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ABSTRACT 

This study focused on the development of novel chloroquine derivatives as 

potential antiviral agents against SARS-CoV-2. By modifying the 7-position of 

chloroquine using Sonogashira and Buchwald cross-coupling reactions, a series of 

compounds were synthesized. In vitro evaluations identified several derivatives with 

promising antiviral activity, with compound 9d exhibiting strong inhibitory effects and 

a favorable selectivity index. These results suggest that the derivatives provide a 

promising basis for further optimization and development as antiviral drugs. This work 

highlights the potential of structural modifications to improve the effectiveness of 

chloroquine derivatives. Given the ongoing challenges of COVID-19, these novel 

compounds deserve further investigation to determine their mechanisms of action and 

therapeutic value. This study provides important insights into antiviral drug 

development and highlights the need for continued efforts to optimize existing drug 

scaffolds in the fight against emerging viral threats. 

Keywords: Chloroquine, COVID-19, Sonogashira cross-coupling, Buchwald cross-

coupling, Antiviral agent.  
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1. Introduction  

   In December 2019, numerous cases of pneumonia were reported in China 

(Wang, Wang et al. 2020). Furthermore, it spreads to other neighboring countries. Cases 

with similar symptoms were reported worldwide in early 2020. Since the start of the 

pandemic, the global number of COVID-19 cases has surpassed 704 million, with about 

7 million deaths reported (Dong, Du et al. 2020). A novel virus identified as a new 

member of the coronavirus family has been named COVID-19. COVID-19 caused a 

range of physical symptoms. Infected people often suffer from fever, diarrhea, cough, 

and inflammation in their upper respiratory tract. In addition to this physical challenge, 

the anxiety and fear associated with the disease could worsen the individual's health 

(Wang, Horby et al. 2020). 

In the race to find a solution to COVID-19, researchers worldwide are rushing to 

develop vaccines and antiviral drugs. Meanwhile, medical institutions are testing 

existing drugs for other diseases to determine their effectiveness against the coronavirus 

(Kozlov 2022, Shahin, Mohamed et al. 2023). These drugs, including chloroquine, 

hydroxychloroquine and several others, have shown promising activity in laboratory 

studies. However, there has been a recent debate about the use of chloroquine to treat 

COVID-19, even though it is permitted in some countries (Devaux, Rolain et al. 2020). 

Chloroquine, a well-known weak base with an aromatic quinoline scaffold (El-

Gamal, Sherbiny et al. 2015), was synthesized by Bayer in 1934 (Sharma, Deep et al. 

2017). It is rapidly absorbed by the intestines and excreted via the kidneys. Chloroquine 

is known for its potent anti-malarial effects and its use in the treatment of rheumatic 

diseases.                      In addition, it has already been used as an antiviral against SARs-

CoV-1. Chloroquine is known to increase the pH of the phagolysosome, thereby 

impairing the lysosomal enzymes that play a crucial role in viral replication 

(Schrezenmeier and Dörner 2020). The 4-aminoquinoline scaffold has consistently 

drawn the attention of researchers, primarily due to its potential for modification to 

enhance therapeutic efficacy. Previous studies have extensively focused on altering the 

side chain of position 4 to improve activity against chloroquine-resistant Plasmodium 

falciparum strains beside enhance the safety profile  which lead to develop of medicines 

in the market as hydroxychloroquine and amodiaquine (Figure-1-A) (Kucharski, 

Jaszczak et al. 2022). More recently, after the pandemic, attention has shifted to the 

basic amine side chain modifications aimed at enhancing antiviral activity (Figure-1-B) 

(Herrmann, Hahn et al. 2022). Building on these findings, our work explores the 

modification of the 7-position of the 4-aminoquinoline core, a less-studied yet 

promising site for structural optimization. By targeting this position, we aim to enhance 

the antiviral properties of chloroquine, providing a novel approach informed by 

previously reported studies. 
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Figure 1: (A): 4-aminoquinoline substructure in market. (B): Chloroquine analogues as anti-viral 

activity. 

Here, we want to study new chloroquine analogues to find out their antiviral 

activity by changing the 7-position on their scaffold. Therefore, we reported the 

synthesis of bromoquine and iodoquine, which serve as reactive starting materials for 

derivatization via Sonogashira and Buchwald cross-coupling reactions. By exploring the 

effect of lipophilic and nitrogen-containing substituents on antiviral activity (Figure-2). 

