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Abstract
A series of 2-chloro N-substituted amino quinolines (2a–2j) were prepared and characterized by analytical and spectroscopic
methods. As quinoline is an important pharmacophoric moiety, the prepared compounds were screened against a non-small
cell lung cancer cell line, A549. One of the compounds, 2-chloro-8-methyl-N-(quinolin-5-yl)quinolin-4-amine (2b) is found
to be active with inhibition concentration value of (IC50) 29.4 μM. The molecular docking studies with the predominant
PI3K/AKT/mTOR pathway proteins also revealed the lesser binding energy with 2b. All the compounds are predicted to
satisfy the ADME profile and the results let us to consider 2b as a lead compound for new generation of A549 cell line
inhibitors and for further studies in this way.
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Introduction

The nitrogen containing heterocycles are important struc-
tural motifs of various bioactive compounds. The value of
quinoline accounts for its basis for the biologically sig-
nificant molecules with diverse therapeutic profiles (Feld-
man et al. 2005; Shivakumar et al. 2010; Solomon 2011;
Chan et al. 2013a, b; Manohar et al. 2014; Afzal et al. 2015;
Bispo et al. 2015). 4-Aminoquinoline based compounds are
known for their antimalarial (O’Neill et al. 2006; Eswaran
et al. 2010; Sáenz et al. 2012; Rudrapal et al. 2013; O’Brien
et al. 2014a), antimicrobial (Bhat et al. 2013; Rudrapal et al.
2013), anticancer activities (Eswaran et al. 2010; Thomas
et al. 2011; Ren et al. 2013; Manohar et al. 2014; Verbanac

et al. 2016; Mandewale et al. 2017; Rabal et al. 2018) etc.
Recently, a series of 2-styryl-4-aminoquinoline was devel-
oped with potent in vitro antiproliferative activity against
lung, colon, and liver cancer cell lines (El-Sayed et al.
2018). Ghorab et al. (2014) have reported a series of 4-
aminoquinoline derivatives showing remarkable cytotoxi-
city values when compared to doxorubicin in MCF-7 cell
lines. Bosutunib, neratnib and pelitinib are few of the qui-
noline containing anticancer drugs in the literature inhibit-
ing different target proteins. The results of structure–activity
relationship studies have shown that the anticancer activity
of quinoline scaffold was found to be dependent on the
position of the substituents (Shaikh et al. 2017; Rabal et al.
2018). Thus, developing a novel cytotoxic drug using this
scaffold with potent activity and selectivity still remains as
an interesting field of research.

Literature survey has revealed that PI3K/AKT/mTOR is
the most common signaling pathway that plays a role in
multiple cancers by apoptosis and cell proliferation (Bai
et al. 2016; Kawade 2018; Zhao et al. 2018). Earlier reports
have also revealed that A549 adenocarcinoma cells are
more prone to PI3K/AKT/mTOR inhibitors (Korrodi-Gre-
gório et al. 2016; Fang et al. 2017). The multitargeted
approach is gaining attention due to the fact that inhibition
of the targets in a particular pathway will be meaningful and
pharmacologically significant especially in diseases such as
cancer and diabetes (Singh and Bast 2014; Rehan and
Bajouh 2018).
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Though PI3K/AKT/mTOR pathway is a crucial reg-
ulatory system, 3-phosphoinositide dependent kinase-1
(PDK1), which activates the central kinase in this path-
way by the phosphorylation of AKT, is an emerging drug
target (Mora et al. 2004). The inhibition of this tyrosine
kinase is affected by blocking it at ATP binding site (Sestito
et al. 2015). Many scaffolds are reported to fit in the hinge
region of the ATP binding site of PDK1 which includes
dibenzo naphthrydines (Gopalsamy et al. 2007), azaindoles,
aminoindazoles (Medina et al. 2010), oxindoles, pyrrolo
pyrimidines (Murphy et al. 2011; O’Brien et al. 2014b, a),
imidazo, anilino quinolones (O’Brien et al. 2014a), etc.
NMR spectroscopy fragment screening of PDK1 afforded a
quinoline analog with greater than five-fold selectivity
against other key pathway kinases (Johnson et al. 2011). All
these facts motivated us to focus on 2-chloro-NH sub-
stituted quinoline amines which are anticipated to be as
potent as structurally related quinolines. The cytotoxic
activity of the compounds was evaluated in A549, a non-
small cell lung cancer cell line. Further, the literature reports
on over expression of PDK1 in lung and breast cancer cells
intuitively made us to focus on the quinolines for its inhi-
bition. The main objective, therefore, of the present
endeavor is to carry out molecular docking study of these
compounds to describe the binding possibility and pattern
of the ligands into the receptor pocket of PI3K/AKT/mTOR
pathway proteins and the drug likeliness (ADME/Tox)
profiling. The compounds were also screened against a non-
small cell lung cancer A549 cell lines.

