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 Abstract Background: Heterocyclic compounds containing heteroatoms (O, N and S) as part of five or six-

membered cyclic moieties exhibited various potential applications such as pharmaceutical drugs, agrochemical 

products and organic materials. Among many known heterocyclic moieties, quinoline and its derivatives are 

one of the privileged scaffolds found in many natural products. In general, quinoline derivatives could be 

prepared by utilizing ortho-substituted anilines and carbonyl compounds containing a reactive α-methylene 

group of well-known reaction routes like Friedlander synthesis, Niemantowski synthesis and Pfitzinger 

synthesis. Moreover, polysubstituted quinolones and their derivatives also had shown considerable interest in 

the fields of organic and pharmaceutical chemistry in recent years.  

Objectives: The main objective of our research work is towards the design and synthesis of divergent 

biological-oriented, proactive analogues with potential pharmacological value inspired by the anti-tubercular 

activity of 2-phenylquinoline analogues. In this study, we have been interested in the design and synthesis of 

bioactive, 2, 4-diphenyl, 8-arylated quinoline analogues.   

Methods: The 6-phenyl-6h-chromeno [4, 3-b] quinoline derivatives were synthesized from 4-chloro-2-phenyl-

2H-chromene-3-carbaldehyde and various substituted aromatic anilines as starting materials using sodium 

bisulfate embedded SiO2 re-usable catalyst. All these fifteen new compound structures confirmed by spectral 

data 1H & 13C NMR, Mass, CHN analysis etc. Furthermore, all these new compounds antibacterial activity 

strains recorded using the paper disc method. The compound molecular structures were designed using 

molecular docking study by utilizing the crystallographic parameters of S. Areus Murb protein.  

 

Results: A series of fifteen new quinoline derivatives synthesized in moderate to good yields using sodium 

bisulfate embedded SiO2 re-usable catalyst. The molecular structures of these newly synthesized compounds 

elucidated by the combination of spectral data along with the elemental analysis. These compounds 

antibacterial activity study have shown moderate to good activity against, Escherichia coli (Gram-negative) and 

Staphylococcus aureus (gram-positive) organisms. These antibacterial activity results were also a very good 

correlation with molecular docking studies.  

 

Conclusion: In this study, fifteen new quinoline derivatives synthesized and structures confirmed by spectral 

data. In fact, all the compounds have shown moderate to good antibacterial activity. In general, the compounds 

containing the electron donor group at R1 position (R1  OMe) and the acceptor group at R2 positions (R2  F or 

Cl) had shown good antibacterial activity. These antibacterial activity results were also a very good correlation 

with molecular docking studies showing strong binding energies with the highest value being, -12.45 Kcal mol-1 

with S. aureus MurB receptor. 
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1. INTRODUCTION 

Heterocyclic compounds attracted the attention of 
scientific community due to various applications (1-24) such 
as pharmaceutical drugs, agrochemical products and organic 
materials. In the literature, heteroatoms (O, N and S) 
containing verities of the heterocyclic skeleton based 
molecules exhibiting the above-mentioned applications were 
reported. Quinoline and its derivatives are one of the 
privileged scaffolds containing a group of heterocyclic 
compounds found in many natural products. One of the very 
important alkaloids found in many plants is quinine, which 
contains a quinoline heterocyclic scaffold [25] exhibits an 
antibiotic resistance.  

In general, quinoline derivatives were prepared by 
utilizing ortho-substituted anilines and carbonyl compounds 
containing a reactive α-methylene group using various well-
known reaction routes like Friedlander, Niemantowski and 
Pfitzinger synthetic methods. Moreover, the syntheses of 
polysubstituted quinolone derivatives are also attracting 
considerable interest in the fields of organic and 
pharmaceutical chemistry [1-24] in recent years due to their 
potential applications. Owing to their biological importance, 
the synthesis of these derivatives could be a primary goal for 
synthetic organic chemists and hence, many synthetic 
strategies described for the synthesis of these important 
heterocyclic scaffolds. Some of them are Skraup reaction 
[16-18], Combes synthesis, Friedlander synthesis and 
Doebner-Miller reaction [19] along with a few other well-
recognized synthetic protocols employed for the preparation 
of these quinoline derivatives [26, 27]. However, many of 
these synthetic strategies suffered a few drawbacks such as 
prolonged reaction times, low yields of the products, high 
stoichiometric [28] quantities of the reagents and hard 
reaction conditions, etc. Moreover, the above-mentioned 
synthetic protocols suffered hard handling conditions and 
often do not grant sufficient diversity for substitution on the 
quinoline ring system [29-31], especially for the large-scale 
synthesis.  

In continuing our ongoing research work in the design of 
divergent biological-oriented organic synthesis of bioactive 
molecules [32-36], exhibits potential pharmacological 
applications. In this study, we have been interested in the 
design and synthesis of bioactive, 2, 4-diphenyl, 8-arylated 
quinoline analogues inspired from the anti-tubercular activity 
of 2-phenylquinoline analogues [6-15]. In this article, we 
discussed synthesis, characterization, antibacterial activity 
and molecular docking studies of fifteen new quinoline 
derivatives.  

