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Abstract
In targeted therapy of breast cancer, human epidermal growth factor receptor 2 HER2 (PDB ID: 3PP0) is being considered as
a promising route to design novel anti-breast cancer drugs. In this work, we report two of novel N-substituted pyrrolidine at
C-8 position of quinolone derivatives 18 and 19, their synthesis under microwave technique, spectral methods, molecular
docking study and anti-HIV activities. Docking study exhibited hydrogen bonding, polar, and Van der Waals interactions
with the active site residues of HER2 target. The binding energy and hydrogen bonding interactions show that synthesized
compounds are being considered to have a potential activity against breast cancer. In addition, quinolone derivatives were
evaluated in vitro for antiviral activity against the replication of HIV-1 and HIV-2 in MT-4 cells. The results showed that
quinolone derivatives 18 and 19 possess a potent activity against HIV-1 replication with IC50 values of ≥15.20 and
14.26 μM, SI ≤ 6 and >7, respectively.

Keywords Microwave synthesis ● Breast cancer ● HER2 (PDB ID: 3PP0) ● Molecular docking ● Anti-HIV activities ●

Quinolone derivatives

Introduction

Cancer is an incurable disease, originating from uncon-
trolled proliferation of cells with the potential to permeate to
other organs of body (Sravanthi et al. 2019). Breast cancer
is a malignant and deadly disease in the world because the
current treatments are limited by the emergence of the cure-
resistant cancer cells (Siegel et al. 2011; Stockler et al.
2000). Human epidermal growth factor receptor 2 HER2
(PDB ID: 3PP0) is a protooncogene, which has an impor-
tant role in the regulation of cyclic cell signaling pathways
involving cell proliferation and cellular replication. HER2
appears to be involved in 20% of diagnosed breast cancer.
A considerable evidence indicates that HER2 (PDB ID:
3PP0) protein is expected to mutate in HER2-positive breast

cancer, that leads to defective control of malignant trans-
formation and cellular proliferation (Dent et al. 2013; Pinhel
et al. 2012). Thus, targeting HER2 may be considered as a
potential target for breast cancer therapy.

Quinolones are one of a common moiety in antibiotic
structures such as enoxacin 1 (Vracar et al. 2018), cipro-
floxacin 2 (Mitscher 2005), lomefloxacin 3 (Beberok et al.
2017), fleroxacin 4 (Zelmat et al. 2020), ofloxacin 5 (Dubar
et al. 2011) and nalidixic acid 6 (Appelbaum and Hunter
2000; Bisacchi 2015; Jacoby 2005) (Fig. 1). These drugs
are widely used as an effective treatment against bacterial
infections, including an infectious respiratory, pneumonia,
diarrhea, gonorrhea, typhoid fever and urinary tract infec-
tions (Dalhoff 2015; Naqvi et al. 2018). Due to a high
intracellular penetration and good oral bioavailability of
some quinolone derivatives (Anquetin et al. 2005; Baker
et al. 2004), they play a vital role as an efflux pump inhi-
bitor (Chevalier et al. 2001), antimicrobial activity (Jardosh
and Patel 2013), apicoplastic (Dahl and Rosenthal 2007),
anti-tuberculosis (Wohlkonig et al. 2010) and anti-leprosy
(moxifloxacin 7) (Laponogov et al. 2009; Wohlkonig et al.
2010). The compound 7 can form a reversible ternary
complex via binding with two type of bacterial targets
(topoisomerase IV enzymes and DNA gyrase) that leads to
block the bacterial growth (Drlica et al. 2009; Drlica and
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Malik 2003). On the other hand, quinolone derivatives have
offered significant anti-HIV activities. Examples of anti-
HIV activities of quinolone derivatives include HIV-1
protease inhibition such as 6-aminoquinolone derivatives
and quinolone-3-carboxylic acid derivatives (Hajimahdi
et al. 2016).