Results and discussion

Ten 4-subsitituted amino quinolines (2a–j) were prepared as
shown in Scheme 1 (Prabha and Prasad 2014). All the
compounds were purified by column chromatography and
were characterized by spectral and analytical techniques.

Anticancer activity of these compounds was screened
against A549 cell line using MTT [(3-[4,5-methylthiazol-2-
yl]-2,5-diphenyl-tetrazolium bromide)] assay. Molecular
docking studies were also carried out to substantiate the
mode of interaction of these compounds with multi targets
involved in cancer cell signaling pathways.

Biological evaluation

The antiproliferative activity of these compounds was
screened against the non-small cell lung cancer cell line,
A549. Pemetrexed, a marketed lung cancer drug was used
as a reference. Though mechanism of action of the title
compounds in cells might be different from the pemetrexed,
this cytotoxicity study serves as the initial biological
screening. Preclinical studies have suggested that the
pemetrexed has more promising activity in non-small lung
cancer cell lines (Chattopadhyay et al. 2007; Joerger et al.
2010). Also, the recent study by Fang et al. (2017) have
identified the enrichment of PI3K/AKT pathway in differ-
ential expression in A549 cells and the sequence of events
in the pathway starts by activation of PDK1. From human
protein atlas (www.proteinatlas.org), it is inferred that the
PDK1 expression in lung cancer cell lines is the highest one
among various cell lines. Hence, the most commonly stu-
died lung cancer cell line A549 was used in examining the
antiproliferative effects of the compounds.

MTT assay was used to detect the inhibition concentra-
tion of the compounds and the results were interpreted in
terms of IC50 values. The percentage of cell viability was
measured by determining the OD values for various con-
centrations ranging from 10−8 to 1 mM. Three of the
compounds showed cytotoxic effect to cancer cells in less
micromolar concentrations. To be specific, 2b significantly
affects the cells with IC50 value of 29.4 μM which is com-
parable in activity with the positive control, pemetrexed
(IC50 1.15 μM) (Fig. 1). The antiproliferative behavior of 2d

Scheme 1 The effect of structure on the efficacy of antiproliferative behavior
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(IC50 77.7 μM) is also found to be good. The hydrophobic
methyl group at 8-position and the high electron with-
drawing chloro substituent or the presence of bulky group at

2-position of quinoline ring might be attributed to the higher
activity of the compound (Scheme 2). It is worth noting that
the pyrazine and quinoline carboxylic acid derivatives were

Fig. 1 A549 Cell viability
percentage against various
concentrations of the test
compounds and their IC50 values
by MTT assay
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found in ATP site inhibition of other kinases (Forns et al.
2012; Oyallon et al. 2018). Also from Fig. 1, it can be noted
that the IC50 value could not be defined at the mentioned
concentration range for the compounds 2f and 2h, which
might be difficult to test at higher concentrations because of
issues with solubility of the compounds. Thus, the activity
profile displayed that the compound 2b served best among
the test compounds and can be further taken for designing a
lead compound to act as A549 cancer cell line inhibitors.

