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Abstract: A series of novel chromene 3-aldehyde and quinoline derivatives have been synthesized using diversely substituted 
nitroarenes in the presence of In, dil. HCl, H2O (reductive amination) and evaluated for in vitro cytotoxic activity in three 
different cancer cell lines (MDA-MB-453, MCF-7, A549 and PC3). The synthetic strategy utilized to access these hybrids is 
operationally simple and works with great substrate scope. Interestingly, compound 6i was induced apoptosis to a significant 
extent in MDA-MB-453 cell lines. And these selected compounds 6i was led to morphological changes after treatment with 
MDA-MB-453 cell lines and found clear destabilization of mitochondrial membrane potential behind the observed anticancer 
activity. This strategy is operationally simple and works with a diverse range of substrates and warrants future investigations for 
further anticancer drug development. 

I. INTRODUCTION 
During the last twenty years, the study of the biological activities of chromene derivatives has been the aim of many scientists1 
recently, the antibacterial, anti-helminthic, anticoagulant, hypothermal and vasodilatory properties of chromene has been reviewed. 
Fused chromenes are interesting due to their significant anti-cancer activities2. 
Functionalized six-membered quinolines as structural motifs are found so often in many natural products and bioactive molecules. 
Quinoline structural motif is played key role in medicine as anti-malarial, antibiotics, antibacterial, anti-cancer, anti-HIV, ant-
tuberculosis, anti-Alzheimer activities. They have also utilized to designing bio active drug candidates. In addition, they have 
applied as dyes, agrochemicals and corrosion inhibitors3. 
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Figure 1: Chromone moiety containing drugs 
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Because of this ample range of applications in, modern medicinal chemistry, agriculture, biopharmaceutical industry numerous 
methods have been reported for the synthesis of these molecules4. The earlier methods reported harsh reaction conditions and 
utilization of costly reagents and catalysts draw backs in those methods. 
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Figure 2: Quinoline moiety containing drugs 
 
In continuation of our work5 towards development of biologically active molecules, initially we have prepared 4-chloro-2-
aryl-2H-3-chromene carbaldehyde 4. Accordingly, flavone 3 was prepared from commercially available 2-hydroxy-
acetophenone 1 and benzaldehyde 2 involving base catalyzed aldol-condensation and intramolecular oxa-Michael addition 
sequene. Flavone 3 was subjected Vilsmeier-Haack reaction6, 7 using POCl3 and DMF to furnish the desired 4-chloro-2-
aryl-2H-3-chromene carbaldehyde 4 in good yield (Scheme 1). Utilizing similar synthetic sequence, we have prepared 
several analogues of 4 to access diverse chromene-quinoline hybrids (Scheme 1). 
 
 
 
 
 
Scheme 2: Optimization of condition for the synthesis of chromene-quinoline hybrids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Synthesized chromene aldehyde derivatives 
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Table 2: Synthesis of Chrome 3 carbaldehyde derivatives. 
Entry 2(a-f) Product 4(a-f) Overall Yielda 

(%) 

