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Abstract  

A novel library of 2-amino-7,7-dimethyl-5-oxo-4-(2-oxo-1-((subtituted-phenyl-1H-1,2,3-triazol-4-yl)methyl)-

1,2-dihydroquinolin-3-yl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitriles(9a-h)was developed utilizing 2-

chloroquinoline-3-carbaldehydeas precursor, incorporating multicomponent synthesis and click chemistry 

reactions. The compounds were evaluated for their in vitro anticancer activity against human breast 

adenocarcinoma (MCF-7) and human hepatoma cell line (HepG-2) with Doxorubicin serving as the standard 

reference. Notably, the activities of all compounds exhibited greater effectiveness against these cell lines. 

Compound 9e, which features a meta-dichlorosubstitution on the phenyl ring, demonstrated remarkable activity 

against both two cell lines, exhibiting IC50 values of 24.45±1.27μM (MCF-7) and 27.27±0.32μM (HepG-

2)surpassing those of the reference drug. Furthermore, compound 9g, possessing a methyl group in the para 

position of the phenyl ring, exhibited superior activity with IC50 values of 25.32±1.19μM and 

29.11±0.03μMagainst MCF-7 and HepG-2 cell lines, respectively. Additionally, a molecular docking study 

conducted against the crystal structure of Enol-ACP Reductase and RdRp OF HCV (NS5B) revealed favorable 

binding interactions, corroborating the experimental findings. 
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I. Introduction: 
Cancer remains one of the most significant diseases globally [1]. Following a comprehensive analysis 

of various diseases, cancer has been identified as the second leading cause of mortality, trailing only cardiac 

arrest [2]. The most commonly diagnosed types of cancer are breast cancer in women and lung cancer in men, 

followed by liver cancer and colorectal cancer [3]. Distinct forms of cancer arise from alterations or 

abnormalities in the typically functioning genetic material [4]. A prevalent strategy to combat the unregulated 

proliferation, metastasis, and cell division of cancer cells involve the use of medications that disrupt the 

synthesis and normal function of nucleic acids, namely DNA and RNA [5,6].In recent decades, significant 

progress has been made in the quest for chemotherapeutic agents as anticancer treatments. However, these 

chemical agents often result in severe side effects characterized by off-target toxicity and drug resistance. 

Global expenditure on cancer therapeutics continues to escalate markedly, encompassing both therapeutic and 

supportive care [7]. Therefore, there exists an urgent need to discover new cancer drugs that leverage the 

distinctive properties of cancer cells to achieve enhanced inhibitory efficacy without adversely affecting normal 

cells, thereby necessitating the exploration of novel agents that exhibit low side effects and high efficiency [8]. 

The EGFR pathway has proven to be crucial in cancer therapy, as unique EGFR signaling constitutes a 

prominent characteristic of numerous human malignancies [9]. Gefitinib, dacomitinib,afatinibosimertinib, and 

erlotinib are the initial EGFR-TKIs that received approval from the FDA for the treatment of non-small-cell 

lung cancer. Subsequently, erlotinib, lapatinib, and icotinib were authorized by the FDA as first-line therapies 

for pancreatic cancer due to their reversible binding to the EGFR [10]. Research indicates that co-augmentation 

of EGFR and HER2 occurs in various tumors, including breast, ovarian, prostate, and colorectal cancers, among 
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others [11]. In the case of breast cancer, the co-overexpression of EGFR and HER2 may result in a poor 

prognosis and drug resistance. Consequently, targeting solely HER2 may not be adequate for effective 

treatment. The interactions among HER2 family members and their collaborative functions suggest that a dual-

targeting approach, addressing both HER2 and EGFR simultaneously, is a rational strategy [12]. 

The 1,2,3-triazole nitrogen-rich heterocyclic scaffolds are regarded as amide bioisosteres, capable of 

forming a variety of non-covalent interactions such as vander Waals forces and hydrogen bonds with numerous 

proteins, enzymes, and receptors [13]. Their high resistance to enzymatic degradation enhances their potential 

application in medicinal chemistry. Recently, there has been a notable increase in the utilization of these 

heterocyclic compounds in various therapeutic areas, including anti-oxidant [14], anti-malarial [15], anti-

microbial [16], anti-epileptic [17], anti-tubercular [18], anti-viral [19], anti-diabetic [20], anti-cancer [21, 22], 

and anti-allergic [23] applications. The 1,2,3-triazole core also serves as an excellent scaffold for the discovery 

of potent anticancer agents, with compounds such as Cefatrizine and 1,2,3-triazole-dithiocarbamate having 

