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Abstract: A series of new unique acetylene derivatives of 8-hydroxy- and 8-methoxyquinoline-
5-sulfonamide 3a—f and 6a—f were prepared by reactions of 8-hydroxy- and 8-methoxyquinoline-
5-sulfonyl chlorides with acetylene derivatives of amine. A series of new hybrid systems containing
quinoline and 1,2,3-triazole systems 7a—h were obtained by reactions of acetylene derivatives of
quinoline-5-sulfonamide 6a-d with organic azides. The structures of the obtained compounds were
confirmed by 'H and '*C NMR spectroscopy and HR-MS spectrometry. The obtained quinoline
derivatives 3a—f and 6a—f and 1,2,3-triazole derivatives 7a—h were tested for their anticancer and
antimicrobial activity. Human amelanotic melanoma cells (C-32), human breast adenocarcinoma
cells (MDA-MB-231), and human lung adenocarcinoma cells (A549) were selected as tested cancer
lines, while cytotoxicity was investigated on normal human dermal fibroblasts (HFF-1). All the
compounds were also tested against reference strains Staphylococcus aureus ATCC 29213 and Entero-
coccus faecalis ATCC 29212 and representatives of multidrug-resistant clinical isolates of methicillin-
resistant S. aureus (MRSA) and vancomycin-resistant E. faecalis. Only the acetylene derivatives of
8-hydroxyquinoline-5-sulfonamide 3a—f were shown to be biologically active, and 8-hydroxy-N-
methyl-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (3c) showed the highest activity against all three
cancer lines and MRSA isolates. Its efficacies were comparable to those of cisplatin/doxorubicin
and oxacillin/ ciprofloxacin. In the non-cancer HFF-1 line, the compound showed no toxicity up to
an ICsp of 100 uM. In additional tests, compound 3¢ decreased the expression of H3, increased the
transcriptional activity of cell cycle regulators (P53 and P21 proteins), and altered the expression
of BCL-2 and BAX genes in all cancer lines. The unsubstituted phenolic group at position 8 of the
quinoline is the key structural fragment necessary for biological activity.

Keywords: 8-hydroxyquinoline; acetylene derivatives; 1,2,3-triazole; synthesis; anticancer activity;
antibacterial activity; cytotoxicity

1. Introduction

Quinoline-based compounds, especially 8-hydroxyquinolines (8-HQs), have a wide
range of biological properties; they can be considered as privileged structures of multi-target
agents [1-4]. A simple 8-HQ scaffold has unique physicochemical properties and affords
the possibility of a large number of modifications (via target or diversity-directed synthe-
sis) [4-8]. On the other hand, all these compounds show a mechanism of action which is
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complex and difficult to determine e.g., [4,6-10] based on the ability to chelate different met-
als [11-16] and affect different enzymatic systems [7,17-25]. Despite this, quinoline-based
compounds form important scaffolds in medicinal chemistry [2,4,6,10], mainly used for
the design of anti-infective [7,10,18,21-35] and anticancer [13,16,17,20,36-39] drugs. In this
context, the discovery of camptothecin [40], a quinoline alkaloid of plant origin, whose an-
ticancer properties became an incentive for many researchers to search for anticancer drugs
in the group of quinoline derivatives, was of great importance. Halogenated derivatives of
8-HQs are used as generally available drugs [41-45].

In addition to 8-HQs, 1,2,3-triazole also forms an important pharmacophore [46-52]
due to its unique chemical and structural properties. This heterocycle has a high dipole
moment and is able to form hydrogen bonds, which play an important role in modulating
the bioavailability and solubility of biologically active compounds and can be beneficial
in binding to molecular targets. Thus, this 1,2,3-triazole scaffold is effectively used in
designing many types of agents with different biological activities [46-52], but especially
with antifungal [53-55], antibacterial [56-59], antiviral [60,61], and anticancer [62-65] effects.
Furthermore, the propargyl (acetylene) tail / propargyl sulfonamide fragment, for which
significant biological properties have also been described, is an important fragment in the
molecules discussed in this contribution [66—-73].

Based on previous experience with ring-substituted 8-HQ derivatives [12,22,28-30,32,44,45]
and propargyl-substituted heterocycles [67-69], new acetylene sulfonamides and 1,2,3-triazole
hybrids of 8-HQ were designed and synthesized, and their antiproliferative and antibacterial
activities were investigated. Despite the abundance of sulfonamide derivatives of 8-HQ de-
scribed in the literature e.g., [18,19,44] and many scientific centers around the world engaged in
the synthesis of new 8-HQ derivatives and evaluation of their biological properties, there are
no reports of the synthesis of acetylene derivatives of 8-hydroxyquinoline-5-sulfonamides. In
addition, the main directions of structural modifications of the 8-HQ scaffold consisted in the
introduction of different pharmacophoric systems into positions 2, 5, and 7 of the quinoline core
and into the oxygen atom of the hydroxyl group.

Thus, the investigation of new substituted hybrid systems combining 8-HQ, sulfon-
amide, acetylene, and 1,2,3-triazole expands the library of 8-HQ-based derivatives and
the knowledge of their biological activities in relation to selected cancer cell lines and
Gram-positive bacteria.

2. Results and Discussion
2.1. Chemistry

The reaction of 8-HQ (1) with chlorosulfonic acid gave 8-hydroxyquinoline-5-sulfonyl
chloride (2). The reaction of this chloride 2 with appropriate amines containing an acetylene
moiety led to the corresponding 8-hydroxyquinoline-5-sulfonamides (3a—f) (Scheme 1).
The reactions were carried out in anhydrous acetonitrile at room temperature using four
moles of amine per one mole of sulfonic chloride. The structure of compounds of series 3
was modified by using different amines containing an acetylene moiety: propargylamine
(a), 2-methylbut-3-yn-2-amine (b), N-methylpropargylamine (c), and three isomeric 2-/3-
/4-(propargyloxy)anilines (d—f).

1R2
SO,CI SO,NR'R o R

OCH,C=CH
3f H
OCH,C=CH

Scheme 1. Preparation of 8-hydroxyquinoline-5-sulfonamides (3). Reagents and conditions:
(a) CISO3H, room temp.; (b) NHR!R?, CH3CN, room temp.
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Papers focused on the reactions of acetylenic sulfonamide derivatives with organic
azides have been published, and the 1,2,3-triazole derivatives obtained in this way showed
interesting biological properties [51,52]. It seemed that the designed acetylenic quinoline-5-
sulfonamide derivatives 3a—f would be suitable substrates for obtaining hybrid systems
containing a quinoline-5-sulfonamide system and a 1,2,3-triazole scaffold. We carried out a
series of reactions of compounds 3a-f with organic azides. The reactions were performed in
DMEF/H,O0 in the presence of a copper catalyst (CuSOy - 5H;O, sodium ascorbate) at room
temperature. However, the analysis of the obtained post-reaction mixtures using mass
spectrometry did not reveal the presence or even trace amounts of the expected triazole
derivatives of quinoline-5-sulfonamide. The 8-hydroxyquinoline system exhibits chelating
properties, as mentioned above, which may cause interactions with the catalyst system
used, resulting in its ineffectiveness. Thus, in the next stage of this work, we decided to
protect the phenolic group by the methylation reaction and verify whether/how such a
structural modification will affect the course of the cyclization reaction.

The O-methylation reaction of 8-hydroxyquinoline was carried out under anhydrous
conditions in DMF solution in the presence of a stoichiometric amount of sodium hy-
dride. Then, a sulfonation reaction (analogous to sulfonyl chloride 2) of prepared 8-
methoxyquinoline (4) led to 8-methoxyquinoline-5-sulfonyl chloride (5), which, with
acetylenamine derivatives, gave corresponding 8-methoxyquinoline-5-sulfonamides 6a—f
in high yields (Scheme 2). The reaction was performed in anhydrous acetonitrile using a
two-fold molar excess of amine and triethylamine as the hydrogen chloride acceptor.

SO,CI SOZNR1R2
N
a
N/ —
OH OCH3 OCH3 oc:H3
1 6a-f
R" R? R' R? R'" R?
6a H CH,C=CH 6d H — )-OCH,C=CH  6f H
6b H  C(CHs),C=CH OCH,C=CH
6c CH; CH,C=CH 6e H
OCH,C=CH

Scheme 2. Preparation of 8-methoxyquinoline-5-sulfonamides (6). Reagents and conditions: (a) NaH,
CHj3l, DMF, room temp.; (b) CISO3H, room temp.; (c) NHR!RZ?, CH;CN, (C,Hs)3N, room temp.

The next stage of the work involved coupling reactions of acetylenic sulfonamide
derivatives 6a—d with organic azides. The reactions were carried out in DMF/H,0O in the
presence of a copper catalyst (CuSOy - 5HO, sodium ascorbate); see Scheme 3. Commercial
azides were generally used. For the synthesis of allyl derivative 7a, allyl azide was prepared
by reacting allyl bromide with sodium azide immediately prior to coupling with propargyl
derivative 6a. The synthesis was performed according to a one-pot procedure without
isolating the azide from the reaction mixture. The reactions proceeded readily in high
yields at room temperature. An exception is the reaction of propargyl derivative 6a with
an aromatic azide (1-azido-4-chlorobenzene), which provided a very low yield at room
temperature. The reaction carried out in a microwave reactor at 100 °C led to corresponding
1,2,3-triazole derivative 5d in 57% yield. The structures of the obtained compounds were
confirmed by 'H and '3C-NMR spectroscopy and HR-MS spectrometry (see Supplementary
Materials, Figures S1-569). In the HR-MS spectrum of compound 2, there is an additional
signal at m/z = 226.0165. This is the effect of hydrolysis of 8-hydroxyquinoline-5-sulfonyl
chloride occurring during the ionization of the sample using the ESI method. The signal
corresponds to the molecular mass of 8-hydroxyquinoline-5-sulfonic acid [M+H]*.
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Scheme 3. Synthesis of 1,2,3-triazole 8-methoxyquinoline derivatives (7). Reagents and conditions:
(a) N3—R3, DMF/H,0, CuSOy - 5H,0, sodium ascorbate, room temp.

2.2. Biological Screening
2.2.1. In Vitro Cell Viability

The synthesized compounds were tested using three cancer cell lines—human ame-
lanotic melanoma (C-32), human breast adenocarcinoma (MDA-MB-231), and human lung
adenocarcinoma (A549)—and, for comparison, normal human dermal fibroblasts (HFF-1).
The WST-1 (water-soluble tetrazole salt) assay was used to evaluate the effect of the synthe-
sized compounds on the viability of cultured cells. ICs( values for cell cultures exposed to
test compounds for 72 h are shown in Tables 1 and 2.

Table 1. Invitro antiproliferative activity (IC5p [uM] £ SD, n = 6) against human cancer cell
lines and cell viability of normal human cells of 8-(hydroxyl)quinoline-5-sulfonamides 3a—f and
8-methoxyquinoline-5-sulfonamides 6a—f compared to cisplatin (CPT) and doxorubicin (DOX).

ICsp [uM]
Comp.

C-32 MDA-MB-231 A549 HFF-1
3a 19.8 £1.1 233+1.2 23.1+£0.7 >100
3b 22.1 £1.5 55.8 £ 1.9 172+ 15 >100
3c 9.8 +0.6 22+0.1 13.9 + 0.6 >100
3d 104+ 0.5 453 +54 129+1.1 >100
3e 8.6 £09 152+ 0.8 11.5+ 0.7 >100
3f 29.6 2.6 147 +£1.2 19.1+0.8 28.1 +£22
6a >100 >100 >100 -
6b 40.6 =49 >100 >100 -
6¢ 70.1 £ 84 >100 >100 -
6d 86.4 £ 3.9 >100 >100 -
6e 3224438 >100 >100 -
6f 277 £2.2 >100 >100 -

CPT 10.6 £ 0.5 10.3 £ 0.7 173+13 26.0 2.0
DOX 0.3 £0.02 0.6 £0.1 1.0+ 0.1 14+0.1

C-32 = human amelanotic melanoma cells; MDA-MB-231 = human breast adenocarcinoma cells; A549 = human
lung adenocarcinoma cells; HFF-1 = normal human dermal fibroblasts.

As can be seen from the ICsg values in Tables 1 and 2, derivatives 3a—f, i.e., with a
free 8-phenolic group, were the most effective against the tested cancer lines. Methylation
of the phenolic moiety (series 6) generally resulted in a significant loss of activity, which
is most evident in the effect on breast (MDA-MB-231) and lung (A549) adenocarcinoma
cell lines. Compounds 3a—f showed insignificantly different activity against both C-32 and
A549 lines. MDA-MB-231 cells were the least sensitive to the discussed derivatives, but
compound 3c achieved excellent efficacy, comparable to that of the clinically used drugs
cisplatin and doxorubicin.

Overall, it can be concluded that the inhibition of the proliferation of the non-cancerous
HFF-1 line by the active compounds of series 3 was significantly worse than the growth
inhibition of all three used cancer lines. For compounds 3a—c (substitution with propargyl),
the disubstitution of the alpha carbon of propargyl (compound 3b) led to a significant
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decrease in activity, while, on the contrary, the disubstituted nitrogen of the sulfonamide
group (compound 3c) resulted in the most effective derivative of the investigated com-
pounds. Of the trio of propargyloxyanilides 3d—f, the meta-isomer was the most effective.
Shifting the propargyloxy chain to the para position caused a decrease in activity, while
the ortho-isomer 3f demonstrated increased general cytotoxicity, which was also observed
against the non-cancer HFF-1 line. It should be noted that a similar trend, when cytotox-
icity increased even for non-cancer cells in the case of spatially close substitution of the
propargyloxy chain to the nitrogen atom, was reported by Kisiel-Nawrot et al. [68].

Table 2. In vitro antiproliferative activity (IC5y [uM] % SD, n = 6) against human cancer cell lines of
1,2,3-triazole derivatives 8-methoxy-5-sulfonamides 7a-h compared to cisplatin (CPT) and doxoru-
bicin (DOX).

ICsp [uM]
Comp.

C-32 MDA-MB-231 A549
7a >100 >100 >100
7b >100 >100 >100
7c 89.0 £3.5 >100 >100
7d >100 >100 >100
7e >100 722+ 3.6 >100
7f >100 >100 >100
7g 426 +34 >100 >100
7h >100 >100 >100

CPT 10.6 £ 0.5 10.3 £ 0.7 173+£1.3
DOX 0.3 +0.02 0.6 +0.1 1.0£0.1

C-32 = human amelanotic melanoma cells; MDA-MB-231 = human breast adenocarcinoma cells; A549 = human
lung adenocarcinoma cells.

