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Abstract

Quinoline and its derivatives are a family with unique medicinal properties, including antibacterial effects. It was as-
sumed that the four quinoline derivatives 1, 2, 3 and 4 had significant activity against pathogenic bacteria. These com-
pounds were synthesized and characterized by TLC, IR, 'H NMR, and *C NMR analyses. The biological activity of
compounds was determined as inhibition zone (IZ) in mm. For compound 1 IZ was 19 * 0.22 against Klebsiella pneumo-
niae, IZ was 18 + 0.22 against Bacillus subtilis, and IZ was 17 + 0.22 against Staphylococcus aureus. 2 displayed 1Z of 18
+ 0.22 against both Klebsiella pneumoniae and Bacillus subtilis. 3 showed IZ of 17 + 0.22 against Staphylococcus aureus.
4 displayed IZ of 21 + 0.22, thus showing a higher inhibitory activity against Escherichia coli, than ciprofloxacin. These
results demonstrate the potential of the synthesized compounds to work as antibacterial drugs against these strains by

inhibiting or deactivating the target proteins.

Keywords: Quinoline derivatives; drug-resistant; pathogenic bacteria; Klebsiella pneumoniae; Escherichia coli.

1. Introduction

Bacteria are single-celled micro-organisms that ex-
hibit great morphological diversity with dimensions rang-
ing from 0.5-5 um. There are only a few types of bacteria
that cause disease. These types are called pathogens. Bacte-
ria that inhabit the body naturally and peacefully can
sometimes cause disease by producing harmful substanc-
es, invading tissues, or both. Among the most important
bacterial diseases that may affect some individuals are
cholera, diphtheria, dysentery, plague, pneumonia and tu-
berculosis. The most common and deadly bacterial diseas-
es are respiratory infections and tuberculosis infection,
which alone kill two million people each year.! Antibacte-
rial drugs are antimicrobial compounds covering a range
of effective medications that fight bacterial infections by
killing or stopping them from reproducing.

The resistance to antibacterial drugs develops in
some types of bacteria due to the acquisition of genes from
other bacteria that have become resistant to antibacterial
drugs or by mutations in the genes. Genes that enable bac-
teria to resist antibacterial drugs can be passed on to sub-

sequent generations of the same bacteria, or sometimes to
other types.? The more an antibacterial drug is used, the
greater is the risk of developing resistance to it. For this
reason, doctors try not to use antibiotics, unless necessary.
Antibiotic-resistant bacteria can also be passed from per-
son to person, becoming widespread globally in a relative-
ly short period. They can also be transmitted from humans
to animals, including those on farms.?

Among the various medicines, herbs,* nanoantibiot-
ics,” and heterocyclic organic compounds, quinoline is an
important building block in the construction of new me-
dicinal drugs. It is nontoxic to humans by oral absorption
and inhalation.® Quinolones are one of the most signifi-
cant groups of antibacterial agents discovered in the last 50
years.” The development of quinolones dates back to the
1960s, when George Lesher discovered nalidixic acid by
accident during the production of the antimalarial com-
pound chloroquine. Then FDA (Food and Drug Adminis-
tration) approved this compound for the urinary tract in-
fections and against Gram-negative bacteria.® By adding
fluorine, the fluoroquinolone family appeared, then FDA
documented more than twenty compounds of this family
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Figure 1. Enzymatic activity center in the fluoroquinolones.

circulating in the market with antimicrobial effects 1000
times stronger than nalidixic acid.” Fluorine's key features,
at the position 6 (Figure 1), can influence pharmacologi-
cal, pharmacodynamic and pharmacokinetic effects, as
well as biological activity. Due to its electronic, lipophilic,
and steric properties, including its strong electronegativity,
low polarizability, solubility, hydrogen-bonding, tiny size,
and steric effects, the fluorine atom is a significant constit-
uent generally in drug design, particularly in quinolones.'”