already been utilized against human cancer cell lines, including those from colon, lung, prostate, and breast 

cancers [24, 25].In addition, it is widely recognized that the most significant aspect of the activity of 4-Aryl-4H 

chromenes lies in their ability to modulate apoptosis through cell- and caspase-based protocols targeting cancer 

cells, resulting in growth inhibition and ultimately cell death [26]. 4-aryl-4H chromenes act as potent inducers of 

apoptosis via tubulin inhibition, thus highlighting the critical role of the 4-position in the structure-activity 

relationship of these derivatives by influencing their apoptotic modulation effects on cancer cells [27]. These 

scaffolds may be evolved into new therapeutic anticancer regimes because they are also very successful in 

treating drug-resistant cancer cell lines, either alone or in combination with other anticancer treatments in a 

variety of tumor models [28-30].  

As part of our attempts to create new functional molecules with anticancer potential,we have designed 

and synthesized a range of functional 4H-chromene derivatives, that include anticancer pharmacophore moieties 

on the 1,2,3-triazolyl core. 

 

II. Result and discussion 
Chemistry 

The synthesis title compounds 2-amino-7,7-dimethyl-5-oxo-4-(2-oxo-1-((subtituted-phenyl-1H-1,2,3-

triazol-4-yl)methyl)-1,2-dihydroquinolin-3-yl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9a-h) is 

summarized in scheme1. The synthesis started with 2-chloroquinoline-3-carbaldehyde (1) was refluxed in 70% 

acetic acid for 6 hrs to obtain 2-hydroxyquinoline-3-carbaldehyde(2) wasallowed to react with propargyl 

bromide(3) in DMF using K2CO3at rtfor 4hrs to yielded 2-oxo-1-(prop-2-yn-1-yl)-1,2-dihydroquinoline-3-

carbaldehyde(4).The compound (4) was  reacted with 5,5-dimethylcyclohexane-1,3-dione(5), Malononitrile(6) 

inpresence of ethanol and catalytical amount of piperzine rt for 1 hr to yielded of cyclization products of 2-

amino-7,7-dimethyl-5-oxo-4-(2-oxo-1-(prop-2-yn-1-yl)-1,2-dihydroquinolin-3-yl)-5,6,7,8-tetrahydro-4H-

chromene-3-carbonitrile(7). The intermediate compound of terminal alkyne compound (7) on further reaction 

with various substituted aryl azides(8a-h) in click reactionresulted respective2-amino-7,7-dimethyl-5-oxo-4-(2-

oxo-1-((subtituted-phenyl-1H-1,2,3-triazol-4-yl)methyl)-1,2-dihydroquinolin-3-yl)-5,6,7,8-tetrahydro-4H-

chromene-3-carbonitrile(9a-h), the products were obtained in good yields.  
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Anticancer activity: 

The novel hybrid molecules (9a-h) were screened for their in vitro anticancer activity against two 

human cancer cell lines MCF-7 and HepG-2 using doxorubicin as a standard drug. Table 1 shows the calculated 

IC50 values of all the compounds The compounds meta-dichloro9d, para-methyl 9f, para-methoxy 9g and para-

chloro9eshowed superior activity against both MCF-7 and HepG-2 cells with IC50 of 24.45±1.27, 27.27±0.32, 

25.32±1.19, 29.11±0.03, 28.35±1.32, 32.54±0.19and 33.31±1.26, 37.43±0.82µM, respectively than the standard 

drug doxorubicin. The observed activity of compound 9d, 9f, 9g and 9d may be attributed to electron electron 

donating and with drawing effect of meta-dichloro, para-methyl, para-methoxy, and para-chlorogroups are ortho 

and para directing nature which activates triazole ring. The other compounds substituted with withdrawing 

group indicated good to poor activity.  

 

Table1. Anticancer activity of the synthesized compounds (9a-h). 
Compound Code MCF-7 HepG-2 

9a 41.32±1.31 45.67±0.09 

9b 56.79±1.67 59.98±0.18 

9c 37.76±1.57 39.43±0.34 

9d 24.45±1.27 27.27±0.32 

9e 33.31±1.26 37.43±0.82 

9f 25.32±1.19 29.11±0.03 

9g 28.35±1.32 32.54±0.19 

9h 40.38±1.56 52.21±0.90 

Doxorubicin 24.32± 1.09 27.57±0.33 

 
Docking studies against Enol reductase: 

Molecular docking investigations were performed on the novel derivatives (9a-h) along with the 

standard drug doxorubicin, and widely used drug Tamoxifen.  It is a selective estrogen receptor modulator 

