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Abstract 

 

Quinoline and its derivatives represent an important class of nitrogen-containing heterocylces as 

they are useful intermediates in organic synthesis and possess a broad spectrum of biological activities, 

such as anti-asthmatic, anti-inflammatory and anti-malarial activity. Hence, synthesis of novel 

compounds with potent biological activities is important in medicine. Significant research is directed into 

the development of new quinoline based structures and new methods for their preparations. In the past, 

synthesis of complex molecules was accomplished by step-wise reaction. This was time consuming and 

yield was generally low. Nowadays, multi-component reactions (MCRs) are being used since three or 

more substrates can be reacted in a one-pot reaction. Therefore yields are higher and the reaction is more 

efficient. In this research investigation novel quinoline derivatives, using the multi-component reaction 

protocol, were synthesized. After characterization of the product by several spectroscopic techniques, the 

biological potential of these compounds were assessed using lung cancer cell lines, bacteria and 

molecular modeling in an enzymatic system.  

In the synthetic part of this study, the first step was the preparation of the starting compound 2-

chloro-3-formyl quinoline for which the Vilsmeier-Haack cyclisation protocol was used. The cyclisation 

was carried out by combining DMF and POCl3 at 5°C to form an electrophile which then reacted in situ 

with N-phenylacetamide at 100ºC to afford 2-chloro-3-formyl quinoline in high yield (95%). This was 

followed by the synthesis of a series of novel quinoline derivatives in a MCR system comprising 2-

chloro-3-formyl quinoline, malononitrile, aromatic amines and dimethyl acetylenedicarboxylate in the 

presence of a catalytic amount of triethylamine. Valuable features of this routine included high yields, 

extensive substrate range and straight forward procedures. Eight novel poly-functionalised 

dihydropyridine quinoline derivatives were synthesized, purified and characterized. The outline for the 

synthesis of poly-functionalised dihydropyridine quinoline derivatives is presented graphically in Scheme 

1. Scheme 2 shows the eight compounds synthesized and used subsequently for further studies. 

. 
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Scheme 1: Graphical representation for the synthesis of poly-functionalised dihydropyridine 
quinoline derivatives 

 

The novel eight compounds were screened for their potential activity in lung cancer cell lines. 

A549 cells were incubated for 24 hours with a range of concentrations of each compound, in triplicate, in 

a micro-titre plate together with an untreated control. Each experiment was conducted twice on separate 

occasions; the results from the first set matched the repeated experiment. The cells were then incubated 

(37ºC, 5% CO2) with the MTT substrate for 4 hours.  Thereafter all supernatants were aspirated and 

DMSO was added to the wells.  Finally the optical density was measured at 570 nm at a reference 

wavelength of 690 nm with an ELISA plate reader. The net MTT dependant absorbance (optical density) 

of each sample was calculated by subtracting the average absorbance of the blank from the average 

absorbance of each sample. Data were represented as mean optical density plus or minus the standard 

deviation. Four of the synthesized compounds (A1-A8) were evaluated for their cytotoxicity activities. 

The anti-cancer assay indicated that poly-functionalised dihydropyridine quinoline compounds, A2, A3 

and A4 have good potential as anti-cancer drugs. Among them, A2 and A4 proved to be dose dependent 

with A4 having the highest toxicity at 250 µM and A8 having the highest toxicity at 125, 250 and 500 

µM, whereas A1, A5, A6 and A7 were not cytotoxic. 
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Scheme 2: Structures of novel poly-functionalised dihydropyridine quinoline derivatives by 

MCRs 

Since molecular docking is a key tool in structural molecular biology and computer-assisted drug 

design, these compounds were subjected to molecular docking and the binding mode for the compounds, 

within the active site of the protein, was analyzed. Docking of A1 to Human mdm2 protein provided 

insights into the binding regions. Three hydrogen bonds were formed between GLU 25 (2.7 Å distance), 

LEU 27 (3.2 Å distance) and LEU 54 (3.2 Å distance) atoms with binding energy of -8.91 kcal/mol. 

Docking of A1 with Human mdm2 indicated the lowest binding energy thereby showing strong affinity of 

the ligand molecule with the receptor which has been stabilized by strong hydrogen bond interactions in 

the binding pocket. This confirms that A1 is a better inhibitor for E3 ubiquitin-protein ligase mdm2 than 

all the other compounds tested (A2-A8). 

Further, the eight novel poly-functionalised dihydropyridine quinoline derivatives were evaluated 

for their antibacterial activity. This was performed using the MABA method against three strains i.e. 
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Gram negative; Pseudomonas aeruginosa (ATCC 27853), Escherichia coli (ATCC 25922) and Gram 

positive; Staphylococcus aureus (ATCC 29213) using the broth micro dilution method. Standard 

antibiotics (ciprofloxacin and nalidixic acid) were used as positive controls and DMSO was used as a 

negative control. The results obtained from the anti-bacterial assay showed that compounds A4, A7 and 

A8 have high activity, whereas A2 and A3 showed poor activity against all the tested bacterial strains. 

Compound A6 showed no activity against S. aureus and E. coli. 
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Chapter One: Introduction 

 

Chemistry occupies an extraordinary place in our understanding of the universe and its 

composition; it is the science of molecules present in matter and space. But organic chemistry, even 

though a branch of chemistry is an exciting and dynamic field of science which literally creates itself as it 

grows. The study of organic chemistry often involves a study of new molecules that give information 

either available or unavailable from the molecules actually present in living things [1]. In this field of 

chemistry, the physical and chemical properties of carbon-containing compounds, which are either known 

or novel, are studied. In the quest for knowledge and biological research, organic chemists, biochemists 

and other academics are developing new strategies to satisfy their research aims. 

 

Numerous organic compounds have been synthesized in research laboratories and used for 

biological applications. However, not all organic compounds display properties suitable for application 

beneficial to mankind. It is important for the new generation synthetic organic chemists to address issues 

such as: 

• cost of the starting material   

• environmental impact 

• time extent of the synthesis 

• overall yield of the preferred product 

• possibility of scale-up of the reaction 

• possibility of application 

 

Quinoline and their derivatives represent an important class of nitrogen-containing heterocycles as 

they are useful dyes and intermediates in organic synthesis [2]. In recent years, much attention has been 

focused on their synthesis as they possess useful biological activities such as anti-malarial [3], anti-

inflammatory [4], bactericidal [5], fungicidal [6] and anti-cancer [7]. Because of their important role in the 

pharmaceutical field [8], the profiles of quinolines, their anti-microbial, anti-cancer, anti-malarial and anti-

inflammatory properties are documented [9-10]. Significant research is directed into the development of 

new quinoline based structures and new methods for their preparation. In this study, we investigated 

quinoline derivatives which could be synthesized from readily available starting compounds and hence 

provide a better synthetic route by using a multi-component reaction system. 
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Multi-component reactions (MCRs) are reactions using more than two starting materials that form 

a product which contains the key parts of all of the starting materials [11] in a few in-situ reaction steps. 

Compared with conventional organic reactions, MCRs are more profitable and requires minimum energy 

to complete the reaction. Several MCRs are known which include the Ugi 4 component condensation of 

amine, ketone, carboxylic acid and isocyanide [12]. The Strecker reaction, documented in 1850, was the 

first MCR described; [13]. Recently, there has been a tremendous development in three and four-

component reactions and huge attempts have been and still are being made to discover and amplify new 

MCRs. Therefore, the development of new synthetic approaches using MCRs remains an active research 

area of study. [14] 

Cancer, an epidemic and one of the leading causes of death in developed countries, is responsible 

for about 25% of all deaths [15].  The identification of lung cancer in humans can be detrimental, 

confronting them with changes in identity, social interactions and presenting them with an uncertain 

future [16]. At the beginning of the 20th century the diagnosis of lung cancer was rarely made. Now it is 

the leading disease both in rate and mortality. Every year, 1.2 million new cases of lung cancer are 

diagnosed (12.3% of all cancers worldwide) and 1.1 million patients die due to lung cancer (17.8% of all 

cancer deaths worldwide) [17]. Regardless of the fact that effective anti-cancer drugs exist, drug resistance 

has become a substantial crisis. This has necessitated the search for novel and cost-effective drugs with 

high structural variation.  

Ever since the beginning of civilization, humans have searched for substances that can cure or 

ease the symptoms of the disease. During these times, extracts from plants and animal parts were used to 

treat the disease, and the discovery of such remedies was driven empirically. Starting in the early 1900s, 

drug discovery was increasingly focused on discovering and developing chemical entities that on their 

own have a desired pharmaceutical effect. Initially this was fuelled by attempts to extract and identify the 

active component in extracts from natural products that were being used to treat illness. A number of 

developments, however, have resulted in the multi-disciplinary science that drug discovery is today, 

including molecular biology [18]. Increasingly, as the structures of more and more potential compounds 

are becoming available, molecular docking is progressively being studied for pharmacologically or 

biologically active chemical compounds [19]. Docking is a method which predicts the preferred orientation 

of one molecule to a second when bound to each other to form a stable complex; it is a key tool in 

structural molecular biology and computer-assisted drug design. The goal of ligand-protein docking is to 

predict the predominant binding mode of a ligand with a protein of known three-dimensional structure [20].  
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Viruses like bacteria are becoming resistance to anti-microbial treatment because of acquired 

resistance genes in the DNA of the micro-organism. Therefore, the antibiotic resistance problem demands 

continuous discovery and development of new anti-bacterial agents that could be used for the effective 

treatment of infectious diseases. This is an urgent biomedical need [21]. Quinoline and its derivatives are 

known for their anti-bacterial and therapeutic properties, applications of quinoline derivatives has spread 

rapidly from being in anti-bacterial drugs, to almost every branch of medicinal chemistry [22]. Realizing 

the medicinal importance of quinoline based compounds, we undertook an investigation to synthesize 

novel quinoline derivatives and study their application in biological systems. The aim of this study is to 

synthesize novel poly-functionalised dihydropyridine quinoline derivatives, assess their bacterial and anti-

cancer potential and undertake molecular docking evaluation of selected compounds.  

The objectives of this study were to: 

• synthesize novel quinoline derivatives, viz. poly-functionalised dihydropyridine type molecules 

from readily available, simple and cost effective starting compounds. 

• purify compounds by chromatographic techniques and characterize them by spectroscopy. 

• to assess and compare their potential as anti-cancer drugs in A549 lung cancer cell lines. 

• evaluate selected compounds for their molecular modeling properties. 

• evaluate the anti-microbial activity of the synthesized poly-functionalised quinoline derivatives. 

The outcome of our research study is summarized in Five Chapters as presented below:  

In Chapter 2, the importance of organic chemistry, multi-component reactions, heterocyclic chemistry, 

quinolines as anti-microbial agents, history of bacteria and quinolines as anti-bacterial drugs, structural 

elucidation, quinoline base alkaloids as DNA intercalators and molecular docking is described and 

discussed. 

In Chapter 3, we describe and discuss the synthesis of one of the starting compounds 2-chloro-3-

formylquinoline using readily available and cost effective starting compounds. The discussion also 

includes the use of Vilsmeier reagent that is used to synthesize 2-chloro-3-formylquinoline. We also 

examine the preparation of an electrophile and the mechanism illustrating the formation of an 

electrophile. This compound is then used to synthesize the novel poly-functionalised dihydropyridine 

quinoline moiety. We also describe a possible mechanism when a catalytic amount of triethylamine is 

used; this is a Knoevenagel condensation reaction. In this reaction, three other substrates were used in a 



4 
 

one pot 4 component reaction. We also analyse and interpret the IR, NMR and GCMS data for poly-

functionalised dihydropyridine quinoline derivatives. 

In Chapter 4, we outline the biological studies. In cancer studies, the text contains:  

• Raw Data from biological assays (cell viability by MTT assay) 

• Analyzed data with means and standard deviations 

• Statistical analysis for each treatment compared to the corresponding control with p-values and a 

summary of One way ANOVA 

• A full description of cell culture protocol and an outline of the principle of the MTT assay. 

In molecular docking studies, the text contains: 

• Ligand preparations 

• Glide extra-precision (XP) data for A1-A8 with human mdm2. 

• Hydrogen bond formation of A1 between GLU 25, LEU 27, and LEU 54 atoms. 

• Hydrogen bond formation and bond length of docking A1 to human mdm2. 

• Binding mode of A1 with E3 ubiquitin-protein ligase mdm2. 

In anti-microbial studies, the text contains: 

• The preparation of Media, Microplate Alamar Blue Assay and microbial cultures. 

• Anti-bacterial activities of poly-functionalised dihydropyridine quinoline derivatives i.e, Minimum   

Inhibitory Concentration (MIC’s). 

In Chapter 5, we outline the summary and the future work of the study. 
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Chapter Two: Literature Review 

2.1. Importance of Organic Chemistry 

Organic chemistry is the science of the rules on how chemical entities react with each other to 

form new molecules. The importance of a precise reaction may be judged on its capability to deliver 

interesting products with high yield, chemo-, regio-, stereo- or enantioselectivity [1]. 

Prior to 1828 it was theorized that organic compounds may probably be produced only by living 

organisms, but in 1828 Friedrich Wöhler, by an unexpected reaction, synthesized an organic compound 

from an inorganic compound in a test tube; urea, a constituent of urine was synthesized from ammonium 

cyanate. This synthesis is a landmark achievement in the history of science since it disproved and 

undermined the vital force theory. Another great discovery was made in 1856 by William Henry Perkin. 

As he was trying to manufacture quinine, he accidentally manufactured the organic dye called Perkin's 

mauve. The industrial application of this product generated a huge amount of money thereby stimulating 

greater interest in organic chemistry [2].  

The development of new procedures for the production of nitrogen-containing heterocycles is of 

great importance in organic chemistry since these types of compounds are used as drugs to ease various 

diseases in man. One such type is quinoline which belongs to the alkaloid category. Organic chemists 

have fixed their interest to the synthesis of quinoline and isoquinoline type compounds for more than a 

century. In most cases, classical synthetic routes suffer from numerous disadvantages such as harsh 

reaction conditions, long reaction time and poor yield due to the fact that they are limited to certain 

substitution patterns [3]. Hence, MCRs are considered as interesting variants of organic reactions. 

Recently, they have become very popular in the context of combinatorial chemistry [4]. It can be shown 

that they are extremely useful in producing a variety of highly diverse libraries of small drug-like organic 

compounds [5].  

Owing to the enormous demand by society for new medicinal drugs, cosmetics, foods, dyes and 

other allied commodities, research in synthetic organic chemistry has grown rapidly resulting in the 

formation of several sub-disciplines such as photo-chemical, sono-chemical, microwave organic synthesis 

and MCRs [5]. 
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2.2. Multi-Component Reactions 

 

Tandem multi-component reactions, in which multiple reactions are simulated in one synthetic 

operation, have been used comprehensively to form carbon-carbon bonds [6]. Such reactions offer a wide 

range of possibilities for the efficient formation of highly complex molecules in a single operation. Thus, 

these reactions avoid the need for several work-up and purification operations as in the case of the 

conventional step wise reaction. Therefore MCR’s provide a great saving of solvents and reagents and 

give higher yields of the desired product. Additionally, they frequently occur with superior regio-, 

diastereo-, and even enantio-selectivity. All reactions proceed either jointly or step by step as shown in 

Figure 1. Hence, tandem or cascade reactions are powerful tools for synthetic conversions and are the 

focus of modern interest [7]. There are many named MCR’s which are extensively used for organic 

synthesis. 

 

A A-B A-B-C A-B-C-D (Approach1)
B C D

A (Approach 2)B C.........D P

A-B-C-D (Approach 3)
A
B
C
D

 

Figure 1:  General Tandem multi-component strategy 

2.2.1. Biginelli Reaction 

The Biginelli reaction is a MCR that creates 3,4-dihydropyrimidin-2(1H)-ones (4) from ethyl acetoacetate 

(1), aryl aldehyde (2) and urea (3). Dihydropyrimidinones are widely used in the pharmaceutical industry 

as calcium channel blockers, anti-hypertensive agents and alpha-1-a-antangonists [8]. 
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Scheme 2: Synthesis of pyrimidinones from ethyl aceto acetate, aldehyde and urea 

Nadaraj et. al. [9] reported a based catalysed, three-component one pot synthesis of quinoline fused 

dihydropyrimidine (8) by the Biginelli reaction of 4-hydroxyquinolin-2(1H)-ones (5) with aromatic 

aldehydes (6) and thiourea (7). The reaction was carried out in solvent free conditions under microwave 

irradiation.  

N
H
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O
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R NH2CSNH2
TEA/MWI

N
H

O
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S

R = H, o-Cl, p-Cl, m-Cl, o-OH, p-OH, m-NO2

5 6 7 8

 

Scheme 3: Synthesis of hydroxyquinolinones from dihydropyrimidine, aldehydes and urea 

A convenient procedure for the synthesis of octahydroquinazolinones (12) in good yields was developed 

by Ladani et. al. [10] The synthesis was achieved by the reaction between tetrazolo[1,5-a]quinoline-4-

carbaldehyde (10), dimedone (11) and urea (3)  in the presence of concentrated hydrochloric acid in 

ethanol. 

NH
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Scheme 4: Synthesis of tetrazoloquinoline carbaldehydes from aldehydes, dimedone and urea 
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2.2.2. Mannich Reactions 

The Mannich reactions involve amino alkylation of an acidic proton placed next to a carbonyl functional 

group by formaldehyde and a primary or secondary amine or ammonia. It is employed in the organic 

synthesis of natural compounds such as peptides, nucleotides, antibiotics and alkaloids. Subramaniapillai 
[12] gave an insight of new applications of Mannich reaction and its variants in the construction of 

bioactive molecules such as 7-(4-benzenesulfonyl-piperazin-1-ylmethyl)-quinolin-8-ol (16). 

N
OH

CH2O
N

H
N

S
OO
Ar

EtOH, 
120 C

18-22 h N
OH

N
N

S
O

O
Ar

Ar =Phenyl
13 15 16

14

º

 

Scheme 5: Mannich reaction for the synthesis of 7-(4-benzenesulfonyl-piperazin-1-ylmethyl)-
quinolin-8-ol 

A direct three component Mannich-type reaction of 2-chloro-3-formylquinoline (17), aniline (19) and 

acetophenone (18) was efficiently catalysed by an yttria-zircona based strong Lewis acid and in aqueous 

acetonitrile to give 3-(2-chloroquinolin-3-yl)-1-phenyl-3-(phenylamino)propan-1-one (20) [13]. 

N

CHO

Cl

MePh

O
PhNH2

Aq. MeCN

650C, 22 h
N Cl

Ph

NHPh O

17 18 19 20  
Scheme 6: Mannich reaction for the synthesis of 3-(2-chloroquinolin-3-yl)-1-phenyl-3-

(phenylamino)propan-1-one 

2.2.3. Passerini Reaction 

The Passerini reaction is a chemical reaction involving isocyanide (23), aldehyde or ketone (22) and a 

carboxylic acid (21) to form α-acyloxy amide (24). It is the first isocyanide based MCR developed and 

currently plays a central role in combinational chemistry [14]. 

OH R

O

R1 R2

O
NC R3

O
O
R

R2

R1

O

N
R3 H

R = R1 = R3 = CH3, H, R2 = Phenyl
21 22 24

23

 

Scheme 7: Passerini reaction for the synthesis of α-acyloxy amides 
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2.2.4. Gewald Reactions 

The Gewald reactions [15] involve the condensation of ketone (25) or aldehyde with α-cyanoester (26) in 

the presence of elemental sulphur and base to give a poly-substituted 2-amino-thiophene (27). 

