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Abstract In the present work, five naproxen derivatives, i.e., 3-amino-(4E)-5-imino-1-[2-(6-meth

oxy-2-naphthyl)propanoyl]-4-(benzylidene)-4,5-dihydro-1H-pyrazole (a), 3-amino-(4E)-5-imino-1-

[2-(6-methoxy-2-naphthyl)propanoyl]-4-(4-bromobenzylidene)-4,5-dihydro-1H-pyrazole (b), 3-ami

no-(4E)-5-imino-1-[2-(6-methoxy-2-naphthyl)-propanoyl]-4-(4-methoxybenzylidene)-4,5-dihydro-

1H-pyrazole (c), 3-amino-(4E)-5-imino-1-[2-(6-methoxy-2-naphthyl)propanoyl]-4-(4-methylbenzyli

dene)-4,5-dihydro-1H-pyrazole (d), 3-amino-(4E)-5-imino-1-[2-(6-methoxy-2-naphthyl)propanoyl]-

4-(4-nitrobenzylidene)-4,5-dihydro-1H-pyrazole (e) were synthesized then characterized by FTIR,
1H and 13C NMR techniques. The ground state geometries were optimized by B3LYP functional

of density functional theory (DFT) with three different basis sets (6-31G*, 6-31G** and 6-31

+G**). The absorption wavelengths, oscillator strengths and major transitions were calculated

using time dependent DFT. The effect of electron withdrawing groups (–NO2 and –Br) and electron

donating groups (–CH3 and –OCH3) was intensively studied with respect to structure–activity rela-

tionship (SAR), quantitative structure–activity relationship (QSAR), frontier molecular orbitals

(FMOs), molecular electrostatic potentials (MEP) and global reactivity descriptors. By the analysis

of molecular docking work, it was found that pure hydrophobic substitution at position 4 of alde-

hyde part is more favorable than hydrophilic one. Compound c showed strong anti-proliferative
Arabia.
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activity against MCF-7 cells with IC50 value of 1.49 lM, and compound d showed moderate activ-

ity. The docking studies revealed that normal alkane chain is improving the biological activity in

compound c, which endorsed to bury well in the active site resulting to enhance the hydrophobic

interactions. The newly synthesized compounds against tested cell lines showed stronger antiprolif-

erative activity as compared to the naproxen.

� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

It is well-known that the continuous use of non-steroidal anti-
inflammatory drugs (NSAIDs) cause bleeding, nephrotoxicity
and gastro-intestinal ulcer (Nakka et al., 2010). Thus to reduce

the side effects and to enhance the anti-inflammatory activity
(AIA), derivatization of the carboxylate group is an important
step (Duflos et al., 2001). Naproxen is being used as NSAID
since long but due to its carboxylic acid group, there are some

side effects. Previous studies showed that AIA can be boosted
by incorporation or introduction of Pyrazole moiety (Youssef
et al., 2010). It was shown previously that persistent inflamma-

tion can cause tumors. Moreover, the role of the epidermal
growth factor receptor (EGFR) system in inflammation-
related cell signaling was investigated (Carmen, 2009). The

EGFR was intricate in epithelial growth as well (Hamilton
et al., 2003). Moreover, the naproxen exhibited proficient
anti-proliferative action (Kim et al., 2014; Lubet et al.,

2015). Based on the reported anti-proliferative activity of a
great number of pyrazoles and naproxen moieties and in con-
tinuation of our research to syntheses of bioactive naproxen
derivatives (Viale et al., 2013), we report herein the syntheses

of N-naproxenylpyrazole derivatives to study their structural,
electro-optical properties and anti-prolifrerative activity.