(SERM) commonly used in the treatment and prevention of breast cancer[31]against the Enoyl reductase(PDB 

ID: 1QSG)[32], Enoyl-ACP reductase, a critical enzyme in the fatty acid synthesis pathway, is vital for lipid 

biosynthesis, which supports the rapid growth and proliferation of cancer cells. Over expression of this enzyme 

is common in various cancers, such as breast, prostate, and lung cancers [33], and is associated with tumor 

aggressiveness and poor prognosis. Targeting enoyl-ACP reductase with specific inhibitors can disrupt cancer 

cell metabolism by limiting the availability of essential fatty acids, thus inhibiting tumor growth and promoting 

apoptosis [34]. This makes enoyl-ACP reductase a promising therapeutic target in the development of novel 

anti-cancer agents.  

All the compounds (9a-h) displayed binding energies ranging from -9.8 Kcal/mol to -12 kcal/mol, 

which is superior to the binding energy of the standard doxorubicin (-8.5 KCal/mol) and tamoxifen (-8.4 

KCal/mol).The results are tabulated in Table-1.Notably, compounds 9e, 9g, and 9i scored binding energies of -

12, -11.8, and -11.3 Kcal/mol respectively, displaying their superior binding affinities. This can be attributed to 

the conventional hydrogen bonding interactions, carbon-hydrogen bonding, pi-sigma, pi-anion, pi-cation, pi-

alkyl, and Vanderwaals interactions between the novel compounds and the Enoyl reductase. 

 

Table-1: Binding affinities of synthesized compounds and interacting amino acids 
Molecule  B.E Interacting A.A Residues 

H-Bonding Other types of Interactions 

9a -10.7 SER 91, LEU 144, 

LYS 163 

GLY 13, ALA 15, SER 19, ILE 20, HIS 90, ILE 92, GLY 93, PHE 94, ALA 95, LEU 100, 

SER 145, TYR 146, TYR 156, MET 159, PRO 191, ILE 192, ALA 196, ALA 197, GLY 
199, ILE 200, PHE 203,  

9b -9.9 GLY 93 GLY 13, ALA 15, SER 19, ILE 20, GLN 40, LEU 44, SER 91, ILE 92, PHE 94, TYR 146, 

TYR 156, MET 159, LYS 163, PRO 191, THR 194, LEU 195, ALA 196, ALA 197, ILE 

200, PHE 203, MET 206 

9c -10.2 SER 145, THR 194 ILE 20, SER 91, GLY 93, PHE 94, ALA 95, GLY 97, LEU 100, LEU 144, TYR 146, TYR 

156, MET 159, LYS 163, ILE 187, SER 188, PRO 191, ILE 192, ALA 196, ALA 197, GLY 

199, ILE 200, PHE 203, MET 206 

9d -12.0 SER 91 THR 12, GLY 13, ALA 15, SER 19, ILE 20, THR 38, TYR 39, GLN 40, CYS 63, ASP 64, 
VAL 65, ILE 92, GLY 93, ILE 119, LEU 144, SER 145, TYR 146, TYR 156, LYS 163, 

PRO 191, ILE 192, THR 194, LEU 195, ALA 196, ALA 197, ILE 200, PHE 203 

9e -10.9 GLN 40 ALA 15, SER 16, SER 19, ILE 20, ALA 21, LEU 44, SER 91, ILE 92, GLY 93, LEU 100, 
LEU 144, TYR 146, TYR 156, MET 159, LYS 163, ALA 189, PRO 191, ILE 192, THR 

194, LEU 195, ALA 196, ALA 197, ILE 200, PHE 203 

9f -11.8 ILE 20, SER 91, 

GLY 93, SER 145 

GLY 13, ALA 15, SER 16, LEU 18, SER 19, ALA 21, GLN 40, LEU 44, ILE 92, GLY 93, 

LEU 144, TYR 146, TYR 156, MET 159, LYS 163, GLY 190, PRO 191, ILE 192, THR 
194, ALA 196, ILE 200, PHE 203, MET 206 
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9g -11.2 ILE 20, SER 91, 
GLY 93 

ALA 15, SER 16, SER 19, ILE 20, ALA 21, GLN 40, LEU 44, ILE 92, GLY 93, LEU 144, 
SER 145, TYR 146, TYR 156, MET 159, LYS 163, ALA 189, GLY 190, PRO 191, ILE 

192, THR 194, ALA 196, ILE 200, PHE 203, MET 206 

9h -9.8 SER 91, LEU 144, 
LYS 163 

GLY 13, ALA 15, SER 19, ILE 20, HIS 90, ILE 92, GLY 93, PHE 94, ALA 95, GLY 97, 
LEU 100, SER 145, TYR 156, MET 159, PRO 191, ILE 192, ALA 196, ALA 197, GLY 

