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ABSTRACT: In this manuscript, we designed and synthesized 1,4-

naphthoquinone derivatives. These derivatives were characterized 

using the different analytical techniques such as 
1
H NMR, 

13
C NMR, 

FTIR, Mass spectroscopy, melting point, and elemental analysis. The 

synthesized compounds (MB (1-10)) further subjected to assess the 

anticancer activity using different cancer cell lines such as MCF-7, 

HeLa, and HepG2. The compound MB-10 was observed to be the 

most active against these three cancer cell lines i.e. MCF-7 (IC50 = 

16.13± 0.29 µM), HeLa (IC50 = 12.98 ± 0.37 µM) and HepG2 (IC50 = 

18.73 ± 0.65 µM). Compound MB10 has also shown potent tyrosine 

kinase inhibitory activity with IC50 = 1.23 ± 0.12 µM. Moreover, 

molecular docking investigation revealed that compound MB-10 has 

strong binding affinity to the amino residue of the active site of 

enzyme protein tyrosine kinase, which contingent the cytotoxic 

activities. These outcomes give promising beginning stages to assist in 

the improvement of cancer as novel and powerful anticancer agents. 

INTRODUCTION: Cancer is the quickest 

developing disease in the world. In developed 

nations, cancer growth has turned into the main 

source of mortality, though in developing nations, 

after cardiovascular diseases, it is the second 

driving reason for death 
1
. By 2030, the yearly 

number of new cancer patients is expected to be 21 

million around the world, about 17 million patients 

passing of cancer consistently, and 75 million 

individuals living with cancer 
2-4

.  
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Therefore, the rapid improvement into the 

diagnostic area and advancement of novel cancer 

therapy is a very difficult task because of 

sophisticated biological pathways which 

participating role to cancer progression 
5, 6

.
 
Protein 

tyrosine kinases play an essential role in initiating 

various signal transduction pathways inside the cell 

and are associated with differentiation, cellular 

proliferation, and numerous monitoring 

mechanisms 
7, 8

. Epidermal growth factor receptor 

is a type of protein kinase (transmembrane protein) 

which is responsible for cell growth, proliferation, 

differentiation, adhesion under typical 

physiological conditions. 

Moreover, the overexpression of Epidermal growth 

factor receptor (EGFR) has been accompanying 

with cancer rising and progression in a diversity of 
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a tumor (cancers) such as head cancer, pancreatic 

cancer, lung cancer, and neck cancer 
9-11

. Thus, 

EGFR is an alluring focus for the finding of novel 

anticancer agents. It has three domains viz. i. Single 

transmembrane domain, ii. Intracellular tyrosine 

kinase domain, iii. Extracellular ligand binding 

domain. Although the receptor exists as an inactive 

monomer, dimerization takes place once it is 

activated by its ligands, resulting from the 

autophosphorylation of the intracellular tyrosine 

kinase domain 
12-15

. Therefore, most of the reported 

inhibitors were designed by targeting the kinase 

domain of EGFR. Therefore, the regulation of 

EGFR has been deemed as an important strategy 

for the development of cancer therapy.  

OSI -774 (Tarceva) 
16

, and ZD-1839 (Iressa) 
17

 are 

selective, reversible EGFR inhibitors have been 

recently launched in the market. The various EGFR 

inhibitors have been reported, including, 4-

(phenylamino) pyrimido[5,4-d] pyrimidines, 4-

(phenylamino) pyrrolo[2,3-d] pyrimidines, 4-

(phenylamino) quinazolines, and 4-[ar(alk) 

ylamino] pyrido [4,3-d] pyrimidines 
18

.
 
Beside this 

prolonged inhibition and high potency of EGFR 

functions has been reported for reversible 

inhibitors. A cluster of bioactivities has been 

accounted for 1,4-naphthoquinone derivatives to 

utilized as antiviral 
19

, anticancer 
20 

antiplatelet 
21, 22 

antifungal 
23 

and antimicrobial 
24

.
 

1,4-

Naphthoquinone possessing two electron 

withdrawing functionality, which is essential for 

the various biological activities. Structure-activity 

relationship (SAR) displayed that cytotoxic 

potency of 1,4-naphthoquinone is firmly connected 

with their electron accepting ability 
25

. 

MATERIALS AND METHODS: 
Instrumentation and Chemicals: The chemical 

reagents were obtained from various commercially 

accessible suppliers like HiMedia Laboratories Pvt. 

Ltd., Mumbai, India, Sigma Aldrich (India), India. 

Silica gel 60-F254 plates, thin-layer chromatography 

(TLC) were used to monitor the progress of the 

reaction. The obtained product was recrystallized to 

get pure products using suitable solvents. The 

melting point of compounds was recorded using 

Veego melting point apparatus. PerkinElmer 

spectrum (Ver 10.03.08) utilized for the FTIR data 

collection. 
13

CNMR and 
1
HNMR of synthesized 

compounds were collected in solution CDCl3 with 

the help of Bruker Advance II 400 NMR 

spectrometer. The chemical shifts (δ) represented 

as parts per million (ppm). The elemental analyses 

were performed using Thermo Scientific (FLASH 

2000), and Mass spectra were collected by utilizing 

Waters (Q-TOF Micro).  

Molecular Docking: Molecular docking 

methodologies play a key role in in-silico drug 

design and development. Molecular Docking is a 

computational technique for relating chemical 

structures with their biological activities 

compounds. Moreover, it could afford dynamic 

pharmacokinetic data, for example, absorption, 

distribution, metabolism, and excretion (ADME), 

which is vital factors in the design of a new drug 

molecule. Epidermal growth factor receptor 

(EGFR), (PDB: 2GS6) was obtained from the 

Protein Data Bank (PDB). Molecular docking was 

performed with the help vLifeMDS (version 15.2). 