 
2. MATERIALS AND METHOD 
2.1. General  

All the solvents, reagents and reactants used for this work 
obtained from various commercial sources of the analytical 
grade used without any further purification. Melting points 
(MPs) determined by the open capillary method using on 
Stuart SMP3 melting-point apparatus and the values 
recorded are uncorrected. Mass spectra recorded on a VG 
micromass70-70H instrument. 

1
H NMR (CDCl3 400 MHz) 

and 
13

C NMR (CDCl3 100 MHz) were recorded on the 
Bruker Avance-400 spectrometer, trimethylsilane (TMS) as 

internal standard (chemical shifts and ppm). The reaction 
completeness monitored by thin layer chromatogram (TLC) 
on silica gel plates using a mixture of n-hexane and 
dichloromethane (DCM).  
2.2. Synthesis 
Synthesis of 1-(2-hydroxy-phenyl)-3-phenyl-propan-1-
one (3): 

To a mixture of water (7 mL) and sodium hydroxide 
flakes (3.0 mmol) solution, add 2-hydroxy acetophenone (1.0 
mmol) at room temperature (RT). To this reaction, mixtures 
add benzaldehyde (1.3 mmol) and stir for 15 min. The whole 
reaction mixture was stirred for 4 hrs at 55 

o
C temperature. 

After completion of the reaction monitored by TLC, the 
product cooled to 15

 o
C.  Later, adjust the pH to below 1.0 by 

adding HCl (3 mL) at below 15
 o

C and continued stirring for 
2 hrs at the same temperature. Filtered the reaction mass and 
washed with water (10 mL) followed by methanol (3 mL), 
obtained crude product was purified in methanol to get the 
pure compound. 
Synthesis of 2-phenyl chroman-4-one (4): 

Compound (4), synthesized by adding ethanolic HCl (5 
mL) to compound 3 (1.0 mmol) in a sealed tube. The 
reaction mixture stirred at 80 

o
C for 12 hrs. Later, the crude 

products extracted by distilling out the solvent under reduced 
pressure. To this crude product, 10 mL of distilled water 
added followed by neutralization the reaction mass with 
sodium carbonate solution. Finally, extract the compound 
with DCM 3x10 mL by washing with NaCl solution (5 mL) 
and dried with Na2SO4. The solvent distilled out under 
reduced pressure to get the pure compound. 
Synthesis of 4-Chloro-2-Phenyl-2H-chromene-3-
Carbaldehyde (5): 

To the solution of flavan-4-ones (1.0 mmol) in dry DMF 
(5.0 mmol) with constant stirring at 0 ºC, freshly distilled dry 
phosphorus oxychloride (1.0 mmol) was added. The whole 
reaction mixture stirred overnight poured onto crushed ice, 
after completion of the reaction. The yellow product 
separated out using filtration and washed with distilled water 
for few times. Later, the solid product purified by column 
chromatography by eluting with petroleum ether over silica 
gel yielded 70-85 % of 4-chloro-2-aryl-2H-3-
chromenecarbaldehydes. 
General Procedure for the synthesis of 6-phenyl-6H-
chromeno [4, 3-b] quinolines (7a-o):  

To a mixture of aldehyde (5) (1.0 mmol) and aniline (6) 
(1.0 mmol) in ethanol (5 mL) solvent, the catalysts sodium 
bisulfate embedded silica

 
[37] (5.0 mmol) was added. The 

whole reaction mixture was stirred at room temperature for 
30 min under halo photochemical light of wavelength 15000-
18000 cm

-1
. The reaction completion monitored by the thin 

layer chromatography (TLC). The solvent removed under 
reduced pressure from the crude product. Later, sodium 
bicarbonate solution (10 mL) added to the crude mixture and 
extracted with ethyl acetate (3x10 mL). From the collected 
organic layer, the solvent removed under reduced pressure. 
The resulting crude mixture was purified by the silica gel 
column using ethyl acetate/n-hexane (2:1) mixture to get 6-
phenyl-6H-chromeno [4, 3-b] quinolines (7a) in good yield. 
10-fluoro-6-phenyl-6H-chromeno [4, 3-b] quinoline (7a):  

Yield 85 %, off white solid. IR spectrum (ν): 3027, 2965, 
1779, 1038 cm

-1
. 

1
H NMR: (400 MHz, CDCl3): δ .89 (dd, J = 
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7.5 Hz, 1-H), 8.15 (dd, J = 8.7, 5.3 Hz, 1-H), 7.85 – 7.42 (m, 
4-H), 6.95 (d, J = 7.9 Hz, 2-H), 7.30 – 7.32 (m, 1-H), 7.21 (t, 
J = 7.4 Hz, 1-H), 7.15 (d, J = 8.1 Hz, 1-H), 6.37 (s, 1-H). 