199, ILE 200, PHE 203 

Tamoxifen -8.4 NIL SER 19, ILE 20, ALA 21, SER 91, GLY 93, PHE 94, ALA 95, LEU 100, LEU 144, TYR 

146, TYR 156, MET 159, LYS 163, ALA 189, GLY 190, PRO 191, ILE 192, THR 194, 
ALA 196, ALA 197, GLY 199, ILE 200, PHE 203, MET 206 

doxo -8.5 ILE 20, GLY 93, 

LEU 195 

GLY 13, VAL 14, ALA 15, SER 16, SER 19, ALA 21, GLN 40, LEU 44, CYS 63, ASP 64, 

VAL 65, SER 91, ILE 92, PHE 94, ILE 119, LEU 144, LYS 163, THR 194, ALA 196 

 

 
Fig 1:2D Interaction image of ‘9d’ with the Enoyl Reductase 

 

 
Fig 2:3D Interaction image of ‘9d’ with the Enoyl Reductase 
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Fig 3:‘9d’ in the binding pocket of Enoyl Reductase 

 

 
Fig 4:Interaction of ‘9d’ with the residues of Enoyl Reductase within 4 Ǻ 
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Fig 5:2D Interaction image of ‘9f’ with the Enoyl Reductase 

 

 
Fig 6:3D Interaction image of ‘9f’ with the Enoyl Reductase 
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Fig 7:‘9f’ in the binding pocket of Enoyl Reductase 

  

 
Fig 8:2D Interaction image of ‘Tamoxifen’ with the Enoyl Reductase 
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Fig 9:2D Interaction image of ‘doxorubicin’ with the Enoyl Reductase 

 

Docking studies against RdRp OF HCV (NS5B) protein: 

Molecular docking investigations were performed on the novel derivatives (9a-h) along with the 

standard reference drugs Sofosbuvir[35] and Ribavirin[36], against the NS5B protein (PDB ID: 3UPI)[37]. The 

NS5B protein is the RNA-dependent RNA polymerase (RdRp) of the Hepatitis C Virus (HCV), a critical 

enzyme in the replication of Hepatitis C Virus (HCV), is vital for the synthesis of the viral RNA genome[38]. 

Over expression and activity of this enzyme are essential for the viral lifecycle, supporting the rapid replication 

and persistence of the virus within host cells[39]. Targeting NS5B polymerase with specific inhibitors can 

effectively disrupt viral replication by limiting RNA synthesis, thereby inhibiting the proliferation of HCV and 

promoting viral clearance. This makes NS5B polymerase a promising therapeutic target. 

All the compounds (9a-h) displayed binding energies ranging from -9.4 Kcal/mol to -10.7 kcal/mol, 

which is superior to the binding energy of the standard reference drugs Sofosbuvir (-8.6 

KCal/mol)andRibavirin(-6.3 KCal/mol) were represented in Table-2. Notably, compounds 9f, 9c, and 9g scored 

binding energies of -10.7, -10.6, and -10.6 Kcal/mol respectively, displaying their superior binding affinities. 

This can be attributed to the conventional hydrogen bonding interactions, carbon-hydrogen bonding, pi-sigma, 

pi-anion, pi-cation, pi-alkyl, and Vanderwaals interactions between the novel compounds and the RdRp OF 

HCV (NS5B). 

 

                                     Table-2: Molecular Docking Studies-Hepatitis-c 
Molecule  B.E Interacting A.A Residues 

H-Bonding Other types of Interactions 

9a -10.0 LEU 159, ASP 
318 

ARG 48, VAL 52, ARG 158, ILE 160, ASP 220, CYS 223, PHE 224, ASP 225, SER 
226, SER 282, THR 287, SER 288, ASN 291, GLY 317, ASP 318, ASP 319, THR 

364, SER 367, SER 556   

9b -10.4 ARG 158 VAL 52, LYS 141, LEU 159, ILE 160, PHE 193, ASP 220, THR 221, CYS 223, 
PHE 224, ASP 225, SER 282, THR 287, ASN 291, ASN 316, GLY 317, ASP 318, 

ASP 319, CYS 366, TYR 448, SER 556, GLY 557 

9c -9.4 LYS 141, ARG 
386, GLN 446 

GLU 143,PHE 193, ARG 200, ASN 316, ASP 319, CYS 366, SER 367, SER 368, 
ARG 394, ASN 411, MET 414, TYR 415, ILE 447, TYR 448, GLY 449, SER 556,  