1 Ph a 45 

2 Ph-4-OMe b 34 

3 Ph-3-Br c 38 

4 Ph-3-Cl d 32 

5 Ph-3-OH e 35 

6 Ph-3-CF3 f 37 

 
Nitroarenes possessing electron donating and withdrawing groups with various substitution patterns were tested in this 
reaction using method. Corresponding conditions of methodology was worked well and furnished desired products in 
excellent yields irrespective of electronic and steric nature of substrates (Table 2, entries 1-18). Chemical structures of all 
products were confirmed by 1H, 13C NMR, mass spectrometric data and the obtained data is in good agreement reported 
literature. 
Formation of quinoline ring system always interesting in organic chemistry because of various applications in the synthesis of 
several compounds with six-membered rings. Here we have taken advantage of both chromene and quinoline architectures to make 
biologically potent molecules. The present method has proved to be a powerful tool for the intramolecular creation of carbon-carbon 
and carbon-nitrogen bonds. We herein report a protocol for the construction of chromene-quinoline hybrid comprising indium in 
dilute hydrochloric acid under reflux conditions. Reduction of nitroarenes is a widely fundamental organic transformation, which is 
highly demanding in pharmaceutical process development. These nitro arenes were readily reduced to corresponding amines via 
well protocols using In/dil. HCl in gram scale. In various organic synthesis water has been used as green solvent8. We hypothesized 
that, reduction of nitroarenes to anilines followed by subsequent condensation with the added chromene-3-carbaldehyde under these 
conditions (In, HCl, H2O, reflux) would deliver the desired chromene-quinoline hybrid, in a straightforward manner (Scheme. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 2. Synthesis of chromene-quinoline hybrids. 
 
A plausible reaction mechanism was proposed based on reported literature and results obtained in this work, which is described in 
Scheme 3. As described in Scheme 2, under reaction conditions of methods A & B, nitroarenes 5 reduced to corresponding amine, 
which participated in the reaction cycle with chromene-3-carbaldehyde 4 and furnishes the imine A. Bronsted acid mediated 
(Indium/HCl/H2O) formation of acetal C via B and subsequent rearrangement will provide the enol intermediate D, which undergo 
Fridel-Crafts type addition and aromatization steps to deliver the taget chromene-quinoline hybrid 6 (Scheme 3).  
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Scheme 3. The plausible reaction mechanism of the formation of the chromene-quinoline hybrid. 
 

Table 2: Synthesis of the 6- phenyl-6H-chromeno [4,3-b] quinoline 6 (a-r) from Chrome 3 carbaldehyde. 

Entry R R1 Product 6 Time (h) Yieldc(%) 
1 H H a 8 80 

    2 H 3-Br b 2 68 
3 

3-Cl 
3-OMe, 4-OMe, 
5-OMe c 8 78 

4 
H 

2-OMe, 3-OMe, 
4-OMe d 12 82 

    5 4-OMe 3-F e 10 81 
    6 4-OMe 3-Cl f 8 83 

7 H 2-Me, 3-Br, 5-Cl g 12 84 
8 4-OMe 3-Me h 8 72 
9 H  3-NO2 i 10 86 

10 H 4-F j 8 81 
11 H 4-Cl k 10 83 
12 

H 
3-OMe, 4-OMe, 
5-OMe l 12 85 

13 3-Cl  4-OH m 10 86 
14 H 3-Me, 4-OMe n 12 87 
15 3-Br 4-OH o 12 81 
16 

4-OMe 4-OH p 12 72 
17 4-Br H q 8 67 
18 3-Cl H r 12 82 

 
 [a] Reagents and conditions: nitroarene 1 (1.0 mmol), aldehyde 2 (1.0 mmol), In (2.0 mmol), 1 M aq HCl (1 mL), reflux. 
 [b] All the products were fully characterized by the usual spectroscopic techniques.  
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Despite the above significant achievements, the design and development of synthetic processes, beginning with easily available 
materials to afforded densely functionalized quinine derivatives are still of great value. Compounds were evaluated for their anti-
cancer activity against MDA-MB-453, MDA-MB-231, NCI, and HCT-15 cell lines. The cytotoxicity was verified in MDA-MB-453 
cells.  

Table 3: In vitro cytotoxicity (IC50 µM) against human cancer cell lines 
Compound aMDA-

MB-453 

aMDA-
MB-231 

cNCI dHCT-15 

4a >40 >40 >40 >40 
4b >40 >40 >40 >40 
4c >40 >40 >40 >40 
4d >40 >40 >40 >40 
4e 27±5.2 22.2±1.7 17.3±0.9 21.8±1.1 
4f >40 >40 >40 >40 

50% Inhibitory concentration after 48 h of drug treatment, 
a,bbreast cancer clung cancer, dcolon cancer 

