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Heterocyclic compounds have great importance in the medical and industrial
fields. Imidazole compounds and salts are the most widespread and effective
of these compounds. Therefore, in this research, we prepare a number of
mono- and di-substituted derivatives of imidazole and its salts. The prepared
compounds are characterized using 'H-NMR, ¥*C-NMR, SEM, and IR tech-
niques. In addition, the biological activity against Escherichia coli and
Staphylococcus aureus bacteria is studied for the prepared compounds. As
revealed, the prepared salts are more biologically effective.

TereponukiuHi CIIOIyKy MalOTh BeJINKe 3SHAUEHHA B MEIUYHIN i IPOMUCJIOBO-
JocaimHiit chepax. IMigasonbHi CIONYKM Ta COJIi € HANGIIBIN MOMTUPEHUMHA i
e()eKTUBHUMHU 3 IUX CIOJYK. TOMYy B JaHOMY JOCJTiJKEHHI MU T'OTYEMO DAL
MOHO- i Au-3aMiIleHuX MOXigHUX iMigasonay Ta iioro coieii. Omep:xani cmoiry-
KM XapakTepusyiorbca Meromamu '‘H-AMP, 3C-AMP, CEM, IY-cmekTpo-
ckormii. KpiMm Toro, g IpUroToBaHUX CIIOJYK BUBUAETHCA 0i0JIOTiUHA aKTHUB-
HicTh mogo 6akTepiit Escherichia coli ra Staphylococcus aureus. Ik 3'scyBa-
JIoCsI, IPUTOTOBAHi coJri GiybIm Giogoriuno edeKTUBHI.
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1. INTRODUCTION

Imidazole is a five-membered heterocyclic compound containing two
nitrogen atoms in the 1,3 positions, which is widely used as a build-
ing block for the synthesis of a variety of biologically active com-
pounds. Alkylation of imidazole at the N-1 or N-2 position with al-
kyl halides or sulfonate esters can introduce lipophilic substituents
into the imidazole ring, which can modify the physicochemical and
biological properties of the resulting compounds. Overall, imidazole
is an important and versatile compound with a wide range of appli-
cations in various fields of science and technology [1-4].

Alkylated derivatives of imidazole [5] have been extensively stud-
ied for their biological activities, including antifungal [6—8], anti-
diabetic [9], antiparasitic, antibacterial [10—13], antioxidant [14],
antituberculosis [15], anti-inflammatory [16—18], antitumor [19-
21], antimalarial, anticancer [22—24], antihypertensive, antidepres-
sant, anxiolytic. The nature and position of the alkyl substituent
can significantly affect the biological activity of the imidazole de-
rivatives. For example, the introduction of bulky alkyl groups, such
as tert-butyl or isopropyl, at the N-1 position of imidazole can en-
hance the antifungal activity of the compounds, while adding the
longer alkyl chains, such as octyl or dodecyl, at the same position
can improve the antibacterial activity.

In addition to their biological activities, alkylated imidazoles
have also been used as ligands in coordination chemistry and as cat-
alysts in organic reactions. For example, 1-methylimidazole is a
common ligand in metal-organic frameworks [25], while 2-
alkylimidazoles have been used as phase transfer catalysts and as
catalysts in the synthesis of organic compounds. Methylimidazole
has a wide range of applications in various fields. It is used as a
building block in organic synthesis. It has also been shown to exhib-
it biological activities. For example, methylimidazole derivatives
have been synthesized and evaluated as potential antifungal agents
against various fungal pathogens, including Candida albicans and
Aspergillus fumigatus. Methylimidazole derivatives have also been
evaluated for their antitumor activity against various cancer cell
lines.
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Octylimidazole has been shown to exhibit antimicrobial, antifun-
gal, and antibiofilm activities. For example, octylimidazole deriva-
tives have been synthesized and evaluated as potential antibacterial
agents against various gram-positive and gram-negative bacteria,
including Staphylococcus aureus, Escherichia coli, and Pseudomonas
aeruginosa. Octylimidazole derivatives have also been evaluated for
their antifungal activity against Candida albicans and Aspergillus
fumigatus. Overall, octylimidazole is a versatile compound with di-
verse biological and chemical properties, and it continues to be an ac-
tive area of research in medicinal chemistry and organic synthesis.

Isopropylimidazole is used as a building block in organic synthe-
sis and as a ligand in coordination chemistry. It has been shown to
exhibit antifungal, antibacterial, and antitumor activities. For ex-
ample, isopropylimidazole derivatives have been synthesized and
evaluated as potential antifungal agents against various fungal
pathogens, including Candida albicans, Cryptococcus neoformans,
and Aspergillus fumigatus. Isopropylimidazole derivatives have also
been evaluated for their antibacterial activity against gram-positive
and gram-negative bacteria.

Overall, isopropylimidazole is a versatile compound with diverse
biological and chemical properties, and it continues to be an active
area of research in medicinal chemistry and organic synthesis.

In addition to its biological activities, imidazole derivatives have
been used as ligands in coordination chemistry and as a catalyst in
organic reactions, including the aldol condensation, Michael addi-
tion, and Mannich reaction.

Overall, alkylated derivatives of imidazole are a versatile class of
compounds with diverse biological and chemical properties, and
they continue to be an active area of research in medicinal chemis-
try, materials science, and organic synthesis.

Imidazole derivatives such as clotrimazole, miconazole, and keto-
conazole are used to treat fungal infections of the skin, nails, and
mucous membranes.

Clotrimazole 1-[(2-chlorophenyl) (diphenyl)methyl]-1H-imidazole [26]
(Fig. 1) is an antifungal used to treat a variety of fungal infections.
It belongs to the class of drugs known as imidazole antifungals and
works by inhibiting the growth of the fungus, and used to treat in-
fections of the skin. It is also treat yeast infections of the mouth
(oral thrush) and the vagina (vaginal candidiasis) [27].