9d -10.2 ASN 411 PHE 145, LYS 155, ARG 158, PHE 193, PRO 197, ARG 200, CYS 366, SER 367, 

SER 368, LEU 384, ARG 386, THR 390, PRO 391, ARG 394, GLY 410, MET 414, 

TYR 415, GLN 446, TYR 448, GLY 449, SER 556 

9e -10.7 ASN 316, GLY 

449 

PHE 193, PRO 197, ARG 200, ASP 225, SER 282, THR 287, SER 288, ASN 291, 

GLY 317, ASP 319, CYS 366, SER 367, SER 368, LEU 384,GLY 410, ASN 411, 

MET 414, TYR 415, GLN 446, ILE 447, TYR 448, SER 556 

9f -10.6 GLN 446, SER 

556, ASP 559 

PRO 93, HIS 95, SER 96, LYS 141, GLU 143, ILE 160, PHE 162, ARG 168, GLY 

283, PRO 404, ILE 405, ASP 444, CYS 451, GLY 557, ILE 560 

9g -9.9 LYS 141, LEU 

159, SER 282 

ARG 48, VAL 52, ARG 158, ILE 160, PHE 193, SER 218, TYR 219, ASP 220, 

THR 221, CYS 223, PHE 224, ASP 225, SER 226, THR 287, SER 288, ASN 291, 
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GLY 317, ASP 318, ASP 319, LEU 320, SER 556 

9h -10.5 ARG 158, SER 

367, ARG 394, 

ASN 411 

LYS 141, GLU 143, PHE 145, PHE 193, PRO 197, ARG 200, ASP 319, CYS 366, 

SER 368, LEU 384, ARG 386, THR 390, GLY 410, MET 414, TYR 415, TYR 448, 

GLY 449, SER 556    

Ribavirin --6.3 TYR 4, LEU 
159, ASP 318,  

VAL 52, ARG 158, ILE 160, THR 221, CYS 223, PHE 224, ASP 225, SER 226, 
CYS 279, SER 282,  

Sofosbuvir -8.6 ARG 386, TYR 

448,  

PHE 193, PRO 197, ARG 200, ASN 316, ASP 319, CYS 366, SER 368, LEU 384, 

THR 390, PRO 391, ARG 394, SER 407, GLY 410, ASN 411, MET 414, TYR 415, 
GLN 446, ILE 447,   

 

 
Fig 10:2D Interaction image of ‘9e’ with the RdRp OF HCV (NS5B) 

 

 
Fig 11:3D Interaction image of ‘9e’ with the RdRp OF HCV (NS5B) 
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Fig 12:‘9e’ in the binding pocket of RdRp OF HCV (NS5B) 

 

 
Fig 13:Interaction of ‘9e’ with the residues of RdRp OF HCV (NS5B)within 4 Ǻ 
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Fig 14:2D Interaction image of ‘9f’ with the RdRp OF HCV (NS5B) 

 

 
Fig 15:3D Interaction image of 9f’ with the RdRp OF HCV (NS5B) 
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Fig 16:‘9f’ in the binding pocket of RdRp OF HCV (NS5B) 

 

 
Fig 17:2D Interaction image of ‘Ribavirin’ with the RdRp OF HCV (NS5B) 
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Fig 18:3D Interaction image of ‘Ribavirin’ with the RdRp OF HCV (NS5B) 

 

 
Fig 19:2D Interaction image of ‘Sofosbuvir’ with the RdRp OF HCV (NS5B) 
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Fig 20:3D Interaction image of ‘Sofosbuvir’ with the RdRp OF HCV (NS5B) 

 

III. Conclusion 
In this conclusion, we have synthesized novel hybrid molecules (9a-h) and examined their anticancer 

activity against MCF-7 and HepG-2cell lines. Among the hybrid compounds tested, 9d,9f, 9g,and 9ef which 

contain meta-dichloro, para-methyl, meta-dimethoxy and para-chloro substitutions respectively, exhibited 

significant suppression of MCF-7 and HepG-2 cells, with IC50 values that are notably comparable to those of 

the standard drug doxorubicin. Conversely, the remaining compounds in the series displayed only mild to 

moderate activity against the tested cell lines. Additionally, molecular docking studies were conducted on enoyl-

ACP reductase and RdRp OF HCV (NS5B).utilizing the AutoDock Vina tool within PyRx. Notably, compounds 

9d, 9f,9gand 9e scored binding energies against enol-ACP reductase displaying their superior binding affinities 

while 9d showed enhanced affinity against RdRp of HCV.The binding energies and interactions obtained from 

the docking results corroborated the investigational data. Thus, the synthesized derivatives 9d and 9f displayed 

anticancer properties with excellent binding efficacy. 

