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Considering the extremely valuable biological and pharmaceutical properties of quinolines, novel 

water-soluble quinoline-based conjugates were designed and synthesized. In vitro antioxidant activities, 
such as free radical scavenging, metal chelating, and reducing-power activities, of the newly synthesized 
compounds (WQ-1, WQ-2, WQ-3, WQ-4, and WQ-5) were determined. Although the highest scaveng-
ing activity (41.21 ± 1.18%) and chelating activity (23.53 ± 0.97%) at a concentration of 500.0 µg/ml 
were observed in WQ-4, it was determined that WQ-5 had the highest reducing-power ability (0.417 ± 
0.0116). The synthesized compounds were also tested for their antimicrobial activities against two Gram-
positive and two Gram-negative bacteria, and it was determined that only WQ-3 showed low activity 
against Enterococcus hirae and Staphylococcus aureus. DNA-binding activities of the compounds were 
also studied using calf thymus DNA (CT-DNA). Additionally, the three-dimensional geometries and 
some electronic properties of the synthesized compounds were investigated with the density functional 
theory approach at B3LYP/6-31++G(d,p) level of theory. 
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ДИЗАЈН, СИНТЕЗА И БИОЛОШКА ЕВАЛУАЦИЈА НА НОВИ ВОДОРАСТВОРЛИВИ 

КОНЈУГИРАНИ ПАРОВИ БАЗИРАНИ НА ХИНОЛИН СО АНТИОКСИДАТИВНА,  

АНТИМИКРОБНА И АКТИВНОСТ ЗА ВРЗУВАЊЕ СО DNA 

 
Имајќи ги предвид исклучително вредните биолошки и фармацевтски својства на 

хинолините, беа дизајнирани и синтетизирани нови водорастворливи конјугирани парови 
базирани на хинолин. Во условите in vitro беа определени антиоксидациските активности на 
новосинтетизираните соединенија (WQ-1, WQ-2, WQ-3, WQ-4 и WQ-5) како што се способноста 
за неутрализација на слободни радикали, комплексообразувачка активност и редукциска 
способност. Иако кај WQ-4 беа забележани највисоки активности на неутрализација на радикали 
(41,21 ± 1,18%) и комплексообразувачка активност (23,53 ± 0,97%) при концентрација од 500,0 
µg/ml, утврдено е дека WQ-5 има најголема редукциска способност (0,417 ± 0,0116). 
Синтетизираните соединенија беа тестирани и за нивната антимикробна активност против две 
Грам-позитивни и две Грам-негативни бактерии, при што беше утврдено дека само WQ-3 
покажува ниска активност против Enterococcus hirae и Staphylococcus aureus. Активностите на 
врзување со DNA беа испитани користејќи DNA од теле (CT-DNA). Дополнително, 
тридимензионалната геометрија и некои електронски својства на синтетизираните соединенија беа 
проучени со примена на теоријата на функционал на густина на ниво B3LYP/6-31++G(d,p). 

 

Клучни зборови: хинолин-триазол; синтеза; антиоксидациско средство; антимикробна активност; 

електронски својства 
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1. INTRODUCTION 

 

As a naturally occurring skeleton, quinoline 

attracts many researchers' attention due to its use in 

pharmaceuticals, agrochemicals, functional materi-

als, and ligands in transition-metal catalysts.1-3 

Molecules bearing quinoline skeletons have wide 

ranging pharmaceutical activities; for example, 

they have been reported to have antiviral,4 an-

titubercular,5 antimalarial,6 anti-inflammatory,7 

antifungal,8 anticancer,9 antibiotic,10 and antihyper-

tensive11 activities. Thus, the development of effi-

cient methodologies for the preparation of substi-

tuted quinolines is very important in organic syn-

thesis.  

Triazoles tend to interact with enzymes, pro-

teins, and receptors in organisms, and their deriva-

tives possess a variety of biological activities, in-

cluding anticancer,12 antiviral,13 antitubercular,14 

antibacterial,15 and anti-inflammatory16 activities. 

The 1,2,3-triazole moiety is of great importance in 

the fields of chemistry and chemical biology due to 

its unique properties, inert nature, and ability to 

mimic amide bonds.17 Some important drugs that 

retain the 1,2,3-triazole moiety in their core struc-

tures, such as tazobactam (antibiotic) and rufina-

mide (anticonvulsant), are well known (Figure 1). 

The most efficient method for the synthesis of 

1,2,3-triazoles is the Cu(I)-catalyzed Huisgen 1,3-

dipolar cycloaddition of organic azides with al-

kynes, which forms only the 1,4-disubstituted 

1,2,3-triazoles selectively.18 

The molecular hybridization strategy is 

widely used in drug design and development based 

on the connection of two or more pharmacophoric 

moieties of different bioactive substances in a sin-

gle chemical entity. This strategy can produce new 

hybrid compounds with improved affinity and effi-

cacy compared to the parent drugs and can help to 

reduce undesired side effects.  
 

 

 
 

Fig. 1. Design of novel water-soluble quinoline-triazole hybrids 
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As part of our ongoing work to synthesize 
new chemical scaffolds of biological importance, 
we have designed hybrid structures of quinoline and 
triazoles. The quinoline skeleton was retained as a 
core pharmacophore across all derivatives. Design-
ing water-soluble quinoline-based conjugates may 
enhance their biological potential while providing 
valuable insights into structure–activity relation-
ships. Diglycol monomethyl ether moieties were 
introduced to enhance aqueous solubility, facilitat-
ing biological evaluation. Anthracene and pyrene 
units were attached to the target molecules via linker 
groups, including acetyl and the triazole ring, which 
are good centers for hydrogen-bonding interactions. 
Furthermore, triazoles are very stable to both meta-
bolic and chemical degradation, being inert to hy-
drolytic, oxidizing, and reducing conditions. 