Azelastine [28], levocetirizine [29], and desloratadine [30] (Fig.
2) are examples of imidazole derivatives used to treat allergic con-
ditions such as hay fever, hives, and allergic rhinitis.

Imidazole derivatives such as etodolac and ketorolac [31] are non-
steroidal anti-inflammatory drugs (NSAIDs) used to treat pain and
inflammation associated with arthritis, menstrual cramps, and oth-
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er conditions.
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Fig. 1. Chemical structure of clotrimazole [26].
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Fig. 4. Chemical structure of ribavirin.
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Etodolac (Fig. 3) is a nonsteroidal anti-inflammatory drug
(NSAID) used to treat pain and inflammation associated with ar-
thritis, menstrual cramps, and other conditions. It works by reduc-
ing the levels of prostaglandins, which are chemicals responsible for
pain and inflammation [32], and is available in various forms, in-
cluding tablets and capsules. The medication is usually taken orally,
with or without food, as directed by your healthcare provider
Etodolac is generally well tolerated, but some people may experience
side effects such as stomach upset, nausea, vomiting, diarrhoea,
headache, dizziness, and drowsiness. Serious side effects such as
stomach bleeding, liver damage and allergic reactions are rare but
can occur. If you experience symptoms like severe stomach pain,
dark urine, yellowing of the skin or eyes, or difficulty breathing,
seek immediate medical attention.

Ribavirin (Fig. 4) is an antiviral used to treat a variety of viral
infections. It is a synthetic nucleoside analogue that acts by inhibit-
ing the replication of viral genetic material, is commonly used to
treat hepatitis C, a viral infection that can cause liver disease, and
respiratory syncytial virus (RSV), a common viral infection that can
cause respiratory illness in infants, young children, and elderly
adults.

In other hands, imidazolium-salt (which is the focus of our atten-
tion) and ionic liquids have shown wide-ranging applications in me-
dicinal chemistry due to their unique properties such as ionic na-
ture, solubility, and lipid affinity [33, 34].

In other usage, imidazolium salts are used to extract metal ions
from aqueous solutions and metal nanoparticles coating, offering
antimicrobial action and creating oriented liquid crystals [35, 36].
In bioactive applications, imidazole is used as imidazolium hydro-
gels, antiarrhythmics, and antimetastatic agents. Imidazolium salts
have potential activity of antimicrobial [37].

This research aims to prepare several new imidazole compounds
and some imidazolium salts and study their biological activity.

2. EXPERIMENTAL
2.1. Apparatus

NMR spectra were recorded on a Brucker instrument (400 MHz)
spectrometer. Chemical shifts were reported in (6) [ppm] relative to
tetramethylsilane (TMS).

Data were reported as follows: chemical shift, multiplicity, cou-
pling constant [Hz], integration, and assignment. FTIR spectra (v
[ecm™]) were recorded on a JASCO Spectrum (FTIR 4100) spectrome-
ter using KBr pellets.
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2.2. Materials and General Procedure

The imidazole, 1,3-dibromopropane, 1,4-dibromobutane, 1,3-
bis(chloromethyl)benzene were procured from Aldrich chemical
company. Potassium carbonate, magnesium sulphate, THF, and pe-
troleum ether were purchased from Fisher scientific. All reactions
were carried out under argon atmosphere.

Reagents and solvents used without further purification. The re-
action and purity of the synthesized compounds were monitored by
TLC using aluminium plates precoated with silica gel with F254 nm
manufactured by Merck Company.

2.3. Synthesis of Imidazolium Salts

Figure 5 provides the reaction sequences used in the synthesis of
imidazole derivatives and their salts.

2.3.1. Synthesis of 1-(3-Bromopropyl)-1H-Imidazole (A1)

In a clean three-necked round bottom flask 100 mL equipped with a
magnetic stir bar under argon gas flowing and reflux condenser,
imidazole (0.1 g (1.5 mmol)) and 15 mL of dry THF were gradually
added into the flask and stirred for 1h at 65°C. 1,3-
dibromopropane (0.303 g (1.5 mmol)) dissolved in 10 mL THF was
added into the flask, after 10 min of stirring (0.02 g, 0.2 mmol) of
K,CO; was added to the flask. The resulting mixture was stirred for
24 h at 65°C temperature. After 24 h, the mixture was filtrated.
The resulting solution was then transferred into 125 mL separator
funnel and extracted with (ethanol-ethylacetate). After drying, the

N7 NH
PZN AN L/ A
N/ NH + X/R\ N/ N \X —_ N/\N N/\N
\=/ (Afc)X \=/ =l (2) Lo
x (1)
A = Br~(CH,),-Br / R/
B = Br—(CH,)~Br B \
X X

C=CI Cl R
/\©/\ X/R\g/\N/R\X o Ng\N/ \N/§N; =
©\_ AV R G

(1s) X (23)

Fig. 5. General reaction scheme for synthesizing imidazole derivatives and
their salts.
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product was extracted three times with the diethyl ether and the
diethyl ether extracted layers were combined and dried overnight
using anhydrous magnesium sulphate. The mixture was filtered and
the filtrate was collected. The filtrate was concentrated by rotary
evaporation to obtain a white precipitate product. The yield of the
product was found to be 76.6%.

Like the same procedure for producing (Al), we used 1,4-
dibromobutane (0.323 g (1.5 mmol)) to produce 1-(4-bromobutyl)-
1H-imidazole (B1) with 69.4% yield, 1,3-bis(chloromethyl)benzene
(0.262 g (1.5 mmol)) to produce 1-(3-(chloromethyl)benzyl)-1H-
imidazole (C1) with 61.7% yield.

