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Abstract: Novel congeners of naphthalene substituted 
benzo[c]coumarins (2a-f) were synthesized by reaction of 
various 3-coumarinoyl methyl pyridinium bromide salts 
(1a-d) with a selected set of acetyl naphthalene in the pre-
sence of sodium acetate in refluxing glacial acetic acid. 
Structures of the synthesized compounds were confirmed 
by elemental analysis and by various spectroscopic tech-
niques such as 1H-NMR, 13C-NMR, DEPT, and MS spectral 
data. Synthesised compounds were screened for antibac-
terial activity and cytotoxicity against different human 
cancer cell lines including cervix cancer (HeLa), breast 
cancer (MCF-7) and lung cancer (A549) using tetrazolium 
dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) cell viability assay. Although with varying 
degrees, a significant growth inhibitory and cytotoxic 
effects were observed on all three cancer cell lines. Com-
pounds  2b and  2e showed significant growth inhibitory 
and cytotoxicity against aforementioned cancer cell lines. 

Keywords: Benzo[c]coumarins, Naphthalene, Antibacte-
rial, Cytotoxicity.

Introduction
Coumarin is known as benzopyran-2-one. This flavo-
noid class of compound is naturally occurring and has a 
diverse array of biochemical and pharmacological acti-
vities with low toxicity [1]. Coumarins and their analogs 

are found in a wide range of pharmaceutically active 
compounds such as novobiocin, clorobiocin etc. These 
analogs serve as potent inhibitors of bacterial DNA  
gyrase [2]. Whereas, osthole [3] and esculetin [4] have 
been reported to inhibit the growth of cancer cells. Cou-
marins also possess significant biological activities such 
as antimicrobial [5], anticancer [6], antioxidant [7], anti-
viral [8] and anti-tuberculosis [9]. Coumarin compounds 
exert diverse mechanisms of action on many biologi-
cal targets for cancer oncology [10]. Benzo[c]coumarin  
derivatives such as autumnariol [11], autumnariniol, 
alternariol [12], ellagic acid and altenuisol [13] can be 
found in several natural products as well as in synthetic 
ones. They exhibit a wide range of pharmacological acti-
vities such as antimicrobial [14] and anti-tumor [15] etc. 
Furthermore, several naphthalene derivatives are found to 
be potent anticancer agents [16], antimicrobial agents [17], 
antioxidant [18] and anti-inflammatory [19] agents.

Thus, we anticipated that the combination of 
benzo[c]coumarin with substituted naphthalene nucleus 
would allow the development of a new class of biologi-
cally active molecules. In continuation of our interest 
in synthesizing novel modified fused chromenone deri-
vatives [20], it was thought worthwhile to incorporate 
the naphthalene nucleus into the coumarin moiety as 
a substituent group. Here, we report the synthesis of 
various naphthalene substituted benzo[c]coumarins 
(2a-f) (Scheme 1). The synthesized compounds were 
investigated for their antibacterial activity and cytotoxi-
city on A549 human lung adenocarcinoma, HeLa human 
cervical adenocarcinoma, and MCF-7 human breast ade-
nocarcinoma cell lines. This strategy was found useful 
to simultaneously address multiple biological targets in 
treatments of multiple diseases.

Results and discussion 
A simple and efficient method for the synthesis of 
coumarin-naphthalene derivatives was developed and 
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evaluated for cytotoxicity as well as anti-bacterial acti-
vity. Coumarin-naphthalene conjugates were synthesized 
using the route illustrated in Scheme 1. The condensation 
between 3-coumarinoyl pyridinium bromide salts and 
acetyl naphthalenes in the presence of catalytic amount 
of sodium acetate in acetic acid resulted in the formation 
of the targeted final compounds. All of the synthesized 
coumarin-naphthalene derivatives were characterized 
using NMR, IR and MS.

Anti-bacterial Activity: All the synthesized com-
pounds were screened for their in vitro antibacterial acti-
vity against two Gram-positive organisms, Bacillus subtilis 
(MTCC 441) and Staphylococcus aureus (MTCC96), and two 
Gram-negative organisms, Escherichia coli (MTCC 443) 
and Proteus Vulgaris (MTCC 1771). For comparison, Strep-
tomycin was used as a standard drug. 