Docking study

Recent years have seen an explosion in number of PI3K/
AKT/mTOR pathway inhibitors which are under clinical
investigations (Dienstmann et al. 2014). However due to
multiple side effects, off target effects and questionable
efficacies, the multitarget approaching is gaining impor-
tance. In order to elucidate the binding mode with the four
major proteins involved in PI3K cell signaling pathway, we
performed induced fit molecular docking studies with the
compounds under investigation. The IFD docking results
with glide scores, glide energy and the hydrogen bonded
residues with each of the proteins are given in Table 1 and
the interactions are shown in Fig. 2 and Fig. S1.

The docking results indicated that the experimentally
well performed compound 2b came out in top three with the
good G-scores (−10.12, −7.9, −9.971, and −9.824 kcal/mol)
and glide energy (−49.989, −50.164, −53.661, and
−51.673 kJ/mol) with the targets PI3K, PDK1, AKT, and
mTOR, respectively. In PI3K, though the compound 2b in
sixth position, the glide energy values did not differ much
and high glide score as well with respect to the third
compound 2j. Each of the compound’s binding behavior is
found to be different for all the four protein molecules.
Though 2f was found to be with greater energy scores with
PDK1 and AKT, it is not in PI3K1 and mTOR. Docking
score wise sorting of compounds revealed that the better
forming protein ligand complexes are PI3K-2f, PDK1-2a,
AKT-2f, and mTOR-2c. From these results, both the glide
score and glide energy with respect to all the four major

proteins is found to be good for 2b and its interactions in the
binding sites of all the four proteins were given in Fig. 2. In
2b, the presence of a highly electronegative chlorine sub-
stituent and the methyl group made the quinoline system to
flip in such a way to fit in the hydrophobic space of the
active site. Hence, the occupancy of the hydrophobic space
by quinoline moiety in the hinge region of ATP site in
PDK1 and strong interactions with key residues together
will lead to a better inhibitor. Though, the docking results
and antiproliferative cell line screening cannot be related
directly due to the nonavailability of mechanism of action
of compounds in the cells, this study can serve as a pre-
liminary basis for further designing inhibitors for this
pathway. Thus, the compound 2b in this case is found to
perform better both in cell line screening and computational
studies and it will serve as a good start for optimization to
further develop potent PI3K/PDK/AKT/mTOR inhibitors.
However the cell line toxicity might be associated with
other cellular mechanisms for the test compounds and these

Scheme 2 Preparation of the compounds

Table 1 IFD results of the title compounds

Protein Compounds G-score (kcal/mol) Glide energy (kJ/mol)

PI3K 2h −7.173 −55.98

2f −2.062 −54.061

2j −3.167 −52.363

2g −7.178 −50.943

2e −10.059 −50.832

2b −10.12 −49.989

PDK-1 2d −6.249 −64.603

2b −7.91 −50.164

2f −6.521 −50.651

AKT1 2f −11.445 −56.127

2b −9.971 −53.661

2h −7.746 −53.563

mTOR 2b −9.824 −51.673

2i −10.285 −51.259

2j −6.457 −50.692
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preliminary docking results supports the proposed inhibi-
tion of PI3K/PDK/AKT/mTOR pathway.

ADME profile

The fast and the trustworthy predictions of pharmacological
profiles such as adsorption, distribution, metabolism, and
excretion properties will always lead to the successful drug
discovery. Hence, the ADME properties along with
important topological descriptors of the test compounds
were predicted using molecular descriptor wizard by Qik-
prop in Maestro (Schrödinger Release 2018-2: QikProp,
Schrödinger, LLC, New York, NY). According to the
Lipinski’s rule, molecules with good membrane perme-
ability have log P ≤ 5, molecular weight ≤500, number of
hydrogen bond acceptors ≤10, and number of hydrogen
bond donors ≤5 (De La Nuez and Rodríguez 2008; Mondal
et al. 2009; Yasmin et al. 2017). The active compound 2b
has about 100% human oral absorption and satisfied
Lipinski rule of five. log Po/w (octanol/water coefficient),
log Khsa (human serum albumin binding), log BB (blood
brain barrier penetration), log hERG (ion channel inhibition),
and log Kp (skin permeability) were found to be in normal
ranges(Singh and Bast 2014) (Table S1).

