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Antibiotic resistance has become a significant public health problem. So it is
essential to design and synthesize new agents for the treatment of multi-resistance
pathogens. Quinolines and their derivatives are used as antibacterial properties
against gram-negative bacteria. In this work, we report the new antibacterial
properties of two series of quinoline derivatives against pathogenic E. coli.
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Introduction. Antibacterial resistance plays a serious risk to human health
throughout the globe. Many infections which were previously under control is now
on the rise, and their resistant variants are often life-threatening [1]. The consequen-
ces of increasing antibiotic resistance are dire. In Europe alone, 25 000 people
already die each year, because of antibiotic resistant bacteria [2]. Today, antibiotics
are the most valuable drugs in the fight against infectious diseases. Since antibiotics’
discovery deaths from various infectious diseases was significantly reduced.
Antibiotics are not only important for the treatment of infections such as pneumonia,
meningitis, and tuberculosis but also essential to prevent infections during other
treatments such as cancer, cesarean sections, and many surgeries [3—8].

Although antibacterial agents are one of the important drug categories that
provide enormous value to health, fewer new drugs are emerging from production
lines. The reason is that antibiotics have become drugs that are expensive to develop.
Relatively rapid acquisition of antibiotic resistance is complicated by the relatively
long time period needed for the development of antibiotics with new mechanisms of
actions. Therefore, it is critical to promote the synthesis of alternative antimicrobial
compounds.

With its origins rooted in organic synthesis and medicinal chemistry,
heterocyclic compounds are represented as a fundamental division of organic
chemistry [9, 10]. Small molecules based on heterocyclic compound capable of
eradicating bacteria and non-replicating bacterial biofilms are of great importance to
human health. Quinoline and its derivatives possess a wide spectrum of biological
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activity [11-18], including antibacterial, antifungal, anti-inflammatory, antimalarial,
and antitumor activities. Quinoline moiety is historically important, because it is
present in the Cinchona alkaloids quinine and quinidine, which were the first useful
treatment for malaria. Based on the activity of these natural products, several
quinoline-based molecules have shown to be effective inhibitors of essential proteins
from microbial pathogens [19, 20]. Quinoline fragment constitutes an important
structural unit of many synthetic and natural biologically active molecules and is an
important scaffold for the development of new drugs [21-23]. The type and size of
ring structures, together with the substituent groups of the core scaffold, impact
strongly the physicochemical properties of quinolines [24-26]. Many compounds
derived from quinoline core display potent antibacterial activity [27-29]. This
biological activity is highly tunable through very practical synthetic methods.
Antibacterial activity of some quinolone derivatives is linked to the ability to disrupts
the LptA-LptC interaction in Gram-negative bacteria, which validates the LPS
transport pathway as a feasible target for new antibacterials. [30] or inhibit DNA
gyrase and topoisomerase [V that cause bacterial cell death [31].

In view of these observations, we decided to test antibacterial activity of
previously synthesized substitutes quinoline such as hydroxyphenylamino- and
carboxyphenylaminoquinolines derivatives.

Materials and Methods.

Synthesis. Quinoline and its derivatives play a tremendous role in the
pharmaceutical industry. It is well known that quinolone derivatives are used as
potent drugs for various diseases. There are many examples of quinoline and its
derivative that could be used as antibacterial drugs [32, 33]. Those molecules
continue to provide a trend to understand the inherent paths and suggest their
possible applications in biology.
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Scheme 1. Synthesis of quinoline derivatives.
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This section is devoted to testing of quinoline derivatives antibacterial
properties against pathogenic E. coli. In this study thirty-four derivatives of
hydroxyphenylamino- and carboxyphenylaminoquinolines were evaluated against a
panel of clinically important bacterial pathogen. We choose E. coli for the antibacte-
rial studies since it is considered the best studied strains of Gram-negative bacteria.

Quinoline derivatives used in this study were synthesized as previously
describe [34, 35]. Briefly, nucleophilic substitution of benz-substituted 4-chloro-2-
-methylquinolines with o-, m-, p-aminophenols and 2- and 4-aminobenzoic acids
were done. These manipulations were performed in the presence of hydrochloric
acids in ethanol medium by reflux (Scheme 1).