As mentioned above, methylation of the 8-HQ phenolic group resulted in a signifi-
cant loss of activity, with the C-32 line again being the most sensitive to these methoxy
derivatives. The most active derivatives were 6d and 6e. Unfortunately, the introduction of
1,2,3-triazole into the molecule (series 7) led to a loss of activity, contrary to our expectation,
when the introduction of 1,2,3-triazole onto the quinobenzothiazine scaffold resulted in a
significant increase in anticancer potency [68,69].

2.2.2. Additional Antiproliferative Tests

Since compound 3c showed the best activity against all three cancer lines, its effects
on cultured cell lines were investigated in more detail. The effect of the compound on cell
viability was determined using, in addition to the WST-1 assay, the crystal violet assay
and the LDH (lactate dehydrogenase) assay. Furthermore, a wound healing test (indicator
of cell proliferation and migration capacity) and assessment of gene expression (in the
transcription phase) of BCL-2, BAX, TP53, P21, and H3 were performed.

Violet-WST-LDH

Cell viability and cytotoxicity assays of compound 3c showed a significant decrease
in cell number in cultures exposed to 3c in medium above 0.3 pM, particularly in A549
and MDA-MB-231 cells (Figure 1b,c). The differences in the results of the crystal violet and
WST-1 tests indicate that some of the cells that still transform the WST-1 dye into colored
products lose their adhesive abilities and are already separated from the culture vessel (they
are washed away in the violet test—hence, the lower absorbance values than in WST-1),
leading to their death in a short time. An increase in the number of dead cells is shown by
the absorbance line in the LDH test.
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Figure 1. Effect of derivative 3¢ on cancer cell lines C-32, A549, and MDA-MB-231 and normal HFF-1
cells—cell number (crystal violet assay), metabolically active cells (WST-1 assay), and number of
dead cells in culture (LDH test).

Wound Healing Assay

Photographs of the cell culture (control and culture exposed to compound 3c at a
concentration of 3 uM) were taken after scraping the bottom of the vessel with a pipette
tip and then after 72 h of incubation (Figure 2). Image analysis of cell culture 72 h after
scratching in cell culture indicates a reduction in proliferative activity and migration
capacity of all cells exposed to compound 3c. In control cultures, the cell-free surface of
the vessel (scraped with a pipette tip) becomes overgrown with cells, while in cultures
supplemented with medium containing 3 M of compound 3¢, empty spots are visible. In
the case of A549 and MDA-MB-231 cells, entire cell-free regions are clearly visible.

Transcriptional Activity

The study investigated the effect of compound 3c on the transcriptional activity of
genes encoding a proliferation marker (histone H3), cell cycle regulators (P53 and P21),
and genes encoding proteins involved in the mitochondrial apoptosis pathway (BCL-2
and BAX) in C-32, A549, MDA-MB-231, and HFF-1 cells. Cultures were exposed to 3c at a
concentration of 36 uM in medium for 24 h. Figure 3 shows the pooled mRNA copy number
results for individual genes of control compound 3¢ in C32, A549, MDA-MB-231, and HFF-1
cell cultures. A beneficial effect of 3¢ was observed in all the lines in the sense of finding an
effective agent to destroy cancer cells: a) reduction in H3 expression (proliferation marker)
in all the cultures with 3¢, b) and c) an increase in the transcriptional activity of cell cycle
regulators (P53 and P21 proteins), d) and e) changes in the expression of BCL-2 and BAX
genes, leading to f) a shift in the BCL-2/BAX ratio (the ratio of the number of BCL-2 and
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BAX gene copies) in favor of BAX, which indicates the possibility of cells entering the path
of apoptosis.

Control 3¢
t=0 t=72h t=72h
o~
0
@]
(0)]
.
T
<<
i
40
o
m
2
<
a
=
i
o
L
T

Figure 2. Wound healing assay. Cultures of C-32, A549, MDA-MB-231, and HFF-1 cells at times: t =0
(moment of making a scratch and replacing the medium with fresh—control versus addition of 3c),
t = 72 (72 h after making the scratch—control versus addition of 3c).
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Figure 3. Effect of compound 3c on transcriptional activity: H3 (a); TP53 (b); P21 (c), BAX (d,f) and
BCL-2 (e,f) in C-32, A549, MDA-MB-231, and HFF-1 cells.

2.2.3. In Vitro Antimicrobial Activity

Since there is a general decrease in immunity during the treatment of oncological
patients, i.e., patients are more susceptible to infectious diseases, it is advantageous if
anticancer agents show antimicrobial properties at the same time [74,75]. Therefore, the
effects of the compounds were also investigated against Gram-positive bacteria. For this
purpose, the susceptible collection strains of aerobic Staphylococcus aureus ATCC 29213
and facultatively aerobic Enterococcus faecalis ATCC 29212 and resistant clinical isolates of
methicillin-resistant S. aureus (MRSA) SA 3202, SA 630 carrying the mecA gene [76,77], and
vancomycin-resistant isolates of E. faecalis (VRE) 342B, 368, and 725B carrying the vanA
gene [78] were selected. Thus, the selection of the studied bacterial strains was adopted
following the CLSI (National Committee for Clinical Laboratory Standards) international
reference methodologies [79].

The activities of the individual derivatives were expressed as minimum inhibitory
concentrations (MICs) and minimum bactericidal concentrations (MBCs) and are shown
in Table 3 together with the values of the antibiotics used as standards for comparison.
Compounds exhibiting bactericidal activity against a particular tested strain meet the
condition of MIC/MBC < 4 [80]. MBC values of bactericidal compounds are indicated in
bold in Table 3.
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Table 3. In vitro antistaphylococcal and anti-enterococcal activities (MIC/MBC [uM]) compared to
ampicillin (AMP), oxacillin (OXA), and ciprofloxacin (CPX).

MIC/MBC [uM]

Comp.

SA MRSA1 MRSA2 EF VRE1 VRE2 VRE3
3a 122/122 122/122 244 /244 977 />977 977 /NT 977 /NT 977 /NT
3b 55.2/110 55.2/110 110/110 883/>883 883/NT 883/NT 883/NT
3¢ 29.0/29.0 29.0/29.0 29.0/29.0 464/>464 464/NT 464/NT 464/NT
3d 45.2/45.2 45.2/45.2 90.4/90.4 362/362 362/NT 362/NT 362/NT
3e 45.2/45.2 45.2/90.4 90.4/90.4 362/362 362/NT 362/NT 362/NT
3f 45.2/45.2 45.2/90.4 90.4/90.4 362/362 362/NT 362/NT 362/NT

AMP 5.72/5.72 >45.8/>45.8 >45.8/>45.8 2.81/2.81 11.5/11.5 11.5/11.5 11.5/11.5
OXA 1.25/1.25 79.8/79.8 29.7/29.7 - - - -
CPX 1.51/3.02 48.3/96.6 193/386 1.51/3.02 1.51/3.02 3.02/3.02 193/386

SA = Staphylococcus aureus ATCC 29213; MRSA1, 2 = clinical isolates of methicillin-resistant S. aureus SA 3202,
SA 630 (National Institute of Public Health, Prague, Czech Republic); EF = Enterococcus faecalis ATCC 29213 and
vancomycin-resistant enterococci VRE1-3 = VRE 342B, VRE 368, and VRE 725B (Department of Infectious Diseases
and Microbiology, Faculty of Veterinary Medicine, University of Veterinary Sciences Brno, Czech Republic);
NT = not tested. The real bactericidal values required by the MBC/MIC < 4 rule are in bold.

As in the case of anticancer activity, only series 3 was active, i.e., after blocking the
phenolic group at position 8 of quinoline with methyl (series 6), there was a total loss
of antibacterial activity (MIC > 256 pug/mL). Even triazine substitution (series 7) did not
improve activity (MICs > 256 pg/mL). Therefore, the MIC values of series 6 and 7 are
not reported as completely unimpressive. It is important to add that all the derivatives
had only antistaphylococcal activity. On the other hand, all were bactericidal (see bolded
MBC values in Table 3). Derivative 3c demonstrated the highest antistaphylococcal potency
(although it can be rated as moderately active) as well as anticancer activity. Compound
3¢ had equal activity against both susceptible strains and MRSA isolates (it was more
potent than clinically used antibiotics), suggesting that the presence of the mecA gene
(which encodes an alternative transpeptidase and causes resistance to methicillin [76,77]) in
MRSA does not affect the activity of this compound. Therefore, the specific activity against
Staphylococcus sp. is a matter for speculation. The isomeric propargyloxyanilides 3d-3e
showed identical activity.

The compounds were more active against aerobic staphylococci than facultatively
aerobic enterococci, so an MTT assay was performed to verify whether the molecules
caused inhibition of respiration. The MTT assay can be used to assess cell growth by
measuring respiration. Bacterial cell respiratory activity (which is ultimately reflected in
their viability) of less than 70% after exposure to the MIC values for each test compound is
considered as a positive result for this test. This low level of cellular oxidative metabolism
indicates inhibition of cell growth by inhibition of respiration [81,82]. The lowest multiples
of the MIC values by which inhibition of S. aureus ATCC 29213 viability [%] greater than
70% was achieved are shown in Table 4. The compounds showed inhibition of respiration at
1x or 2x MIC ranging from 73 to 95%, indicating that they are able to affect the respiratory
chain (e.g., compared to ciprofloxacin 95% inhibition at 32 MIC), but this is not their main
mechanism of action. Therefore, the antibacterial activity of the discussed compounds
cannot be explained solely on the basis of respiration inhibition, so it is very difficult
to draw a conclusion regarding the actual mechanism of action, since 8-HQs are multi-
target agents, i.e., they affect several different targets at once (as discussed in the section
dedicated to anticancer activity), which subsequently leads to the death of the treated
resistant microorganisms.

As with anticancer activity, it is difficult to speculate on the structure-activity relation-
ship for this small series of these moderately active compounds. However, it is certain that
methylation of the phenolic group of 8-HQ caused a loss of antimicrobial activity that was
not restored even by triazine substitution.
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Table 4. Lowest MIC values with at least 70% inhibition of S. aureus ATCC 29213 respiratory activity.

S. aureus Respiration

Comp. Conc. Inhibition [%]
3a 1x MIC (1x MBC) 92.5
3b 2% MIC (2x MBC) 94.4
3¢ 2x MIC (2x MBC) 95.2
3d 1x MIC (1x MBC) 73.0
3e 1x MIC (1x MBC) 73.7
3¢ 1x MIC (1x MBC) 81.6
APM 16x MIC (>16x MBC) 81.9
CPX 32x MIC (16 x MBC) 95.0

3. Materials and Methods
3.1. Chemistry

Melting points are uncorrected. NMR spectra were recorded using a Bruker Ascend
600 spectrometer (Bruker, Billerica, MA, USA). To assign the structures, the following
2D experiments were employed: 'H/13C gradient-selected HSQC and HMBC sequences.
Standard experimental conditions and standard Bruker programs were used. The 'H NMR
and 1*C NMR spectral data are provided relative to the TMS signal at 0.0 ppm. HR mass
spectra were recorded with a Bruker Impact II (Bruker, Billerica, MA, USA).

3.2. Synthesis
3.2.1. Synthesis of 8-Hydroxyquinoline-5-Sulfonyl Chloride (2)

A flask containing 1.450 g (10 mmol) of 8-hydroxyquinoline (1) was placed in an ice
bath, and 5.850 g (50 mmol) of chlorosulfonic acid was added dropwise. The resulting
reaction mixture was stirred at room temperature for 24 h. The reaction mixture was poured
onto 150 g of ice and extracted with ethylene chloride (3 x 150 mL). The combined extracts
were dried over anhydrous sodium sulfate. After evaporating the solvent in vacuo, the
obtained product was stored under argon at a temperature of 4-8 °C.

8-Hydroxyquinoline-5-sulfonyl chloride (2): yield: 67%; '"H NMR (DMSO, 600 MHz), &
(ppm): 7.44-7.47 (d, ] = 8.4 Hz, 1H, Harom), 8.08-8.11 (d, | = 8.4 Hz, 1H, Harom), 8.16-8.21 (dd,
J=8.4Hz,]=54Hz, 1H, Harom), 9.11-9.14 (d, | =5.4 Hz, 1H, Harom), 9.80-9.84 (d, ] = 8.4 Hz,
1H, Harom), 12.50 (s, 1TH OH); 3C NMR (DMSO, 150.9 MHz), § (ppm): 114.33, 122.99,
126.64, 128.93,129.42, 135.82, 144.37, 146.31, 149.33; ESI-HRMS Calcd. for CoHsNO3S*Cl
(IM + H]*) = 243.9834 found: 243.9834, Calcd. for CoHsNO3S* Cl (IM + H]*) = 245.9805
found: 245.9795.

3.2.2. Synthesis of 8-Hydroxyquinoline-5-Sulfonamides (3)

An amount of 20 mmol of the appropriate amine was added to a suspension of 1.220 g
(5 mmol) of sulfonyl chloride 2 in 15 mL of anhydrous acetonitrile. The resulting reaction
mixture was stirred at room temperature for 24 h. The mixture was poured into 100 mL of
water and extracted with chloroform (3 x 20 mL). The combined extracts were dried over
anhydrous sodium sulfate. After evaporation of the solvent in vacuo, the crude product
was purified by recrystallization from methanol.

8-Hydroxy-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (3a): yield: 78%; m.p. = 143-145 °C;
'H NMR (DMSO, 600 MHz), § (ppm): 2.82-2.85 (t, | = 2.4 Hz, 1H, CH), 3.66-3.68 (d,
J=2.4Hz, 2H, CHy), 7.13-7.16 (d, ] =8.4 Hz, 1H Harom), 7.75-7.78 (dd, | = 8.4 Hz, ] =42 Hz,
1H, Harom), 8.07-8.10 (d, ] = 8.4 Hz, 1H, Harom), 8.28-8.32 (t, ] = 6 Hz, 1H, NH), 8.93-8.98 (m,
2H, Harom); *C NMR (DMSO, 150.9 MHz), § (ppm): 31.98 (CH}), 74.60 (CH), 79.90 (CCH),
109.92, 123.58, 125.07, 125.27, 132.18, 133.89, 138, 90, 149.17, 158.55; ESI-HRMS Calcd. for
C12H11N2 O3S (IM + H]*) = 263.0490, found: 263.0514.