Conclusion

We have prepared a series of N-substituted 4-aminoquino-
line analogs (2a–j) with modification of ring systems and
the substitutions of the attached amines. The anti-
proliferative screening results revealed that the compound
2b is the most active agent against A549, a nonsmall cell
lung cancer cell lines with IC50 of 29.4 μM. Moreover, the
docking calculations showed that the compound 2b binds
efficiently by strong interactions with key residues of four
critical proteins in PI3K/AKT/mTOR pathway with lesser
binding energy. Compound 2b performed better both in
biological and computational studies with satisfactory
ADME profile and it will serve as a good start to generate
more potent PDK1 inhibitors.

Experimental

Preparation of quinoline amines

2-Chloro-NH substituted quinoline amines were prepared as
described, by one of the co-authors, in literature (Vennila
et al. 2010; Prabha and Prasad 2014). In a typical

Fig. 2 Binding site interactions of 2b with PI3K (PDB Id: 3l54), PDK1 (PDB Id: 2r7b), AKT (PDB ID: 3mvh), and mTOR (PDB ID: 4jt6)
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experiment, an equimolar mixture of 8-methyl or 6-chloro
quinoline (0.01 mol) and varieties of aminoquinoline/ami-
nocarboxylic acids (0.01 mol) was heated under neat con-
dition. The reaction was monitored by TLC. The product
obtained was washed with water, dried and purified by
silica gel column chromatography ethylacetate:methanol
(99:1) as an eluent to get the respective 4-amino substituted
products which was recrystallized using ethanol (Scheme
2). The reaction temperature and time are collected in Table
2. The prepared compounds were characterized by ele-
mental analysis, IR, 1H NMR and mass studies (Fig. S2).
The results obtained are accordance with those reported
earlier.

2,6-Dichloro-N-(isoquinolin-5-yl)quinolin-4-amine (2a)

Pale brown solid; mp: 148–150 °C; Yield : (25%): IR (KBr,
cm−1) νmax: 3290 (N-H), 1630, 1577 (C=N); 1H NMR
(DMSO-d6), (ppm) δH: 6.64 (s, 1H, C3-H), 7.17–7.27 (m,
2H, C6', C7'-H), 7.51 (d, 1H, C8'-H, J= 8.00 Hz), 7.66 (d,
1H, C8-H, J= 7.20 Hz), 7.71 (d, 1H, C7-H, J= 8.00 Hz),
7.80 (d,1H, C4'-H, J= 7.20 Hz), 8.12 (d, 1H, C5-H, Jm=
2.00 Hz), 8.45 (d, 1H, C3'-H, J= 8.00 Hz), 8.56 (s, 1H, C1'-
H), 10.10 (b s, 1H, C4-NH amino form) 12.01 (b s, 1H, N1-
H imino form). The ratio of amino and imino form was
found to be 1:1; LCMS m/z: [M+H]+ calculated for
C18H11Cl2N3: 339.0, found: 340.0, Anal. Calcd. for

Table 2 Synthesis and reaction conditions of compound 2a–j

Co
mp
d.

Amines
Products

t (h)
T

(°C)

Com
pds

Amines
Products

t 
(h)

T 
(°C)

2a
0.5 180

2f
0.5 140

2b
0.5 180

2g
0.5 120

2c
0.5 180

2h
0.5 140

2d
0.5 110

2i
0.5 190

2e
0.5 180 2j 0.5 140
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C18H11Cl2N3 (339): C, 63.55; H, 3.26; N, 12.35%; Found:
C, 63.50; H, 3.30; N, 12.33%.

2-Chloro-8-methyl-N-(quinolin-5-yl)quinolin-4-amine (2b)

Brown solid; mp: 151–153 °C; Yield: (30%); IR νmax (KBr,
cm−1): 3182 (N-H), 1625, 1594 (C=N); 1H NMR (DMSO-
d6), (ppm) δH: 2.72 (s, 3H, C8-CH3), 6.73 (s, 1H, C3-H),
7.35 (d, 1H, C8'-H J= 8.50 Hz), 7.51 (d, 1H, C6-H J=
7.00 Hz), 7.60–7.80 (m, 4H, C7, C7', C4' and C3'-H), 8.11
(d, 1H, C6'-H J= 7.00 Hz), 8.29 (d, 1H, C5-H J= 8.50 Hz),
8.80 (d, 1 H, C2'-H J= 9.00 Hz), 11.50 (b s, 1H, C4-NH
amino form); 12.55 (bs, 1H, C1-NH imino form, ratio of
amino form : imino form is 1 : 1), Anal. Calcd. for
C19H14ClN3 (319): C, 71.36; H, 4.41; N, 13.14%; Found: C,
71.34; H, 4.38; N, 13.11%.