    

Figure 2: Rational design of this work. 
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2. Results and Discussion 

2.1. Chemistry 

  The compound array was produced using a previously established method 

(Scheme 1) (De, Krogstad et al. 1998). The primary challenge in this work was to 

establish a synthetic route for the development of 7-iodo and 7-bromo quinolone that 

are the key intermediate for our compound array, whose differ in reactivity from 

chloroquine, enabling their susceptibility to coupling reactions. This was achieved by 

adapting and optimizing a previously reported synthetic pathway. The condensation 

reaction of meta-halogenated aniline 1 with Ethoxymethylenemalonic acid diethyl ester 

as solvent afforded N-substituted acrylates 2, and the subsequent thermal cyclization of 

compound 2 in Ph2O led to the formation of quinoline scaffold 3. After that, the basic 

hydrolysis of compound 3 was conducted using NaOH. Subsequently, thermal 

decarboxylation in Ph2O and chlorination with POCl3 gave compound 6 in high yields 

(De, Krogstad et al. 1998).The amination of the 4-position of compound 6 was carried 

out using a mixture of TEA together with K2CO3 in NMP as solvent to afford 

compound 7 (Scheme-1) (De, Krogstad et al. 1998, Hwang, Kawasuji et al. 2011).The 

developed quinoline analogues were produced from the key intermediates 7a and 7b via 

the well-established conditions in our lab for Pd-catalyzed cross coupling reactions 

(Sonogoshira 8a-c and Buchwald 9a-d)(Helal, Sayed et al. 2019, Omara, Hagras et al. 

2023, Sayed, Abutaleb et al. 2023). (Scheme-2) (Hammad, Abutaleb et al. 2019) 

(Mancy, Abutaleb et al. 2019, Hosny, Abutaleb et al. 2020) (Elsebaie, El-Din et al. 

2022, El-Din, Elsebaie et al. 2023). 
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2.2. Biological Evaluation  

2.2.1. Antiviral studies 

The effectiveness of new compounds against the SARS-CoV-2 virus was 

evaluated with a standard laboratory method using the VERO-E6 technique (normal 

kidney cells of Clorocebus aethiops) (Wyman, Girgis et al. 2022, Shahin, Mohamed et 

al. 2023). Some of these compounds showed promising antiviral activity. For example, 

compound 8a with the cyclopropylacetylene moiety showed the best effective inhibitory 

properties (IC50 = 10.7 µM, CC50 = 73.89 µM, and SI = 6.9). Replacing cyclopropyl 

with cyclohexyl 8b or phenyl 8c deteriorated the safety profile of these compounds 

(CC50 = 12 and 4 µM, respectively). The transition to nitrogen-containing derivatives 

(9a-d) showed a fluctuation in activity. Regarding primary amine, the cyclopropylamine 

derivative 9a exhibited an excellent safety profile (CC50 =712.7 µM), but unfortunately, 

the antiviral activity disappeared (IC50 = 204 µM). On the other hand, secondary amines 

(9b-9d) provided a reasonable balance between antiviral activity and cytotoxicity. 

Compounds 9b and 9c piperidine and morpholine derivatives showed almost similar 

activity and cytotoxicity (IC50s = 43.5 and 44.6 µM, CC50s = 314 and 324.7 µM, and SI 

= 7.2 and 7.26). While the N-methylpiprazine derivative 9d showed sufficient inhibitory 

effect with a plausible selectivity index (IC50 = 43 µM, CC50 = 633 µM, and SI = 14.7) 

(Table-1 and Figure 3).  
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Table 1: Antiviral activity of chloroquine derivatives 
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Figure 3. Dose–response curves for the chloroquine derivatives as anti-SARS-CoV-2 

2.2.2 In silico studies 

2.2.2.1. Computational analysis: In silico prediction of physicochemical 

properties, pharmacokinetics, and drug-likeness profile 

The process of predicting pharmacokinetics is considered an important topic in 

drug development. This is because it helps drug developers to either modify the 

guideline or pass it on to another candidate. In the last two decades, some online tools 

and programs have been developed to predict absorption, distribution, metabolism and 

excretion (ADME). In this study, the ADME properties of the two most active 

candidates in our library were calculated and the result is summarized in Tables 2-4. 

Three programs were used to study the ADME, similarity and physiochemical 

properties of the top three candidates: PreAdME, SwissAdme, and Molsoft. 