8-Hydroxy-N-(1,1-dimethylprop-2-yn-1-yl)quinoline-5-sulfonamide (3b): yield: 74%;
m.p. = 82-85 °C; 'H NMR (DMSO, 600 MHz), § (ppm): 1.38 (s, 6H, CH3), 2.74 (s, 1H, CH),
7.12-7.14 (d, ] = 8.4 Hz, 1H, Harom), 7.72-7.75 (m, 1H, Harom), 8.08-8.13 (m, 2H, NH, Harom),
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8.94-8.97 (m, 1H, Harom), 8.97-9.01 (m, 1H, Harom); 1>*C NMR (DMSO, 150.9 MHz), § (ppm):
30.91 (CH3), 49.05 (C(CH3),), 73.17 (CH), 79.64 (CCH), 109.73, 123.36, 125.48, 126.98, 132.28,
133.97, 138.72, 148.99, 158.32; ESI-HRMS Calcd. for C14H;5N,05S ([M + HJ*) = 291.0803,
found: 291.0804.
8-Hydroxy-N-methyl-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (3c): yield: m.p. = 145-147 °C;
65%; 'H NMR (CD;0D, 600 MHz), § (ppm): 2.18-2.20 (t, ] = 3 Hz, 1H, CH), 3.23 (s, 3H, CHs),
3.73-3.75 (d, | = 3 Hz, 2H, CHy), 7.15-7.8 (d, | = 8.4 Hz, 1H, Harom), 7.68-7.72 (m, 1H, Harom),
8.20-8.22 (d, ] = 8.4 Hz, 1H, Harom), 8.92-8.94 (m, 1H, Harom), 9.03-9.07 (m, 1H, Harom); °C
NMR (CDCl3, 150.9 MHz), 5 (ppm): 33.11 (CHy), 38.11 (CH3), 71.07 (CH), 72.91 (CCH), 107.19,
121.75,122.51, 124.36, 132.47, 133.40, 137.01, 147.45, 156.06; ESI-HRMS Calcd. for C13H;13N,05S
[M + HJ*) = 277.0646, found: 277.0606.
8-Hydroxy-N-[4-(prop-2-yn-1-yloxy)phenyllquinoline-5-sulfonamide (3d): yield: 68%;
m.p. = 119-121 °C; 'H NMR (CDCl3, 600 MHz), & (ppm): 2.50-2.52 (t, ] = 2.4 Hz, 1H,
CH), 4.61-4.62 (d, ] = 2.4 Hz, 2H, CH,), 6.48 (m, 1H, NH), 6.75-6.79 (d, ] = 9 Hz, 2H,
Harom), 6.83-6.87 (d, ] =9 Hz, 2H, Harom), 7.12-7.15 (m, 1H, Harom), 7.55-7.59 (dd, | = 8.4 Hz,
J = 4.2 Hz, 1H, Harom), 8.13-8.16 (m, 1H, Harom), 8.65-8.90 (m, 2H, Harom); *°C NMR (CDCl3,
150.9 MHz), 6 (ppm): 55.99 (CHy), 75.79 (CH), 78.10 (CCH), 108.33, 115.38, 115.53, 121.74,
123.56, 125.99, 129.18, 133.26, 133.88, 137,76, 148.38, 156.18, 156.93; ESI-HRMS Calcd. for
C18H15N2045 (IM + H]*) = 355.0752, found: 355.0735.
8-Hydroxy-N-[3-(prop-2-yn-1-yloxy)phenyllquinoline-5-sulfonamide (3e): yield: 61%;
m.p. = 135-137 °C; 'H NMR (DMSO, 600 MHz), § (ppm): 3.53-3.55 (t, ] = 2.4 Hz, 1H,
CH), 4.63-4.66 (m, 2H, CHy), 6.55-6.61 (m, 2H, Harom), 6.63-6.66 (m, 1H, Harom), 7.07-7.08
(m, TH, Harom), 7.2-7.16 (d, ] = 8.4 Hz, 1H, Harom), 7.75-7.79 (dd, ] =9 Hz, ] = 4.2 Hz, 1H,
Harom), 8.16-8.20 (d, ] = 8.4 Hz, 1H, Harom), 8.96-8.98 (dd, ] =4.2 Hz, | = 1.8 Hz, 1H, Harom),
9.01-9.06 (dd, | = 8.4 Hz, ] = 1.8 Hz, 1H, Harom), 10.59 (s, 1H, OH), 11.02 (s, 1H, NH); 13C
NMR (DMSO, 150.9 MHz), & (ppm): 55.80 (CHy), 78.77 (CH), 79.44 (CCH), 106.11, 109.91,
110.06, 112.119, 1213.72, 123.90, 125.03, 130.39, 133.24, 133.37, 138.71, 139.26, 149.41, 158.10,
158.97; ESI-HRMS Calcd. for C1gH15N2045 ([M + H]*) = 355.0752, found: 355.0748.
8-Hydroxy-N-[2-(prop-2-yn-1-yloxy)phenyllquinoline-5-sulfonamide (3f): yield: 55%;
m.p. = 153-155 °C; 'H NMR (DMSO, 600 MHz), § (ppm): 3.32-3.34 (t, ] = 2.4 Hz, 1H,
CH), 4.21-4.24 (d, ] = 2.4 Hz, 2H, CH,), 6.70-6.98 (m, 2H, Harom), 7.01-7.08 (m, 2H, Harom),
717-7.22(dd, ] =78 Hz, | = 2.4 Hz, 1H, Harom), 7.68-7.74 (dd, ] =9 Hz, ] = 42 Hz, 1H,
Harom), 7.90-7.94 (d, | = 8.4 Hz, 1H, Harom), 8.93-8.97 (dd, ] = 4.2 Hz, | = 1.2 Hz, 1H, Harom),
9.06-9.09 (dd, ] = 8.4 Hz, | = 1.2 Hz, 1H, Hayom), 9-70 (s, 1H, OH), 10.83 (s, 1H, NH); 13C
NMR (DMSO, 150.9 MHz), 6 (ppm): 55.75 (CHy), 78.60 (CH), 78.77 (CCH),109.63, 113.41,
121.55, 123.43,125.19, 125.35, 125.97, 126.02, 126.86, 132.13, 134.09, 138.74, 149.15, 150.85,
158.55; ESI-HRMS Calcd. for C1gH;5N2045 ([M + H]*) = 355.0752, found: 355.0749.

3.2.3. Synthesis of 8-Methoxyquinoline (4)

A solution of 1.450 g (10 mmol) of 8-hydroxyquinoline was added dropwise to a
suspension of 0.264 g (11 mmol) of sodium hydride (60% suspension in mineral oil) in
20 mL of anhydrous DMF with stirring. After 1 h, 1.562 g (11 mmol) of methyl iodide was
added dropwise to the reaction mixture. The mixture was stirred at room temperature
for 5 h. The mixture was poured into 150 mL of water and extracted with chloroform
(3 x 15 mL). The combined extracts were dried over anhydrous sodium sulfate. After
evaporation of the solvent in vacuo, the crude products were purified by silica column,
using a chloroform/ethanol (v/v) 10:1 mixture as the eluent.

8-Methoxyquinoline (4): yield: 87%; oil; 'H NMR (DMSO, 600 MHz), & (ppm): 3.96
(s, 3H, CH3), 7.14-7.18 (dd, | = 6.6 Hz, | = 2.4 Hz, 1H, Harom), 7.46-7.9 (m, 2H, Harom),
7.49-7.54 (dd, | =8.4 Hz, | =4.2 Hz, 1H, Harom), 8.27-8.30 (dd, ] = 8.4 Hz, ] = 1.8 Hz, 1H,
Harom), 8.83-8.86 (dd, ] = 4.2 Hz, ] = 1.8 Hz, 1H, Hayom); *C NMR (DMSO, 150.9 MHz),
5 (ppm): 56.04 (CH3), 110.74, 119.92, 122.30, 127.27, 129.43, 136.18, 140.12, 149.37, 155.65;
ESI-HRMS Calcd. for C10H9NO,SCI ([M + H]*) = 160.0762, found: 160.0765.
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3.2.4. Synthesis of 8-Methoxyquinoline-5-Sulfochloride (5)

A flask containing 1.590 g (10 mmol) of 8-methoxyquinoline (4) was placed in an ice
bath and 5.850 g (50 mmol) of chlorosulfonic acid was added dropwise. The resulting
reaction mixture was stirred at room temperature for 24 h. The reaction mixture was poured
onto 150 g of ice and extracted with ethylene chloride (3 x 150 mL). The combined extracts
were dried over anhydrous sodium sulfate. After evaporating the solvent in vacuo, the
obtained product was stored under argon at a temperature of 4-8 °C.

8-Methoxyquinoline-5-sulfonyl chloride (5): yield: 81%; 'H NMR (DMSO, 600 MHz), &
(ppm): 4.16 (s, 3H, CH3), 7.58-7.61 (d, ] = 8.1 Hz, 1H, Harom), 8.16-8.19 (d, ] = 8.1 Hz, 1H,
Harom), 8.21-5.25 (dd, ] =9 Hz, | = 5.4 Hz, 1H, Harom), 9.16-9.18 (dd, ] =5.4 Hz, | = 1.8 Hz,
1H, Harom), 9.83-9.87 (dd, ] = 9 Hz, | = 1.8 Hz, 1H, Harom); *C NMR (DMSO, 150.9 MHz),
5 (ppm): 57 (CHj), 111.66, 123.42, 126.37, 128.40, 129.50, 137.16, 144.75, 146.51, 150.26;
ESI-HRMS Caled. for C190HgNO3S*Cl (M + H]*) = 257.9991 found: 257.9996, Calcd. for
C10HoNO3SYCl (IM + H]*) = 259.9962 found: 259.9967.

3.2.5. Synthesis of 8-Methoxyquinoline-5-Sulfonamides (6)

To a suspension of 1.290 g (5 mmol) of sulfonyl chloride (5) in 15 mL of anhydrous
acetonitrile, 10 mmol of the appropriate amine and 0.3 mL of triethylamine were added.
The resulting reaction mixture was stirred at room temperature for 5 h. The mixture was
poured into 100 mL of water and extracted with chloroform (3 x 20 mL). The combined
extracts were dried over anhydrous sodium sulfate. After evaporation of the solvent in
vacuo, the crude products were purified by silica column, using a chloroform/ethanol (v/v)
10:1 mixture as the eluent.

8-Methoxy-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (6a): yield: 76%; m.p. = 161-163 °C;
'H NMR (DMSO, 600 MHz), § (ppm): 2.81-2.84 (t, ] = 2.4 Hz, 1H, CH), 3.68-3.70 (d,
] =24Hz, 2H, CH,), 4.05 (s, 3H, CH3), 7.28-7.31 (d, | = 9 Hz, 1H, Harom), 7.72-7.76 (dd,
J=9Hz, ] =42 Hz, 1H, Harom), 8.15-8.18 (d, ] = 9 Hz, 1H, Harom), 8.40 (s, m, 1H, NH),
8.92-8.95 (dd, ] =9 Hz, | = 1.5 Hz, 1H, Harom), 8.95-8.97 (dd, | =4.2 Hz, ] = 1.5 Hz, 1H,
Harom); °C NMR (DMSO, 150.9 MHz), § (ppm): 31.99 (CH,), 56.68 (CH3), 74, 64 (CH),
79.84 (CCH),106.73, 123.43, 125.13, 126.87, 131.51, 133.45, 140.06, 14393, 159.55; ESI-HRMS
Calcd. for C13H13N,0,S: (IM = H]*) = 277.0646, found: 277.0640.

8-Methoxy-N-(1,1-dimethyloprop-2-yn-1-yl)quinoline-5-sulfonamide (6b): yield: 65%;
m.p. =217-219 °C; 'H NMR (DMSO, 600 MHz), § (ppm): 1.38 (s, 6H, CHj3), 2.73 (s,
1H, CH), 4.04 (s, 3H, OCH3), 7.25-7.29 (d, | = 8.4 Hz, 1H, Harom), 7.68-7.74 (dd, ] = 8.4 Hz,
J =3.6 Hz, 1H, Harom), 8.14-8.22 (m, 2H, Harom), 8.93-8.96 (m, 1H, Harom), 8.96-9.02 (m,
1H, Harom); *C NMR (DMSO, 150.9 MHz), § (ppm): 30.87 (CCH3), 49.09 (CCH3), 56.60
(OCH3), 73.29 (CCH), 86.35 (CCH), 106.58, 123.22, 125.38. 128.75, 131.62, 133.54, 139.88,
149.76, 159.35; ESTHRMS Calcd. for C15H17N205S, (IM + H]*) = 305.0959, found: 305.0956.

8-Methoxy-N-methyl-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (6¢): yield: m.p. = 112-114 °C;
74%; "H NMR (CDCl3, 600 MHz), § (ppm): 1.97-2.02 (t, ] = 2.4 Hz, 1H, CH), 2.79 (s, 3H, NCHj),
3.984.02 (d, ] = 2.4 Hz, 2H, CH,), 4.10 (s, 3H, OCH3), 7.01-7.06 (d, ] = 8.4 Hz, 1H, Harom),
7.51-7.57 (dd, ] = 8.4 Hz, | =4.2 Hz, 1H, Harom), 8.17-8.22 (d, ] = 8.4 Hz, 1H, Harom), 8.90-8.99 (m,
2H, Harom); *C NMR (CDCl3, 150.9 MHz), § (ppm): 34.07 (NCHj), 39.01 (CH,), 56.60 (OCHj),
73.93 (CH,C), 76.61 (CCH), 105.61, 123.10, 124.22, 125.89, 132.59, 133.74, 139.95, 149.71, 159.68;
ESI-HRMS Calcd. for C14H15N»05S, (M + HJ*) = 291.0803 found: 291.0804.

8-Methoxy-N-[4-(prop-2-yn-1-yloxy)phenyllquinoline-5-sulfonamide (6d): yield: 70%;
m.p. =217-219 °C; 'H NMR (DMSO, 600 MHz), & (ppm): 3.50-3.53 (t, ] = 2.4 Hz, 1H,
CH), 4.01 (s, 3H, CH3), 4.64-4.66 (d, | = 2.4 Hz, 2H, CH)), 6.75-6.78 (d, ] = 9 Hz, 2H,
Harom), 6.85-6.89 (d, | =9 Hz, 2H, Harom), 7.21-7.24 (d, | = 8.4 Hz, 1H, Harom), 7.71-7.75
(dd, J=9Hz, | = 4.2 Hz, 1H, Harom), 8.08-8.12 (d, | = 8.4 Hz, 2H, Hu;om), 8.94-8.97
(dd, J=42Hz, | =1.8 Hz, 1H, Harom), 8.98-9.01 (dd, | = 9 Hz, | = 1.8 Hz, 1H, Harom),
10.24 (s, 1H, NH); *C NMR (DMSO, 150.9 MHz), § (ppm): 55.95 (CHy), 56.87 (OCH3),
78.65 (CH,C), 79.59 (CCH), 106.78, 115.39, 115.79, 120.86, 123.02, 123.59, 124.93, 125.82,
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131.02, 132.30, 133.04, 139.81, 150.11, 154.68, 159.62; ESI-HRMS Calcd. for C19H;7N204S,
(M + H]*) = 369.0909, found: 369.0906.