2,6-Dichloro-N-(quinolin-5-yl)quinolin-4-amine (2c)

Brown solid; mp: 149–151 °C; Yield : (30%); IR νmax (KBr,
cm−1): 3180 (N-H), 1627, 1598 (C=N); 1H NMR (DMSO-
d6) (ppm) δH: 6.71 (s, 1H, C3-H), 7.34 (d, 1H, C8'-H J=
8.50 Hz), 7.58 (d, 1H, C8-H J= 8.50 Hz), 7.63-7.99 (m,
4H, C7, C7', C4' and C3'-H), 8.15 (d, 1H, C6'-H J=
7.00 Hz), 8.30 (s, 1H, C5-H), 8.90 (d, 1H, C2'-H J=
9.00 Hz), 11.87 (b s, 1H, C4-NH amino form); 12.80 (bs,
1H, C1-NH imino form, ratio of amino form : imino form is
1 : 1), Anal. Calcd. for C18H11Cl2N3 (339): C, 63.55; H,
3.26; N, 12.35%; Found: C, 63.51; H, 3.20; N, 12.33%.

4,6-Dichloro-N-(naphthalen-1-yl)quinolin-2-amine (2d)

Pale yellow spongy mass; mp: 116–118 °C; Yield: (43%);
IR (KBr, cm−1) νmax: 3120 (N-H), 1597 (C=N); 1H NMR
(CDCl3) (ppm) δH: δ 6.91 (s, 1H, C3-H), 7.21 (s, 1H, C2-
NH), 7.50–7.94 (m, 8H, C7, C2'- C8'-H), 8.00 (d, 1H, C5-H
Jm= 2.40 Hz), 8.04 (d, 1H, C8-H J= 8.00 Hz); Anal. Calcd
for C19H12Cl2N2 (338): C, 67.27; H, 3.57; N, 8.26%;
Found: C, 67.13; H, 3.55; N, 8.23%.

2-Chloro-N-(isoquinolin-5-yl)-8-methylquinolin-4-amine
(2e)

Pale brown solid; mp: 145–147 °C; Yield: (30%); IR νmax

(KBr, cm−1): 3200 (N-H), 1608, 1566 (C=N); 1H NMR
(DMSO-d6) (ppm) δH: 2.74 (s, 3H, C8-CH3), 6.60 (s, 1H,
C3-H), 7.20–7.31 (m, 2H, C6', C7'-H), 7.59 (t, 1H, C6-H, J
= 7.60 Hz), 7.65 (d, 1H, C8'-H, J= 8.00 Hz), 7.76 (d, 1H,
C4'-H, J= 7.20 Hz), 7.85 (d, 1H, C7-H, J= 8.40 Hz), 8.21
(d, 1H, C5-H, J= 8.20 Hz), 8.50 (d, 1H, C3'-H, J=
8.00 Hz), 8.69 (s, 1H, C1'-H), 11.15 (b s, 1H, C4-NH amino
form); 12.34 (bs, 1H, C1-NH imino form, ratio of amino
form : imino form is 1 : 1), LCMS m/z: [M+H]+ calculated

for C19H14ClN3: 319.0, found: 319.0.Anal. Calcd. for
C19H14ClN3 (319): C, 71.36; H, 4.41; N, 13.14%; Found: C,
71.29; H, 4.40; N, 13.12%.