In the present work, we have synthesized five derivatives of

naproxen, i.e., 3-amino-(4E)-5-imino-1-[2-(6-methoxy-2-naph
thyl)propanoyl]-4-(benzylidene)-4,5-dihydro-1H-pyrazole (a),
3-amino-(4E)-5-imino-1-[2-(6-methoxy-2-naphthyl)propanoyl]-

4-(4-bromobenzylidene)-4,5-dihydro-1H-pyrazole (b), 3-amino-
(4E)-5-imino-1-[2-(6-methoxy-2-naphthyl)propanoyl]-4-(4-
methoxybenzylidene)-4,5-dihydro-1H-pyrazole (c), 3-amino-(4E)-
5-imino-1-[2-(6-methoxy-2-naphthyl)propanoyl]-4-(4-methyl

benzylidene)-4,5-dihydro-1H-pyrazole (d), 3-amino-(4E)-5-imi
no-1-[2-(6-methoxy-2-naphthyl)propanoyl]-4-(4-nitrobenzyli
dene)-4,5-dihydro-1H-pyrazole (e), see Scheme 1 then charac-

terized by FTIR, 1H and 13C NMR techniques. In these
derivatives benzene and pyrazole moieties (Youssef et al.,
2010) were introduced with the aim to minimize the side effects

and to increase the drug like properties. The effect of electron
withdrawing groups (EWDGs), i.e.; NO2 and Br and electron
donating groups (EDGs), i.e.; CH3 and OCH3 has been stud-

ied on the properties of interests, like, frontier molecular orbi-
tals (FMOs), (highest occupied molecular orbitals (HOMOs),
lowest unoccupied molecular orbitals (LUMOs), energy gaps
(Egap), absorption wavelengths, molecular electrostatic poten-

tials (MEP), and global reactivity descriptors (hardness, soft-
ness, electronegativity, chemical potential and electrophilicity
indices). In this study, the crystal structure of EGFR tyrosine

kinase in DFG-out conformation (PDB code 4HJO) was
selected to perform molecular docking for EGFR inhibitors
as well. Moreover, the structure–activity relationship (SAR),
quantitative structure–activity relationship (QSAR), docking

score, binding energies, cytotoxicity and anti-prolifrerative
activity has been studied and discussed.
2. Methodology

2.1. Experimental methodology

Melting points of chemicals purchased from Sigma–Aldrich
were determined with a Stuart Scientific Co. Ltd apparatus
and are uncorrected. The Jasco FT/IR 460 plus spectropho-

tometer was used to determine the IR spectra. BRUKER
AV 500/600 MHz spectrometer was used to record the 1H
NMR and 13C NMR spectra.

Compound (III) prepared as previously described (Nakka
et al., 2010)

The reaction of 2-(6-methoxy-naphalen-2-yl)-propionic acid

hydrazide with arylidenemalononitrile (IVa-e)
A mixture of the arylidenemalononitrile (IVa-e) (0.001 mol)

and 2-(6-methoxy-naphalen-2-yl)-propionic acid hydrazide
(0.001 mol) in ethanol (30 ml) was heated under reflux for

4 h (monitored with TLC). The solvent was evaporated in
vacuo and obtained residue was poured onto water and stirred
at r.t for 20 min. The obtained solid was filtered off, dried and

recrystallized from ethanol to afford (Va-e).
The physical and spectral data of compounds Va-e are as

follows:

3-amino-(4E)-5-imino-1-[2-(6-methoxy-2-naphthyl)propa
noyl]-4-(benzylidene)-4,5-dihydro-1H-pyrazole (a).

Yield 80%, m.p 188–190 �C, 1H NMR (DMSO-d6) d 8.22
(s, 1H, NH), d 7.17.-7.92 (11 ArH), d 7.13 (1H, CH = C), d
4.8 (2H, NH2) d 3.87(3H, OCH3), d 3.35(q, 1H), d 1.51 (3H,
CH3);

13C NMR (125 MHz, DMSO-d6) d 174.9, 169.8,
156.9, 146.6, 137.1, 136.6, 133.2, 133, 129.9, 129.1, 128.9,

128.7, 128.3, 126.7,; 126.2, 125.6, 118.6, 118.5, 105.6, 55.1,
43.9, 18.4, IR (KBr, tmax cm -1) 3187 (NH), 1653 (CO),
1605 (C = N).