Biological Activity. There are several dilution based antibacterial assays that
are commonly used by many laboratories. Those methods are either using agar or
broth as the medium and in terms of assay volume; there are macro- or micro
dilutions methods. The macrodilution is done in tubes containing minimum volume
of 2 mL, while microdilution is a miniaturization of the macrodilution using 96-wells
plate platform for the assay. The microdilution method needs fewer quantities of
reagents and tools compare to the macrodilution. For that reason, the method is more
economical compare to other methods [36]. The MIC end point of the microdilution
method was obtained by examining the lowest concentration of the antibacterial
compound tested that prevents the appearance of the bacteria growth under a defined
time period of incubation. The growth of the bacteria is marked by the turbidity,
which could be visible by an unaided eye. However, the turbidity of the growth
bacteria may be distorted by the color of the compounds tested. Therefore, we need
to measure the bacterial growth using spectrophotometric methods or we can use dye
reagent as an indicator to facilitate the reading of the microdilution antibacterial
assay result. The Alamar blue (resazurin) dye, are often used in the MIC endpoint
determination for antibacterial microdilution assays [37], it is an effective growth
indicator for this purpose. The antibacterial compounds were tested in vitro against
Gram-negative bacteria: E. coli. and were evaluated by determining the Minimum
Inhibitory Concentrations (MIC) by the broth dilution method described by the
Clinical Laboratory Standards Institute (CLSI) with slight modifications [38]. In this
present study the effect of synthesized compounds on the growth of the organisms
was assessed at the following concentrations: 256, 128, 64.0, 32.0, and 16.0 mg/uL.
Shortly, the same amount of inoculum in the mid-log phase were added to each vial
followed by addition of indicated amount of compound. The mixture was incubated
at 37°C for 24 h. The turbidity of the medium was measured spectrophotometrically
at Asos. Viability of the bacteria was determined using Alamar Blue assay.
The MIC was determined in 96 well-microplates according to CLSI with slight
modifications [38].

Fig. 1 illustrates the general setup of sample distribution during the experi-
ments. For this serially, two-fold dilution (50 uL) of each extract was prepared in the
wells. The first well was filled with 100 uL LB and 2 uL of the tested sample in
DMSO. That highest concentration was then serially diluted twofold. Each of
samples was serially diluted in 1 row of microplate (5 times of twofold dilution).
Finally, 50 uL of bacterial suspension was added to each of the wells as shown in
the Figure. The absorbance at 595 nm wavelength was measured post-incubation at
37°C for 24 h.
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Fig. 1. 96-well plate general setup of sample distribution during the experiments for determining the
MIC. Each row contains control. Columns Al-Dlas well as A7-D7 contains DMSO as a
positive control and columns E1-H1 as well as E7-H7 contains E. coli in phosphate buffered
saline solution (PBS) as a negative control. 2°¢ and 8" columns were coated with various
compounds, which were followed by serial % dilution, to the 6" and 12" columns, respectively.

After incubation at 37°C for 24 h, 50 uL of Alamar Blue were added to each
well as bacterial growth indicator and the mixture was incubated for additional 2 /.
The bacterial growth was detected by the change of color from purple to pink. The
MIC values were determined as the lowest concentration that prevented a change in
Alamar Blue color. Determination of the cell toxicity and proliferation was carried
out by recording the absorbance at wavelengths 595 nm after incubation.

DMSO was used as a positive control. To ensure that the media was capable
of supporting the microbial growth, a negative control (comprise of medium and test
organism without test sample) was prepared. E. coli in phosphate buffered saline
solution (PBS) was used as a negative control.