2.3.2. Synthesis of 1,3-Bis(3-Bromopropyl)-1H-Imidazol-3-ITum
Bromide (A1S)

As the previous reaction conditions, in a clean three-necked round
bottom flask 100 mL equipped with a magnetic stir bar under argon
gas flowing and reflux condenser, 1-(3-bromopropyl)-1H-imidazole
(A1) (0.283 g (1.5 mmol)) and 20 mL of dry THF were gradually
added into the flask and stirred for 1h at 65°C. 1,3-
dibromopropane (0.303 g (1.5 mmol)) dissolved in 10 mL THF was
added into the flask. The resulting mixture was stirred for 6 h at
65°C temperature. After 6 h, a yellowish precipitate appeared. The
yield of the product was found to be 57%.

The same procedure for producing (A1S) has been repeated, we
used (B1) (0.304 g (1.5 mmol)) and 1,4-dibromobutane (B) (0.323 g
(1.5 mmol)) to produce 1,3-bis(4-bromobutyl)-1H-imidazol-3-ium
Bromide (B1S) with 59.8% vyield, and 1-(3-(chloromethyl)benzyl)-
1H-imidazole (0.31 g (1.5 mmol)) (C1) and 1,3-
bis(chloromethyl)benzene (0.262 g (1.5 mmol)) to produce 1,3-bis(3-
(chloromethyl)benzyl)-1H-imidazol-3-ium chloride (C1S) with 55.3%
yield.

2.3.3. Synthesis of 1,3-DI(1H-Imidazol-1-Y1) Propane (A2):

In a clean three-necked round bottom flask 100 mL equipped with a
magnetic stir bar under argon gas flowing and reflux condenser,
imidazole (0.1 g (1.5 mmol)) and 15 mL of dry THF were gradually
added into the flask and stirred for 1 h at 65°C 1-(3-bromopropyl)-
1H-imidazole (A1) (0.283 g (1.5 mmol)) dissolved in 15 mL THF was
added into the flask, after 10 min of stirring (0.02 gr, 0.2 mmol) of
K,CO; was added to the flask. The resulting mixture was stirred for
24 h at 65°C temperature. After 24 h, the mixture was filtrated.
The resulting solution was then transferred into 125 mL separator
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funnel and extracted with (ethanol-ethylacetate). After drying, the
product was extracted three times with the diethyl ether and the
diethyl ether extracted layers were combined and dried overnight
using anhydrous magnesium sulphate. The mixture was filtered and
the filtrate was collected. The filtrate was concentrated by rotary
evaporation to obtain a yellowish precipitate product. The yield of
the product was found to be 85.4%.

For producing 1,4-di(1H-imidazol-1-yl)butane (B2), we used 1-(4-
bromobutyl)-1H-imidazole (B1) (0.304 g (1.5 mmol)) with imidazole
(0.1 g (1.5 mmol)), the product yield was 73.1%, and imidazole (0.1
g (1.5 mmol)) with 1-(3-(chloromethyl) benzyl)-1H-imidazole (C1)
(0.31 g (1.5 mmol)) to produce 1,3-bis((1H-imidazol-1-yl)methyl)
benzene (C2) with 64.8% vyield.

2.3.4. Synthesis of 1,3-Bis(3-Bromopropyl)-1H-Imidazol-3-ITum
Bromide (A2S)

As the previous reaction conditions, in a clean three-necked round
bottom flask 100 mL equipped with a magnetic stir bar under argon
gas flowing and reflux condenser, 1,3-di(1H-imidazol-1-yl)propane
(A2) (0.264 g (1.5 mmol)) and 20 mL of dry THF were gradually
added into the flask and stirred for 1h at 65°C. 1,3-
dibromopropane (0.606 gr (3 mmol)) dissolved in 20 mL THF was
added into the flask. The resulting mixture was stirred for 6 h at
65°C temperature. After 6 h, a yellowish precipitate formed with
51.2% vyield.

The last procedure has been repeated to produce 1,1'-(butane-1,4-
diyl)bis(3-(4-bromobutyl)-1H-imidazol-3-ium)bromide (B2S) with
yield 53.4% by reacting (0.285 g (1.5 mmol)) of (B2) with (0.647 g
(3 mmol)) of (B), and reacting (0.357 g (1.5mmol)) with (0.525 g (3
mmol)) of (C) for producing phenylenebis (methylene))bis(3-(3-
(chloromethyl)benzyl)-1H-imidazol-3-ium)chloride (C2S) with yield
49.6%.

All the products were characterized by IR, 'H-NMR, C-NMR
and SEM.

3. RESULTS AND DISCUSSION

The compounds entitled (1 and 2) were prepared through the alkyla-
tion reaction between alkyl halides and imidazole (Fig. 1), these
compounds were. The characterized using IR, 'H-NMR and 'C-
NMR, where the IR spectra showed the disappearance of the absorp-
tion band at 3125 cm™ belongs to N—H bond of the imidazole, which
confirmed the reaction between the imidazole and the alkyl halide
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has occurred.

'H-NMR spectroscopy confirmed this result through the disap-
pearance of the protonic signal at (1.602 ppm) of the imidazole pro-
ton (N—H), and the appearance of new protonic signals correspond-
ing to the used alkyl halides compounds, in addition to the clear
shifts in the protonic signals of the imidazole ring.

The C-NMR spectrum showed the emergence of three carbon sig-
nals that characterize the imidazole ring, in addition to the emer-
gence of new carbon signals indicating the binding of the alkyl
compound to the imidazole ring.

