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Abstract
10-methoxy dibenzo[b,h][1,6]naphthyridine carboxylic acid was successfully synthesized from 3-methoxyaniline by a new
route. By utilizing a structure-based epharmacophore developed from the active site of 3-phosphoinositide-dependent
kinase-1, a series of nine novel 10-methoxy dibenzo[b,h][1,6]naphthyridinecarboxamides was synthesized and characterized
by different spectral techniques. Three of them are found to be active by screening against A549 cell line and showed
significant anticancer activity when compared to a marketed lung cancer drug, pemetrexed. The molecular docking and in
silico pharmacokinetic predictions provide detailed understanding for utilizing the dibenzo[b,h][1,6]naphthyridine scaffold
in future drug discovery and development of PDK1 inhibitors.

Keywords Dibenzonaphthyridines ● Phosphoinositide-dependent kinase ● Epharmacophore ● Pharmacophore modeling ● ATP
site ● Molecular docking

Introduction

Fused heterocycles always attract chemists due to their broad
spectrum of biological applications. Naphthyridine is one such
fused bicyclic nitrogen containing a heterocycle reported to
show a lot of pharmacological and biological activities. There
are many literature examples of [1,8]naphthyridine synthesis,
antibacterial, and anticancer activity [1]. Nalidixic acid, a
marketed [1,8]naphthyridine analog, is more effective against
both Gram-positive and Gram-negative bacteria [2]. Malar-
idine phosphate is an another well-known antimalarial drug,
and vosaroxin is the one that is undergoing phase III clinical

trials for acute myeloid leukemia [3]. Like this, [1,6]naph-
thyridine has been shown to be a prominent scaffold with
drug-like properties [4, 5]. There are several reports on the
synthesis and biological activities of naphthyridines, but only a
few are on dibenzo[1,6]naphthyridines [6–9]. Hence, several
efforts have been made to efficiently synthesize dibenzo-
naphthyridines. These compounds are also reported as
important with significant biological activities in vitro, such as
3-phosphoinositide-dependent kinase-1 inhibition [10, 11],
topoisomerase I inhibition [12], DNA-intercalating agents
[13], antimalarials, and anticancer agents [14, 15]. Recently, it
was displayed that 8-substituted-[1,6] naphthyridines exhibit
HIV-1 integrase inhibitory activity and cytotoxicity against
cancer cells [4]. Thus, the dibenzo[b,h][1,6]naphthyridines can
also be potentially developed as anticancer drugs by structural
modification and examining their in vitro activity. Further-
more, these compounds are known for their fluorescence
properties and found application in fluorescent DNA detection
and quantification [16–18]. Also, it can be said that this par-
ticular scaffold gained more attention only in recent years and
has not been explored much. Only a limited number of reports
dealing with the synthetic methods of [1,6]dibenzonaphthyr-
idine class of compounds are available [19]. The synthesis of
dibenzo[b,h][1,6]naphthyridines is found in a few recent
reports in which we find CuBr2-catalyzed reaction [20],
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palladium ligand-free catalyst reaction [21], iodine-catalyzed
reaction [2], one-pot synthesis [16], and Sc(OTf)3-catalyzed
cascade approach [17]. These results prompted us to look into
the ways of synthesizing novel 10-methoxy dibenzo[b,h][1,6]
naphthyridine derivatives from easily available reagents and
with their reductive amination.

Also, Pi3K/AKT/mTOR is a well-known pathway in can-
cer cell signaling, and there are numerous reports mentioning
that its inhibition could potentially provide valuable ther-
apeutic agents for the treatment of cancer [22–26]. PDK1 also
plays a major role in downstream signaling of the proteins in
this pathway [27–30]. The discovery of dibenzo[c,f][2,7]
naphthyridines and 8,9-dimethoxy-5-(2-aminoalkoxy-pyridin-
3-yl)-benzo[c][2,7]naphthyridin-4-ylamines as potent and
selective PDK1 inhibitors inspired us to work on 10-methoxy
dibenzo[b,h][1,6]naphthyridine derivatives. Due to the sig-
nificance of dibenzo[b,h][1,6]naphthyridines in biology, scar-
city of the number of literatures, and in continuation of our
research interest in this scaffold, the present work is carried
out. In this work, we described the structure-based design, an
efficient way of synthesizing 10-methoxy dibenzo[b,h][1,6]
naphthyridine-2-substituted carboxamides, their cytotoxic
activity against A549 and normal Vero cell lines, and the
molecular docking investigations.