R1 R2

O
N

OR3

O S8 S

OR3

R2

R1

H2N

R1 = R2 = R3 = CH3, Aryl, H

25 26 27
O

 

Scheme 8: Gewald reaction for the synthesis of poly-substituted 2-amino-thiophene 

Wang et. al. [16] described valuable general protocols for the synthesis of arrays of 2-aminothiophene-3-

carboxamides (30) from cyanoacetamides (28), aldehydes or ketones (29) via Gewald-3CR variation and 

phenol-thiophene based biosisosterie between the drugs olanzapine (31) and clozapine (32). 
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Scheme 9: Gewald reaction for the synthesis of 2-aminothiophene-3-carboxamides 

2.2.5. Ugi Reactions 

The Ugi reaction is an isonitrile based reaction that provides a quick route for α-aminoacyl amide 

derivatives (36). It is a four component condensation of an amine (33), ketone (22), carboxylic acid (35) 

and an isocyanide (23). It is the most acknowledged and versatile MCR [17]. 
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Scheme 10: Ugi reaction for the synthesis of α-aminoacyl amide derivatives 

The Ugi reaction can be joined with a post condensation reaction to add to the number of possible 

pharmacologically imperative scaffolds. An example is the Heck reaction. Umkehrer et. al. [18] 

demonstrated that the Ugi/Heck combination works well for high-throughput combinatorial collection 

production of indol-2-ones having four points of diversity. This scaffold is of interest because it has 

shown biological activity as anti-tumor compounds (37) and tyrosine kinase (38) inhibitors. 
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N
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R2
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R3
H
N

O
O

37 38  

Michail et. al. [19] disclosed an electro catalytic multi-component chain conversion of isatins (39), 

malononitrile (40) and 4-hydroxyquinoline-2(1H)-one (41) into spiro [indole-3,4-pyrano(3,2)-

c]quinolones (42) by the combined electrolysis in an undivided cell.  
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39 40 41 42R1 = H, Me, CH2Ph, CH2COOEt, Br
R2 = H, Me. Cl, Br  

Scheme 11: Synthesis of spiro [indole-3,4-pyrano(3,2)-c]quinolones from isatins, malononitrile and 
4-hydroxyquinoline-2(1H)-one 

Rodolfo Lavilla et. al. [20] documented a versatile route for the synthesis of substituted 

tetrahydroquinolines, which has elicited enormous interest in modern times. The three component 

interaction of aniline (43) with an aldehyde (44) and N-alkyl-1,4-dihydropyridine (45) results in a 

benzonaphthyridine (46). 
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Scheme 12: Synthesis of benzonaphthyridine from aniline, aldehydes and N-alkyl-1,4-
dihydropyridine 

 

The Ugi [21] four-component reaction of 2-chloro-3-formyquinoline (17), 2-halo-5-nitrobenzoic acid, (4-

methoxy-phenyl)methanamine (47), aniline (48) and isonitrile (49) resulted in a formation of classical 3-

oxo-isoindlone adduct (50) which showed good anti-bacterial assays. 
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Scheme 13: Synthesis of 3-oxo-isoindlones from 2-chloro-3-formyquinoline, 2-halo-5-nitrobenzoic 
acid, (4-methoxy-phenyl)methanamine, aniline and  isonitrile 

2.3. Heterocyclic Chemistry 

 

The type of compounds classified as heterocyclic probably constitutes the largest and most varied family 

of organic compounds. Literature on the subject is correspondingly plenty; nearly six million compounds 

have been recorded in chemical abstracts and approximately half of those are heterocyclic. Heterocyclic 

compounds are very widely distributed in nature and are essential to life as they play a vital role in the 

metabolism of all living cells [22]. 
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2.3.1. Five-Membered Heterocycles 

2.3.1.1. Pyrroles 

Pyrrole is a five-membered ring with the formula C4H4NH [23]. An example of a MCR of acyclo-

condensation reaction was reported by Alizadeh et. al. [24] under solvent-free conditions at room 

temperature to afford penta-substituted pyrroles (53). 
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N
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Scheme 14: Synthesis for pyrroles acyclo-condensation reaction 

Despite the fact that the effect of the substituents has been investigated by means of pyrrole-quinoline 

derivatives [25-26], Ohshiro et. al. [27] focused their attention on the structural importance of these skeletons 

(54-57). 
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2.3.1.2. Furans 

Furan is a five-membered aromatic ring with four carbon atoms and one oxygen atom. Examples are 

tetrahydrofuran, 2,5-dimethylfuran, benzofuran etc [28]. Alizadeh et. al. [29] reported a simple isocyanide-

based MCR synthesis of bis(aminofuran)bicinchroninicamide derivatives (60) 
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Scheme 15: Synthesis of bis(aminofuran)bicinchroninicamides 
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Synthesis of quinoline-attached furan-2(3H)-ones (63) having anti-inflammatory and anti-bacterial 

properties with reduced gastro-intestinal toxicity and lipid peroxidation was synthesized by Alam et. al. 
[30] by condensing different aldehydes (62) with a 3-(substituted benzoyl)propionic acid (61) in  the 

presence of triethylamine and acetic anhydride under anhydrous conditions. 
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Scheme 16: Synthesis of quinoline-attached furan-2(3H)-ones 

 

2.3.1.3. Triazoles 

Triazole refers to either one of a pair of isomeric chemical compounds with molecular formula C2H3N3, 

having a five-membered ring of two carbon atoms and three nitrogen atoms [31]. Ackerman et. al. [32] 

developed an elegant modular synthesis of fully substituted 1,2,3-triazoles (60) through a chemo- and 

regio-selective one-pot, four-component coupling of alkynes (56) with sodium azide (57). 
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H

NaN3 R2-X R3

I N
N N
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CuI
LiOtBu, DMF
140ºC, 24 h

6864 6765 66
R1 = H, CH3        R2 = H, CH3, Cl    R3 = H, Cl, CH3, X = Cl, Br  

Scheme 17: Synthesis of fully substituted 1,2,3-triazoles 

A synthesis of quinoline coupled [1,2,3]-triazoles (70) as a promising class of anti-tubercolosis agents 

from azidemethyl quinoline (69) with different alkynes (64)  was prepared by Kumar et. al. [33] 

N
N N N

R

N
N N

N

R
THF, H2O

CuSO4
.H2O

C2H7NaO6

R = CH2OH, C6H5
69

64
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Scheme 18: Synthesis of quinoline coupled [1,2,3]-triazoles 
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2.3.1.4. Imidazoles 

Imidazole is an organic compound with the formula (CH)2N(NH)CH. It is an aromatic heterocycle, 

classified as a diazole and as an alkaloid [34]. Jiang et. al. [35] established a concise and efficient four-

component domino approach to highly substituted 2(2-azaaryl) imidazoles (73) under solvent-free and 

microwave irradiation conditions. 
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Scheme 19: Synthesis for highly substituted 2(2-azaaryl) imidazoles 

A quinoline-imidazolium (76) based compound was synthesized by Desai et. al. [36] as a symmetrically 

saturated bis(1,3-quinoline)imidazolium adduct (75). 
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Scheme 20: Synthesis of quinoline-imidazolium based compounds 

2.3.1.5. Indoles 

Indole is an aromatic heterocyclic organic compound. It has a bicyclic structure consisting of a six-

membered ring fused to a five-membered nitrogen-containing pyrrole ring [37]. Sridar et. al. [38] presented 

a classical Fisher-indole synthesis using an arylhydrazine (77) and a ketone (78). 

H
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Scheme 21: Fisher-indole synthesis from arylhydrazine and ketone 
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2.3.2. Six-Membered Heterocycles 

2.3.2.1. Pyridines 

Pyridine is a basic heterocyclic organic compound with the chemical formula C5H5N [39]. Jiang et. al. [40] 

described an efficient reagent-controlled regio-specific synthesis of 2,2-bipyridine and unsymmetrical 

2,4,6-triarylpyridine derivatives (82) at high temperature by microwave-assisted aqueous MCR’s of 

aromatic aldehydes, 3-aryl-3-oxo-propanenitrile, 2-acetylpyridine, or aromatic ketones and ammonium 

acetate.  
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Scheme 22: Pyridines reaction for the synthesis of 2,2-bipyridine and unsymmetrical 2,4,6-

triarylpyridine derivatives 

2.3.2.2. Tetrazines 

Tetrazine is an unstable compound that consists of a six-membered aromatic ring containing four nitrogen 

atoms with the molecular formula C2H2N4. The Diels-Alder reaction between aza-olefins (83) and aza-

dicarboxylic ester (84) to give tetrazines (85) was reported by Avalos et. al. [41] 
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Scheme 23: Diels-Alder reaction between aza-olefins and aza-dicarboxylic for the synthesis of 

tetrazines 

2.3.2.3. Pyrans 

Pyran is a six-membered heterocyclic, non-aromatic ring consisting of five carbon atoms and one oxygen 

atom and containing two double bonds with a molecular formula C5H5O [42]. Laloo et. al. [43] presented a 

diastereo selective three-component Prins-Friedel-Crafts reaction for the synthesis of 4-

aryltetrahydropyran derivatives (89).  
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Scheme 24: Prins-Friedel-Crafts reaction for the synthesis of 4-aryltetrahydropyran derivatives 

2.3.3. Polycyclic Six-Membered Heterocycles 

2.3.3.1. Quinolines 

The quinoline moiety is an essential core structure of several natural and synthetic heterocyclic 

compounds that exhibit outstanding medicinal performances [44]. The quinoline skeleton structure is 

presented below: 

 
In particular, quinolines have played a unique role in the design and synthesis of novel biologically-active 

compounds. They have been studied as anti-bacterial, anti-flammatory, anti-malarial, anti-asthmatic, anti-

tuberculosis, and anti-hypertensive agents [45-50]. Apart from the above mentioned applications, quinoline 

and quinolinone ring systems are present in the diverse array of natural products such as tecleabine (90), 

tecleoxine (91), plakinidine (92) and quinine (93). Some of the representatives are shown in Figure. 2 
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Figure 2:  Typical examples of important quinolines from natural products 
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A one pot route for the synthesis of 4-aryl-8-arylidene-5,6,7,8-tetrahydro-2-quinolinones (95) was 

developed by Yan et. al. [51] based on a cyclocondensation reaction with cyclohexanone.  
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Ar

94 78 952
Ar = Phenyl  

Scheme 25: Synthesis of 4-aryl-8-arylidene-5,6,7,8-tetrahydro-2-quinolinones 

Zhang et. al. [52] described an efficient Hantzsch reaction for the synthesis of polyhydroquinolines (97) 

applying a solvent-free microwave-assisted one pot four-component reaction of poly(ethylene glycol)-

bound acetoacetate (96), 1,3-cyclohexanedione (11), aromatic aldehyde (2) and ammonium acetate. 

O

O O O O
ArCHO

N
H

OEt

OO Ar

97

NH4OAc, PPA

MW, 3-4 min

1196 2  
Scheme 26: Hantzsch reaction for the synthesis of polyhydroquinolines 

Steroselective synthesis of N,N-bis[(2-chloroquinoline-3-yl)methylene]-1-diamine (98) was reported by 

reaction of 2-chloro-3-formylquinoline (17) with ethylenediamine (74) in ethanol at 120ºC [53]. 

N Cl

CHO
H2N NH2

EtOH
1200C

N Cl

N
N

NCl
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Scheme 27: Steroselective synthesis of N,N-bis[(2-chloroquinoline-3-yl)methylene]-1-diamine 

 

Other types of heterocyclic reactions such as heterocyclic C-alkylations and heterocyclic N-alkylations 

and other typical reactions are presented below. 

C-arylation nucleophilic substitution [54] 
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Scheme 28: An example of quinolines c-arylation nucleophilic substitution reaction 
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Nucleophilic substitution [55] 

N
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Scheme 29: An example of quinolines nucleophilic substitution reaction 

Aza Wittig reaction [56]  
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N N
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Scheme 30: An example of quinolines Aza Wittig reaction 

Crossed Cannizaro reaction [57- 58] 
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Scheme 31: An example of quinolines Crossed Cannizaro reaction 

2.3.4. Seven-Membered Heterocycles 

The polysubstituted 1,4-benzodiazepin-3-ones (100) and (101) were synthesized by Silva et. al. [59] by 

isocyanide based MCR. 
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Scheme 32: Synthesis of polysubstituted 1,4-benzodiazepin-3-ones by isocyanide 
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2.4. Some Important Applications of Quinolines and Quinolones 

2.4.1. Cancer Studies 

2.4.1.1. Quinoline based alkaloids as DNA intercalators 
 

Watson and Crick’s assertion that genetic substances structurally exist as a double helix are well 

established characteristics [60]. Its role in the control of cellular functions immediately made it an excellent 

target for treating illness of genetic origin, such as cancer. The first compound discovered to act on DNA 

were the sulphur mustards, but their high toxicity prompted the search for less toxic and more efficient 

compounds [61]. In the 1960s, some compounds with cytoxic activity were discovered to act as anti-cancer 

agents, although their mechanism of action was unknown. Interestingly, after Lerman reported the 

occurrence of a non-covalent interaction between acridine and DNA, suggesting an intercalative process, 

it was established that some of these anti-cancer agents worked by interacting with DNA [62]. 

 

 

Figure 3: Schematic diagram of DNA intercalation [63] 

2.4.1.2. Some Anti-Cancer Agents and their Reaction Schemes 
 

Ramesh et. al. [64] reported quinoline-rhodanine derivatives as anti-cancer agents. The synthetic strategies 

involved condensation of 2-chloro-3-formylquinoline (114) and rhodanine residues (115 and 116), 

leading to desired molecules (117) and (118). 
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Scheme 33: Synthesis for quinoline-rhodanine derivatives 2-chloro-3-formylquinoline and 
rhodanine 

 

 
Biginelli reactions of 2-chloro-3-formylquinoline (114) with urea (3) and active methylene compounds 

such  as 3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (119) and dimedone (121),  was performed by using 

microwave irradiation to give  4-(2-chloro-3-quinolinyl)-2-thio/oxo-pyrimidine (120) and (122) and they 

were found to be active anti-cancer  agents against lung and breast carcinomas [65-67]. 
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Scheme 34: Biginelli reactions for the synthesis of 4-(2-chloro-3-quinolinyl)-2-thio/oxo-pyrimidine 
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Cao et. al. [68] reported a convenient and one-pot synthesis of 1-methoxy-3-phenyl-1H-pyrano[4,3-b]- 

quinoline (123) from the reaction of 2-chloro-3-formylquinoline (17) with phenyl acetylene (64a) in 

acetonitrile in the presence of Pd(OAc)2 and  triphenylphosphine. Abeer et. al. [69] has also revealed that 

more efficient lead molecules are designed by joining two or more pharmacologically active heterocyclic 

systems together in a single molecular framework; doxorubicin (124), amptothecin (125) and adriamcin 

(126) as presented in Figure 4. 

N

CHO

Cl
Ph H

Et3N, Pd(OAc)2, PPh3

MeOH N

O

OMe

Ph

17 64a 123

MeCN,
120 0C, 8h

 

Scheme 35: Synthesis 1-methoxy-3-phenyl-1H-pyrano[4,3-b]- quinoline from 2-chloro-3-
formylquinoline and phenyl acetylene 
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Figure 4: Molecules with anti-cancer activity 
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Figure 5: Schematic diagram for the mechanism of action for anticancer drugs [70] 

2.4.2. Molecular Docking Studies 
 

Docking is a method which predicts the preferred orientation of one molecule to a second when 

bound to each other to form a stable complex [71]. Knowledge of the preferred orientation in turn may be 

used to predict the strength of association or binding affinity between two molecules using, for example, 

scoring functions. The association between biologically relevant molecules such as proteins, nucleic 

acids, carbohydrates and lipids play a central role in signal transduction. Furthermore, the relative 

orientation of the two interacting partners may affect the type of signal produced. Therefore docking is 

useful for predicting both the strength and type of signal produced. Docking is frequently used to predict 

the binding orientation of small molecule drug candidates to their protein targets in order to predict the 

affinity and activity of the small molecule. Hence docking plays an important role in rational design of 

drugs [72]. Given the biological and pharmaceutical significance of molecular docking, considerable 

efforts have been directed towards improving the methods used to predict docking. Figure 6 represents a 

schematic diagram illustrating the docking of a small molecule ligand (brown) to a protein receptor 

(green) to produce a complex and Figure 7 represents an example of a small molecule docked to a 

protein. 
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Figure 6: Docking of a small molecule ligand to a protein receptor to produce a complex [72] 

 

Figure 7: A small molecule docked to a protein [72] 

2.4.2.1. Some Molecular Docking Properties and Their Reaction Schemes 
Sharath et. al. [73] presented a rapid synthesis of quinoline isoxazoles (114). The synthesized compounds 

exhibited good anti-tumor and anti-bacterial activities and were carefully examined for B-DNA molecular 

docking. According to a criterion used, docking of quinoline isoxazole to DNA resulted in compounds 

being actively favorable in binding mode and binding site as shown in Figure 8. 
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Scheme 36: Synthesis of quinoline isoxazole derivatives  
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Figure 8: Example for B-DNA molecular docking [73] 

Sharma et. al. [74] explored the binding interactions of the non-peptide based compounds (131, 132) with 

the receptor. His aim was to understand the binding mode of these molecules and to cross-check whether 

the developed pharmacophore model fits properly to the active site which was achieved by performing 

flexible docking using the Glide SP mode. 
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Figure 9: Binding interactions of compounds at the active site where the non-peptide interact with 

the receptor ligand (green), hydrogen bonds are expressed as dotted lines (purple), and active site 

residues are demonstrated in orange [74] 
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2.4.3. Bacterial Studies 

2.4.3.1. History of Bacteria 
Bacteria represent a huge area of prokaryotic micro-organisms. Bacteria were amongst the first 

life forms to appear on earth and are present in most habitats on the planet, growing in soil, water, acidic 

hot springs, radioactive waste [75], and deep in the earth’s crust, as well as in organic matter and the live 

bodies of plants and animals. According to the literature, there are typically 40 million bacteria cells in a 

gram of soil and there is a million bacterial cells in a millilitre of fresh water. In all, there are 

approximately five nonillion (5 x1030) bacteria on earth [76], forming a biomass that exceeds that of all 

plants and animals. [77] Figure 10 gives an overview of bacterial infections in the human body. 