All the synthesized compounds (MB1-MB10) were 

docked using an irreversible inhibitor of EGFR 

protein as a covalent docking module. First of all, 

the protein was prepared and refined by excluding 

water molecules from the complex protein structure 

followed by the addition of hydrogen atoms as well 

as deleting the cofactor and ligand. The structures 

of compounds (2D) were drawn with the help of 

Chem-Bio Draw Ultra 12.0; then these structures 

were subjected to conversion from 2D to 3D 

followed by refinement and energy minimization 

(Merck Molecular Force Field) method. The 

analytical gradient and lowest energy 

conformations were selected for further studies. 

Chemistry: 

General Procedure for the Synthesis of 

Compounds (MB1-MB10): Naphthalene-1,4-

dione (1) (0.474 g, 3 mmol) was added to 3-

mercaptopropionic acid (2) (0.360 g, 3 mmol) in 

absolute ethanol (50 ml)  and the reactant was 

refluxed for 3-5 h that given product of acid 

derivative (3). Subsequently, compound 3 was 

dissolved in dry dichloromethane (DCM) and 

added thionyl chloride (2 mmol) gradually. The 

reaction mixture was again refluxed for 3-5 for the 

formation of acid chloride product. Further 

different substituted piperazine equimolar ratio was 

added in dry dichloromethane followed by addition 

of acid chloride then the reaction mixture were 

stirred for 9-10 h. When the reaction completed 
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sodium bicarbonate solution was used to wash the 

organic layer, evaporated and the final products 

were purified with the help of column 

chromatography. 

2- ((3- oxo- 3- (piperazin- 1- yl) propyl) thio) 

naphthalene-1,4-dione (MB-1): This compound 

was obtained as a yellow solid in 61% yield; mp 

155-157 ºC; IR (KBr) υmax 1157, 1689, 1735, 2890 

and 3112 cm
-1

. 
1
H NMR (CDCl3, 400 MHz): δ 8.16 

(m, 2H, ArH), 7.72 (m, 3H, ArH), 3.56 (t, 2H, J= 

4.12 Hz, -N-CH2), 3.33 (m, 4H, -N-CH2; -SCH2), 

2.88 (m, 6H, NH(CH2)2; -CH2CO), 1.30 (s,1H, -

NH). 
13

C NMR (CDCl3, 100 MHz): δ 187.62 

(C=O), 179.42 (C=O), 171.46 (C=O), 139.86 

(ArCq), 137.48 (2 × ArC), 133.53 (ArCq), 132.52 (2 

× ArCq), 130.26 (ArC), 128.87 (ArC), 46.73 (2 × 

CH2 piperazinyl), 44.32 (2 × CH2 piperazinyl) 

35.34 (S-CH2), 29.35 (CH2C=O). MS: m/z 330.40; 

Anal. Calcd. for C17H18N2O3S: C, 62.15; H, 5.90; 

N, 8.20. Found: C, 62.04; H, 5.85; N, 8.2; 8. 

2-((3-oxo-3-(4-phenylpiperazin-1-yl)propyl)thio) 

naphthalene-1,4-dione (MB-2): This compound 

was obtained as a white solid in 58% yield; mp 

202-204 ºC; IR (KBr) υmax 1153,1686, 1731, 2894 

and 3101 cm
-1

. 
1
H NMR (CDCl3, 400 MHz): δ 8.25 

(dd, 1H, Jm = 1.36 Hz, JO = 5.5.84 Hz ArH), 8.17 

(dd, 1H, Jm = 1.32 Hz, JO = 5.84Hz, ArH), 7.74 (m, 

2H, ArH), 7.07 (t, 3H, J= 5.88 Hz, ArH), 6.62 (m, 

3H, ArH), 3.79 (m, 4H, -N(CH2)2), 3.66 (m, 2H, N-

CH2), 3.46(m, 2H, N-CH2), 3.13 (t, 2H, J = 4.36 

Hz, -SCH2), 3.00 (t, 2H, J = 4.40 Hz, -CH2CO).
13

C 

NMR (CDCl3, 100 MHz): δ185.43 (C=O), 178.24 

(C=O), 171.83 (C=O), 150.92 (ArCq), 139.32 

(ArCq), 137.74 (2 × ArC), 133.83 (ArC), 132.93 (2 

× ArCq), 130.53 (ArCq), 129.35 (2 × ArC), 128.98 

(ArC), 120.45 (ArC), 116.63 (2 × ArC), 49.78 (2 × 

CH2 piperazinyl), 44.21 (2 × CH2 piperazinyl), 

35.33 (S-CH2), 29.56 (CH2C=O). MS: m/z: 405.71; 

Anal. Calcd. for C23H22N2O3S: C, 67.41; H, 5.70; 

N, 7.60. Found: C, 67.21; H, 5.76; N, 7.54. 