 

Experimental Data: 

All the chemicals were purchased from different chemical vendors used without further purifications. 

The solvents used in the reactions and column chromatography were purified and dried. 60–120 mesh (Merk) 

was used as stationary phase and ethyl acetate and pet ether mixture were used as mobile phase solvents. 

Instruments like Shimazu 400 MHz were used for 
1
H NMR and 100 MHz were used for 

13
C NMR analysis. 

Mass spectrum of compounds was recorded by using ESI-APCI method. The melting point were recorded on 

350 DerajatCelcius di kenarocks123. 

Synthesis of2-hydroxyquinoline-3-carbaldehyde(2). 
The synthesis of 2-hydroxyquinoline-3-carbaldehyde(2)2-chloroquinoline-3-carbaldehyde (1)(1mmol) was 

refluxed in 70% acetic acid (5vol) for 6 hrs to obtain 2-hydroxyquinoline-3-carbaldehyde(2). 

Synthesis of 2-oxo-1-(prop-2-yn-1-yl)-1,2-dihydroquinoline-3-carbaldehyde(4). 

Synthesis of the compound(4) from the 2-hydroxyquinoline-3-carbaldehyde(2)(1mmol) was allowed to react 

with propargyl bromide(3)(1.2mmol) in DMF using K2CO3 at rtfor 4hrs to yielded 2-oxo-1-(prop-2-yn-1-yl)-

1,2-dihydroquinoline-3-carbaldehyde(4). 

Synthesis of 2-amino-7,7-dimethyl-5-oxo-4-(2-oxo-1-(prop-2-yn-1-yl)-1,2-dihydroquinolin-3-yl)-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile(7). 

Synthesis of the compound (7) from the compound (4)(1mmol) was  reacted with 5,5-dimethylcyclohexane-1,3-

dione(5)(1mmo), Malononitrile(6)(1.2mmol) inpresence of ethanol and catalytical amount of piperzine rt for 1 

hr to yielded of cyclization products of 2-amino-7,7-dimethyl-5-oxo-4-(2-oxo-1-(prop-2-yn-1-yl)-1,2-

dihydroquinolin-3-yl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(7). 

General procedure for synthesis of 2-amino-7,7-dimethyl-5-oxo-4-(2-oxo-1-((subtituted-phenyl-1H-1,2,3-

triazol-4-yl)methyl)-1,2-dihydroquinolin-3-yl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9a-h) 

The synthesis title compounds 2-amino-7,7-dimethyl-5-oxo-4-(2-oxo-1-((subtituted-phenyl-1H-1,2,3-triazol-4-

yl)methyl)-1,2-dihydroquinolin-3-yl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9a-i) from 
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theterminalalkyne compound (7)(1mmol) on further reaction with various substituted aryl azides(8a-

h)(1.2mmol) in click reactionresulted respective2-amino-7,7-dimethyl-5-oxo-4-(2-oxo-1-((subtituted-phenyl-

1H-1,2,3-triazol-4-yl)methyl)-1,2-dihydroquinolin-3-yl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9a-h), 

the products were obtained in good yields.  

Spectral data: 

2-amino-4-(1-((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-oxo-1,2-dihydroquinolin-3-yl)-7,7-

dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9a) 
1
H NMR (400 MHz, CDCl3) δ 7.77 (s, 1H), 7.57 (d, J = 11.7 Hz, 5H), 7.46 (d, J = 8.8 Hz, 2H), 7.24 – 7.20 (m, 

1H), 6.91 (d, J = 8.8 Hz, 2H), 4.62 (d, J = 13.0 Hz, 2H), 2.49 (s, 2H), 2.32 – 2.17 (m, 2H), 1.12 (s, 3H), 1.05 (s, 

3H).
13

C NMR (101 MHz, CDCl3) δ 196.32, 163.55, 160.94, 159.12, 139.24, 138.67, 138.26, 135.90, 132.80, 

131.45, 130.72, 129.14, 122.63, 122.33, 121.48, 120.70, 117.76, 114.68, 111.33, 50.72, 40.64, 38.42, 33.70, 

32.18, 29.31, 27.12. 