The antibacterial screening of the tested compounds 
(2a-2f) showed that they had significant activity against 
Gram-positive as well as Gram-negative bacteria. Com-
pound 2b and 2e showed remarkable activity. While 
compound 2c and 2f showed moderate activity. In com-
parison, compound 2a and 2d exhibited partial activity. 
Compounds possessing a methoxy group on the 8th posi-
tion of coumarin were shown to have a significant effect 
on activity. The values of MIC against pathogenic microor-
ganisms are depicted in Table 1.

Cytotoxicity Activity: In vitro growth inhibitory 
activity of synthesized compounds was performed on 
three cell lines HeLa (human cervix cancer cell line), 
MCF-7 (Human breast cancer cell line) and A549 (human 
lung cancer cell line). IC50 (concentration of compound 

causing 50% cell population death) was calculated from 
the dose-reponce curve. The dose-responce curve was 
generated using values of different concentrations of 
compounds and their responce obtained from cell lines. 
The results (Table 2) obtained were compared with the 
reference drug cis-platin under similar experimental 
conditions using colorimetric MTT assay and this has 
been considered as a positive control. The dose-response 
curves of all the compounds for cell lines MCF-7, A549 
and HeLa (Figure 1) were generated by plotting percen-
tage Inhibition (cytotoxicity) against the concentration 
of compounds.

Cytotoxicity was expressed as the mean IC50 of 
three independent experiments. All the synthesized 
compounds exhibited good cytotoxicity, with IC50 
values in the range 18-55 µM. Compound 2b and 2e, 
which possessed a methoxy group on the 8th position of 
coumarin, exhibited excellent cytotoxicity against three 
cell lines MCF-7 (IC50: 23.54 ± 2. 00, 22.33 ± 0.91 µM), A549 
(26.19 ± 0.87, 20.44 ± 1.13 µM) and HeLa (28.58 ± 0.28, 
18.57 ± 0.31 µM).

Whereas, compound 2c and 2f, which contained 
a fused benzene ring on the 5,6-position of coumarin, 
showed good activity against MCF-7 (IC50:  28.87  ±  1.63, 
26.22 ± 0.34 µM), A549 (27.78 ± 0.85, 26.54 ± 1.70 µM) and 
HeLa (35.33  ± 1.23,26.99 ± 1.05 µM) and the remaining  

R R1 R2 R R1 R2

2a H H H 2d H H H

2b -OCH3 H H 2e -OCH3 H H

2c H Benzo 2f H Benzo

Scheme 1. 

Table 1 The antibacterial activities of synthesized compounds 
expressed as minimum inhibitory concentration (μg/mL)

Compound Gram-positive Gram-negative

B. subtilis S. aureus E. coli P. vulgaris

2a >100 >100 >100 >100
2b 25 >100 25 50
2c 50 50 >100 >100
2d >100 >100 >200 50
2e 25 50 50 12.5
2f 50 >100 50 >100
Streptomycin 12.5 12.5 12.5 6.25

Table 2 In vitro cytotoxicity of compounds (2a-2f) evaluated on 
Human cancer cell lines MCF-7, A549 and HeLa [IC50 (µM)].

Compound MCF-7 A549 HeLa

2a 38.53 ± 1.48 37.29 ± 1.54 42.96 ± 0.36
2b 23.54 ± 2.00 26.19 ± 0.87 28.58 ± 0.28
2c 28.87 ± 1.63 27.78 ± 0.85 35.33 ± 1.23
2d 39.87 ± 1.62 47.17 ± 1.15 55.59 ± 0.96
2e 22.33 ± 0.91 20.44 ± 1.13 18.57 ± 0.31
2f 26.22 ± 0.34 26.54 ± 1.70 26.99 ± 1.05
Cisplatin 17.59 ± 1.36 11.72 ± 0.70 7.75 ± 0.42

Mean ± S.D.; values are means of three independent experiments.
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compounds exhibited moderate activity MCF-7 
(IC50:  38.53  ± 1.48, 39.87  ± 1.62 µM), A549 (37.29 ± 1.54, 
47.17 ± 1.15 µM) and HeLa (42.96 ± 0.36, 55.59 ± 0.96 µM).

Conclusion
The present study deals with a novel and efficient route 
for the synthesis of Naphthalene substituted benzo[c]
coumarin analogues. The spectral characterization of 
the compounds confirmed their chemical structures. The 
results showed that some of the compounds possessed 
good antibacterial properties as well as good cytotoxicity 

against several cancer cell lines. Most of the compounds 
are promising for further investigation to develop a new 
chemical class of drugs which act as antibacterial and 
anticancer agents.