Table 2: Physiochemical properties prediction through SwissADME (Jia, Li et al. 

2020) 

Code tPS 

A
a
 

H-bond 

Donor 

H-bond 

acceptor 

NORT

B
b
 

MW
c
 Log 

P 

9c 40.63 1 3 9 370.53 4.11 

9d 34.64 1 3 9 383.57 4,3 

Chloroquin

e 

28.16 1 2 8 319.87 3.95 

a- Topological Polar Surface Area 

b- Num. rotatable bonds 

c- Molecular weight 

Table 3: Predicting drug-likeness using Molosoft (Amin, El-Saadi et al. 2021) 

SwissADME. 

Code Solubili

ty 

(mg/L) 

Drug 

likenes

s model 

score 

Lipinski'

s rule 

violation 

Bioavailab

ility score 

9c 1.3 0.29 0 0.55 

9d 1.4 0.75 0 0.55 

Chloroquine 3.86 0.48 0 0.55 
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 Understanding the physicochemical properties of therapeutic compounds is 

crucial for predicting their pharmacokinetic behavior and potential efficacy. Table 2 

and 3 shows the predictions of key physicochemical properties for chloroquine and its 

derivatives 9c and 9d, as assessed through SwissADME (Jia et al., 2020). These 

properties include topological polar surface area (tPSA), number of hydrogen bond 

donors and acceptors, number of rotatable bonds (NROT), molecular weight (MW), and 

log P values, all of which play significant roles in a compound's solubility, permeability, 

and overall bioavailability. 

Chloroquine is characterized by a lower tPSA and lower molecular weight, 

which contribute to its favorable solubility and permeability. In contrast, derivatives 9c 

and 9d exhibit higher logP values and differences in hydrogen bonding properties, 

suggesting increased lipophilicity. Specifically, 9d with the highest molecular weight 

and logP, has an increased membrane permeability potential; However, solubility 

limitations can also occur. In brief, Chloroquine has the lowest molecular weight, tPSA 

and LogP, which could make it more bioavailable and soluble while maintaining good 

permeability. Derivatives 9c and 9d are more lipophilic (higher LogP) and have more 

hydrogen bond acceptors, which may impact their binding affinity with biological 

targets 9d with the highest molecular weight and LogP, is the most lipophilic of the 

three compounds in the tables and although it may have better membrane permeability, 

it could have solubility challenges compared to chloroquine (Caron, Ermondi et al. 

2009, Helal, Hussien et al. 2022, O’Donovan, De Fusco et al. 2023, Atwa, Hagras et al. 

2024, Awaji, El Zaloa et al. 2024, Elsebaei, Ezzat et al. 2024, Abuelkhir, Nagy et al. 

2025). 

Lipiniski rule (Awaji, El Zaloa et al. 2024): states that the oral drug have no 

violation of the following criteria: no more than 5 HBD and no more than 10 HBA, 

molecular weight less than 500 Daltons and logP including the value 5. Using 

SwissADME and Molsoft, our compounds met Lipinski’s rules for drug-likeness; For 

this reason, we believe that they have good absorption. The solubility of the drug is a 

crucial factor in determining the rate of dissolution that enables oral bioavailability; 

therefor, solubility of the drug is tested, which improves when the solubility values are 

less than 10 mg/L. Since our compounds show values from 1-5 mg/L, then, they are 

poor soluble in water (Helal, Hussien et al. 2022). Chloroquine remains a benchmark 

due to its established pharmacokinetic characteristics, including favorable blood-brain 

barrier penetration (BBB) and good intestinal absorption (CACO-2). In comparison, the 

derivatives 9c and 9d have different profiles, particularly in terms of their human 

intestinal absorption (HIA) and their permeability to Madin-Darby canine kidney cells 

(MDCK). Notably, 9d exhibits increased permeability across biological membranes but 

may have problems with solubility, which is crucial for its bioavailability. The data 

indicate that while 9c and 9d possess properties that may improve therapeutic outcomes, 

careful consideration of their pharmacokinetic properties, including their interactions 

with cytochrome P450 2D6 (CYP2D6), is vital for predicting their behavior in vivo.  
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Table 4: Pharmacokinetics prediction through pre-ADME 

Pharmacokinetics 

Code 
a
BBB 

b
CACO-2 

(x10
6
 cm/s) 

c
HIA

(%) 

d
MDCK 

(nm/s) 

e
PPB(

%) 

f
CYP2D

6 

9c 0.96 28.31 96.49 24.96 69.71 substrat

e 

9d 2.44 22.19 96.87 2.19 21.60 substrat

e 

Chloroquin

e 

7.73 56.61 98.05 0.29 92.53 substrat

e 
a
BBB: blood-brain barrier penetration. 

b
CACO-2: permeability through cells derived from human colon adenocarcinoma. 

c
HIA: percentage of human intestinal absorption. 

d
MDCK: permeability through Madin-Darby canine kidney cells. 

e
PPB: plasma protein binding. 

f
CYP2D6: cytochrome P450 2D6. 