8-Methoxy-N-[3-(prop-2-yn-1-yloxy)phenyllquinoline-5-sulfonamide (6e): yield: 67%;
m.p. = 190-192 °C; 'H NMR (DMSO, 600 MHz), § (ppm): 3.53-3.57 (t, ] = 2.4 Hz, 1H, CH),
4.02 (s, 3H, CH3), 4.65-4.67 (d, ] = 2.4 Hz, 1H, CHy), 6.55-6.62 (m, 2H, Harom), 6.66-6.68
(m, 1H, Harom), 7.26-7.29 (d, | = 8.4 Hz, H, H*™™), 7.74-779 (dd, ] = 8.4 Hz, | = 4.2 Hz,
1H, Harom), 8.25-8.28 (d, ] = 8.4 Hz, H, Harom), 8.93-8.97 (dd, ] =4.2 Hz, ] = 1.8 Hz, 1H,
Harom), 9.01-9.05 (dd, | = 9 Hz, | = 1.8 Hz, 1H, Hayom); >*C NMR (DMSO, 150.9 MHz),
d (ppm): 55.80 (CHy), 565.73 (OCH3), 78.81 (CH,C), 79.44 (CCH), 106.13, 106.81, 110.00,
112.21, 123.74, 124.83, 125.52, 130.44, 132.68, 123.84, 139.15, 139.85, 150.18, 158.11, 159.83;
ESI-HRMS Calcd. for C19H17N»04S, (IM + H]*) = 369.0909, found: 369.0882.

8-Methoxy-N-[2-(prop-2-yn-1-yloxy)phenyllquinoline-5-sulfonamide (6f): yield: 60%;
m.p. = 187-189 °C; 'H NMR (DMSO, 600 MHz), § (ppm): 3.31-3.34 (t, ] = 2.4 Hz, 1H, CH),
4.00 (s, 3H, CH3), 4.17-4.19 (d, ] = 2.4 Hz, 1H, CH,), 6.82-6.91 (m, 2H, Harom), 7.00-7.09
(m, 1H, Harom), 7.14-7.17 (d, ] = 8.4 Hz, H, Harom), 7.15-7.24 (dd, ] = 7.8 Hz, ] = 1.8 Hz, 1H,
Harom), 7.67-7.71 (dd, ] =8.4 Hz, ] = 4.2 Hz, 1H, Harom), 7.99-8.00 (d, ] = 8.4 Hz, H, Harom),
8.92-8.95 (dd, ] = 3.6 Hz, | = 1.2 Hz, 1H, Harom), 9.04-9.09 (dd, ] = 8.4 Hz, | = 1.8 Hz, 1H,
Harom), 9.79 (s, 1H, NH); 3C NMR (DMSO, 150.9 MHz), § (ppm): 55.67 (CH,), 56.59 (OCH3),
78.62 (CH,C), 78.64 (CCH), 106.44, 113.39, 121.55, 123.22, 125.22, 125.79, 126.35, 126.97,
127.05, 131.43, 133.68, 138.93, 149.88, 150.98, 159.56; ESI-HRMS Calcd. for C;9H;7N>04S,
(IM + HJ*) = 369.0909, found: 369.0933.

3.2.6. Synthesis of 1,2,3-Triazole Derivatives of 8-Methoxyquinoline-5-Sulfonamide (7)
Procedure A: Preparation of Derivative 7a

To 5 mL of anhydrous DME, 0.182 g (1.5 mmol) of allyl bromide and 0.098 g (1.5 mmol)
of sodium azide were added, and the resulting suspension was stirred at room temperature
for 24 h. Then, 0.276 g (1 mmol) of the 8-methoxyquinoline-5-sulfonamide (6a) was added.
A solution of 40 mg of sodium ascorbate in 1 mL of distilled water and a solution of 25 mg
of copper sulfate pentahydrate in 1 mL of distilled water were prepared. The resulting
aqueous solutions were mixed and added to the reaction mixture. The whole mixture was
stirred at room temperature for 24 h. The reaction mixture was then poured into 50 mL of
water and extracted with chloroform (4 x 20 mL). The combined extracts were dried over
anhydrous sodium sulfate. After evaporation of the solvent in vacuo, the crude products
were purified by silica column, using a chloroform/ethanol (v/v) 10:1 mixture as the eluent.

Procedure B: Preparation of Derivatives 7b, ¢, and 7e-h

To 10 mL of anhydrous DME, 1.5 mmol of the appropriate azide: benzyl azide (3 mL
0.5 M solution in dichloromethane) or (phenylthio)methyl azide 0.248 g (1.5 mmol) and
1 mmol of the appropriate 8-methoxyquinoline-5-sulfonamide (6a—f) were added. A so-
lution of 40 mg of sodium ascorbate in 1 mL of distilled water and a solution of 25 mg
of copper sulfate pentahydrate in 1 mL of distilled water were prepared. The resulting
aqueous solutions were mixed and added to the reaction mixture. The whole mixture was
stirred at room temperature for 24 h. The reaction mixture was then poured into 50 mL
of water and extracted with chloroform (4 x 20 mL). The combined extracts were dried
over anhydrous sodium sulfate. After evaporation of the solvent in a vacuum evapora-
tor, the crude products obtained were purified by silica column chromatography, using a
chloroform/ethanol (v/v) 10:1 mixture as the eluent.

Procedure C: Preparation of Derivative 7d

An amount of 10 mL of anhydrous DME, 1.5 mmol of 4-chlorophenyl azide (3 mL of a
0.5 M solution in tert-butyl methyl ether), and 0.276 g (1 mmol) of the 8-methoxyquinoline-
5-sulfonamide (6a) were placed in a microwave reactor tube. A solution of 40 mg of sodium
ascorbate in 1 mL of distilled water and a solution of 25 mg of copper sulfate pentahydrate
in 1 mL of distilled water were prepared. The resulting aqueous solutions were mixed and
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added to the reaction mixture. The reaction was carried out in a microwave reactor at 100 °C
for 45 min. The solution was then cooled to room temperature and poured into 50 mL
of water. The whole mixture was extracted with chloroform (4 x 20 mL). The combined
extracts were dried over anhydrous sodium sulfate. After evaporation of the solvent in
vacuo, the crude products were purified by silica column chromatography. Chloroform
was used as an eluent, followed by chloroform/ethanol (v/v) 10:1.
N-[(1-Allyl-1H-1,2,3-triazol-4-yl)methyl]-8-methoxyquinoline-5-sulfonamide (7a): Procedure
A.yield: 65%; m.p. = 159-161 °C; 'H NMR (CDCl;, 600 MHz), § (ppm): 4.05 (s, 3H, CH3),
4,19 (s, 2H, CH,), 4.67-4.71 (d, ] = 6 Hz, 2H, CH,CH=CH,), 5.05-5.11 (d, ] = 16.8 Hz, 1H,
CH,CH=CHy,), 517-5.19 (d, ] = 10.2 Hz, 1H, CH,CH=CH,), 5.70~7.77 (m, 1H, CH,CH=CHj,),
6.80-6.90 (m, 1H, Harom), 6.90-7.03 (m, 1H, Harom), 7.46 (s, 1H, CH), 8.16-8.22 (m, 1H, Harom),
8.85-9.0 (m, 2H, Harom); *C NMR (CDCl3, 150.9 MHz), § (ppm): 30.45 (NHCHS,), 51.74
(CHyp), 55.66 (CH3), 104.70, 119.37, 122.32, 124.20, 125.25, 129.78, 130.74, 133.00, 138.47, 148.48,
158.13; ESI-HRMS Caled. for C14H1sN505S, (M + H]*) = 360.1130, found: 360.1121.
N-[(1-Benzyl-1H-1,2,3-triazol-4-yl)methyl]-8-methoxyquinoline-5-sulfonamide (7b): Proce-
dure B. yield: 68%; m.p. = 170-172 °C; 'H NMR (DMSO, 600 MHz), & (ppm): 4.00-4.11
(m, 5H, NHCH,, CH3), 5.42 (s, 2H, NCHy), 7.15-7.22 (m, 2H, Harom), 7.22-7.28 (m, 1H,
Harom), 7.28-7.40 (m, 3H, Harom), 7.65-7.78 (m, 2H, CH, Harom), 8.10-8.15 (m, 1H, Harom),
7.40-7.44 (m, 1H, Harom), 8.89-9.00 (m, 2H, Harom); 13C NMR (DMSO, 150.9 MHz), § (ppm):
38.14 (NHCH,), 53.05 (CH,), 56.69 (CH3), 106.67, 123.49, 123.67, 124.86, 126.96, 128.33,
128.56, 129.18, 131.25, 133.36. 136.30, 140.07, 144.10, 149.95, 159.41; ESI-HRMS Calcd. for
CpoHpoN5055, (IM + H]*) = 410.1286, found: 410.1285.
N-{[1-(4-Fluorobenzyl)-1H-1,2,3-triazol-4-ylImethyl}-8-methoxyquinoline-5-sulfonamide (7c):
Procedure B. yield: 64%; m.p. = 194-196 °C; 'H NMR (DMSO, 600 MHz), 5 (ppm): 4.02-4.04
(d, ] =6 Hz, 2H, NHCH,,), 4.05 (s, 3H, CH3), 5.42 (s, 2H, NCHy), 7.16-7.24 (m, 2H, Harom),
7.24-7.27 (m, 3H, Harom), 7.67-7.71 (m, 1H, Harom), 7.73 (s, 1H, CH), 8.11-8.14 (m, 1H,
Harom), 8.39-8.43 (m, 1H, Harom), 8.90-8.93 (m, 1H, Harom), 8.93-8.96 (m, 1H, Harom); 1°C
NMR (DMSO, 150.9 MHz), § (ppm): 38.13 (NHCH,), 52.23 (CHy), 56.67 (CH3), 106.69,
116.02 (d, Jc.r = 90 Hz), 123.49 (d, Jc.r = 90 Hz), 124.85, 126.93, 130.63 (d, Jc.r = 36 Hz),
131,23, 152.57 (d, Jc.r = 12 Hz), 133.39, 140.01, 144.14, 149.97, 159.37, 161.49, 163.11; ESI-
HRMS Caled. for CooHi9FN503S, (M + H]*) = 428.1192, found: 428.1184.
N-{[1-(4-Chlorophenyl)-1H-1,2,3-triazol-4-yl Imethyl}-8-methoxyquinoline-5-sulfonamide (7d):
Procedure C. yield: 57%; m.p. = 224-226 °C; 'H NMR (DMSO, 600 MHz), § (ppm): 3.93
(s, 3H, CH3s), 4.12-4.17 (d, | = 5.4 Hz, 2H, NHCH)), 7.16-7.20 (m, 1H, Harom), 7.40-7.45
(m, 2H, Harom), 7.65-7.71 (m, 3H, Harom), 8.10-8.14 (m, 1H, Harom), 8.24 (s, 1H, CH),
8.51-8.57 (m, 1H, Harom), 8.87-8.94 (m, 2H, Harom); *C NMR (DMSO, 150.9 MHz), § (ppm):
37.92 (NHCH,), 56.50 (CH3), 106.51, 117.04, 117.19, 122.09, 122.58, 122.64, 126.97, 131.46,
133.41, 139.86, 144.41, 149.84, 159.34, 161.21, 162.83; ESI-HRMS Calcd. for C19H;;N5035%Cl,
(IM + HJ*) = 430.0740, found: 430.0729; Calcd. for C19H;7N5055%Cl, (M + H]*) = 432.0735,
found: 432.0704.
N-({1-[(Phenylthio)methyl]-1H-1,2,3-triazol-4-yl fmethyl)-8-methoxyquinoline-5-sulfonamide
(7e): Procedure B. yield: 65%; m.p. = 205-207 °C; 'H NMR (CDCl;, 600 MHz), § (ppm):
4.14 (s, 3H, CH3), 4.20 (s, 2H, NHCH,), 5.46 (s, 2H, NCH,), 7.03 (bs, 1H, NH), 7.07-7.11 (m,
1H, Harom), 7.23-7.28 (m, 5H, Harom), 7.46 (s, 1H, CH), 7.60-7.68 (m, 1H, Harom), 8.26-8.31
(m, TH, Harom), 9.02-9.09 (m, 1H, Harom), 9-15-9.27 (m, 1H, Harom); 13C NMR (CDCl3, 150.9
MHz), § (ppm): 37.39 (NHCH,), 52.89 (CH,), 55.60 (CH3), 104.38, 122.28, 123.06, 124.21,
124.93,127.69, 128.49, 128.65, 130.65, 130.74, 131.02, 132.22, 139.14, 148.84, 158.62; ESI-HRMS
Calcd. for CoHygN503S,, (IM + H]*) = 442.1007, found: 442.0991.
N-[2-(1-Benzyl-1H-1,2,3-triazol-4-yl)propan-2-yl]-8-methoxyquinoline-5-sulfonamide (7f):
Procedure B. yield: 60%; m.p. = 153-155 °C; 'H NMR (CDCl3, 600 MHz), 5 (ppm): 1.60
(s, 6H, CH3), 4.19 (s, 3H, OCH3), 5.28 (s, 2H, CH3), 6.96-7.00 (m, 2H, Harom), 7.16-7.19 (m,
1H, Harom), 7.35-7.38 (m, 1H, Harom), 8.14-8.18 (m, 1H, Harom), 8.94-8.98 (m, 1H, Harom),
9.05-9.09 (m, 1H, Harom); *C NMR (DMSO, 150.9 MHz), § (ppm): 29.12 (CCH3), 52.9
(CCHs3), 53.20 (CHy), 56.61 (CHs), 106.39, 122.40, 123.11, 124.78, 128.49, 128.57, 129.17, 129.34,
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130.52, 133.55, 136.32, 139.79, 149.72, 151.69, 158.97; ESI-HRMS Calcd. for Cy»Hy4N503S,
(M + H]*) = 438.1599, found: 438.1596.