3-amino-(4E)-5-imino-1-[2-(6-methoxy-2-naphthyl)propa
noyl]-4-(4-bromobenzylidene)-4,5-dihydro-1H-pyrazole (b).

Yield 82%,m.p 206–208 �C, 1HNMR (DMSO-d6) d 8.19 (s,
1H, NH), d 7.16–7.91 (10 ArH), d 7.02 (1H, CH= C), d 4.8
(2H, NH2), d 3.92 (q, 1H), d 3.83(3H, OCH3), d 1.53 (3H,
CH3);

13C NMR (125 MHz, DMSO-d6) d; 174.7, 169.6, 160.7,
157, 146.5, 137.2, 136.8, 133.2, 133, 129.1, 129, 128.5, 128.4,

128.2, 126.3, 125.9, 118.6, 114.30, 105.7, 55.17, 43.9, 18.5; IR
(KBr, tmax cm

�1) 3179 (NH), 1650 (CO), 1606 (C = N).
3-amino-(4E)-5-imino-1-[2-(6-methoxy-2-naphthyl)propa

noyl]-4-(4-methoxybenzylidene)-4,5-dihydro-1H-pyrazole (c).
Yield 84%, m.p 205–207 �C, 1H NMR (DMS00O-d6) d

8.16 (s, 1H, NH), d 7.11–7.86 (10 ArH), d 6.99 (1H,

http://creativecommons.org/licenses/by-nc-nd/4.0/


Scheme 1 The synthetic scheme of naproxen derivatives (R = H for a, 4-Br for b, 4-OCH3 for c, 4-CH3 for d, 4-NO2 for e).
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CH= C), d 4.78 (2H, NH2), d 3.86 (q, 1H), d 3.78(6H, 2,
-OCH3), d 1.50 (3H, CH3);

13C NMR (125 MHz, DMSO-d6)
d; 174.7, 169.5, 160.7,156.9, 146.5, 137.2, 133.2, 133, 129,
128.5, 128.4, 128.2, 126.8, 126.7, 126.2, 125.6, 118.6, 114.2,

105.7, 55.2, 43.9, 18.4; IR (KBr, tmax cm�1) 3179 (NH), 1650
(CO), 1606 (C = N).

3-amino-(4E)-5-imino-1-[2-(6-methoxy-2-naphthyl)propa

noyl]-4-(4-methylbenzylidene)-4,5-dihydro-1H-pyrazole (d).
Yield 80%, m.p 193–195 �C, 1H NMR (DMSO-d6) d 8.21

(s, 1H, NH), d 7.17.-7.92 (10 ArH), d 7.15 (1H, CH= C), d
4.82(2H, NH2) d 3.9(3H, OCH3), d 3.39(q, 1H), d 1.53 (3H,
CH3);

13C NMR (125 MHz, DMSO-d6) d 174.9, 169.7,
157.1, 146.6, 139.4, 137.1, 133, 131.5, 129.4, 129, 128.4,
126.9, 126.8, 126.3, 125.7, 125.4, 118.6, 105.7, 55.1, 43.9,

20.9, 18.4; IR (KBr, tmax cm�1) 3184 (NH), 1659 (CO), 1606
(C = N).

3-amino-(4E)-5-imino-1-[2-(6-methoxy-2-naphthyl)propa

noyl]-4-(4-nitrobenzylidene)-4,5-dihydro-1H-pyrazole (e).
Yield 81%, m.p 216–218 �C, 1H NMR (DMSO-d6) d 8.28

(s, 1H, NH), d 7.13.-7.95 (10 ArH), d 7.11 (1H, CH = C), d
4.81(2H, NH2) d 3.87(3H, OCH3), d 3.35(q, 1H), d 1.52
(3H, CH3);

13C NMR (125 MHz, DMSO-d6) d 170.2, 157.1,
157, 147.7, 144.1, 140.6, 136.8, 133.27, 133, 129.1, 129,