The C-8 position is an essential place for enhancing
pharmacological activities as emerged by the crystal struc-
ture from the interaction between moxifloxacin 7 and
topoisomerase IV (Wohlkonig et al. 2010). Therefore, the
modifications at the C-8 position have been investigated in
order to explore the advantages of the interaction between
C-8 position and binding site (pocket of DNA gyrase)
(Matrat et al. 2007, 2008). Triazole substituted at C-8
position of compound 8 enhanced the pharmacological
effect of compound 8 against microbial (Patpi et al. 2012;
Shanmugavelan et al. 2011; Sumangala et al. 2010). The

replacement of a ferrocenic piperazine core (compound 9)
instead of triazole group showed an additional enhancement
of anti-plasmodial activity (Dubar et al. 2008) due to the
redox properties and high lipophilicity of a ferrocenic group
(Chavain et al. 2008). Grafting a phenyl group (compound
10) or an adamantanyl moiety (compound 11) instead of the
ferrocenic group at C-8 position prevents the ability to
catalyze a Fenton-like reaction which results during the
production of hydroxyl radicals. Although Bayer et al.
reported and patented a seven-step synthesis of cipro-
floxacin 2 in the 1980s with an overall yield of 49%, the
efficient methods for the synthesis of quinolone derivatives
are highly needed (Payne et al. 2006; Spellberg et al. 2015).

Microwave technique is known and emerged as an effi-
cient methodology in modern organic synthesis (Kappe and
Dallinger 2009). Microwave irradiation (MW) technique
mostly enhances reaction rates, increases product yields
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(Shaabani and Bazgir 2004), reduces the reaction times
(Maiti and Chanda 2016), enables precise control of the
reaction conditions, promotes solvent-free reactions (Amore
et al. 2006; Jida et al. 2010; Seijas et al. 2008), eco-friendly
approach, and improved regioselectively (Driowya et al.
2016; Kumar et al. 2015; Kumar et al. 2018). In continua-
tion of our work to utilize the advantages of microwave
irradiation, we aim to use microwave technique for the
synthesis of quinolone derivatives as shown in Scheme 1.
Moreover, as a part of our search into the view of varied
pharmacological activities of quinolone derivatives, we
report the molecular docking calculations of the synthesized
quinolone derivatives 18 and 19 in order to identify their
binding interactions with the target protein HER2 (PDB ID:
3PP0). Finally, the cytotoxicity of these derivatives on anti-
HIV activities has been evaluated.

Material and methods

Chemistry

All chemicals were ordered from Sigma-Aldrich (Saint
Louis, USA). All microwave reactions were carried out by
using Smith CreatorTM Optimiser EXP reactor (VialsTM).
TLC experiments were done by using plates precoated with
silica gel 60. The plates were visualized under UV 254 and
an aqueous potassium permanganate. Final purification of
the synthesized compounds was performed using column
chromatography with silica gel 60 Å (230–400 mesh).
Melting points were measured in open capillary tubes on a
Gallenkamp melting point apparatus. Fourier transform
infrared (FT-IR) analysis was recorded by using on a Perkin
Elmer Paragon 100 FT-IR spectrophotometer in the range of
4000–750 cm−1. Nuclear magnetic resonance (1H, 9F and
13C NMR) spectra were recorded on Bruker AV-400
(400 Hz) and on Bruker AV-400 (100.5 Hz) spectrometer
in deuterated dimethyl sulfoxide as solvent (1H NMR:
DMSO-d6: δ 2.50 ppm; 13C NMR: DMSO-d6: δ
39.52 ppm). The δ values are given in ppm and the coupling
constants J are evaluated by Hz unite. Micro Mass LCT
operating in Electrospray mode (ES) was used to determine
the molecular weights of the synthesized compounds.
HPLC analysis for the synthesized compounds were carried
out by using Waters Xbridgea C18 5μm column (4.6 mm ×
255 mm); 5− 95% acetonitrile/aqueous TFA (0.1%) over
20 min, hold 10 min; UV detection at 254 nm.