The incorporation of nitrogen into the ring at the
position 7, fluoroquinolones have potent activity against
Gram-positive respiratory pathogens. The use of a small
additional groups at the position 8, such as methoxy and
halide, increases the water solubility and anaerobic activ-
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ity; in some cases it is even possible to switch from intra-
venous to oral application. When phototoxicity is consid-
ered, the methoxy group is preferred over the halide to
avoid side effects as well as it is possible that its effective-
ness lasts longer, thus reducing the effects of mutations.!!
Finally, the significant effect of the cyclopropyl group
cannot be neglected for improve activity of the com-
pounds.'?

Because of the side effect of antibiotic drugs like
quinoline compounds, there is a need for continuous de-
sign and development towards the goal of reducing these
side effects (emerging of antibacterial resistance) hence
the synthesis of novel quinoline derivatives is becoming
increasingly essential.
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In this study, four quinoline derivatives: 1, 2, 3 and 4
were synthesized, being part of our theoretical study in the
research (Kassar and Ezzat, 2023).1® Characterization of
the synthesized compounds was carried out by using melt-
ing point determination, pH, TLC, IR, 'H NMR and 13C
NMR spectroscopy and then the study of the biological
activity was performed.

2. Materials and Methods

All of the chemicals used in this research were of the
maximum purity obtainable, and they were used directly
from the producers without any further processing.

2. 1. Synthesis

281.67 mg (1 mmol) of 7-chloro-1-cyclopropyl-6-
fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (A)
were weighed with a sensitive balance, then placed in a
round-bottom flask with 10 mL of methanol. To synthesize
1, 153.14 mg (1 mmol) of 2-amino-5-hydroxybenzoic acid
were weight and added to A. The solution was heated un-
der reflux while stirring for 2 h. Compound 2 was synthe-
sized by weighting and adding 151.17 mg (1 mmol) of
4-aminobenzoic hydrazide to A to yield 2, followed by the
same steps as for the synthesis of 1. Compound 3 was ob-
tained by adding 153.14 mg (1 mmol) of 4-aminosalicylic
acid to A followed by the same steps as for the synthesis of
1. To yield product 4, 0.17 mL of 4-butylaniline was used,
followed by the same steps as for the synthesis of 1 (Scheme
1). After the reaction was finished, the product was placed
in a blast drying oven FCD-3000 at 50 °C with a fan for 1 h
to allow the methanol to evaporate and the product to dry.
The experiment was repeated with dimethyl sulfoxide
(DMSO) as the solvent, and the products were allowed to
precipitate for 15 days.!

2. 2. Characterization

Thin-layer chromatography (TLC). Several solvent
systems were tested for TLC on Echo silica gel F254 plates
to monitor the reaction. The most suitable were tetrahy-
drofuran : cyclohexane 7 : 3 (solvent system I), and acetone
: cyclohexane 5 : 5 (solvent system II). The spots were de-
tected by using a UV lamp. Retention factors (Ry) and rela-
tive lipophilicities (R,,) being log [1 - R/R/]) were deter-
mined.

Melting point measurements. The melting points of
the products was determined by Electro-thermal Stuart
melting point apparatus of finely powdered samples in
open capillary tubes with one side closed with a heat
source.

Infrared spectroscopy (IR). 2 mg of the products
were dried in a blast drying oven at 50 °C. Then, from each
compounds, an IR disc was prepared individually with 200

mg of dried KBr. Subsequently, the IR spectrum was re-
corded within the range of 400 cm™ to 4000 cm™! in the
Department of Chemistry's research lab at the University
of Anbar's College of Education for Women.

Nuclear Magnetic Resonance (NMR) Spectrosco-
py- 'H and 3C NMR spectra for the prepared compounds
were recorded in DMSO-d, using a Bruker 400 MHz and a
Jeol Lambda 500 MHz instrument at the research labora-
tory of the Department of Chemistry at the College of Ed-
ucation for Pure Sciences — University of Basra. Chemical
shifts are given in ppm (8). Multiplet, singlet, doublet, tri-
plet, and quartet are denoted by the letters m, s, d, t, and q,
respectively.