The prepared imidazolium salts, labelled with the symbol (S),
were prepared by adding alkyl halides to the alkyl imidazole com-
pounds prepared in a previous step. These compounds have been
characterized using the same techniques mentioned previously. We
did not obtain, through IR spectra, distinct bands confirming the
occurrence of the reaction (absorption bands have been shifted in
general); the structure of the compounds was proven through the
H-, C-NMR techniques, whose results were consistent with the
structure of the prepared compounds in terms of the number of
signals, their shifts, and their integrations.

Table 1 shows the physical properties and yields of prepared
compounds.

TABLE 1. The yield and physical statues of produced compounds.

Entry IUPAC name Sta.te. of Yield, %
precipitate
Al 1-(3-bromopropyl)-1H-imidazole white 76.6
A1S 1 ,3-bis(3-bromop11')opy1)- 1H-imidazol-3-ium yellowish 57
romide
A2 1,3-di(1H-imidazol-1-yl)propane yellowish 85.4

1,1'-(propane-1,3-diyl)bis(3-(3-bromopropyl)-

A28 1H-imidazol-3-ium)bromide vellowish 51.2
B1 1-(4-bromobutyl)-1H-imidazole yellowish 69.4
B1S 1,3-bis(4-bromobutyl)-1H-imidazol-3-ium brownish 59.8
B2 1,4-di(1H-imidazol-1-yl)butane yellowish 73.1

1,1'-(butane-1,4-d‘iyl)bis(3-'(4-bromobutyl)-1H- brownish 53.4
imidazol-3-ium)

C1 1-(3-(chloromethyl)benzyl)-1H-imidazole yellowish 61.7

c18 1,3-b1s(3-(chloromethiflll)lli)lenzyl)-1H-1m1dazol-3- vellowish 55.3

Cc2 1,3-bis((1H-imidazol-1-yl)methyl)benzene yellowish 64.8

phenylenebis(methylene))bis(3-(3- .
c28 (chloromethyl)benzyl)-1H-imidazol-3-ium) vellowish 49.6

B2S
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3.1. Characterization

(A1): (76.6%) was obtained as a white precipitate. 'H-NMR (400
MHz, CDCI3) & 2.19 (m, 2H), 3.42 (t, J=3.6 Hz, 2H), 4.07 (¢,
J=3.6 Hz, 2H), 6.96 (dd, J,=1.2 Hz, J,=3.2 Hz, 1H), 7.26 (dd,
J,=1.2 Hz, J,=3.2 Hz, 1H), 7.67(¢, J = 3.2 Hz, 1H) ppm; *C-NMR
(125 MHz, CDCI3): 6 30.52, 33.24, 47.11, 118.87, 129.57, and
137.65 ppm.

(A18): (57%) was obtained as a yellowish precipitate. '"H-NMR (400
MHz, CDCI3) ¢ 2.18 (m, 2H), 2.59 (m, 2H), 3.41 (¢, J = 3.6 Hz, 2H),
3.58 (¢, J =4.4Hz, 2H), 4.14 (¢, J = 3.6 Hz, 2H), 4.67 (¢, J =4 Hz,
2H), 7.47 (dd, J,=1.2 Hz, J,=2.8 Hz, 1H), 7.82 (dd, J,=1.2 Hz,
J,=2.8 Hz, 1H), 10.25 (¢, J=1.2 Hz, 1H) ppm; “*C-NMR (125
MHz, CDCI3): 6 30.39, 30.67, 32.94, 33.42, 48.59, 49.06, 121.83,
126.34, and 138.22 ppm.

(A2): (85.4%) was obtained as a yellowish precipitate. '"H-NMR (400
MHz, CDCI3) 6 2.13 (m, 2H), 4.01 (¢, J =4.8 Hz, 4H), 6.96 (dd,
J,=1.2 Hz, J,=2.8 Hz, 2H), 7.26 (dd, J,=1.2 Hz, J,=2.8 Hz,
2H), 7.67 (¢, J =1.2 Hz, 2H) ppm; *C-NMR (125 MHz, CDCI3): §
30.81, 45.55, 118.89, 129.57, and 137.72 ppm.

(A2S): (51.2%) was obtained as a yellowish precipitate. 1TH-NMR
(400 MHz, CDCI3) 6 2.18 (m, 2H), 2.06 (m, 2H), 2.6 (m, 4H), 3.58
(t, J=4.4 Hz, 4H), 4.05 (¢, J =4.8 Hz, 4H), 4.67 (¢, J =4 Hz, 4H),
7.47 (dd, J,=1.6 Hz, J,=4.4 Hz, 2H), 7.82 (dd, J,=2 Hz, J,=4
Hz, 2H), 10.26 (¢, J =2 Hz, 2H) ppm; *C-NMR (125 MHz, CDCI3):
5 30.44, 30.67, 32.94, 47.05, 49.06, 121.82, 126.35, and 138.16
ppm.

(B1): (69.4%) was obtained as a yellowish precipitate. "H-NMR (400
MHz, CDCI3) 6 1.83 (m, 2H), 1.89 (m, 2H), 3.57 (¢, J = 3.2 Hz, 2H),
3.98 (t, J=1.6 Hz, 2H), 6.96 (dd, J,=1.2 Hz, J,=2.8 Hz, 1H),
7.26 (dd, J,=1.2 Hz, J,=3.2Hz, 1H), 7.67 (¢, J =3.2 Hz, 1H) ppm;
3C.NMR (125 MHz, CDC13): & 29.32, 29.81, 30.77, 48.77, 118.84,
129.56, and 137.69 ppm.