 
Table 4: In vitro cytotoxicity (IC50 µM) against human cancer cell lines 

Compound aMDA-
MB-453 

aMDA-
MB-231 

cNCI dHCT-15 

6a >40 >40 >40 >40 
6b >40 >40 >40 >40 
6c 26.5±0.5 17.9±2.2 35±6.7 32±6.7 
6d 36±6.8 25.2±4.2 27.5±0.5 39.8±6.4 
6e 17±5.2 22.2±1.7 32.9±5.4 21.8±1.1 
6f >40 >40 >40 >40 
6g 25±4.6 24.2±4.2 12.6±0.9 32.9±5.4 
6h >40 >40 >40 >40 
6i 6.3±0.9 27±5.2 22.2±1.7 21.8±1.1 
6j >40 >40 >40 >40 
6k >40 >40 >40 >40 
6l >40 >40 >40 >40 
6m >40 >40 >40 >40 
6n >40 >40 >40 >40 
6o 32±6.7 17.9±2.2 26.5±0.5 39.8±6.1 
6p >40 >40 >40 >40 
6q >40 >40 >40 >40 
6r >40 >40 >40 >40 

50% Inhibitory concentration after 48 h of drug treatment, 
a,bbreast cancer clung cancer, dcolon cancer 

 
II. PHARMACOLOGY 

A.  In vitro anti-cancer activity 
A series of 6 different chromene 3 aldehydes (4a-f) and series of 18 different quinoline and chromene hybrids (6a-r) were 
synthesized and investigated for their cytotoxicity. 
At first chromene 3 carbaldehyde derivatives 4(a-f) were assessed in 4 different cell lines. Human breast (MDA-MB-453, MDA-
MB-231), lung (NCI), colon cancer (HCT-15) based on % inhibition, the compounds were selected for IC50 evaluation (Table 3)9. 
Also % inhibition and IC50 was analyzed for chromene quinoline hybrids evaluated for their anti-cancer activity in 4 different cell 
lines (Table 4). Compared to chromene aldehyde series quinine derivatives more active against MDA-MB-453 cell lines.  
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The compounds 4(a-f) against cell lines only one compound (4e) has considerable IC50 values from (Table 3). Most active 
compound found as 3-hydroxy substituted chromene-3-carbaldehyde 4e on all cancer cell lines predominantly on NCI cancer cells 
IC50 values 17.3±0.9. Among quinoline series 6(a-r) found lead molecule Thiophene scaffolds with flexible ester linkage not much 
active against HT29 and HCT116 cells. Compound 6i was selected from the series of 18 chromene quinoline hybrids as the potential 
candidate based on IC50 (6.3±0.9) results. It showed sensitivity towards lung cancer cell line A549. Acridine orange/Ethidium 
bromide dye and DAPI staining were used to visualize morphological changes. Fluorescence microscope (Nikon Inc. Japan) was 
used to capture the images including phase contrast images in treated cells. 
 
B. Apoptosis Detection Studies  
1) Morphological Changes (Phase Contrasted Imaging): To examine whether the treatment with the compound could lead to loss 

of cell viability and prompted the induction of apoptosis, MDA-MB-453 cells were treated with different concentrations of the 
most potent compound 6i. After 48 hrs of post-treatment, cells were ascertained under a phase contrast microscope (Nikon). 
The results from (Figure. 3) concludes that the treatment with compound 6i showed reduced number of viable lung cancer cells 
dose dependently in comparison to the control cells where they appeared intact. Moreover, in the treated cells distinct and 
remarkable morphological features including detachment and cell shrinkage was observed10. 

 
 
 
 
 
 

 

Figure 3. Morphological changes observed in breast cancer cells. MDA-MB-453 cells were treated with and without compound 6i 
for 48 h and images were captured by phase contrast microscope at 200X magnification. 

