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ARTICLE INFO ABSTRACT

Keywords: In this study, two derivatives, namely the ester derivative cinnamoyl metronidazole and the
Cinnamic acid amide derivative cinnamoyl memantine, were synthesized from cinnamic acid and respective
Cinnamoyl chloride drugs for the purpose of exploring their potential as novel and efficient antimicrobial agents in the
xixsz&zo e quest of prevailing the global antimicrobial resistance challenge.

Antibacterial The synthesis process involved two steps: first, the chlorination of cinnamic acid using thionyl
Antifungal chloride, and second, the esterification of metronidazole or the amidation of memantine. These

steps resulted in the formation of cinnamoyl metronidazole/memantine. Optimal reaction con-
ditions were established, and chromatographic techniques were used to separate the synthesized
compounds. Confirmation of successful synthesis was achieved through FT-IR analysis, which
readily distinguished the chlorinated product and derivatives based on distinctive bands,
including mainly the one of carbonyl group. Additionally, molecular structures were validated
using 'H NMR and '3C NMR, with all peaks further confirming the successful esterification/
amidation of cinnamoyl and drug moieties.

Upon evaluating the biological activity, the parent compounds exhibited negligible effects
within the tested concentration range. However, the derivatives demonstrated significant activity.
The ester derivative exhibited potent activity against the Gram-positive bacterium Staphylococcus
aureus, as evidenced by a zone of inhibition measuring 12-15 mm in diameter. Conversely, the
amide derivative displayed appreciable biological activity against Candida fungi, with an inhi-
bition zone measuring 11-14 mm.

1. Introduction

The field of synthetic pharmaceutical derivatives has gained significant importance among researchers in their pursuit of devel-
oping compounds with high medical efficacy and minimal side effects. This endeavor aims to combat numerous epidemics and
stubborn diseases on one hand and harness economic benefits on the other [1]. One of the primary methods for synthesizing these
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Fig. 2. Preparation of CA via the Perkin reaction.
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Fig. 3. Synthesis of CA from phenylalanine.

derivatives involves their preparation from simple chemical compounds readily available in their commercial forms, using a series of
chemical reactions spanning multiple stages. Alternatively, it involves modifying the structure of certain pharmaceutical and
non-pharmaceutical compounds, allowing the generation of new derivatives with important properties and applications. This
approach achieves the desired objectives by reducing production stages and increasing efficiency [2]. Either way, new derivatives
formation is considered a challenge, as there is no uniform method for synthesizing them all. This process relies on assessing the
biological effectiveness and physical properties of the compounds to be used as starting materials. After identifying and analyzing the
data and characteristics of the manufactured compounds, the biological testing phase is initiated [3,4].

Cinnamic acid (CA), a natural compound with an unsaturated bond (Fig. 1), has gained prominence due to its diverse pharma-
cological properties, including anti-inflammatory, antimicrobial, and antifungal activities. What makes CA unique is its structure
composed of three active centers (carboxylic group, double bond, and aromatic benzene ring) [5]. These structural features make it of
great significance in synthesizing derivatives that have shown notable effects in reducing reactive oxygen species and proinflammatory
cytokines and have a stronger efficacy against various ailments and sustainable diseases such as neurodegenerative disorders like
Alzheimer’s, advanced stages of diabetes, and malignant tumors [6,7]. Due to its significance and increasing commercial demand, it
became necessary to synthesize CA rather than extract it in limited quantities. The majority of CA synthesis involves the condensation
of benzaldehyde with several compounds using the Perkin Reaction [8]. These compounds include acetyl chloride, acetic anhydride,
and malonic acid, according to the following reaction (Fig. 2). It can also be synthesized by removing the amino group from the
compound phenylalanine [9], using the following reaction (Fig. 3).

Even though CA is proven to have antimicrobial activity against many pathogens, its limited water solubility hinders its use as a
bare compound [10]. In the face of this challenge and others such as drug resistance and the need for effective therapies with low
adverse side effects, the development of therapeutic compounds based on CA derivatives has emerged as a promising avenue of
research. Several CA derivatives that have demonstrated efficacy, showcasing the compound versatile applications are reported in
Table 1.

Metronidazole, an antibiotic characterized by a 5-nitroimidazole chemical structure, is extensively employed as an antibacterial
and antiparasitic agent due to its efficacy and reliability. Despite its effectiveness in treating giardiasis, its utility is constrained in
pediatric cases, and the emergence of drug-resistant strains poses limitations. Metronidazole, a prominent drug for over five decades,
has found applications both topically and systemically [17]. Nevertheless, there remains a scarcity of comprehensive information
regarding its potential in derivative formulas such as with CA.

Moreover, memantine (3,5-dimethyladamantane-1-amine) is a derivative of adamantane and is utilized as a medication in the
treatment of Alzheimer’s disease. It has been validated as an effective inhibitor of the M, ion channel of the influenza virus.
Furthermore, the designed derivatives of memantine have demonstrated antimicrobial activity [18].
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Table 1
Some CA derivatives with their structures and biological activities.