(B1S): (59.8%) was obtained as a brownish precipitate. 'H-NMR
(400 MHz, CDCI3) 6 1.84 (m, 2H), 1.89 (m, 2H), 2.01 (m, 2H), 2.23
(m, 2H), 3.48 (t, J =2Hz, 2H), 3.56 (¢, J =2.8 Hz, 2H), 4.095 (¢,
J=4.8 Hz, 2H), 4.34 (t, J=4.4 Hz, 2H), 7.47 (dd, J,=1.2 Hz,
J,=2.8 Hz, 1 H), 7.82 (dd, J,=1.2 Hz, J,=2.8 Hz, 1H), 10.25 (¢,
J=1.2 Hz, 1H) ppm; "*C-NMR (125 MHz, CDCI3): § 29.12, 29.40,
30.34, 30.78, 30.81, 33.06, 49.45, 49.46, 121.85, 126.33, and
138.34 ppm.

(B2): (73.1%) was obtained as a yellowish precipitate. '"H-NMR (400
MHz, CDCI3) 6 1.76 (m, 4H), 3.98 (¢, J =4.8 Hz, 4H), 6.96 (dd,
J,=1.2 Hz, J,=2.8 Hz, 2H), 7.26 (dd, J,=1.2 Hz, J,=2.8 Hz,
2H), 7.67 (¢, J =1.2 Hz, 2H) ppm; *C-NMR (125 MHz, CDCI3): &
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27.72, 48.44, 118.84, 129.56, and 137.71 ppm.

(B2S): (53.4%) was obtained as a brownish precipitate. 'H-NMR
(400 MHz, CDCI3) 6 1.77 (m, 4H), 2.01 (m, 4H), 2.23 (m, 4H), 3.48
(t, J=4 Hz, 4H), 4.34 (¢, J=4.4 Hz, 4H), 7.47 (dd, J,=1.6 Hz,
J,=4.4 Hz, 2H), 7.82 (dd, J,=2 Hz, J,=4 Hz, 2H), 10.25 (¢, J =2
Hz, 2H) ppm; *C-NMR (125 MHz, CDCI3): § 27.60, 29.40, 30.33,
33.06, 49.35, 49.45, 121.85, 126.33, and 138.1 ppm.

(C1): (61.7%) was obtained as a yellowish precipitate. "H-NMR (400
MHz, DMSO) 6 4.61 (s, 2H), 5.3 (s, 2H), 6.91 (dd, J,=1.2 Hz,
J,=2.8 Hz, 1H), 7.17-7.31 (m, 5H), 7.784 (¢, J =3.2 Hz, 1H) ppm;
BC.NMR (125 MHz, CDCI3): § 46.01, 49.80, 119.84, 126.81,
127.66, 128.11, 129.12, 129.12, 137.22, and 137.76 ppm.

(C18): (55.83%) was obtained as a yellowish precipitate. 'H-NMR
(400 MHz, CDCI3) 6 4.61 (s, 4H), 5.28 (s, 2H), 5.787 (s, 2H), 7.18—
7.4 (m, 8H), 7.79 (dd, J,=1.2 Hz, J,=2.8 Hz, 1H), 7.83 (dd,
J,=1.2 Hz, J,=2.8 Hz, 1H), 9.95 (¢, J=1.2 Hz, 1H) ppm; *C-
NMR (125 MHz, CDCI3): & 46.26, 51.83, 51.96, 123.31, 124.17,
126.1, 127.04, 127.16, 127.66, 128.3, 128.46, 128.81, 129.07,
136.56, 136.88, 137.11, 137.94, and 138.9 ppm.

(C2): (64.8%) was obtained as a yellowish precipitate. "H-NMR (400
MHz, CDCI3) 6 5.3 (s, 4H), 6.91 (dd, J,=1.2 Hz, J,=2.8 Hz, 2H),
6.96 (m, 1H), 7.1-7.35 (m, 5H), 7.78 (¢, J =1.2 Hz, 2H) ppm; *C-
NMR (125 MHz, CDCI3): 6 49.59, 119.84, 126.02, 127.54, 129.12,
129.37, 137.76, and 138.4 ppm.

(C2S): (49.6%) was obtained as a yellowish precipitate. 'H-NMR
(400 MHz, CDCI3) & 4.61 (s, 4H), 5.28 (s, 4H), 5.78 (s, 4H), 6.95
(m, 1H), 7.1-7.41 (m, 11H), 7.79 (dd, J,=1.2 Hz, J,= 2.8 Hz, 2H),
7.83 (dd, J,=1.2 Hz, J,=2.8 Hz, 2H), 9.96 (¢, J=1.2 Hz, 2H)
ppm; *C-NMR (125 MHz, CDCI3): § 46.26, 51.83, 52.13, 123.31,
124.28, 126.09, 127.16, 128.32, 128.46, 128.81, 129.43, 136.56,
137.03, 137.11, and 137.94 ppm.

3.2. SEM of Nanoparticles

The morphology of nanoparticles is studied by means of the scan-
ning electron microscopy images.

The image gives information about the size and shape of the par-
ticles and their surface morphology.

Figure 6 shows a scanning electron microscopy (SEM) image of
the imidazolium salts.

The particles appear to be heterogeneous in shape, irregular in
size, their size ranges between 40 to 180 nm, and their average size
is 70 nm.

They have a rough surface that appears to be composed of a clus-
ter of tiny (18 nm)-sized particles.
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Fig. 6. SEM images of (A1S).

3.2. Antibacterial Activity Study

The antibacterial efficacy of the prepared compounds was tested
against Escherichia coli, and Staphylococcus aureus bacteria com-
paring with gentamicin (as a reference). Two different concentra-
tions (50 and 1000 mg/ml) of the compounds and gentamicin have
been selected for antibacterial assay. In our research, we chose to
study E. coli and S. aureus bacteria, because of their wide spread in
society so they affect in the daily life of humans, as Escherichia is
a common bacterium found in the intestines of humans and warm-
blooded animals. It is often used as an indicator for faecal contami-
nation in water and soil [38].