Experimental Details
Materials and Methods

All the reagents, solvents and starting materials were 
commercially procured from Loba Chemie, Merck, 
and Sigma Aldrich. They were used without further 
purification. Melting points were recorded (uncorrected) 
on capillary melting point apparatus. Thin-layer 
chromatography (TLC, on aluminum plates coated with 
silica gel 60 F254, 0.25 mm thickness, Merck) was used 
for monitoring the progress of reactions, purity, and 
homogeneity of the synthesized compounds. Elemental 
analysis (% C, H, N) was carried out on Perkin-Elmer 
2400 series-II elemental analyzer. The FTIR spectra 
were recorded using potassium bromide disc on a 
Thermo Scientific Nicolet 6700 spectrophotometer and 
only the characteristic peaks are reported. 1H-NMR 
and 13C-NMR spectra were recorded using DMSO-d6 
and CDCl3 solvents on Bruker Avance 400 (MHz) 
spectrometer using solvent peak as an internal standard 
at 400 and 100 MHz, respectively. Chemical shifts 
are reported in parts per million (ppm). Mass spectra 
were documented on Shimadzu QP2010 Spectrometer. 
3-coumarinoyl methyl pyridinium bromide salts 
(1a-1c) were prepared according to the literature  
procedures [20].

General procedure for the synthesis of 
Naphthalene substituted benzo[c]coumarins (2a-f): 
In a round bottom flask (100 mL), a solution of appropriate 
acetyl naphthalene (1-acetyl naphthalene/2-acetyl 
naphthalene) (0.0058 mol) was taken in glacial acetic acid 
(15 mL). To this solution, sodium acetate (0.06 mol) and 
an appropriate 3-coumarinoyl methyl pyridinium bromide 
salt (1a-1c) (0.006 mol) in acetic acid (10 mL) were added 
with stirring. The reaction mixture was stirred at room 
temperature for 45 minutes and then refluxed in an oil 
bath at 140–145˚C for 10 hours. The reaction progress 
was monitored using TLC. It was then poured in water 
(75 mL) and the crude solid obtained was extracted with 
chloroform (3 x 50 mL). The organic layer was washed 
with 10% aqueous sodium bicarbonate solution (50 mL), 
water (50 mL) and dried over anhydrous sodium sulfate. 
Distillation of chloroform under vacuum gave a gummy 

Figure 1. The dose-response curve showing the in vitro inhibitory 
activity of the compounds (2a-2f) against A549, MCF-7 and HeLa 
cell lines.
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material which was subjected to column chromatography 
using ethyl acetate : pet.ether(60–80°C) in the ratio of 
(2:8) as an eluent to afford the product (2a-f) respectively. 

Characterization data of compounds 2a-2f

7-hydroxy-9-(naphthalen-1-yl)-6H-benzo[c]chromen-
6-one (2a): Yield = 67% white crystalline solid. m.p. = 
190-192 ˚C. Selected IR frequencies (KBr): νmax 1615 (aroma-
tic C=C), 1674 (C=O, δ-lactone), 3055 (aromatic C-H), 3300 
(broad, -OH) cm−1; 1H-NMR (400 MHz; CDCl3) δppm: 7.2-8.0 
(13H, m, Ar-H), 11.49 (1H, s, -OH proton, D2O exchangea-
ble); 13C-NMR(100 MHz; CDCl3) δppm: 105.0(C), 114.3(CH), 
117.8(CH), 118.0(CH), 118.3(C), 123.4(CH), 125.2(CH), 
125.3(CH), 125.3(CH), 126.2(CH), 126.7(CH), 126.8(CH), 
128.5(CH), 128.9(CH), 130.7(CH), 130.8(C), 133.7(C), 
135.0(C), 138.4(C), 150.4(C), 150.8(C), 162.3(C), 165.4(C=O of 
coumarin); Elemental analysis: C23H14O3 requires C, 81.64; 
H, 4.17%. Found: C, 81.70; H, 4.21%. MS m/z: 338.0 (M+).