 

2.2 .Prediction of Toxicity 

Predicting the toxicity of a compound is a critical step in the development of 

new drug candidates, making in silico toxicity studies a faster and cheaper procedure 

than in vivo animal toxicity testing or in vitro testing in cell lines. It also helps 

significantly reduce the number of animals used in experimental assays (Banerjee, 

Eckert et al. 2018). There are several online programs that access toxicities that are used 

in silico models to predict mean lethal dose, carcinogenicity, mutagenicity, and more.  

The Pro-Tox II web server (Banerjee, Eckert et al. 2018) predicts the mean 

lethal dose (LD50) in rodents. According to this program, all compounds can be 

classified into six GHS (Globally Harmonized System of Classification and Labeling of 

Chemicals) Categories (Angeli, Petrou et al. 2023) according to their toxicity and LD50 

value. 

Toxicity classes are defined according to the globally harmonized system of 

classification of labeling of chemicals (GHS). LD50 values are given in [mg/kg]: 

 ■ Class I: fatal if swallowed (LD50 ≤ 5) 

 ■ Class II: fatal if swallowed (5 < LD50 ≤ 50) 

 ■ Class III: toxic if swallowed (50 < LD50 ≤ 300) 

 ■ Class IV: harmful if swallowed (300 < LD50 ≤ 2000) 

 ■ Class V: may be harmful if swallowed (2000 < LD50 ≤ 5000) 

 ■ Class VI: non-toxic (LD50 > 5000) 
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Toxicity assessment is an important part of the development of therapeutic 

agents as it directly impacts their safety profile and potential clinical applications. Table 

5 summarizes the predicted toxicity for chloroquine and the new derivatives 9c and 9d, 

focusing on key parameters such as LD50 values and classifications for hepatotoxicity, 

carcinogenicity, mutagenicity and cytotoxicity. 

The data suggests that both derivatives have promising safety profiles, with 9c 

showing a higher predicted LD50 (1040 mg/kg) and being classified in toxicity class IV, 

suggesting a lower risk of acute toxicity. Conversely, at 9d, although still in a relatively 

safe range with a predicted LD50 of 750 mg/kg, there are active concerns for 

mutagenicity that warrant further investigation. Although chloroquine is effective, it has 

higher toxicity in certain categories, particularly hepatotoxicity and mutagenicity. 

These results highlight the potential of derivatives 9c and 9d as safer alternatives 

to chloroquine, particularly in terms of hepatotoxicity and overall toxicity class. 

However, the active mutagenicity observed with 9d highlights the need for thorough 

preclinical evaluations to ensure patient safety. 

Table 5: Prediction of toxicity 

No Predicted 

LD50 

(mg/kg) 

Predicted 

Toxicity 

Class 

Hepatotoxi

city 

Carcinogenicity Mutagenicity Cytotoxicity 

9c 1040 IV Inactive 

(0.84) 

Inactive (0.60) active (0.58) Inactive (0.71) 

9d 750 IV Inactive 

(0.84) 

Inactive (0.70) active (0.63) Inactive (0.71) 

chloroquine 750 IV Inactive 

(0.90) 

Inactive (0.66) active (0.94) Inactive (0.93) 

3. Conclusion: 

In this study, we successfully synthesized and evaluated a series of novel 

chloroquine derivatives as potential antiviral agents against SARS-CoV-2. By 

modifying the 7-position of the chloroquine scaffold, we developed compounds that 

exhibited promising antiviral activity. Notably, derivatives containing 

cyclopropylacetylene, N-methylpiprazine and morpholine moieties demonstrated 

significant inhibition of SARS-CoV-2 replication while maintaining acceptable safety 

profiles. Among them, compound 9d emerged as an outstanding candidate, showcasing 

excellent inhibitory properties with a favorable selectivity index. 