Materials and methods

Chemistry

All the chemicals used in the study are of commercially
available high-purity grade (Aldrich or Merck, India). The
solvents were of reagent grade and used as supplied com-
mercially. The melting point was determined using an open-
ended capillary tube on Buchi Melting point B-540 instru-
ment. IR spectra were recorded with KBr pellets on a
Bruker Alpha-E spectrometer. 1H NMR spectra (300 or
400MHz) were recorded for (DMSO-d6/CDCl3) solutions
on Bruker 300-Ultra Shield spectrometer. 1H NMR data are
reported as follows: chemical shift (multiplicity (s= singlet,
d= doublet, t= triplet, m=multiplet, dd= doublet of the
doublet, and br s= broad singlet), coupling constant (J),
integrations, and assignment). Coupling constant J values
are given in Hz. Electrospray ion mass spectra (m/z) were
recorded using LC/MSD TRAP XCT Plus (1200 Agilent).

Synthesis procedure

Ethyl-4-(((2-chloro-7-methoxyquinolin-3-yl)methylene)
amino)benzoate

2-chloro-7-methoxyquinoline-3-carbaldehyde (3) was pre-
pared as per the literature procedure [31]. To the stirred

solution of 2-chloro-7-methoxyquinoline-3-carbaldehyde
(100.4 g, 0.45 mol, 1.0 eq) in ethanol (1.0 L, 10 v), we
slowly added acetic acid (38.9 ml, 0.67 mol, 1.5 eq) and 4-
amino ethyl benzoate (74.86 g, 0.45 mol, 1.0 eq) at 0–5 °C.
We raised the reaction mass temperature to ambient tem-
perature and stirred for 12 h. After completion of the reac-
tion (by TLC), the solid was filtered and washed with
ethanol to obtain yellow solid in 70% yield. 1H NMR
(400MHz, DMSO-d6, δ ppm): 1.34 (t, 3H, J= 7.2 Hz,
CH3), 3.97 (s, 3H, OCH3), 4.34–4.32 (m, 2H, CH2 ethyl
group), 7.44–7.36 (m, 4H, aromatic H), 8.04 (d, 2H, J=
8.4 Hz, aromatic H), 8.18 (d, 1H, J= 9.2 Hz, aromatic H),
8.90 (s, 1H, aromatic H), and 9.12 (s, 1H, imine H). Anal.
calcd for C20H17ClN2O3: C, 65.13; H, 4.65; N, 7.60; found:
C, 65.25; H, 4.82; N, 7.58%.

Ethyl-4-(((2-chloro-7-methoxyquinolin-3-yl)methyl)amino)
benzoate

To the stirred solution of ethyl-4-{[(2-chloro-7-methox-
yquinolin-3-yl)methylene]amino}benzoate (148.0 g,
0.40 mol, 1.0 eq) in ethanol (2.0 L, 14 v), we slowly added
sodium borohydride (30.3 g, 0.80, 2.0 eq) at 0–5 °C. We
raised the reaction mass temperature to ambient temperature
and stirred for 8 h. After completion of the reaction (by
TLC), the solid was filtered and washed with methanol to
obtain yellow solid in 80% yield. MP: 138.1–145.0 °C. 1H
NMR (300MHz, DMSO-d6, δ ppm): 1.25 (t, 3H, J=
7.2 Hz, CH3), 3.91 (s, 3H, OCH3), 4.16–4.22 (q, 2H, J=
7.2 Hz, CH2 ethyl group), 4.49 (s, 2H, CH2), 6.66 (d, 2H,
J= 8.8 Hz, aromatic H), 7.17–7.27 (m, 2H, aromatic H),
7.37 (s, 1H, aromatic H), 7.70 (d, 2H, J= 8.4 Hz, aromatic
H), 7.89 (d, 1H, J= 9.2 Hz, aromatic H), and 8.19 (s, 1H,
aromatic H); IR (KBR, υ cm−1): 3378, 2978, 1619, 1600,
1582, 1280, 1176, and 1112; LCMS (ESI) m/z 371.8 Da
[M+H]+. Anal. calcd for C20H19ClN2O3: C, 64.78; H,
5.16; N, 7.55; found: C, 64.70; H, 5.20; N, 7.59%.