13
C 

NMR: (100 MHz, CDCl3): δ 155.6, 150.1, 137.2, 133.4, 
134.2, 129.8, 132.6, 130.5, 129.5, 128.9, 127.9, 127.9, 125.4, 
125.6, 121.7, 118.7, and 81.2. Anal.Calcd for C22H14FNO: C, 
80.72; H, 4.31; N, 4.28. Found: C, 81.72; H, 4.33; N, 4.58. 
Mass spectrum (ESI): m/z 328 [M + H] 

+
. M. P: 185-189 °C. 

Similar procedure of 7a, was employed for all other 
compounds 7b-o, to get good yield. See supporting 
information (S. I) for complete spectral data. 
9-Methyl-6-Phenyl-6H-chromeno [4, 3-b] quinoline (7b):  

Yield 83 %, off white solid. IR spectrum (ν): 3027, 2965, 
1784, 1036 cm

-1
. 

1
H NMR: (400 MHz, CDCl3): δ 8.55 (dd, J 

= 7.6 Hz, 1-H), 8.25 (dd, J = 8.5, 5.3 Hz, 1-H), 6.95 – 7.42 
(m, 6-H), 7.35 (d, J = 7.5 Hz, 2-H), 7.25 – 7.28 (m, 1-H), 
7.26 (t, J = 7.5 Hz, 1-H), 7.08 (d, J = 8.2 Hz, 1-H), 6.35 (s, 1-
H). 

13
C NMR: (100 MHz, CDCl3): δ 155.6, 159.1, 137.2, 

133.4, 131.2, 130.5, 131.6, 130.5, 128.1, 127.9, 127.1, 129.0, 
125.4, 126.6, 123.7, 118.7, and 81.2. Anal.Calcd for 
C23H17NO: C, 85.42; H, 5.30; N, 4.33. Found: C, 85.81; H, 
5.32; N, 4.35. Mass spectrum (ESI): m/z 324 [M + H] 

+
. M. 

P: 187-189 °C. 
9-fluoro-6-(4-methoxyphenyl)-6H-chromeno [4, 3-b] 
quinoline (7c): 

Yield 80 %, white solid. IR spectrum (ν): 3015, 2913, 
1733, 1048 cm

-1
. 

1
H NMR: (400 MHz, CDCl3): δ 7.41 (s, 2-

H), 7.33 (dd, J = 12.2, 8.3 Hz, 4-H), 7.22 (dd, J = 8.5, 2.1 
Hz, 1-H), 7.11 (dt, J = 8.9, 4.4 Hz, 1-H), 6.98 - 6.88 (m, 4-
H), 6.23 (s, 1-H), 3.78 (s, 3-H). 

13
C NMR: (100 MHz, 

CDCl3): δ 160.1, 158.7, 156.6, 133.5, 132.8, 129.5, 128.4, 
125.9, 122.7, 122.6, 117.8, 114.2, 110.8, 79.6, and 55.3. 
Anal.Calcd for C23H16FNO2: C, 77.30; H, 4.51; N, 3.92. 
Found: C, 77.32; H, 4.42; N, 3.99. Mass spectrum (ESI): m/z 
359 [M + H] 

+
. M. P: 220-225 °C.   

6-(4-methoxyphenyl)-9-methyl-6H-chromeno [4, 3-b] 
quinoline (7d):  

Yield 85 %, light yellow solid. IR spectrum (ν): 3087, 
2965, 1733, 1059 cm

-1
. 

1
H NMR: (400 MHz, CDCl3): δ 9.35 

(d, J = 8.2 Hz, 2-H), 7.55-7.65 (m, 7-H), 7.12 – 6.59 (m, 3-
H), 6.25 (s,1-H), 3.75 (s, 3-H), 2.48 (s, 3-H).

13
C NMR: (100 

MHz, CDCl3): δ 161.6, 158.8, 152.7, 147.3, 141.8, 141.1, 
138.3, 138.9, 138.7, 130.8, 129.5, 128.6, 127.8, 127.5, 125.1, 
121.1, 118.7, 116.1, 115.7, 81.39, 56.5, 30.7. Anal. Calcd for 
C24H19NO2: C, 81.56; H, 5.42; N, 3.96. Found: C, 81.76; H, 
5.32; N, 3.86. Mass spectrum (ESI): m/z 354 [M + H]

 +
. M. 

P: 225-227 °C. 
9-chloro-6-(4-methoxyphenyl)-6H-chromeno [4, 3-b] 
quinoline (7e):  

Yield 86 %, light yellow solid. IR spectrum (ν): 3085, 
2966, 1734, 1059 cm

-1
.  

1
H NMR: (400 MHz, CDCl3): δ 9.26 

(d, J = 8.1 Hz, 2-H), 7.56-7.64 (m, 7-H), 7.15 – 6.55 (m, 3-
H), 6.25 (s,1-H), 3.76 (s, 3-H), 2.45 (s, 3-H).