In particular, investigating antioxidant and 
antimicrobial activities, along with DNA-binding 
properties, can provide comprehensive information 
on their therapeutic potential. Furthermore, compu-
tational studies, such as density functional theory 
(DFT), can help to understand the electronic prop-
erties and geometric structures of the synthesized 
compounds, supporting the interpretation of exper-
imental findings. 

In this study, novel water-soluble quinoline-
based conjugates were designed, synthesized, and 
evaluated for their antioxidant, antimicrobial, and 
DNA-binding activities, and these efforts were 
complemented by theoretical studies to explore 
their structural and electronic characteristics. 

 
2. EXPERIMENTAL 

 

2.1. Chemistry 

 
All chemicals and solvents were purchased 

from commercial suppliers and used without puri-
fication. 1H NMR and 13C NMR spectra were rec-
orded on an Agilent 400 MHz spectrometer. 1H 
(400 MHz) and 13C NMR were recorded in chloro-
form-d (CDCl3), and the chemical shifts were re-
ported in ppm relative to tetramethylsilane 
(Si(CH3)4) as the internal standard. LC/MS-MS 
spectra were recorded on a Thermo Scientific Q 
Exactive mass spectrometry. Melting points were 
recorded in open glass capillaries on a Stuart 
SMP3 instrument. Infrared spectra were recorded 
on a Thermo Scientific Nicolet iS10 FT-IR spec-
trometer in ATR mode. 

Flash column chromatography was per-
formed using thick-walled glass columns and silica 
gel (60-mesh; Merck). The reactions were moni-
tored by thin-layer chromatography (TLC) using 

Merck 0.2-mm silica gel 60 F254 analytical alumi-
num plates, and spots were visualized by UV light.  

 

2.1.1. Synthesis of WQ-1 
 

2.1.1.1. 2-(2-(2-methoxyethoxy)ethoxy)-8-(prop-2-

yn-1-yloxy)quinoline, 3 
 

8-(prop-2-yn-1-yloxy)quinolin-2-ol, 2 (199 
mg, 1 mmol), which was synthesize according to 
method reported in the literature,19 was dissolved 
in 10 ml CH3CN. K2CO3 (207 mg, 1.5 mmol) was 
added and the mixture was refluxed for 30 min. 
Then, 2-(2-methoxyethoxy)ethyl 4-methylbenzene-
sulfonate (274 mg, 1 mmol) was added and the 
reaction was stirred at reflux overnight. The reac-
tion was monitored by TLC. After the reaction 
mixture was cooled, it was filtered and the solvent 
was removed. The product 3 was purified by col-
umn chromatography using silica gel and 
EtOAc/hexane (1:3) 

White solid; 68 % yield; 1H NMR (CDCl3, 400 
MHz): δ 7,96 (d, J = 8.9 Hz, 1H, Ar–H), 7.39 (dd, 
J = 7.8 and J = 1.5 Hz, 1H, Ar–H), 7.29 (t, J = 7.8 
Hz, 1H, Ar–H), 7.26–7.23 (m, 1H, Ar–H), 6.96 (d, J 
= 8.8 Hz, 1H, Ar–H), 5.01 (d, J = 2.4 Hz, 2H, 
CH2O), 4.72–4.70 (m, 2H, CH2O), 3.94–3.91 (m, 2H, 
CH2O), 3.75–3.73 (m, 2H, CH2O), 3.59–3.57 (m, 2H, 
CH2O), 3.38 (s, 3H, OCH3), 2.52 (t, J = 2.4 Hz, 1H, 
CH). 13C NMR (CDCl3, 100 MHz): δ 161.2, 151.9, 
138.9, 138.4, 126.4, 123.7, 121.4, 114.2, 113.6, 79.0, 
75.7, 71.9, 70.5, 69.7, 65.1, 59.1, 57.8. LC-MS/MS: 
Anal. Calcd. for C17H19NO4 [M+H]+: m/z 302.1387. 
Found: m/z 302.1392. IR ʋmax (neat, cm–1): 3273, 
2924, 2873, 2118, 1606, 1504, 1431, 1354, 1242, 
1089, 920, 752, 584. 

 

2.1.1.2. 8-((1-(anthracen-9-ylmethyl)-1H-1,2,3-

triazol-4-yl)methoxy)-2-(2-(2-methoxyethoxy) eth-

oxy)quinoline, WQ-1 
 

2-(2-(2-methoxyethoxy)ethoxy)-8-(prop-2-
yn-1-yloxy)quinoline (100 mg, 0.3 mmol) and 9-
(azidomethyl)anthracene (70 mg, 0.3 mmol) were 
dissolved in 5 ml of THF:H2O (4:1); CuSO4∙5H2O 
(13 mg, 0.5 mmol) and sodium ascorbate (20 mg, 
0.1 mmol) were added, and the reaction mixture 
was stirred at room temperature for 24 h. After the 
experiment was terminated, the solvent was evapo-
rated. The product WQ-1 was purified by column 
chromatography using EtOAc:hexane (1:1). 

White solid; mp 124–126 °C; 81% yield; 1H 
NMR (CDCl3, 400 MHz): δ 8.59 (s, 1H, Ar–H), 
8.32–8.30 (m, 2H, Ar–H), 8.10–8.07 (m, 2H, Ar–
H), 7.88 (d, J = 8.9 Hz, 1H, Ar–H), 7.62–7.58 (m, 
2H, Ar–H), 7.55–7.51 (m, 2H, Ar–H), 7.29 (s, 1H, 
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Ar–H), 7.27 (dd, J = 8.0 and J = 1.3 Hz, 1H, Ar–
H), 7.17 (t, J = 7.9 Hz, 1H, Ar–H), 7.08 (dd, J = 
7.8 and J = 1.3 Hz, 1H, Ar–H), 6.87 (d, J = 8.8 
Hz, 1H, Ar–H), 6.56 (s, 2H, CH2N), 5.31 (s, 2H, 
CH2O), 4.34–4.32 (m, 2H, CH2O), 3.64–3.60 (m, 
4H, CH2O), 3.54–3.52 (m, 2H, CH2O), 3.37 (s, 3H, 
OCH3). 