2. 3. Biological Activity

Two kinds of bacteria were used, Gram-negative
bacteria Escherichia coli and Klebsiella pneumoniae. As
Gram-positive bacteria, Staphylococcus aureus and Bacil-
lus subtilis were used. These bacteria were diagnosed and
cultured on eosin methylene blue (EMB) and nutrient agar
medium for use in this experiment, and in measuring the
deactivating capacity of the synthesized quinoline deriva-
tives.

The deactivating capacity of the isolated bacteria of
the compounds prepared, was tested by using the holes
method. In this method the holes were saturated with (10
uL) of 1:10™* M of the compounds 1, 2, 3, 4 and cipro-
floxacin, then left for about 15 min in order to spread on
the medium. Sequentially, incubated at 25 °C for 24 h. The
deactivation diameters were measured by a special ruler
designed for this purpose.

3. Results

3. 1. General Characteristics

Compound 1. C,jH;sFN,Oq: greyish brown pow-
dery product, yield 3.226 g (81%); Rf=0.85, R,, = -0.75
(solvent system I). Ry = 0.61, R,,, = -0.194 (solvent system
II). m.p. 228-230 °C. FTIR: v 2500-3080, 1726, 1610,
1586, 1497, 1250-1400, 3227 cm™!. 'H NMR (400 MHz,
DMSO-dq): § 14.61 (s, 1H), 8.74 (s, 1H), 8.65-8.60 (m,
2H), 8.50 (d, J = 6.1 Hz, 1H), 8.30 (s, 1H), 8.25 (s, 2H), 8.18
(d, J = 9.0 Hz, 1H), 8.06 (s, 1H), 7.09 (d, J = 2.9 Hz, 2H),
6.77 (dd, ] = 8.7, 2.8 Hz, 2H), 6.60 (d, ] = 8.8 Hz, 2H), 3.84
(q,] = 5.4 Hz, 1H), 1.32 (t, ] = 6.6 Hz, 2H), 1.21 (d, ] = 4.2
Hz, 2H). 3*C NMR (101 MHz, DMSO-di): § 177.18,
177.15, 169.86, 165.82, 156.82, 154.34, 149.73, 147.02,
145.25, 138.65, 127.67, 127.47, 125.92, 125.85, 123.49,
121.69, 118.13, 115.65, 112.44, 112.21, 110.38, 107.94,
40.54, 40.33, 40.12, 39.91, 39.71, 39.50, 39.29, 36.78, 8.14.

Compound 2. C,,H;sFN,Og: yellowish brown pow-
dery product, yield 3.345 g (84%); R = 0.97, R,,, = ~1.50
(solvent system I). Ry= 0.45, R,,, = ~0.087 (solvent system
IT). m.p. 193-196 °C. FTIR: v 3094, 3385, 1726, 3499, 1610
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cm™l. 'H NMR (400 MHz, DMSO-dg) § (ppm): 14.62 (s,
1H), 11.38 (s, 1H), 8.75 (s, 1H), 8.52 (d, ] = 6.1 Hz, 1H),
8.19 (d, J = 9.0 Hz, 1H), 7.41 (d, ] = 8.6 Hz, 1H), 6.11-5.89
(m, 3H), 3.86 (tt, ] = 7.6, 4.0 Hz, 1H), 1.33 (t, ] = 6.5 Hz,
2H), 1.21 (p, J = 5.1 Hz, 2H). 13C NMR (101 MHz, DM-
SO-dg) 8 (ppm): 177.18, 177.16, 172.56, 165.81, 163.88,
158.51, 156.82, 156.27, 154.34, 150.19, 149.75, 138.67,
131.90, 129.87, 127.67, 127.48, 125.93, 125.86, 121.72,
112.44, 112.22, 107.94, 106.67, 105.89, 103.77, 101.43,
100.54, 98.94, 40.56, 40.35, 40.15, 39.94, 39.73, 39.52,
39.31, 36.80, 8.15.