N-Methyl-N-[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]-8-methoxyquinoline-5-sulfonamide (7g):
Procedure B. yield: 68%; m.p. = 214-216 °C; 'H NMR (CDCl3, 600 MHz), 5 (ppm): 2.78
(s, 3H, NCH3), 4.19 (s, 3H OCH3), 4.49 (s, 2H, CH3NCHo,), 5.49 (s, 2H, NCH,), 7.08-7.11
(d, ] =9 Hz), 1H, Harom), 7.24-7.27 (m, 2H, Harom), 7.38-7.41 (m, 3H, Harom), 7.45 (s, 1H,
CH), 7.55-7.59 (dd, ] =8.4 Hz, | = 4.2 Hz, 1H, Harom), 8.23-8.26 (d, | = 8.4 Hz), 1H, Harom),
9.03-9.05 (m, TH, Harom); ">*C NMR (CDCl3, 150.9 MHz), § (ppm): 33.32, 43.66, 53.26, 55.80,
105.29, 121.86, 122.25, 123.96, 124.79, 127.06, 127.86, 128.17, 131.61, 133.33, 134.42, 137.29,
142.32, 147.91, 157.72; ESI-HRMS Calcd. for Co1HppN503S, (IM + HJ*) = 424.1443, found:
424.1448.

N-{4-[(1-Benzyl-1H-1,2,3-triazol-4-yl)methoxylphenyl}-8-methoxyquinoline-5-sulfonamide (7h):
Procedure B. yield: 62%; m.p. = 139-141 °C; H NMR (DMSO, 600 MHz), & (ppm): 4.01 (s, 3H,
CH3), 4.98 (s, 2H, NHCHy), 5.58 (s, 2H, NCH)), 6.78-7.83 (m, 2H, Harom), 6.83-6.88 (m, 2H,
Harom), 7.20-7.28 (m. 1H, Harom), 7.28-7.33 (m, 2H, Harom), 7.33-7.38 (m, 3H, Harom), 7.70-7.78
(m, 1H, Harom), 8.07-8.10 (d, ] = 8.4 Hz, 1H, Harom), 8.21 (s, 1H, CH), 8.90-9.03 (m, 2H, NH,
Harom), 10.18-10.23 (m, 1H, Harom); °C NMR (DMSO, 150.9 MHz), § (ppm): 53.26 (CH,),
56.66 (CH3), 61.58 (CHy), 106.76, 115.60, 123.18, 123.63, 125.10, 125.83, 128.38, 128.61, 128.92,
129.22,130.64, 132.31, 133.05, 136.45, 139.85, 143.31, 150.06, 155.56, 159.65: ESI-HRMS Calcd.
for CyeHpaN504S, (IM + HJ*) = 502.1549, found: 502.1542.

3.3. Biological Evaluation
3.3.1. Cell Culture

Compounds were evaluated for their antiproliferative activity using three cultured
cell lines: C-32 (human amelanotic melanoma, ATCC, Manassas, VA, USA), A549 (human
lung adenocarcinoma, ATCC, Manassas, VA, USA), MDA-MB-231 (human breast adenocar-
cinoma derived from metastatic site: pleural effusion, ATCC, Manassas, VA, USA), together
with HFF-1 (normal human dermal fibroblasts, ATCC, Manassas, VA, USA). The cultured
cells were kept at 37 °C and 5% CO,.

3.3.2. Effect of Compounds on Number and Viability of Cells

Cells were seeded in 96-well plates at 5000/well in 100 pL of medium. After 24 h of
incubation, the medium was replaced with a new one with the addition of the test substance.
After 72 h, the following tests were performed: with crystal violet (determination of the
number of adherent cells in the culture), the WST-1 test (determination of the relative
number of living cells and their metabolic activity), and the LDH test (determination of the
relative number of dead cells in cultures—cytotoxicity of the tested substance).

Crystal violet test: The crystal violet (Sigma-Aldrich, Darmstadt, Germany) test deter-
mines the relative number of cells based on the amount of dye bound to the DNA of cells
in the culture. The absorbance measurement was performed at a wavelength of A = 540 nm
(reference wavelength A = 690 nm).

WST-1 test: The WST-1 test (Roche Diagnostics, Mannheim, Germany) allows one to
determine the relative number of cells in cultures. Absorbance is directly proportional to
the number of cells and their metabolic activity. The absorbance measurement is performed
at A = 450 nm (reference wave 600 nm).

LDH test: The LDH test (Roche Diagnostics) involves measuring lactate dehydrogenase
released by dead cells into the medium. It is a measure of the cytotoxic effect of an agent on
cells in culture. The absorbance measurement was performed at a wavelength of A = 490 nm
(reference wave A = 600 nm). A UVM340 microplate reader (Asys-Hitech GmbH UVM340
(Eugendorf, Austria)) was used for absorbance measurements.

3.3.3. Wound Healing Assay

The wound healing assay is a standard in vitro technique for examining collective cell
migration in two dimensions. The test involves scratching the bottom of a vessel (wells of a
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culture plate) with a pipette tip and observing over time how quickly cells move to occupy
a free surface under specific culture conditions. In the presented work, the observation was
carried out after 72 h of culture. Att=0, a scratch was made, the medium was replaced with
fresh one with the addition of the test compound, and then the cultures were incubated for
72 h. The observation was carried out using an OLYMPUS IX 50 microscope (Tokyo, Japan)
with a KERN camera (KERN & SOHN GmbH, Balingen, Germany), and an image analysis
system with KERN software (BalanceConnection SCD-4.0 Pro) was used to analyze the
observed changes.

3.3.4. Transcriptional Activity of H3, BCL-2, BAX, P21, and P53 Genes

The transcriptional activity of the following genes was assessed: H3 (a gene encoding
histone H3, a proliferation marker), BCL-2 and BAX (genes encoding BCL-2 and BAX
proteins, respectively; both are mitochondrial proteins associated with apoptosis), and
P21 and P53 (cell cycle regulators). Activity was assessed by RT-QPCR using the CFX96
Touch Real-Time PCR Detection System (BIO-RAD Hercules, CA, USA) and a SensiFAST™
SYBRR No-ROX One-Step Kit (Meridian Bioscience, Memphis, TN, USA). Cultured cells
were exposed (for 24 h) to the tested compounds (0.5 pg/mL). RNA was extracted using
Quick-RNA™ MiniPrep kit columns (Zymo Research, Irvine, CA, USA). The extracted
RNA was assessed qualitatively and quantitatively. The integrity of total RNA was checked
by electrophoresis (1.2% agarose gel, EtBr), and the amount and purity of total RNA in the
extracts was determined spectrophotometrically (HP8452A apparatus, Hewlett Packard,
Waldbronn, Germany).

3.3.5. In Vitro Antibacterial Evaluation

The in vitro antibacterial activity of the synthesized compounds was evaluated against
representatives of multidrug-resistant bacteria, three clinical isolates of methicillin-resistant
S. aureus: clinical isolates of human origin, MRSA SA 3202, and MRSA SA 630 (National
Institute of Public Health, Prague, Czech Republic), carrying the mecA gene [76,77]. These
two clinical isolates were classified as vancomycin-susceptible (but with a higher MIC of
vancomycin equal to 2 ug/mL (VA2-MRSA) [76]. Vancomycin- and methicillin-susceptible
S. aureus ATCC 29213 and vancomycin-susceptible Enterococcus faecalis ATCC 29212, ob-
tained from the American Type Culture Collection, were used as the reference and quality
control strains. Three vanA gene-carrying vancomycin-resistant isolates of E. faecalis (VRE
342B, VRE 368, VRE 725B) (Department of Infectious Diseases and Microbiology, Faculty
of Veterinary Medicine, University of Veterinary Sciences Brno, Czech Republic) were
provided by Oravcova et al. [77].

The minimum inhibitory concentrations (MICs) were evaluated by the microtitration
broth method according to the CLSI, with some modifications [83,84]. The compounds were
dissolved in DMSO (Sigma, St. Louis, MO, USA) to obtain a concentration of 10 pg/mL and
diluted in a microtitration plate in an appropriate medium, i.e., Cation-Adjusted Mueller—
Hinton Broth (CaMH, Oxoid, Basingstoke, UK) for staphylococci, and Brain Heart Infusion
Broth (BHI, Oxoid) for enterococci to reach the final concentration of 256-0.125 pg/mL.
Microtiter plates were inoculated with test microorganisms so that the final concentration
of bacterial cells was 10°. Ampicillin, oxacillin, and ciprofloxacin (Sigma) were used as
reference drugs. A drug-free control and a sterility control were included. The plates
were incubated for 24 h at 37 °C for staphylococci and enterococci. After static incubation
in the darkness in an aerobic atmosphere, the MIC was visually evaluated as the lowest
concentration of the tested compound, which completely inhibited the growth of the
microorganism. The experiments were repeated three times. The results are summarized in
Table 3.

3.3.6. Determination of Minimum Bactericidal Concentrations

For the above-mentioned strains/isolates, the agar aliquot subculture method was
used as a test for bactericidal agents [85,86]. After the MIC value determination, the inocu-
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lum was transferred to CaMH (Oxoid) for staphylococci, and BHI (Oxoid) for enterococci
medium using a multipoint inoculator. The plates were incubated in a thermostat at 37 °C
for 24 h. The lowest concentration of test compound at which <5 colonies were obtained
was then evaluated as MBC, corresponding to a 99.9% decrease in CFU relative to the
original inoculum.

3.3.7. MTT Assay

Compounds were prepared as previously stated and diluted in CaMH broth for S.
aureus to achieve the desired final concentrations. S. aureus bacterial suspension in sterile
distilled water at 0.5 McFarland was diluted 1:3. Inocula were added to each well by
multi-inoculator. Diluted mycobacteria in broth free from inhibiting compounds were
used as the growth control. All compounds were prepared in duplicate. Plates were
incubated at 37 °C for 24 h for S. aureus. After the incubation period, 10% well volume
of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) reagent (Sigma)
was mixed into each well and incubated at 37 °C 1 h for S. aureus. Then, 100 nL of 17%
sodium dodecyl sulphate in 40% dimethylformamide was added to each well. The plates
were read at 570 nm. The absorbance readings from the cells grown in the presence of
the tested compounds were compared with uninhibited cell growth to determine the
relative percent inhibition. The percent inhibition was determined through MTT assay. The
percent viability is calculated through the comparison of a measured value and that of
the uninhibited control: % viability = ODsyog/ODszop x 100, where ODsyqE is the reading
from the compound-exposed cells, while ODsyp is the reading from the uninhibited cells
(positive control). Cytotoxic potential is determined by a percent viability of <70% [81,82].
The results are summarized in Table 4.