Pathogenic strains of E. coli are often transmitted through con-
taminated food or water [39], and can be particularly dangerous for
young children, elderly individuals, and those with weakened im-
mune systems. This bacterium can cause a range of infections, in-
cluding intestinal, skin, wound sepsis, septicaemia, neonatal septi-
caemia, and urinary tract infections [40]. Studies have shown that
some non-steroidal pain relievers, such as diclofenac sodium, can
play an inhibitory role in the growth of some bacteria, whether
negative or positive, in addition to using it as an anti-inflammatory
[41-43]. Escherichia coli is also commonly used in scientific re-
search, as it is easy to grow and manipulate in the laboratory. It
has been used as a model organism for studying various biological
processes, and has contributed to many important discoveries in mi-
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Fig. 7. Biological activity of prepared compounds.
TABLE 2. Biological test results of the E. coli and S. aureus.
50 (ng/mL) 100 (pg/mL)
Entry E. coli | S. aureus E. coli S. aureus

Al 10 9 12 11
AlS 15 12 15 14
A2 11 9 13 12
A2S 15 16 16 16
B1 14 9 16 11
B1S 15 11 17 14
B2 11 12 16 15
B2S 18 14 19 16
C1 10 10 11 13
C1S 7 11 11 14
Cc2 9 15 13 18
C28 16 16 18 20
gentamicin 25 25 27 28
DMSO 0 0 0 0

crobiology and genetics [44].

S. aureus is a major bacterial human pathogen that causes a wide
variety of clinical manifestations. Infections are common both in
community-acquired as well as hospital-acquired settings and
treatment remains challenging to manage due to the emergence of
multi-drug resistant strains such as MRSA (methicillin-resistant
Staphylococcus aureus) [45, 46]. S. aureus is found in the environ-
ment and is also found in normal human flora, located on the skin
and mucous membranes (most often the nasal area) of most healthy
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individuals. S. aureus does not normally cause infection on healthy
skin; however, if it is allowed to enter the bloodstream or internal
tissues, these bacteria may cause a variety of potentially serious in-
fections [47]. Transmission is typically from direct contact. Howev-
er, some infections involve other transmission methods [48].

The results are arranged in Table 2 and presented graphically in
the bar graph (Fig. 7).

4. CONCLUSIONS

In summary, a new number of mono- and di-substituted derivatives
of imidazole and its salts were prepared and characterized using 'H-
NMR, ¥C-NMR, and IR methods. In addition, the biological activity
against Escherichia coli and Staphylococcus aureus bacteria was
studied. It was found that the prepared salts have more biologically
activity than imidazole derivatives, which promises with amazing
results for the prepared compounds in various pharmacological ap-
plications.

REFERENCES

—t

M. Asif, Int. J. Bioorg. Chem., 2, Iss. 3: 146 (2017).

2. C. Zhao, X. Qiao, Z. Yi, Q. Guan, and W. Li, Physical Chemistry Chemical
Physics, 22, Iss. 5: 2849 (2020); https://doi.org/10.1039/c9cp06005g

3. A. Olofson, K. Yakushijin, and D. A. Horne, The Journal of Organic Chem-
istry, 63, Iss. 4: 1248 (1998); https://doi.org/10.1021/j09718298

4. Y. Wan, W. Hur, C. Y. Cho, Y. Liu, F. J. Adrian, O. Lozach, S. Bach,
T. Mayer, D. Fabbro, L. Meijer, and N. S. Gray, Chemistry & Biology, 11,
Iss. 2: 247 (2004); https://doi.org/10.1016/j.chembiol.2004.01.015

5. P. Molina, A. Tarraga, and F. Otyn, Organic & Biomolecular Chemistry, 10,
Iss. 9: 1711 (2012); https://doi.org/10.1039/C20B06808G

6. S. Jeanmart, J. Gagnepain, P. Maity, C. Lamberth, F. Cederbaum, R. Rajan,
O. Jacob, M. Blum, and S. Bieri, Bioorganic & Medicinal Chemistry, 26,
Iss. 8: 2009 (2018); https://doi.org/10.1016/j.bmc.2018.02.051

7. N. Park, K. Shin, and M. K. Kang, Pharmacology and Therapeutics for Den-
tistry, 488 (2017); https://doi.org/10.1016/B978-0-323-39307-2.00034-5

8. H. B’Bhatt and S. Sharma, Journal of Heterocyclic Chemistry, 52, Iss. 4:
1126 (2015); https://doi.org/10.1002/jhet.1992

9. Ara Koh, Antonio Molinaro, Marcus Stahlman, Muhammad Tanweer Khan,
Caroline Schmidt, Louise Manneras-Holm, Hao Wu, Alba Carreras, Heeyoon
Jeong, Louise E. Olofsson, Per-Olof Bergh, Victor Gerdes, Annick Hartstra,
Maurits de Brauw, Rosie Perkins, Max Nieuwdorp, Goran Bergstrém, and
Fredrik Backhed, Cell, 175, No. 4: 947 (2018);
https://doi.org/10.1016/j.cell.2018.09.055

10. S. Khabnadideh, Z. Rezaei, A. Khalafi-Nezhad, R. Bahrinajafi,

R. Mohamadi, and A. A. Farrokhroz, Bioorganic & Medicinal Chemistry Let-

ters, 13, Iss. 17: 2863 (2003); https://doi.org/10.1016,/S0960-


https://doi.org/10.1039/c9cp06005g
https://doi.org/10.1021/jo9718298
https://doi.org/10.1016/j.chembiol.2004.01.015
https://doi.org/10.1039/C2OB06808G
https://doi.org/10.1016/j.bmc.2018.02.051
https://doi.org/10.1016/B978-0-323-39307-2.00034-5
https://doi.org/10.1002/jhet.1992
https://doi.org/10.1016/j.cell.2018.09.055
https://doi.org/10.1016/S0960-894X(03)00591-2

