD3 -89 GLY-81 1
QD4 -10.8 GLU-50, ASP-73, GLY- 3
77
QD5 —10.6 GLN72 1

range of all the compounds was 3.13-100 uM. The cell viability (%)
obtained with continuous exposure for 48 h are depicted in Fig. 6. The
cytotoxicity of all the compounds was found to be concentration-de-
pendent. Fig. 6 depicts that all the test compounds showed 100% via-
bility, at concentration of 3.13 uM and up to a concentration of 25 pM
all the compounds showed a viability of =70%. On increasing the
concentration range from 50 to 100 uM the percentage viability began
to decrease which indicates the increase in toxicity of the test com-
pounds. Compound QD2 is comparatively more cytotoxic than QD1 and
QD3, whereas compound QD4 and QD5 are the least cytotoxic with
ICso values higher than 100 pM. From these results it can be inferred

Table 4
Antibacterial activity in terms of ZOI (mm) of compounds QD1-QDS5.

Compounds Zone of Inhibition ZOI (mm) 10 pg mL~'/disc
S. aureus S. pyogenes S. typhimurium E. coli

QD1 12.4 = 0.4 11.2 = 0.5 11.8 = 0.5 142 = 0.5
QD2 12.6 = 0.3 12.8 = 0.3 10.6 = 0.2 10.5 = 0.5
QD3 13.4 = 0.5 142 = 0.4 12.5 = 0.4 16.5 = 0.5
QD4 20.0 = 0.3 22.8 + 0.5 22.2 + 0.4 245 = 0.5
QD5 18.0 = 0.4 16.5 = 0.3 18.6 = 0.4 188 = 0.5
+ Ve control 24.0 = 0.5 22.2 + 0.4 24.2 + 0.8 26.0 = 0.2
— Ve control - - - -

+ Ve control: Ciprofloxacin; -Ve control: 1% DMSO measured by the Halo Zone
Test (Unit, mm).

Table 5
Minimum inhibition concentration (MIC) of compounds QD1-QD5.

Bacterial strain MIC (ug mL™")

QD1 QD2 QD3 QD4 QD5  CIPRO?
S. aureus ATCC 29,213 32 32 32 8 32 <1
S. pyogenes ATCC 19,615 64 32 32 4 16 2
S. typhimurium ATCC14028 64 16 16 4 32 <1
E. coli ATCC 25,922 32 16 16 4 16 <1
CIPRO*: Ciprofloxacin was used as a positive control
120
100 T m Control
::? 80 ml
2
< 60 w2
<J
X 40 w3
20 m4
]
0 : >

0 3.13 6.12 125 25 50 100
Concentration uM

Fig. 6. Percentage viability of MDA-MB-231 cells after 48h treatment with
increasing concentration of compounds QD1-QD5 represented as 1-5 respec-
tively.

that QD1-QD5 show good antibacterial activity and are non-cytotoxic
to the mammalian cells.

Whlist the success of quinolone class of antibiotics is undeniable,
they are no more considered as the blatant weapons against bacterial
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infections. They are no more effective against many bacteria because of
the development of drug resistance. Recently, the WHO published a list
of bacteria for which new antibiotics are urgently needed [31], pressing
the need to the development of new antibiotics or treatment strategies.
It is estimated that 5-20 novel antibacterial drugs need to enter clinical
development in order to effectively contend with the current resistance
problem. The quinolones were the last broad spectrum antibiotics to
enter the clinic and since then the discovery of novel, broad and narrow
spectrum antibiotics has become difficult [32]. Although different an-
tibiotic discovery programmes are currently underway, development of
structural mimetic or derivatives of already established drugs is con-
sidered a good, albeit short-term strategy to tackle the growing anti-
biotic resistance problem and augment the current treatment options.
Several new derivatives of the fluoroquinolone nucleus have already
resulted in the development of third generation of drugs, moxifloxacin
and gatifloxacin, both especially active against those bacteria resistant
to beta-lactams. Subsequent development of fluoroquinolones has re-
sulted in trovafloxacin and the prodrug alatrofloxacin and it is expected
that further fluoroquinolones will be developed in the future, with a
specific market in ocular infections and prophylaxis. In this study, we
developed new quinoline based antibacterials and found a new lead
molecule with interesting broad spectrum antibacterial activity, desir-
able physico-chemical properties, electronic parameters and interaction
with the target DNA gyrase; target enzyme for quinoline class of anti-
biotics. This lead molecule could be further evaluated for its antibiotic
potential by performing advanced studies.