2- ((3-(4-benzhydrylpiperazin-1-yl)-3-oxopropyl) 

thio)naphthalene-1,4-dione (MB-3): This 

compound was obtained as a yellow crystalline 

solid in 63% yield; mp 189-191 ºC; IR (KBr) υmax 

1202, 1676, 1729, 2887 and 3092 cm
-1

. 
1
H NMR 

(CDCl3, 400 MHz): δ 8.22 (dd, 1H, Jm = 1.34 Hz, 

JO = 5.81 Hz  ArH), 8.19 (dd, 1H, Jm = 1.35 Hz, JO 

= 5.46 Hz ArH), 7.69 (m, 3H, ArH), 7.22 (m, 11H, 

ArH), 3.63 (t, 2H, J = 4.12 Hz, -N-CH2), 3.88 (t, 

2H, J = 4.12 Hz, -N-CH2), 3.24 (t, 2H, J = 4.28, -

NCH2), 2.76 (m, 4H, -N-CH2, -SCH2), 2.65 (m, 2H, 

-CH2CO). 
13

C NMR (CDCl3, 100 MHz): δ 187.55 

(C=O), 179.56 (C=O), 171.33 (C=O), 140.75 (2 

×ArCq), 139.32 (ArCq), 137.51 (ArC), 133.65 

(ArCq), 132.42 (2 × ArC), 130.42 (2 × ArCq), 

129.75 (4 × ArC), 128.74 (2 × ArC), 128.64 (ArC), 

126.72 (4 × ArC), 77.42 (CH), 50.75 (2 × CH2 

piperazinyl), 44.95 (2 × CH2 piperazinyl), 35.71 (S-

CH2), 28.58 (CH2C=O). MS: m/z 495.67; Anal. 

Calcd. for C30H28N2O3S, C, 72.32; H, 5.40; N, 

5.34. Found: C, 72.35; H, 5.31; N, 5.47 

2- ((3-(4-benzylpiperazin-1-yl)-3-oxopropyl)thio) 

naphthalene-1,4-dione (MB-4): This compound 

was obtained as brownish solid in 68% yield; mp 

162-164 ºC; IR (KBr) υmax 1177,1691, 1739, 2902 

and 3100 cm
-1

. 
1
H NMR (CDCl3, 400 MHz): δ 8.11 

(m, 2H, ArH), 7.72 (m, 2H, ArH), 7.21 (m, 

5H,ArH), 7.18 (m, 1H, ArH), 3.66 (s, 2H, CH2), 

3.57 (t, 2H, J = 4.20 Hz, -N-CH2), 3.51(t, 2H, J = 

4.12 Hz -NCH2), 3.41 (t, 2H, J= 4.20 Hz, N-CH2) 

3.00 (t, 2H J = 4.12 Hz, N-CH2), 2.89 (t, 2H J = 

4.20 Hz, SCH2),) 2.65 (t, 2H J= 4.24, Hz CH2CO). 
13

C NMR (CDCl3, 100 MHz): δ 187.54 (C=O), 

178.84 (C=O), 177.25 (C=O), 139.92 (ArCq), 

138.63 (ArCq), 137.73 (ArC), 133.84 (ArC), 132.32 

(2 × ArC), 130.23 (2 × ArCq), 128.51 (2 × ArC), 

127.18 (2 × ArC), 127.94 (ArC),  126.64 (ArC), 

63.38 (ArCq), 51.67 (2 × CH2 piperazinyl) 44.65 (2 

× CH2 piperazinyl), 35.73 (S-CH2), 29.12 

(CH2C=O). MS: m/z 420.34; Anal. Calcd. for 

C24H24N2O3S, C, 67.64; H, 5.61; N, 6.35. Found: 

C, 67.52; H, 5.32; N, 6.43.  

2- ((3- oxo- 3- (4- (pyridin- 2- yl)piperazin-1-yl) 

propyl)thio)naphthalene-1,4-dione  (MB-5): This 

compound was obtained as a brownish solid in 65% 

yield; mp 172-174 ºC; IR (KBr) υmax 1212, 1680, 

1721, 2880 and 3078 cm
-1

. 
1
H NMR (CDCl3, 400 

MHz): δ 8.18 (m, 3H, ArH), 7.74 (m, 2H, ArH), 

7.72 (m, 1H, ArH), 7.49 (m, 1H, ArH), 6.76 (m, 

1H, ArH ) 6.68 (m,1H ArH ) 3.72 (m, 2H, -NCH2), 

3.66 (m, 2H, -N(CH2), 3.52 (m, 4H,N(CH2)2), 3.35 

(t, 2H, J= 6.40 Hz, -S-CH2), 2.95 (t, 2H, J = 6.40, -

CH2CO). 
13

C NMR (CDCl3, 100 MHz):δ 186.41 

(C=O), 179.73 (C=O), 170.14 (C=O), 158.75 

(ArCq), 148.85 (CH pyridinyl), 140.54 (CH2 

pyridinyl), 139.63 (CH2 pyridinyl), 137.53 (ArC), 

133.33 (ArCq), 132.20 (2 × ArCq), 128.71 (2 × 
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ArC), 127.62 (ArC), 113.82 (CH2 pyridinyl), 

107.70 (CH2 pyridinyl), 47.21 (2 × CH2 

piperazinyl) 44.32 (2 × CH2 piperazinyl), 35.44 (S-

CH2), 28.95 (CH2C=O). MS: m/z 407.43; Anal. 

Calcd. for C22H21N3O3S: C, 64.21; H, 5.57; N, 

10.40. Found: C, 64.32; H, 5.322; N, 10.44. 

2- ((3- oxo- 3- (4- (o-tolyl)piperazin-1-yl)propyl) 