SYNTHESIS AND CHARACTERIZATION OF THE NEW IMIDAZOLE-DERIVATIVE 515

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

894X(03)00591-2

P. N. Kalaria, S. P. Satasia, J. R. Avalani, and D. K. Raval, European
Journal of Medicinal Chemistry, 83: 655 (2014);
https://doi.org/10.1016/j.ejmech.2014.06.071

B. Lu, F. Lu, L. Ran, K. Yu, Y. Xiao, Z. Li, F. Dai, D. Wu, and G. Lan,
International Journal of Biological Macromolecules, 119: 505 (2018);
https://doi.org/10.1016/j.ijbiomac.2018.07.167

G. C. Moraski, J. A. Thanassi, S. D. Podos, M. J. Pucci, and M. J. Miller,
The Journal of Antibiotics, 64, Iss. 10: 667 (2011);
https://doi.org/10.1038/ja.2011.67

Dong-Cheng Hu, Li-Wei Chen, Yun-Xia Yang, and Jia-Cheng Liu, Inorganic
and Nano-Metal Chemistry, 1 (2017);
https://doi.org/10.1080/15533174.2013.843562

Neil J. Vickers, Current Biology, 27: Iss. 14: R713 (2017);
http://dx.doi.org/10.1016/j.cub.2017.05.064

E. Toja, D. Selva, and P. Schiatti, Journal of Medicinal Chemistry, 27,

Iss. 5: 610 (1984); https://doi.org/10.1021/jm00371a010

P. E. Bender, D. Hill, P. H. Offen, K. Razgaitis, P. Lavanchy,

0. D. Stringer, B. M. Sutton, D. E. Griswold, and M. DiMartino, Journal of
Medicinal Chemistry, 28, Iss. 9: 1169 (1985);
https://doi.org/10.1021/jm00147a008

M. Gaetano, E. Butler, K. Gahan, A. Zanetti, M. Marai, J. Chen, A. Cacace,
E. Hams, C. Maingot, A. McLoughlin, and E. Brennan, European Journal of
Medicinal Chemistry, 162: 80 (2019);
https://doi.org/10.1016/j.ejmech.2018.10.049

B. K. Keppler, D. Wehe, H. Endres, and W. Rupp, Inorganic Chemistry, 26,
Iss. 6: 844 (1987); https://doi.org/10.1021/ic00253a014

Ippolito Antonini, Francesco Claudi, Gloria Cristalli, Palmarisa Franchetti,
Mario Grifantini, and Sante Martelli, J. Med. Chem., 31, No. 1: 260 (1988);
https://doi.org/10.1021/jm00396a041

Takahiro Inoue, Osamu Shimozato, Nina Matsuo, Yusuke Mori, Yoshinao
Shinozaki, Jason Lin, Takayoshi Watanabe, Atsushi Takatori, Nobuko Ko-
shikawa, Toshinori Ozaki, and Hiroki Nagase, Bioorganic & Medicinal
Chemistry, 26, No. 9: 2337 (2018);
https://doi.org/10.1016/j.bmc.2018.03.029

David A. James, Keizo Koya, Hao Li, Shoujun Chen, Zhiqiang Xia, Weiwen
Ying, Yaming Wu, and Lijun Sun, Bioorganic & Medicinal Chemistry Let-
ters, 16: 5164 (2006); https://doi.org/10.1016/j.bmcl.2006.07.020

Yusuf Ozkay, ilhan Isikdag, Z. Iincesu, and Giilsen Akalin, European Journal
of Medicinal Chemistry, 45, No. 8: 3320 (2010);
https://doi.org/10.1016/j.ejmech.2010.04.015

Fabio Bellina, Nicola Guazzelli, Marco Lessi, and Chiara Manzini, Tetrahe-
dron, 71, Iss. 15: 2298 (2015); https://doi.org/10.1016/j.tet.2015.02.024
Kirsty S. Ross and Clare Hoskins, Teaching, Research, Innovation and Pub-
lic Engagement. Quilts 4 Cancer: Quilting the Chemical Sciences for Pancre-
atic Cancer Patients (Eds. Ourania Varsou) (Springer: 2023), pp. 167-178;
https://doi.org/10.1007/978-3-031-22452-2 13

John G. Hoogerheide and Bruce E. Wyka, Analytical Profiles of Drug Sub-
stances (Ed. Klaus Florey) (New Brunswick, New Jersey: The Squibb Insti-
tute for Medical Research: 1982), vol. 11, p. 225.


https://doi.org/10.1016/S0960-894X(03)00591-2
https://doi.org/10.1016/j.ejmech.2014.06.071
https://doi.org/10.1016/j.ijbiomac.2018.07.167
https://doi.org/10.1038/ja.2011.67
https://doi.org/10.1080/15533174.2013.843562
http://dx.doi.org/10.1016/j.cub.2017.05.064
https://doi.org/10.1021/jm00371a010
https://doi.org/10.1021/jm00147a008
https://doi.org/10.1016/j.ejmech.2018.10.049
https://doi.org/10.1021/ic00253a014
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Ippolito++Antonini
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Francesco++Claudi
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Gloria++Cristalli
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Palmarisa++Franchetti
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Mario++Grifantini
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Sante++Martelli
https://doi.org/10.1021/jm00396a041
https://doi.org/10.1016/j.bmc.2018.03.029
https://doi.org/10.1016/j.bmcl.2006.07.020
https://doi.org/10.1016/j.ejmech.2010.04.015
https://doi.org/10.1016/j.tet.2015.02.024
https://link.springer.com/chapter/10.1007/978-3-031-22452-2_13#auth-Kirsty_S_-Ross
https://link.springer.com/chapter/10.1007/978-3-031-22452-2_13#auth-Clare-Hoskins
https://doi.org/10.1007/978-3-031-22452-2_13

516

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Mohammad Darwish ORABI et al.