128.4, 127.5, 126.7, 126.2, 125.4, 123.9, 118.6, 105.6, 55.1,
44, 18.4;; IR (KBr, tmax cm -1) 3179 (NH), 1660 (CO),
1604 (C = N).
2.2. Computational Details

Quantum chemical methods (Li et al., 2012; Chaudhry et al.,

2014; Irfan et al., 2014; Zgierski et al., 2014; Irfan et al.,
2015, 2016) particularly density functional theory (DFT) and
time dependent DFT (TDDFT) Salvatori et al., 2014; Fu

et al., 2014 gained significant attention to reproduce the exper-
imental data as well as to predict the different properties of
interests. Previously, it has been proved that among different
DFT methods (Sadasivam et al., 2012; Chen et al., 2014;

Irfan and Al-Sehemi, 2014; Irfan et al., 2015a,b,c, 2014),
B3LYP functional is sound and reasonable approach to repro-
duce the experimental evidences (Irfan et al., 2014; Irfan,

2014a,b). Sousa et al. examined the geometrical parameters
and photochemical properties of anti-inflammatory drugs
and observed that B3LYP is the superlative functional than

the B1B95, B97-2, BP86 and BPW91 ones (Musa and
Eriksson, 2008). Here, the optimized ground state geometries
were obtained at B3LYP/6-31G* level of theory. No imaginary
frequency was observed after the frequency calculations. Fur-

ther, the optimized coordinates were taken and geometry opti-
mizations were performed at higher levels of theories at
B3LYP/6-31G** and B3LYP/6-31+G** (Petersson and

Al-Laham, 1991; Miehlich et al., 1989; Becke, 1993; Kohn
et al., 1996). The global reactivity descriptors were calculated
at B3LYP/6-31+G** levels of theory. Details about methodology
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can be found in the reference (Al-Sehemi et al., 2016) and
supporting information.

To understand the radical scavenging behavior of naproxen

derivatives (a-e), we have studied the one-electron transfer
mechanism (Belcastro et al., 2006; Wright et al., 2001). Then
absorption wavelengths were calculated by adopting the

TDDFT. All above mentioned calculations were performed
by Gaussian09 package (M. J. Frisch et al., 2009). In the next
step, the optimized coordinates were imported to Spartan ‘14

v1.1.8’ software and QSAR studies were executed at
B3LYP/6-31G** level of theory.

Discovery Studio (DS 2.0) package was used to prepare the
Protein Structure. The structures were aligned after adding the

invalid or missing residues using the protein structure align-
ment module. The structures were minimized after adding
the hydrogen atoms by adopting the CHARMM force field

(Soteras Gutiérrez et al., 2016; Vanommeslaeghe and
MacKerell, 1850). The compounds were optimized by DFT
(B3LYB method) in docking calculations. Docking study

was validated by re-docking the native ligand; erlotinib, which
gave docking pose with RMSD value of 1.23 Å.

3. Results and discussion

3.1. Electro-optical properties

In Fig. 1, the distribution patterns of the FMOs (HOMOs and
LUMOs) at the ground states have been illustrated. The

HOMO and LUMO in naproxen is distributed on the main
core. In all the naproxen derivatives studied here, the HOMOs
are delocalized at naphthalene moiety while LUMO are dis-
tributed on the benzylidene-4H-pyrazole moieties. The com-

prehensive intra-molecular charge transfer (ICT) was
observed from HOMOs to LUMOs in all the studied systems.
The maximum ICT was perceived in e where strong EWDGs is

attached that attracts the electronic density toward itself. In
HOMO             LUMO     

e 

a

c 

Fig. 1 The distribution pattern of the frontier m
Table S1, computed HOMO energies (EHOMO), LUMO ener-
gies (ELUMO), HOMO–LUMO energy gaps (Eg) and global
reactivity descriptors of compounds a-e obtained at