thio)naphthalene-1, 4-dione (MB-6): This 

compound was obtained as a creamy solid in 70% 

yield; mp 210-212 ºC; IR (KBr) υmax 1206, 1679, 

1726, 2889 and 3123 cm
-1

. 
1
H NMR (CDCl3, 400 

MHz): δ 8.23 (dd, 1H, Jm= 1.40 Hz, JO = 5.72 Hz, 

ArH), 8.22 (dd, 1H,  Jm= 1.14 Hz, JO = 8.60 Hz, 

ArH), 7.75 (m, 3H, ArH), 6.96 (m, 2H, ArH), 6.59 

(m, 2H, ArH), 3.86 (t, 2H, J= 3.96 Hz –N-CH2), 

3.73 (t, 2H, J = 4.00 Hz -N-CH2), 3.53 (t, 2H, J = 

4.00 Hz, -N-CH2), 3.45 (t, 2H, J = 4.00, -N-CH2), 

3.38 (t, 2H, J= 6.60 Hz, -S-CH2), 2.92 (t, 2H, J= 

6.60 Hz, CH2CO) 2.27 (s, 3H, CH3).
13

C NMR 

(CDCl3, 100 MHz): δ 188.54 (C=O), 174.87 

(C=O), 173.42 (C=O), 150.73 (ArCq), 139.20 

(ArCq), 133.52 (ArC), 132.47 (2 × ArCq), 130.21 (2 

× ArC), 130.06 (ArCq), 129.43 (ArCq), 128.43 

(ArC), 127.93 (ArC), 127.53 (ArC), 120.34 (ArC), 

117.87 (ArC), 50.27 (2 × CH2piperazinyl), 44.24 (2 

× CH2 piperazinyl) 35.22 (S-CH2), 29.24 

(CH2C=O), 17.63 (CH3). MS: m/z 420.84; Anal. 

Calcd. for C24H24N2O3S: C, 68.24; H, 5.65; N, 

7.05. Found: C, 68.32; H, 5.54; N, 6.90. 

2- ((3- (4- (2-chlorophenyl)piperazin-1-yl)-3-oxo-

propyl)thio)naphthalene-1,4-dione (MB-7): This 

compound was obtained as creamy solid in 67% 

yield; mp 223-225 ºC; IR (KBr) υmax 816, 1147, 

1685, 1738, 2883 and 3104 cm
-1

. 
1
H NMR (CDCl3, 

400 MHz): δ 8.14 (m, 2H, ArH), 7.73 (m, 2H, 

ArH), 7.70 (s, 1H, ArH), 7.14 (m, 1H, ArH), 7.01 

(m, 1H, ArH), 6.65 (m, 2H, ArH), 3.89 (t, 2H, J= 

4.12 Hz, N-CH2), 3.75(t, 2H, J= 4.12 Hz, -N-CH2), 

3.60 (t, 2H, J= 4.61 Hz-N-CH2), 3.54 (t, 2H, J= 

4.12 Hz, - N-CH2), 3.47 (t, 2H, J= 5.92 Hz,-S-

CH2), 3.03 (t, 2H, J= 5.92 Hz, CH2CO) .
13

C NMR 

(CDCl3, 100 MHz): δ187.25 (C=O), 175.35 (C=O), 

170.39 (C=O), 148.43 (ArCq), 139.84 (ArCq), 

137.53 (ArC), 133.84 (ArCq), 132.30 (2 × ArCq), 

131.15 (2 × ArC), 130.54 (ArC), 128.43 (C-Cl), 

127.86 (ArC), 127.27 (ArC), 120.56 (ArC), 119.27 

(ArC), 50.83 (2 × CH2 piperazinyl), 44.83 (2 × CH2 

piperazinyl), 35.12 (S-CH2), 29.21 (CH2C=O). MS: 

m/z 440.23 (M
+ 

+ 1) 442.32 (M
+ 

+ 2); Anal. Calcd. 

for C23H21Cl N2O3S: C, 62.65; H, 4.35; N, 6.76. 

Found: C, 62.64; H, 4.41; N, 6.68.  

2- ((3- (4- (2, 3-dichlorophenyl)piperazin-1-yl)-3-

oxopropyl)thio)naphthalene-1,4-dione (MB-8): 

This compound was obtained as white crystalline 

solid in 70% yield; mp 237-239 ºC; IR (KBr) υmax 

821, 1150, 1679, 1728, 2884 and 3111 cm
-1

. 
1
H 

NMR (CDCl3, 400 MHz): δ 8.23 (dd, 1H, Jm = 1.16 

Hz, JO = 4.81 Hz ArH), 8.15 (dd, 1H, Jm = 1.16 Hz, 

JO = 6.10 Hz ArH), 7.75 (m, 2H, ArH), 7.70 (m, 

1H, ArH), 6.91 (t, 1H, J= 6.00 Hz, ArH), 6.64 (dd, 

1H, ArH), 6.49 (dd, 1H, ArH) 3.86 (t, 2H, J= 4.00 

Hz, N-CH2), 3.64 (t, 2H, J= 4.12 Hz, N-CH2), 3.53 

(m, 4H, -N(CH2)2, 3.44 (t, 2H, J= 4.20 Hz,-SCH2), 

2.98 (t, 2H, J = 4.20 Hz, -CH2CO).
13

C NMR 

(CDCl3, 100 MHz): δ 186.46 (C=O), 178.21 

(C=O), 171.54 (C=O), 149.64 (ArCq), 139.40 

(ArCq), 137.23 (ArC), 134.42 (ArCq), 133.58 (C-

Cl), 132.12 (2 × ArCq), 130.37 (2 × ArC), 128.56 

(ArC), 128.11 (C-Cl), 127.84 (ArC), 121.72 (ArC), 

118.98 (ArC), 50.20 (2 × CH2 piperazinyl), 44.32 

(2 × CH2 piperazinyl), 35.30 (S-CH2), 29.68 

(CH2C=O). MS: m/z: 474.45 (M
+ 

+ 1); 476.32 (M
+ 

+ 2). Anal. Calcd. for C23H20Cl2 N2O3S, C, 58.31; 

H, 4.36; N, 5.46. Found: C, 58.18; H, 4.20; N, 5.43. 