Compound 3. CH;;FN,O,: off white powdery
product, yield 3.130 g (79%); R;= 0.81, R,,, = -0.62 (solvent
system I). Rg= 0.61, R,, = -0.194 (solvent system II). m.p.
208-211 °C. FTIR: v 3434, 3355, 3306, 3227, 2600-3031,
1734, 1610 cm™. 'H NMR (400 MHz, DMSO-d,): 6 9.28
(s,2H),8.75(s,1H), 8.51 (d,J=6.1 Hz, 1H), 8.19(d,J=9.0
Hz, 1H), 7.53 (d, ] = 8.3 Hz, 4H), 6.52 (d, ] = 8.4 Hz, 4H),
5.59 (s, 3H), 3.89-3.82 (m, 1H), 1.33 (d, ] = 6.7 Hz, 2H),
1.21 (g, J = 4.0, 3.4 Hz, 2H). 13C NMR (101 MHz, DM-
SO-dg): 6 177.19, 177.16, 166.92, 165.83, 156.83, 154.35,
151.99, 149.75, 138.68, 128.88, 127.68, 127.48, 125.94,
125.87, 121.71, 120.37, 113.06, 112.45, 112.22, 107.96,
40.57, 40.36, 40.15, 39.94, 39.74, 39.53, 39.32, 36.79, 8.15.

Compound 4. C,3H,;FN,O;. light brown powdery
product, yield 2.997 g (76%); Ry= 0.93, R,,, = -1.12 (solvent
system I). Ry = 0.74, R, = -0.454 (solvent system II). m.p.
235-238 °C. FTIR: v broad and very strong band 2800-
3500, 2967, 2858, 1614, 1561, 1395, 1313, 1211. 'H NMR
(400 MHz, DMSO-dg): § 8.81 (s, 1H), 8.57 (d, ] = 6.1 Hz,
1H), 8.25 (d, J = 8.9 Hz, 1H), 6.87 (d, J = 8.1 Hz, 1H), 6.53
(d,] = 8.1 Hz, 1H), 3.92 (dt, ] = 7.2, 3.3 Hz, 1H), 2.57 (d, ]
=1.7 Hz, 2H), 2.43 (t, ] = 7.6 Hz, 1H), 1.50 (p, ] = 7.4 Hz,
1H), 1.44-1.22 (m, 6H), 0.92 (t, J = 7.3 Hz, 2H). 3C NMR
(101 MHz, DMSO-dg): 6 177.19, 177.16, 165.86, 156.83,
154.35, 149.76, 146.69, 138.68, 138.66, 129.79, 129.03,
127.69, 127.49, 125.93, 125.86, 121.72, 114.45, 112.44,
112.21, 107.96, 40.52, 40.31, 40.10, 39.89, 39.68, 39.47,
39.26, 36.79, 34.50, 34.10, 22.14, 14.29, 8.14.

4, Discussion

4. 1. Characterization of Compound 4

The synthesis of the selected fluroquinolones was
demonstrated by IR analysis, which revealed significant ab-
sorption bands. Firstly, a broad and very strong band be-
tween 2800-3500 cm™! belongs to the carboxylic group.
Medium 2967 cm™! to the stretching vibration of the me-
thyl group, while small 2858 cm™ to the stretching of ethyl-
ene group. Medium band at 1614 cm™! corresponds to the
a,p-unsaturated ketone, 1561 cm™! is N-H bending, 1395
cm™! O-H bending of carboxylic acid, 1313 cm™! is C-F
stretching, medium 1211 cm™! C-N stretching (Figure S1).

The synthesized compounds were characterized us-
ing 'H NMR and !*C NMR spectroscopy, Characteristic

signals for compound 4 in its 'H NMR spectrum are: &
0.93 to HC29 (t, 2H; H,C28), 1.25 to H,C17 (q, 3H; H,C16,
HC15), 1.32 to H,C28 (m, 5H: H,C29, H,C27), 6.53 to
HC22,24 (d, 1H; HC21,HC25), 8.24 to HC6 (d, 1F; FC1)
8.8 to HC8 (s). Signals between § 3.3-3.5 corresponds to
water and may indicate sample wetting, as it is known that
DMSO is very hygroscopic, while a signal at § 2.5 is non-
deuterated DMSO. In this case, the NH signal either disap-
pears completely or may appear as a broad signal extreme-
ly close to the solvent signals (Figure S2).