 

Figure 10: An overview of bacterial infections in the human body [77] 

2.4.3.2. Anti-microbial Activity of Quinoline 
Tuberculosis is an infection caused by mycobacterium tuberculosis, which commonly affects the 

respiratory tract, i.e. lungs. [78] The first line of drugs used in the treatment of tuberculosis was a 

combination of rifamycin (133), isoniazid (134), pyrazinamide (135) and ethambutal (136). The high 

concentration of lipids in the cell wall of Mycobacterium tuberculosis has been attributed to its resistance 

to antibiotics. Thus the increasing clinical importance of tuberculosis has lent additional urgency to 

researchers to identify new and effective anti-mycobacterial compounds. [79-80] 
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2.4.3.3 Some Quinolones and Quinolines Anti-bacterial Drugs and their Reaction Schemes 
 

Mitscher et. al. [81] found that the quaternary alkaloid pteleatinium chloride and the O-

methylptelefolonium salt isolated from Pteleatrifoliate showed anti-microbial activity towards S. aureus 

and Mycobacterium tuberculosis. Sadana [82] has reported the hypervalent iodine mediated synthesis of 1-

aryl/hetryl-1,2,4-triazolo[4,3-a]pyridines (140). 
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Scheme 37: Synthesis of 1-aryl/hetryl-1,2,4-triazolo[4,3-a]pyridines 

Nalidixic acid (141) [83] is a powerful anti-bacterial agent; numerous publications describing its 

derivatives, detection, physiological and chemical properties has been documented. This drug has high 

efficacy against gram negative bacteria [84]. Some essential structures of quinolone antibiotics, norfloxacin 

(142), ciprofloxacin (143), fluoroquinolone (144) are shown below. The blue R is usually piperazine. If 

the connection contains fluorine (green), it is a fluoroquinolone [85-86]. 
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Parikh et. al. [87] reported the synthesis of cyanopyridines (145) and cyanopyrans (146) bearing 2-chloro-

6-bromoquinoline nucleus as potential anti-microbial and anti-cancer agents. 
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Miniyar et. al. [88] reported the synthesis of 1-(5-(2-chloroquinolin-3yl)3-phenyl-1H-pyazol-1-yl)etha-
none derivatives (148) as potent anti-microbial agents. 
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Scheme 38: Synthesis of synthesis of 1-(5-(2-chloroquinolin-3yl)3-phenyl-1H-pyazol-1-yl)etha-none 
derivatives 

3-Formyl-2-(3-hydroxy-1,4-naphthoquinon-2-yl)-quinoline (150) was synthesized by Bekhit et. al. [89]  by 

a reaction  of 2-chloro-3-fomylquinoline (17) with 2-hydroxy-1,4-naphthoquinone (149) in basic alumina 

using microwave irradiation. 
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Scheme 39: Synthesis of 3-Formyl-2-(3-hydroxy-1,4-naphthoquinon-2-yl)-quinoline from 2-chloro-
3-fomylquinoline and 2-hydroxy-1,4-naphthoquinone 

 

Nirav et. al. [90] reported the synthesis of 2-(2-chloro-6-quinolin-3-yl)-2,3,4,12-tetrahydro-1H-

benzothiazolo[2,3-b]quinazolin-1-one (152) by a one pot condensation of 2-chloro-3-formylquinoline (9), 

2-amino-6-methoxybenzothiazole (151) and 5-dimethyl-1,3-cyclohexanedione (105) in ethanol. The 

synthesized compounds showed promising anti-bacterial activity. 
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Scheme 40: 2-(2-chloro-6-quinolin-3-yl)-2,3,4,12-tetrahydro-1H-benzothiazolo[2,3-b]quinazolin-1-
one 2-chloro-3-formylquinoline 2-amino-6-methoxybenzothiazole and 5-dimethyl-1,3-

cyclohexanedione 

 

A three-component reaction of 2-chloro-3-formylquinoline (9), malononitrile (40), and either 4-

hydroxycoumarin (153) or resorcinol (154) was performed by Kidwai et. al. [91] in aqueous K2CO3 under 

microwave irradiation to give anti-bacterial active 2-amino-4-(2-chloroquinolin-3-yl)-5-oxo-4,5-

dihydropyrano[3,2]chromene-3-carbonitrile (155) and 2-amino-4-(2-chloroquinolin-3-yl)-7-hydroxy-4H-

chromene-3-carbonitrile (156). 
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Scheme 41: Synthesis of 2-amino-4-(2-chloroquinolin-3-yl)-5-oxo-4,5-dihydropyrano[3,2]chromene-
3-carbonitrile derivatives 

Rahatgaonkar and Dave [92] reported the synthesis of substituted 2-[2-amino-6-(2-chloroquinolin-3-yl)-

5,6-dihydropyrimidine-4-yl]phenol (159) by condensing differently substituted (E)-3-(2-chloroquinolin-3-

yl)-1-(2-hydroxyphenyl)prop-2-en-1-ones (158) with guanidine carbonate in the presence of ethanolic 

potassium hydroxide.  
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Scheme 42: Synthesis of synthesis of substituted 2-[2-amino-6-(2-chloroquinolin-3-yl)-5,6-
dihydropyrimidine-4-yl]phenol 

2.5. Structural elucidation  

Structural determination in chemistry is the process of determining the chemical structure of 

molecules. Practically, the end result of such process is attaining the coordinates of the atoms in a 

molecule.[93] The methods by which one can determine the structure of a molecule include spectroscopy, 

such as nuclear magnetic resonance, infrared and mass spectroscopy. Proton NMR  is the application 

http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Chemical_structure
http://en.wikipedia.org/wiki/Spectroscopy
http://en.wikipedia.org/wiki/Nuclear_magnetic_resonance
http://en.wikipedia.org/wiki/Infrared_spectroscopy
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of nuclear magnetic resonance in NMR spectroscopy with respect to hydrogen-1 nuclei within 

the molecules of a substance [93]. Carbon-13 NMR is the application of nuclear magnetic resonance 

spectroscopy to carbon; it is an important tool in chemical structure elucidation in organic chemistry; 

it detects only the 13C isotope of carbon, whose natural abundance is only 1.1%, because the main carbon 

isotope 12C, is not detectable by NMR since it has zero net spin [93]. Mass spectrometry is a technique that 

helps identify the amount and type of chemicals present in a sample by measuring the mass-to-charge 

ratio and abundance of gas-phase ions. Infrared spectroscopy deals with the infrared region of 

the electromagnetic spectrum, that is light with a longer wavelength and lower frequency than visible 

light. It covers a range of techniques, mostly based on absorption spectroscopy [94].  

As a typical example of synthesis and structural characterization, we report the research investigation of 

Nirmal et. al. [95] for the synthesis of biquinolines 4a-t, which was catalyzed by DMAP by microwave 

irradiation. They used 2-chloro-3-formyl quinoline as a starting material and confirmed the structure by 

elemental analysis, IR and NMR.  
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Scheme 43: Synthesis of biquinoline derivatives 

As a typical example they used 4k and elaborated on the characterization; their interpretation of 

spectroscopic data is presented below. We used the same methodology in our investigation to characterize 

the novel compounds synthesized in our laboratory. The IR spectrum of 4k showed bands at 3320 

(asymmetry N-H stretch) and 3250 cm-1 (symmetry N-H stretch) for –NH2, 2220 cm-1 for CN and 

1650cm-1 for C=O stretching. The 1H NMR spectrum showed singlets at δ 0.93 and 0.97 for two methyl 

groups and multiplet of two methylene groups at δ 1.69-2.20. The singlets at δ 4.18 and 5.17 appeared for 
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amine and methine group, respectively. The aromatic protons appeared at δ 7.08-8.15. The 13C NMR 

spectrum was in good agreement with the structure assigned. The peaks at δ 27.3 and 29.4 were assigned 

to two methyl carbons, the peaks at δ 55.6 and 55.7 were assigned to two methylene carbons. The peak at 

δ 60.0 was assigned to carbon of carbonitrile; the peak at δ 195.8 was assigned to carbonyl carbon and the 

peaks at δ 105.2-160.6 were attributed to aromatic carbons.  

Table 1: 1H and 13C NMR structural elucidation of 4k 

No. 1H NMR 13C NMR Compound 4k 
CH3 (C-11’) 0.93 27.3  
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CH3 (C-12’) 0.97 29.4 
C-4’ 5.17 17.5 
NH2 4.18 - 
Ar-H  7.08-8.15 - 
C-2 147.1 
C-3 105.2 
C-4 139.2 
C-5 131.3 
C-6 127.9 
C-7 41.8 
C-8 129.3 
C-9 128.4 
C-10 158.0 
C-2’ 160.6 
C-3’ 60.0 
C-5’ 108.2 
C-6’ 151.6 
C-7’ 55.7 
C-8’ 195.8 
C-9’ 55.6 
C-10’ 18.8 
C-1’’ 134.2 
C-2’’ 120.7 
C-3’’ 109.5 
C-4’’ 151.8 
C-5’’ 115.8 
C-6’’ 122.9 
 

In the above work, there was no information of any other NMR techniques, however, we found a 

need to unambiguously assign proton and carbon NMR, hence we chose two-dimensional nuclear 

magnetic resonance spectroscopy (2D NMR). This is a set of nuclear magnetic resonance 

spectroscopy (NMR) methods which give data plotted in a space defined by two frequency axes rather 

than one. Types of 2D NMR include correlation spectroscopy (COSY), J-spectroscopy, exchange 

https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance_spectroscopy
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance_spectroscopy
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spectroscopy (EXSY), and nuclear Overhauser effect spectroscopy (NOESY). Two-dimensional 

NMR spectra provide more information about a molecule than one-dimensional NMR spectra and are 

especially useful in determining the structure of a molecule, particularly for molecules that are too 

complicated to work with using one-dimensional NMR [96]. 

Since the use of two-dimensional NMR for correlating the spectra of coupled heteronuclei was 

first proposed in 1977, a considerable number of papers have appeared describing different techniques for 

heteronuclear correlation. The most widely used method produces a two-dimensional spectrum in which 

one signal appears for each directly bonded carbon-hydrogen pair in a molecule [97]. Recently, Kumar et. 

al. [98] reported the structure elucidation of dispiro substituted benzo[H]quinoline compounds using 1D 

and 2D NMR spectroscopy. Figure 11 shows the particular HMBC correlations.  

 

 

 
 

Figure 11: Selected HMBC correlations for dispiro substituted benzo[H]quinoline compounds 
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Chapter Three: Synthesis of Poly-Functional Dihydropyridine Quinoline Derivatives 

3.1. Introduction 
 

Multi-component reactions are convergent reactions, in which three or more starting materials 

react to form a product, where basically all or most of the atoms contribute to the newly formed product. 

In MCRs, a product is assembled according to a cascade of elementary chemical reactions. Thus, there is 

a network of reaction equilibria, which all finally flow into an irreversible step yielding the product. The 

challenge is to conduct a MCR in such a way that the network of pre-equilibrated reactions channel into 

the main product and do not yield side products. The result is clearly dependent on the reaction 

conditions, i.e. solvent, temperature, catalyst, concentration, the type of starting materials and functional 

groups. Such considerations are of particular importance in connection with the design and discovery of 

novel MCRs. 

MCRs have become a high profile reaction since it could be used to produce important scaffolds 

for pharmaceutical applications. Hence our laboratory has embarked on MCRs to achieve synthetic 

targets in an ideal and expeditious way. We decided to focus on poly-functionalised dihydropyridine type 

molecules containing a quinoline moiety with the intention of improving the biological activity of the 

final product; as mentioned earlier in the thesis, quinoline derivatives display a wide range of activities 

such as anti-malaria, anti-cancer, anti-fungicidal, anti-bacteria etc. Furthermore we wanted to increase our 

research synthetic activity in terms of a Green approach. Since our research plan was to use a simple 

quinoline derivative as one of the substrates in a MCR, we therefore decided to start by synthesizing a 

chloro formyl quinoline derivative via the Vilsmeir-Haack reaction; [1] the protocol is well established in 

our laboratory. This reaction and mechanism is presented in this chapter. Also more importantly, we 

report a clean and efficient method for the synthesis of poly-functionalized dihydropyridine quinoline 

derivatives in excellent yields through a one-pot condensation and cyclisation containing four substrates 

viz., chloro formyl quinoline, malononitrile, aromatic amine and dimethyl acetylenedicarboxylate in the 

presence of a catalytic amount of triethylamine. This reaction is presented in Scheme 49 (page 50). 
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3.2. Experimental 

3.2.1. Instrumental 

Melting points were determined on a Stuart Digital apparatus and were corrected and expressed in 

degree Celsius (ºC). The IR spectra were recorded on either PerkinElmer 537 spectrophotometer or a 

Shimadzu-8201 FT instrument, using ATR disc and the absorption frequencies were expressed in 

reciprocal centimeters (cm-1). The mass spectra were recorded on either PerkinElmer GCMS or TOF-MS 

and the molecular weight expressed in atomic mass units. The optical activity was recorded on a 

Bellingham + Stanley Model D Polarimeter using a sodium lamp and the specific rotation expressed in 

degrees. The 1H NMR, 13C NMR and 19F NMR, COSY, NOESY, HSQC and HMBC spectra were 

recorded on either Bruker (600 MHz) or Bruker (400 MHz) spectrophotometers in CDCl3 or DMSO using 

tetramethylsilane (TMS) as an internal reference. The chemical shifts were quoted in parts per million 

(ppm).  The following abbreviations were used: 

s – singlet 

d – doublet 

t – triplet 

q – quartet 

m – multiplet 

bs – broad singlet band  

J – spin-spin splitting constant in Hertz (Hz) 

3.2.2. Methods and Materials 

Solvents and commercially available reagents such as aniline, o-anisidine, m-toluidine, 

phosphoryloxychloride, fluoroaniline, aniline hydrochloride, dimethyl formamide, petroleum ether, 

ethanol, ethyl acetate, hexane and methanol were purchased from Lasec S.A, Aldrin, Fluka and Merck. 

These reagents and solvents were used without further purification. 

Thin Layer Chromatography (TLC) was performed using TLC plates. When conducting TLC 

analysis, a pencil line was drawn 2 cm above and below the rim of a pre-cut TLC plate and approximately 

10 μL of a solution of the crude mixture was placed on the bottom line and air dried. The mobile phase 

consisting of petroleum ether and ethyl acetate (4:1, v/v) was placed in a TLC chamber, closed and 
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allowed to equilibrate until the atmosphere was saturated with the solvent vapour. The TLC plate was 

placed gently in the chamber and allowed to run until the mobile phase reached the top pencil mark. It 

was removed, air dried and viewed under the UV lamp followed by staining in an iodine chamber 

containing sea sand and iodine crystals. 

When conducting column chromatography purification, the pre-weighed crude synthesized 

mixture was dissolved in a minimum amount of chloroform and about 100 mg of silica gel was used. The 

beaker with the mixture was placed on a boiling water bath until the solvent evaporated and only a dry 

powder remained. The dry powder was transferred into a glass column and petroleum ether or hexane was 

added and elution process started. Equal sized fractions were collected sequentially and carefully labelled 

for further analyses. The polarity of the mobile phase was changed by varying the composition of the 

solvent mixture. All fractions were analyzed by TLC and similar fractions were combined. 

3.2.2.1. Synthesis of the Starting Compound 2-Chloro-3-Formyl Quinoline 

Procedure for the synthesis of 2-chloro-3-formyl quinoline (64). Dry DMF (3 mmol, 35 mL) was 

cooled to 0ºC in a flask equipped with a drying tube and then POCl3 (12 mmol, 168.2 mL) was added 

drop-wise with stirring. To this solution, acetanilide (1 mmol, 20.27 g) was added in small portions and 

after 25-30 minutes the reaction mixture was heated for 24 hours on a boiling water bath. The reaction 

mixture was poured into ice water and stirred for 30 minutes. The work-up was performed with aqueous 

NaOH to form a precipitate, to hydrolyse the imine salt and remove any acid formed. The solid was 

filtered, dried and purified from ethyl acetate to give 2-chloro-3-formyl quinoline in high yield (90 %). 

3.2.2.2. Synthesis of Poly-Functionalised Dihydropyridine Quinoline Derivatives by Multi 

Component Reactions 

Procedure for the synthesis of A1-A8: In a round bottom flask, a mixture of 2-chloro-3-formyl 

quinoline (2 mmol, 0.3831 g), malononitrile (2 mmol, 0.144 g) and triethylamine (2 mmol, 0.202 g), in 20 

mL ethanol, was stirred at room temperature for thirty minutes. Then a solution of arylamine (2 mmol, 0.2 

mL) and dimethyl acetylenedicarboxylate (2 mmol, 0.284 g), in 25 mL ethanol, was added. The whole 

solution was stirred at room temperature for an additional ten hours. In most cases the resulting 

precipitates were collected by filtration and washed with cold alcohol and purified by column 

chromatography (50:50 Petroleum ether: Ethyl acetate). 
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3.3. Results and Discussion  

The focus of this research was the synthesis of novel compounds, especially compounds having proper 

functional groups to display potential biological activities. Since heterocycles containing quinoline are 

reported to improve the biological activity of organic compounds, in this research investigation we have 

synthesized 8 novel poly-functionalised dihydropyridine quinoline derivatives (A1-A8), presented in 

Figure 12, and evaluated their biological potential as described in Chapter 4. Since we decided to use 

MCR, our first goal was to synthesise a formyl quinoline derivative which could be used as one of the 

substrates for the one pot MCR. The other 3 types of substrates, viz malononitrile, aniline derivatives and 

dimethyl acetylenedicarboxylate were readily available and purchased. 
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Figure 12: Novel poly-functionalised dihydropyridine quinoline derivatives 

The first step of our research plan was to synthesize the formyl quinoline derivative using the Vilsmeier-

Haack reaction. The Vilsmeier-Haack reaction is a standard procedure in our laboratory; it is used to 

synthesize new derivatives for a large variety of synthetic transformations. It finds its application in 
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formylation, cyclohalo-addition, cyclisation and ring annulations. This organic reaction is used to transfer 

an electron-rich aromatic ring to an aryl aldehyde by the use of DMF and POCl3 (Scheme 45). 

 

 

Scheme 44: The reaction of DMF and POCl3 
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Scheme 45: The reaction mechanism illustrating the formation of an electrophile [1]. 

3.3.1. Synthesis of 2-Chloro-3-Formyl Quinoline 

2-Chloro-3-formyl quinoline was synthesized from N-phenylacetamide via the Vilsmeier-Haack reaction. 

The reaction is presented in Scheme 46 and Scheme 47 (page 47) represents a proposed mechanism. 
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Scheme 46: Synthesis of 2-chloro-3-formyl quinoline 
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Scheme 47: A possible reaction mechanism for 2-chloro-3-formyl quinoline [2] 

The mechanism starts by chlorination of the amide group (160) to form an intermediate chloro 

imine (I) with a loss of PO2Cl2. DMF (II) acts as a base and removes a proton from I to form a 

nucleophilic intermediate (III) and a quaternary ammonium species (IV). These two intermediates 
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undergo an addition reaction to produce an intermediate V which undergoes subsequent intramolecular 

rearrangement and Knoevenagel condensation to form an enamine VII. The lone pair electrons on the 

nitrogen (VII) shifts towards the double bonded carbon, which results to a high electron density on the 

carbon thereby causing it to attack VIII to produce an intermediate IX. The latter undergoes 

intramolecular cyclisation and aromaticity to produce 17. 

The identity of 2-chloro-3-formyl quinoline was analysed by IR, 1H NMR and 13C NMR 

spectroscopy (Table 2) and confirmed by literature [3]. The 1H NMR spectrum in Figure 26 (Appendix 1, 

page 86) showed the aldehydic proton (CHO) at δ 10.55, the aromatic protons appeared as singlet, 

doublet, doublet, triplet and triplet at δ 8.74, 7.93, 7.88, 7.87 and 7.66, respectively. The 13C NMR 

spectrum Figure 27 (Appendix 2, page 87) showed the aldehydic carbon at δ 189.1. The remaining nine 

carbons appeared at δ 140.27-77.07. The IR spectrum Figure 28 (Appendix 3, page 88) showed the main 

signals at 1685 cm-1 and 940 cm-1 for C=O and C-Cl, respectively.  