13
C NMR: (100 

MHz, CDCl3): δ 160.6, 158.8, 154.7, 147.3, 140.8, 142.1, 
138.3, 138.9, 138.7, 135.8, 127.5, 129.6, 127.8, 127.5, 
1254.1, 121.1, 118.7, 116.1, 115.7, 81.39, 56.5, 30.7. 
Anal.Calcd for C23H16ClNO2: C, 73.90; H, 4.31; N, 3.75 
Found: C, 74.30; H, 4.42; N, 3.79. Mass spectrum (ESI): m/z 
374 [M + H]

 +
. M. P: 224-225 °C.  

6-phenyl-6H-chromeno [4, 3-b] quinoline (7f):  

Yield 85 %, White solid. IR spectrum (ν): 3035, 2925, 
1722, 1024 cm

-1
. 

1
H NMR: (400 MHz, CDCl3): δ 8.55 (dd, J 

= 7.7, 1.9 Hz, 1-H), 8.07 (dd, J = 8.2 Hz, 1-H), 7.66-7.59 (m, 
1-H), 7.51-7.42 (m, 1-H), 7.45 – 7.40 (m, 7-H), 7.35 (m, 1-
H), 7.20 – 7.15 (m, 1-H), 7.04 (dd, J = 8.1, 0.8 Hz, 1-H), 
6.32 (d, J = 0.9 Hz, 1-H).

13
C NMR: (100 MHz, CDCl3): δ 

154.6, 149.2, 144.4, 138.3, 131.3, 130.5, 130.4, 130.2, 130.1, 
129.6, 129.4, 128.5, 128.3, 128.1, 126.5, 125.4, 122.7, 122.5, 
117.6, 80.25. Anal.Calcd for C22H15NO: C, 85.41; H, 4.89; 
N, 4.53. Found: C, 85.52; H, 4.93; N, 4.58. Mass spectrum 
(ESI): m/z 310 [M + H] 

+
.  M. P: 185-188 °C.  

10-chloro-6-(4-methoxyphenyl)-6H-chromeno [4, 3-b] 
quinoline (7g):  

Yield 83 %, white solid. IR spectrum (ν): 3046, 29144, 
1715, 1024 cm

-1
. 

1
H NMR: (400 MHz, CDCl3): δ 8.55 (d, J = 

7.5 Hz, 1-H), 8.35 – 8.13 (m, 1-H), 7.52 – 7.42 (m, 2-H), 
7.46 – 7.36 (m, 3-H), 7.25 (dt, J = 6.5, 3.3 Hz, 1-H), 7.17 
(dd, J = 11.2, 3.8 Hz, 1-H), 7.05 (t, J = 7.7 Hz, 1-H), 6.95 – 
6.92 (m, 2-H), 6.25 (s, 1-H), 3.83 (s, 3-H). 

13
C NMR: (100 

MHz, CDCl3): δ 161.1, 157.6, 148.2, 145.1, 133.4, 131.2, 
130.9, 130.5, 130.4, 130.2, 129.5, 129.2, 128.4, 126.5, 125.7, 
122.5, 116.7, 113.2, 79.5, and 55.2. Anal.Calcd for 
C23H16ClNO2: C, 73.90; H, 4.31; N, 3.75. Found: C, 74.09; 
H, 4.20; N, 3.80. Mass spectrum (ESI): m/z 374 [M + H] 

+
. 

M.P: 234-236 °C. 
9-chloro-6-phenyl-6H-chromeno [4, 3-b] quinoline (7h):  

Yield 82 %, off white solid. IR spectrum (ν): 3026, 2963, 
1784, 1033 cm

-1
. 

1
H NMR: (400 MHz, CDCl3): δ 8.45 (dd, J 

= 7.6 Hz, 1-H), 8.15 (dd, J = 8.5, 5.2 Hz, 1-H), 7.48 – 7.42 
(m, 6-H), 7.36 (d, J = 7.8 Hz, 2-H), 7.25 – 7.21 (m, 1-H), 
7.18 (t, J = 7.5 Hz, 1-H), 7.05 (d, J = 8.2 Hz, 1-H), 6.35 (s, 1-
H). 

13
C NMR: (100 MHz, CDCl3): δ 156.5, 149.4, 138.3, 

132.2, 132.5, 130.5, 130.5, 129.3, 129.4, 128.7, 128.2, 128.1, 
126.5, 125.4, 122.5, 118.7, and 80.5. Anal.Calcd for 
C22H14ClNO: C, 76.86; H, 4.10; N, 4.07. Found: C, 76.79; H, 
4.21; N, 4.17. Mass spectrum (ESI): m/z 345 [M + H] 

+
. M. 