B3LYP/6-31+G** levels of theory have been tabulated. The
EHOMO and ELUMO of compound a were observed �5.60
and �2.74 eV, respectively. The EHOMO level rises by substitut-

ing the EWDG –Br and –NO2 at para position, i.e., 0.05 and
0.17 eV as compared to compound a. The introduction of
EDG –CH3 increases while –OCH3 declines EHOMO level at

the same position 0.08 and 0.05 eV, respectively. The ELUMO

level rises by substituting the EWDGs at para position, i.e.,
0.17 and 0.90 eV as compared to compound a. The introduc-
tion of EDGs –CH3 and –OCH3 lower the ELUMO level

0.15 eV. The significant variation in the EHOMO and ELUMO

level was noticed in compound e in which strong EWDG
was at para position. Substituting the EWDG would lead to

reduce the Eg while EDGs increases it.
In compound a, two major absorption peaks have been

observed, i.e., maximum ka peak at 304 nm and second peak

at 449 nm. By substituting the EDG –OCH3 (compound c)
maximum ka peak shifted at 329 nm (red shifted 25 nm com-
pared to compound a) while second peak at 440 nm (blue

shifted 9 nm compared to parent molecule). The introduction
of EDG –CH3 at para position (compound d) would lead to
9 nm red shift maximum ka peak at 315 nm while 25 nm blue
shifted in the second peak, i.e., 424 nm compared to com-

pound a. By replacing –H of para position by EWDG –Br
(compound b) and NO2 (compound e) showed the maximum
ka peaks at 320 and 527 nm which are being red shifted 16

and 223 nm compared to compound a. In compounds b and
e, a second peak has been observed at 458 and 327 n, i.e.,
red and blue shifted 11 and 122 nm than that of compound

a. It can be found from Fig. 2 that both the EDGs as well
as EWDGs are leading the absorption toward longer wave-
length (red shift). The largest red shift has been observed in

compound e that contains the strong EWDG but it decreases
        HOMO             LUMO 

b

d 

Naproxen 

olecular orbitals of naproxen derivatives a-e.



Fig. 2 Absorption spectra of naproxen derivatives a-e by TDDFT.
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the oscillator strength value three to four times as compared to
other studied compounds a-d.

3.2. Single electron transfer mechanism

The scavenging of free radicals can be understood by single

electron endowment. The ionization potential (IP) is a vital
physical factor to evaluate the range of electron transfer. By
removing the electron from the HOMO, radical can be gained
in one-electron transfer mechanism. The values of the ioniza-

tion potential have been tabulated in Table S1. The trend in
IP has been observed as c< a < b < d< e illuminating that
in compound e electron transfer mechanism would be more

promising for the scavenging of free radicals than those of
the other naproxen derivatives. Compound e containing
EDG –OCH3 might be superior antioxidant material as

compared to the other counterparts. This study is in good
agreement with the previous study that EDG would
lead to enhance the antioxidant ability of the compounds

(Al-Sehemi and Irfan, 2013).

3.3. Molecular electrostatic potential

The 3-D mapping of MEP is worthy to understand the relative

reactivity sites for nucleophilic and electrophilic attack. In
Fig. 3, the MEP surface maps of naproxen derivatives have
been presented. The red, blue and green color electrostatic

potential (ESP) sites denote the negative, positive and zero
potentials. The negative ESP regions are accompanying the
electrophilic reactivity while positive ones are concomitant to

nucleophilic reactivity. The negative and positive sites would
be promising for the electrophile and nucleophile attack,
respectively. The MEP surface mapping analyses showed that

pyrazol moiety might be favorable for the electrophile attack
while naphthalene core for the nucleophile attack. In naproxen
negative region is on carboxyl group which would be favorable
for electrophile attack. Additionally, positive regions can be
observed on the methyl and methoxy groups in compounds c
and d while negative region on nitro group in compound e dis-

playing electrophile and nucleophile attack, respectively.