13C NMR (CDCl3, 100 MHz): δ 161.0, 
152.5, 144.8, 138.8, 131.4, 130.8, 129.9, 129.5, 
127.7, 126.2, 125.4, 123.8, 123.7, 123.0, 122.2, 
120.8, 113.5, 113.3, 113.2, 71.9, 70.3, 69,6, 64.6, 
64.2, 59.0, 46.5. LC-MS/MS: Anal. Calcd. for 
C40H36N4O4 [M+H]+: m/z 637.2817. Found: m/z 
637.2809. IR ʋmax (neat, cm–1): 3050, 2877, 1618, 
1576, 1509, 1430, 1339, 1198, 1051, 826, 727. 

 

2.1.2. Synthesis of WQ-2 
 

2-(2-(2-methoxyethoxy)ethoxy)-8-(prop-2-yn-
1-yloxy)quinoline 3 (100 mg, 0.3 mmol) and 1-
(azidomethyl)pyrene (90 mg, 0.3 mmol) were dis-
solved in 5 ml of THF:H2O (4:1). After addition of 
CuSO4∙5H2O (13 mg, 0.5 mmol) and sodium ascor-
bate (20 mg, 0.1 mmol), the solution was stirred at 
room temperature for 24 hours. The experiment was 
terminated after TLC monitoring, and the solvent was 
removed. The product WQ-2 was purified by column 
chromatography using EtOAc:hexane (1:1). 

White solid; mp 118–120 °C; 69% yield; 1H 
NMR (CDCl3, 400 MHz): δ 8.25–8.17 (m, 4H, Ar–
H), 8.14–8.03 (m, 4H, Ar–H), 7.95 (d, J = 7.8 Hz, 
1H, Ar–H), 7.81 (d, J = 8.9 Hz, 1H, Ar–H), 7.45 (s, 
1H, Ar–H), 7.22 (dd, J = 8.0 and J = 1.4 Hz, 1H, 
Ar–H), 7,14 (t, J = 7.9 Hz, 1H, Ar–H), 7.08 (dd, J = 
7.7 and J = 1.4 Hz, 1H, Ar–H), 6.82 (d, J = 8.8 Hz, 
1H, Ar–H), 6.25 (s, 2H, CH2N), 5.39 (s, 2H, CH2O), 
4.42–4.39 (m, 2H, CH2O), 3.66–3.63 (m, 2H, 
CH2O), 3.58–3.55 (m, 2H, CH2O), 3.50–3.48 (m, 
2H, CH2O), 3.34 (s, 3H, OCH3). 

13C NMR (CDCl3, 
100 MHz): δ 161.0, 152.4, 145.2, 138.8, 138.1, 
132.1, 131.1, 130.5, 129.3, 129.1, 128.3, 127.7, 
127.2, 126.7, 126.4, 126.2, 125.9, 125.8, 125.0, 
124.9, 124.4, 123.8, 122.6, 121.9, 120.8, 113.4, 
113.4, 71.9, 70.3, 69.5, 64.8, 64.1, 59.0, 52.5. LC-
MS/MS. Anal. Calcd. for C42H36N4O4 [M+H]+: m/z 
661.2809. Found: m/z 661.2822. IR ʋmax (neat, cm–1): 
3424, 3044, 2892, 1732, 1605, 1579, 1508, 1456, 
1341, 1267, 1137, 1050, 847, 734. 

 

2.1.3. Synthesis of WQ-3 

 

2.1.3.1. 2-((2-hydroxyquinolin-8-yl)oxy)-1- 

(pyren-1-yl)ethanone, 5 
 

Quinoline-2,8-diol (1.0 mmol), 1-
(bromoacetyl)pyrene 4 (323 mg, 1.0 mmol), and 
K2CO3 (276 mg, 2.0 mmol) were dissolved in 25 

ml dry THF and were refluxed for 24 hours. The re-
action was followed by TLC. The reaction mixture 
was filtered and the solvent was removed in vacuo. 
The product 5 was purified by column chromatog-
raphy using silica gel and EtOAc/hexane (1:2). 

Yellow solid; mp 170–173 °C; 75% yield; 
1H NMR (CDCl3, 400 MHz): δ 9.49 (s, 1H, OH), 

9.07 (d, J = 9.5 Hz, 1H, Ar–H), 8.40 (d, J = 8.1 

Hz, 1H, Ar–H), 8.31–8.21 (m, 5H, Ar-H), 8.12–

8.08 (m, 2H, Ar–H), 7.71 (d, J = 9.5 Hz, 1H, Ar–

H), 7.20–7.18 (m, 1H, Ar–H), 7.13–7.05 (m, 2H, 

Ar–H), 6.69–6.66 (m, 1H, Ar–H), 5.64 (s, 2H, 

CH2O). 13C NMR (CDCl3, 100 MHz): δ 197.0, 

161.9, 144.2, 140.2, 134.8, 131.0, 130.6, 130.4, 

130.4, 127.7, 127.0, 126.8, 126.7, 126.6, 126.1, 

125.1, 124.3, 124.0, 123.9, 122.9, 122.0, 120.9, 

120.5, 118.0, 112.3, 110.0, 73.1. LC-MS/MS. 

Anal. Calcd. for C27H17NO3 [M+H]+: m/z 

404.1281. Found: m/z 404.1278. IR ʋmax (neat, cm–

1): 3391, 3039, 1654, 1603, 1474, 1253, 1216, 

1178, 1103, 839, 796, 730, 625. 