P: 187-189 °C. 
6-(4-methoxyphenyl)-10-methyl-6H-chromeno [4, 3-b] 
quinoline (7i):  

Yield 85 %, light yellow solid. IR spectrum (ν): 3087, 
2965, 1733, 1059 cm

1
. 1H NMR: (400 MHz, CDCl3): δ 

9.35 (d, J = 8.2 Hz, 2-H), 7.55-7.65 (m, 7-H), 7.12 – 6.59 (m, 
3-H), 6.25 (s,1-H), 3.75 (s, 3-H), 2.48 (s, 3-H).13C NMR: 
(100 MHz, CDCl3): δ 161.6, 158.8, 152.7, 147.3, 141.8, 
141.1, 138.3, 138.9, 138.7, 130.8, 129.5, 128.6, 127.8, 127.5, 
125.1, 121.1, 118.7, 116.1, 115.7, 81.39, 56.5, 30.7. Anal. 
Calcd for C24H19NO2: C, 81.56; H, 5.42; N, 3.96. Found: C, 
81.76; H, 5.32; N, 3.86. Mass spectrum (ESI): m/z 354 [M + 
H] 

+
. M. P: 225-227 °C.  

10-fluoro-6-(4-methoxyphenyl)-6H-chromeno [4, 3-b] 
quinoline (7j):  

Yield 85 %, white solid. IR spectrum (ν): 3016, 2915, 
1735, 1046 cm

1
.  

1
H NMR: (400 MHz, CDCl3): δ 7.45 (s, 2-

H), 7.35 (dd, J = 12.3, 8.3 Hz, 4-H), 7.25 (dd, J = 8.5, 2.1 
Hz, 1-H), 7.11 (dt, J = 8.9, 4.4 Hz, 1-H), 6.99 – 6.88 (m, 4-
H), 6.25 (s, 1-H), 3.78 (s, 3-H). 

13
C NMR: (100 MHz, 

CDCl3): δ 161.1, 158.7, 155.6, 135.5, 133.8, 129.7, 128.5, 
125.7, 122.5, 122.5, 117.5, 114.4, 110.5, 79.7, and 55.5. 
Anal.Calcd for C23H16FNO2: C, 77.30; H, 4.51; N, 3.92. 
Found: C, 77.44; H, 4.35; N, 3.98. Mass spectrum (ESI): m/z 
358 [M + H]

+
, M. P: 225-228 °C. 
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10-bromo-6-phenyl-6H-chromeno [4, 3-b] quinoline (7k):  
Yield 82 %, off white solid. IR spectrum (ν): 3089, 2925, 

1787, 1025 cm
-1

. 
1
H NMR: (400 MHz, CDCl3): δ 8.57 (dd, J 

= 7.2, 1.6 Hz, 1-H), 8.18 (d, J = 8.2 Hz, 1-H), 7.69 – 7.58 (m, 
2-H), 7.45 – 7.42 (m, 7-H), 7.35-723 (m, 1-H), 7.20 (s, 1-H), 
6.32 (s, 1-H). 

13
C NMR: (100 MHz, CDCl3): δ 155.6, 148.2, 

147.4, 139.3, 135.3, 131.6, 129.5, 128.5, 128.3, 126.5, 125.7, 
122.5, 117.4, and 80.5. Anal.Calcd for C22H14BrNO: C, 
68.06; H, 3.63; N, 3.61. Found: C, 68.35; H, 3.55; N, 3.63. 
Mass spectrum (ESI): m/z 388 [M + H]

+
. M. P: 195-198 °C. 

10-nitro-6-phenyl-6H-chromeno [4, 3-b] quinoline (7l): 
Yield 80 %, yellow solid. IR spectrum (ν): 3013, 2928, 

1765, 1046 cm
-1

. 
1
H NMR: (400 MHz, CDCl3): δ 8.55 (d, J = 

6.9 Hz, 1-H), 8.16 (s, 1-H), 7.65 (dd, J = 12.0, 3.0 Hz, 2-H), 
7.45 – 7.35 (m, 7-H), 7.20 (t, J = 7.4 Hz, 1-H), 7.07 (t, J = 
12.2 Hz, 1-H), 6.34 (s, 1-H). 

13
C NMR: (100 MHz, CDCl3): 

δ 155.5, 149.9, 148.1, 139.7, 133.9, 131.0, 129.8, 129.5, 
128.5, 128.7, 128.4, 128.3, 127.5, 127.3, 126.5, 124.5, 123.4, 
121.6, 115.7, 81.5.: Anal.Calcd for C22H14N2O3: C, 74.57; H, 
3.98; N, 7.91. Found: C, 74.63; H, 3.89; N, 7.21. Mass 
spectrum (ESI): m/z 355 [M + H]

+
. M. P: 235-237 °C. 

10-methoxy-9-methyl-6-phenyl-6H-chromeno [4, 3-b] 
quinoline (7m):  

Yield: 84 %, white solid. IR spectrum (ν): 3014, 2915, 
1725, 1013 cm

-1
. 