Our results highlight the importance of structural modifications in enhancing the 

antiviral efficacy of chloroquine derivatives. The incorporation of lipophilic and 

nitrogen-containing substituents at the 7-position not only improved antiviral activity 

but also suggested the potential for better pharmacokinetic properties. In silico studies 

also confirmed the favorable drug-likeness and pharmacokinetic profiles of the 

synthesized compounds, indicating their potential for development as therapeutic 

agents. 
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Despite the encouraging results, further optimization and extensive preclinical 

evaluations are required to improve the efficacy, selectivity and overall safety of these 

derivatives. Future research should focus on understanding the mechanisms of action 

and exploring combination therapies to maximize therapeutic outcomes against 

COVID-19.  

4. Experimental 

4.1. Chemistry 

General. All biologically tested compounds have purity of 98% or greater.
1
H NMR spectra 

were performed at 400 MHz and 
13

CNMR spectra were determined at 100 MHz in deuterated 

dimethyl sulfoxide (DMSO-d6) on a Varian Mercury VX-400 NMR spectrometer. Chemical 

shifts are measured in parts per million (ppm) on the delta () scale. The chemical shifts were 

calibrated relative to those of the solvents. Column chromatography was performed on 230-400 

mesh silica. The reaction progress was monitored using Merck silica gel IB2-F plates (0.25 mm 

thickness). Melting points were determined using capillary tubes with a Stuart SMP30 apparatus 

and are uncorrected. All yields reported refer to isolated yields. Compound (7) was prepared as 

reported (Hwang, Kawasuji et al. 2011, Elsebaei, Mohammad et al. 2018, Elsebaei, Abutaleb et 

al. 2019, Elsebaei, Mohammad et al. 2019).  

N
4
-(7-(Alkylethynyl)quinolin-4-yl)-N

1
,N

1
-diethylpentane-1,4-diamine (8a-c). 

General procedure: to DMF (7 mL) and triethylamine (3 mL) in a sealed 75-mL tube 

compound 7 (100 mg, 312 mmol), dichlorobis (triphenylphosphine) palladium(II) (21 mg, 10 

mol%), copper(I) Iodide (12 mg, 20 mol%) and potassium carbonate (90 mg, 2 equiv.). After 

the reaction mixture was purged with dry nitrogen gas for 15 minutes, appropriate acetylene 

derivatives (2 equiv.) were added. The sealed tube was then heated and stirred at 100 
o
C for 24 

hours and monitored using thin-layer chromatography (TLC). After the reaction was completed, 

the reaction mixture was poured onto water, then extracted with ethyl acetate (3 × 15 mL) then 

dried over MgSO4, the organic materials were then concentrated under reduced pressure. The 

raw materials were purified by silica gel flash column chromatography using DCM-MeOH (9:1) 

as a yellowish viscous oil. 

N
4
-(7-(Cyclopropylethynyl)quinolin-4-yl)-N

1
,N

1
-diethylpentane-1,4-diamine (8a). Brown oil 

(71 mg, 59.2 %); 
1
H NMR (DMSO-d6) δ: 8.32 (d, J = 8.2 Hz, 1H), 8.23 (d, J = 8.1 Hz, 1H), 

7.67 (s, 1H), 7.30 (d, J = 6.5 Hz, 1H), 6.76 (brs, 1H), 6.43 (d, J = 6.4 Hz, 1H), 3.70-3.66 (m, 

1H), 2.37-2.31 (m, 6H), 1.66-1.45 (m, 5H), 1.19 (d, J = 6.7 Hz, 3H), 0.87-0.74 (m, 10H); 
13

C 

NMR (DMSO-d6) δ: 153.7, 149.4, 148.9, 130.4, 125.2, 120.4, 117.5, 116.1, 107.0, 89.9, 84.2, 

53.7, 47.6, 33.4, 25.0, 16.7, 12.6, 10.5, 0.2; MS (m/z); 349.5 (M+, 100.00%).     