General microwave synthesis of compounds (15 and
16)

All microwave reactions were carried out in a capped
(10 mL) microwave-vessel (Borosilicate glass vial sealed)

that was placed in a microwave cavity. The pressure was
set at 17 bar (average of an effective pressure= 4 bar)
with power 75W. DIEA (3.4 g, 3.4 mmol) was added to a
solution of either 2,5-difluoro-4-(pyrrolidin-1-yl) benzoyl
chloride 12 (0.83 g, 3.4 mmol) or 2,5-difluoro-4-(pyrroli-
din-1-yl)benzothioyl chloride 13 (0.88 g, 3.4 mmol) and
ethyl-3-(diethylamino)acrylate 14 (0.45 g, 3.1 mmol) in
acetonitrile (5 mL). The mixture reaction was held at
100 °C for 20 min. After the reaction vessel was cooled to
room temperature, the crude product was diluted with
water (10 mL) and extracted with ethyl acetate
(3 × 10 mL). The organic layers were combined, dried
over Na2SO4, filtered, evaporated and purified by a flash
column chromatography (eluent n-hexane: acetone, 3:1)
to give the titled compounds.

Ethyl-2-(2,5-difluoro-4-(pyrrolidin-1-yl)benzoyl)-3-
(dimethylamino) acrylate (15)

Yellow oil (Rf= 0.3), Yield 85%. IR (KBr) νmax in cm−1:
2993 (C–H, Ar), 2953 (C–H), 1760 (C=O), 1692 (C=O),
1654 (C=C, Ar), 1592 (C–N). 1H NMR (400MHz, DMSO-
d6): δ= 7.77 (1H, s, CH), 7.32 (1H, d, J= 5.0 Hz, CH–Ar),
6.88 (1H, d, J= 5.2 Hz, CH–Ar), 4.2 (2H, q, J= 7.1 Hz,
CH2), 3.47-3.42 (4H, m, 2CH2), 3.1 (6H, s, 2CH3), 2.01-
1.97 (4H, m, 2CH2), 1.32 (3H, t, J= 4.2 Hz, CH3).

Ethyl-2-(2,5-difluoro-4-(pyrrolidin-1-yl)
phenylcarbonothioyl)-3-(dimethylamino) acrylate
(16)

Orange oil (Rf= 0.4), Yield 80%. IR (KBr) νmax in cm−1:
2982 (C–H, Ar), 2894 (C–H), 2868 (C–H), 1718 (C=O),
1595 (C=C, Ar), 1581 (C–N), 1023 (C=S). 1H NMR
(400MHz, DMSO-d6): δ= 7.41 (1H, s, CH), 6.72 (1H, d,
J= 4.0 Hz, CH–Ar), 6.68 (1H, d, J= 3.6 Hz, CH–Ar), 4.19
(2H, q, J= 4.3 Hz, CH2), 3.42-3.40 (4H, m, 2CH2), 3.04
(6H, s, 2CH3), 1.95-1.92 (4H, m, 2CH2), 1.29 (3H, t, J=
5.4 Hz, CH3).

General microwave synthesis of quinolone
derivatives (18 and 19)

To a solution of compound 15 (0.26 g, 0.75 mmol) or
compound 16 (0.26 g, 0.72 mmol) in a mixture of etha-
nol/diethyl ether (1:2, 5 mL), cyclopropylamine 17
(0.1 mL, 1.4 mmol) was added. After 10 min of stirring at
60 °C under microwave (an effective pressure= 4 bar
and power 75 W), the resulting mixture was cooled to
room temperature and evaporated under vacuum to give
an orange oil. To a solution of orange oily residue dis-
solved in DMSO (5 mL), 1,8-diazabicyclo [5.4.0]undec-
7-ene (DBU) (0.39 g, 2.56 mmol) was added and stirred
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under microwave at 150 °C for 25 min. The resulting
mixture was diluted with cold water (5 mL) and washed
with an aqueous solution of NH4Cl (5 mL). The com-
bined organic layers were additionally washed with
water three times, dried over Na2SO4, filtered and con-
centrated. The orange precipitate residue was purified by
a flash column chromatography (eluent dichloromethane:
methanol, 12:1). The fractions that contain compounds
18 and 19 were dried and thoroughly washed with die-
thyl ether three times to give the titled quinolone
derivatives.