Table 2: 1H NMR and 13C NMR data of 2-chloro-formylquinoline 

 

Position δ 13C (ppm) δ 1H (ppm) 
C2 150.0 - 
C3 128.6 - 
C3’ 189.1 10.55 (s, 1H, CHO) 
C4 140.2 8.74 (s, 1H, Ar) 
C5 126.1 - 
C6 129.7 7.88 (d, J = 8.1 Hz, 1H, Ar) 
C7 126.3 7.66 (t, 1H, J = 7.2 Hz, 1H, Ar) 
C8 133.6 7.87 (t, 1H, J = 7.2 Hz, 1H, Ar) 
C9 126.5 7.93 (d, 1H, J = 7.7 Hz, 1H, Ar) 
C10 149.5 - 
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3.3.2. Synthesis of Quinoline Derivatives by Multi Component Reactions 

A mixture of 2-chloro-3-formylquinoline (17), malononitrile (40), arylamine (19) and dimethyl 

acetylenedicarboxylate (161) was used to synthesize quinoline derivatives. Different aromatic amines 

(A1a-A8a), (Figure 13) were used. The mechanism for the synthesis of compounds A1-A8 is presented 

in Scheme 49 (page 50). Table 3 shows the physicochemical data for synthesized quinoline derivatives.  
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Figure 13: Aromatic amines A1a-A8a 

Table 3: Physicochemical data for quinoline derivatives 

Compound Ar %Yield Melting 

point(ºC) 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

C6H4 

o- OCH3C6H4 

m-CH3C6H4 

p-ClC6H4 

o-FC6H4 

m-FC6H4 

p-FC6H4 

m,p-ClC6H4 

87 

40 

73 

79 

64 

31 

60 

72 

275-276 

263-265 

237-238 

287-289 

247-248 

269-271 

253-254 

280-282 
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Scheme 49: The postulated reaction mechanism for the synthesised poly-functionalised 
dihydropyridine quinoline derivatives 
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In step 1, the acidic proton from malononitrile (I) is abstracted by a weak base triethylamine (II) 

to form a nucleophile (III) and a quaternary ammonium species (IV). In step 2, III attacks the aldehydic 

functionality in V to produce an addition intermediate VI. This is followed by protonation and 

dehydration to produce VII and VIII, respectively. In step 3, hydroamination takes place when the lone 

pair of electrons on aniline (IX) attacks and breaks the triple bond in acetylenedicarboxylate (X) to form 

an intermediate XI. In step 4, XI attacks the alkenic functionality in VIII to produce an intermediate XII 

which further undergoes intramolecular rearrangement and cyclisation to form the final product (162). 

 

The identity of all the compounds (A1- A8) was confirmed by analysing the spectral data obtained 

from IR, 1H NMR and 13C NMR. All the spectra were well resolved. We selected A1 as the template and 

characterised the structure fully with the aid of 2D NMR techniques especially HSQC, HMBC, COSY 

and NOESY which led to the unambiguous assigning of all protons and carbons. We used the 

characterization of A1 as a template to elucidate the other 7 derivatives. Hence 2D NMR was performed 

on A1 and the chemical shifts were unambiguously assigned. Furthermore, mass spectroscopy analysis 

was performed on, A1, A2, A3, A4, A6, A7 and A8 whilst 19F NMR was performed on A6 and A7. As a 

typical example the optical activity of A1 was measured using light having a wavelength of 589 nm.  

 

The IR spectra of A1-A8 exhibited an absorption band around 1748-1652 cm-1 which was 

assigned to C=O stretch whilst 1105-1153 and 932-778 cm-1 were assigned as the C-Cl and C-F stretch 

for the chloro and fluoro derivatives, respectively. The characteristic absorption bands for A1-A8 were 

observed in the range 3449-3309 cm-1 and 3369-3218 cm-1 corresponding to the asymmetric and 

symmetric stretching of the NH2 group whilst the CN stretch was observed at 2185-2171 cm-1.  

 

The 1H NMR spectrum of A1, presented in Figure 29 (Appendix 4, page 89), shows singlets at δ 

3.44 and δ 3.51 for two acetoxy groups (H-9', H-10'). The singlets at δ 4.13 and δ 5.36 are assigned to the 

amino (NH2) and aliphatic proton (H-4') on the dihydropyridine ring, respectively. Ten aromatic protons 

were observed and unambiguously assigned by using 2D NMR techniques. The chemical shifts, spin 

multiplicities and coupling constants (in Hertz) were assigned as:  δ 8.14 (H-4, s); δ 7.85 (d, H-6, 8.1); δ 

7.71 (t, H-7, 7.6); δ 7.55 (t, H-8, 7.4); δ 8.02 (d, H-9, 8.4); δ 7.39 (m, H-2"); δ 7.52 (m, H-3"); δ 7.38 (m, 

H-4", 7.4); δ 7.52 (m, H-5") and δ 7.39 (m, H-6"). The expanded 1H NMR spectrum is presented in 

Figure 30 (Appendix 5, page 90).  

The COSY spectrum, presented in Figure 31 (Appendix 6, page 91), shows H-9 has a strong 

coupling with H-8 but a weaker coupling with H-7. The corresponding carbon resonances of H-7, H-8 

and H-9 appeared at δ 130.1, 130.8 and 130.4, respectively and the absence of correlation between the 
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carbon to the amino protons confirm the assignment of  the NH2, according to the HSQC spectrum, 

presented in Figure 32 (Appendix 7, page 92). The NOESY spectrum, presented in Figure 33 (Appendix 

8, page 93), showed the coupling of H-9 to H-8; H-6 is coupled to H-7 and H-8 whilst H-7 is coupled to 

H-6 and H-8. Furthermore, the COSY spectrum shows a strong coupling between H-6 and H-7 and 

between H-7 and H-8 whilst a weak coupling is observed between H-7 and H-9. Also H-4 lacked any 

coupling signals. Both H-4 and H-6 showed the HMBC correlations to C-2, C-4' and C-5, presented in 

Figure 34 (Appendix 9, page 94), at δ 150.9, 120.3 and 134.9, respectively. The 4J correlations at H-4' to 

C-5 and H-4' to C-8, 5J correlation at H-6 to C-4' were also observed. The H-6" proton resonance shows a 

COSY correlation to H-5" and was confirmed by HSQC correlations between C-6" and C-5" occurring at 

δ 128.0 and 134.9, respectively. Figure 14 shows the other selected HMBC correlations for A1.  

 

N

N

CN

NH2

H3CO

O

H3CO

O

Cl

1

2

3

4

5
6

7
8

9

10

1''

3''
4''

2''

5''

6''

1' 2'

3'
4'5'

6'

7'

8'

9'

10'

H

H

H

H

H

H

H

H

H

H

 



53 
 

             

N

N

CN

NH2

H3CO

O

H3CO

O

Cl

1

2

3

4

5
6

7
8

9

10

1''

3''
4''

2''

5''

6''

1' 2'

3'
4'

6'

7'

8'

9'

10'

H

H

H

H

H

H

H

H

H

H

                             

N

N

CN

NH2

H3CO

O

H3CO

O

Cl

1

2

3

4

5
6

7
8

9

10

1''

3''
4''

2''

5''

6''

1' 2'

3'
4'

6'

7'

8'

9'

10'

H

H

H

H

H

H

H

H

H

H

 
Figure 14: Selected HMBC correlations for A1 

 

The 13C NMR spectrum of A1 is presented in Figure 35 (Appendix 10, page 95). The peaks at δ 

51.9 and δ 52.3 are assigned to the two acetoxy carbons (C-9', C-10'); the peak at δ 58.0 is assigned to 

carbon of CN (C-3') and the peak at δ 39.0 is assigned to the C-H (C-4') on the dihydropyridine ring. The 

peaks at δ 162.6 are assigned to the two C=O (C-7', C-8'); the peak at δ 164.7 is assigned to the C-NH2 

(C-2') whilst the peaks at δ 150.9-120.3 are attributed to aromatic carbons. The IR spectra of A1, 

presented in Figure 36 (Appendix 11, page 96), it showed the C=O stretching at 1713 cm-1 and 1748 cm-

1, the C-N stretching at 2171 cm-1, the C-Cl stretching at 669-778 cm-1whilst the NH stretching at 3486 

cm-1 and 3356 cm-1 was not well resolved. 

 

The mass spectra of all the compounds that were analysed showed the m/z value for the molecular 

ion corresponding to the proposed molecular formula. The mass spectra of A1 which is presented in 

Figure 37 (Appendix 12, page 97), it shows an m/z of 475 which indicates the molecular ion. The isotopic 

ratio of 3:1 for 35Cl: 37Cl was not observed due to the small relative abundance of all characteristic 

fragments. Scheme 50 shows possible the fragments of A1 which was produced by the electron impact 

ionization technique. 
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Scheme 50: Proposed fragments of A1 

 

In the NMR spectra of all the related derivatives, the quinoline and dihydropyridine were similar. 

The differences were seen in the phenyl ring attached to the ''N due to the different substituents in the 

ring. For instance, in the 1H NMR spectra for A2, presented in Figure 38 (Appendix 13, page 98), the 

aromatic group methoxy proton H-7" (δ 3.50) of compound A2 appears deshielded due to OCH3 electron 

density attached to the nearby carbon C-7"; the H-3" resonance is now ortho to the OCH3 group, is also 

deshielded and now occurring as a doublet at δ 7.84  (J = 8.1) due to OCH3 electron density attached to 

the nearby carbon atom as shown in the expanded spectra, presented in Figure 39 (Appendix 14, page 

99). The mass spectra of A2 which is presented in Figure 42 (Appendix 17, page 102), shows an m/z of 

504 and the isotopic ration of 3:1 for 35Cl; 37Cl was observed at m/z 427 and 429. Also, the loss of m/z 

427 shows the benzene fragment at m/z 77. 

 

In the 1H NMR spectra for A3, presented in Figure 43 (Appendix 18, page 103) there is a methyl 

proton resonance (H-7") occurring as a singlet at δ 2.39. Unlike in A1 where there was only one singlet 

observed in the aromatic region, a noticeable resonance H-2" (7.23) in Figure 44 (Appendix 19, page 

105) was observed. The mass spectra of A3 which is presented in Figure 47 (Appendix 22, page 107), the 
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molecular ion peak was observed at m/z 488. Loss of 2H· radicals gave the peak at m/z 486 which also 

showed the isotopic chlorine ratio of 35Cl : 37Cl as 3:1. The tropylium ion was observed at m/z 91. 

 

 In the expanded 1H NMR spectra for A4, presented in Figure 49 (Appendix 24, page 109), 

resonances (H-2", H-6") and (H-3", H-5") on the phenyl ring now appears as doublets at δ 7.60 (J = 11.2) 

and δ 7.49 (J = 8.8), respectively. The mass spectra of A4 which is presented in Figure 52 (Appendix 27, 

page 112), it shows an m/z of 510.  The peaks at m/z 509 and 508 are due to the loss of hydrogen and the 

two hydrogens by rearrangements, respectively. 

 

In the 1H NMR spectra for A5, presented in Figure 53 (Appendix 28, page 113), where a fluorine 

atom is substituted at the  2" position, causing splitting of the adjacent aromatic proton by short as well as 

long range coupling. The H-3" appears as a doublet at δ 7.33 (J = 7.7). The H-4", H-5" and H-6" appear 

at δ 7.37-7.64 but these assignments are not well resolved. In the 13C NMR spectrum, presented in 

Figure 54 (Appendix 29, page 114), the C-F coupling is observed for C-2" and appears as a doublet at δ 

160.6 (J = 254.1). The C-3" appears as doublet of doublets at δ 128.3 ( J = 120.2). 

 

 

In the 1H NMR expanded spectra for A6, presented in Figure 56 (Appendix 31, page 116), the 

fluoro group is at the 3" position, causes splitting of the adjacent aromatic proton by short as well as long 

range coupling. The H-6" proton occurs as a doublet at δ 7.32 (J = 7.8). The H-5" occurs as a doublet 

doublet at δ 7.60 (J = 4.8). The H-2" and H-4" protons are split by fluorine and occurs as a doublet and 

doublet of doublet at δ 7.41 (J = 4.7) and δ 7.44 (J = 4.8), respectively. In the 19F NMR spectra for A6, 

presented in Figure 58 (Appendix 33, page 118), it shows a singlet at δ 111.2 is attributed to C-F 

function. In the 13C NMR spectrum, presented in Figure 59 (Appendix 34, page 119), the C-F coupling is 

observed for C-3" and appears as a doublet at δ 161.7 (J = 248.3). The C-2" and C-4" appears as doublets 

at δ 127.8 (J = 29.8) and δ 127.9 (J = 15.9), interchangeably. The mass spectra of A6 which is presented 

in Figure 61 (Appendix 36, page 121), it shows an m/z of 494. The peaks at m/z 493 and 492 are due to 

the loss of hydrogen and the two hydrogens by rearrangements, respectively.  

 

In the 1H NMR spectra for A7, presented in Figure 62 (Appendix 37, page 122), the fluoro group 

is at the 4" position; causing splitting of the adjacent aromatic proton by short as well as long range 

coupling. The H-2" and H-6" protons are equivalent and integrated to 2 protons appearing at δ 7.50 (J = 

8.2). The H-3" and H-5" appears as a doublet doublet at δ 7.34 and 7.36 (J = 8.6, 8.2), respectively. In the 
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19F NMR spectra for A7, presented in Figure 63 (Appendix 38, page 123), a singlet at δ 110.9 is 

attributed to C-F function. In the 13C NMR spectrum, presented in Figure 64 (Appendix 39, page 124), 

the C-F coupling is observed for C4" and appears as a doublet at δ 210.0 (J = 20.0). The C-3" and C-5" 

are equivalent and appears as doublet at δ 127.9 (J = 68.9). The mass spectra of A7 which is presented in 

Figure 66 (Appendix 41, page 126), it shows an m/z of 494. The peaks at m/z 493 and 492 are due to the 

loss of hydrogen and the two hydrogens by rearrangements, respectively. 

In the expanded 1H NMR spectrum for A8, presented in Figure 68 (Appendix 43, page 128), the 

chlorine atoms are substituted at the 3" and 4" positions, resonances H-2" and H-5" on phenyl ring now 

appears as doublets at δ 7.48 (J =7.8) and  δ 7.47 (J = 8.2), respectively. The mass spectra of A8 which is 

presented in Figure 71 (Appendix 46, page 131), it shows an m/z of 544; the base peak appears at m/z 485 

is due to the loss of the acetoxy group. Table 4 represents the chemical shifts and coupling constants of 

the protons of A1-A8. The chemical shift of the carbons of A1-8 is presented in Table 5. 
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Table 4: 1H NMR chemical shifts for compounds A1-A8, δ of 1H (J, Hz) 

 
No. A1 A2 A3 A4 A5 A6 A7 A8 
NH2 4.13(s) 4.17(s) 4.23(s) 5.86(s) 5.99(s) 5.86(s) 5.83(s) 6.02(s) 
CH 5.36(s) 5.36(s) 5.33(s) 5.24(s) 5.22(s) 5.25(s) 5.23(s) 5.25(s) 

OCH3 3.51(s) 3.46(s) 3.50(s) 3.45(s) 3.46(s) 3.45(s) 3.38(s) 3.43(s) 
OCH3 3.44(s) 3.49(s) 3.44(s) 3.43(s) 3.46(s) 3.40(s) 3.43(s) 3.39(s) 

4 8.14(s) 8.39(s) 8.12(s) 8.34(s) 8.33(s) 8.40(s) 8.38(s) 8.45(s) 
6 7.85(d, 8.1) 7.80(d, 8.1) 7.84(d,8.2)  7.98(d, 8.5) 7.59(m) 7.99(d, 8.5) 8.17(d, 8.0) 7.99(d, 8.4) 
7 7.71(t, 7.6) 7.69(7.6) 7.69(t, 10.1) 7.70(t, 7.9) 7.67(t, 7.1 ) 7.70(t, 6.9) 7.82(t, 7.3) 7.84(t, 7.7) 
8 7.55(t, 7.4) 7.53(t, 7.1) 7.53(t, 11.2) 7.84(t, 6.9) 7.67(t, 7.1) 7.84(t, 7.0) 7.66(t, 7.2) 7.70(t, 7.6) 
9 8.02(d, 8.4) 8.01(d, 8.4) 8.00(d, 9.7) 8.17(d, 8.1) 7.84(d, 7.3) 8.19(d, 8.4) 7.96(d, 7.6) 8.20(d, 8.1) 

2" 7.39(m) - 7.23(s) 7.60(d, 11.2) - 7.41(d, 4.7) 7.50(d, 8.2) 7.47(d, 2.3) 
3" 7.52(m) 7.84(d, 8.1) - 7.49(d, 8.8) 7.33(d,d, 

7.7) 
- 7.34-7.36(d, 

8.6) 
- 

4" 7.38(t, 3.5) 7.06-7.02(m) 7.16(d,7.6) - 7.64-7.37(m) 7.44(dd, 4.8) - - 
5" 7.52(m) 7.48(t, 7.8) 7.36(t, 9.9) 7.49(d, 8.8) 7.64-7.37(m) 7.60(d, 4.8) 7.34-7.36(d, 

8.0) 
7.87(d, 9.9) 

6" 7.39(d, 3.4) 
 

7.30(d, 7.3) 7.29(d,7.6) 
 

7.60(d, 11.2) 7.64-7.37(m) 7.32(d, 7.8) 7.50(d, 8.2) 7.80(d, 7.7) 
 

7" - 3.50(s) 2.39(s) - - - - - 
8'' - - - - - - - - 
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Table 5: 13C NMR chemical shifts (δ in ppm) for compounds A1-A8 

 

No. A1 A2 A3 A4 A5 A6 A7 A8 
2 150.9 150.9 150.4 151.4 151.4 151.6 149.1 151.1 
3 137.3 130.4 136.5 137.7 143.2 118.7 127.4 131.3 
4 138.4 138.7 138.5 139.1 146.6 139.1 142.9 131.6 
5 134.9 127.6 127.7 128.0 128.7 128.0 133.3 131.8 
6 139.6 139.1 128.3 128.5 128.9 131.6 133.4 132.3 
7 130.2 127.0 129.8 130.2 129.1 131.6 133.3 133.5 
8 130.9 128.5 131.5 132.9 133.4 131.4 133.0 133.8 
9 130.5 128.3 130.4 131.4 131.5 128.6 131.1 127.9 
10 149.0 149.9 149.9 149.6 143.2 149.6 149.0 142.9 
2' 164.7 165.4 165.3 165.2 164.1 165.2 150.9 165.2 
3' 58.0 61.8 60.8 58.5 79.6 58.8 61.7 58.6 
4' 39.0 36.4 36.7 39.6 44.9 37.1 36.8 37.1 
5' 120.3 119.9 127.1 120.8 120.7 120.7 120.4 120.7 
6' 143.1 146.9 143.1 146.5 151.3 143.2 142.9 139.4 
7' 162.6 163.3 163.2 165.2 165.7 163.3 149.1 163.1 
8' 162.6 163.3 163.2 163.1 165.0 163.1 149.1 163.1 
9' 52.3 52.1 52.1 52.0 53.6 52.1 57.3 52.4 
10' 51.9 52.5 52.6 52.4 53.2 52.9 57.8 53.1 
1" 146.0 146.9 146.9 143.3 133.5 146.6 143.1 146.5 
2" 127.3 150.1 127.2 127.9 160.6 (d, 