Ethyl-10-methoxy dibenzo[b,h][1,6]naphthyridine-2-
carboxylate

To the stirred solution of ethyl-4-{[(2-chloro-7-methox-
yquinolin-3-yl)methyl]amino}benzoate in dimethylaceta-
mide (5 v), palladium acetate (0.1 eq), tri-tert-
butylphosphine tetrafluoroborate (0.15 eq), and potassium
carbonate (1.5 eq) were added at ambient temperature. Then
we raised the reaction mass temperature to 140–150 °C and
stirred for 4 h. After completion of the reaction (by TLC),
the reaction mass was cooled to ambient temperature. The
reaction mass was filtered with celite bed and washed
with dichloromethane (5 v). The reaction mass was
extracted with dichloromethane (10 v) and washed with
water (2 × 4 v), brain solution (4 v), and then dried over
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anhydrous sodium sulfate and concentrated the organic
layer completely to get crude. The crude was subjected to
column chromatography to obtain the desired pure product
as yellow-color solid in 30% yield. MP: 185.4–190.7 °C. 1H
NMR (400MHz, DMSO-d6, δ ppm): 1.53 (t, 3H, J=
7.2 Hz, CH3), 4.11 (s, 3H, OCH3), 4.51–4.57 (q, 2H, J=
7.2 Hz, CH2 ethyl group), 7.35–7.38 (m, 1H, aromatic H),
7.72 (d, 1H, aromatic H), 8.02 (d, 1H, J= 8.4 Hz, aromatic
H), 8.23 (d, 2H, J= 8.4 Hz, aromatic H), 8.47–8.50 (m, 1H,
aromatic H), 8.80 (s, 1H, aromatic H), 9.40 (s, 1H, aromatic
H), and 9.99 (d, 1H, aromatic H); 13C NMR (100MHz,
DMSO-d6, δ ppm) δ: 14.3 (CH3), 56.0 (OCH3), 61.2
(OCH2), 106.2 (aromatic C), 118.2 (aromatic C), 121.5
(aromatic C), 122.9 (aromatic C), 124.3 (aromatic C), 125.5
(aromatic C), 128.2 (aromatic C), 129.8 (aromatic C), 130.2
(aromatic C), 130.7 (aromatic C), 138.3 (aromatic C), 146.9
(aromatic C), 148.3 (aromatic C), 152.0 (aromatic C), 157.0
(aromatic C), 163.1 (aromatic C), and 165.5 (COO); IR
(KBR, υ cm−1): 2924, 2853, 1705, 1599, 1418, 1299, 1228,
and 1116; LCMS (ESI) m/z: 333.7 Da [M+H]+. Anal.
calcd for C20H16N2O: C, 72.28; H, 4.85; N, 8.43; found: C,
72.35; H, 4.91; N, 8.45%.