Ethyl-1-cyclopropyl-6-fluoro-4-oxo-7-(pyrrolidin-1-
yl)-1,4-dihydro quinolone-3-carboxylate (18)

Orange solid (Rf= 0.4), Yield 80%, mp 212-213 °C. IR
(KBr) νmax in cm−1: 2981 (C–H, Ar), 2906 (C–H), 1720
(C=O), 1689 (C=O), 1619 (C=C, Ar), 1590 (C–N). 1H
NMR (400MHz, DMSO-d6): δ= 8.30 (1H, s, H-2), 7.60
(1H, d, J= 8.2 Hz, H-6), 6.91 (1H, d, J= 7.6 Hz, H-9),
4.22-4.14 (2H, m, H-12), 3.54 (4H, t, J= 4.4 Hz, H-16, H-
16”), 3.52-3.48 (1H, m, H-14), 1.98-1.94 (4H, m, H-17, H-
17”), 1.25 (3H, t, J= 7.0 Hz, H-13), 1.24-1.04 (4H, m, H-
15, H-15”). 19 F NMR (100MHz, DMSO-d6): δ=−129.9
(F, C-7). 13C NMR (100MHz, DMSO-d6): δ= 171.8
(C=O, C-4), 165.7 (C=O, C-11), 150.5 (C, C-7, d, J=
20 Hz), 148.5 (C, C-8, d, J= 21 Hz), 140.8 (CH, C-2),
139.7 (C, C-10), 118.0 (C, C-5), 111.6 (CH, C-6), 109.2 (C,
C-3), 60.3 (CH2, C-12), 50.4 (CH2, C-16, C-16”), 43.9 (CH,
C-14), 25.4 (CH2, C-17, C-17”), 14.7 (CH3, C-13). HRMS
(ESI+) m/z: 345.1609 for C19H21FN2O3 ([M+H]+) (calcd.
345.1611).

Ethyl-1-cyclopropyl-6-fluoro-7-(pyrrolidin-1-yl)-4-
thioxo-1,4-dihydro quinolone-3-carboxylate (19)

Red solid (Rf= 0.4), Yield 76%, mp 221-222 °C. IR (KBr)
νmax in cm−1: 2981 (C–H, Ar), 2954 (C–H, Ar), 2870
(C–H), 1715 (C=O), 1575 (C=C), 1562 (C–N), 1038
(C=S). 1H NMR (400MHz, DMSO-d6): δ= 8.34 (1H, d, J=
12.2 Hz, H-6), 8.10 (1H, s, H-2), 6.97 (1H, d, J= 4.0 Hz,
H-9), 4.26-4.19 (2H, m, H-12), 3.70-3.63 (1H, m, H-14),
3.60-3.53 (4H, t, J= 3.2 Hz, H-16, H-16”), 2.0-1.93 (4H,
m, H-17, H-17”), 1.28 (3H, t, J= 7.1 Hz, H-13), 1.26-1.10
(4H, m, m, H-15, H-15”). 19 F NMR (100MHz, DMSO-d6):
δ=−127.6 (F, C-7). 13C NMR (100MHz, DMSO-d6): δ=
186.1 (C=S, C-4), 166.7 (C=O, C-11), 152.2 (C, C-7, d,
J= 24 Hz), 150.3 (C, C-8, d, J= 23 Hz), 137.4 (CH, C-2),
126.1 (C, C-10), 115.0 (C, C-5), 114.7 (CH, C-6), 99.8 (C,
C-3), 60.9 (CH2, C-12), 50.3 (CH2, C-16, C-16”), 39.5 (CH,
C-14), 25.4 (CH2, C-17, C-17”), 14.5 (CH3, C-13). HRMS
(ESI+) m/z: 361.1381 for C19H21FN2O2S ([M+H]+)
(calcd. 361.1382).