3.4. QSAR study

The structure–activity relationship (SAR) and quantitative
structure–activity relationship (QSAR) are decent tools to shed
light on the biological activity of drugs. These tools are being
used to discern the correlation between the biological activity

and its physicochemical properties in a drug. We have tabu-
lated the physicochemical and QSAR descriptors of naproxen
derivatives in Table 1, i.e., lD = dipole moment, area, vol-

ume, partition coefficient (LogP), hydrogen bond donor
(HBD), hydrogen bond acceptor (HBA), polar surface area
(PSA), solvation energy and polarizability. Previously, Palm

et al. found the sigmoidal curve relationship between the oral
absorption of drug and PSA (Katrin, 1998). Hitherto, it has
been found that the brain penetration decreases when PSA

increases. Earlier studies displayed that orally active drug for
better transport by transcellular route must not exceed PSA
120 A2 (van de Waterbeemd et al., 1998; Kelder et al., 1999)
and <100 A2 for brain penetration (van de Waterbeemd

et al., 1998). It is expected that naproxen derivatives a-e might
be good orally active as well as worthy for brain penetration
drugs due to PSA < 100 A2

. From Table 1, it can be found that

the theoretical study about pharmacokinetics and pharmacol-
ogy for ‘‘absorption, distribution, metabolism, and excretion
(ADME)” showed that compounds a-e do not break Lipinski’s

rule assembling them favorable drug contestants (Lipinski
et al., 1997, 2001, 2004).

3.5. Docking studies

Erlotinib, an EGFR inhibitor, was considered as a reference
compound to rationalize the EGFR inhibitory activity of tar-
get compounds. The docking results and binding energy calcu-
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Fig. 3 The molecular electrostatic potential (MEP) surfaces of the naproxen derivatives.

Table 1 Different SAR descriptors of Naproxen and its derivatives obtained at B3LYP/6-31G** level of theory (lD = dipole

moment; HBD = hydrogen bond donor; HBA = hydrogen bond acceptor; PSA = polar surface area; S.E. = solvation energy; Pol.

= Polarizability).

lD (Debye) Area (A2) Volume (A3) Log P HBD HBA Pol. PSA (A2) S.E. (kJ/mol)

a 8.95 430.68 413.58 2.72 0 5 74.25 71.56 �70.42

b 7.08 450.78 431.66 3.33 0 4 75.74 71.64 �72.72

c 10.38 459.71 440.34 2.21 0 5 76.4 78.42 �77.37

d 5.96 449.27 431.77 3.12 0 5 75.66 71.77 �60.19

e 3.40 456.45 435.27 2.54 0 7 76.18 110.67 �77.5

Naproxen 1.37 261.24 242.01 1.32 1 2 59.91 41.448 �30.20
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lations are shown in Table 2. Moreover, 2D interactions of
native ligand; erlotinib into the active site of EGFR, 2D inter-

actions of compounds with the active site and electrostatic
interactions with EGFR binding pocket have been illustrated
in Figs. S1–S7.

By the analyses of molecular docking work, we found that
pure hydrophobic substitution at position 4 of aldehyde part is
more favorable than hydrophilic substitution. Also, the nor-

mal chain alkane is enhancing the biological activity as found
in compound c, which made it buried well in the active site as
shown in Fig. S1 (enhance the hydrophobic interactions). All
the modeling data are too close, which prove that hydrophobic

interactions are more favorable than hydrogen bonds and elec-
Table 2 Docking score and binding energy of studied

compounds a-e.

Compounds Docking Score Binding Energy

a �6.581 �53.497

b �6.254 �57.159

c �6.493 �56.860

d �6.422 �55.693

e �5.136 �54.324
trostatic interactions. To clear the rational for biological activ-
ity of compound c, we carried out quantum docking of it with

EGFR active site Fig. S1a. The results showed that compound
c has the same interaction features as the native ligand (Erlo-
tinib) and form the crucial hydrogen bond with MET769.

The other hydrophobic interactions were the same as Erlotinib
and this was proved by superimposing compound c over Erlo-
tinib throughout quantum docking Fig. S1b. All these findings

clear the reasons behind the activity of compound c over the
other derivatives.