7-hydroxy-4-methoxy-9-(naphthalen-1-yl)-6H-
benzo[c]chromen-6-one (2b): Yield = 61% white crys-
talline solid. m.p. = 185-187 ˚C. Selected IR frequencies 
(KBr): 1620 (C=C, aromatic), 1678 (C=O, δ-lactone), 3058 
(aromatic C-H), 3431 (broad, -OH) cm−1; 1H-NMR (400 MHz; 
DMSO-d6) δppm: 3.95 (3H, s, -OCH3), 7.19-8.07 (12H, m, Ar-H), 
11.35 (1H, s, -OH proton, D2O exchangeable); 13C-NMR 
(100 MHz; DMSO-d6) δppm: 56.09(-OCH3), 105.06(CH), 
114.98(CH), 115.39(CH), 117.82(CH), 118.59(C), 124.91(CH), 
125.08(CH), 125.50(CH), 125.82(C), 126.20(CH), 126.85(CH), 
126.96(CH), 128.45(CH), 128.71(CH), 130.33(C), 133.33(C), 
135.32(C), 137.96(C), 139.82(C), 144.80(C), 149.43(C), 
161.10(C), 163.85(C=O of coumarin); Elemental analysis: 
C14H16O4 requires C, 78.25; H, 4.38%. Found: C, 78.28; H, 
4.41%. MS m/z: 368.0 (M+).

4-hydroxy-2-(naphthalen-1-yl)-5H-dibenzo[c,f]
chromen-5-one (2c): Yield = 72% white crystalline solid. 
m.p. = 194-196 ˚C. Selected IR frequencies (KBr): 1618 
(C=C, aromatic), 1678 (C=O, δ-lactone), 3048 (aromatic 
C-H), 3411 (broad, -OH) cm−1; 1H-NMR (400 MHz; DMSO-
d6) δppm: 7.2-8.9 (15H, m, Ar-H), 11.45 (1H, s, -OH proton, 
D2O exchangeable); 13C-NMR (100 MHz; DMSO-d6) δppm: 
106.5(C), 112.6(C), 117.4(C), 117.5(C), 117.6(CH), 119.2(CH), 
125.0(CH), 125.2(CH), 126.1(CH), 126.2(CH), 126.7(CH), 
127.4(CH), 128.8(CH), 129.0(CH), 129.3(CH), 129.9(CH), 
130.7(C), 131.9(C), 132.8(CH), 133.9(C), 135.7(C), 138.4(C), 
149.4(C), 150.1(C), 161.7(C4), 164.3(C=O of coumarin); Ele-
mental analysis: C27H16O3 requires C, 83.49; H, 4.15%. 
Found: C, 83.51; H, 4.18%. MS m/z: 388.41 (M+).

7-hydroxy-9-(naphthalen-2-yl)-6H-benzo[c]
chromen-6-one (2d): Yield = 69% white crystalline 

solid. m.p. = 222–214 ˚C. Selected IR frequencies (KBr): 
1614 (C=C, aromatic), 1681 (C=O, δ-lactone), 3109 (aro-
matic C-H), 3400 (broad, -OH) cm−1; 1H-NMR (400 MHz; 
CDCl3) δppm: 7.28-8.21 (13H, m, Ar-H), 11.45 (1H, s, -OH 
proton, D2O exchangeable); 13C-NMR (100 MHz; CDCl3) 
δppm: 104.9(C), 111.3(C), 115.2(CH), 117.8(CH), 118.4(CH), 
123.4(CH), 125.0(CH), 125.2(CH), 126.7(CH), 126.8(CH), 
126.9(CH), 127.7(CH), 128.5(CH), 128.9(CH), 130.8(CH), 
133.3(C), 133.4(C), 135.5(C), 136.7(C), 150.2(C), 150.8(C), 
162.6(C), 165.4(C=O of coumarin); Elemental analysis: 
C23H14O3 requires C, 84.64; H, 4.17%. Found: C, 84.69; H, 
4.21%. MS m/z: 338.0 (M+).