 

2.1.3.2. 2-((2-(2-(2-methoxyethoxy)  

ethoxy)quinolin-8-yl)oxy)-1-(pyren-1-yl)ethanone, 

WQ-3 
 

2-((2-hydroxyquinolin-8-yl)oxy)-1-(pyren-

1-yl)ethanone 5 (100 mg, 0.25 mmol) was dis-

solved in 10 ml of CH3CN. Then, K2CO3 (70 mg, 

0.5 mmol) was added and the reaction mixture was 

refluxed for 30 min. After cooling, 2-(2-

methoxyethoxy)ethyl 4-methylbenzenesulfonate 

(69 mg, 0.25 mmol) was added and the mixture 

was refluxed overnight. The reaction was terminat-

ed after monitoring by TLC and the mixture was 

filtered. The solvent was removed and the product 

WQ-3 was purified by column chromatography 

using EtOAc:hexane (1:2). 

Orange solid; mp 105–108 °C; 70% yield; 
1H NMR (CDCl3, 400 MHz): δ 9.02 (d, J = 9.4 Hz, 

1H, Ar–H), 8.54 (d, J = 8.0 Hz, 1H, Ar–H), 8.26 

(dd, J = 7.6 and J = 2.2 Hz, 2H, Ar–H), 8.23 (d, J 

= 9.4 Hz, 1H, Ar–H), 8.20–8.18 (m, 2H, Ar–H), 

8.09–8.07 (m, 2H, Ar–H), 7.95 (d, J = 8.9 Hz, 1H, 

Ar–H), 7.37 (dd, J = 8.0 and J = 1.3 Hz, 1H, Ar–

H), 7.26 (t, J = 7.9 Hz, 1H, Ar–H), 7.19 (dd, J = 

7.7 and J = 1.3 Hz, 1H, Ar–H), 6.94 (d, J = 8.8 

Hz, 1H, Ar–H), 5.72 (s, 2H, CH2O), 4.50–4.48 (m, 

2H, CH2O), 3.69–3.67 (m, 2H, CH2O), 3.57–3.55 

(m, 2H, CH2O), 3.48–3.46 (m, 2H, CH2O), 3.33 (s, 

3H, OCH3). 
13C NMR (CDCl3. 100 MHz): δ 199.4, 

161.2, 152.5, 138.9, 138.3, 134.3, 131.0, 130.5, 

130.2, 130.0, 129.9, 129.2, 127.1(2), 126.8, 126.5, 

126.5, 126.3, 125.0, 124.6, 124.2, 123.8 (2), 121.4, 

113.9, 113.7, 74.6, 71.8, 70.3, 69.5, 65.0, 59.0. LC-
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MS/MS. Anal. Calcd. for C32H27NO5 [M+H]+: m/z 

506.1962. Found: m/z 506.1974. IR ʋmax (neat, cm–

1): 3018, 1694, 1595, 1508, 1481, 1432, 1270, 

1215, 1105, 848, 745, 668. 

 

2.1.4. Synthesis of WQ-4 
 

2.1.4.1. (E)-2-(2-(8-(prop-2-yn-1-yloxy)quinolin-2-

yl)vinyl)phenol, 7 
 

(E)-2-(2-hydroxystyryl)quinolin-8-ol 6 (263 

mg, 1 mmol) was dissolved in 10 ml of acetone. 

K2CO3 (414 mg, 3 mmol) was added and the reac-

tion mixture was refluxed for 30 min. Then, pro-

pargyl bromide (0.24 ml, 2.2 mmol) was added and 

reflux was continued overnight. The reaction was 

terminated after TLC monitoring. After the mix-

ture was cooled, it was filtered and the solvent was 

removed. The product 7 was purified by column 

chromatography using silica gel and EtOAc/    

hexane (1:5).  

White solid; 82% yield; 1H NMR (CDCl3, 

400 MHz): δ 8.07 (d, J = 8.7 Hz, 1H, Ar–H), 8.06 

(d, J =16.8 Hz, 1H, CH), 7.84 (d, J = 8.7 Hz, 1H, 

Ar–H), 7.79–7.76 (m, 1H, Ar–H), 7.56 (d, J = 16.8 

Hz, 1H, CH), 7.41 (d, J = 0.9 Hz, 1H, Ar–H), 7.40 

(s, 1H, Ar–H), 7.32–7.26 (m, 2H, Ar–H), 7.06–

7.03 (m, 2H, Ar–H), 5.07 (d, J = 2.4 Hz, 2H, 

CH2O), 4.80 (d, J = 2.4 Hz, 2H, CH2O), 2.54 (t, J 

= 2.4 Hz, 2H, CH). 13C NMR (CDCl3, 100 MHz): 

δ 155.9, 155.2, 152.9, 140.2, 136.1, 130.4, 129.5, 

128.5, 128.5, 127.1, 126.2, 125.9, 121.9, 120.6, 

118.9, 112.8, 110.9, 78.6 (2), 76.1, 75.8, 56.9, 

56.3. LC-MS/MS. Anal. Calcd. for C23H17NO2 

[M+H]+: m/z 340.1332. Found: m/z 340.1334. 

 

2.1.4.2. (E)-2-(2-(2-(2-methoxyethoxy)  

ethoxy)styryl)-8-(prop-2-yn-1-yloxy)quinoline, 8 
 

(E)-2-(2-(8-(prop-2-yn-1-yloxy)quinolin-2-

yl)vinyl)phenol 7 (300 mg, 1 mmol) was dissolved 

in 30 ml of CH3CN. Next, K2CO3 (207 mg, 1.5 

mmol) was added and the mixture was stirred under 

reflux conditions. 2-(2-methoxyethoxy)ethyl-4-

methylbenzenesulfonate (274 mg, 1 mmol) was then 

added and the mixture was stirred under reflux 

overnight. The reaction was terminated after TLC 

monitoring and the mixture was filtered. The sol-

vent was removed and the product was purified by 

column chromatography using EtOAc:hexane (1:2). 