10-methoxy dibenzo[b,h][1,6]naphthyridine-2-carboxylic
acid

To the stirred solution of ethyl-10-methoxy dibenzo[b,h]
[1,6]naphthyridine-2-carboxylate in tetrahydrofuran (7 v),
lithium hydroxide solution ((2.0 eq) in water (3.0 v)) was
added at ambient temperature. Then we raised the reaction
mass temperature to 95–100 °C and stirred for 8 h. After
completion of the reaction (by TLC), the reaction mass was
cooled to ambient temperature and concentrated THF to get
a thick syrup. The reaction mass was extracted with
dichloromethane (10 v) and washed with water (2 × 4 v),
brain solution (4 v), and then dried over anhydrous sodium
sulfate and concentrated the organic layer completely to get
the desired product as yellow solid in 62% yield, MP:
201.5–210.3 °C. 1H NMR (400MHz, DMSO-d6, δ ppm):
4.06 (s, 3H, OCH3), 7.44 (dd, 1H, J1= 8.6 Hz, J2= 2.4 Hz,
aromatic H), 7.75 (s, 1H, aromatic H), 8.21–8.27 (m, 2H,
aromatic H), 8.70 (dd, 1H, J1= 8.4 Hz, J2= 2.0 Hz, 1H,
aromatic H), 9.28 (s, 1H, aromatic H), 9.56 (s, 1H, aromatic
H), 9.80 (s, 1H, aromatic H), and 13.34 (s, 1H, COOH); 13C
NMR (100MHz, DMSO-d6, δ ppm) δ: 56.0 (OCH3), 106.2
(aromatic C), 118.1 (aromatic C), 121.4 (aromatic C), 123.0
(aromatic C), 124.2 (aromatic C), 126.0 (aromatic C), 129.1
(aromatic C), 129.5 (aromatic C), 130.5 (aromatic C), 130.7
(aromatic C), 138.1 (aromatic C), 147.0 (aromatic C), 148.1
(aromatic C), 152.0 (aromatic C), 156.7 (aromatic C), 163.0
(aromatic C), and 167.0 (COOH); IR (KBR, υ cm−1): 3408,
2924, 2352, 1915, 1599, 1438, 1231, 1164, and 848; LCMS
(ESI) m/z: 305.7 Da [M+H]+. Anal. calcd for C18H12N2O3:

C, 71.05; H, 3.97; N, 9.21; found: C, 71.12; H, 4.20;
N, 9.19%.

Structure-based design

Structure-based drug design is the most powerful tool when
it is a part of an entire drug lead discovery process [32].
Energy-based pharmacophore has been utilized as a good
starting point for the design of inhibitors of many disease
targets [33–35]. It is anticipated that we could synthesize
any biologically specific molecule with the use of ephar-
macophoric approach instead of rational synthesis. For this
purpose, the three-dimensional coordinates for the cocrys-
tallized structure of PDK1 and the dibenzonaphthyridine
inhibitor were downloaded from Protein Data Bank (https://
doi.org/10.2210/pdb2R7B/pdb). Epharmacophore utility in
Phase in Schrodinger suite was used to develop a pharma-
cophore model. A model hypothesis was created utilizing
the receptor cavity and by defining its binding site with
important amino acid residues that are involved in hydrogen
bonds with all the other cocrystallized inhibitors in protein
data bank. A model hypothesis with donors as projected
points, including the exclusion spheres, was created by
keeping all the other parameters as default. The developed
pharmacophore was validated as good using decoys and
actives. A mini library of 44 compounds was enumerated
with the available simple fragments in the Schrodinger
database by custom R-group enumeration. The developed
pharmacophore was screened against these compounds, and
the hits are validated by the fitness scores.

General procedure for the synthesis of 10-methoxy dibenzo
[b,h][1,6]naphthyridine-2-substituted carboxamide
derivatives (8a–i)

To the stirred solution of 10-methoxy dibenzo [b,h][1,6]
naphthyridine-2-carboxylic acid (200 mg) in tetra-
hydrofuran (4.0 mL, 20 v), hydroxybenzotriazole (1.3 eq),
EDC HCl (2.0 eq), and amine (2.0 eq) were added at
ambient temperature and stirred for 24 h. After completion
of the reaction (by TLC), it resulted in a concentrated THF
to get a thick syrup. The reaction mass was extracted with
dichloromethane (100 mL) and washed with water (2 ×
400 mL), brain solution (400 mL), and then dried over
anhydrous sodium sulfate and concentrated the organic
layer completely to get the crude product. The crude was
subjected to column chromatography to obtain the desired
pure products as yellow solids.