N
4
-(7-(Cyclohexylethynyl)quinolin-4-yl)-N

1
,N

1
-diethylpentane-1,4-diamine (8b). Brown oil 

(61 mg, 54.2 %); 
1
H NMR (DMSO-d6) δ: 8.56 (d, J = 8.2 Hz, 1H), 8.01 (d, J = 8.1 Hz, 1H), 

7.69 (s, 1H), 7.56 (d, J = 6.5 Hz, 1H), 6.77 (brs, 1H), 6.45 (d, J = 6.4 Hz, 1H), 3.35 -3.29 (m, 

1H), 2.37-2.31 (m, 6H), 1.66-1.45 (m, 11H), 1.02-0.74 (m, 13H); 
13

C NMR (DMSO-d6) δ: 

153.5, 149.3, 148.7, 130.1, 125.3, 120.6, 117.1, 116.3, 107.1, 85.7, 81.4, 53.2, 47.4, 46.9, 33.1, 

29.1, 28.7, 25.3, 24.7, 16.2, 12.6; MS (m/z); 391.6 (M+, 100.00%).     

N
1
,N

1
-Diethyl-N

4
-(7-(phenylethynyl)quinolin-4-yl)pentane-1,4-diamine (8c). Yellow oil (57 

mg, 40.1%);
 1

H NMR (DMSO-d6) δ: 8.37 (d, J = 8.2 Hz, 1H), 8.33 (d, J = 8.1 Hz, 1H), 7.88 (s, 

1H), 7.60-7.41 (m, 6H), 6.84 (d, J = 6.4 Hz, 1H), 6.49 (d, J = 6.4 Hz, 1H), 3.72-3.67 (m, 1H), 

2.40-2.31 (m, 4H), 1.68-1.43 (m, 6H), 1.21 (d, J = 6.4 Hz, 3H), 0.88 (t, J = 6.7 Hz, 6H); 
13

C 

NMR (DMSO-d6) δ: 153.8, 149.8, 148.3, 130.3, 129.1, 128.4, 128.1, 125.3, 122.5, 120.1, 
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117.7, 116.0, 107.2, 91.2, 89.4, 53.6, 47.2, 33.4, 25.3, 16.1, 12.5; MS (m/z); 385.5 (M+, 

100.00%).   

N
7
- Alkyl-N

4
-(5-(diethylamino)pentan-2-yl)quinoline-4-yl)-4,7-diamine (9a-d). 

General procedure: to DME (10 mL) in a 75-mL sealed tube compound 7 (100 mg, 1 mmol), 

palladium acetate (28 mg, 10 mol%), 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (X-

phos) (60 mg, 15 mol%) and potassium tert-butoxide (120 mg, 2.5 equiv.). After the reaction 

mixture was purged with dry nitrogen gas for 15 min at 70 
o
C, appropriate primary amines (5 

equiv.) were added. The sealed tube was then heated and stirred at 100 
o
C for 24 hours and 

monitored by thin-layer chromatography (TLC). After completion of the reaction, the reaction 

mixture was poured on water then extracted with ethyl acetate (3 × 15 mL) then dried over 

MgSO4, the organic materials were then concentrated under reduced pressure. The crude 

materials were purified via silica gel flash column chromatography using DCM-MeOH (9:1) as 

yellowish viscous oil. 

N
7
- Cyclopropyl-N

4
-(5-(diethylamino)pentan-2-yl)quinoline-4,7-diamine (9a).  Brown oil 

(61 mg, 58.2 %); 
1
H NMR (DMSO-d6) δ: 8.29 (s, 1H), 8.11 (d, J = 8.2 Hz, 1H), 7.68 (d, J = 8.1 

Hz, 1H), 6.80 (d, J = 6.5 Hz, 1H), 6.68 (s, 1H), 6.40 (d, J = 6.4 Hz, 1H), 6.08 (brs, 1H), 3.70-

3.66 (m, 1H), 2.71-2.51 (m, 6H), 1.67-1.43 (m, 5H), 1.18 (d, J = 6.7 Hz, 3H), 0.87-0.74 (m, 

10H); 
13

C NMR (DMSO-d6) δ: 153.1, 149.5, 148.6, 139.7, 125.1, 119.1, 117.8, 116.2, 107.2, 

53.8, 47.5, 47.1, 33.3, 25.1, 23.3, 16.7, 12.9, 6.2; MS (m/z); 340.5 (M+, 100.00%).     