3-(2,6-Dichloroquinolin-4-ylamino)pyrazine-2-carboxylic
acid (2f)

Pale green solid; mp: 162–164 °C; Yield: (32%); IR (KBr,
cm−1) νmax: 3450 (O-H), 3296 (N-H), 1711 (C=O), 1643,
1548 (C=N); 1H NMR (DMSO-d6) (ppm) δH: 6.80 (s, 1H,
C3-H), 7.65 (d, 1H, C8-H J= 8.50 Hz), 7.77 (d, 1H, C7-H J
= 9.00 Hz), 7.99 (s, 1H, C5-H), 8.30 (d, 1H, C5'-H J=
5.00 Hz), 8.49 (d, 1H, C6'-H J= 5.50 Hz), 10.24 (bs, 1H,
C4-NH amino form), 12.62 (bs, 1H, C1-NH imino form,
ratio of amino form : imino form is 1 : 1), 14.25 (bs, 1H,
C3'-OH); Anal. Calcd. for C14H8Cl2N4O2 (334): C, 50.17;
H, 2.41; N, 16.72%; Found: C, 50.12; H, 2.40; N, 16.69;%.

2-(2-Chloro-8-methylquinolin-4-ylamino) benzoic acid (2g)

Pale greenish yellow solid; mp: 140–142 °C; Yield: (30%);
IR (KBr, cm−1) νmax: 3445 (O-H), 3290 (N-H), 1749 (C=
O), 1621(C=N); 1H NMR (DMSO-d6) (ppm) δH: 2.94 (s,
3H, C8-CH3), 6.41 (s, 1H, C3-H), 7.36–7.70 (m, 5H, C3'-C6',
C6-H), 7.79 (d, 1H, C7 -H J= 8.40 Hz), 8.33 (d, 1H, C5-H J
= 7.60 Hz), 11.42 (bs, 1H, C4-NH amino form), 12.53 (bs,
1H, C1-NH imino form, ratio of amino form : imino form
is 1 : 1), 14.10 (bs, 1H, C1'-OH); MSEI m/z 312 (M+, 42),
314 (M+2, 13), Anal. Calcd. for C17H13ClN2O2 (312): C,
65.29; H, 4.19; N, 8.96; %; Found: C, 65.27; H 4.17;
N, 8.94%.

3-(2-Chloro-8-methylquinolin-4-ylamino)pyrazine-2-
carboxylic acid (2h)

Yellow solid; mp: 158–160 °C; Yield: (29%); IR (KBr, cm−1)
νmax: 3360 (O-H), 3155 (N-H), 1690 (C=O), 1630, 1535
(C=N); 1H NMR (DMSO-d6) (ppm) δH: 2.89 (s, 3H, C8-
CH3), 6.80 (s, 1H, C3-H), 7.52 (t, 1H, C6-H J= 8.50 Hz),
7.62 (d, 1H, C7-H J= 9.00 Hz), 7.68 (dd, 1H, C5-H J=
8.00 Hz, J= 1.50 Hz), 8.22 (d, 1H, C5'-H J= 5.50 Hz), 8.44
(d, 1H, C6'-H J= 5.50 Hz), 10.11 (bs, 1H, C4-NH amino
form), 11.14 (bs, 1H, C1-NH imino form, ratio of amino
form : imino form is 1 : 1), 12.33 (bs, 1H, C3'-OH); Anal.
Calcd. for C15H11ClN4O2 (314): C, 57.24; H, 3.52; N,
17.80; Found: C, 57.23; H 3.50; N, 17.78%.

N-(2-Chloro-8-methylquinolin-4-yl)quinolin-3-amine (2i)

Brown solid; mp: 145–147 °C; Yield : (30%); IR νmax (KBr,
cm−1): 3178 (N-H), 1629, 1590 (C=N); 1H NMR (DMSO-
d6) (ppm) δH: 2.79 (s, 3H, C8-CH3),6.73 (s, 1H, C3-H),
7.20-7.88 (m, H, C6,C5'- C8'-H), 7.93 (d, 1H, C7-H, J=

1304 Medicinal Chemistry Research (2019) 28:1298–1307



8.40 Hz), 8.33 (d, 1H, C5-H, J= 8.20 Hz), 8.70 (s, 1H, C4'-
H), 9.01 (s, 1H, C1'-H), 11.11 (b s, 1H, C4-NH amino
form); 12.00 (bs, 1H, C1-NH imino form, ratio of amino
form : imino form is 1:1); LCMS m/z: [M+H]+ calculated
for C19H14ClN3: 319.0, found: 320.3. Anal. Calcd. for
C19H14ClN3 (319): C, 71.36; H, 4.41; N, 13.14%; Found: C,
71.34; H, 4.38; N, 13.11%.