Results and Discussion. From the chart data (Figs. 2 and 3), it was found that
the values of the inhibition obtained for these compounds suggest that the quinoline
derivatives possess significant antimicrobial activity against tested organism used in
these assays. The results of antimicrobial screening revealed that most of the tested
Quinoline-based hydroxy- and carboxyphenylamino derivatives displayed variable
inhibitory effects on the growth of tested Gram-negative bacterial strain: E. coli.
In general it was observed that transformation of hydroxyphenylamino derivatives
to the carboxyphanylamino derivatives increase the antibacterial activity (Figs. 2 and
3). As anticipated, a clear difference in antimicrobial activity is noted between
compounds within and between each series, pointing to the reinforcing and opposing
effects of substituent in quinoline as well as phenylamino moieties. The results of
the antibacterial screening demonstrated the following assumptions about the
structural activity relationship (SAR).
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Fig. 2. A — Absorbance reading (at 595 nm wavelength) increment of E. coli treated with 20 benz-
substituted  4-hidroxyphenilaminoquinoline  derivatives at different concentrations.
B — Absorbance reading (at 595 nm wavelength) increment of E. coli treated with 20 benz-
substituted 4-hydroxyphenilaminoquinoline derivatives at different concentrations. The MIC
values were determined as the lowest concentration where still equal or very close of post- and
pre-incubation with alamarBlue absorbance readings with DMSO control.
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A — Absorbance reading (at 595 nm wavelength) increment of E. coli treated with 20 benz-
substituted  4-carboxyphenilaminoquinoline  derivatives at different concentrations.
B — absorbance reading (at 595 nm wavelength) increment of E. coli treated with 14 benz-
substituted 4-carboxyphenilaminoquinoline derivatives at different concentrations. The MIC
values were determined as the lowest concentration where still equal or very close of post- and
pre-incubation with alamarBlue absorbance readings with DMSO control.
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Chloro- and bromo-substituted quinolines stand out among hydroxyphen-
amino-substituted derivatives with higher antibacterial activity, while the activity
increases in the case of 3- and 4-hydroxy derivatives (Fig. 2 and Scheme 2), which
can probably be explained by the spatial availability of availability of hydrogen
bonds through hydroxy groups. On the other hand, an interesting reversal of the anti-
bacterial effect is observed in caboxy-substituted phenylamino derivatives of
quinolines. In this series, the opposite pattern is observed and the 6(8)-substituted
methyl and methoxy derivatives are more prominent in their activity, and the sixth
position becomes more beneficial in terms of increasing antibacterial activity (Fig. 3
and Scheme 2). In a same time, the position of the carboxy group in the phenylamino
fragment, follows the same pattern observed among the hydroxy derivatives, that is,
carboxy derivatives substituted in the 4-position show greater activity than those
substituted in the 2-position (Figs. 2 and 3).

Using the general structure provided in Scheme 2, certain aspects of the
structure activity relationships for these compounds can be more clearly highlighted.

RZ
HN
R, R,=6(8)-Br; 8-CL R, 3(49-OH
or
= 6(8)-CH = 4-COOH
N/ cu, R 3 6(8)-OCH; Ry

Scheme 2. General structure of more active quinoline derivatives.

As the development of new antibiotics is one of the difficult fields of
medicinal chemistry as well as there is an urgent need for new antibacterials with
new mode of actions, next, we asked how can we improve antibacterial properties
our quinoline derivatives.

Traditional mechanisms for common antibiotics are classified as follows [39]:
inhibition of DNA/RNA replication (ciprofloxacin, norfloxacin, novobiocin, and
rifampin) [40], cell wall synthesis (amoxicillin, cefalexin, and oxacillin among
many) [41], protein synthesis (chloram-phenicol, clarithromycin, and erythromycin)
[42], disruption of the cytoplasmic membrane (polymyxin B, daptomycin) [43], and
inhibition of metabolic routes (sulfonamides, sulfones, trimethoprim, and isoniazid)
[44]. The last product had already a much superior activity both against Gram-
positive and Gram-negative bacteria. More recent compounds like ciprofloxacin and
ofloxacin have a broad-spectrum activity [45]. These are antibacterial agents of the
quinoline series and haves antibacterials agents, that have similar functional groups
sach as a alkyl, halogen and carboxylic groups in different position. Since the last
new structural class of antibiotics of series of quinoline has been discovered, only
few really new antibiotics have been approved, i.e., linezolid, daptomycin, tigecycline,
and retapamulin. During the last decennium, successful drug classes, like b-lactams
(Ceftazoline, Ceftobiprole), Tetracyclines (Tigecycline), Macrolides (Cetromycin),
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and Trimethoprim (Iclaprim) have been modified by introduction of additional target
binding sites, so that the compounds become active against resistant strains. Other
possibilities to obtain improved antibiotics are the synthesis of hybrids of two
antibiotic pharmacophores, the development of multitargeted antibiotics, and the
combination therapy [45]. Thus, the evaluation of the antibacterial activity of the
quinoline derivatives described above allows us to conclude that quinolines of this
series, as a result of certain functional changes, as well as combination with other
pharmacophore groups, can open a wide perspective in the field of preparatus with
antibacterial activity. Our quinolines have the necessary functional capabilities for
the creation of new pharmacophore groups and the construction of new heterorings.
It is possible to carry out functional changes in the hydroxyphenylamino group at
the expense of the hydroxy group, and in the case of derivatives containing the
carboxyphenylamino group, intramolecular heterocyclization can be performed,
equivalent experiments have been described in our previous works [35] or to obtain
such valuable quinolyl-substituted heterocycles as thiadiazoles, trazoles, and
thiazolidiones [46] in terms of antibacterial activity through new functionalization
of the carboxy group and heterocyclization in the presence of various bifunctional
compounds.