1
H NMR: (400 MHz, CDCl3): δ 8.56 (d, J = 

2.5 Hz, 1-H), 8.05 (d, J = 9.2 Hz, 1-H), 7.45 – 7.35 (m, 2-H), 
7.35 – 7.32 (m, 3-H), 7.25 (d, J = 7.5 Hz, 2-H), 6.95 (d, J = 
2.8 Hz, 1-H), 6.92 (d, J = 8.5 Hz, 1-H ), 6.32 (s,1-H), 3.85 (s, 
3-H), 2.45 (s, 3-H). 

13
C NMR: (100 MHz, CDCl3): δ 161.7, 

158.8, 145.3, 141.8, 140.1, 138.3, 136.7, 136.5, 129.6, 129.7, 
128.2, 127.2, 127.5, 124.4, 122.2, 118.7, 114.5, 80.2, 55.65, 
and 28.7. Anal.Calcd for C24H19NO2: C, 81.56; H, 5.42; N, 
3.96. Found: C, 81.65; H, 5.35; N, 4.09. Mass spectrum 
(ESI): m/z 354 [M + H]

+
.  M. P:  198-199 °C. 

10-bromo-8-chloro-11-methyl-6-phenyl-6H-chromeno [4, 
3-b] quinoline (7n):  

Yield 82 %, yellow solid. IR spectrum (ν): 3087, 2911, 
1724, 1024 cm

-1
. 

1
H NMR: (400 MHz, CDCl3): δ 8.65 (d, J = 

2.5 Hz, 1-H), 8.05 (d, J = 8.9 Hz, 1-H), 7.65 – 7.62 (m, 2-H), 
7.47 (dd, J = 8.6, 2.5 Hz, 1-H), 7.42 (s, 1-H), 7.32 (d, J = 8.1 
Hz, 2-H), 7.26 (d, J = 7.9 Hz, 2-H), 6.94 (d, J = 8.6 Hz, 1-H), 
6.35 (s, 1-H), 2.40 (s, 3-H). 

13
C NMR: (100 MHz, CDCl3): δ 

158.6, 151.0, 137.5, 135.8, 131.5, 129.6, 129.5, 127.7, 125.4, 
124.5, 124.2, 121.5, 115.9, 114.3, 113.5, 108.5, and 55.5. 
Anal.Calcd for C23H15BrClNO: C, 63.25; H, 3.46; N, 3.21. 
Found: C, 63.5; H, 3.36; N, 3.35. Mass spectrum (ESI): m/z 
437 [M + H] 

+
. M. P: 224-226 °C. 

9, 10, 11-trimethoxy-6-phenyl-6H- chromeno [4, 3-b] 
quinoline (7o): 

Yield 95 %, White solid. IR spectrum (ν): 3097, 2985, 
1765, 1083 cm

-1
. 

1
H NMR: (400 MHz, CDCl3): δ 9.45 (d, J 

= 7.3 Hz, 1-H), 9.02 (s, 1-H), 8.15 (s, 1-H), 7.56 (t, J = 7.8 
Hz, 1-H), 7.45 – 7.43 (m, 3-H), 7.45 (dt, J = 6.2, 3.2 Hz, 2-
H), 7.35 (t, J = 7.3 Hz, 1-H), 7.07 (d, J = 8.2 Hz, 1-H), 6.42 
(s, 1-H), 4.19 (s, 3-H), 4.05 (s, 3-H), 3.94 (s, 3-H). 

13
C NMR: 

(101 MHz, CDCl3): δ 158.08, 148.02, 143.78, 137.97, 
135.23, 128.70, 128.19, 126.97, 124.51, 124.05, 119.45, 

118.42, 79.12, 61.96, 61.37, and 57.34. Anal.Calcd for 
C25H21NO4: C, 75.17; H, 5.30; N, 3.51. Found: C, 75.25; H, 
5.20; N, 3.55. Mass spectrum (ESI): m/z 400 [M + H] 

+
. M. 

P: 203-205 °C. 
2.3. Antibacterial activity study: 

The antibacterial activity screenings for the compounds, 
7a-o, were carried out by the paper disc method using 
organisms, Escherichia coli (Gram-negative) and 
Staphylococcus aureus (Gram-positive) for this study. The 
growing culture of Escherichia coli and Staphylococcus 
aureus micro-organisms were monitored  separately, after 
solidification of media, petri-plates inoculated for 24 hrs at 
37 °C as follows [40, 41]. Filter paper discs of 5 mm 
diameter dipped in the test solution of different 
concentrations of all fifteen compounds (7a-o). After drying, 
the discs placed on the antibiotic med-3 agar in petri-plates 
seeded with 1 mL bacterial culture of Escherichia coli and 
Staphylococcus aureus.  
2.4. Molecular Docking study:  