3. Experimental
3.1. Materials

The appropriate aldehyde, 6-methoxy-1,2,3,4-tetrahydro-naph-
thalin-1-one, ethyl cyanoacetate and ammonium acetate were pur-
chased from Acros Organic. Other reagents and solvents (A.R.) were
obtained commercially and used without further purification.

3.2. General considerations

Melting points were recorded on a Thomas Hoover capillary melting
apparatus without correction. FT-IR spectra were recorded on a Nicolet
Magna 520 FT-IR spectrometer. "H NMR and '*C NMR experiments
were performed in CDCl; on a Brucker DPX 600 MHz spectrometer
using tetramethyl silane (TMS) as internal standard at room tempera-
ture.

3.3. Synthesis of Quinoline-3-carbonitrile derivatives

Quinoline-3-carbonitrile derivatives (QD1-QD5) were obtained by a
one-pot reaction of appropriate aldehydes (1 mmol), 6-methoxy-
1,2,3,4-tetrahydro-naphthalin-1-one 1 (1 mmol), ethyl cyanoacetate
(1.1 mmol) and ammonium acetate (2 mmol) in absolute ethanol under
reflux for 6 h. The reaction mixture was allowed to cool and left over-
night to precipitate. The precipitate was filtered, washed with water,
collected, dried and recrystallized in methanol/dichloromethane [33].

3.3.1. 3-(2,4,5-trimethoxyphenyl)-8-methoxy-2-o0xo0-1,2,5,6
tetrahydrobenzo[h]quinoline-3-carbonitrile (QD1)

Yield: 73.08 (%); M.P: 160 °C; FTIR (KBr) Ve cm™ 1 3258 (NH),
2938 (C—H), 2212 (CN), 1615 (C=0), 1568 (C=C), 1252 (N=C); 'H
NMR (600 MHz CDCls) (8/ppm): 8.71 (s, NH), 8.02 (s, CHAr, 1H), 7.26
(s, CHAr, 1H), 6.87 (d, CHAr, 1H, J = 8.4 Hz), 6.68 (d, CHAr, 1H,
J = 7.8 Hz), 6.47 (s, CHAr, 1H), 3.98 (s, 3H, OCH3), 3.96 (s, 3H, OCH3),
3.91 (s, 3H, OCH3), 3.88 (s, 3H, OCH3), 2.56-2.54 (m, 2H, CH,cyclo, H-
6, 2H), 2.36-2.34 (m, 2H, CHycyclo, H-5, 2H); *C NMR (CDCl3) &:
169.28 (pyridine C), 163.70 (C=0), 156.48, 155.41, 150.33, 148.37
(Ar-C), 117.21 (CN), 28.14 (C-5), 28.52 (C-6); Anal. calc. for
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C24H2oN,0s: C, 68.89, H, 5.30, N, 6.69. Found: C, 68.82, H, 5.30, N,
6.65; ESI-MS m/z (rel. int. %): 421 (75) [M+H]™*

3.3.2. 8-methoxy-4-(4-methoxyphenyD)-2-oxo-1,2,5,6-tetrahydrobenzo[h]
quinoline-3-carbonitrile (QD2)

Yield: 65.25 (%); M.P: 201 °C; FTIR (KBI) Vpme. cm ™~ 3245 (NH),
2935 (C—H), 2217 (CN), 1600 (C=0), 1542 (C=C), 1288 (N=C); H
NMR (600 MHz CDCl5) (6/ppm): 8.56 (s, NH), 7.31-6.78 (m, 7H, CHAr)
3.89 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 2.76-2.73 (m, 2H, CH,cyclo,
C6), 2.53-2.51 (m, 2H, CHycyclo, C5); 13¢ NMR (CDCl3) &: 166.53
(pyridine C), 163.17 (C=0), 154.45, 145.10, 141.47, 133.68, 130.18,
129.58, 127.40, 126.58, 127.40, 120.00 (Ar-C), 116.26 (CN), 114.79,
114.52, 113.77, 112.75, 62.42, 55.65, 55.51, 28.68 (C-5), 23.91 (C-6);
Anal. calc. for Co5H;gN5O3: C, 73.73, H, 5.06, N, 7.82. Found: C, 73.68,
H, 5.02, N, 7.81; ESI-MS m/z (rel. int. %): 360 (78) [M+H] ™"