 
2)  Acridine Orange/ethidium Bromide (AO/EB) Staining: Versatile fluorescent agents acridine orange/ethidium bromide dyes 

were used to identify dead and apoptotic cells11. EB stain only cells in the nuclei that have lost membrane integrity, whereas AO 
can stain the nuclei green which responsible for permeate the intact cell membrane. Experiment conducted in dose dependent 
manner at concentrations 2.5, 5 and 10 µM. In addition, early and late apoptotic cells can be determined by this assay. Thick 
orange spots indicated late stage apoptosis which determines chromatin condensation by ethidium bromide stain. Green to dark 
green colored areas represents chromatin condensation, fragmentation and cell shrinkage which is a sign of early stage 
apoptosis (Figure 5). Thus, apoptosis inducing confirmed with compound 6i in breast cancer cells whereas control showed 
green color which represents normal morphology. 

 

 

 

 

 

 

 
Figure 5. AO/EB staining of compound 6i on breast cancer cell line. MDA-MB-453 cells were treated with compound 6i with the 

2.5, 5 and 10 µM concentrations and compared with control. All the representative images were captured by fluorescent microscope 
at 200X magnification. 
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3)  DAPI Nucleic Acid Staining: Chromatin condensation or nuclear damage can be visualized by fluorescent dye DAPI (4',6-
diamidino-2-phenylindole) which bind strongly to A-T rich sequences of DNA. We can determine apoptotic cells from live 
cells by giving bright blue color by staining the condensed nuclei. Hence, apoptotic property of compound 6i was determined 
by this staining technique in MDA-MB-453 cell line. It was observed in Figure. 6 fragmented or horseshoe shaped, condensed 
nuclear structure at 5 and 10 µM concentrations12. 

 

 

 

 

 

 

 

 

 

 

Figure 6. Nuclear morphology of breast cancer cells after DAPI staining. MDA-MB-453 cells were treated with compound 6i for 48 
h and stained with DAPI. The control represents DAPI stain of without compound 6i. The images were captured with fluorescence 
microscope at 200X magnification. Arrows represent the changes in nuclear structure such as chromatin condensation and nuclear 

damage. 
 

4)  JC-1 Staining: Power house mitochondria play an important role in apoptotic signaling and regulates the electron transport 
chain by oxidative stress leads to depolarization of mitochondrial membrane potential (ΔΨm) reactive oxygen species (ROS) 
generation (4). Treatment of MDA-MB-453 cells with compound 6d showed reduction in the ΔΨm compared to control as 
depicted in the Figure. 7. The compound represented collapse of ΔΨm in dose dependent manner compared to the control. 
Therefore, lethal effects on mitochondria and subsequent events of apoptosis (Figure. 7)13. 

 

 

 

 

 

 

 

 

 

 

Figure 7. Mitochondrial membrane potential (ΔΨm) of MDA-MB-453 cells upon compound 6i exposure. A549 cells were treated 
with different concentrations of compound 6i for 48 h and stained with JC-1 followed by flow cytometric analysis. 
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In conclusion, we have developed an efficient synthesis of quinoline derivatives by reductive amination reactions of 
nitroarenes and chromene aldehydes, by using indium in dilute hydrochloric acid. The direct application of nitroarenes and 
the conversion in water are the notable features of the present novel method.  The conversion in water of nitroarenes are 
the remarkable features of the present work. In addition, these chromene aldehyde series and quinoline series evaluated for 
their in vitro anticancer potentials. The initial cytotoxicity evaluation of quinoline derived library identified lead molecule 
6i with IC50 6.3±0.9 μM towards MDA-MB-453 breast cancer cell line. To accelerate further in detail conducted various 
assays like DAPI nuclear staining, AO/EB staining, and JC-1 staining which supported the apoptosis in MDA-MB-453 
cells induced by compound 6i in a concentration dependent manner. Our results demonstrate that prepared new chemical 
entities are capable of inducing apoptosis in targeting breast cancer. Thus, combining all these results shows the biological 
importance of quinoline derivatives and can be developed as anti-cancer agents.  
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