4. Conclusions

A series of unique acetylene derivatives of 8-hydroxy and 8-methoxyquinoline-5-
sulfonamide 3a—f and 6a—f were prepared by reactions of 8-hydroxy and 8-methoxyquinoline-
5-sulfonyl chlorides with acetylene derivatives of amine. A series of new hybrid systems
containing quinoline and 1,2,3-triazole systems 7a—h were obtained by the reaction of acety-
lene derivatives of quinoline-5-sulfonamide 6a—d with organic azides. Biological screening
performed on three cancer cell lines C-32, MDA-MB-231, and A549, reference bacterial strains
S. aureus ATCC 29213 and E. faecalis ATCC 29212, and clinical isolates of MRSA and VRE
demonstrated the inactivity of 8-methoxy derivatives 6a—d as well as 1,2,3-triazole deriva-
tives 7a-h. In contrast, the acetylenic derivatives of 8-hydroxyquinoline-5-sulfonamide 3a—f
were shown to be biologically active. 8-Hydroxy-N-methyl-N-(prop-2-yn-1-yl)quinoline-
5-sulfonamide (3c) showed the highest activity against all three cancer lines and MRSA
isolates, comparable to that of cisplatin/doxorubicin and oxacillin/ciprofloxacin. In the
non-cancer HFF-1 cells, derivative 3¢ showed no cytotoxicity up to an ICsq of 100 M. In
further tests, compound 3¢ decreased the expression of H3, increased the transcriptional
activity of cell cycle regulators (P53 and P21 proteins), and altered the expression of BCL-2
and BAX genes in all cancer lines. It can be assumed that both anticancer and antibacterial
activities of the discussed 8-HQ derivatives are related to the presence of a free phenolic
group in position 8 of the quinoline pharmacophore. Irreversible blockade (formation of
methyl ether) results in the loss of biological activity, which was not restored even after
the introduction of 1,2,3-triazine onto the 8-methoxyquinoline scaffold. Since 8-HQ are
multi-target agents, it is very difficult to draw a conclusion regarding the exact mechanism
of action. Thus, this is a challenge for future detailed investigation of the most promising
agent 3c.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390 /molecules29174044 /51, Figure S1: "H NMR spectrum of 8-hydroxyquinoline-
5-sulfonyl chloride (2) in DMSO; Figure S2: *C NMR spectrum of 8-hydroxyquinoline-5-sulfonyl
chloride (2) in DMSO; Figure S3: HR-MS spectrum of 8-hydroxyquinoline-5-sulfonyl chloride (2);
Figure S4: IH NMR spectrum of 8-hydroxy-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (3a) in DMSO;
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Figure S5: 13C NMR spectrum of 8-hydroxy-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (3a) in DMSO;
Figure S6: HR-MS spectrum of 8-hydroxy-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (3a); Figure S7: 'H
NMR spectrum of 8-hydroxy-N-(1,1-dimethylprop-2-yn-1-yl)quinoline-5-sulfonamide (3b) in DMSO;
Figure S8: 13C NMR spectrum of 8-hydroxy-N-(1,1-dimethylprop-2-yn-1-yl)quinoline- 5-sulfonamide
(3b) in DMSO; Figure S9: HR-MS spectrum of 8-hydroxy-N-(1,1-dimethylprop- 2-yn-1-yl)quinoline-5-
sulfonamide (3b); Figure S10: 'H NMR spectrum of 8-hydroxy-N-methyl-N-(prop-2-yn-1-yl)quinoline-5-
sulfonamide (3c) in CD30D; Figure S11: 13C NMR spectrum of 8-hydroxy-N-methyl-N-(prop-2-yn-1-
yl)quinoline-5-sulfonamide (3c) in CDCl3; Figure S12: HR-MS spectrum of 8-hydroxy-N-methyl-N-(prop-
2-yn-1-yl)quinoline-5-sulfonamide (3c); Figure S13: 'H NMR spectrum of 8-hydroxy-N-[4-(prop-2-yn-1-
yloxy)phenyl]quinoline- 5-sulfonamide (3d) in CDCls; Figure S14: 3C NMR spectrum of 8-hydroxy-N-
[4-(prop-2-yn-1-yloxy)phenyl]quinoline-5-sulfonamide (3d) in CDCl3; Figure S15: HR-MS spectrum of
8-hydroxy-N-[4-(prop-2-yn-1-yloxy)phenyl]quinoline-5-sulfonamide (3d); Figure S16: 'H NMR spectrum
of 8-hydroxy-N-[3-(prop-2-yn-1-yloxy)phenyl]quinoline-5-sulfonamide (3e) in DMSO; Figure S17: 13C
NMR spectrum of 8-hydroxy- N-[3-(prop-2-yn-1-yloxy)phenyl]quinoline-5-sulfonamide (3e) in DMSO;
Figure S18: HR-MS spectrum of 8-hydroxy-N-[3-(prop-2-yn-1-yloxy)phenyl]quinoline-5-sulfonamide (3e);
Figure S19: 'H NMR spectrum of 8-hydroxy-N-[2-(prop-2-yn-1-yloxy)phenyl]quinoline-5-sulfonami-de
(3f) in DMSO; Figure S20: '3C NMR spectrum of 8-hydroxy-N-[2-(prop-2-yn-1-yloxy)phenyl]quinoline-
5-sulfonamide (3f) in DMSO; Figure S21: HR-MS spectrum of 8-hydroxy-N-[2-(prop-2-yn-1-yloxy)-
phenyl]quinoline-5-sulfonamide (3f); Figure S22: THNMR spectrum of 8-methoxyquinoline (4) in DMSO;
Figure S23: 13C NMR spectrum of 8-methoxyquinoline (4) in DMSO; Figure S24: HR-MS spectrum of
8-methoxyquinoline (4); Figure S25: 'H NMR spectrum of 8-methoxyquinoline-5-sulfochloride (5) in
DMSO; Figure S26: 13C NMR spectrum of 8-methoxyquinoline-5-sulfochloride (5) in DMSO; Figure
527: HR-MS spectrum of 8-methoxyquinoline-5-sulfochloride (5); Figure S28: 1H NMR spectrum of
8-methoxy-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (6a) in DMSO; Figure S29: 13C NMR spectrum
of 8-methoxy-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (6a) in DMSO; Figure S30: HR-MS spectrum
of 8-methoxy-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide (6a); Figure S31: 'H NMR spectrum of 8-
methoxy-N-(1,1-dimethyloprop-2-yn-1-yl)quinoline-5-sulfonamide (6b) in DMSO; Figure S32: '3C NMR
spectrum of 8-methoxy-N-(1,1-dimethyloprop-2-yn-1-yl)quinoline- 5-sulfonamide (6b) in DMSO; Figure
533: HR-MS spectrum of 8-methoxy- N-(1,1-dimethyloprop-2-yn-1-yl)quinoline-5-sulfonamide (6b);
Figure S34: 'H NMR spectrum of 8-methoxy-N-methyl-N-(prop-2-yn-1-yl)quinoline-5-sulfonamide
(6¢) in CDCly; Figure S35: '*C NMR spectrum of 8-methoxy-N-methyl-N-(prop-2-yn-1-yl)quinoline-
5-sulfonamide (6¢) in CDCls; Figure S36: HR-MS spectrum of 8-methoxy-N-methyl-N-(prop-2-yn-
1-yl)quinoline-5-sulfonamide (6c); Figure S37: 'H NMR spectrum of 8-methoxy-N-[4-(prop-2-yn-1-
yloxy)phenyl]quinoline- 5-sulfonamide (6d) in DMSO; Figure S38: 13C NMR spectrum of 8-methoxy-N-
[4-(prop-2-yn-1-yloxy)phenyl]quinoline-5-sulfonamide (6d) in DMSO; Figure 539: HR-MS spectrum of
8-methoxy-N-[4-(prop-2-yn-1-yloxy)phenyl]quinoline-5-sulfonamide (6d); Figure $40: 'H NMR spectrum
of 8-methoxy-N-[3-(prop-2-yn-1-yloxy)phenyl]quinoline- 5-sulfonamide (6e) in DMSO; Figure S41: 13C
NMR spectrum of 8-methoxy-N-[3-(prop-2-yn-1-yloxy)phenyl]quinoline-5-sulfonamide (6e) in DMSO;
Figure S42: HR-MS spectrum of 8-methoxy-N-[3-(prop-2-yn-1-yloxy)phenyl]quinoline-5-sulfonamide
(6e); Figure S43: 'H NMR spectrum of 8-methoxy-N-[2-(prop-2-yn-1-yloxy)phenyl]quinoline- 5-sulfonami-
de (6f) in DMSO); Figure S44: 13C NMR spectrum of 8-methoxy- N-[2-(prop-2-yn-1-yloxy)phenyl]quinoline-
5-sulfonamide (6£) in DMSO; Figure 545: HR-MS spectrum of 8-methoxy-N-[2-(prop-2-yn-1-yloxy)phenyl]
quinoline-5-sulfonamide (6£); Figure S46: TH NMR spectrum of N-[(1-allyl-1H-1,2,3-triazol-4-yl)methyl]-
8-methoxyquinoline-5-sulfonamide (7a) in CDClj; Figure S47: 13C NMR spectrum of N-[(1-allyl-1H-1,2,3-
triazol-4-yl)methyl]- 8-methoxyquinoline-5-sulfonamide (7a) in CDCl3; Figure 548: HR-MS spectrum of
N-[(1-allyl-1H-1,2,3-triazol-4-yl)methyl]-8-methoxyquinoline-5-sulfonamide (7a); Figure S49: TH NMR
spectrum of N-[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]-8-methoxyquinoline-5-sulfonamide (7b) in DMSO;
Figure S50: '3C NMR spectrum of N-[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]- 8-methoxyquinoline-5-
sulfonamide (7b) in DMSO; Figure S51: HR-MS spectrum of N-[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]-
8-methoxyquinoline-5-sulfonamide (7b); Figure S52: 'H NMR spectrum of N-{[1-(4-fluorobenzyl)-1H-
1,2,3-triazol-4-ylJmethyl}-8-methoxyquinoline- 5-sulfonamide (7c) in DMSO; Figure S53: '3C NMR
spectrum of N-{[1-(4-fluorobenzyl)- 1H-1,2,3-triazol-4-yllmethyl}-8-methoxyquinoline-5-sulfonamide
(7¢) in DMSO; Figure S54: HR-MS spectrum of N-{[1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl]methyl}-
8-methoxyquinoline- 5-sulfonamide (7c); Figure S55: IH NMR spectrum of N-{[1-(4-chlorophenyl)-
1H-1,2 3-triazol-4-ylJmethy1}-8-methoxyquinoline-5-sulfonamide (7d) in DMSO; Figure S56: 13C NMR
spectrum of N-{[1-(4-chlorophenyl)-1H-1,2,3-triazol-4-ylJmethyl}-8-methoxyquinoline- 5-sulfonamide
(7d) in DMSO; Figure S57: HR-MS spectrum of N-{[1-(4-chlorophenyl)-1H-1,2,3-triazol-4-ylJmethyl}-8-
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methoxyquinoline-5-sulfonamide (7d); Figure S58: 'H NMR spectrum of N-({1-[(phenylthio)methyl]-1H-
1,2,3-triazol-4-yl}methyl)- 8-methoxyquinoline-5-sulfonamide (7e) in CDCls; Figure S59: 13C NMR spec-
trum of N-({1-[(phenylthio)methyl]-1H-1,2,3-triazol-4-yljmethyl)-8-methoxyquinoline-5-sulfonamide (7e)
in CDCl3; Figure S60: HR-MS spectrum of N-({1-[(phenylthio)methyl]-1H-1,2,3-triazol-4-yl}methyl)- 8-
methoxyquinoline-5-sulfonamide (7e); Figure S61: 'H NMR spectrum of N-[2-(1-benzyl-1H-1,2,3-triazol-
4-yl)propan-2-yl]-8-methoxyquinoline-5-sulfonamide (7f) in CDCl3; Figure S62: 13C NMR spectrum
of N-[2-(1-benzyl-1H-1,2,3-triazol-4-yl)propan-2-yl]- 8-methoxyquinoline-5-sulfonamide (7f) in DMSO;
Figure S63: HR-MS spectrum of N-[2-(1-benzyl-1H-1,2,3-triazol-4-yl)propan-2-yl]-8-methoxyquinoline-5-
sulfonamide (7f); Figure S64: 'H NMR spectrum of N-methyl-N-[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]-
8-methoxyquinoline-5-sulfonamide (7g) in CDCls; Figure S65: '3C NMR spectrum of N-methyl- N-[(1-
benzyl-1H-1,2,3-triazol-4-yl)methyl]-8-methoxyquinoline-5-sulfonamide (7g) in CDCl3; Figure S66: HR-
MS spectrum of N-methyl-N-[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]- 8-methoxyquinoline-5-sulfonamide
(7g); Figure S67: THNMR spectrum of N-{4-[(1-benzyl-1H-1,2,3-triazol-4-yl)methoxy]phenyl}-8-methoxyq-
uinoline-5-sulfonamide (7h) in DMSO; Figure S68: 13C NMR spectrum of N-{4-[(1-benzyl-1H-1,2,3-triazol-
4-yl)methoxy]phenyl}- 8-methoxyquinoline-5-sulfonamide (7h) in DMSO; Figure S69: HR-MS spectrum
of N-{4-[(1-benzyl-1H-1,2,3-triazol-4-yl)methoxy]phenyl}-8-methoxyquinoline-5-sulfonamide (7h).

Author Contributions: Conceptualization, A.Z. and J.J.; methodology, A.Z., ].J. and A.C.; investi-
gation, M.L., ].P.-C., D.K. and D.P,; writing—original draft preparation, A.Z., M.L. and ].]J.; project
administration, A.Z., J.J. and A.C.; funding acquisition, A.Z. and ]J.J. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was supported by the Medical University of Silesia in Katowice, Poland
(Grant No. BNW-1-013/N/3/F, PCN-1-048/K/2/F) and by the Polish National Science Center
(Grant No. 2018/31/B/NZ7/02122).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Polanski, J.; Kurczyk, A.; Bak, A.; Musiol, R. Privileged structures-dream or reality: Preferential organization of azanaphthalene
scaffold. Curr. Med. Chem. 2012, 19, 1921-1945. [CrossRef]

2. Solomon, V.R.; Lee, H. Quinoline as a privileged scaffold in cancer drug discovery. Curr. Med. Chem. 2011, 18, 1488-1508.
[CrossRef] [PubMed]

3.  Song, Y,; Xu, H.; Chen, W.; Zhan, P; Liu, X. 8-Hydroxyquinoline: A privileged structure with a broad-ranging pharmacological
potential. MedChemComm 2015, 6, 61-74. [CrossRef]

4. Gupta, R.; Luxami, V.; Paul, K. Insights of 8-hydroxyquinolines: A novel target in medicinal chemistry. Bioorg. Chem. 2021,
108, 104633. [CrossRef]

5. Saadeh, H.A.; Sweidan, K.A.; Mubarak, M.S. Recent advances in the synthesis and biological activity of 8-hydroxyquinolines.
Molecules 2020, 25, 4321. [CrossRef] [PubMed]

6. Matada, B.S,; Pattanashettar, R.; Yernale, N.G. A comprehensive review on the biological interest of quinoline and its derivatives.
Bioorg. Med. Chem. 2021, 32, 115973. [CrossRef]

7. Dorababu, A. Recent update on antibacterial and antifungal activity of quinoline scaffolds. Arch. Pharm. 2021, 354, €2000232.
[CrossRef]

8.  Czaplinska, B.; Malarz, K.; Mrozek-Wilczkiewicz, A.; Slodek, A.; Korzec, M.; Musiol, R. Theoretical and experimental investiga-
tions of large stokes shift fluorophores based on a quinoline scaffold. Molecules 2020, 25, 2488. [CrossRef]

9. Chotsiri, P.; Mahamar, A.; Hoglund, R.M.; Koita, E; Sanogo, K.; Diawara, H.; Dicko, A.; Simpson, J.A.; Bousema, T.; White, N.J.;
et al. Mechanistic modeling of primaquine pharmacokinetics, gametocytocidal activity, and mosquito infectivity. Clin. Pharmacol.
Ther. 2022, 111, 676—-685. [CrossRef]

10. Musiol, R.; Mrozek-Wilczkiewicz, A.; Polanski, J. Synergy against fungal pathogens: Working together is better than working
alone. Curr. Med. Chem. 2014, 21, 870-893. [CrossRef]

11. Prachayasittikul, V.; Prachayasittikul, S.; Ruchirawat, S.; Prachayasittikul, S. 8-Hydroxyquinolines: Are view of their metal
chelating properties and medicinal applications. Drug Des. Dev. Ther. 2013, 7, 1157-1178. [CrossRef] [PubMed]

12.  Mrozek-Wilczkiewicz, A.; Kalinowski, D.S.; Musiol, R.; Finster, J.; Szurko, A.; Serafin, K.; Knas, M.; Kamalapuram, S.K.; Kovacevic,

Z.; Jampilek, J.; et al. Investigating the anti-proliferative activity of styrylazanaphthalenes and azanaphthalenediones. Bioorg.
Med. Chem. 2010, 18, 2664-2671. [CrossRef] [PubMed]


https://doi.org/10.2174/092986712800167356
https://doi.org/10.2174/092986711795328382
https://www.ncbi.nlm.nih.gov/pubmed/21428893
https://doi.org/10.1039/C4MD00284A
https://doi.org/10.1016/j.bioorg.2021.104633
https://doi.org/10.3390/molecules25184321
https://www.ncbi.nlm.nih.gov/pubmed/32967141
https://doi.org/10.1016/j.bmc.2020.115973
https://doi.org/10.1002/ardp.202000232
https://doi.org/10.3390/molecules25112488
https://doi.org/10.1002/cpt.2512
https://doi.org/10.2174/0929867321666131218094848
https://doi.org/10.2147/DDDT.S49763
https://www.ncbi.nlm.nih.gov/pubmed/24115839
https://doi.org/10.1016/j.bmc.2010.02.025
https://www.ncbi.nlm.nih.gov/pubmed/20303768

Molecules 2024, 29, 4044 20 of 22

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Bissani, C.; Gasparin, D.; Pilger, A. 8-Hydroxyquinoline, derivatives and metal-complexes: A review of antileukemia activities.
ChemistrySelect 2023, 8, €202204219. [CrossRef]

Abeydeera, N.; Benin, B.M.; Mudarmah, K.; Pant, B.D.; Chen, G.; Shin, W.S.; Kim, M.-H.; Huang, S.D. Harnessing the dual
antimicrobial mechanism of action with Fe(8-hydroxyquinoline); to develop a topical ointment for mupirocin-resistant MRSA
infections. Antibiotics 2023, 12, 886. [CrossRef] [PubMed]