3.6. In vitro cytotoxic screening

Cytotoxic activity of the new compounds, naproxen and dox-
orubicin was evaluated using Sulphorhodamine B (SRB) assay
method (Skehan et al., 1990; Vichai and Kirtikara, 2006).

Human colon cancer cells (HCT 116), Human hepatic carci-
noma (HepG2) and Human breast cancer cells (MCF-7) were
maintained in RPMI media supplemented with 100 lg/mL

streptomycin, 100 units/ml penicillin and 10% heat-
inactivated fetal bovine serum in a humidified, 5% (v/v) CO2

atmosphere at 37 �C. Exponentially growing cells were

detached from dishes using 0.25% trypsin-EDTA and plated
in 96-well plates at 1000 cells/well. After 24 h of incubation,



Table 3 The IC50 (lM)a of tested compounds against human

cancer cell lines.

Compounds HCT116 HepG2 MCF-7

a 161.95 139.64 142.04

b 183.31 61.61 114.96

c 163.90 125.13 1.49

d 37.12 75.23 17.46

e 249.20 258.87 23.28

Naproxen 806.32 505.26 309.76

Doxorubicin 0.147 0.143 0.249

a IC50 is the compound concentration required to inhibit cell

growth by 50%.
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cells were exposed to various concentrations of tested com-
pounds for 48 h. At the end of treatment time, cells were fixed

with TCA (10%) for 1 h at 4 �C, washed several times with dis-
tilled water, stained with 0.4% SRB solution for 10 min in a
dark place and washed with 1% glacial acetic acid. After dry-

ing overnight, Tris-HCl was used to dissolve the SRB-stained
cells and the color intensity was measured at 570 nm using
microplate reader (Anthos Zenyth-200RT, Cambridge, Eng-

land). Doxorubicin was used as a positive control.
None of the tested compounds showed toxicity against

HCT 116 and HepG2 cells (IC50 > 30.0 lM). On the other
hand, compound c showed strong antiproliferative activity

against MCF-7 cells with IC50 value of 1.49 lM, and com-
pound d showed moderate activity while compound e showed
weak activity against the same cell line with IC50 values of

17.64 and 23.28 lM respectively. Despite the weak and moder-
ate antiproliferative activity of the newly synthesized com-
pounds against tested cell lines, they showed stronger activity

comparing to naproxen, see Table 3.

4. Conclusions

The comprehensible ICT was observed from HOMOs to the
LUMOs of naproxen derivatives. The electron withdrawing
groups (–Br and –NO2) usually elevate while electron donating

group (–OCH3) decreases the HOMO and LUMO energy
levels. The noteworthy variation in the HOMO and LUMO
energy levels was viewed in compound e containing the strong
EWDGs at para position resulting to reduce the energy gap.

The introduction of EDGs and EWDGs at para positions
would lead the maximum absorption spectral peaks toward
red shift. The negative region (red color) on pyrazole moiety

would encourage the electrophile attack while positive region
(blue color) on naphthalene core might be promising for the
nucleophile attack. The smaller PSA (< 100 A2) of naproxen

derivatives is deducing that these compounds might be good
orally active and efficient brain penetration drugs. Compound
c showed strong antiproliferative activity against MCF-7 cells
with IC50 value of 1.49 lM, and compound d showed moder-

ate activity. Compound c has the same interaction features
as the native ligand (Erlotinib) and form the crucial hydrogen
bond with MET769. Moreover, the normal alkane chain of

compound c helps to buried well in active site which further
boost the hydrophobic interactions. All the modeling data
are too close, which prove that hydrophobic interactions are

more favorable than hydrogen bonds and electrostatic interac-
tions. Despite the weak and moderate antiproliferative activity
of the newly synthesized compounds against tested cell lines,
they showed stronger activity comparing to naproxen. Present
computational investigations of the compounds’ properties

would help to design better drug contenders in the future.
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