2-amino-4-(1-((1-(4-iodophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-oxo-1,2-dihydroquinolin-3-yl)-7,7-

dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9b)  
1
H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 1.8 Hz, 1H), 7.85 – 7.72 (m, 3H), 7.67 – 7.60 (m, 1H), 7.56 (t, J = 

8.1 Hz, 1H), 7.47 – 7.41 (m, 1H), 7.22 (d, J = 7.7 Hz, 1H), 6.83 (dd, J = 36.0, 8.5 Hz, 1H), 5.33 – 4.86 (m, 2H), 

4.70 (s, 2H), 4.41 (s, 1H), 2.45 (dd, J = 38.6, 17.8 Hz, 2H), 2.20 (dt, J = 16.1, 8.2 Hz, 2H), 1.09 (s, 3H), 1.01 (s, 

3H).
13

C NMR (101 MHz, CDCl3) δ 196.32, 163.54, 160.94, 159.06, 138.67, 138.26, 135.44, 134.44, 131.43, 

130.72, 129.83, 129.14, 122.62, 121.58, 120.57, 114.67, 111.36, 50.72, 40.66, 38.42, 33.67, 32.19, 29.31, 27.11. 

2-amino-7,7-dimethyl-4-(1-((1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-oxo-1,2-dihydroquinolin-3-

yl)-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9c) 
1
H NMR (300 MHz, CDCl3) δ 8.34 (d, J = 8.8 Hz, 2H), 8.19 (s, 1H), 7.93 (d, J = 8.8 Hz, 2H), 7.76 (d, J = 8.2 

Hz, 1H), 7.68 (s, 1H), 7.54 (t, J = 8.1 Hz, 2H), 7.22 (t, J = 7.5 Hz, 1H), 5.69 (d, J = 29.6 Hz, 2H), 5.30 (s, 1H), 

4.72 (d, J = 17.5 Hz, 2H), 2.48 (s, 2H), 2.22 (t, J = 14.0 Hz, 2H), 1.12 (s, 3H), 1.06 (s, 3H).
13

C NMR (101 MHz, 

CDCl3) δ 196.29, 163.53, 161.04, 158.86, 147.12, 141.09, 138.49, 137.95, 130.79, 129.14, 125.44, 122.73, 

120.62, 120.42, 114.52, 111.51, 50.73, 40.69, 38.34, 32.24, 29.23, 27.32. 

2-amino-4-(1-((1-(3,5-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-oxo-1,2-dihydroquinolin-3-yl)-7,7-

dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9d) 
1
H NMR (300 MHz, CDCl3) δ 8.11 – 8.04 (m, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.65 (dd, J = 18.7, 6.8 Hz, 2H), 

7.58 – 7.46 (m, 2H), 7.20 (d, J = 10.3 Hz, 1H), 7.00 (s, 1H), 5.30 (s, 2H), 5.13 (s, 1H), 4.45 (q, J = 7.0 Hz, 2H), 

2.60 (d, J = 3.8 Hz, 2H), 2.48 – 2.41 (m, 2H), 1.42 (t, J = 7.1 Hz, 3H), 1.20 – 1.03 (m, 3H).
13

C NMR (101 MHz, 

CDCl3) δ 196.36, 163.57, 160.85, 159.13, 138.81, 138.51, 134.72, 130.70, 130.15, 129.17, 122.56, 120.38, 

114.77, 113.09, 111.26, 50.72, 40.67, 34.18, 32.20, 29.43, 26.97, 21.10. 

2-amino-4-(1-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-oxo-1,2-dihydroquinolin-3-yl)-7,7-

dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9e) 
1
H NMR (300 MHz, CDCl3) δ 7.78 (d, J = 17.7 Hz, 2H), 7.54 (d, J = 8.2 Hz, 4H), 7.26 (s, 2H), 6.95 (d,J =8.2 

Hz, 1H),5.30 (s,1H), 4.85–4.37 (m, 3H), 3.83(s, 2H), 2.44 (s, 2H), 2.21 (d,J = 5.1Hz,2H),1.05(d, 

J=23.0Hz,6H).
13

C NMR (101 MHz, CDCl3) δ 196.95, 169.41, 140.50, 137.76, 137.14, 133.99, 131.81, 128.48, 

127.30, 126.31, 125.89, 124.64, 124.33, 121.24, 111.22, 91.22, 52.05, 43.05, 31.53, 29.39, 26.90, 21.73. 