The molecular structures of all the newly synthesized 
compounds designed using Gauss view program 5.0 [33]. 
The geometries of the ligands were optimized using the 
standard density functional triply-parameter hybrid model 
DFT/RPM6 using ZDO basis set with Gaussian 09w [42].  
The crystallographic parameters of S. Areus Murb protein 
collected from RCSB protein data bank (www.rscb.org) with 
PDB ID: 1HSK for S. Areus Murb. The water molecules 
removed from the downloaded protein structure using UCSF 
chimera 1.10.1 software. Later, the molecular docking 
studies carried out using Auto Dock Tools (ADT) version 
1.5.6 and Auto Dock 4.2 package suite 
(http://mgltools.scripps.edu).  Gasteiger charges, Non-polar 
hydrogens and torsions degrees of freedom assigned by 
employing the ADT program to merge non-polar hydrogens 
into related carbon atoms of the receptor S. Areus Murb. The 
donor-acceptor hydrogen bonding interactions adjusted to be 
1.9 Å. The grid box built with dimensions of 60 × 60 × 60 Å

3
 

on the receptor S. Areus Murb with the aid of the ADT 
program with a grid point spacing of 0.3750 Å. The 
graphical output results illustrated using Discovery Studio 
4.1.0 software [43]. 
 
3. RESULTS AND DISCUSSION 
3.1. Synthesis 

The compound, 3, synthesized by taking a mixture of 
water and sodium hydroxide flakes and 2-hydroxy 
acetophenone at room temperature. To this reaction, mixture 
added benzaldehyde and stirred for 15 min followed by 
increased the temperature to 55 

o
C along with 4 hrs constant 

stirring. The next intermediate, 2-phenyl chroman-4-one (4) 
synthesized by mixing ethanolic HCl to the compound 3, in a 
sealed tube stirred at 80 

o
C for 12 hrs. Next intermediate, 4-

Chloro-2-Phenyl-2H-chromene-3-carbaldehyde (5) was 
synthesized by using compound 4, in dry DMF and freshly 
distilled dry phosphorus oxychloride along with constant 
stirring at 0 ºC (Scheme 1). 
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Scheme 1: Synthesis of final compounds, 6-phenyl-6H-chromeno [4, 3-b] quinolones, 7(a-o). 

 

Table 1: Structures of quinoline derivatives, 7 (a-o) and their synthetic conditions. 
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(Min) 

Yield 

(%) 
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NO 
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Synthesis of 6-phenyl-6H-chromeno [4, 3-b] quinolines 
(7a-o): 

A Series of fifteen 6-phenyl-6H-chromeno [4,3-b] 
quinoline derivatives, 7(a-o) were prepared from 4-Chloro-2-
Phenyl-2H-chromene-3-Carbaldehyde (5) with various 
aromatic anilines (6) in good yields using sodium bisulfate 
embedded SiO2 catalyst at room temperature (Scheme. 1, 
Table 1). The catalyst was prepared slightly modified 
method used earlier [37] by taking the solution of 
NaHSO4.H2O in the water added to SiO2 slowly. The whole 
catalyst reaction mixture stirred for 15 min at room 
temperature. Later, the mixture heated gently on a hot plate 
until free-flowing solid obtained. Finally, this catalyst 
mixture further dried at 120 C for 48 hrs and stored in hot 
condition to give desired sodium bisulfate embedded silica 
catalyst. 
 
3.2. Antibacterial Activity: 
 

Table 2: Antibacterial activity of 6-phenyl-6H-chromeno [4, 
3-b] quinolones, 7(a-o). 

Comp. 

Zone of inhibition (mm)* 

Escherichia coli 

(Gram-negative) 

(Conc. μg/ml) 

Staphylococcus 

aureus     

(Gram-positive) 

(Conc. μg/ml) 

200 100 50 200 100 50 

7a 
20 22 20 19 21 10 

7b 
18 19 15 31 24 22 

7c 15 16 18 19 15 11 

7d 15 18 11 18 19 11 

7e 18 19 30 28 19 23 

7f 
12 12 22 20 32 22 

7g 14 15 16 11 15 13 

7h 11 13 15 12 15 16 

7i 12 11 17 13 11 15 

7j 
10 12 13 9 11 14 

7k 
13 12 11 14 13 11 

7l 14 11 11 16 19 15 

7m 12 6 8 3 6 8 

7n 3 6 9 12 6 9 

7o 12 18 10 11 14 15 

Chloramphenicol 31 30 21 33 30 23 

*indicates average of triplicate 

As we designed to perform the biological activity, all the 
newly synthesized compounds (7a-o), screened for the 
antibacterial activity study using the paper disc method. For 
antibacterial activity study, two organisms, Escherichia coli 
(Gram-negative) and Staphylococcus aureus (Gram-positive) 
organisms were used. The antibacterial activity screening 
data (Table 2) exhibited that, all the compounds 7(a-o), are 
active towards above-mentioned organisms by showing 
moderate to good antibacterial activity. However, among the 
fifteen screened compounds, 7a, 7b, 7c, 7d, and 7e showed 
high activity against the entire microorganism employed for 
this study. Indeed, the activities shown by these compounds 
are close to that of the reference standards. The remaining 
ten compounds also have shown good to moderate 
antibacterial activity against the same microorganisms. In 
general, the compounds containing electron donor group at 
R1 position (R1  OMe) and acceptor group at R2 positions 
(R2  F or Cl) had shown good antibacterial activity. 
 