Theoretical calculations

The geometries of compounds 18 and 19 were fully opti-
mized by using density functional theory (DFT) calculations
with a 6–311G (d, p) basis set. The exchange-correlation
potential has been evaluated by using hybrid functional
B3LYP (Lee et al. 1988). After the optimization was
completed, the frequencies calculations were performed to
identify all the stationary points at the same computational
level.

The molecular docking calculations of the synthesized
compounds were performed by employing the software
Auto-dock Vina (DS 2017 R2 Client) and the Auto-dock
tools (DS 2017) graphical user interface was utilized to
calculate the Gasteiger-Marsili charges. Polar hydrogen was
added to identify the binding interactions with the target
protein HER2 (PDB ID: 3PP0) (Trott and Olson 2010). The
target protein was taken as a rigid body and the ligands are
being to be flexible. The best binding model was chosen
based on the lowest binding energy.

In vitro anti-HIV assay

In vitro anti-HIV assay, the evaluation of antiviral activity
of the synthesized quinolone derivatives (18 and 19) against
HIV-1 (strain IIIB) and HIV-2 (strain ROD) in MT-4 cells
was performed by using an MTT assay as described pre-
viously (Pauwels et al. 1988). The MT-4 cells were made by
co-cultivating leukocytes from an adult T-cell leukemia
(ATL) patient with cord blood leukocytes (CBL). In brief,
stock solutions (10 times final concentration) of tested
compounds in volumes (50-μL) were added to two series of
triplicate wells in order to allow a simultaneous evaluation
of their effects on mock and HIV-infected cells at the
beginning of each experiment. Serial 5-fold dilutions of
tested compounds were prepared directly in flat-bottomed
96-well microtiter trays by using a Biomek 3000 robot
(Beckman instruments). Untreated control, HIV-infected,
and mock-infected cell samples were included for each
sample. HIV-1 (IIIB) and HIV-2 (ROD) stock (50 μL) at
100–300 CCID 50 (50% cell culture infectious dose) or
culture medium [10% Fetal Calf Serum (FCS, heat-
inactivated and suitable for cell culture, Sigma-Aldrich),
2 mM-glutamine, 0.1% sodium bicarbonate, and 20 μg/mL
gentamicin] were added to either of infected or mock-
infected wells of the microtiter tray. The mock-infected
cells were used to evaluate the effect of tested compounds
on uninfected cells in order to evaluate the cytotoxicity of
the tested compounds. Exponentially, growth of MT-4 cells
were centrifuged for 5 min at 1000 rpm (Minifuge T, rotor
2250) and the supernatant was discarded. The MT-4 cells
were re-suspended at 6 × 105 cells per mL. Thus, volumes
(50 μL) were transferred to the microtiter tray wells. After
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five days of an infection, the viability of the mock-infected
and HIV-infected cells were determined by spectro-
photometric method.

Results and discussion

Firstly, the synthesis of the intermediate 15 which requires
an alkaline condition of a coupling reaction was investi-
gated. The synthesis of the intermediate 15 started from the
reaction between 2,5-difluoro-4-(pyrrolidin-1-yl) benzoyl
chloride 12 and ethyl 3-(diethylamino)acrylate 14 to yield
the intermediate 15. Although under batch conditions in the
presence of solvent/base: toluene/triethylamine (Et3N) no
yield was obtained (Table 1, entry 1), the desired product
15 was isolated in low yields in the presence of solvent/
base: methanol/N,N-diisopropylethylamine (DIEA) and
acetonitrile/DIEA (Table 1, entries 2–4). Therefore,
switching over to microwave conditions afforded rise to
improve the coupling reaction. To test the simplicity of a
microwave reaction, the optimal conditions of the model
reaction were carried out in the presence of three systems of
solvent/base: acetonitrile/DIEA, chloroform/DIEA and
methanol/DIEA (Table 1, entries 5–9). In the presence of
solvent/base: acetonitrile/DIEA, the highest yield of the
intermediate 15 was obtained (85%, Table 1 entry 7).