Experimental Part. All solvents and chemicals were purchased from “Fisher
Scientifc”, “TCI”, “Sigma-Aldrich”, “Acros Organics” or “Alfa Aesar” and used
without further purification. The antimicrobial screening and minimal inhibitory
concentrations of the tested compounds were carried out on the spectrophotometer
Tecan — Microplate Reader — Infinite 200 Pro.

Synthesis. Experimental details for the synthesis could be found in the
previously published work [34, 35].

MIC Measurement. The effects of synthesized compounds were examined by
the broth dilution method described by CLSI with slight modifications [38] by
Alamar Blue method. All experiments were done in 96-well plates (Fig. 1). First all
wells filled with 100 xL LB, then a 2 uL of the tested sample in DMSO was added
except for A1-H1 and A7-H7. After this equal amount of E. coli was added to all
wells in total of 50 uL suspension in suitable growth medium (PBS), except for
A1-D1 and A7-D7, which served as positive control because they were treated with
DMSO. The wells for E1-H-1 and E7-H7 served as negative control, which were
prepared with culture medium, bacterial suspension only in amounts corresponding
to the highest quantity present. Each row wells 2—6 and 8-12 was exposed to
indicated amounts of each test compound. Total of 5 dilutions of each compound
was tested as indicated on graphs (Figs. 2 and 3). The contents of each well were
mixed on a microplate shaker (Eppendorf, Hamburg, Germany) at 900 rpm for 1 min
prior to incubation for 24 4 in the cultivation conditions described above. Finally,
incubation at 37°C overnight for bacteria was performed. The turbidity of the
medium was measured spectrophotometrically at Asos. The MIC was the lowest
concentration where no viability was observed after 24 4 on the basis of metabolic
activity. To indicate respiratory activity the presence of colour was determined after
adding 50 ulL/well of Alamar Blue and incubated under appropriate cultivation
conditions for 2 /4 in the dark, where the highest dilution without growth is the MIC.
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Conclusion. The assay was able to generate a reliable result and only required
a small amount of compounds, at the same time produced quicker result for
antibacterial activity screening. Thus, the assay was considered as suitable assay
platform to be implemented of the derivatives of quinoline. MIC value will empower
researchers to decide whether the extracts worth to be examined further or not.

The SAR analysis showed that the most active derivatives for hydroxy-
phenylamino substituted quinolines are those that containing electro acceptor
substituents in the benzene ring of quinoline, while for carboxyphenylamine
substituted quinolines, the activity increases in the presence of electron donor
substituents in the benzene ring of quinoline.

A promising direction would also be to test new nucleophiles containing
saturated and unsaturated heterorings present in active antibiotics for substitution of
the chlorine atom in benzene-substituted 2-methyl-4-chloroquinolines. In terms of
antibacterial activity, functionalization of the carboxy group and heterocyclization
in the presence of various bifunctional compounds to obtain such valuable quinolyl-
substituted heterocycles as thiadiazoles, trazoles and thiazolidiones, new perspectives
may be opened.

Ensuring the availability and optimization of these synthesis pathways is
relevant, because development of antibiotics is one of the highly demanded and
important part of medicinal chemistry.
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JI. II. AMBAPIIYMZIH, U. JI. AJIEKCAHSH

AHTUMUKPOBHA S AKTUBHOCTb THAPOKCUO®EHNJIAMMWHO- 1
KAPBOKCOEHNITAMHWHO-ITPON3BO/JHbBIX XNHOJIMHA

YCTOWYMBOCTh K aHTHOMOTHKAM CTalla CePhe3HOW MPOOIIeMOi 00IIeCTBEH-
HOTO 3/paBooxpaHeHus. [losToMy kpaliHe BakHO pa3paboTaTh M CHHTE3UPOBATh
HOBBIC arcHTBI YIS JICUCHUS MYJIbTHPE3UCTECHTHBIX IaTOTEHOB. M3BECTHO, 4TO
MHOTHE MPOU3BOJIHBIC XMHOJIUHA 00JIQIal0T aHTHOAKTEPHAaIbHON aKTHBHOCTBHIO B
OTHOIIICHWU TPaMOTPHIIATEIBHBIX OakTepuil. B Hacrosmieir pabore wu3ydanach
AHTUMHKPOOHAss aKTHMBHOCTh HOBBIX IPOM3BOJHBIX XUHOJMHA B OTHOIICHUHU
MATOTeHHBIX OakTepuit E. coli.
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