Characteristic signals for compound 4 in its °C
NMR spectrum are: § 177.19 and 165.86 to carbonyl C10
and C12, (d, 156.83) to Cl1, 36.79 to C26, 34.10 to C27,
22.14 to C28, 14.29 to C29, 8.14 to C16 and C17 (Figure
S3).

4. 2. Characterization of Compound 1

The absorption bands in IR spectrum of 1 are depict-
ed in Figure S4: the broadened bands at lower frequencies
from 2500 to about 3080 cm™! are for the stretching vibra-
tion of carboxylic hydroxyl, the C=0 bond is weakened by
intermolecular hydrogen bonding, lowering the stretching
frequency to 1726 cm™'. The band at 1610 cm™! belongs to
the cyclic carbonyl, at 1586 cm™ is due to the stretching
vibration of the aromatic C=C, and at 1497 cm™! is due
to the C-O. The variation in the electronic environment;
causes the bond's absorption of C-N shift depending on
its location, leading the band to expand from 1250 cm™
to 1400 cm™L. Finally, the characteristic 3227 cm™ band is
caused by the stretching vibration of para-hydroxyl, with
the disappearance of the secondary N-H, often included
within the domain of the carboxyl group.

Characteristic signals for compound 1 in its 'H NMR
spectrum are: § 3.88 to HC15 (m, 4H; H,C16, H,C17), 7.1
to HC24 (s), 8.19 to HC6 (d, 1F; FC1), 8.50 to HC3 (d, 1H;
NH), 8.63 to HO26 (s), 14.6 to HO28 carboxylic proton
(Figure S5).

Characteristic signals for compound 1 in its *C
NMR spectrum are: 177.18 to C10, 169.86 to C27, 165.82
to C12, 156.82 to C23, (d,154.34) to C1, 149.73 to CS8,
147.02 to C20 (Figure S6).

4. 3. Characterization of Compound 2

Despite having the same functional groups as 1, IR
spectrum of compound 2 revealed considerable variances
due to the varied site-substitution on the benzene ring.
The intensity of the carboxylic hydroxyl band was reduced
by the presence of the hydroxyl close to the carboxyl. The
degree of H-bonding determines the position and shape
of this band.

The original O-H bond is lengthened during hydro-
gen bonding. As a result, the bond is weakened, the bond
force constant is reduced, as well as the stretching fre-
quency. The ortho-carboxylate hydroxyl is detected at 3094

Kassaret al.: Synthesis, Characterization and Biological Activity Evaluation of ...



Acta Chim. Slov. 2024, 71, 319-324

Table 1. Inhibitory activity of the synthesized compounds and comparison with ciprofloxacin.

Diameter of inhibition zone (in mm) +0.22 mm

Compound E. coli S. aureus B. subtilis K. pneumoniae
1 17 17 18 19
2 14 13 18 18
3 16 17 16 13
4 21 13 15 14
Ciprofloxacin 19 16 19 17

cm™}, the secondary N-H (single band) is recorded at 3385
cm™}, the carbonyl is noted at 1726 cm™!, and the overton
band for the same group is noted at 3499 cm~!, while 1610
cm! corresponds to the cyclic carbonyl (Figure S7).

Characteristic signals for compound 2 in its 'H NMR
spectrum are: § 1.20 to H,C17 (q, 3H; H,C16, HC15. 6.77
to HO29, 8.51 to HC6 (d, 1F; FC1), 11.38 to HO13 (s) and
14.62 to HO27 of carboxyl (s), 3.40 and 2.51 to water and
DMSO, respecitvely (Figure S8).