254.1) 
127.8 (d, 
29.8) 

127.3 (d, 
33.5) 

128.5 

3" 127.5 127.6 140.5 135.3 128.3 
(dd,120.2) 

161.7 (d, 
248) 

127.3-127.9 
(dd, 180.2, 
33.5) 

139.4 

4" 127.5 121.0 127.6 127.9 128.1 
(dd,49.9) 

127.9 (d, 
29.8) 

151.0 (d, 
29.4) 

137.8 

5" 127.5 126.9 130.7 134.4 127.8 (dd, 
180.3, 12.8) 

137.9 (dd, 
29.8, 15.9)  

127.3-127.9 
(dd, 175.0, 
33.5) 

135.4 

6" 128.0 127.3 119.9 127.9 128.4 (d, 
41.6) 

128.0 (d, 
52.9) 

128.0 (d, 
30.1) 

130.1 

7'' - 52.0 21.2 - - - - - 
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3.3.2. The Spectroscopic Data (A1-A8)  
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A1: Light yellow solid, 87%, m.p. 275-276ºC, (IR) υ/cm-1: 3486, 3356, 2171, 1748, 1713, 1647, 1524, 

1488, 1448, 1324, 1296, 1247, 1105, 1024, 992, 841, 835, 778, 762, 669, 667, 550; MS (m/z): 475. Anal 

Calculated for C25H19ClN4O4: C 63.23; H 4.03; Cl 7.47; N 11.80; O 13.48: Found, C 63.87; H 4.05; Cl 

7.50; N 11.88; O 13.81. 
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A2: Yellow solid, 40%, m.p. 263-264ºC, (IR) υ/cm-1: 3437, 3315, 3217, 2185, 1716, 1746, 1665, 1577, 

1496, 1421, 1354, 1329, 1222, 1117, 933, 932, 859, 817, 782, 755, 624; MS (m/z): 504. Anal Calculated 

for C26H21ClN4O5: C 61.85; H 4.19; Cl 7.02; N 11.10; O 15.84: Found, C 61.87; H 4.25; Cl 7.10; N 

11.08; O 15.81. 
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A3: Yellow solid, 73%, m.p. 237-238ºC, (IR) υ/cm-1: 3386, 3318, 2180, 1702, 1647, 1565, 1488, 1420, 

1358, 1328, 1253, 1224, 1136, 1114, 1056, 1019, 968, 928, 786, 763, 708, 686; MS (m/z) 488. Anal 

Calculated for C26H21ClN4O4: C 63.87; H 4.33; Cl 7.25; N 11.46; O 13.09: Found, C 63.20; H 4.31; Cl 

7.11; N 11.36; O 13.23.  
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A4: Light yellow solid, 79%, m.p. 287-289ºC, (IR) υ/cm-1: 3428, 3218, 2174, 1745, 1703, 1650, 1623, 

1593, 1571, 1489, 1354, 1257, 1219, 1107, 1090, 1018, 850, 825, 780, 741, 723; MS (m/z) 510. Anal 

Calculated for C25H18Cl2N4O4: C 58.95; H 3.56; Cl 13.92; N 11.00; O 12.56: Found, C 63.19; H 3.55; Cl 

13.15; N 11.39; O 13.22. 
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A5: White solid, 64%, m.p. 247-248ºC, (IR) υ/cm-1: 3376, 3282, 2178, 1747, 1712, 1654, 1571, 1488, 

1422, 1360, 1329, 1258, 1231, 1171, 1032, 967, 922, 872, 851, 761, 648, 644.  
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A6: White solid, 31%, m.p. 269-271ºC, (IR) υ/cm-1: 3449, 3303, 2177, 1746, 1715, 1652, 1596, 1570, 

1487, 1421, 1329, 1305, 1251, 1194, 1136, 1106, 1033, 966, 924, 819, 763, 706, 899. 19F NMR 

(600MHz, DMSO) δ: 111.23; MS (m/z) 494. Anal Calculated for C25H18ClFN4O4: C 60.92; H 3.68; Cl 

7.19; F 3.85; N 11.37; O 12.98: Found, C 60.90; H 3.68;  Cl 7.11; F 3.84; N 11.36; O 12.99. 
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A7: White solid, 60%, m.p. 253-254ºC, (IR) υ/cm-1: 3309, 3269, 2171, 1745, 1702, 1622, 1506, 1569, 

1329, 1298, 1247, 1213, 1153, 1106, 1027, 1002, 938, 918, 840, 778, 768, 766, 741, 728, 615. 19F NMR 

(600MHz, DMSO) δ: 110.91; MS (m/z) 494. Anal Calculated for C25H18ClFN4O4: C 60.92; H 3.68; Cl 

7.19; F 3.85; N 11.37; O 12.98: Found, C 60.90; H 3.68;  Cl 7.11; F 3.84; N 11.38; O 12.97. 
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A8: Light yellow solid, 72%, m.p. 280-282ºC, (IR) υ/cm-1: 3439, 3302, 2179, 1742, 1702, 1647, 1573, 

1506, 1423, 1366, 1324, 1254, 1214, 1108, 1032, 932, 758; MS (m/z) 544. Anal Calculated for 

C25H17Cl3N4O4: C 55.22; H 3.15; Cl 19.56; N 10.30; O 11.77: Found, C 65.19; H 3.16; Cl 19.15; N 

10.39; O 11.22. 
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3.3.3. Conclusion  
 

2-Chloro-3-formyl quinoline was synthesized from N-phenylacetamide by the Vilsmeier-Haack reaction 

and it was characterized by IR, 1H NMR and 13C NMR spectroscopy. Eight new poly-functionalised 

dihydropyridine quinoline derivatives were synthesized from 2-chloro-3-formyl quinoline, malononitrile, 

arylamine and dimethyl acetylenedicarboxylate by a one pot multi-component reaction. These compounds 

were produced in yields of 37-87% and were characterised by IR, 1H NMR, 13C NMR and GCMS. 
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Chapter Four: Biological studies 

4.1. Cancer Studies 

4.1.1. Introduction 

Quinolines play a significant role in the development of new anti-cancer agents; their derivatives 

have shown excellent results through different mechanism of action such as growth inhibitors by cell 

cycle arrest, apoptosis, inhibition of angiogenesis, disruption of cell migration, and modulation of nuclear 

receptor responsiveness [1]. The anti-cancer potential of several of these derivatives have been 

demonstrated on various cancer cells including those of leukemia and other cancer cells of breast, ovary, 

liver, lung, pancreas and colon [2]. Owing to the previously mentioned significance, the synthesis of 

substituted quinolines has been a subject of great interest in organic chemistry. In addition, various fused 

systems of quinolines were studied for their intercalative DNA binding properties. A literature survey 

reveals that antitumor activity is due to the intercalation between the base pairs of DNA and interferences 

with the normal functioning of enzyme topoisomerase II, which is involved in the breaking and releasing 

of DNA strands [3]. The antitumor drugs that intercalate DNA are of growing interest in the field of 

anticancer derivatives. In order to add better value to our research, we investigated poly-functionalised 

dihydropyridine quinoline derivatives A1-A8 and evaluated their cytotoxicity in A549 lung cancer cell 

lines. 
 

4.1.2.  Experimental 

4.1.2.1. Materials and Methods 

Lung cancer cells (A549) were purchased from Highveld Biologicals (Johannesburg, SA). Cell 

culture reagents were purchased from Whitehead Scientific (Johannesburg, SA). All other reagents and 

consumables were purchased from Merck (SA), unless otherwise stated. 

4.1.2.2. Maintenance of A549 Cells in Culture 

The best environment for growing cells in vitro should be matched as close as possible to the natural 

physiological conditions. The essential requirements are an environment of optimum temperature, pH, gas 

phases, growth substrate and media containing necessary nutrients. The optimal temperature is provided 

by the use of a humidified incubator supplied with 5% carbon dioxide (CO2). The gas phases supplied to 

the culture includes oxygen which is maintained at atmospheric pressure, and CO2 to ensure that the 

bicarbonate and CO2 tension is in equilibrium. 

A549 cells were cultured (37ºC, 5% CO2) to 90% confluency in 25mL flasks in complete culture media 

(CCM) [Eagle’s minimum essential medium, 10% foetal calf serum, 1% L-Glutamine and 1% 
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penstrepfungizone]. The culture medium is by far the most important single factor in culturing cells. The 

extracellular medium must meet the essential requirements (nutritional, hormonal and stromal factors) for 

survival and growth.   

In order to sub-culture and plate cells for the various experimental assays, the process of 

trypsinisation was used to detach cells once 90% confluency was reached. The process of trypsinisation 

involved the critical step of rinsing the cells with 3 mL aliquots of warm 0.1M PBS and incubating the 

cells with 1 mL of trypsin-EDTA (Lonza) for 1 minute. The cells were monitored using an inverted light 

microscope (Olympus IXSI; 20x magnification) and once rounded, the trypsin was discarded and CCM 

was added to the flask of cells. The flask was agitated to detached cells and the cell suspension was then 

enumerated by dye exclusion using a haemocyto meter. Trypan blue (0.4%) was utilized in a dye 

exclusion procedure for cell counting. The principle of dye exclusion using trypan blue is based on 

compromised cell membranes in dead/damaged cells which readily allow entry of the dye into the cells 

and are stained blue whereas viable cells remain unstained. A549 cells (15,000/well) were incubated for 

24 hours with a range of concentrations of each compound in triplicate in a micro-titre plate together with 

an untreated control (cells incubated with CCM only). Each experiment was conducted twice on separate 

occasions. The data results from the first set matched the repeated experiment. The cells were then 

incubated (37ºC, 5% CO2) with the MTT substrate (5 mg/mL in PBS) for 4hours.  Thereafter all 

supernatants were aspirated, and DMSO (100 µL/well) was added to the wells.  Finally the optical density 

was measured at 570 nm and a reference wavelength of 690 nm with an ELISA plate reader (Bio-Tek 

µQuant). The net MTT-dependent absorbance (optical density (OD) of each sample was calculated by 

subtracting the average absorbance of the blank from the average absorbance of each sample. Data are 

represented as mean OD plus or minus the standard deviations [4].   

4.1.3 Results and Discussion 

 

 This study investigated the cytotoxicity of synthesized quinoline derivatives (A1-A8) in the A549 

lung cancer cell line. These compounds differed in substituents like OCH3, CH3, F and Cl attached to the 

benzene ring. Herein we wished to investigate the effect of these compounds based on the different 

functional groups to study their anti-cancer potential. The cytotoxicity of the compounds in cancerous 

A549 lung cells was assessed using the MTT assay. This assay measures cell proliferation/metabolic 

activity in vitro. The technique is particularly useful for cells that are metabolically active based on their 

redox potential and capacity of dehydrogenase enzymes to convert yellow water-soluble salt into a purple 

water-insoluble formazan product. The insoluble crystals are then dissolved in DMSO and the absorbance 
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is read on a spectrophotometer. A549 cells were exposed to various concentrations of the synthesized 

compounds. A control of cells incubated with complete culture media only was used. The results were 

expressed as optical density. The treatment groups at various concentrations (31.25–500 µM) were 

compared to the control to determine the potential as an anti-cancer drug. 

 The parent compound A1 (with no substituent in the benzene ring) is not cytotoxic but rather 

increases metabolic activity as all concentrations tested showed greater activity than control. The 

compound A2 (with an electron donating group, OCH3 substituent in the benzene ring), shows a dose 

dependent toxicity due to its substituent as the results gives evidence that the compound has potential as 

an anti-cancer drug. The compound A3 (with an electron donating group, CH3 substituent in the benzene 

ring) shows high toxicity but only at higher concentrations, has potential as an anti-cancer drug. 

Compound A4 (with the chloro group, which withdraws electrons by induction, but donates electrons by 

resonance in the benzene ring) shows a dose dependent toxicity with the highest toxicity at 250 µM. The 

compound has potential as an anti-cancer drug. Compounds A5, A6 and A7 (with the fluoro group in the 

benzene ring) were not cytotoxic, whilst A8 (with the two chloro groups, which withdraw electrons by 

induction, but donate electrons by resonance in the benzene ring) show a dose dependent toxicity with the 

highest toxicity at 125, 250 and 500 µM. The compound has potential as an anti-cancer drug.  
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4.1.4. A549 lung Cancer Cell Lines Raw Data and Statistical Analysis for A1-A8 

 

Figure 15: The cytotoxic effects of A1 in the A549 lung cancer cell line 

 

 

 

Figure 16: The cytotoxic effects of A2 in the A549 lung cancer cell line 
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Figure 17: The cytotoxic effects of A3 in the A549 lung cancer cell line 

 

 

 

 

Figure 18: The cytotoxic effects of A4 in the A549 lung cancer cell line 
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Figure 19: The cytotoxic effects of A5 in the A549 lung cancer cell line 

 

 

Figure 20: The cytotoxic effects of A6 in the A549 lung cancer cell line 
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Figure 21: The cytotoxic effects of A7 in the A549 lung cancer cell line 

 

Figure 22: The cytotoxic effects of A8 in the A549 lung cancer cell line 
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4.1.4. Conclusion 
 

Eight novel poly-functionalised dihydropyridine quinoline derivatives were synthesized using a 

one pot multi-component reaction were tested for their anti-cancer potential.The anti-cancer assays 

indicated that compounds A2, A3, A4 and A8 have good potential as anti-cancer drugs by showing anti-

proliferative activity. Compounds A1, A5 and A7 were not cytotoxic. 

4.2. Molecular Docking Study 

4.2.1. Introduction 

 

Molecular docking is a typical computational approach of modern drug discovery that serves as a 

rapid method for the theoretical prediction of binding mode of the “drug like candidates” with the active 

site of the known macromolecular structure. Despite the complexity in molecular docking algorithm and 

scoring function, accuracy is the only stand-alone solution of this approach leading to drug discovery. The 

goal of ligand-protein docking is to predict the predominant binding mode of a ligand with a protein of 

known three-dimensional structure. Docking can be used to perform virtual screening on large libraries of 

compounds, rank the results and propose structural hypotheses of how the ligands inhibit the target, which 

is invaluable in lead optimization. [5-6] 

Glide is an esteemed docking panel which operates with the help of funnel type module that 

locates finely by binding the geometry of the small molecule with the protein active site. Glide is 

conserved as the top search algorithm in the docking community and is used for this study. The 3D co-

ordinates of X-ray crystal structure of human mdm2 (PDB ID: 3VZV) was complexed from the Protein 

data bank. To perform docking the most crucial aspect is to prepare the protein in such a way that it can 

be read by the algorithm and subsequently to match it with the parameter that exists in the protein 

preparation.  The band of operations executed in preparing the protein are assigning bond orders, adding 

hydrogen, treating metals, deleting water molecules, removing co-crystal ligand, treating disulfide bonds, 

adjusting bond order, building missing heavy atoms, formal charges and alleviating potential steric 

clashes. OPLS-2005 force field is employed for energy minimization at quantum level. 0.3Å RMSD cut 

off is taken as threshold valve to diagnose the protein refinement strategies. [7] 
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4.2.2. Experimental 

4.2.2.1. Materials and Methods 

The native structure of Human mdm2 (PDB ID: 3VZV) was retrieved from the Protein Data Bank. 

The compounds were drawn and converted into PDB format using Chem Draw which was used as a 

ligand for docking against human mdm2 protein. The Auto Dock 4.2 suite of programs which utilizes the 

Lamarckian Genetic Algorithm (LGA) was used for the study. All water molecules were removed and 

hydrogen atoms were added followed by the calculation of Gasteiger charges, as required in the 

Lamarckian Genetic Algorithm. The grid size along the x-, y-, z- axes was set to 52 Å, 52 Å and 52 Å 

respectively. The grid spacing for HSA-TBO was set as 0.425 Å. The Auto Docking parameters used 

were as follows: GA population size = 150; maximum number of energy evaluations = 250 000; GA 

crossover mode = two points. The lowest binding energy conformer was searched out of 25 different 

conformers for each docking simulation and the resultant one used for further analysis. The PyMoL 

software package was used for visualization of the docked conformations.                                                                                                                                                  

The prepared protein structure follows the grid – fashion kinetic docking which commonly holds 

several physical parameters. It finds greater significance in prescribing the ligand interaction with the 

receptor. Grid files generation for protein is accomplished with “Receptor Grid Generation” panel of 

Glide. The grid box is generated by assigning a common constituency point. From there a cubic grid box 

is extended to touch the bounty of 20Å in size or in words. The allocated size for grid generation for 

protein-ligand docking is 20Å since our approach is site-specific not generalized. Co-crystal ligand 

binding pattern with protein is well documented in recent studies. Hence, we attempted to crop the grid 

box to focusing on the centroid of human mdm2 (PDB ID: 3VZV). Refined structure and box coordinate 

X, Y, Z were set at (X=18.341215Å, Y=-3.662453Å, Z=0.929674Å). The foremost process in the hit 

identification pipeline docking is performed using Glide of Schrodinger [9]. 

4.2.2.2. Ligand Preparation 

The chemical compounds of structures are not available in Pub Chem database. ChemDraw was 

used to draw the compound structure and all these ligands were prepared for molecular docking studies 

using Lig Prep version 2.3 [10]. The ligand structure energy was minimized; partial atomic charges were 

computed using the OPLS-2005 force field by using Schrödinger suite. 

4.2.3. Results and Discussion  

Since these dihydropyridine compounds are novel, we decided to include an additional application 

and investigated their potential to bind to proteins. Herein, docking of the ligand A1 to Human mdm2 

provides insights into the binding regions. Three hydrogen bonds were formed between GLU 25 (2.7 Å 
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distance), LEU 27 (3.2 Å distance) and LEU 54 (3.2 Å distance) atoms with binding energy of -8.91 

kcal/mol in Figure 23 (page 76). Docking of A1 with Human mdm2 indicated lowest binding energy 

thereby showing strong affinity of the ligand molecule with the receptor which has been stabilized by 

strong hydrogen bond interactions in the binding pocket. This shows that A1 is a better inhibitor for E3 

ubiquitin-protein ligase mdm2 compared to the synthesized compounds A2-A8.  The binding mode of A1 

within the active site of the protein was analyzed as shown in the molecular docking results in Figure 25 

(page 78). The suitable shape of this hit compound helped it to bind tightly with the active site of the ck2. 