Biological evaluation

In order to determine the antiproliferative activity of the
synthesized compounds, MTT assay against A549 cancer
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cells and normal Vero cell lines was carried out. The cells
were incubated with the test compounds at a wide con-
centration range of picomolar to millimolar. Both the A549
(human lung carcinoma cell line) and Vero (African Green
Monkey kidney cell lines) cells were cultured in DMEM
medium supplemented with 10% fetal bovine serum at
37 °C with 5% CO2. The cell viability upon different
compound treatments was evaluated in both the cells by
MTT (3-[4,5-methylthiazol-2-yl]-2,5-diphenyl-tetrazolium
bromide).

Pemeterexed, a clinical antitumor drug, was used as a
marker to evaluate the relative cytotoxic efficiency of syn-
thesized compounds. The percentage of cell viability was
calculated by the 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 and the blank wells. The IC50 values
(the concentration that inhibited cell viability to 50% of the
control) were determined by nonlinear regression method.

Computational

The molecular docking studies were carried out to validate
the specific binding pattern of the designed ligands. The
contribution of different types of interactions and their
correlation with the similar compounds are expected. The
computation was carried out using the Schrödinger mole-
cular modeling software package. Docking was performed
by using the Glide integrated with Maestro (Schrödinger,

LLC [36]) interface on the windows operating system.
Absorption, distribution, metabolism, and excretion
(ADME) profile together with binding affinity and selec-
tivity toward the target leads to the discovery of innovative
scaffolds in drug design. Chemical entities with such
pharmacological profile will reach the success in the drug
development process. All the synthesized ligands are neu-
tralized and checked for their ADME properties using
QIKPROP [36], and some of the parameters were calculated
by SwissADME [37].

Results and discussion

Structure-based design

As our research interest is on dibenzonaphthyridine scaf-
fold, the synthesis route starting from 3-methoxyaniline by
using easily available reagents was first identified to get 10-
methoxy dibenzo[b,h][1,6]naphthyridine carboxylic acid as
given in Scheme 1.

In order to proceed to the synthesis step for further useful
bioactive compounds, the literature search was carried out.
It was found that the protein–ligand complex crystal
structure deposited in protein data bank (PDB Id: 2R7B) has
the cocrystallized dibenzonaphthyridine inhibitor [10]
(Fig. 1a). Furthermore, due to its structural similarity, it is
anticipated that the structure–activity relationship of newly
synthesized two substituted 10-methoxy dibenzo[b,h][1,6]
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naphthyridine derivatives will be similar. All the ligands,
which are in the crystallized structures of PDK1, were
further analyzed for the interacting residues (Table S1). It
was found that the residues Leu88, Ser92, Ser94, Val96,
Lys111, Glu130, Ser160, Ala162, Lys163, Glu166, Glu209,
Asn210, Thr222, and Asp223 involved in hydrogen bonds
with the cocrystallized ligands. A structure-based pharma-
cophore model was developed using the receptor cavity and
the binding-site residues involved in hydrogen bonding
mentioned above in epharmacophore approach in Schrö-
dinger suite of programs.

The developed epharmacophore was validated using
decoys and actives, and it successfully predicted the most
active compound with acceptable fitness scores of >0.7. The
hypothetic model consists of seven site features of type
ANNRRRD and each of them contributed to hydrogen
bonds in most of the structures with the amino acid residues
in the active site of PDK1. The exclusion spheres were also
taken into account while screening. In the quest of deter-
mining which functional groups to be attached, a mini
library is developed by having the central core as 10-
methoxy dibenzo[b,h][1,6]naphthyridine and varying the
attachments in position 2 by simple substituents (Fig. 1b). A
series of 44 compounds were enumerated with the available
simple reagents in the software database. The developed
epharmacophore along with the exclusion spheres was
screened against these 44 compounds, and it was found that
morpholine and carboxamide analogs as the topmost hits
with fitness score >1 (Table S2) and hence the carboxamide
series was planned initially for synthesis. The alignment of
a developed pharmacophore with a carboxamide derivative
with four-point matches out of seven can be viewed from
Fig. 2.