Yellow solid; 91 % yield; 1H NMR (CDCl3, 

400 MHz): δ 8.06 (d, J = 8.6 Hz, 1H, Ar–H), 7.97 

(d, J = 16.7 Hz, 1H, CH), 7.79–7.75 (m, 2H, Ar–

H), 7.51 (d, J = 16.7 Hz, 1H, CH), 7.39–7.33 (m, 

2H, Ar–H), 7.31–7.27 (m, 1H, Ar–H), 7.09 (dd, J 

= 6.7 and J = 2.2 Hz, 1H, Ar–H), 7.06–7.03 (m, 

2H, Ar–H), 4.80 (d, J = 2.4 Hz, 2H, CH2O), 4.45 

(t, J = 5.4 Hz, 2H, CH2O), 4.10 (t, J = 5.4 Hz, 2H, 

CH2O), 3.88–3.86 (m, 2H, CH2O), 3.61–3.59 (m, 

2H, CH2O), 3.38 (s, 3H, OCH3), 2.56 (t, J = 2.4 

Hz, 2H, CH). 13C NMR (CDCl3, 100 MHz): δ 

155.5, 155.2, 154.5, 140.2, 136.1, 130.3, 129.4, 

128.4, 128.2, 127.1, 126.3, 126.2, 121.8, 119.9, 

119.2, 112.8, 110.0, 78.6, 75.8, 72.0, 71.0, 69.5, 

68.7, 59.1, 59.0, 56.3. LC-MS/MS. Anal. Calcd. 

for C25H25NO4 [M+H]+: m/z 404.1856. Found: m/z 

404.1862. 

 

2.1.4.3. (E)-8-((1-(anthracen-9-ylmethyl)-1H-

1,2,3-triazol-4-yl)methoxy)-2-(2-(2-(2-

methoxyethoxy)ethoxy)styryl)quinoline, WQ-4 

 

(E)-2-(2-(2-(2-methoxyethoxy)ethoxy)styryl)-

8-(prop-2-yn-1-yloxy)quinoline 8 (101 mg, 0.25 

mmol) and 9-(azidomethyl)anthracene (60 mg, 

0.25 mmol) were dissolved in 5 ml of THF:H2O 

(4:1). Next, CuSO4∙5H2O (7 mg, 0.25 mmol) and 

sodium ascorbate (10 mg, 0.05 mmol) were added 

and the solution was stirred at room temperature 

for 24 hours. After the experiment was terminated, 

the solvent was removed. The product WQ-4 was 

purified by column chromatography using 

EtOAc:hexane (2:1). 

Yellow solid; mp 144–146 °C; 73 % yield; 
1H NMR (CDCl3, 400 MHz): δ 8.52 (s, 1H, Ar–H), 

8.29 (d, J = 9.0 Hz, 2H, Ar–H), 8.03–8.01 (m, 2H, 

Ar–H), 7.96 (d, J = 8.6 Hz, 1H, Ar–H), 7.73 (d, J 

= 16.7 Hz, 1H, CH), 7.64 (dd, J = 7.7 and J = 1.5 

Hz, 1H, Ar–H), 7.54–7.36 (m, 9H, Ar–H and CH), 

7.21–7.17 (m, 1H, Ar–H), 7.10 (dd, J = 6.5 and J 

= 1.5 Hz, 1H, Ar–H), 6.99–6.94 (m, 2H, Ar–H), 

6.53 (s, 2H, CH2N), 5.14 (s, 2H, CH2O), 4.43 (t, J 

= 5.4 Hz, 2H, CH2O), 4.06 (t, J = 5.4 Hz, 2H, 

CH2O), 3.82–3.79 (m, 2H, CH2O), 3.58–3.55 (m, 

2H, CH2O), 3.36 (s, 3H, OCH3). 
13C NMR (CDCl3, 

100 MHz): δ 155.9, 155.5, 154.4, 144.1, 140.0, 

136.1, 131.4, 130.7, 130.0, 129.9, 129.6, 129.4, 

128.4, 128.4, 127.6, 127.1, 126.2, 125.4, 123.6, 

123.0, 122.9, 122.5, 121.6, 119.8, 118.8, 113.3, 

110.1, 71.9, 70.9, 69.5, 68.6, 62.8, 59.0, 46.5. LC-

MS/MS. Anal. Calcd. for C40H36N4O4 [M+H]+: m/z 

637.2817. Found: m/z 637.2809. IR ʋmax (neat, cm–1): 

3055, 2933, 2872, 1557, 1452, 1435, 1335, 1245, 

1130, 1102, 976, 820, 749, 735. 

 

2.1.5. Synthesis of WQ-5 
 

(E)-2-(2-(2-(2-methoxyethoxy)ethoxy)styryl)-

8-(prop-2-yn-1-yloxy)quinoline 8 (101 mg, 0.25 

mmol) and azidomethylpyrene (67 mg, 0.25 mmol) 
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were dissolved in 5 ml of THF:H2O (4:1). After the 

addition of CuSO4∙5H2O (7 mg, 0.25 mmol) and 

sodium ascorbate (10 mg, 0.05 mmol), the reaction 

mixture was stirred at room temperature for 24 

hours. The reaction was terminated after TLC 

monitoring and the solvent was removed. The 

crude product was purified by column chromatog-

raphy using EtOAc:hexane (1:1). 