N
1
, N

1
-Diethyl-N

4
-(7-(piperidin-1-yl)quinolin-4-yl)pentane-1,4-diamine (9b). Brown oil (51 

mg, 48.2 %); 
1
H NMR (DMSO-d6) δ: 8.18 (d, J = 8.2 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.26 (d, 

J = 6.5 Hz, 1H), 6.93 (s, 1H), 6.63 (brs, 1H), 6.40 (d, J = 6.4 Hz, 1H), 3.76-3.69 (m, 1H), 2.37-

2.31 (m, 6H), 1.66-1.45 (m, 11H), 1.02-0.74 (m, 12H); 
13

C NMR (DMSO-d6) δ: 152.9, 151.8, 

148.8, 147.9, 125.2, 117.6, 116.8, 107.7, 52.6, 49.8, 47.3, 33.5, 25.5, 25.1, 16.7, 12.9; MS (m/z); 

368.5 (M+, 100.00%).     

N
1
, N

1
-Diethyl-N

4
-(7-morpholinoquinolin-4-yl)pentane-1,4-diamine (9c). Brown oil (64 mg, 

58.2 %); 
1
H NMR (DMSO-d6) δ: 8.19 (d, J = 8.2 Hz, 1H), 8.11 (d, J = 8.1 Hz, 1H), 7.20 (d, J = 

6.5 Hz, 1H), 6.98 (s, 1H), 6.84 (brs, 1H), 6.57 (d, J = 6.4 Hz, 1H), 3.74-3.65 (m, 1H), 2.37-2.31 

(m, 6H), 1.66-1.45 (m, 10H), 1.02-0.74 (m, 12H); 
13

C NMR (DMSO-d6) δ: 152.9, 151.8, 148.8, 

147.9, 125.2, 117.6, 116.8, 107.7, 52.6, 49.8, 47.3, 33.5, 25.5, 25.1, 12.9; MS (m/z); 370.5 (M+, 

100.00%).     

N
1
, N

1
-Diethyl-N

4
-(7-(4-methylpiperazin-1-yl)quinolin-4-yl)pentane-1,4-diamine (9d). 

Brown oil (54 mg, 51.2 %); 
1
H NMR (DMSO-d6) δ: 8.32 (d, J = 8.2 Hz, 1H), 8.24 (d, J = 8.1 

Hz, 1H), 7.61 (s, 1H), 7.31 (d, J = 6.5 Hz, 1H), 7.01 (brs, 1H), 6.78 (d, J = 6.4 Hz, 1H), 3.74-

3.65 (m, 1H), 2.37-2.31 (m, 6H), 1.66-1.45 (m, 10H), 1.02-0.74 (m, 14H); 
13

C NMR (DMSO-

d6) δ: 153.5, 152.2, 148.8, 147.9, 125.2, 117.6, 116.8, 107.7, 52.6, 49.8, 47.3, 33.5, 25.5, 25.1, 

17.2, 12.9; MS (m/z); 383.5 (M+, 100.00%).  

4.2. In vitro bioassay 

Cells and viruses 

Vero-E6 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (Lonza, 

Basel, Switzerland) containing fetal bovine serum (10%) (Lonza), and an antibiotic antimycotic 

mixture (1%) (Lonza). The cells were incubated at 37 °C in a humidified atmosphere of 5% 
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CO2. The MERS-CoV isolates (NRCE-HKU270 (Accession Number: KJ477103.2)) were 

propagated in VERO-E6 cells. The virus was titrated using plaque titration assay as previously 

described (Mostafa et al. 2020). 

Determination of the half-maximal cytotoxic concentration (CC50)  

To assess the half-maximal cytotoxic concentration (CC50), stock solutions of the 

synthetic compounds were prepared in 10% DMSO in D2O and further diluted to the working 

solutions with DMEM. The cytotoxic activity of the extracts was tested in Vero-E6 cells using 

the crystal violet assay as previously by Feoktistova et al described (2016) and Al-Rabia et al 

(2021) with minor modifications. Cells were seeded in 96 well-plates (100 µl/well at a density 

of 3×105 cells/ml) and incubated for 24 h at 37 °C in 5% CO2. After 24 h, cells were treated 

with various concentrations of the synthetic compounds in triplicates. Seventy-two hours later, 

the media supernatant was discarded, and cell monolayers were fixed with 10% formaldehyde 

for 1 h at room temperature (RT). The fixed monolayers are then dried and stained with 50 µl of 

0.1% crystal violet for 20 min on bench rocker at RT. The monolayers are then washed, dried 

and the crystal violet dye in each well is then dissolved with 200 µl methanol for 20 min on 

bench rocker at RT. Absorbance of crystal violet solutions is measured at λmax 570 nm as a 

reference wavelength using a BMG LABTECH®- FLUOstar Omega microplate reader in 

Ortenberg, Germany. 