Yin, X.D.; Ma, K.Y,; Wang, Y.L.; Sun, Y.; Shang, X.F,; Zhao, Z.M.; Wang, R.X.; Chen, Y].; Zhu, ].K,; Liu, Y.Q. Design, synthesis,
and antifungal evaluation of 8-hydroxyquinoline metal complexes against phytopathogenic fungi. J. Agric. Food Chem. 2020, 68,
11096-11104. [CrossRef]

Pivarcsik, T.; Posa, V.; Kovacs, H.; May, N.V.; Spengler, G.; Posa, S.P.; Toth, S.; Nezafat Yazdi, Z.; Ozvegy-Laczka, C.; Ugrai, L; et al.
Metal complexes of a 5-nitro-8-hydroxyquinoline-proline hybrid with enhanced water solubility targeting multidrug resistant
cancer cells. Int. J. Mol. Sci. 2023, 24, 593. [CrossRef]

Pape, VES,; Palko, R.; Toth, S.; Szabo, M ] ; Sessler, ].; Dorman, G.; Enyedy, E.A.; Soos, T.; Szatmari, I.; Szakacs, G. Structure-activity
relationships of 8-hydroxyquinoline-derived Mannich bases with tertiary amines targeting multidrug-resistant cancer. J. Med.
Chem. 2022, 65, 7729-7745. [CrossRef]

Joaquim, A.R.; Gionbelli, M.P.; Gosmann, G.; Fuentefria, A.M.; Lopes, M.S.; Fernandes de Andrade, S. Novel antimicrobial
8-hydroxyquinoline-based agents: Current development, structure-activity relationships, and perspectives. J. Med. Chem. 2021,
64, 16349-16379. [CrossRef]

Pippi, B.; Lopes, W.; Reginatto, P; Silva, EE.K,; Joaquim, A.R.; Alves, R.J.; Silveira, G.P,; Vainstein, M.H.; Andrade, S.F,; Fuentefria,
A.M. New insights into the mechanism of antifungal action of 8-hydroxyquinolines. Saudi Pharm. ]. 2019, 27, 41-48. [CrossRef]
Czaplinska, B.; Maron, A.; Malecki, ].G.; Szafraniec-Gorol, G.; Matussek, M.; Malarz, K.; Mrozek-Wilczkiewicz, A.; Danikiewicz,
W.; Musiol, R.; Slodek, A. Comprehensive exploration of the optical and biological properties of new quinoline based cellular
probes. Dyes Pigment. 2017, 144, 119-132. [CrossRef]

Szczepaniak, J.; Cieslik, W.; Romanowicz, A.; Musiol, R.; Krasowska, A. Blocking and dislocation of Candida albicans Cdrlp
transporter by styrylquinolines. Int. . Antimicrob. Agents 2017, 50, 171-176. [CrossRef]

Kos, J.; Zadrazilova, I.; Nevin, E.; Soral, M.; Gonec, T.; Kollar, P.; Oravec, M.; Coffey, A.; O’'Mahony, J.; Liptaj, T.; et al. Ring-
substituted 8-hydroxyquinoline-2-carboxanilides as potential antimycobacterial agents. Bioorg. Med. Chem. 2015, 23, 4188-4196.
[CrossRef] [PubMed]

Kushkevych, I.; Vitezova, M.; Kos, J.; Kollar, P.; Jampilek, J. Effect of selected 8-hydroxyquinoline-2-carboxanilides on viability
and sulfate metabolism of Desulfovibrio piger. J. Appl. Biomed. 2018, 16, 241-246. [CrossRef]

Conan, P; Leon, A.; Gourdel, M.; Rollet, C.; Chair, L.; Caroff, N.; Le Goux, N.; Le Jossic-Corcos, C.; Sinane, M.; Gentile, L.; et al.
Identification of 8-hydroxyquinoline derivatives that decrease cystathionine beta synthase (CBS) activity. Int. |. Mol. Sci. 2022,
23, 6769. [CrossRef] [PubMed]

Khasawneh, M.A.; Al-Kaabi, A.; Samadi, A.; Antony, P.; Vijayan, R.; Al-Keridis, L.A.; Saadeh, H.A.; Abutaha, N. Synthesis
and biological applications of some novel 8-hydroxyquinoline urea and thiourea derivatives. Arab. . Chem. 2022, 15, 103905.
[CrossRef]

Ngqoro, X.; Tobeka, N.; Aderibigbe, B. Quinoline-based hybrid compounds with antimalarial activity. Molecules 2017, 22, 2268.
[CrossRef]

Teng, P; Li, C.; Peng, Z.; Anne Marie, V.; Nimmagadda, A.; Su, M.; Li, Y; Sun, X.; Cai, J. Facilely accessible quinoline derivatives
as potent antibacterial agents. Bioorg. Med. Chem. 2018, 26, 3573-3579. [CrossRef]

Zieba, A.; Wojtyczka, R.D.; Kepa, M.; Idzik, D. Antimicrobial activity of novel 1-methyl-3-thio-4-aminoquinolinium salts. Folia
Microbiol. 2010, 55, 3-9. [CrossRef]

Zieba, A.; Wojtyczka, R.D.; Kepa, M.; Idzik, D. Synthesis and in vitro antimicrobial activity of 1-methyl-3-sulfothio-4-
aminoquinolinium chlorides. Acta Pol. Pharm. Drug Res. 2013, 70, 163-166.

Wojtyczka, R.D.; Zieba, A.; Dziedzic, A.; Kepa, M.; Idzik, D. An activity of thioacyl derivativesof 4-aminoquinolinium salts
towards biofilm producing and planktonic forms of coagulase-negative staphylococci. BioMed Res. Int. 2015, 2015, 725939.
[CrossRef]

Kushkevych, I; Kos, J.; Kollar, P.; Kralova, K.; Jampilek, J. Activity of ring-substituted 8-hydroxyquinoline-2-carboxanilides
against intestinal sulfate-reducing bacteria Desulfovibrio piger. Med. Chem. Res. 2018, 27, 278-284. [CrossRef]

Empel, A.; Kisiel, E.; Wojtyczka, R.D.; Kepa, M.; Idzik, D.; Sochanik, A.; Wasik, T.].; Zieba, A. Synthesis and antimicrobial activity
of sulfur derivatives of quinolinium salts. Molecules 2018, 23, 218. [CrossRef] [PubMed]

Al-Matarneh, C.M.; Nicolescu, A.; Marinas, 1.C.; Gaboreanu, M.D.; Shova, S.; Dascalu, A.; Silion, M.; Pinteala, M. New library of
iodo-quinoline derivatives obtained by an alternative synthetic pathway and their antimicrobial activity. Molecules 2024, 29, 772.
[CrossRef]

Kaur, R.; Kumar, K. Synthetic and medicinal perspective of quinolines as antiviral agents. Eur. J. Med. Chem. 2021, 215, 113220.
[CrossRef]

Kos, J.; Ku, C.E; Kapustikova, I.; Oravec, M.; Zhang, H.]J.; Jampilek, J. 8-Hydroxyquinoline-2-carboxanilides as antiviral agents
against avian influenza virus. ChemistrySelect 2019, 4, 4582-4587. [CrossRef]

Afzal, O.; Kuma, S.; Haider, M.R.; Ali, M.R.; Kumar, R.; Jaggi, M.; Bawa, S. A review on anticancer potential of bioactive
heterocycle quinoline. Eur. |. Med. Chem. 2015, 97, 871-910. [CrossRef]


https://doi.org/10.1002/slct.202204219
https://doi.org/10.3390/antibiotics12050886
https://www.ncbi.nlm.nih.gov/pubmed/37237789
https://doi.org/10.1021/acs.jafc.0c01322
https://doi.org/10.3390/ijms24010593
https://doi.org/10.1021/acs.jmedchem.2c00076
https://doi.org/10.1021/acs.jmedchem.1c01318
https://doi.org/10.1016/j.jsps.2018.07.017
https://doi.org/10.1016/j.dyepig.2017.05.029
https://doi.org/10.1016/j.ijantimicag.2017.01.044
https://doi.org/10.1016/j.bmc.2015.06.047
https://www.ncbi.nlm.nih.gov/pubmed/26183541
https://doi.org/10.1016/j.jab.2018.01.004
https://doi.org/10.3390/ijms23126769
https://www.ncbi.nlm.nih.gov/pubmed/35743210
https://doi.org/10.1016/j.arabjc.2022.103905
https://doi.org/10.3390/molecules22122268
https://doi.org/10.1016/j.bmc.2018.05.031
https://doi.org/10.1007/s12223-010-0001-1
https://doi.org/10.1155/2015/725939
https://doi.org/10.1007/s00044-017-2067-7
https://doi.org/10.3390/molecules23010218
https://www.ncbi.nlm.nih.gov/pubmed/29361678
https://doi.org/10.3390/molecules29040772
https://doi.org/10.1016/j.ejmech.2021.113220
https://doi.org/10.1002/slct.201900873
https://doi.org/10.1016/j.ejmech.2014.07.044

Molecules 2024, 29, 4044 21 of 22

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

Van de Walle, T.; Cools, L.; Mangelinckx, S.; D'Hooghe, M. Recent contributions of quinolines to antimalarial and anticancer drug
discovery research. Eur. J. Med. Chem. 2021, 226, 113865. [CrossRef]

Sharma, V.; Mehta, D.K.; Das, R. Synthetic methods of quinoline derivatives as potent anticancer agents. Mini Rev. Med. Chem.
2017, 17, 1557-1572. [CrossRef]

Gao, F; Zhang, X.; Wang, T.; Xiao, ]. Quinolone hybrids and their anti-cancer activities: An overview. Eur. |. Med. Chem. 2019, 165,
59-79. [CrossRef]

Ghanbari-Movahed, M.; Tea Kaceli, M.; Arijit Mondal, A.; Farzaei, M.H.; Anupam Bishayee, A. Recent advances in improved
anticancer efficacies of camptothecin nano-formulations: A systematic review. Biomedicines 2021, 9, 480. [CrossRef]
Hongmanee, P.; Rukseree, K.; Buabut, B.; Somsri, B.; Palittapongarnpim, P. In vitro activities of cloxyquin (5-chloroquinolin-8-ol)
against Mycobacterium tuberculosis. Antimicrob. Agents Chemother. 2007, 51, 1105-1106. [CrossRef] [PubMed]

Jiang, H.; Taggart, J.E.; Zhang, X.; Benbrook, D.M.; Lind, S.E.; Ding, W.Q. Nitroxoline (8-hydroxy-5-nitroquinoline) is more a
potent anti-cancer agent than clioquinol (5-chloro-7-iodo-8-quinoline). Cancer Lett. 2011, 312, 11-17. [CrossRef]
Cherdtrakulkiat, R.; Boonpangrak, S.; Sinthupoom, N.; Prachayasittikul, S.; Ruchirawat, S.; Prachayasittikul, V. Derivatives
(halogen, nitro and amino) of 8-hydroxyquinoline with highly potent antimicrobial and antioxidant activities. Biochem. Biophys.
Rep. 2016, 6, 135-141. [CrossRef]

Musiol, R.; Jampilek, J.; Nycz, J.E.; Pesko, M.; Carroll, J.; Kralova, K.; Vejsova, M.; O’'Mahony, ].; Coffey, A.; Mrozek, A.; et al.
Investigating the activity spectrum for ring-substituted 8-hydroxyquinolines. Molecules 2010, 15, 288-304. [CrossRef] [PubMed]
Cieslik, W.; Musiol, R.; Nycz, ].E.; Jampilek, J.; Vejsova, M.; Wolff, M.; Machura, B.; Polanski, J. Contribution to investigation of
antimicrobial activity of styrylquinolines. Bioorg. Med. Chem. 2012, 20, 6960—-6968. [CrossRef] [PubMed]

Sharma, J.; Ahmad, S.; Alam, M.S. Bioactive triazoles: A potential review. |. Chem. Pharm. Res. 2012, 4, 5157-5164.

Lengerli, D.; Ibis, K.; Nural, Y.; Banoglu, E. The 1,2,3-triazole ‘all-in-one’ ring system in drug discovery: A good bioisostere, a
good pharmacophore, a good linker, and a versatile synthetic tool. Expert Opin. Drug Discov. 2022, 17, 1209-1236. [CrossRef]
Matin, M.M.; Matin, P.; Rahman, M.R.; Ben Hadda, T.; Almalki, F.A.; Mahmud, S.; Ghoneim, M.M.; Alruwaily, M.; Alshehri, S.
Triazoles and their derivatives: Chemistry, synthesis, and therapeutic applications. Front. Mol. Biosci. 2022, 9, 864286. [CrossRef]
Khan, S.A.; Akhtar, M.].; Gogoi, U.; Meenakshi, D.U.; Das, A. An overview of 1,2,3-triazole-containing hybrids and their potential
anticholinesterase activities. Pharmaceuticals 2023, 16, 179. [CrossRef]

Vaishnani, M.].; Bijani, S.; Rahamathulla, M.; Baldaniya, L.; Jain, V.; Thajudeen, K.Y.; Ahmed, M.M.; Farhana, S.A.; Pasha, I.
Biological importance and synthesis of 1,2,3-triazole derivatives: A review. Green Chem. Lett. Rev. 2024, 17, 2307989. [CrossRef]
Arafa, EM.; Said, H.; Osman, D.; Rezki, N.; Aouad, M.R.; Hagar, M.; Osman, M.; Elwakil, B.H.; Jaremko, M.; Tolba, M.M.
Nanoformulation-based 1,2,3-triazole sulfonamides for anti-toxoplasma in vitro study. Trop. Med. Infect. Dis. 2023, 8, 401.
[CrossRef] [PubMed]

Swaina, B.; Angelib, A.; Angapellya, S.; Thackera, P.S,; Singha, P.; Supuranb, C.T.; Arifuddina, M. Synthesis of a new series of
3-functionalised-1-phenyl-1,2,3-triazole sulfamoylbenzamides as carbonic anhydrase I, II, IV and IX inhibitors. | Enzym. Inhib.
Med. Chem. 2019, 34, 1199-1209. [CrossRef] [PubMed]

Poonia, N.; Kumar, A.; Kumar, V.; Yadav, M.; Lal, K. Recent progress in 1H-1,2,3-triazoles as potential antifungal agents. Curr. Top.
Med. Chem. 2021, 21, 2109-2133. [CrossRef] [PubMed]