Synthesis of 10-methoxy dibenzo[b,h][1,6]
naphthyridine-2-substituted carboxamide
derivatives (8a–i)

Synthesis of 10-methoxy dibenzo [b,h][1,6]naphthyridine-
2-substituted carboxamide derivatives was carried out as per
Scheme 1. Synthesis was carried out with acetylation of

3-methoxyaniline followed by Vilsmeier–Haack reaction
using DMF–POCl3 as reported [31] to afford 2-chloro-7-
methoxyquinoline-3-carbaldehyde (3). The aldehyde 3
obtained was converted into imine 4 with 4-amino ethyl
benzoate using acid media, which was then reduced to
amine 5 using sodium borohydride.

We targeted to synthesize ethyl-10-methoxy dibenzo[b,
h][1,6] naphthyridine-2-carboxylate 6 from intermediate 5
by intramolecular cyclization/annulation of C–H arylation
to provide ethyl-10-methoxy-5,6-dihydrodibenzo[b,h][1,6]
naphthyridine-2-carboxylate, which subsequently under-
went aerial oxidation to provide the desired compound.
Initially, we have tried the reaction using palladium chloride
and sodium acetate condition as reported [38] and found no
desired product formation. This may be due to the presence
of ester functional group in the aryl system, which might be
having either less reactivity or the ester group hydrolyzed/
decomposed at a higher temperature of 130 °C in dime-
thylacetamide, which would have led to the undesired
product. Furthermore, several attempts were made to syn-
thesize intermediate 6 by using different types of palladium
catalysts and ligands. Finally, we were successful in syn-
thesizing the desired product 6 by using palladium acetate
as a catalyst and tri-tert-butylphosphine tetrafluoroborate as
a ligand in the presence of potassium carbonate in dime-
thylacetamide. During this reaction, palladium(0) might be
chelating with the aryl system and aniline nitrogen to form a
five-membered system that resulted in the oxidative addi-
tion of aryl chloride to form Pd (II) followed by reductive
elimination of H–Pd–Cl to give six-membered ethyl-10-
methoxy-5,6-dihydrodibenzo[b,h][1,6]naphthyridine-2-car-
boxylate. The resultant material would have undergone
aerial oxidation to attain the more stable extended con-
jugative aromatic system. We have not observed any side-
product biaryl impurity in the reaction, which would have
come from intermolecular reaction; hence, the major desired
product 6 supports that this reaction works through intra-
molecular C–H annulation.

10-methoxy-dibenzonaphthyridine-2-carboxylate 6 syn-
thesized above was then hydrolyzed to acid and subjected to

Fig. 1 a 10,11-dimethoxy-4-methyldibenzo[c,f]-2,7-naphthyridine-
3,6-diamine. b 10-methoxy dibenzo [b,h][1,6]naphthyridine-2-sub-
stituted carboxamide scaffold

Fig. 2 Pharmacophore alignment with carboxamide derivative with
matching four points of site feature ADRR
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amide preparation using various aliphatic amines and sub-
stituted benzyl amines to afford a novel series of com-
pounds as shown in Scheme 2. The newly synthesized
compounds were characterized by elemental analysis, and
1H NMR, 13C NMR, IR, and mass spectrometry. The
detailed synthetic procedures and the respective spectral
data are given in Supplementary information.

Molecular docking

The three-dimensional crystal structure of human PDK1
crystallized with dibenzo[c,f][2,7]naphthyridine was
obtained from protein data bank (PDB Id: 2R7B). The
structure was prepared by deleting the cofactors, ligands,
and the crystallographically observed water molecules, and
refined using OPLS2005 force field in Prime. The active site
of the protein was defined by the centroid of all interacted
residues in the other observed PDK1 complex structures in
PDB to generate the grid. The ligand coordinates were
obtained by their 2D structures and energy minimized with
OPLS2005. The induced-fit docking calculations were
carried out. The redocking of the crystallized complex was
done initially by extracting the ligand coordinates of the
complexed structure, and the docking algorithm resulted in
exactly the same type of interactions as in the crystal
structure. The induced-fit docking of the test compounds
afforded the better scores ranging from −8.08 to
−10.446 kcal/mol. Among all, 8b, 8g, and 8h have com-
parable glide scores, indicating that these compounds might
possess similar binding affinity with the target
protein PDK1.