3.3.3. 4-(3,4-dimethoxyphenyl)-8-methoxy-2-oxo-1,2,5,6-
tetrahydrobenzo[h]quinoline-3-carbonitrile (QD3)

Yield: 80.25 (%); M.P: 262 °C; FTIR (KBr)Vpqe cm ™ 3256 (NH),
2939 (C—H), 2220 (CN), 1629 (C=0), 1549 (C=C), 1272 (N=C); H
NMR (600 MHz CDCl,) (§/ppm): 8.16 (s, NH), 7.81-6.72 (m, 5H, CHAr)
3.91 (s, 3H, OCHs3), 3.83 (s, 3H, OCH3), 3.72 (s, 3H, OCH3), 2.75-2.71
(m, 2H, CHycyclo, C6), 2.52-2.49 (m, 2H, CHaycyclo, C5); '3C NMR
(CDCl5) &: 167.58 (pyridine C), 163.15 (C=0), 153.69, 149.31, 127.92,
124.64, 120.98 (Ar-C), 118.76 (CN), 116.40, 111.95, 110.95, 99.43,
62.49, 56.09, 29.28 (C-5), 28.58 (C-6); Anal. calc. for Cy3H5oN,O4: C,
71.12, H, 5.19, N, 7.21; Found: C, 71.07, H, 5.11, N, 7.17. ESI-MS m/z
(rel. int. %): 391 (56) [M+H] ™"

3.3.4. 4-(furan-2-yl)-8-methoxy-2-oxo-1,2,5,6-tetrahydrobenzo[h]
quinoline-3-carbonitrile (QD4)

Yield: 75.45 (%); M.P: 169 °C; FTIR (KBr) Vi, cm ™~ ': 3238 (NH),
2948 (C—H), 2253 (CN), 1638 (C=0), 1565 (C=C), 1247 (N=C); 'H
NMR (600 MHz CDCl3) (6/ppm): 8.21 (s, NH), 7.75 (d, CHAr,
J = 1.8Hz), 7.44 (dd, CH Ar, J = 2.8 Hz), 7.38 (d, CHAr, J = 7.8 Hz),
6.84 (s, CHAr, J=4.8Hz), 3.52 (s, OCH,), 2.76-2.74 (m, 2H,
CHyeyclo, C6), 2.56-2.53 (m, 2H, CH,cyclo, C5); 3C NMR (CDCl,) &:
167.28 (pyridine C), 165.22 (C=0), 143.04, 142.27, 128.48 (Ar-C),
118.20 (CN), 29.45 (C-5), 27.45 (C-6); Anal. calc. for C;9H14N,03: C,
71.69, H, 4.43, N, 8.80; Found: C, 71.65, H, 4.38, N, 8.76; ESI-MS m/z
(rel. int. %): 320 (63) [M + H]*

3.3.5. 4-(1,3-benzodioxol-5-yD)-8-methoxy-2-oxo-1,2,5,6-tetrahydrobenzo
[h]quinoline-3-carbonitrile (QD5)

Yield: 78.34 (%); M.P: 218 °C; FTIR (KBr) Vg, cm ™ ' 3233 (NH),
2927 (C—H), 2217 (CN), 1605 (C=0), 1562 (C=C), 1234 (N=C); 'H
NMR (600 MHz CDCl3) (6/ppm): 8.11 (s, NH), 7.71-6.79 (m, 6H,
CHATI), 3.72 (s, OCHs), 2.72-2.74 (m, 2H, CHycyclo, C6), 2.53-2.50 (m,
2H, CH,cyclo, C5);); *C NMR (CDCl3) (8/ppm): 165.56 (pyridine C),
163.01 (C=0), 154.39, 152.23, 148.69, 129.74, 125.28 (Ar-C), 116.01
(CN), 28.56 (C-5), 26.98 (C-6); 143.04, 142.27, 128.48 (Ar-C), 118.20
(CN), 29.45 (C-5), 27.45 (C-6); Anal. calc. for C5oH,6N204: C, 70.96, H,
4.33, N, 7.52; Found: C, 70.92, H, 4.28, N, 7.48; ESI-MS m/z (rel. int.
%): 374 (85) [M+H]™"