Phyllis R. Sawyer, R. N. Brogden, R. M. Pinder, T. M. Speight, and

C. S. Avery, Drugs, 9: 424 (1975); https://doi.org/10.2165/00003495-
197509060-00003

W. McNeely and L. R. Wiseman, Drugs, 56: 91 (1998);
http://doi.org/10.2165/00003495-199856010-00011

P. I. Hair and L. J. Scott, Drugs, 66: 973 (2006);
http://doi.org/10.2165/00003495-200666070-00017

K. McClellan and B. Jarvis, Drugs, 61: 789 (2001);
http://dx.doi.org/10.2165/00003495-200161060-00007

M. M. T. Buckley and R. N. Brogden, Drugs, 39: 86 (1990);
http://doi.org/10.2165/00003495-199039010-00008

A. Dwivedi and N. Misra, Der Pharma Chemica, 2, Iss. 2: 58 (2010).

S. N. Riduan and Y. Zhang, Chemical Society Reviews, 42, Iss. 23: 9055
(2013); http://doi.org/c3cs60169b

J. Gravel and A. R. Schmitzer, Organic & Biomolecular Chemistry, 15,
Iss. 5: 1051 (2017); https://doi.org/10.1039/C60B02293F

E. B. Anderson and T. E. Long, Polymer, 51, Iss. 12: 2447 (2010);
https://doi.org/10.1016/j.polymer.2010.02.006

D. Batra, S. Seifert, and M. A. Firestone, Macromolecular Chemistry and
Physics, 208, Iss. 13: 1416 (2007);
https://doi.org/10.1002/macp.200700174

D. Demberelnyamba, K. S. Kim, S. Choi, S. Y. Park, H. Lee, C. J. Kim, and
I. D. Yoo, Bioorganic & Medicinal Chemistry, 12, Iss. 5: 853 (2004);
https://doi.org/10.1016/j.bmc.2004.01.003

S. Ishii and M. J. Sadowsky, Microbes and Environments, 23, Iss. 2: 101
(2008); https://doi.org/10.1264/jsme2.23.101

. Olsvik, Y. Wasteson, A. Lund, and E. Hornes, International Journal of
Food Microbiology, 12, Iss. 1: 103 (1991); https://doi.org/10.1016/0168-
1605(91)90051-P

M. Rostami-Yazdi, B. Clement, and U. Mrowietz, Archives of Dermatological
research, 302: 531(2010); http://doi.org/10.1007/s00403-010-1061-4

W. A. Lee, L. Gu, A. R. Miksztal, N. Chu, K. Leung, and P. H. Nelson,
Pharmaceutical Research, 7: 161 (1990);
https://doi.org/10.1023/A:1015828802490

S. G. Dastidar, K. Ganguly, K. Chaudhuri, and A. N. Chakrabarty, Interna-
tional Journal of Antimicrobial Agents, 14, Iss. 3: 249 (2000);
https://doi.org/10.1016/S0924-8579(99)00159-4

A. E. Laudy, E. Kulinska, and S. Tyski, Molecules, 22, Iss. 1: 114 (2017);
https://doi.org/10.3390/molecules22010114

G. L. Rosano, E. S. Morales, and E. A. Ceccarelli, Protein Science, 28,
Iss. 8: 1412 (2019); https://doi.org/10.1002/pro.3668

Centers for Disease Control and Prevention (CDC) (California: MMWR
Morbidity and Mortality Weekly Report ), 52, Iss. 5: 88 (2003).

H. W. Boucher and G. R. Corey, Clinical Infectious Diseases, 46, Iss. 5:
S344 (2008); https://doi.org/10.1086/533590

F. D. Lowy, New England Journal of Medicine, 339, Iss. 8: 520 (1998);
http://doi.org/10.1056/NEJM199808203390806

J. P. Rasigade and F. Vandenesch, Infection, Genetics and Evolution, 21:
510 (2014); https://doi.org/10.1016/j.meegid.2013.08.018


https://doi.org/10.2165/00003495-197509060-00003
https://doi.org/10.2165/00003495-197509060-00003
http://doi.org/10.2165/00003495-199856010-00011
http://doi.org/10.2165/00003495-200666070-00017
http://dx.doi.org/10.2165/00003495-200161060-00007
http://doi.org/10.2165/00003495-199039010-00008
http://doi.org/c3cs60169b
https://doi.org/10.1039/C6OB02293F
https://doi.org/10.1016/j.polymer.2010.02.006
https://doi.org/10.1002/macp.200700174
https://doi.org/10.1016/j.bmc.2004.01.003
https://doi.org/10.1264/jsme2.23.101
https://doi.org/10.1016/0168-1605(91)90051-P
https://doi.org/10.1016/0168-1605(91)90051-P
http://doi.org/10.1007/s00403-010-1061-4
https://doi.org/10.1023/A:1015828802490
https://doi.org/10.1016/S0924-8579(99)00159-4
https://doi.org/10.3390/molecules22010114
https://doi.org/10.1002/pro.3668
https://doi.org/10.1086/533590
http://doi.org/10.1056/NEJM199808203390806
https://doi.org/10.1016/j.meegid.2013.08.018