The next step included transaminolysis of the inter-
mediate 15 with cyclopropylamine 17 in the presence of
1,8-diazabicyclo [5.4.0]undec-7-ene (DBU) as an effi-
cient catalyst to afford quinolone derivative 18. We
started to test of the cyclization reaction under batch and
microwave conditions using DBU (20 mol %) in DMSO,
the corresponding product 18 was obtained 20 and 52%
in yield (Table 2, entries 2 and 5). Promoted by these
results, the effect of DBU concentration was tested to find
optimal conditions by changing mol % of DBU as illu-
strated in Table 2. Increasing the catalyst loading to
40 mol% gave the highest yield of the quinolone deriva-
tive 18 (80%, Table 2 entry 7). By increasing the amount
of catalyst from 40 to 50 mol %, no a significant yield of
the corresponding product 18 was collected (Table 2,
entry 8). When the reaction time was increased to 30 min
in the presence of DBU (40 mol %), there was a drop in
the yield to 34% (Table 2, entry 9). From the optimal
conditions, 40 mol % DBU and 25 min were chosen to be
the best conditions to achieve the condensation of the
intermediate 15 with cyclopropylamine 17 in a quantita-
tive yield. Thus, we applied the microwave conditions
which are listed in (Table 2, entry 7) as a conventional
method for the synthesis of quinolone derivative 19 using
the intermediate 16 instead of the intermediate 15. The
corresponding quinolone derivative 19 was subsequently
collected 76% in yield.Ta
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The purification of the synthesized quinolone derivatives
18 and 19 was performed with purity >96% as determined
by their NMR, HPLC analysis and mass spectrometry (see
supporting information). The 1H, 9F, 13C NMR, FTIR and
mass spectra data of all synthetic quinolone derivatives are
consistent with the expected structures. The 1H NMR
spectra of quinolone derivatives 18 and 19 show one single
at 8.10–8.30 ppm for fused quinolone proton (C=CH
groups) at the expected region. In the 13C NMR spectrum of
all synthesized quinolone derivatives, the appearance of two
signals at the lowest field is due to the carbon resonance of
C=O and C=S groups. The other chemical shifts of 13C
NMR spectra are shown in the expected regions.

The geometries of quinolone derivatives 18 and 19 have
been optimized by using density functional theory (DFT/
B3LYP) calculations with the 6-311G (d, p) basis set. The
optimized structures of quinolone derivatives 18 and 19 are
shown in Fig. 2.

Protein–ligand docking is a powerful tool to investigate
and provide a proper understanding for protein–ligand
interactions in order to facilitate the design of potentially
active lead compounds (Elokely and Doerksen 2013;
Huang and Zou 2010; Sousa et al. 2006). The calculated
binding energies for compounds 18 and 19 are −8.7 and
−8.8 kcal mol−1 which indicate the compounds 18 and 19
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show a good selectivity for binding to an active site of the
protein HER2 ATP-binding pocket as shown in Table 3.
The molecular docking results also revealed that the
synthesized compounds 18 and 19 could interact with
Lys753 residues in the HER2 ATP-binding pocket. These
compounds 18 and 19 were well fitted into the binding site
of human HER2 by hydrogen bonds and other close
interactions. The interactions of the HER2 protein with
compounds 18 and 19 are shown in the Fig. 3. The
docking of each compound showed the presence of one
hydrogen bond interaction in the docked pose with amino
acid residue (Lys753) as well as with hydrogen bond
distances of 3.32 Å for compound 18 and 3.18 Å for
compound 19. The hydrogen bonding between the com-
pounds (18 and 19) and receptor HER2 are shown in ball-
and-stick representation. A few non-bonded interactions
(Van der Waals interactions) are found between the
compounds 18 and 19 and the residues Asp863, Thr798,
Thr862, Ala751, Leu852, Leu800, Met801, Phe1004,
Leu726, Cys804, and Val734. The residues that interact
with compounds 18 and 19 via Van der Waals interactions
are drawn as labeled arcs with radial spokes (Fig. 3).