3.4. DFT studies

All the five molecules QD1-QD5, were optimized using Spartan’08
Windows graphical software using Density Functional Theory (DFT)
calculations with RB3LYP method [34]. The RB3LYP is the restricted
version of B3LYP exchange-correlation functional [35]. This method
has been previously used successfully for the calculation of small mo-
lecules [36]. Nevertheless, the structure were modeled and optimized
using semiempirical PM3 method followed by the Hartree-Fock model
with 6-31G* basis set. The obtained resulting wavefunction, Hessian
matrix and geometry calculated were subjected for the final DFT
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calculation with 6-31G* basis set. The asterisk means that the “d” po-
larization functions were added for Carbon and Oxygen atoms. The
fundamental frequencies of all studied structures were also calculated
and assigned as minima (all real frequencies).

3.5. Docking studies

The ligands (QD1-QD4) were drawn in ChemDraw Ultra 6.0 (Chem
Office package) assigned with proper 2D orientation and analyzed for
connection error in bond order. Dundee PRODRG2 server was used to
minimize the energy of the molecules [37,38]. The energy minimized
compounds were then read as input for AutoDock 4.2, in order to carry
out the docking simulation. Crystal structure of DNA gyrase was ob-
tained from Protein Data Bank (http://www.pdb.org/ pdb/home/
home.do) with the PDB ID 1KZN. Auto Dock used the local search to
search for the optimum binding site of small molecules to the protein.
The active site was defined by a grid box of 85 x 80 x 90 points and
spacing of 0.375 A with the ligand binding site as the center. The final
structure was then saved in pdbqt format. During the docking process, a
maximum of 10 conformers were considered for each compound. All
the AutoDock docking runs were performed on Intel Core2Duo CPU,
with 4 GB DDR2 RAM. AutoDock 4.2 and AutoDock vina was compiled
and run under Windows 7 operating system [28].

3.6. Antimicrobial susceptibility tests

3.6.1. Strains and media

Two Gram-positive bacteria (Staphylococcus aureus ATCC 29213 and
Streptococcus pyogenes ATCC 19615) and two Gram-negative bacteria
(Escherichia coli ATCC 25922 and Salmonella typhimurium ATCC14028)
were used in this study. All microorganisms were sub-cultured in nu-
trient medium (beef extract 3 g/L; peptone 5 g/L; pH 7.0) and incubated
for 24 h at 37 °C.

3.6.2. Disc diffusion assay:

To determine the antibacterial activity of the newly synthesized
compounds, disc diffusion assay was employed. The assay was done as
described previously with minor modifications [39].

Briefly, all the bacterial strains were grown in BHI medium for 24 h
at 37 °C. After incubation, cells were spun down and approximately 10°
CFU/mL were inoculated in a molten sterile nutrient agar at down 40 °C
and poured onto an agar plate in a laminar flow cabinet. Five sterile
paper discs (6.0 mm diameter) impregnated with 10, 20, 25, 50, and
100 pg/mL of test compounds prepared in 1% DMSO were fixed onto
nutrient agar plate. Ciprofloxacin (10 pg/mL/disc) was used as standard
drug (positive control) and DMSO (1%) poured disc was used as ne-
gative control. The susceptibility of the bacteria to the test compounds
was determined by the formation of an inhibitory zone measured in
mm, after 24 h of incubation at 37 °C.