Three hydrogen bond interactions were formed between the hit 6 into ck2. The hydrogen atom of the hit 6 

nicely interacted with back bone oxygen atom of the hydrophobic residue of VAL 116. Then the 

hydrogen atom of the hit 6 nicely interacted with side chain of ASP 175. The bond length between the hit 

6 into the active site of the ck2 was observed at (2.13Å, 2.06Å, 2.04Å). The glide score (-6.111 Kcal/mol) 

and glide energy (-62.406 Kcal/mol) was noted. Furthermore, the following residues were mainly 

involved in hydrophobic interaction LEU 45, VAL 116, VAL 66, VAL53, ILE 174, PHE 113, LYS 68, 

LEU 111, TRP 176, and LEU 85.  Table 6  shows the docking results of all of the compounds (A1-A8), 

glide score (Kcal/mol), glide energy (Kcal/mol), interacting residues, distance between the protein and 

ligand (Å), hydrogen bond donor and hydrogen bond acceptor. Figure 23 (page 76), shows hydrogen 

bond formation of A1 compound between GLU 25, LEU 27 and LEU 54 atoms, Figure 24 (page 77), 

shows hydrogen bond formation and bond length of docking A1 to human mdm2. Figure 25 (page 78), 

shows the binding mode of A1 compound with E3 ubiquitin-protein ligase mdm2.  
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Table 6: Glide extra-precision (XP) results for 8 compounds (A1-A8) with human mdm2 

 

 

 

 

 

Compound Glide 
Score 

Glide 
energy 

No. of H 
bonds 

Interacting 
Residues 

Distance 
(Å) 

Hydrogen 
bond donor 

Hydrogen 
bond acceptor 

A1 -6.111 -62.406 2 Tyr 104 (2) 2.20 
2.15 

A: TYR 104: 
(H)HH 
Ligand: (H) 

Ligand: (O) 
Ligand: (N) 

A2 -2.616 -27.659 - - - - - 
A3 -4.391 -35.217 1 Thr 26 2.04 A: THR 26: 

(H)HG1 
Ligand: (O) 

A4 -3.963 -16.574 1 Thr 26 1.97 A: THR 26: 
(H)HG1 

Ligand: (O) 

A5 -4.995 -44.146 1 Thr 26 2.05 A: THR 26: 
(H)HG1 

Ligand: (O) 

A6 -4.667 -42.032 1 Thr 26 2.04 A: THR 26: 
(H)HG1 

Ligand: (O) 

A7 -1.089 -19.121 4 Arg 29 
 
 
Glu 25 
GLY 25  

1.93 
2.25 
 
2.25 
2.46 

A: ARG29: 
(H)HH21 
B: LYS 51: 
(H)HZ1 
 
A: GLY 25: 
(O)OE1 
A: GLY 25: 
(H)H1 

Ligand: (N) 
Ligand: (N) 
 
Ligand: (H) 
Ligand: (O) 

A8 -3.497 -49.899 1 Thr 26 2.15 A: THR 26: 
(H)HG1 

Ligand: (O) 
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Figure 23 : Hydrogen bond formation of A1 between GLU 25, LEU 27 and LEU 54 atoms 
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Figure 24 : Hydrogen bond formation and bond length of docking A1 compound to human mdm2 
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Figure 25: Binding mode of A1 compound with E3 ubiquitin-protein ligase Mdm2 

 

4.2.4. Conclusion  
 

Eight novel poly-functionalised dihydropyridine quinoline derivatives were subjected to molecular 

docking and the binding mode within the active site of protein was analysed; this was done to ascertain 

the possible behaviour of the newly synthesized compounds to the human mdm2 protein. On comparing 

the molecular docking of A1-A8 with mdm2, A1 showed the lowest binding energy (-6.111 Kcal/mol) 

thereby showing strong affinity of the ligand molecule with the receptor which has been stabilized by 

strong hydrogen bond interactions in the binding pocket. This interaction confirms that A1 is the best 

inhibitor for mdm2 than all the other compounds tested.  
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4.3. Bacterial Studies 

4.3.1. Introduction 

Over the last decade, drug resistance to the commonly used antibiotics has become wide-spread. 

Therefore, the synthesis of new compounds that could be used for the effective treatment of infectious 

diseases without side effects is an urgent biomedical necessity [11]. Various heterocyclic compounds have 

shown anti-microbial potential and quinoline is one of the most promising. Quinoline heterocycles occur 

widely among medicinally important natural products. Realizing the medicinal importance of quinoline 

compounds, it was considered worthwhile to incorporate this moiety as a dihydropyridine. 

Although many quinoline and quinolones have been synthesized and reported, the most notable 

ones used in veterinary medicine worldwide include, amifloxacin, benofloxacin, ciprofloxacin, 

danofloxacin, difofloxacin, norfloxacin, sarafloxacin. Other major quinolones in human medicine include 

enoxacin, ofloxacin, tosufloxacin etc. These fluoroquinolones share a great oral bioavailability in all 

monogastric species, a large volume of distribution and a low binding to plasma proteins that allows them 

to cross membranes and reach the most remote parts of the body at concentrations above the minimum 

inhibitory concentrations (MIC’s) of most pathogens [12].  

4.3.1.1. Experimental 

4.3.1.2. Materials & Methods 

4.3.1.3. The Preparation of Media 

Fresh Nutrient Agar, Oxoid LTD (Hampshire, England) was prepared according to the manufacturer’s 

instruction as follows: 

• 28g was weighed out into 3 separate one litre glass bottles each 

• Distilled water was added until the one litre mark of each bottle was reached using measuring 

cylinder. 

• The solution was mixed until the powder completely dissolved. 

• Bottles were sterilized by autoclaving for 15 minutes at 1210C 

• The agar was poured into plates to solidify 

4.3.1.4. The Preparation of the Nutrient Broth 

Fresh Mueller Hinton Broth (Sigma-Aldrich) was made up according to manufacturer’s instruction as 

follows: 

• 23g of Nutrient Broth powder was weighed into a 1L glass bottle 
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• Distilled water  was added until the 1L mark was reached 

• The solution was mixed until the powder  completely dissolved 

• This was dispensed into bijou bottles before autoclaving 

• Bijou bottles were sterilized by autoclaving for 15 minutes at 121ºC 

4.3.1.5. Microbial Cultures 

The cultures of S. aureus, E. coli and P. aeruginosa were maintained on nutrient agar slopes at 4ºC and 

sub cultured on to blood agar plates for 24 hours before use.  

4.3.1.6. Preparation of Reagent: Microplate Alamar Blue Assay (MABA) 

 

An amount of 0.2g of Resazurin powder was dissolved in 10 mL autoclaved distilled water. The dye 

solution was vortexed vigorously; the solution was immediately covered with aluminium foil to keep 

away from light as it is light sensitive [13]. 

4.3.2. Results and Discussion 

 

The minimum inhibitory concentration (MIC) was determined by serially diluting the extracts 

using nutrient broth. Each test tube was inoculated with a bacterial suspension containing 1 x 106 

CFU/mL and incubated at 37ºC for 24 hours. The MIC was regarded as the lowest concentration of the 

extract which would not permit any visible growth when compared with extract free broths inoculated 

with each of the bacterial suspensions. They were incubated at 37ºC for 24 hours and were examined for 

growth. Each extract was tested twice with each bacterium. The activities of the synthesized compounds 

were studied by Microplate Alamar Blue Assay (MABA) using 96-wells microplates including a 40 μL 

positive control (containing 20 μL standard antibiotic) and growth control (containing 20 μL culture broth 

without testing materials). Then 100 μL of each concentration of the synthesized compounds were added 

to two neighbor wells except for the positive and growth control wells. After adding Alamar Blue (20 μL) 

to all of 96 wells, the total volume in each well reached 200 μL. The final concentrations of the tested 

compounds were 256, 128, 64, 32, 16, 8, 4, 2, 1 μM etc. 

After incubation, results were recorded as MIC. A series of eight novel poly-functionalised 

dihydropyridines quinoline (A1-A8) were evaluated for antibacterial activity against two Gram-negative 

bacteria, E. coli and P. aeruginosa and one Gram-positive bacterium, S. aureus. Standard antibiotics, 

ciprofloxacin and nalidixic acid were used as positive controls and DMSO used as negative control. 

DMSO had no effect on the bacteria at the concentrations used. The anti-microbial activity results, 

presented in Table 7, revealed that the synthesized poly-functionalized dihydropyridine quinoline 
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derivatives showed moderate to good activity towards the mentioned panel of bacteria strains compared 

to standard antibiotics. It is interesting to note that compounds with substituted anilines in the para 

position (A4, A7 & A8) showed very good activity against all strains. These compounds (A4, A7 & A8) 

were found more potent than both standards, ciprofloxacin (MIC = 50 µM) and nalidixic acid (MIC = 50 

µM) towards S. aureus and P. aeruginosa. Moreover, compound A8 (MIC = 16 µM) was found 

equipotent to nalidixic acid (MIC = 16 µM) towards E. coli. Compound A1 (MIC = 128 µM) exhibited 

comparable activity as the standard nalidixic acid (MIC = 128 µM) against P. aeruginosa. Compound A1 

and A6 showed no inhibitory effect against S. aureus and A6 indicated no inhibitory effect against E. coli 

as well. Compounds A5 showed moderate activity against S. aureus and E. coli, A2 and A3 showed poor 

activity towards all strains compared with the standard antibiotics.  

Table 7: Antibacterial activities of quinoline derivatives: Minimum Inhibitory Concentration (µM) 

 

Compound S. aureus  P. aeruginosa  E. coli  

A1 - 128 256 

A2 256 256 256 

A3 256 256 256 

A4 16 32 32 

A5 128 256 128 

A6 - 256 - 

A7 32 32 32 

A8 8 16 16 

Ciprofloxacin 50 25 25 

Nalidixic Acid 50 128 16 

DMSO - - - 

Standard anti-bacterial drugs: Ciprofloxacin and Nalidixic acid. 

(-): Has no bacterial effect.  

  

4.3.3. Conclusion 
Eight novel poly-functionalised dihydropyridine quinoline derivatives were evaluated for their 

anti-bacterial activity. The results showed that compounds A4, A7 and A8 have good activity compared 

to that of ciprofloxacin and nalidixic acid. Compounds A8 showed the best activity with MIC of 8 µM, 16 

µM and 16 µM for S. aureus, P. aeruginosa and E. coli, respectively. 
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Chapter Five: Summary 

 

Green chemistry calls attention to the development and improvement of environmentally kind 

chemical methods and technologies. Besides typical multi-step synthesis, an increasing number of organic 

chemical compounds are formed by MCR’s. The quinoline nucleus is one of the active constituents 

present in many standard drugs and is known to increase the pharmacological activity of the molecule. 

The presence of substituents like chlorine, fluorine and methyl groups in quinoline compounds contribute 

to the net biological activity. In this study, we have embarked on MCR’s based approach to achieve our 

synthetic targets in an ideal and speedy way.  Since the synthesis of organic compounds used to be dull 

and lengthy, we decided to use our current knowledge of simple synthesis and expand it to MCR’s. The 

exceptional structural design of quinoline has been used as a starting point for an elegant design of 

potential drugs and novel heterocycles. As mentioned earlier in the thesis, quinoline derivatives display a 

wide range of activities. Very few approaches have been directed at the synthesis of heterocycles 

containing both quinoline and pyridine nuclei within a single molecular framework. Thus, in the synthetic 

part of this study, we reported the synthesis of novel quinoline derivatives. The focus was on the poly-

functional dihydropyridine containing quinoline moiety with the intention of improving the biological 

activity of the final product i.e anti-cancer assay, anti-bacterial activity and molecular modeling. 

Furthermore, we wanted to increase our research synthetic activity in terms of green chemistry. Eight 

poly-functionalised dihydropyridine quinoline derivatives were successfully synthesized by a one pot, 

four-component reaction; cyclocondensation of 2-chloro-3-formyl quinoline, arylamines, malononitrile 

and dimethyl acetylenedicarboxylate in the presence of catalytic amount of triethylamine. The compounds 

were prepared in good yield in a minimum reaction time of ten hours at ambient temperature.  

The anti-cancer assay indicated that poly-functionalised dihydropyridine quinoline derivatives, 

A2, A3, A4 and A8 having OCH3, CH3 and Cl substituents in the benzene ring, respectively, has the 

potential to be anti-cancer drug. Among them, A2, A4 and A8 proved to be dose dependent with A4 

having the highest toxicity at 250 µM and A8 having the highest toxicity at 125, 250 and 500 µM.  

In addition, A1, A5, A6 and A7 were not cytotoxic; however, the cytotoxicity of A2, A3, A4 and 

A8 was enhanced by the presence of the substituent (OCH3, CH3 and Cl) in the benzene ring. The 

docking result in the form of XP Glide scores of the 8 poly-functionalised dihydropyridine quinoline 

derivatives (A1-A8) with E3 ubiquitin-protein ligase mdm2 was investigated. The stability of docking 

between ligand and the target protein depended on the binding interactions and thus the Glide score (-

6.111 Kcal/mol) of A1 describes how well the drug has interacted with the protein. The results revealed 
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that A1 has minimum binding and docking energy and may be considered a good inhibitor of mdm2 and 

it may be an important molecule for researchers to develop cancer drugs. Hence compound A2-A8 

showed an interesting correlation between docking scores and experimental binding data. The novel 

synthetic compounds were further evaluated for their anti-bacterial activities by serial dilution method. 

The organisms employed were E. coli, P. aeruginosa and P. aureus. Ciprofloxacin and nalidixic acid 

were employed as the standard drugs. Compounds (A4, A7 & A8), were found to be more potent 

compared to that of standard drugs, ciprofloxacin and nalidixic acid. 
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Appendix 1 

 

 

 

Figure 26: 1H NMR Spectrum of 2-chloro-3-formylquinoline 
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Appendix 2 

 

 

 

Figure 27: 13C NMR Spectrum of 2-chloro-3-formylquinoline 
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Appendix 3 

 

 

 

Figure 28: IR Spectrum of 2-chloro-3-formylquinoline 
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Appendix 4 

 

 

 

Figure 29: 1H NMR Spectrum of A1, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-phenyl-

1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 5 

 

 

 

Figure 30: 1H NMR Expanded spectrum of A1, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-

cyano-1-phenyl-1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 6 

 

 

Figure 31: COSY Spectrum of A1, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-phenyl-

1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 7 

 

 

 

Figure 32: HSQC Spectrum of A1, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-phenyl-

1,4-dihydropyridine-2,3-dicarboxylate 

 

 

 

 

 

 

 

 



93 
 

Appendix 8 

 

 

 

 

Figure 33: NOESY Spectrum of A1, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-phenyl-

1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 9 

 

 

 

 

Figure 34: HMBC Spectrum of A1, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-phenyl-

1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 10 

 

 

 

Figure 35: 13C NMR Spectrum of A1, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-

phenyl-1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 11 

 

 

 

Figure 36: The IR Spectrum of A1, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-phenyl-

1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 12 

 

 

 

 

Figure 37: The Mass Spectrum of A1, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-
phenyl-1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 13 

 

 

 

Figure 38: 1H NMR Spectrum of A2, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(2-

methoxyphenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 14 

 

 

 

Figure 39: 1H NMR Expanded spectrum of A2, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-

cyano-1-(2-methoxyphenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 15 

 

 

 

Figure 40: 13C NMR Spectrum of A2, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(2-

methoxyphenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 41: The IR Spectrum of A2, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(2-

methoxyphenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 42: The Mass Spectrum of A2, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(2-

methoxyphenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 43: 1H NMR Spectrum of A3, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-m-

tolyl-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 44: 1H NMR Expanded spectrum of A3, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-

cyano-1-m-tolyl-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 45: 13C NMR Spectrum of A3, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-m-

tolyl-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 46: The IR Spectrum of A3, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-m-tolyl-

1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 47: Mass spectrum of A3, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-m-tolyl-1,4-

dihydropyridine-2,3-dicarboxylate 
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Figure 48: 1H NMR Spectrum of A4, dimethyl 6-amino-1-(4-chlorophenyl)-4-(2-chloroquinolin-3-

yl)-5-cyano-1,4-dihydropyridine-2,3-dicarboxylate 

 

 

 

 



109 
 

 

Appendix 24 

 

 

 

Figure 49: 1H NMR Expanded spectrum of A4, dimethyl 6-amino-1-(4-chlorophenyl)-4-(2-

chloroquinolin-3-yl)-5-cyano-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 50: 13C NMR Spectrum of A4, dimethyl 6-amino-1-(4-chlorophenyl)-4-(2-chloroquinolin-3-

yl)-5-cyano-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 51: The IR Spectrum of A4, dimethyl 6-amino-1-(4-chlorophenyl)-4-(2-chloroquinolin-3-yl)-

5-cyano-1,4-dihydropyridine-2,3-dicarboxylate 

 

 

 

 

 

 



112 
 

Appendix 27 

 

 

 

Figure 52: The Mass Spectrum of A4, dimethyl 6-amino-1-(4-chlorophenyl)-4-(2-chloroquinolin-3-

yl)-5-cyano-1,4-dihydropyridine-2,3-dicarboxylate 
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Appendix 28 

 

 

 

Figure 53: 1H NMR Spectrum of A5, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(2-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 54: 13C NMR Spectrum of A5, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(2-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 55: The IR Spectrum of A5, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(2-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 56: 1H NMR Spectrum of A6, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 57: 1H NMR Expanded spectrum of A6, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-

cyano-1-(3-fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 58: 19F NMR Spectrum of A6, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 59: 13C NMR Spectrum of A6, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 60: The IR Spectrum of A6, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 61: The Mass Spectrum of A6, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 62: 1H NMR Spectrum of A7, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(4-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 63: 19F NMR Spectrum of A7, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(4-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 64: 13C NMR Spectrum of A7, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(4-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 65: The IR Spectrum of A7, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(4-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 66: The Mass Spectrum of A7, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(4-

fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 67: 1H NMR Spectrum of A8, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3,4-

dichlorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 68: 1H NMR Expanded spectrum of A8, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-

cyano-1-(3,4-dichlorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 69: 13C NMR Spectrum of A8, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3,4-

dichlorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 70: IR Spectrum of A8, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3,4-

dichlorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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Figure 71: The Mass Spectrum of A8, dimethyl 6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3,4-

dichlorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate 
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A new series of eight quinoline bearing dihydropyridine derivatives (A1–A8) were synthesized in high yield and
in short reaction time by a four component reaction of 2-chloro-3-fomyl quinoline,malononitrile, arylamines and
dimethyl acetylenedicarboxylate in the presence of a catalytic amount of triethylamine. The compounds were
fully characterized by IR, NMR and GC–MS. These compounds were screened for potential biological activity in
an A549 lung cancer cell line and were also evaluated for their antibacterial activities against Pseudomonas
aeruginosa ATCC 27853, Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 29213 whilst their
molecular docking properties in an enzymatic system were also determined. Compounds A2, A3, A4 and A8
showed anti-proliferative activity; with A4 having the highest toxicity at 250 μg/mL and A8 has high toxicity at
125, 250 and 500 μg/mL, respectively. Antibacterial results indicated that A4 have significant activity against
tested microorganisms at the minimum inhibitory concentration (MIC) values of 32 μg/mL against Pseudomonas
aeruginosa and Escherichia coli, and 16 μg/mL against Staphylococcus aureus. Docking of A1 with human mdm2
indicated the lowest binding energy (−6.111 Kcal/mol) thereby showing strong affinity of the ligand molecule
with the receptor which has been stabilized by strong hydrogen bond interactions in the binding pocket. This
confirms that A1 is a better inhibitor for E3 ubiquitin-protein ligase mdm2.

© 2016 Published by Elsevier B.V.
Keywords:
2-Chloro-3-formylquinoline
Dihydropyridines
Molecular docking
Anti-cancer
Human mdm2
1. Introduction

Quinolines and their derivatives represent an important class of ni-
trogen-containing heterocycles as they are useful dyes and intermedi-
ates in organic synthesis [1]. In recent years, much attention has been
focused on their synthesis as they possess useful biological activities
such as anti-malarial [2], anti-inflammatory [3], bactericidal [4], fungi-
cidal [5] and anti-cancer [6]. Because of their important role in the phar-
maceutical field [7], the profiles of quinolines and their pharmaceutical
properties are well documented [8,9].