White solid; mp 114–117 °C; 60 % yield; 1H 

NMR (CDCl3, 400 MHz): δ 8.24–8.17 (m, 3H, Ar–

H), 8.10–7.99 (m, 5H, Ar–H and CH), 7.87 (d, J = 

7.8 Hz, 1H, Ar–H), 7.79–7.73 (m, 2H, Ar–H), 7.64 

(dd, J = 7.7 and J = 1.5 Hz, 1H, Ar–H), 7.51 (s, 

1H, Ar–H), 7.46–7.34 (m, 3H, Ar–H and CH), 7.28 

(dd, J = 8.2 and J = 1.1 Hz, 1H, Ar–H), 7.22–7.18 

(m, 1H, Ar–H), 7.06 (dd, J = 7.7 and J = 1.1 Hz, 

1H, Ar–H), 7.01–6.91 (m, 2H, Ar–H), 6.23 (s, 2H, 

CH2N), 5.23 (s, 2H, CH2O), 4.39 (t, J = 5.4 Hz, 

2H, CH2O), 4.04 (t, J = 5.4 Hz, 2H, CH2O), 3.79–

3.77 (m, 2H, CH2O), 3.56–3.53 (m, 2H, CH2O), 

3.35 (s, 3H, OCH3). 
13C NMR (CDCl3, 100 MHz): 

δ 155.9, 155.4, 154.3, 144.5, 136.0, 132.0, 131.1, 

130.5, 129.8, 129.6, 129.2, 129.0, 128.7, 128.3, 

128.2, 127.5, 127.5, 127.2, 127.2, 126.7, 126.4, 

126.1, 125.9, 125.8, 125.0, 124.9, 124.4, 122.9, 

121.8, 121.7, 119.8, 118.9, 113.3, 110.0, 71.9, 

70.8, 69.5, 68.5, 63.0, 59.0, 52.5. LC-MS/MS. Anal. 

Calcd. for C42H36N4O4 [M+H]+: m/z 661.2809. 

Found: m/z 661.2822. IR ʋmax (neat cm–1): 3042, 

2873, 2101, 1596, 1556, 1502, 1451, 1329, 1102, 

1042, 972, 839, 751, 687. 

 

2.2. Biology 

 

2.2.1. DPPH radical scavenging activity 
 

A 250 µl aliquot of a DMSO and distilled 

water solution (19:1) at different concentrations 

(25–500 µg/ml) were added to the tubes, and 1000 

µl of 0.04 % 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) solution was added. The samples were 

incubated at 25 °C for 30 minutes. Absorbance was 

measured at 517 nm using a spectrophotometer. 

Trolox was used as the positive control.20 

 

2.2.2. Metal chelating activity 
 

The compound prepared in 500 μl of DMSO 

and distilled water (19:1) at different concentra-

tions (25–500 μg/ml) was transferred into the 

tubes, and 1850 μl of methanol and 50 μl of 2mM 

FeCl2 were added. The mixture was vortexed, and 

100 μl of 5mM ferrozine was added to the tubes. 

After the samples were incubated at room tempera-

ture for 10 minutes, absorbance was measured at 

562 nm using a spectrophotometer. EDTA was 

used as positive control.21 

 

2.2.3. Reducing power 

 

Samples were prepared in DMSO and dis-

tilled water (19:1) at test concentrations (25–500 

µg/ml) to evaluate their reducing-power activities, 

and the absorbance of the samples was measured at 

700 nm using a spectrophotometer. α-Tocopherol 

was used as a positive control to compare the ac-

tivity of the compounds.22 

 

2.2.4. Antibacterial activity 

 

The antimicrobial activities of the com-

pounds were determined by the disk diffusion 

method.23 A total of 20 μl of the compounds pre-

pared at a concentration of 1000 ppm in DMSO 

and distilled water (19:1) was absorbed onto blank 

disks and was left to dry. Disks containing sample 

solution were placed in petri dishes in which bacte-

ria had been cultivated, and the resulting inhibition 

zones were measured. Escherichia coli (ATCC 

10536) and Pseudomonas aeruginosa (ATCC 

9027) were used as Gram-negative bacteria, and 

Staphylococcus aureus (ATCC 6538) and Entero-

coccus hirae (ATCC 10541) were used as Gram-

positive bacteria. Ten microgram Imipenem disks 

were used as the positive control standards. 

 

2.2.5. DNA binding activity 
 

Calf thymus DNA (CT-DNA) was used to 

determine the DNA-binding activities of the sam-

ples. For this purpose, 8 μl of the sample (500 

μg/ml) solution prepared in DMSO and distilled 

water (19:1) was transferred into 0.2 ml Eppendorf 

tubes, and 5 μl of CT-DNA (2 μg/ml) was added. 

The samples were incubated at 37 °C for 4 hours. 

Then, the samples were run in a 100 ml volume 

agarose gel (0.8%) containing 8 μl ethidium bro-

mide (0.05%) for one hour at 80 V, and the result-

ing gel was photographed under UV light.24 

 

2.3. Structural and electronic analysis 
 

Geometry optimizations of all the com-

pounds (WQ-1 – WQ-5) in this study were per-

formed using the B3LYP/6-311++G(d,p) theoreti-

cal method25 to obtain three-dimensional structures 

without any symmetry restrictions. Vibrational 

frequencies and all structural and electronic pa-

rameters were obtained using the B3LYP/6-

311++G(d,p) approach. Vibrational frequency data 
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interpretation revealed that, because no negative 

(imaginary) frequencies were detected, the opti-

mized geometries lay on a minimum on the poten-

tial energy surface. 

The Gaussian 16W package program was 

used in conjunction with the GaussView 6 inter-

face to conduct all theoretical calculations.26 
 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Chemistry 
 

New water-soluble quinoline conjugates 

WQ-1 and WQ-2 were synthesized following the 

procedures outlined in Scheme 1. Quinoline-2,8-

diol was used as the key structure for the construc-

tion of the target compounds. In the first step, 

quinoline-2,8-diol was subjected to a mono-

propagylation reaction with propargyl bromide in 

the presence of potassium carbonate. 