2- ((3- (4- (4-chlorophenyl)piperazin-1-yl)-3-oxo-

propyl)thio)naphthalene-1,4-dione (MB-9): This 

compound was obtained as a brownish solid in 63% 

yield; mp 192-194 ºC; IR (KBr) υmax 816, 1149, 

1698, 1738, 2894 and 3108 cm
-1

. 
1
H NMR (CDCl3, 

400 MHz): δ 8.24 (dd, 1H, Jm = 1.16 Hz, JO = 4.80 

Hz, ArH), 8.15 (dd, 1H, Jm= 1.16 Hz, JO = 6.00 Hz, 

ArH), 7.78 (m, 1H, ArH), 7.72 (m, 2H, ArH), 7.10 

(d, 2H, J = 5.96, ArH), 6.56 (d, 2H, J = 5.96 Hz, 

ArH), 3.76 (t, 2H, J = 4.00 Hz, -N-CH2), 3.64 (t, 

2H, J = 4.04 Hz -NCH2), 3.55 (t, 2H, J = 4.04 Hz –

N-CH2), 3.45 (m, 4H, N-CH2;S N-CH2), 2.97 (t, 

2H, J = 4.32 Hz, -CH2CO). 
13

C NMR (CDCl3, 100 

MHz): δ 186.34 (C=O), 165.76 (C=O), 173.65 

(C=O), 150.25 (ArCq), 139.82 (ArCq), 132.82 (2 × 

ArCq), 137.85 (ArC), 133.24 (ArCq), 132.67 (2 × 

ArC), 129.98 (2 × ArC), 128.20 (C-Cl), 127.93 

(ArC), 117.62 (2 × ArC), 49.12 (2 × CH2 

piperazinyl), 44.94 (2 × CH2 piperazinyl), 35.15 (S-

CH2), 28.73 (CH2C=O). MS: m/z 440.12 (M
+ 

+ 1); 

442.27 (M
+ 

+ 2). Anal. Calcd. for C23H21ClN2O3S, 

C, 62.75; H, 4.38; N, 6.57. Found: C, 62.40; H, 

4.32; N, 6.23  
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2- ((3- (4- (2- fluorophenyl)piperazin- 1- yl)- 3-

oxopropyl)thio)naphthalene-1,4-dione(MB-10): 

This compound was obtained as creamy solid in 

71% yield; mp 179-181 ºC; IR (KBr) υmax 1207, 

1676, 1725, 2896 and 3091 cm
-1

. 
1
H NMR (CDCl3, 

400 MHz): δ 8.14 (m, 2H, ArH), 7.72 (m, 2H, 

ArH), 6.85 (s, 1H, ArH), 6.62 (m, 2H, ArH), 6.58 

(m, 2H, ArH), 3.83 (t, 2H, J = 4.00 Hz, N-CH2), 

3.69 (t, 2H, J = 4.04 Hz, N-CH2), 3.64 (t, 2H, J = 

4.04 Hz, -N-CH2), 3.55 (t, 2H, J = 4.16 Hz, -

NCH2), 3.42 (t, 2H, J = 4.00 Hz,-S-CH2), 3.02 (t, 

2H, J = 4.16 Hz, -CH2CO). 
13

C NMR (CDCl3, 100 

MHz): δ 187.54 (C=O), 179.82 (C=O), 172.92 

(C=O), 154.83 (C-F), 142.45 (ArCq), 139.34 

(ArCq), 137.53 (ArC), 135.20 (2 × ArCq), 133.32 

(ArCq), 132.83 (2 × ArC), 127.92 (ArC), 125.63 

(ArC), 119.02 (ArC), 118.31 (ArC), 117.03 (ArC), 

50.42 (2 × CH2 piperazinyl), 44.35 (2 × CH2 

piperazinyl) 35.42 (S-CH2), 29.61 (CH2C=O). MS: 

m/z 424.57 (M
+
+ 1); 426.43 (M

+
+ 2). Anal. Calcd. 

for C23H21FN22O3S: C, 65.83; H, 4.20; N, 6.88. 

Found: C, 65.54; H, 4.29; N, 6.83.  

Molecular Docking: Molecular docking 

methodologies play a key role in in-silico drug 

design and development. Molecular Docking is a 

computational technique for relating chemical 

structures with their biological activities 

compounds. Moreover, it could afford dynamic 

pharmacokinetic data, for example, absorption, 

distribution, metabolism, and excretion (ADME), 

which is vital factors in the design of a new drug 

molecule. Epidermal growth factor receptor 

(EGFR), (PDB: 2GS6) was obtained from the 

Protein Data Bank (PDB). Molecular docking was 

performed with the help VlifeMDS (version 15.2).  

All the synthesized compounds MB(1-10) were 

docked using an irreversible inhibitor of EGFR 

protein as a covalent docking module. First of all, 

the protein was prepared and refined by excluding 

water molecules from the complex protein structure 

followed by the addition of hydrogen atoms as well 

as deleting the cofactor and ligand. The structure of 

compounds (2D) was drawn with the help of 

Chem-Bio Draw ultra 12.0; then these structures 

were subjected to conversion from 2D to 3D 

followed by refinement and energy minimization 

(Merck Molecular Force Field) method. The 

analytical gradient and lowest energy 

conformations were selected for further studies. 

Cell Culture: Cancer cell lines MCF-7, HeLa, and 

HeGP 2 were purchased from the National Center 

for Cell Sciences (NCCS) Pune. Dulbecco’s 

modified Eagle medium (DMEM) supplemented 

with 1% penicillin-streptomycin (Gibco), 10% 

(v/v) heat-inactivated FBS and 10% fetal bovine 

serum (Gibco) was used to culture the procured 

cancer cell lines. Further, this media was 

maintained at 37 ºC in a humidity controlled 

incubator containing 5% carbon dioxide. 