PyMOL (DeLano) is a powerful source program for a
molecular visualization which allows to extend the cap-
abilities of the program via plugins (Gaudreault et al.
2015). The PyMOL molecular graphics system (version
2.0 Schrödinger, LLC) is used to generate qualitative
pictures of molecular structures of the compounds 18 and
19. The PyMOL offers multiple advanced rendering
options and exceptional 3D viewing functionalities which
are very useful in structure-based drug design (Fig. 4).

PyMOL plugin permits the detection of the surface
cavities in proteins (Yuan et al. 2017). The protein (HER2)
surface is shown as a cartoon (Fig. 5), showing the size of
binding pocket and the electrostatic properties.

Quinolone derivatives 18 and 19 were screened for their
in vitro anti-HIV-1 (strain IIIB) and HIV-2 (strain ROD)
activities in human T-lymphocyte (MT-4) cells based on an
MTT assay. The results are summarized in Table 4. The
data of nevirapine (BOE/BIRG587) and azidothymidine
(DDN/AZT) are included for comparison.

Quinolone derivatives-induced cytotoxicity were also
measured in MT-4 cells parallel with antiviral activity. All
these derivatives are active which showed IC50 values of
≥15.20 μM (CC50= 89.68 μM) and 14.26 μM (CC50= >
105.00 μM) against HIV-1 (strain IIIB), resulting selectivity
index (SI) values of ≤6, >7, respectively.

With respect to structure-activity relationship studies, qui-
nolone derivatives trigger significant activities as HIV-1 inhi-
bitors. As regards with the electronic nature of the substituents
of the synthesized compounds, both pyrrolidine and quinolone
groups showed good activities. Accordingly, the combined four
portions (pyrrolidine, quinolone, pyridin-4(1H)-one residue,
and carboxylate moiety) of quinolone derivatives 18 and 19 are
considered as the optimal substituents that would offer an
enhancement to the optimal activity.

Our results showed that the quinolone derivatives 18 and
19 were found to be potent agents against HIV-1 (strain
IIIB). Thus, these compounds might be considered as pro-
mising agents for further pharmacological evaluation.

Conclusion

We have improved that microwave methodology can be
successfully used to synthesize of potential bioactive quino-
lone derivatives. This method is an innovative tool for
improvement of cyclization reactions without any difficulties
to achieve a nucleophilic ring closure system. Molecular
docking studies have been used to investigate any interaction
that exists between the synthesized compounds and the resi-
dues lies in the active site cavity of human epidermal growth
factor receptor 2 HER2 (PDB ID: 3PP0). Docking study also
showed hydrogen bonding, polar and van der Waals inter-
actions with the active site residues of HER2 target. In
addition, the new synthesized quinolone derivatives were
evaluated against HIV-1 (strain IIIB) and HIV-2 (strain ROD),
and the results showed these derivatives have a potent activity
against HIV-1 replication. Our results may help to design new
quinolone derivatives with a high pharmacological impor-
tance in the future. Further studies in an in vitro for evaluating
anti-breast cancer activity of these derivatives are in progress.

Table 3 Calculated binding energies and H-bond count of the targeted compounds 18 and 19 inside the human HER2 (PDB ID: 3PP0) active site

Comp Binding energy
(kcal/mol)

Protein–ligand interaction

H-
bond count

Amino acid
residues

Distance
(Å)

Other interacting residues

18 −8.8 1 Lys753 3.32 Asp863, Thr798, Thr862, Ala751, Leu852, Leu800, Met801, Phe1004,
Leu726, Cys804, Val734

19 −8.7 1 Lys753 3.18 Asp863, Thr798, Thr862, Ala751, Leu852, Leu800, Met801, Phe1004,
Leu726, Cys804, Val734, Leu796
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Fig. 3 2D interactions of compounds 18 (a) and 19 (b) with the HER2

Fig. 4 3D ligand-receptor interactions between compounds 18 (a) and
19 (b), interactions with the progesterone receptor HER2 using
PyMOL Version 2.0 Schrödinger, LLC

Fig. 5 Representations of compounds 18 (a) and 19 (b) and the surface
carton protein (PDB: 3PP0) stereo mode in PyMOL
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