2-(2-Chloro-8-methylquinolin-4-ylamino)nicotinic acid (2j)

Pale green solid; mp: 150–152 °C; Yield: (39%); IR (KBr,
cm−1) νmax: 3452 (O-H), 3296 (N-H), 1715 (C=O), 1654,
1550 (C=N); 1H NMR (DMSO-d6) (ppm) δH: 2.86 (s, 3H,
C8-CH3), 6.47 (s, 1H, C3-H), 7.29 (t, 1H, C5'-H J= 4.80 Hz,
J= 7.20 Hz), 7.47 (t, 1H, C6 -H J= 8.40 Hz), 7.59 (d, 1H,
C7-CH3J= 8.00 Hz), 7.79 (d, 1H, C4'-H J= 7.20 Hz), 8.12
(dd, 1H, C5-H J= 8.80 Hz, J= 1.6 Hz), 8.24(dd, 1H, C6'-H
J= 5.60 Hz, J= 1.60 Hz), 10.23 (bs, 1H, C4-NH amino
form), 12.61 (bs, 1H, C1-NH imino form, ratio of amino
form : imino form is 1:1), 14.22 (bs, 1H, C3'-OH); Anal.
Calcd. for C16H12ClN3O2 (313): C, 61.25; H, 3.86; N,
13.39%; Found: C, 61.19; H, 3.81; N, 13.34%.

Cytotoxic activity using MTT assay

The A549 cells (human lung carcinoma cell line) were
cultured in DMEM medium supplemented with 10% fetal
bovine serum (FBS) at 37 °C with 5% CO2. The cell via-
bility upon different compound treatments were evaluated in
A549 cells by MTT (3-[4,5-methylthiazol-2-yl]-2,5-diphe-
nyl-tetrazolium bromide) assay (D’Mello et al. 1997; Wang
et al. 2014). Briefly, A549 cells (10,000 cells/well) were
seeded in a 96-well plate and incubated overnight. The next
day the culture medium was replaced with fresh DMEM
(without FBS) and serial tenfold dilutions of the test com-
pounds were added. Negative control wells contained only
the cells without any compound, and the blank wells con-
tained only the culture medium without cells. The cells were
placed back into the incubator for next 24 h. On the day of
the assay, the cells were washed with PBS gently and 100 µl
of PBS was added to each well, to this 5 µl of MTT reagent
(10 mg/ml) was added per well and incubated for 4 h in dark.
After completing the incubation, 100 µl of 100% DMSO was
added to each well and incubated in dark at room tem-
perature for 1 h. The color developed (optical density (OD))
was measured at 570 nm. The percentage cell viability was
calculated by ratio of the difference in the OD values
obtained from wells carrying cells treated with compounds
and the blank wells versus the difference in the OD values
obtained in negative wells and the blank wells. To assess the
compound’s anticancer potency the IC50 values (the con-
centration that inhibited cell viability to 50% of the control)

were determined using Prism version 6 (GraphPad, San
Diego, CA) by nonlinear regression method.

Molecular docking

The molecular docking calculations were carried out using
Glide program in Schrodinger software. The structure of the
test compounds were first generated through the Maestro, a
graphical interface in Schrodinger and then prepared through
ligprep. The three dimensional coordinates of the four pro-
teins were taken from Protein Data Bank with PDB IDs :
3l54, 2r7b, 3mvh, and 4jt6 were selected. Protein prepara-
tion wizard was used to prepare the protein. The missing
residues were built using prime module and the structure is
refined using OPLS2005 forcefield by removing the water
molecules leaving the waters within 5 Å of the active site.
Induced fit molecular docking calculations were performed
with Glide in extra precision (XP) mode (Friesner et al.
2006) and the glide energy was used for ranking the ligands.
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