Marzi, M.; Farjam, M.; Kazeminejad, Z.; Shiroudi, A.; Kouhpayeh, A.; Zarenezhad, E. A recent overview of 1,2,3-triazole-
containing hybrids as novel antifungal agents: Focusing on synthesis, mechanism of action, and structure-activity relationship
(SAR). J. Chem. 2022, 2022, 7884316. [CrossRef]

Singh, A.; Singh, K.; Sharma, A.; Joshi, K.; Singh, B.; Sharma, S.; Batra, K.; Kaur, K,; Singh, D.; Chadha, R.; et al. 1,2,3-Triazole
derivatives as an emerging scaffold for antifungal drug development against Candida albicans: A comprehensive review. Chem.
Biodivers. 2023, 20, €202300024. [CrossRef]

ElMalah, T.; Nour, H.F,; Satti, A.A.E.; Hemdan, B.A.; El-Sayed, W.A. Design, synthesis, and antimicrobial activities of 1,2,3-triazole
glycoside clickamers. Molecules 2020, 25, 790. [CrossRef]

Hryhoriv, H.; Mariutsa, I.; Kovalenko, S.M.; Georgiyants, V.; Perekhoda, L.; Filimonova, N.; Geyderikh, O.; Sidorenko, L. The
search for new antibacterial agents among 1,2,3-triazole functionalized ciprofloxacin and norfloxacin hybrids: Synthesis, docking
studies, and biological activity evaluation. Sci. Pharm. 2022, 90, 2. [CrossRef]

Todorov, L.; Kostova, I. 1,2,3-Triazoles and their metal chelates with antimicrobial activity. Front. Chem. 2023, 11, 1247805.
[CrossRef]

Al-Taweel, S.; Al-Saraireh, Y.; Al-Trawneh, S.; Alshahateet, S.; Al-Tarawneh, R.; Ayed, N.; Alkhojah, M.; Al-Khaboori, W.; Zereini,
W.; Al-Qaralleh, O. Synthesis and biological evaluation of ciprofloxacin-1,2,3-triazole hybrids as antitumor, antibacterial, and
antioxidant agents. Heliyon 2023, 9, €22592. [CrossRef]

Al-Humaidi, J.Y,; Shaaban, M.M.; Rezki, N.; Aouad, M.R.; Zakaria, M.; Jaremko, M.; Hagar, M.; Elwakil, B.H. 1,2,3-Triazole-
benzofused molecular conjugates as potential antiviral agents against SARS-CoV-2 virus variants. Life 2022, 12, 1341. [CrossRef]
Agouram, N. 1,2,3-Triazole derivatives as antiviral agents. Med. Chem. Res. 2023, 32, 2458-2472. [CrossRef]

Awolade, P; Cele, N.; Ebenezer, O.; Kerru, N.; Gummidi, L.; Gu, L.; Palma, G.; Kaur, M,; Singh, P. Synthesis of 1H-1,2,3-triazole-
linked quinoline-isatin molecular hybrids as anti-breast cancer and anti-methicillin-resistant Staphylococcus aureus (MRSA)
agents. Anticancer Agents Med. Chem. 2021, 21, 1228-1239. [CrossRef]


https://doi.org/10.1016/j.ejmech.2021.113865
https://doi.org/10.2174/1389557517666170510104954
https://doi.org/10.1016/j.ejmech.2019.01.017
https://doi.org/10.3390/biomedicines9050480
https://doi.org/10.1128/AAC.01310-06
https://www.ncbi.nlm.nih.gov/pubmed/17178795
https://doi.org/10.1016/j.canlet.2011.06.032
https://doi.org/10.1016/j.bbrep.2016.03.014
https://doi.org/10.3390/molecules15010288
https://www.ncbi.nlm.nih.gov/pubmed/20110891
https://doi.org/10.1016/j.bmc.2012.10.027
https://www.ncbi.nlm.nih.gov/pubmed/23159041
https://doi.org/10.1080/17460441.2022.2129613
https://doi.org/10.3389/fmolb.2022.864286
https://doi.org/10.3390/ph16020179
https://doi.org/10.1080/17518253.2024.2307989
https://doi.org/10.3390/tropicalmed8080401
https://www.ncbi.nlm.nih.gov/pubmed/37624339
https://doi.org/10.1080/14756366.2019.1629432
https://www.ncbi.nlm.nih.gov/pubmed/31237458
https://doi.org/10.2174/1568026621666210913122828
https://www.ncbi.nlm.nih.gov/pubmed/34517801
https://doi.org/10.1155/2022/7884316
https://doi.org/10.1002/cbdv.202300024
https://doi.org/10.3390/molecules25040790
https://doi.org/10.3390/scipharm90010002
https://doi.org/10.3389/fchem.2023.1247805
https://doi.org/10.1016/j.heliyon.2023.e22592
https://doi.org/10.3390/life12091341
https://doi.org/10.1007/s00044-023-03154-3
https://doi.org/10.2174/1871520620666200929153138

Molecules 2024, 29, 4044 22 of 22

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

Krstulovic, L.; Miskovic Spoljaric, K.; Rastija, V.; Filipovic, N.; Bajic, M.; Glavas-Obrovac, L. Novel 1,2,3-triazole-containing
quinoline-benzimidazole hybrids: Synthesis, antiproliferative activity, in silico ADME predictions, and docking. Molecules 2023,
28, 6950. [CrossRef] [PubMed]

Moreno-Perea, M.; Suarez-Castro, A.; Fraire-Soto, I.; Sifuentes-Padilla, J.L.; Gutierrez-Hernandez, R.; Reyes-Estrada, C.A;
Lopez-Hernandez, Y.; Cortes-Garcia, C.J.; Chacon-Garcia, L.; Granados-Lopez, A ].; et al. Proliferation, migration and invasion of
breast cancer cell lines are inhibited by 1,5-disubstituted tetrazol-1,2,3-triazole hybrids through interaction with p53. Molecules
2023, 28, 7600. [CrossRef] [PubMed]

Kumar, S.; Ali, I.; Abbas, F,; Shafiq, F.; Yadav, A.K.; Ghate, M.D.; Kumar, D. In-silico identification and exploration of small
molecule coumarin-1,2,3-triazole hybrids as potential EGFR inhibitors for targeting lung cancer. Mol. Divers. 2024. [CrossRef]
[PubMed]

Varani, T.; Abdouss, M.; Azerang, P.; Tahghighi, A. Acetylenic sulfones and acetylenic sulfonamide analogs: A novel and
preferable antimicrobial drugs based on computational strategies. J. Comput. Biophys. Chem. 2022, 21, 115-122. [CrossRef]
Kisiel-Nawrot, E.; Pindjakova, D.; Latocha, M.; Bak, A.; Kozik, V.; Suwinska, K.; Sochanik, A.; Cizek, A.; Jampilek, J.; Zieba, A.
Design, synthesis and antimicrobial properties of new tetracyclic quinobenzothiazine derivatives. Int. J. Mol. Sci. 2022, 23, 15078.
[CrossRef]

Kisiel-Nawrot, E.; Latocha, M.; Bak, A.; Kozik, V.; Jampilek, J.; Zieba, A. Anticancer efficacy of antibacterial quinobenzothiazines.
Appl. Sci. 2023, 13, 2886. [CrossRef]

Kisiel-Nawrot, E.; Pindjakova, D.; Latocha, M.; Bak, A.; Kozik, V.; Suwinska, K.; Cizek, A.; Jampilek, J.; Zieba, A. Towards
anticancer and antibacterial agents: Design and synthesis of 1,2,3-triazol-quinobenzothiazine derivatives. Int. J. Mol. Sci. 2023, 24,
13250. [CrossRef]

Talele, T.T. Acetylene group, friend or foe in medicinal chemistry. J. Med. Chem. 2020, 63, 5625-5663. [CrossRef]

Ertl, P; Altmann, E.; Racine, S. The most common linkers in bioactive molecules and their bioisosteric replacement network.
Bioorg. Med. Chem. 2023, 81, 117194. [CrossRef] [PubMed]

Kumari, S.; Carmona, A.V.; Tiwari, A.K,; Trippier, P.C. Amide bond bioisosteres: Strategies, synthesis, and successes. J. Med. Chem.
2020, 63, 12290-12358. [CrossRef] [PubMed]

Meanwell, N.A. Applications of bioisosteres in the design of biologically active compounds. J. Agric. Food Chem. 2023, 71,
18087-18122. [CrossRef] [PubMed]

Tornesello, A.L.; Borrelli, A.; Buonaguro, L.; Buonaguro, EM.; Tornesello, M.L. Antimicrobial peptides as anticancer agents:
Functional properties and biological activities. Molecules 2020, 25, 2850. [CrossRef]

Qu, B;; Yuan, |J; Liu, X,; Zhang, S.; Ma, X; Lu, L. Anticancer activities of natural antimicrobial peptides from animals. Front.
Microbiol. 2024, 14, 1321386. [CrossRef]

Zadrazilova, L; Pospisilova, S.; Pauk, K.; Imramovsky, A.; Vinsova, J.; Cizek, A.; Jampilek, ]J. In vitro bactericidal activity of 4-
and 5-chloro-2-hydroxy-N-[1-oxo-1-(phenylamino)alkan-2-yl]benzamides against MRSA. BioMed Res. Int. 2015, 2015, 349534.
[CrossRef]

Nubel, U.; Dordel, J.; Kurt, K.; Strommenger, B.; Westh, H.; Shukla, S.K.; Zemlickova, H.; Leblois, R.; Wirth, T.; Jombart, T.; et al. A
timescale for evolution, population expansion, and spatial spread of an emerging clone of methicillin-resistant Staphylococcus
aureus. PLoS Pathog. 2010, 6, e1000855. [CrossRef]

Oravcova, V.; Zurek, L.; Townsend, A.; Clark, A.B.; Ellis, ].C.; Cizek, A. American crows as carriers of vancomycin-resistant
enterococci with van A gene. Environ. Microbiol. 2014, 16, 939-949. [CrossRef]

Global Laboratory Standards for a Healthier World. Available online: https://clsi.org/ (accessed on 18 June 2024).

Pankey, G.A.; Sabath, L.D. Clinical relevance of bacteriostatic versus bactericidal mechanisms of action in the treatment of
Gram-positive bacterial infections. Clin. Infect. Dis. 2004, 38, 864-870. [CrossRef]

Measuring Cell Viability /Cytotoxicity. Dojindo EU GmbH, Munich, Germany. Available online: https://www.dojindo.eu.com/
Protocol/Dojindo-Cell-Proliferation-Protocol.pdf (accessed on 18 June 2024).

Grela, E.; Kozlowska, J.; Grabowiecka, A. Current methodology of MTT assay in bacteria—A review. Acta Histochem. 2018, 120,
303-311. [CrossRef]

National Committee for Clinical Laboratory Standards. Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow
Aerobically, 11th ed.; M07; NCCLS: Wayne, PA, USA, 2018.

Schwalbe, R.; Steele-Moore, L.; Goodwin, A.C. Antimicrobial Susceptibility Testing Protocols; CRC Press: Boca Raton, FL, USA, 2007.
Scandorieiro, S.; de Camargo, L.C.; Lancheros, C.A.; Yamada-Ogatta, S.F.; Nakamura, C.V.; de Oliveira, A.G.; Andrade, C.G,;
Duran, N.; Nakazato, G.; Kobayashi, R K. Synergistic and additive effect of oregano essential oil and biological silver nanoparticles
against multidrug-resistant bacterial strains. Front. Microbiol. 2016, 7, 760. [CrossRef] [PubMed]

Guimaraes, A.C.; Meireles, L.M.; Lemos, M.E,; Guimaraes, M.C.C.; Endringer, D.C.; Fronza, M.; Scherer, R. Antibacterial activity
of terpenes and terpenoids present in essential oils. Molecules 2019, 24, 2471. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/molecules28196950
https://www.ncbi.nlm.nih.gov/pubmed/37836794
https://doi.org/10.3390/molecules28227600
https://www.ncbi.nlm.nih.gov/pubmed/38005322
https://doi.org/10.1007/s11030-024-10817-9
https://www.ncbi.nlm.nih.gov/pubmed/38470555
https://doi.org/10.1142/S2737416521410027
https://doi.org/10.3390/ijms232315078
https://doi.org/10.3390/app13052886
https://doi.org/10.3390/ijms241713250
https://doi.org/10.1021/acs.jmedchem.9b01617
https://doi.org/10.1016/j.bmc.2023.117194
https://www.ncbi.nlm.nih.gov/pubmed/36773350
https://doi.org/10.1021/acs.jmedchem.0c00530
https://www.ncbi.nlm.nih.gov/pubmed/32686940
https://doi.org/10.1021/acs.jafc.3c00765
https://www.ncbi.nlm.nih.gov/pubmed/36961953
https://doi.org/10.3390/molecules25122850
https://doi.org/10.3389/fmicb.2023.1321386
https://doi.org/10.1155/2015/349534
https://doi.org/10.1371/journal.ppat.1000855
https://doi.org/10.1111/1462-2920.12213
https://clsi.org/
https://doi.org/10.1086/381972
https://www.dojindo.eu.com/Protocol/Dojindo-Cell-Proliferation-Protocol.pdf
https://www.dojindo.eu.com/Protocol/Dojindo-Cell-Proliferation-Protocol.pdf
https://doi.org/10.1016/j.acthis.2018.03.007
https://doi.org/10.3389/fmicb.2016.00760
https://www.ncbi.nlm.nih.gov/pubmed/27242772
https://doi.org/10.3390/molecules24132471
https://www.ncbi.nlm.nih.gov/pubmed/31284397

	Introduction 
	Results and Discussion 
	Chemistry 
	Biological Screening 
	In Vitro Cell Viability 
	Additional Antiproliferative Tests 
	In Vitro Antimicrobial Activity 


	Materials and Methods 
	Chemistry 
	Synthesis 
	Synthesis of 8-Hydroxyquinoline-5-Sulfonyl Chloride (2) 
	Synthesis of 8-Hydroxyquinoline-5-Sulfonamides (3) 
	Synthesis of 8-Methoxyquinoline (4) 
	Synthesis of 8-Methoxyquinoline-5-Sulfochloride (5) 
	Synthesis of 8-Methoxyquinoline-5-Sulfonamides (6) 
	Synthesis of 1,2,3-Triazole Derivatives of 8-Methoxyquinoline-5-Sulfonamide (7) 

	Biological Evaluation 
	Cell Culture 
	Effect of Compounds on Number and Viability of Cells 
	Wound Healing Assay 
	Transcriptional Activity of H3, BCL-2, BAX, P21, and P53 Genes 
	In Vitro Antibacterial Evaluation 
	Determination of Minimum Bactericidal Concentrations 
	MTT Assay 


	Conclusions 
	References