3.3. In silico molecular docking studies 

The in silico molecular docking studies of the titled 
compounds 7(a-o) have performed, in order to understand 
the binding interaction energy with protein S. Areus UPA-N-
Acetylenol pyruvyl-glucosamine reductases including 
Helicobacter pylori and Bacillus subtilis (S. Areus Murb) 
(PDB ID: I HSK). This protein is a promising target for 
antimicrobial drug therapy [38, 39]. According to molecular 
docking studies, all the ligands shown good binding energies 
with the protein receptor represented in table 3. Docking 
results revealed that all the ligands shown good to moderate 
binding energies with the protein receptor.  

 

 
 

Figure 1. Showing the binding posture and interactions of 7l, 

to the amino acid residues (SER 82 and ASN 83) target 

protein:  S. arecus murb (PDB ID: I HSK). 

 
The compound, 7l exhibited the highest binding energy 

12.45 Kcal mol
-1

 with five hydrogen bonds with amino acid 
residues (Fig 1, see SI for all the figures). Among five H-
bonds, four of them are between oxygen and nitrogen atoms 
of a nitrite group of SER 82 (3) amino acid residue with 
bond distances 1.998 (1), 2.046 (1) and 2.421(1) Å. The 
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remaining two H-bonds are between the oxygen and nitrogen 
of a nitrite group of ASN 83 amino acid with a bond distance 
of 2.220 (1) and 1.909 (1) Å, respectively. The 
corresponding hydrogen bond energies vary from -1.8 to -4.3 
Kcalmol

-1 
[44]. The free energy for hydrogen bonding in 

biological systems varies between −1.5 Kcal mol
−1

 to −4.7 
Kcal mol

−1 
[44, 45]. The present protein-ligand H-bonding 

values reasonably agreed with the range of biological 
systems reported in the literature. The calculated AIM 
intermolecular H-bonding energies are lower than calculated 
binding energy values of our systems. The topological 
parameters kinetic and potential energy density at the BCP 
depicting intermolecular hydrogen-bonding, using AIM 
theory [46] have been computed by the Multiwfn software 
[47] employing the output file of the optimized geometry of 
7l using DFT/B3LYP/6-31

++
 (d, p) basis set. 

 

Table 3. Binding energies of 6-phenyl-6H-chromeno [4, 3-b] 
quinolone, (7a-o) compounds substituted against receptor S. 
aureus MurB inhibitors. 

Comp

ound 

Binding Energies (Kcal mol
-1

 ) 

S. aureus MurB (PDB ID : I HSK) 

Binding 

energy 

No. of 

H 

Bonds 

Residues involved in 

bonding 

7a -10.72 02
†
 SER82, ASN83 

7b -10.43 03
*
 GYL146, 

GYL145,VAL199 

7c -11.43 02
†
 ASN83, HIS196 

7d -10.51 02
*
 TYR149, GYL145, 

SER143, GLY146 

7e -10.28 02
*
 TYR149, GLY145. 

GLY146, SER143 

7f -10.71 03
*
 GLY146, SER143, 

GLY145, TYR149 

7g -11.40 01
†
 HIS196 

7h -10.57 03
*
 VAL199, GLY146, 

SER115, GLY145, 

SER143 

7i -11.40 1† HIS196 

7j -11.43 03
†
 HIS196, ASN83, SER82 

7k -10.78 05
*
 VAL199, GLY145, 

TYR149, SER143, 

SER115, LEU78 

7l -12.45 05
†
 SER 82 (3), ASN83 (2) 

7m -10.78 01
†
 VAL199 

7n -11.77 03
*
 GLY146, SER115, 

GLY81, GLY79, VAL199 

7o -10.15 01
†
 VAL199 

† Protein and ligand H-bond; * Hydrophobic H-bond 

 

 

CONCLUSION 

 In summary, fifteen new quinoline derivatives 
synthesized in moderate to good yields from, 4-chloro-2-
phenyl-2H-chromene-3-carbaldehyde and various substituted 
aromatic anilines as starting materials using sodium bisulfate 
embedded SiO2 as a re-usable catalyst. Molecular structures 
of all these fifteen newly synthesized compounds elucidated 
using spectral data and elemental analysis. In fact, all the 
compounds have shown moderate to good antibacterial 
activity against, Escherichia coli (Gram-negative) and 
Staphylococcus aureus (Gram-positive) organisms. In 
general, the compounds containing the electron donor group 
at R1 position (R1  OMe) and acceptor group at R2 positions 
(R2  F or Cl) had shown good antibacterial activity. These 
antibacterial activity results are a very good correlation with 
molecular docking studies showing strong binding energies 
with the highest value being, -12.45 Kcal mol

-1
 with S. 

aureus MurB receptor. 
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