Characteristic signals for compound 2 in its *C
NMR spectrum are: 177.18, 172.56 and 165.81 to C10, C26
and C12 of carbonyl respectively, (d, 158.51) to C1, 36.80
to C15, 8.15 to C16 and C17 (Figure S9).

4. 4. Characterization of Compound 3

IR spectrum of compound 3 (Figure S10) shows the
band at 3434 cm™! belonging to the N-H adjacent to the
carbonyl, where the electronic withdrawal of the carbonyl
increases the bond strength constant, pushing the band to-
wards a higher frequency. The primary amine on the ben-
zene ring at the para-site (dual band) is represented by the
3355 cm™ and 3306 cm™! bands. The 3227 cm™ is for N-H
bound to the quinolone ring. The broad band extending
from 2600-3031 cm™! is for the quinolone's terminal car-
boxylate, 1734 cm™! is due to the quinolone ring ketone,
1610 cm™ to the aniline ring-linked ketone.

Characteristic signals for compound 3 in its 'H
NMR spectrum are: § 1.20 to H,C17 (g, 3H; H,Cl6,
HCI15), 5.59 to HN29 (s), 6.53 to HC25 and HC27 (d, 1H;
HC24, HC28), 9.28 to HN20 (s), 3.40 and 2.51 correspond
to H,O and DMSO which cause H-N19 disappearance
(Figure S11).

Characteristic signals for compound 3 in its *C
NMR spectrum are: 177.19 to C10, 166.92 to C12, 165.83
to C21, 156.83 to C26, (d,154.35) to C1 (Figure S12).

5. Biological Activity

The antibacterial activity of the synthesized com-
pounds was studied on four previously diagnosed isolates
of Gram-positive (S. aureus and B. subtilis) and Gram-neg-
ative (E. coli and K. pneumoniae) bacteria. Experimental

results for the compound 1 showed the following inhibi-
tion zones (IZ): 19 + 0.22 mm against K. pneumoniae, 18
+0.22 mm against B. subtilis, and 17 + 0.22 mm against S.
aureus. Compared with ciprofloxacin, the inhibitory activ-
ity of the compound 1 was higher against K. pneumoniae
and S. aureus, but lesser against B. subtilis as shown in Ta-
ble 1. In designing drugs with fewer side effects, this means
that the compound's influence on non-pathogenic bacteria
is lessened, which is an important consideration.

For compound 2, experimentally, the effect was equal
by IZ 18 + 0.22 mm. Compared with ciprofloxacin, the in-
hibitory activity of 2 was higher against K. pneumoniae,
and lesser against B. subtilis as shown in Table 1. Com-
pound 3 showed a higher inhibitory activity against S. au-
reus (IZ 17 + 0.22 mm), than ciprofloxacin (Table 1). Com-
pound 4 showed a higher inhibitory activity against E. coli
(IZ 21 £ 0.22 mm), than that of ciprofloxacin (Table 1).

These results demonstrate the potential of the syn-
thesized compounds as antibacterial drugs against these
strains by inhibiting or activating the target proteins.

6. Conclusions

Four novel quinoline derivatives 1, 2, 3 and 4 were
successfully synthesized and characterized by TLC, IR, 'H
and *C NMR spectroscopy confirming the success of the
synthetic procedures. In comparison to ciprofloxacin, in
vitro evalution of the synthesized compounds showed that
two of them demonstrated good antibacterial activity, sug-
gesting the potential for their future use as an alternative
treatment after undertaking the necessary research.

Supporting Information

Scans of IR, 'H and '*C NMR spectra of compounds
1-4.
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subtilis izkazala I1Z 18 + 0.22. Za spojino 3 je IZ proti Staphylococcus aureus znasal 17 + 0.22. Spojina 4 je proti Echerichia
coli izkazala IZ vrednost 21 + 0.22, kar predstavlja ve¢jo inhibitorno aktivnost kot ciprofloksacin. Rezultati kazejo, da
so sintetizirane spojine potencialno uporabne proti tem vrstam bakterij, saj inhibirajo ali deaktivirajo izbrane proteine.
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