Determination of inhibitory concentration 50 (IC50)  

The IC50 values for synthetic compounds were determined as previously described 

(Mostafa et al. 2020), with minor modifications. Briefly, in 96-well tissue culture plates, 2.4 × 

104 Vero-E6 cells were distributed in each well and incubated overnight at a humidified 

incubator at 37 °C under 5% CO2 conditions. The cell monolayers were then washed once with 

1x PBS. An aliquot of the MERS CoV virus containing 100 TCID50 was incubated with serial 

diluted concentrations of the tested extracts and kept at 37 °C for 1 h. The Vero-E6 cells were 

treated with virus/compounds mix and co-incubated at 37 °C in a total volume of 200 µl per 

well. Untreated cells infected with virus represent virus control, however cells that are not 

treated and not infected are cell control. Following incubation at 37 °C in 5% CO2 incubator for 

72 h, the cells were fixed with 100 μl of 10% formaldehyde for 20 min and stained with 0.5% 

crystal violet in distilled water for 15 min at RT. The crystal violet dye was then dissolved using 

100 μl absolute methanol per well and the optical density of the color is measured at 570 nm 

using a BMG LABTECH®- FLUOstar Omega microplate reader in Ortenberg, Germany. 

Statistical analysis of data 

Statistical analyses of all experiments were performed in three biological repeats. Using 

GraphPad Prism 5.01 software, statistical tests and graphical data presentation were carried out. 

Data are presented as the average of the means. The CC50 and IC50 curves represent the 

nonlinear fit of “Normalize” of “Transform” of the obtained data, their values were calculated 

using GraphPad prism as “best fit value”. 
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 تشييد مشتقات جديدة للكلىروكين لدراستها بيىلىجيا

1
 ,الله يىسفعجذ 

1
 ,ييهىة صلاح انشحًٍ عجذ

2
 قشَى عجذ الله,

1
 .محمد يصطفى انسجبعي

1
 يصش -انقبهشح -جبيعخ الأصهش –كهيخ انصيذنخ )ثُيٍ(  –قسى انكيًيبء انعضىيخ 

2
 يصش -, انجيضحًشكض انقىيى نهجحىث, انقسى انكيًيبء انعضىيخ انتطجيقيخ

تشُكّض هزِ انذساسخ عهى تطىيش يشتقبد جذيذح يٍ انكهىسوكيٍ كعىايم يضبدح نهفيشوسبد انًحتًهخ ضذ فيشوط 

تى  اقتشاٌ, انكهىسوكيٍ ثبستخذاو تفبعلاد يٍ 7يٍ خلال تعذيم انًىضع  .(SARS-CoV-2) كىسوَب انًستجذ

يشوسبد تشكيت سهسهخ يٍ انًشكجبد. حذدد انتقييًبد انًختجشيخ انعذيذ يٍ انًشتقبد راد انُشبط انًضبد نهف

تأحيشاد يخجطخ قىيخ ويإشش اَتقبئي يُبست. تشيش هزِ انُتبئج ئنى أٌ انًشتقبد   9dانىاعذح, حيج أظهش انًشكت

كأدويخ يضبدح نهفيشوسبد. يسهظ هزا انعًم انضىء عهى ئيكبَيخ تىفش أسبسًب واعذاً نًضيذ يٍ انتحسيٍ وانتطىيش 

, تستحق COVID-19 انتعذيلاد انهيكهيخ نتحسيٍ فعبنيخ يشتقبد انكهىسوكيٍ. ثبنُظش ئنى انتحذيبد انًستًشح نـ

خ حىل يهً يخب انعلاجيخ. تىفش هزِ انذساسخ سؤهزِ انًشكجبد انجذيذح يضيذاً يٍ انجحج نتحذيذ آنيبد عًههب وقيًته

تطىيش الأدويخ انًضبدح نهفيشوسبد وتسهظ انضىء عهى انحبجخ ئنى انجهىد انًستًشح نتحسيٍ انهيبكم انذوائيخ 

 .انحبنيخ في يكبفحخ انتهذيذاد انفيشوسيخ انُبشئخ

 و تفبعلاد الاقتشاٌ. COVID-19انكهىسوكيٍ ,يضبد انفيشوسبد,  :حيةالمفتاالكلمات  

 

 

  

 

 