The molecular docking results of the highly scored
compounds 8b, 8d, 8f, 8g, and 8h demonstrated the

hydrogen-bonded interactions with Lys111, Ala162, and
Glu166 (Table 1). Also, the gatekeeper residue Ala159 was
in hydrophobic contact with all the compounds, except 8c.
The dibenzonaphthyridine ring sits well in the hydrophobic
region at the ATP-binding site (Fig. S2), and the substituent
OCH3 demonstrated the hydrogen-bonded interactions with
Lys111. It was found that the carboxamide group was
clearly recognized with both nitrogen and oxygen atoms at
important contacts with Leu88 and Glu166, respectively.
Thus, the planarity of the heterocycles is responsible for
positioning the molecule at the hinge region, as well as
interactions with an important amino acid residue Ala162,
as similar to dibenzonaphthyridine from the crystallized
complex. The carboxamide substituent is responsible for the
interactions with leu88 and Glu166. These results of
molecular docking can be used to further detail to which
amino acid residue the cellular active compounds might
interact, and to what extent to inhibit the PDK1 and in
developing potent inhibitors.

MTT assay

The synthesized compounds were evaluated for cytotoxicity
against A549 (a non-small-cell lung cancer line) and Vero
(African kidney normal cell line) by MTT assay with
Pemetrexed as positive control, and the inhibition results are
interpreted in terms of IC50 values. The expression path-
ways in A549 include PI3K/AKT/mTOR, MAPK, NF-kB,
etc., in which PDK1 expression was reported as 14.7 TPM
and mTOR in 22.8 TPM [39, 40]. PDK1 downstream the
PI3K cell-signaling pathways in cells was reported to be
highly expressed in different lung cancer cell lines in
addition to many breast cancer cells [39, 41]. As A549 lung
cancer cell lines were widely studied and also have good
PDK1 expression terms, it was chosen for the present study.
Pemetrexed, a lung cancer drug [42], was used as a positive
control. The inhibitory efficiency of the compounds was
assayed after 24 h of incubation of the cells in drug-
containing medium at a concentration range of 10−12–10−3

M (Fig. S1). Significant inhibition of growth was defined as
Scheme 2 Synthesis of 2-substituted carboxamides

Table 1 Induced-fit docking
calculations with amino acid
residues involved in hydrogen-
bonded interactions

Compounds Glide energy (kcal/mol) Docking score (kcal/mol) Interacting residues

8a −59.951 −9.524 Leu88, Lys111, Ala162, and Glu166

8b −63.483 −10.014 Lys111, Ala162, and Glu166

8c −60.530 −8.081 Glu90 and Thr222

8d −64.399 −10.446 Leu88, Lys111, Ala162, and Glu166

8e −64.081 −9.532 Glu90, Lys111, Ala162, and Glu166

8f −57.371 −10.310 Lys111, Ala162, and Glu166

8g −54.466 −10.078 Leu88, Lys111, Ala162, and Glu166

8h −53.443 −10.292 Lys111, Ala162, and Glu166

8i −57.574 −9.725 Leu88, Lys111, Ala162, and Glu166
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50% or less of control cell growth. To our expectation, the
results are promising in which all the compounds exhibited
cytotoxicity against lung cancer cell line and the IC50 of
pemetrexed was found to be 1.15 μM. The compounds 8b,
8e, and 8i were found to be much significant with lesser
IC50 values (1.0, 1.04, and 19.7 μM, respectively). These
results are also correlated with the docking output wherein
the docking scores for 8b and 8e are high. On the basis of
antiproliferative screening, the preliminary
structure–activity relationship study suggested that fluorine
substituent at the second position of the aromatic ring
attached to carboxamide might be responsible for the
enhanced activity of the compounds. This can be further
explained by the presence of a chlorosubstituent at the
second position in compound 8a that possess a higher IC50