In-vitro Cytotoxicity (MTT Assay): In-vitro 

anticancer activity (cytotoxicity) was investigated 

using MTT assay. The cancer cell lines were spread 

in 96-well cell culture plate (5 × 10
3
 cells/well) and 

were allowed to stand in a humidified atmosphere 

(5% CO2) overnight at 37 °C. Various 

concentrations (10, 20, 30, 40 and 50 µM) of 

synthesized compounds were added after 24 h of 

incubation. Further cells were incubated for another 

24 h. The phosphate buffer solution was utilized for 

washing the cells in well, subsequently plate was 

incubated at 37 °C after adding 20 µL MTT 

staining solution (0.005% w/w in phosphate buffer) 

to each well. For dissolving the formazan crystals, 

in each well 100 µL of dimethyl sulfoxide (DMSO) 

was added, and the absorbance of the resulting 

solution was observed at 570 nm using microtiter 

plate reader 
30, 31

. The IC50 was computed by 

employing graph Pad Prism Version 5. 

Tyrosine Kinase Inhibitory Activity: The kinase 

activity was evaluated with enzyme-linked 

immunosorbent assay (ELISA). The assays were 

performed in 96-well microtiter plates that had 

been coated overnight with 2.0 µg of a polyGlu-Tyr 

peptide (4:1) (Sigma P-0275) in 0.1 mL of PBS per 

well. The purified kinases were diluted in kinase 

assay buffer (100 Mm Hepes pH 7.5, 100 mM 

NaCl, and 0.1 mM sodium orthovanadate) and 

added to all test wells at 5 ng of GST fusion protein 

per 0.05 mL volume buffer. Test compounds were 

diluted in 4% DMSO and added to test wells (0.025 

mL/well). The kinase reaction was initiated by the 

addition of 0.025 mL of 40 µM ATP/40 mM 

MnCl2, and plates were shaken for 10 min before 

stopping the reactions with the addition of 0.025 

mL of 0.5 M EDTA. The final ATP concentration 

was 10 µM, which is twice the experimentally 

determined Km value for ATP. Negative control 

wells received MnCl2 alone without ATP.  
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The plates were washed three times with 10 mM 

Tris pH 7.4, 150 mM NaCl, and 0.05% Tween-20 

(TBST). Rabbit polyclonal anti-phosphotyrosine 

antiserum was added to the wells at a 1:10000 

dilution in TBST for 1 h. The plates were then 

washed three times with TBST. Goat anti-rabbit 

antiserum conjugated with horseradish peroxidase 

was then added to all wells (Biosource Cat. No. 

ALI0404; 1:10000 dilution in TBST) for 1 h. The 

plates were washed three times with TBST, and the 

peroxidase reaction was detected with the addition 

of 2,2′-azinobis(3- ethylbenzthiazoline-6-sulfonic 

acid) (ABTS) (Sigma A1888). The plate was read 

using a multiwell spectrophotometer at 492 nm.  

The inhibitory rate (%) was calculated with the 

formula: [1 − treated groups/ control groups)] × 

100%. IC50 values were calculated from the 

inhibitory curves. 

Statistical Analysis: The statistical analysis was 

run using Sigma Plot (version 11.1) by applying 

one-way analysis of variance (ANOVA), followed 

by Tukey’s multiple comparison tests. Statistical 

significance was considered at p<0.05. 

RESULTS AND DISCUSSION: 

Molecular Docking: Molecular docking has been 

applied to designing these compounds. It is the 

collection of electronic and steric features, which is 

essential to building considerable supramolecular 

interactions with a specific biological target that 

block or activate the biological activity 
26

. In the 

present manuscript, docking studies were done on 

the epidermal growth factor receptor (EGFR). 

Docking studies suggested that superior protein-

ligand bindings of synthesized compounds with key 

amino acid on the active site. Methionine residues 

(MET 793), cytosine (CYS797) and tyrosine 

(TRY253) are the key residues of the protein-

ligand binding 
27, 28

. These amino acid residues play 

a key role in the formation of a bridge within 

EGFR. Moreover, docking examinations of MB1-

MB10 on EGFR demonstrated a considerable 

binding interaction of the synthesized compounds 

on the peripheral site and catalytic site of amino 

acid. All the compounds have been found to 

possess a good binding affinity with the EGFR and 

afforded high dock score from -53.82 to -73.11. 

Amongst all the docked ligand, compound MB-10 

has shown a highest binding affinity dock score 

(73.11) with EGFR. Table 4 described molecular 

docking score of synthesized compounds. The 

2D/3D and binding pocket representation of the 

ligand-receptor interactions of the most active 

compounds MB-9 and MB-10 displayed in Fig. 1a-

c, and Fig. 2a-c. 

  

 
FIG. 1(A-C): (1A) 3D HYDROGEN BONDING INTERACTION OF MB-9 REPRESENTATION SHOWING THE BINDING 

ORIENTATION OF THE COMPOUNDS MB-9 INTO THE ACTIVE SIDE OF 2GS6, (1B) 3D SURFACE AND HYDROGEN 

BONDING INTERACTION OF MB-9, (1C) 2D REPRESENTATION SHOWING THE BINDING ORIENTATION OF THE 

COMPOUNDS MB-9 INTO THE ACTIVE SIDE OF 2GS6 

----------: Hydrophobic Interactions; ----------: Hydrogen Bonding 

A 

C 

B 
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FIG. 2(A-C): (1A) 3D HYDROGEN BONDING INTERACTION OF MB-10 REPRESENTATION SHOWING THE 

BINDING ORIENTATION OF THE COMPOUNDS MB-9 INTO THE ACTIVE SIDE OF 2GS6, (2B)3D SURFACE 

AND HYDROGEN BONDING INTERACTION OF MB-10, (2C) 2D REPRESENTATION SHOWING THE BINDING 

ORIENTATION OF THE COMPOUND MB-10  INTO THE ACTIVE SIDE OF 2GS6 
----------: Hydrophobic Interactions; ----------: Hydrogen Bonding 

TABLE 4: DOCKING SCORES OF COMPOUNDS 

Grip values docked pose of the fitted ligands were 

visualized extending deep into the active site 

pocket and showing several interactions such as 

Vander Waal’s, hydrophobic contacts, hydrogen 

bonds and π-π stacking interactions with the key 

residues of the active site catalytic site as well as 

the peripheral site. The high score of compound 

MB-9 attributed to its strong hydrogen bonds 

between amino acid residue ALA698 to the oxygen 

of the ring naphthoquinone ring along with distance 

2.149Å. Compound MB-10 formed hydrogen 

bonds with ALA698A amino residue of oxygen of 

the naphthoquinone ring with distance 2.02 Å. 