On the other hand, many naturally occurring and synthetic com-
pounds bearing pyridine scaffold possess interesting biological proper-
ties and they are well known for their versatile biological activities
like antimicrobial [10], antitubercular [11,12], anticancer [13] and anti-
tumor activity [14]. The polysubstituted pyridine represent molecular
framework that serves as a platform for development of pharmaceutical
agents. Thus, the synthetic of highly functionalized pyridine derivatives
has become an active area of research [15–18]. Encouraged by quino-
lines and pyridines potent clinical applications and in continuation of
our previous investigations on biopotent heterocycles [19], in this
study, our efforts focused on the design and synthesis ofmore biological
potent heterocyclic systems via combination of both therapeutically ac-
tive moieties of quinoline and pyridine in a single scaffold.

Tandem multi-component reactions, in which multiple reactions are
simulated in one synthetic operation, have been used comprehensively
to form carbon-carbon bonds [20]. Such reactions offer a wide range of
possibilities for the efficient formation of highly complex molecules in a
single operation. Multi-component reactions (MCRs) are reactions using
more than two starting materials that form a product which contains
the key parts of all of the starting materials [21] in a few in-situ reaction
steps. Compared with conventional organic reactions, MCRs are more
profitable and requiresminimumenergy to complete the reaction. Sever-
al MCRs are known which include the Ugi 4 component condensation of
amine, ketone, carboxylic acid and isocyanide [22]. The Strecker reaction,
documented in 1850, was the first MCR described [23]. Recently, there
has been a tremendous development in three and four-component reac-
tions and huge attempts have beenmade are continuously beingmade to

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jphotobiol.2016.10.009&domain=pdf
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discover and amplify newMCRs. Therefore, the development of new syn-
thetic approaches using MCRs remains an active research area of study
[24]. The literature reveals that quinoline bearing dihydropyridine deriv-
atives in Fig. 1 have receivedmuch interest in thefield of chemistry owing
to their association with a variety of biological activities [25,26].

Cancer, aworldwide epidemic and one of the leading causes of death
in developed countries, is responsible for 20–25% of all deaths [27,28].
Lung cancer in humans is common and often fatal [29]. Quinolines
play a significant role in the development of new anti-cancer agents;
their derivatives have shown excellent results through different mech-
anism of action such as growth inhibitors by cell cycle arrest, apoptosis,
inhibition of angiogenesis, disruption of cell migration, and modulation
of nuclear receptor responsiveness [30].

A number of developments have advanced drug discovery [31,32].
Increasingly, as the structures of more potential compounds are becom-
ing available, molecular docking is progressively being studied for phar-
macologically or biologically active chemical compounds [33]. Docking
is a method which predicts the preferred orientation of one molecule
to a moment when they bound to each other to form a stable complex.
Docking it is a key tool in structural molecular biology and computer-
assisted drug design. The goal of ligand-protein docking is to predict
the predominant binding mode of a ligand with a protein of known
three-dimensional structure [34].

Pathogenic bacteria are becoming resistance to anti-microbial
treatment because of acquired resistance genes in the DNA of the
micro-organism. Therefore, the antibiotic resistance problem demands
continuous discovery and development of new antibacterial agents
that could be used for the effective treatment of infectious diseases
[35]. Realizing the medicinal importance of quinoline and pyridine
based compounds; we undertook an investigation to synthesize novel
quinoline bearing dihydropyridine derivatives and study their applica-
tion in biological systems. The scope of this study was to synthesize
novel quinoline bearing dihydropyridine type molecules from simple
and cost effective starting materials, hence, purify the compounds by
chromatographic techniques and characterize them by spectroscopy.
Furthermore, the study seeks to also, assess and compare their potential
as anti-cancer drugs in A549 lung cancer cell lines, evaluate theirmolec-
ular modeling properties and anti-microbial activities.

2. Materials and Methods

2.1. Chemistry

All reagents and solvents such as aniline, m-toluidine, o-anisidine,
fluoroaniline, chloroaniline, petroleum ether, ethanol, ethyl acetate and
triethylamine were purchased from Lasec SA, Aldrich, Fluka and Merck.
These reagents and solventswere usedwithout further purification.Melt-
ing points were recorded on Stuart Digital melting point apparatus. The
1H and 13C NMR, 19F NMR, COSY, NOESY, HSQC and HMBC spectra were
Fig. 1. Dihydropyridine-base
recorded either on Bruker (600 MHz) or Bruker (400 MHz) spectropho-
tometers in CDCl3 or DMSO using tetramethylsilane (TMS) as an internal
reference. The chemical shifts were quoted in parts per million (ppm).
The IR spectra were recorded on Perkin Elmer 537 spectrophotometer
and Shimadzu-8201 FT instrument, using ATR. Lung cancer cells (A549)
were purchased from Highveld Biologicals (Johannesburg, SA). Cell cul-
ture reagents were purchased fromWhitehead Scientific (Johannesburg,
SA). Fresh Nutrient Agar, Oxoid LTD was purchased from Hampsphire,
England and Fresh Mueller Hinton Broth from Sigma-Aldrich, (SA) all
other reagents and consumableswere purchased fromMerck (SA), unless
otherwise stated.

2.2. Synthesis of a Starting Compound 2-Chloro-3-formyl Quinoline

Dry DMF (3mmol)was cooled to 0 °C in a flask equippedwith a dry-
ing tube and then POCl3 (12 mmol) was added drop-wise with stirring.
To this solution, acetanilide (1 mmol) was added in small portions and
after 25–30 min the reaction mixture was heated for 24 h on a boiling
water bath. The reaction mixture was poured into ice water and stirred
for 30 min. The work-up was performed with aqueous NaOH to form a
precipitate, to hydrolyse the imine salt and remove any acid formed. The
solidwasfiltered, dried and purified from ethyl acetate to give 2-chloro-
3-formyl quinoline in high yield (90%).

2.3. General Procedure for Synthesis of Quinoline Bearing Dihydropyridine
Derivatives (A1–A8)

In a round bottom flask, a mixture of 2-chloro-3-formyl quinoline
(2.0 mmol, 0.3831 g), malononitrile (2.0 mmol, 0.1324 g) and
triethylamine (1.0 mL) in 20 mL ethanol was stirred at room for
30 min. Then a solution of arylamines (2.0 mmol) and dimethyl
acetylenedicarboxylate (2.0 mmol, 0.284 g) in 25.0 mL ethanol was
added to it. The solution was stirred at room temperature for 10 h.
The resultant precipitate was collected by filtration and washed with
cold ethanol to give the pure product and purified by column chroma-
tography (50:50 petroleum ether:ethyl acetate) (Scheme 1).
d bioactive compounds.
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Scheme 1. Synthesis of quinoline bearing dihydropyridines.
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Dimethyl-6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-phenyl-
1,4-dihydropyridine-2,3-dicarboxylate (A1): Light yellow solid, 87%,
m.p. 275–276 °C, 1H NMR (600 MHz, CDCl3) δ: 8.14 (s, 1H, ArH), 8.02
(d, J = 8.4 Hz, 1H, ArH), 7.84 (d, J = 8.1 Hz, 1H, ArH), 7.71 (t, J =
7.3 Hz, 2H, ArH), 7.55 (t, J = 7.6 Hz, 1H, ArH), 7.52–7.51 (m, 2H, ArH),
7.39–7.38 (m, 2H, ArH), 5.36 (s, 1H, CH), 4.13 (s, 2H, NH2), 3.51 (s, 3H,
OCH3), 3.44 (s, 3H, OCH3); 13C NMR (600 MHz, CDCl3) δ: 165.28,
163.20, 150.22, 149.88, 146.93, 142.99, 138.59, 136.14, 134.89, 130.81,
130.47, 130.37, 130.09, 128.34, 127.62, 127.55, 127.11, 119.74, 103.55,
61.22, 52.66, 52.12, 36.94; (IR) υ/cm−1: 3486, 3356, 2171, 1748, 1713,
1647, 1524, 1488, 1448, 1324, 1296, 1247, 1105, 1024, 992, 841, 835,
778, 762, 669, 667, 550. MS (m/z): 475. Anal. calculated for
C25H19ClN4O4: C 63.23; H 4.03; Cl 7.47; N 11.80; O 13.48: Found, C
63.87; H 4.05; Cl 7.50; N 11.88; O 13.81.
Dimethyl-6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(2-
methoxyphenyl)-1,4-dihydropyridine-2,3-dicarboxylate (A2):
Yellow solid, 40%, m.p. 263–264 °C, 1H NMR (600 MHz, CDCl3) δ:
8.39 (s, 1H, ArH), 8.01 (d, J = 8.4 Hz, 1H, ArH), 7.84 (d, J = 8.1 Hz,
1H, ArH), 7.80 (d, J = 8.1 Hz, 1H, ArH) 7.69 (t, J = 7.6 Hz, 1H,
ArH), 7.53 (d, J = 7.1 Hz, 1H, ArH), 7.49 (d, J = 7.8 Hz, 1H, ArH),
7.30 (d, J = 7.3 Hz, 1H, ArH), 7.06–7.02 (m, 1H, ArH), 5.36 (s, 1H,
CH), 4.17 (s, 2H, NH2), 3.50 (s, 3H, OCH3), 3.49 (s, 3H, OCH3), 3.46
(s, 3H, OCH3); 13C NMR (600 MHz, CDCl3) δ: 165.39, 163.33,
157.37, 150.89, 149.91, 146.91, 138.66, 132.57, 130.38, 128.53,
128.31, 127.56, 127.31, 127.03, 121.14, 121.04, 119.99, 112.7,
112.63, 61.80, 52.66, 52.54, 52,10, 36.36; (IR) υ/cm−1: 3437,
3315, 3217, 2185, 1716, 1746, 1665, 1577, 1496, 1421, 1354,
1329, 1222, 1117, 933, 932, 859, 817, 782, 755, 624; MS (m/z):
504. Anal. calculated for C26H21ClN4O5: C 61.85; H 4.19; Cl 7.02; N
11.10; O 15.84: Found, C 61.87; H 4.25; Cl 7.10; N 11.08; O 15.81.

Dimethyl-6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-m-tolyl-
1,4-dihydropyridine-2,3-dicarboxylate (A3): Yellow solid, 73%, m.p.
237–238 °C, 1H NMR (600 MHz, CDCl3) δ: 8.12 (s, 1H, ArH), 8.00 (d,
J = 9.7 Hz, 1H, ArH), 7.84 (d, J = 8.1 Hz, 1H, ArH), 7.69 (t, J =
10.1 Hz, 1H, ArH), 7.53 (t, J = 11.2 Hz, 1H, ArH), 7.36 (t, J = 9.9 Hz,
1H, ArH), 7.29 (d, J = 7.6 Hz, 1H, ArH), 7.23 (s, 1H, ArH), 7.16 (d, J =
6.4 Hz, 1H, ArH), 5.33 (s, 1H, CH), 4.23 (s, 2H, NH2), 3.50 (s, 3H,
OCH3), 3.44 (s, 3H, OCH3), 2.39 (s, 3H, CH3). 13C NMR (600 MHz,
CDCl3) δ: 165.31, 163.20, 150.41, 149.87, 146.89, 143.06, 140.45,
138.53, 136.47, 134.74, 131.51, 130.70, 130.42, 129.79, 128.30, 127.67,
127.55, 127.15, 127.08, 119.91, 60.83, 52.61, 52.07, 36.73, 21.23; (IR)
υ/cm−1: 3386, 3318, 2180, 1702, 1647, 1565, 1488, 1420, 1358, 1328,
1253, 1224, 1136, 1114, 1056, 1019, 968, 928, 786, 763, 708, 686; MS
(m/z) 487. Anal. calculated for C26H21ClN4O4: C 63.87; H 4.33; Cl 7.25;
N 11.46; O 13.09: Found, C 63.20; H 4.31; Cl 7.11; N 11.36; O 13.23.

Dimethyl-6-amino-1-(4-chlorophenyl)-4-(2-chloroquinolin-3-yl)-
5-cyano-1,4-dihydropyridine-2,3-dicarboxylate (A4): Light yellow
solid, 79%, m.p. 287–289 °C, 1H NMR (600 MHz, DMSO) δ: 8.38 (s, 1H,
ArH), 8.17 (d, J = 8.1 Hz, 1H, ArH), 7.98 (d, J = 8.5 Hz, 1H, ArH), 7.84
(t, J = 6.9 Hz, 1H, ArH), 7.70 (t, J = 7.9 Hz, 1H, ArH), 7.60 (d, J =

Unlabelled image
Unlabelled image
Unlabelled image
Image of Scheme 1


Table 1
Synthesis of quinoline bearing dihydropyridines derivatives.

Entry Compound Ar % Yield m.p. (°C)

1 A1 C6H4 87 275–276
2 A2 o-OCH3C6H4 40 263–264
3 A3 m-CH3-C6H4 73 237–238
4 A4 p-ClC6H4 79 287–288
5 A5 o-FC6H4 64 247–248
6 A6 m-FC6H4 31 269–271
7 A7 p-FC6H4 60 253–254
8 A8 m,p-ClC6H4 72 280–282
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8.8Hz, 2H, ArH), 7.49 (d, J=11.2Hz, 2H, ArH), 5.86 (s, 2H, NH2), 5.24 (s,
1H, CH), 3.45(s, 3H, OCH3), 3.43(s, 3H, OCH3).·13C NMR (600 MHz,
DMSO) δ: 165.21, 163.13, 151.42, 149.57, 146.54, 143.31, 139.11,
137.73, 135.37, 134.41, 132.98, 131.37, 130.17, 128.52, 128.01,
127.92, 127.89, 127.87, 120.77, 103.14, 58.54, 52.43, 52.01, 39.60; (IR)
υ/cm−1: 3428, 3218, 2174, 1745, 1703, 1650, 1623, 1593, 1571, 1489,
1354, 1257, 1219, 1107, 1090, 1018, 850, 825, 780, 741, 723; MS (m/z)
510. Anal. calculated for C25H18Cl2N4O4: C 58.95; H 3.56; Cl 13.92; N
11.00; O 12.56: Found, C 63.19; H 3.55; Cl 7.15; N 11.39; O 13.22.

Dimethyl-6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(2-
fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate (A5): White
solid, 64%, m.p. 247–248 °C, 1H NMR (600 MHz, DMSO) δ: 8.33 (s, 1H,
ArH), 7.84 (d, J = 7.3 Hz, 2H, ArH), 7.67 (d, J = 7.1 Hz, 2H, ArH), 7.59
(m, 2H, ArH), 7.37–7.33 (m, 2H, ArH), 5.99 (s, 2H, NH2), 5.22 (s, 1H,
CH), 3.46 (s, 6H, OCH3). 13C NMR (600 MHz, DMSO) δ: 165.59, 165.02,
164.10, 163.04, 160.57, 158.91, 151.33, 146.57, 143.21, 133.50, 133.44,
131.46, 129.07, 128.89, 128.66, 128.40, 128.07, 120.59, 79.62, 53.61,
53.15, 49.07, 40.53, 39.57, 29.44; (IR) υ/cm−1: 3376, 3282, 2178,
1747, 1712, 1654, 1571, 1488, 1422, 1360, 1329, 1258, 1231, 1171,
1032, 967, 922, 872, 851, 761, 648, 644.

Dimethyl-6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3-
fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate (A6): White
solid, 31%, m.p. 269–271 °C, 1H NMR (600 MHz, DMSO) δ: 8.40 (s,
1H, ArH), 8.19 (d, J = 8.4 Hz, 1H, ArH), 7.99 (d, J = 8.5 Hz, 1H,
ArH), 7.84 (t, J = 7.0 Hz, 1H, ArH), 7.70 (t, J = 6.9 Hz, 1H, ArH),
7.61–7.56 (m, 1H, ArH), 7.42 (m, 1H, ArH), 7.31 (d, J = 7.2 Hz, 1H,
ArH), 5.86 (s, 2H, NH2), 5.25 (s, 1H, CH), 3.45 (m, 3H, OCH3), 3.40
(m, 3H, OCH3), 13C NMR (600 MHz, DMSO) δ: 165.75, 163.09,
161.65, 151.60, 149.57, 145.55, 143.15, 139.12, 137.87, 136.84,
131.61, 131.56, 131.36, 128.55, 128.00, 127.74, 120.74, 121.91,
118.74, 117.86, 58.75, 52.96, 52.09, 37.10; (IR) υ/cm−1: 3449,
3303, 2177, 1746, 1715, 1652, 1596, 1570, 1487, 1421, 1329,
1305, 1251, 1194, 1136, 1106, 1033, 966, 924, 819, 763, 706, 899.
19F NMR (600 MHz, DMSO) δ: 111.23; MS (m/z) 494. Anal. calculat-
ed for C25H18ClFN4O4: C 60.92; H 3.68; Cl 7.19; F 3.85; N 11.37; O
12.98: Found, C 60.90; H 3.68; Cl 7.11; F 3.84; N 11.36; O 12.99.

Dimethyl-6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(4-
fluorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate (A7): White
solid, 60%, m.p. 253–254 °C, 1H NMR (600 MHz, DMSO) δ: 8.38 (s,
1H, ArH), 8,17 (d, J = 8.0 Hz, 1H, ArH), 7.96 (d, J = 7.6 Hz, 1H,
ArH), 7.82 (t, J = 7.3 Hz, 1H, ArH), 7.66 (t, J = 7.2 Hz, 1H, ArH),
7.54–7.52 (m, 2H, ArH), 7.38–7.34 (m, 2H, ArH), 5.83 (s, 2H,
NH2), 5.23 (s, 1H, CH), 3.43 (s, 3H, OCH3) 3.38 (s, 3H, OCH3); 13C
NMR (600 MHz, DMSO) δ: 150.99, 149.9, 149.14, 145.99, 143.03,
142.97, 138.60, 137.44, 137.34, 133.38, 133.37, 133.34, 133.33,
133.26, 113.1.1, 130.06, 128.00, 127.95, 127.38, 120.37, 116.32,
61.65, 57.83, 57.32, 36.77; (IR) υ/cm−1: 3309, 3269, 2171, 1745,
1702, 1622, 1506, 1569, 1329, 1298, 1247, 1213, 1153, 1106,
1027, 1002, 938, 918, 840, 778, 768, 766, 741, 728, 615. 19F NMR
(600 MHz, DMSO) δ: 110.91; MS (m/z) 494. Anal Calculated for
C25H18ClFN4O4: C 60.92; H 3.68; Cl 7.19; F 3.85; N 11.37; O 12.98:
Found, C 60.90; H 3.68; Cl 7.11; F 3.84; N 11.38; O 12.97.