3.6.3. Determination of minimal inhibitory concentration

Minimum inhibitory concentration (MIC) of the test compounds
were evaluated by following Clinical and Laboratory Standards Institute
(CLSI) recommended macro-broth dilution method M07-A9 and M07-
A10 (CLSIL. Methods for dilution antimicrobial susceptibility tests for
bacteria Vol. 32 No. 2, 2012 and Vol. 35, No. 2, 2015). Test compounds
(1 mL), previously dissolved in 1% DMSO, was added to the test tube
containing 1 mL of broth media and serial dilutions were done to obtain
the final concentrations of 512, 256, 128, 64, 32, 16, 8, 4, 2 and 1 ug/
mL. Following serial dilutions, 1 mL of bacterial cultures, following
standard inoculum of 10° CFU/ml, was added to each tube. The MIC,
defined as the lowest concentration of the test compound, which in-
hibits the visible growth after 24 h, was determined visually after in-
cubation for 24 h at 37 °C. Tests using 1% DMSO and ciprofloxacin were
also included as negative and positive controls respectively.
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3.7. Cytotoxicity studies (MTT assay)

3.7.1. Cell culture

Epithelial, human breast cancer cell line (MDA-MB-231) was cul-
tured in Dulbecco’s modified Eagle’s medium with 10% fetal bovine
serum (heat inactivated), 100 units mL™! penicillin, 100 uygmL~?!
streptomycin, and 2.5 ug mL~ ' amphotericin B, at 37 °C in a saturated
humidity atmosphere containing 95% air/5% CO, [40]. The cell lines
were harvested when they reached 80% confluence to maintain ex-
ponential growth.

3.7.2. MTT assay

The MTT assay is a standard colorimetric assay, in which mi-
tochondrial activity is measured by splitting tetrazolium salts with
mitochondrial dehydrogenases in viable cells only [23]. For viability
testing, MTT (3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium
bromide, M2128 from Sigma) cell proliferation assay was carried out.
The cell monolayers in exponential growth were harvested using 0.25%
trypsin and single-cell suspensions were obtained by repeated pipetting.
Only viable cells were used in the assay. Exponentially growing cells
were plated at 1.2 x 10* cells per well into 96-well plates (Costar,
Corning, NY, USA) and incubated for 48 hr before the addition of drugs
to achieve the maximum confluency of the cells. Stock solutions were
prepared by dissolving the compounds in 1% (v/v) DMSO and further
diluted with fresh complete medium to achieve 1 mM/mL concentra-
tion. Cells were incubated with different concentrations of ciprofloxacin
and test compounds for 48 h at 37 °C in 5% CO, humidified incubator
together with untreated control sample. At appropriate time points,
cells were washed in PBS, treated with 50 pL. MTT solution (5 mgmL ™ 1
tetrazolium salt) and incubated for 4h at 37 °C. At the end of the in-
cubation period, the medium was removed and pure DMSO 150 pL was
added to each well. The metabolized MTT product dissolved in DMSO
was quantified by measuring the absorbance at 570 nm on an Micro-
plate reader (iMark, BIORAD, S/N 10321) with a reference wavelength
of 655 nm. All assays were performed in triplicate and repeated thrice.
Percent viability was defined as the relative absorbance of treated
versus untreated control cells.

4. Conclusions

One pot synthesis of Quinoline 3-carbonitrile derivatives by the
reaction of appropriate aldehydes, 6-methoxy-1,2,3,4-tetrahydro-
naphthalin-1-one, ethyl cyanoacetate and ammonium acetate was
achieved. All the compounds share a common basic ring skeleton except
the presence of different aryl substituents at position-4 of the quinoline
ring. The presence of furan ring in compound QD4 seems to have a
prominent effect on the biological profile of the molecule compared to
the other analogues. It seems that the presence of a heteroaromatic ring
with lone pair of electrons at position-4 of the quinoline nucleus helps
the compound to achieve better antibacterial activity, possibly due to
stronger interactions or more binding affinity with the target. However,
the structure further needs to be optimized with different heteroaro-
matic rings or electron withdrawing or electron releasing substituted
rings to further verify these preliminary results. The comparatively
softer nature of compound QD4, lower band gap energy of 3.40 eV and
a low-lying LUMO helps the molecule to achieve higher antibacterial
activity possibly due to better interaction with the target compared to
the other structurally related derivatives. All the derivatives, however,
obeyed the Lipinski’s rule of 5 and possessed desirable physico-che-
mical properties. To gain better understanding of structure-activity
relationship and to get the most optimal molecule we are currently
optimising the structure of these molecules by replacing the furan ring
with other heteroaromatic moieties which will be reported in due
course of time.
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