value of 15 μM when compared to 8b and 8e. Thus, the
compounds with highly electron-withdrawing groups at
the second position of the phenyl ring are more potent. The
steric hindrance offered by the bulky CF3 group at ortho
position of the fluorine-substituted phenyl ring may be the
cause of decreasing the activity of the compound in 8c
(IC50= 37.4 μM), which is similar in the case of 8d (IC50=
43.7 μM). Also, in the case of aliphatic amides, the longer
aliphatic chain and the bulkiness of N-dimethyl in 8i (IC50

= 19.7 μM) make the compound free to rotate at that end
and hence decrease the chance of binding with biomole-
cules in the cell. This might be attributed to a slight decrease
in its activity. In the case of 8g and 8h, the short chain with
the methyl group can be flipped in any direction to interact
with other molecules, and is similar to the fixed planar
phenyl ring of 8b and 8e. The mechanism of cytotoxicity
includes DNA intercalation, signaling arrest, or others, and
this study served as a preliminary screen for the hit gen-
eration. All the three compounds that are active against
A549 cells are found to possess docking scores close to
−10.0 kcal/mol and complex energies ranging from −57 to
−63 kcal/mol with four to five intermolecular hydrogen
bonds (Fig. S3).

In drug design and development, the major challenge is
to obtain the compounds with selectivity toward the cancer
cells compared to normal cells. Hence, the cytotoxicity
study of all the compounds with normal cells was also
carried out (Fig. S2). The cell death of normal cells occurs
only at larger concentrations of the compounds when
compared to cancer cell lines, and thus, the tested com-
pounds, particularly 8b and 8e, are selective toward the
cancerous cell lines when compared to Pemetrexed that is
toxic to cells only at higher concentrations.

In silico ADME predictions

The most important pharmacological parameters in ADME
were predicted by SwissADME powered by chemaxon

algorithm and by QikProp in maestro. All the active com-
pounds were found to be 100% effective for human oral
absorption, which is a desirable fact. None of the com-
pounds have violated the Lipinski’s rule of five, as well as
logP, human serum albumin binding, blood–brain- barrier
penetration, donor, and acceptor HB were within the range
indicating the drug-like behavior of compounds. The lipo-
philicity (XlogP3), solubility (log S), and the other drug-
likeliness parameters were found to be in acceptable range
with the other marketed drugs (Table S3). QPPCaco, a cell-
permeability key factor that describes the drug metabolism,
ranged from 388 to 2106. As this is a target-oriented
synthesis, the target requires significant hydrophobic inter-
actions with the inhibiting compounds, and hence some of
the compounds might have suboptimal physicochemical
profiles that can be improved by further modifications.

Conclusion

In summary, we have successfully synthesized and char-
acterized 10-methoxy dibenzo[b,h][1,6]naphthyridine car-
boxylic acid of biological interest. The inhibitors of PDK1
based on this scaffold were designed by epharmacophoric
approach. The screening of a simple library of substituted
10-methoxy dibenzo[b,h][1,6]naphthyridine carboxylic acid
derivatives against the developed epharmacophore was
carried out. Based on the top hits, a series of novel 10-
methoxy dibenzo[b,h][1,6]naphthyridine-2-substituted car-
boxamide derivatives was synthesized and characterized.
These compounds exhibited anticancer activity against
A549 cancer cell line. The potent compounds were further
evaluated with normal cell lines (Vero) and exhibited
selectivity toward cancerous cells. The molecular docking
studies were conducted, and the binding site and interac-
tions were modeled for the compounds 8a–8i. 8b and 8e
were reported to be the best active compound against A549
cells, which will not affect the normal cells when compared
to Pemetrexed. These results also provide understanding for
further pharmacophoric modifications for the design of
potent and selective inhibitors for PDK1 based on diben-
zonaphthyridine scaffold.
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