Dimethyl-6-amino-4-(2-chloroquinolin-3-yl)-5-cyano-1-(3,4-
dichlorophenyl)-1,4-dihydropyridine-2,3-dicarboxylate (A8):
Light yellow solid, 72%, m.p. 280–282 °C, 1H NMR (600 MHz,
DMSO) δ: 8.45 (s, 1H, ArH), 8.20 (d, J = 8.1 Hz, 1H, ArH), 7.99 (d,
J = 8.4 Hz, 1H, ArH), 7.85 (d, J = 7.7 Hz, 1H, ArH), 7.84 (t, J =
7.7 Hz, 1H, ArH), 7.70 (t, J = 7.6 Hz, 1H, ArH), 7.48 (d, J = 2.2 Hz,
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1H, ArH), 7.47 (d, J=2.3 Hz, 1H, ArH), 6.02 (s, 2H, NH2), 5.25 (s, 1H,
CH), 3.43 (s, 3H, OCH3), 3.39 (s, 3H, OCH3); 13C NMR (600 MHz,
DMSO) δ: 165.20, 163.10, 151.14, 149.58, 146.54, 142.88, 139.38,
137.78, 135.36, 133.79, 133.53, 132.33, 131.79, 131.55, 131.34,
Fig. 3. The cytotoxic effects of A1 in
130.17, 128.54, 127.96, 127.84, 120.73, 79.65, 53.09, 53.00, 39.60;
(IR) υ/cm−1: 3439, 3302, 2179, 1742, 1702, 1647, 1573, 1506,
1423, 1366, 1324, 1254, 1214, 1108, 1032, 932, 758; MS (m/z)
544. Anal Calculated for C25H17Cl3N4O4: C 55.22; H 3.15; Cl 19.56;
N 10.30; O 11.77: Found, C 65.19; H 3.16; Cl 19.15; N 10.39; O 11.22.

2.4. Anticancer Study

2.4.1. Maintenance of A549 Cells in Culture
The best environment for growing cells in vitro should bematched as

close as possible to the natural physiological conditions. The essential
requirements are an environment of optimum temperature, pH, gas
phases, growth substrate and media containing necessary nutrients.
The optimal temperature is provided by the use of a humidified incuba-
tor supplied with 5% CO2. The gas phases supplied to the culture in-
cludes oxygen which is maintained at atmospheric pressure, and CO2

to ensure that the bicarbonate and CO2 tension is in equilibrium. A549
cells were cultured (37 °C, 5% CO2) to 90% confluency in 25 mL flasks
in complete culture media (CCM) [Eagle's minimum essential medium,
10% foetal calf serum, 1% L-Glutamine and 1% penstrepfungizone]. The
culture medium is by far the most important single factor in culturing
cells. The extracellular medium must meet the essential requirements
(nutritional, hormonal and stromal factors) for survival and growth.

2.4.2. Trypsinisation
In order to sub-culture and plate cells for the various experimental

assays, the process of trypsinisation was used to detach cells once 90%
confluency was reached. The process of trypsinisation involved the crit-
ical step of rinsing the cells with 3 mL aliquots of warm 0.1 M PBS and
incubating the cells with 1 mL of trypsin-EDTA (Lonza) for 1 min. The
cells were monitored using an inverted light microscope (Olympus
IXSI; 20× magnification) and once rounded, the trypsin was discarded
and CCM was added to the flask of cells. The flask was agitated to de-
tached cells and the cell suspensionwas then enumerated by dye exclu-
sion using a haemocytometer. Trypan blue (0.4%) was utilized in a dye
exclusion procedure for cell counting. The principle of dye exclusion
using trypan blue is based on compromised cell membranes in dead/
damaged cells which readily allow entry of the dye into the cells and
are stained blue whereas viable cells remain unstained.
the A549 lung cancer cell line.

Image of Fig. 2
Image of Fig. 3


Fig. 4. The cytotoxic effects of A2 in the A549 lung cancer cell line.

271S.M. Nkosi et al. / Journal of Photochemistry & Photobiology, B: Biology 165 (2016) 266–276
2.4.3. Cell Antiproliferation Assay
The effect of newly synthesized compounds in A549 cells was mea-

sured using a methyl tetrazolium dye reduction assay, the [3,(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] (MTT) assay.
This assay measures cell antiproliferative assay in vitro. This technique
is particularly useful for cells that are metabolically active based on
their redox potential and capacity of dehydrogenase enzymes to con-
vert yellow water-soluble salt into a purple water-insoluble formazan
product. The insoluble crystals are then dissolved in dimethyl sulfoxide
(DMSO) and the absorbance is read on a spectrophotometer. The
amount of formazan produced is directly proportional to cell number
thus allowing for the determination of cell viability and proliferation
[36].

A549 cells (15,000/well) were incubated for 24 h with a range of
concentrations of each compound in triplicate in a micro-titre plate to-
gether with an untreated control (cells incubated with CCM only). Each
experiment was conducted twice on separate occasions. The data re-
sults from the first set matched the repeated experiment. The cells
Fig. 5. The cytotoxic effects of A3 in
were then incubated (37 °C, 5% CO2) with the MTT substrate
(5 mg/mL in PBS) for 4 h. Thereafter all supernatants were aspirated,
andDMSO (100 μL/well) was added to thewells. Finally the optical den-
sity was measured at 570 nm and a reference wavelength of 690 nm
with an ELISA plate reader (Bio-Tek μQuant).

2.5. Antibacterial Study

2.5.1. Preparation of Media and Nutrient Broth
Fresh nutrient agar and fresh Mueller Hinton Broth were prepared

according to the manufacturer's instructions. The cultures of Staphylo-
coccus aureus, Escherichia coli and Pseudomonas aeruginosa were main-
tained on nutrient agar slopes at 4 °C and sub cultured on to blood
agar plates for 24 h before use.

2.5.2. Microplate Alamar Blue Assay (MABA)
An amount of 0.2 g of Resazurin powder was dissolved in 10 mL

autoclaved distilled water. The dye solution was vortexed vigorously;
the A549 lung cancer cell line.

Image of Fig. 4
Image of Fig. 5


Fig. 6. The cytotoxic effects of A4 in the A549 lung cancer cell line.
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the solution was immediately covered with aluminium foil to keep
away from light as it is light sensitive.

The in vitro antibacterial activities of the synthesized compounds
were studied by MABA using 96-wells microplates. Bacterial cultures
were diluted in broth to turbidity comparable to that of a 0.5 McFarland
turbidity standard and 20 μL of each bacterial dilutionwas distributed in
all 96 wells of microplate including positive control (containing stan-
dard antibiotic) and growth control (containing culture broth without
testing materials). Then 20 μL of each concentration of the synthesized
compounds were added to two neighbour wells except for positive
and growth control wells.

After adding Alamar Blue (20 μL) to all of 96 wells, the total volume
in each well reached 200 μL. The final concentrations of the tested
compounds were 256, 128, 64, 32, 16, 8, 4, 2, 1 μg/mL etc. After
incubation, results were recorded as MIC (minimum concentration of
each synthesized compound which completely inhibited growth of
Fig. 7. The cytotoxic effects of A5 in
microorganism). The stock solutions of the synthesized compounds
were prepared by dissolving in the minimum volume of DMSO.
2.5.3. Molecular Docking
The crystal structure of human mdm2 (PDB ID: 3VZV), were re-

trieved from the Protein Data Bank After selected the protein structure,
protein preparation wizard of Schrodinger suite was used to prepare
protein structure. All the water molecules were removed from the pro-
tein structure. Metal was treated and hydrogen atoms were added. All
atom force field (OPLS-2005) charges and atom types were assigned.
Protein structure energy was minimized. The chemical compounds
structures were not available in pubchem database. Therefore, we
used chem sketch to draw the compound structure. All the ligands
were prepared for molecular docking studies using ligprep version 2.3
[37]. The ligand structure energywasminimized; partial atomic charges
the A549 lung cancer cell line.

Image of Fig. 6
Image of Fig. 7


Fig. 8. The cytotoxic effects of A6 in the A549 lung cancer cell line.
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were computed using the OPLS-2005 force field by using Schrödinger
suite.

The prepared protein structure was followed up by the grid-fashion
kinetic dockingwhich commonly holds several physical parameters and
finds greater significance in prescribing the ligand interaction with
the receptor. Grid files generation for protein was accomplished
with “Receptor Grid Generation” panel of Glide. The grid box was
generated by assigning a common constituency point. From there
an actually cubic grid box was extended to touch the bounty of
20 Å in size. In other words, the allocated size for grid generation of
protein-ligand dockingwas 20 Å since our approachwas site-specific
not generalized. Having observed that co-crystal ligand binding pat-
tern with protein is already well documented in recent studies, we
attempted to crop the grid box to focus on the centroid of human
Fig. 9. The cytotoxic effects of A7 in
mdm2 refined structure and box coordinate X, Y, Z were set at
(X= 18.341215 Å, Y=−3.662453 Å, Z= 0.929674 Å). The foremost
process in the hit identification pipeline, docking is performed using
Glide of Schrodinger [38].

3. Results and Discussion

The focus of this researchwas to synthesize novel compounds, espe-
cially compounds that contain functional groups with potential biolog-
ical activities. Since heterocycles containing quinoline are reported to
improve the biological activity of organic compounds, our aim was to
synthesize novel quinolone bearing dihydropyridine derivatives
(Table 1). Also, we decided to use MCR, therefore, our first objective
was to synthesize a formyl quinoline derivative using Vilsmeier-Haack
the A549 lung cancer cell line.

Image of Fig. 8
Image of Fig. 9


Fig. 10. The cytotoxic effects of A8 in the A549 lung cancer cell line.
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reaction [39] which could be used as one of the substrates for the one
pot MCR.

The identity of all the compounds (A1–A8) were confirmed by ana-
lyzing the spectral data obtained from IR, 1H NMR, 13C NMR and GCMS.
All the spectra were well resolved. We selected A1 as the template and
characterized the structure fully with the aid of 2D NMR techniques es-
pecially HSQC, HMBC, COSY and NOESY which led to the unambiguous
assigning of all protons and carbons. We used the characterization of
A1 as a template to elucidate the other 7 derivatives. The IR spectra of
Table 2
Antibacterial activities of (A1–A8): minimum inhibitory concentration.

Compound Staphylococcus aureus
(μM)

Pseudomonas aeruginosa
(μM)

Escherichia coli
(μM)

A1 – 128 256
A2 256 256 256
A3 256 256 256
A4 16 32 32
A5 128 256 128
A6 – 256 –
A7 32 32 32
A8 8 16 32
Nalidixic
acid

50 128 16

Ciprofloxacin 50 25 25
DMSO – – –

Table 3
Glide extra-precision (XP) for (A1–A8) with human mdm2 by use of Schrodinger.

Title Glide score Glide energy No. of H bonds Interacting resid

A1 −6.111 −62.406 1 Tyr 104
A2 −2.616 −27.659 – –
A3 −4.391 −35.217 1 Thr 26
A4 −3.963 −16.574 1 Thr 26
A5 −4.995 −44.146 1 Thr 26
A6 −4.667 −42.032 1 Thr 26
A7 −1.089 −19.121 4 Arg 29

Glu 25
GLY 25

A8 −3.497 −49.899 1 Thr 26
A1 showed the C_O stretching at 1713 cm−1 and 1748 cm−1, the
C\\N stretching at 2171 cm−1, the C\\Cl stretching at 669–778 cm−1

whilst the NH stretching at 3486 cm−1 and 3356 cm−1 was not well
resolved.

The 1H NMR spectrum of A1 showed singlets at δ 3.44 and δ 3.51 for
two acetoxy groups (H-9′, H-10′). The singlets at δ 4.13 and δ 5.35 were
assigned to the amino (NH2) and aliphatic proton (H-4′) on the
dihydropyridine ring, respectively. The peaks at δ 8.14–7.38were attrib-
uted to aromatic protons. The chemical shifts, spin multiplicities and
coupling constants (in Hertz) were assigned as: δ 8.14 (H-4, s); δ 7.84
(d, H-6, 3.2); δ 7.71 (t, H-7, 7.6); δ 7.64 (t, H-8, 7.4); δ 8.02 (d, H-9,
8.4); δ 7.39–7.36 (m, H-2″, H-4″, H-6″); δ 7.54–7.51 (m, H-3″–H-5).
The COSY spectrum, presented in Fig. S4, shows H-9 has a strong
coupling with H-8 but a weaker coupling with H-7. The corresponding
carbon resonances of H-7, H-8 and H-9 appeared at δ 130.17, 130.87
and 130.47, respectively and the absence of correlation between the
carbons to the amino protons confirm the assignment of the NH2, ac-
cording to the HSQC spectrum, presented in Fig. S6. The NOESY spec-
trum, presented in Fig. S7, shows the coupling of H-9 to H-8; H-6 is
coupled to H-7 and H-8 whilst H-7 is coupled to H-6 and H-8. Further-
more, the COSY spectrum shows a strong coupling between H-6 and
H-7 and between H-7 and H-8 whilst a weak coupling is observed be-
tween H-7 and H-9. Also H-4 lacked any coupling signals. Both H-4
and H-6 shows the HMBC correlations to C-2, C-4′ and C-5, presented
in Fig. S5, at δ 150.99, 120.33 and 134.90, respectively. The 4J correla-
tions at H-4′ to C-5 and H-4′ to C-8, 5J correlation at H-6 to C-4′ were
ues Distance (Å) Hydrogen bond donor Hydrogen bond acceptor

2.15 Ligand: (H) A: TYR 104: (O)
– – –
2.04 A: THR 26: (H) Ligand: (O)
1.97 A: THR 26: (H) Ligand: (O)
2.05 A: THR 26: (H)HG1 Ligand: (O)
2.04 A: THR 26: (H)HG1 Ligand: (O)
1.93 A: ARG29: (H)HH21 Ligand: (N)
2.25
2.25 B: LYS 51: (H)HZ1 Ligand: (N)
2.46 A: GLY 25: (O)OE1 Ligand: (H)

A: GLY 25: (H)H1 Ligand: (O)
2.15 A: THR 26: (H)HG1 Ligand: (O)

Image of Fig. 10


Fig. 11. a, b & c Molecular docking result of A1 with human mdm2.
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also observed. The H-6″ proton resonance shows a COSY correlation to
H-5″ and was confirmed by HSQC correlations between C-6″ and C-5″
occurring at δ 128.00 and 127.49, respectively. Fig. 2 shows the HMBC
correlation for A1.

The 13C NMR spectrum of A1 is presented in Fig. S8. The peaks at
δ 51.90 and δ 52.34 were assigned to the two acetoxy carbons (C-9′,
C-10′); the peak at δ 58.06 was assigned to carbon of CN (C-3′) and
the peak at δ 39.03 was assigned to the C\\H (C-4′) on the
dihydropyridine ring. The peaks at δ 162.64 are assigned to
the two C_O (C-7′, C-8′); the peak at δ 164.73 was assigned to the
C-NH2 (C-2′) whilst the peaks at δ 150.99–120.33 were attributed
to aromatic carbons. The 13C NMR spectra of all compounds were
appropriate to their formulas. Mass spectra of the compounds
showed m/z in accordance with their formulas. The mass spectrum
of A1 is presented in Fig. S9, it shows them/z value for the molecular
ion corresponding to the proposed molecular formula at 475.

The cancer study was used to investigate the cytotoxicity of synthe-
sized quinoline derivatives (A1–A8) in the A549 lung cancer cell line.
These compounds differed in substituents like OCH3, CH3, F and Cl at-
tached to the benzene ring. Herein we decided to investigate the effect
of these compounds based on the different functional groups to study
their anticancer potential. At this stage of our investigation,wewere un-
able to source out a suitable standard containing the dihydropyridine
nucleus and hence we selected A1 as a reference point. Our hypothesis
was that the presence of functional groups present in the phenyl part
will influence cytotoxicity. The parent compound A1 (with no substitu-
ent in the benzene ring) is not cytotoxic but rather increases metabolic
activity as all concentrations tested show greater activity than control.
The compound A2 (with an electron donating group, OCH3 substituent
in the benzene ring), shows a dose dependent toxicity due to its substit-
uent as the results gives evidence that the compoundhas potential as an
anti-cancer drug. The compound A3 (with an electron donating group,
CH3 substituent in the benzene ring) shows high toxicity due to its
CH3 substituent but only at higher concentrations; has potential as an
anti-cancer drug. The compound A4 (with the chloro group, which
withdraws electrons by induction, but donates electrons by resonance
in the benzene ring) showed a dose dependent toxicity with the highest
toxicity at 250 μM. The compound had potential as an anti-cancer drug.
A5, A6 and A7 (with the fluoro group in the benzene ring) were not cy-
totoxic. A8 (with the two chloro groups, which withdrew electrons by
induction, but donated electrons by resonance in the benzene ring)
showed a dose dependent toxicity with the highest toxicity at 125,
250 and 500 μM. The compound had potential as an anti-cancer drug
(Figs. 3–10).

All compounds (A1–A8) were evaluated for antibacterial activity
against two Gram-negative bacteria, E. coli and P. aeruginosa and one
Gram-positive bacterium, S. aureus. Standard antibiotics, ciprofloxacin
and nalidixic acidwere used as positive controls andDMSOused as neg-
ative control. DMSO had no effect on the bacteria in the concentrations.
The antimicrobial activity results, Table 2 revealed that the synthesized
compounds showed moderate to good activity towards the mentioned
panel of bacteria strains. It is interesting to note that compound with
substituted anilines in the para position (A4, A7 and A8) showed very
good activity against all strains. These compoundswere foundmore po-
tent than both standards, ciprofloxacin (MIC = 50 μM) and nalidixic
acid (MIC = 50 μM) towards S. aureus and P. aeruginosa. Compound
A1 (MIC = 128 μM) exhibited comparable activity as the standard
nalidixic acid (MIC = 128 μM) against P. aeruginosa but showed no in-
hibitory effect against S. aureus E. coli. Compounds A2 and A3 showed
poor activity towards all strains comparedwith the standard antibiotics.

The binding mode of A1within the active site of the human mdm2
was analyzed and the suitable shape of the compound helped it to
bind tightly with the active site of the humanmdm2. Therewas one hy-
drogen bond interaction formed between the side chains of the hydro-
phobic residue of TYR 104. The bond lengths between A1 into the
active site of the human mdm2 were observed (2.15 Å). Docking of A1
with human mdm2 indicated lowest binding energy, glide score
−6.111 Kcal/mol and glide energy−62.406 Kcal/mol thereby showing
strong affinity of the ligandmolecule with the receptor which had been
stabilized by strong hydrogen bond interactions in the binding pocket.
Furthermore, the following residuesweremainly involved in hydropho-
bic interaction LEU27, VAL28, MET50, LEU54, PHE55, ILE61, MET62,
TYR67, VAL75, VAL93, and ILE99. Table 3 shows the docking results of
all of the compounds (A1–A8), glide score (Kcal/mol), glide energy
(Kcal/mol), interacting residues, distance between the protein and li-
gand (Å), hydrogen bond donor and hydrogen bond acceptor. Fig. 11a,
b and c shows hydrogen bond formation, hydrogen bond formation

Image of Fig. 11
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and bond length and the binding mode of A1 compound with E3 ubiq-
uitin-protein ligase mdm2.

4. Conclusion

All compounds containing quinoline and dihydropyridine nucleus in
a single molecular frame work were efficiently synthesized and fully
characterized. In vitro anticancer and antibacterial studies were carried
out; molecular docking was also investigated. The biological studies re-
vealed that these compounds are selective in their action. The anti-can-
cer assay indicated that compounds A2, A3, A4 and A8 have good
potential as an anticancer drug. The results obtained from the antibacte-
rial assay showed that compounds A4, A7 and A8 have good activity
compared to that of standard drugs, whereas A2 and A3 showed poor
activity against the tested bacterial strains. CompoundA1 showedno in-
hibitory effect against S. aureus E. coli. Docking ofA1with humanmdm2
indicated the lowest binding energy thereby showing strong affinity of
the ligand molecule with the receptor which has been stabilized by
strong hydrogen bond interactions in the binding pocket. This confirms
thatA1 is a better inhibitor formdm2. Hence compoundA2–A8 showed
an interesting correlation between docking scores and experimental
binding data.
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