7-hydroxy-4-methoxy-9-(naphthalen-2-yl)-6H-
benzo[c]chromen-6-one (2e): Yield = 59% white crys-
talline solid. m.p. = 208–210 ˚C. Selected IR frequencies 
(KBr): 1617 (C=C, aromatic), 1682 (C=O, δ-lactone), 3048 
(aromatic C-H), 3400 (broad, -OH) cm−1; 1H-NMR (400 MHz; 
DMSO-d6) δppm: 3.91 (3H, s, -OCH3) 7.23-8.49 (12H, m, Ar-H), 
11.26 (1H, s, -OH proton, D2O exchangeable); 13C-NMR 
(100 MHz; DMSO-d6) δppm: 56.7(-OCH3), 105.3(C), 112.3(CH), 
113.6(CH), 114.6(CH), 116.0(CH), 119.2(C), 125.4(CH), 
125.5(CH), 127.1(CH), 127.4(CH), 128.0(CH), 129.0(CH), 
133.5(C), 133.5(C), 135.8(C), 136.2(C), 140.3(C), 147.8(C), 
149.3(C), 162.1(C), 164.5(C=O of coumarin); Elemental 
analysis: C24H16O4 requires C, 78.25; H, 4.38%. Found: C, 
78.28; H, 4.41%. MS m/z: 368.0 (M+).

4-hydroxy-2-(naphthalen-2-yl)-5H-dibenzo[c,f ]
chromen-5-one (2f): Yield = 78% white crystalline 
solid. m.p. = 222–224 ˚C. Selected IR frequencies (KBr): 
1607 (C=C, aromatic), 1675 (C=O, δ-lactone), 3049 (aro-
matic C-H), 3565 (broad, -OH) cm−1; 1H-NMR (400 MHz; 
DMSO-d6) δppm: 7.37-8.97 (15H, m, Ar-H), 11.39 (1H, s, -OH 
proton, D2O exchangeable); 13C-NMR (100 MHz; DMSO-
d6) δppm: 106.4(C), 112.8(C), 114.6(CH), 116.5(CH), 117.6(CH), 
125.4(CH), 125.5(CH), 126.3(CH), 127.1(CH), 127.4(CH), 
127.5(CH), 128.0(CH), 129.1(CH), 129.3(CH), 129.4(C), 
129.9(CH), 132.0(C), 132.8(CH), 133.4(C), 133.6(C), 136.2(C), 
136.5(C), 148.3(C), 149.3(C), 150.1(C), 162.1(C), 164.5(C=O of 
coumarin); Elemental analysis: C27H16O3 requires C, 83.49; 
H, 4.15%. Found: C, 83.52; H, 4.19%. MS m/z: 388.0 (M+).

It is important to note that in the case of compound 
2e, the number of non-equivalent carbon signals in 
13C NMR spectra is less than expected (two signals). This 
may be due to identical chemical shifts of certain carbon 
atoms which may appear at the same position.

Anti-bacterial activity 

All the synthesized compounds (2a-2f) were screened for 
their antibacterial activity using the Broth microdilution 
method. The synthesized compounds were investigated to 



150   M. Patel.: Naphthalene substituted benzo[c]coumarins

determine their antibacterial activity in terms of minimum 
inhibitory concentration (MIC) using the serial dilution 
method [21]. Concentrations between 0.20, 0.40, 0.80, 
1.60, 3.12, 6.25, 12.5, 25, 50 and 100 µg/ml of each active 
compound were tested and compared with a standard 
drug. The MIC was then determined as the lowest concen-
tration inhibiting the growth of the organism after 24-48 h.

Cytotoxicity 

The tested human carcinoma cell lines were obtained 
from the NCCS Pune. The cells were maintained at 37 °C 
in appropriate media and humidified atmosphere with 
5% CO2. For cytotoxicity assay, cancer cell lines were sus-
pended in the medium at cell density 5 × 104 cells/well in 
96-well tissue culture plates, then incubated overnight. 
The tested compounds were added to 96-well plates 
(3 replicates) to achieve different concentrations (5, 10, 25, 
50, 100, 200, 300 μM) for each compound. Three vehicle 
controls with media or 0.5% DMSO were run for each 
96-well plate as a control. After incubating the treated 
cells for 24h, the numbers of viable cells were determined 
by the MTT assay [22]. Rapid colorimetric assay was used 
for determination of cellular growth and cell-survival. This 
had application to proliferation and cytotoxicity assays. 

The relationship between surviving cells and drug 
concentration is plotted to get the survival curve for each 
cell line after treatment with the specified compound. 
The 50% inhibitory concentration (IC50), the concentra-
tion required to cause toxic effects in 50% of intact cells, 
was estimated by nonlinear regression analysis using 
Graph pad prism (version 7.0) software and expressed in  
mean ± SD.
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