The diglycol monomethyl ether introduced on-

to the quinoline ring acted as a hydrophilic group to 

increase water solubility. After the propargylation 

step, the monopropargylated quinoline derivative was 

reacted with 2-(2-methoxyethoxy)ethyl 4-methylben-

zenesulfonate to obtain the key intermediate 3. Final-

ly, anthracene and pyrene units were attached to the 

quinoline derivative, forming a triazole bridge by a 

copper(I)-mediated click cycloaddition reaction in a 

4:1 THF/H2O solvent mixture, and the target com-

pounds WQ-1 and WQ-2 were obtained in high 

yields. All the new compounds were well character-

ized by 1H and 13C NMR and mass spectroscopies.

 

 

 
 

Scheme 1. a) Propargyl bromide, K2CO3, acetone; b) K2CO3, CH3CN; c) 9-(azidomethyl)anthracene,  

CuSO4, sodium ascorbate, THF:H2O; d) 1-(azidomethyl)pyrene, CuSO4, sodium ascorbate, THF:H2O 

 

 

Water-soluble quinoline–pyrene conjugate 

WQ-3 was synthesized according to the synthetic 

route in Scheme 2. The pyrene skeleton was con-

nected to quinoline-2,8-diol in the presence of po-

tassium carbonate through the formation of an ace-

tyl bridge. The water solubility of this derivative 

was achieved by introducing a diglycol monome-

thyl ether group to the OH side of the quinoline. 

Synthesis of styrylquinoline through the 

cleavage of two C(sp3)–H bonds of alkylazaarenes 

by a green Lewis acid catalyst was conducted ac-

cording to a previously published method.27 (E)-2-

(2-hydroxystyryl)quinolin-8-ol 6 was used as the 

template for the construction of WQ-4 and WQ-5. 

After the propargylation of the quinoline 

moiety, the hydrophilic diglycol monomethyl ether 

group was attached to the styrene moiety according 

to the reported procedure. Click chemistry was 

employed for the introduction of the anthracene 

and pyrene groups to the water-soluble styrylquin-

oline derivative 8. 
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Scheme 2. a) K2CO3, THF; b) K2CO3, CH3CN 

 

 

 
 

Scheme 3. a) Propargyl bromide, K2CO3, acetone; b) K2CO3, CH3CN; c) 9-(azidomethyl)anthracene, CuSO4, sodium ascorbate, 

THF:H2O; d) 1-(azidomethyl)pyrene, CuSO4, sodium ascorbate, THF:H2O 
  

 

3.2. Biology 

 

3.2.1. DPPH radical scavenging activity 

 

The DPPH method was used to determine 

free radical scavenging capacity as a fast, practical, 

and economical approach. The method was based 

on the principle that the dark purple color of the 

DPPH radical accepts hydrogen from antioxidants 

in the environment and can be determined quanti-

tatively using a spectrophotometer.28 

As a result of the study conducted to deter-

mine the free radical scavenging activity of the 

compounds, it was observed that the scavenging 

activity increased with increasing concentrations of 

all samples (Fig. 2). At a concentration of 500 µg/ml, 

the highest activity was shown by WQ-4 (41.21 ± 

1.18 %), WQ-5 (37.53 ± 1.05 %), WQ-3 (35.45 ± 

1.13 %), WQ-1 (24.12 ± 0.94 %), and WQ-2 (18.29 

± 0.72 %), respectively. Trolox, used as the positive 

standard, exhibited higher activity compared to the 

samples at all concentrations studied. 
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Fig. 2. Radical scavenging activity of the synthesized compounds 

 

 

3.2.2. Metal chelating activity 

 

In living systems, chelating agents reduce 

free radical formation by providing stability to tran-

sition metals and can prevent radical-induced bio-

logical damage.29 It was determined that WQ-4 and 

WQ-5 showed better activity than other com-

pounds, while the remaining compounds showed 

very low activity. WQ-5 showed the best chelating 

activity across all concentration ranges tested, and 

the activity of this compound at 500 μg/ml was de-

termined to be 23.53 ± 0.97 % (Fig. 3). Even at the 

lowest concentration tested, 25 μg/ml, the positive 

control EDTA showed greater than 90 % activity. 
 

 

 
Fig. 3. Metal chelating activity of the synthesized compounds 

 
 

3.2.3. Reducing power activity 

 

Determination of the iron-reducing power ca-

pacity of natural or synthesized substances provided 

an important indicator of their antioxidant properties. 

This fact was because substances with this activity 

were electron donors, which played a role in the re-

duction of oxidative intermediates in lipid peroxida-

tion and were considered potential antioxidants.30 

The reducing-power activities of all tested 

compounds increased with concentration (Fig. 4). 

The activity order of the compounds was deter-

mined to be WQ-4 ˃ WQ-5 ˃ WQ-3 ˃ WQ-2 ˃ 

WQ-1 at all studied concentrations. The highest 

reducing-power activities at 500 µg/ml were ob-

served as 0.417 ± 0.0096 for WQ-4, 0.356 ± 

0.0077 for WQ-5, 0.305 ± 0.0079 for WQ-3, 0.216 

± 0.0062 for WQ-2, and 0.182 ± 0.0049 for WQ-1. 

The positive standard, α-tocopherol, exhibited 

higher activity than all compounds, with a value of 

0.728 ± 0.0105 at the same concentration. 
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Fig. 4. Reducing power of compounds 

 

3.2.4. Antibacterial activity 

 

The antibacterial activity of the newly syn-

thesized compounds was tested using E. coli, P. 

aeruginosa, E. hirae, and S. aureus. In the study, it 

was observed that only WQ-3 showed low activity 

against Gram-positive bacteria, forming an inhibi-

tion zone of 8 mm against E. hirae and 10 mm 

against S. aureus. The reason why different active 

compounds were effective against Gram-positive 

bacteria but ineffective against Gram-negative bac-

teria may be due to the difference in the permeabil-

ity of the cell walls of the two bacterial groups.31 

It was determined that the other compounds 

studied did not show any activity against the test 

bacteria. It was also observed that the 10 µg 

imipenem used as the standard positive control 

formed an inhibition zone of 31 mm against E. hi-

rae and 27 mm against S. aureus. 