2-amino-7,7-dimethyl-5-oxo-4-(2-oxo-1-((1-(p-tolyl)-1H-1,2,3-triazol-4-yl)methyl)-1,2-dihydroquinolin-3-

yl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9f) 
1
H NMR (300 MHz, CDCl3) δ 7.91 – 7.79 (m, 2H), 7.76 (s, 1H), 7.58 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 8.4 Hz, 

3H), 7.24 – 7.16 (m, 2H), 5.64 (d, J = 29.5 Hz, 2H), 5.30 (s, 2H), 4.61 (d, J = 40.7 Hz, 2H), 2.47 (s, 2H), 2.38 (s, 

3H), 2.22 (q, J = 16.4 Hz, 2H), 1.10 (s, 3H), 1.02 (s, 3H).
13

C NMR (101 MHz, CDCl3) δ 196.36, 163.57, 160.85, 

159.13, 138.81, 138.51, 134.72, 130.89, 130.70, 130.15, 129.17, 122.56, 120.54, 120.38, 114.77, 111.26, 50.72, 

40.67, 34.18, 32.20, 29.43, 26.97, 21.10. 

2-amino-4-(1-((1-(4-methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-oxo-1,2-dihydroquinolin-3-yl)-7,7-

dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9g) 
1
H NMR (300 MHz, CDCl3) δ 7.78 (d, J = 17.7 Hz, 2H), 7.68 – 7.50 (m, 4H), 7.45 (d, J = 8.5 Hz, 1H), 7.20 (d, 

J = 7.1 Hz, 1H), 6.95 (d, J = 8.2 Hz, 1H), 5.30 (s, 2H), 5.02 (dd, J = 57.4, 17.3 Hz, 1H), 4.81 – 4.39 (m, 3H), 

3.83 (s, 2H), 2.58 – 2.35 (m, 2H), 2.36 – 2.09 (m, 2H), 1.09 (s, 3H), 1.01 (s, 3H).
13

C NMR (101 MHz, CDCl3) δ 

196.74, 163.87, 163.58, 159.86, 159.53, 147.48, 147.35, 138.82, 138.74, 138.45, 138.35, 130.41, 129.45, 

129.15, 122.57, 121.94, 120.56, 114.65, 114.22, 110.76, 50.76, 40.65, 35.22, 32.26, 31.65, 29.23, 27.16.  

2-amino-4-(1-((1-(4-bromo-2-fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-2-oxo-1,2-dihydroquinolin-3-yl)-

7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile(9h) 
1
H NMR (400 MHz, CDCl3) δ 7.99 (s, 1H), 7.87 – 7.73 (m, 2H), 7.57 (dd, J = 15.4, 6.8 Hz, 2H), 7.43 (d, J = 7.7 

Hz, 2H), 7.21 (d, J = 7.3 Hz, 1H), 6.94 (t, J = 8.7 Hz, 1H), 5.30 (s, 2H), 4.73 (s, 2H), 4.45 (d, J = 29.0 Hz, 1H), 

2.44 (d, J = 15.1 Hz, 2H), 2.20 (dd, J = 38.0, 16.6 Hz, 2H), 1.10 (s, 3H), 1.00 (s, 3H).
13

C NMR (101 MHz, 
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CDCl3) δ 196.50, 164.14, 163.66, 160.77, 159.32, 138.86, 138.72, 130.68, 129.28, 128.66, 125.74, 124.45, 

124.42, 122.71, 122.60, 120.71, 120.48, 114.65, 114.23, 50.71, 40.65, 34.59, 32.17, 29.41, 27.15, 26.84. 

Anti-cancer activity using MTT assay: 

The cancer cells were appropriately plated and cultured (100 µL per well) in clear bottom 96-well tissue culture 

plates with a concentration of 10
5
 cells per well. The test samples were added to the well plates with triplicate 

concentrations ranging from 5 to 100 μM (5, 10, 20, 40, 60, 80, and 100μM). After 24 hr seeding, the cells were 

incubated for 72 h. The cells were incubated for another 72 h. The cells in the well were washed twice with 

phosphate buffer solution, and 20 µL of the MTT staining solution (5 mg/mL in phosphate buffer solution) was 

added to each well, and the plate was incubated at 37 °C. After 4 h, 100 µL of dimethyl sulfoxide (DMSO) was 

added to each well to dissolve the formazan crystals, and absorbance was recorded with a 570 nm using a 

microplate reader. The IC50 values were calculated using graph Pad Prism Version 5.1. 

 

Docking Experimental: 

The protein structure was obtained from RCSB PDB Database[40]. Water molecules and other entities were 

cleaned from the protein using Discovery Studio Visualize[41].ChemDraw software was used to draw the 

molecular structures of compounds 9a-i, the standard drug Doxorubicin. The Docking operations were 

performed using PyRx, a virtual screening software[42].Visualization of the interactions of the ligands with the 

target protein was done using Pymol[43] and Discovery Studio Visualizer. The results are tabulated. 
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