Hydrophobic interactions have also been observed 

in both compounds. The compound 9 with amino 

acid residues SER696A, VAL702A, LEU694A, 

and GLY 695A respectively. However, the 

compound 10have been formed hydrophobic 

interactions with VAL702A, LEU694A, and GLY 

695A. Therefore, compounds 1,4-naphthoquinone 

derivatives formed considerable interactions with 

essential amino acid residues and revealed the 

association of the docking studies with anticancer 

activity of the compounds. 

Chemistry: The synthetic pathway for the 

synthesis of compounds MB1-MB10 has been 

depicted in Scheme 1. The key 3-((1,4-dioxo-1,4-

dihydro naphthalene-2-yl)thio)propanoic acid (3) 

was synthesized according to the reported 

method
29

summarized in the proceeding text. 

Compounds MB-(1-9) were synthesized by 

refluxing naphthalene-1,4-dione (1) with 4-

mercapto propanoic acid (2) in absolute ethanol to 

form 3-((1,4-dioxo-1,4-dihydro naphthalene-2-yl) 

thio)propanoic acid (3) which in turn were 

converted to final compound MB-(1-10) by 

reaction with thionyl chloride and substituted 

piperazines. 

The structures of the synthesized compounds were 

established using spectral techniques (IR, 
1
H NMR, 

Compound no. D-Score 

MB-1 -53.82 

MB-2 -64.24 

MB-3 -60.82 

MB-4 -61.53 

MB-5 -65.68 

MB-6 -63.51 

MB-7 -64.64 

MB-8 -63.54 

MB-9 -68.32 

MB-10 - 73.11 

Imatinib -62.92 

C 

B A 
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and 
13

C NMR). The IR spectra and appearance of a 

characteristic peak of the carbonyl group between 

1698 cm
-1

 to 1739 cm
-1

. In the proton NMR spectra 

of all the compounds, the disappearance of 

characteristic broad singlet of the hydroxyl proton 

at δ 9.47 ppm confirmed the substitution at the 

hydroxyl group. The aromatic protons resonated in 

the range of δ 8.37 to 7.04 ppm in the proton NMR 

spectra of all the compounds are due to the 

anisotropic effect of the ring. Compounds MB-6 

showed singlet at δ 2.32 of the methyl group. There 

was a characteristic peak of the methylene group in 

all the compounds at a frequency of ≃ δ 3.64 ppm.  

In the 
13

C NMR spectrum, carbonyl carbon of 

naphthalene ring was observed at ≃ δ 182.0 ppm 

and 176.0, whereas carbon of aliphatic carbonyl of 

the target compounds appeared at ≃ 170.0 ppm. 

Signals of the 
13

C NMR spectrum further 

confirmed the synthesis of the targeted compounds 

as all the aromatic carbons appeared in the range of 

δ 160.00-102.00 ppm; however, the methylene 

carbon peak emerged at δ 31.95-84.36 ppm. The 

physicochemical data of the synthesized 

compounds have been listed in Table 1. 

TABLE 1: CHEMICAL STRUCTURE OF VARIOUS 1,4-NAPHTHOQUINONE  DERIVATIVES 

 

Compounds  R Molecular weight Melting point (ºC) Appearance LogP 

MB-1 H 330.40 155-157 Yellow -0.41 
MB-2 

 

405.71 202-204 white 2.04 

MB-3 

 

495.67 189-191 Yellow 3.41 

MB-4 

 

420.34 162-164 Brownish 1.70 

MB-5 

 

407.43 172-174 Brownish 1.42 

MB-6 

 

420.84 210-212 Creamy 2.53 

MB-7 

 

440.23 223-225 Creamy 

 

2.60 

MB-8 

 

474.45 237-239 White 3.16 

MB-9 

 

440.12 192-194 Brownish 2.60 

MB-10 

 

424.57 179-181 Creamy 2.20 
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SCHEME 1: CHEMICAL REAGENTS AND CONDITIONS: (A) ABSOLUTE ETHANOL, REFLUX, 3-5 h. (B) DRY DCM, 

THIONYL CHLORIDE, REFLUX, 3-5 h. (C) DRY DCM, SUBSTITUTED PIPERAZINE, STIRRING 9-10 h. 

Pharmacological Evaluation:  

In-vitro Cytotoxic Activity: All the synthesized 

compounds MB1-MB10 were evaluated in-vitro for 

their anticancer activity. The cytotoxic effects of all 

newly synthesized compounds (1,4-

naphthoquinone derivatives) were subjected to 

assess in-vitro anticancer potency using various 

cancer cell lines, such as MCF-7, (breast 

carcinoma), HepG2 (liver carcinoma) and cervical 

carcinoma (Hela) using imatinib as a positive 

control. In-vitro cytotoxicity results suggested that 

the cytotoxicity were dose-dependent. Almost all 

the compound showed anticancer activity in dose-

dependent. Cell viability decreased, and 

cytotoxicity increases with increase in the 

concentration of the compounds. 