 

3.2.5. DNA binding activity 

 

Agarose gel electrophoresis was used to de-

termine the DNA-binding activity of the com-

pounds. This method was based on the principle 

that DNA molecules move on the gel according to 

their mass, charge, and shape, and smaller mole-

cules migrate farther from the starting point. When 

compounds bind to DNA intercalatively or electro-

statically, they reduce the movement of DNA on 

the gel. As the binding activity increases, the 

movement on the gel decreases.32 

The agarose gel electrophoresis results of 

the newly synthesized compounds are shown in 

Figure 5. It was determined that all tested com-

pounds moved similarly to the control and did not 

exhibit any DNA-binding activity. 

 
 

Fig. 5. DNA binding of complexes. Lane C, Control,  

CT- DNA; Lane 1, CT- DNA + 500 μg/ml of WQ-1; Lane 2, 

CT- DNA + 500 μg/ml of WQ-2; Lane 3, CT- DNA + 500 

μg/ml of WQ-3; Lane 4, CT- DNA + 500 μg/ml of WQ-4; 

Lane 5, CT- DNA + 500 μg/ml of WQ-5. 

 

 

3.3. Structural and electronic analysis 
 

Figure 6 displays the three-dimensional ge-

ometries of WQ-1, WQ-2, WQ-3, WQ-4, and 

WQ-5. It was observed that each triazole moiety in 

WQ-1, WQ-2, WQ-4, and WQ-5 was oriented 

outside of the central cavity, which may have 

served to reduce interaction with the negative 

charge created on the nitrogen and two oxygens in 

the quinoline. The hydroxy styrene and quinoline 

units formed the highly conjugated planar portion 

of WQ-4 and WQ-5. It was well known that the 

triazole unit's three nitrogens carried a significant 

degree of negativity. All triazole-bearing systems 

showed the same behavior.  
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                    WQ-1                                                 WQ-2                                                WQ-3 

 
                                                         WQ-4                                          WQ-5                                          

 

Fig. 6. Optimized geometric structures of WQ-1, WQ-2, WQ-3, WQ-4, and WQ-5 
 

Molecular electrostatic (MEP) maps provid-

ed an excellent representation of the charges found 

on the constituent parts of the structure. Figure 7 

showed a red area denoted as negative charge lo-

calization, while a greenish area symbolized posi-

tive charge localization. The discussion regarding 

electron localization on the triazole was nicely rep-

resented by the MEPs. Moreover, all five systems 

possessed negative charge development around the 

central position, which might have allowed the 

corresponding system to chelate with cations.  

 
 

 

 
WQ-1                                          WQ-2                                                WQ-3 

 
                                                            WQ-4                                      WQ-5                                         

 

Fig. 7. 3D molecular electrostatic potential maps for WQ-1, WQ-2, WQ-3, WQ-4, and WQ-5 
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Computation of frontier orbitals was extreme-

ly important for the compounds, as they represented 

the reactivity centers of the structure. For a mole-

cule, the highest-energy molecular orbital occupied 

with electrons was called the HOMO (highest occu-

pied molecular orbital), while the lowest-energy 

empty molecular orbital was called the LUMO 

(lowest unoccupied molecular orbital). In the pre-

sent case, both HOMOs and LUMOs were located 

on the anthracene portion of the molecules for WQ-

1 and WQ-2. However, for WQ-3 and WQ-4, 

quinoline moieties were responsible for the HOMO 

orbitals, while the LUMOs were located on the py-

renes units. In WQ-5, the quinoline portion contrib-

uted to both the HOMO and LUMO. Therefore, one 

could not observe a consistency across the mole-

cules studied herein (Fig. 8). 

Computed HOMO energies were found to be 

–5.20 eV, –5.16 eV, –5.27 eV, –5.26, and –5.30 eV 

for WQ-1, WQ-2, WQ-3, WQ-4, and WQ-5, re-

spectively. LUMO energies were computed to be –

2.11 eV, –2.16 eV, –2.12 eV, –2.05 eV, and –2.11 

eV for WQ-1, WQ-2, WQ-3, WQ-4, and WQ-5, 

respectively. The interfrontier molecular orbital 

energy gap was another important parameter for 

these molecules, which were close in value across 

the series under present consideration. 

 

 

                     WQ-1                                                    WQ-2                                                    WQ-3 

 

 
                                                      WQ-4                                          WQ-5                            

 

Fig. 8. HOMO and LUMO orbitals of WQ-1, WQ-2, WQ-3, WQ-4, and WQ-5 

 
 

4. CONCLUSIONS 
 

In this study, a series of novel, water-soluble 

quinoline-based conjugates incorporating triazole 

linkages and anthracene and pyrene units were 

successfully designed and synthesized in order to 

explore their biological and electronic properties. 

The biological activities of the newly synthesized 

compounds were evaluated. In antioxidant tests 

conducted for this purpose, it was determined that 

WQ-4 showed the best DPPH and reducing-power 

activity, and WQ-5 exhibited the highest chelating 

activity. It was also determined that none of the 

compounds, except WQ-3, showed antibacterial 

activity, and none of the compounds exhibited 

DNA-binding capacity. 

The electronic and structural properties of 

the compounds were computed using the 

B3LYP/6-31++G(d,p) level of theory. The results 

of these simulations provide insight into potential 

coordination abilities via cations or reactivities for 

future studies. 
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