The synthesized compounds exposed that the 

cytotoxicity was found to be poor to strong 

comparatively to the control drugs Table 2. The 

compounds MB (9, 10) exhibited intense anticancer 

activity on HeLa cell line. Especially, MB-9, MB-

10 exhibited stronger activity than Imatinib. Two 

compounds MB (4, 10) against MCF-7 cell line 

demonstrated great antineoplastic action. The 

compounds MB (2, 10) exposed extensive 

cytotoxic with HepG2 cell lines. Moreover, the 

remaining synthesized compounds MB (1, 3, 5, 6, 

7, and 8) devoid any critical cytotoxic action 

against tested cancer cell lines Fig. 3. Thus, the 

compound MB10 revealed as a most potent 

anticancer agent against MCF-7, HepG2, and HeLa 

cell lines when compared to standard drug imatinib. 

TABLE 2: IN-VITRO CYTOTOXICITY OF COMPOUNDS. 

THE DIFFERENCES IN CYTOTOXICITY IS 

STATISTICALLY SIGNIFICANT (P<0.05) ± SEM 

Compounds
 

HeLa cell 

IC50(µM) 

MCF-7 cell 

IC50(µM) 

HepG2 cell 

IC50(µM) 

MB-1 84.71 ± 0.52 76.28 ± 1.26 >100 

MB-2 69.88 ± 1.07 48.12 ± 1.08 20.72 ± 1.27 

MB-3 44.32 ± 0.24 74.06 ± 1.43 23.47 ± 1.88 

MB-4 22.02 ± 0.69 21.13 ± 0.29 37.35 ± 0.33 

MB-5 23.67 ± 0.74 58.08 ± 0.37 25.36 ± 1.43 

MB-6 67.37 ± 1.38 41.02 ± 1.50 24.50 ± 1.05 

MB-7 93.82 ± 0.78 >100 >100 

MB-8 >100 82.36 ± 2.63 96.29 ± 1.04 

MB-9 15.05 ± 0.62 27.47 ± 0.29 37.20 ± 0.49 

MB-10 12.98 ± 0.37 16.13 ± 0.29 18.73 ± 0.65 

Imatinib 20.43 ± 0.76 28.19 ± 0.34 25.85 ± 0.79 

 
FIG. 3: IN-VITRO CYTOTOXICITY OF COMPOUNDS. THE 

DIFFERENCES IN THE PERCENTAGE OF CELL 

CYTOTOXICITY OF COMPOUNDS MB-9 AND MB-10 

COMPARED TO THE CONTROL (IMATINIB) ARE 

STATISTICALLY SIGNIFICANT P <0.05 (n=3) 

In-vitro Enzymatic Assay (EGFR Kinases 

Inhibition): After in-vitro cytotoxicity screening of 

synthesized compound against the MCF-7, HeLa 
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and HepG-2 cell lines were subjected to assess 

EGFR kinases inhibition with the help of self-made 

kit of tyrosine kinase using Imatinib as standard 

drug. The majority of compounds indicated 

pronounced tyrosine kinase inhibition. Table 3 

summarized the inhibition IC50 values of all the 

synthesized compounds. Compounds MB-4 and 

MB-9 possess more comparable inhibitory effect 

against EGFR. While compound MB-10 have most 

potent inhibition (IC50 = 1.23 ± 0.12 µM), 

approximately three times more than (IC50 = 3.60 ± 

0.79 µM) Fig. 4. Thus, compound MB-10 is a 

hopeful, kinase inhibitor. 

 
FIG. 4: ENZYME INHIBITORY ACTIVITY OF PROTEIN 

TYROSINE KINASE OF COMPOUNDS. THE PERCENTAGE 

OF INHIBITION OF COMPOUND MB-9 AND MB-10 

COMPARED TO THE CONTROL DRUG (IMATINIB) ARE 

STATISTICALLY SIGNIFICANT P <0.05 (n=3) 

TABLE 3: ENZYME INHIBITORY ACTIVITY OF PROTEIN 

TYROSINE KINASE OF COMPOUNDS. THE DIFFERENCES 

IN TYROSINE KINASE INHIBITORY ACTIVITY 

COMPARED TO THE CONTROL GROUPS ARE 

STATISTICALLY SIGNIFICANT (P <0.05) 

Compounds
 

Tyrosine kinase inhibitory 

activity IC50 (µM)  ±  SEM 

MB-1 5.16 ± 0.31 

MB-2 7.74 ± 0.19 

MB-3 9.32 ± 0. 66 

MB-4 3.96 ± 0.47 
MB-5 7.23 ± 0.14 

MB-6 5.96 ± 0.14 

MB-7 4.65 ± 0.03 

MB-8 7.92 ± 0.15 

MB-9 3.85 ± 0.09 

MB-10 1.23 ± 0.12 

Imatinib 3.60 ± 0.79 

CONCLUSION: We have successfully 

synthesized a series of piperazine substituted 1,4-

naphthoquinone derivatives. The compounds were 

evaluated for their cytotoxic effect using MCF-7, 

HeLa, and HepG-2 cancer cell lines. Almost all the 

synthesized derivatives possess considerable 

anticancer activity. Compound MB-10 revealed the 

utmost powerful anticancer agent. Furthermore, on 

the enzyme inhibition assay compound MB-10 

showed the good promising inhibitory activity with 

IC50 = 1.23 ± 0.12 µM.  Molecular docking study 

revealed the strong binding capability with the 

active sites of enzymes. Therefore, these findings 

suggested that the rational design of piperazine 

substituted 1,4-naphthoquinone as a hopeful 

potential anticancer agent for auxiliary expansion 

in cancer therapy. 
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