Derivative Formula Significance Ref

3-fluoro-4-R-phenyl cinnamate R Antifungal [11]

N Res

Ar = 3,4,5-trimetoxyphenyl
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In our study, we focus on synthesizing two new derivatives, cinnamoyl metronidazole (C-MET) and cinnamoyl memantine (C-
MEM), starting from CA and pharmaceutical compounds metronidazole and memantine, respectively. These derivatives were rigor-
ously evaluated for their antibacterial and antifungal efficacy against the Gram-positive bacterium Staphylococcus aureus, Gram-
negative bacterium Pseudomonas aeruginosa, and the fungus Candida albicans. Through this research, we aim to contribute to the
growing body of knowledge concerning CA derivatives and their potential applications in medicine and related fields.

Methyl-((E)-3-(3,4,5-trimethoxyphenyDacryloyl)-d-alanyl-d-phenylalanin-eate Alzheimer’s disease [71

2. Materials and instrumentation

The chemicals used in the research include trans-CA, benzene, chloroform, memantine, metronidazole, dichloromethane, sodium
bicarbonate, methanol, pyridine, ethyl ether, toluene, dimethyl sulfoxide, and thionyl chloride. These chemicals were sourced from
reputable companies including Sigma-Aldrich, ChemLAB, Riedel-deHaen, and Merck BDH. All were analytical grade and used as
received.

The instruments utilized include a 600 MH, Nuclear Magnetic Resonance (*H NMR and '3C NMR) Spectrophotometer from JEOL,
Japan, a 400 MHz Proton Nuclear Magnetic Resonance (‘H NMR) Spectrophotometer from Russia, a Fourier-Transform Infrared (FT-
IR) Spectrophotometer Model FT-IR-4100 from Shimadzu, Japan, a Rotavapor Model 4.91 from Normschiff, Germany. Column
chromatography was performed on 230-400 mesh silicagel (Kieselgel 60, Merck, Germany).

In all synthesis procedures, the progress of the reaction was monitored via Thin-Layer Chromatography (TLC) employing appro-
priate mobile phases. The TLC plates, composed of aluminum coated with silica gel 60F554 measuring 20 x 20, were provided by
Merck, Germany. Samples were periodically extracted using capillary tubes at 15 min intervals with continuous stirring. The formation
of the desired product was confirmed by the appearance of new spots on the TLC plate, distinct from those of the initial reactants.

2.1. Synthesis of cinnamoyl metronidazole (C-MET)

The synthesis of C-MET involved a two-step process: initially synthesizing cinnamoyl chloride from CA and thionyl chloride,
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Table 2

Reagents quantities for the synthesis of C-MEM.
Reagent Amount (mL)
benzene 10
chloroform 5
acidic sodium bicarbonate 1 % 0.2
toluene 10
pyridine 0.05

followed by the formation of the ester derivative, cinnamoyl metronidazole, from cinnamoyl chloride and metronidazole. We explored
two methodologies to optimize the yield.

2.1.1. Cinnamoyl chloride preparation

Cinnamoyl chloride was synthesized from CA using a modified procedure from Ref. [19]. Initially, 1 g CA was dissolved in 10 mL
dichloromethane under magnetic stirring at room temperature in a three-neck flask. The solution was then cooled in an ice bath before
adding 5 mL of thionyl chloride (SOCl,) dropwise using a dropping funnel over 30 min, ensuring the reaction temperature did not
exceed room temperature. After the initial reaction period, additional 3 mL of thionyl chloride was introduced over 15 min to complete
the conversion. After removal from the ice bath, the solution was allowed to warm to ambient laboratory conditions under continuous
stirring. Subsequently, the temperature was carefully increased to 50 °C, leading to the evolution of gases, specifically HCI and SO,
which were safely diverted into a sodium hydroxide solution via a glass adapter to neutralize them. Concurrently, a noticeable
transition in the reaction mixture color from yellow to orange-yellow signaled the successful formation of the desired product.

The reaction progress was monitored by TLC, with the mobile phase consisting of 75 % methanol and 25 % ethyl ether. The
completion was indicated by the RF values of cinnamic acid (0.69) and cinnamoyl chloride (0.81). The product was purified using a
rotary evaporator, yielding needle-like cinnamoyl chloride crystals, characterized by a melting point of 35.3 °C and a high purity yield
of 98 %.

2.1.2. Method 1 of C-MET preparation (C-MET)

In the preparation of C-MET, a round-bottom flask equipped with a dropping funnel was cooled in an ice bath. To this, 10 mL of
benzene was added, followed by 0.17 g of metronidazole (1 mmol), stirred magnetically. Subsequently, 5 mL of chloroform containing
0.2 g of cinnamoyl chloride (1.2 mmol) was introduced dropwise over 30 min. The mixture was then allowed to reach room tem-
perature with continuous stirring. Upon removal of the dropping funnel, a reflux condenser was attached, and the temperature was
increased to benzene’s boiling point. The reaction was maintained at this temperature for 1 h with stirring. Post-reaction, the mixture
was treated dropwise with a 1 % acidic sodium bicarbonate aqueous solution, added four times to ensure complete quenching (0.3 mL
in total). TLC monitoring was employed throughout, using a mobile phase of 50 % methanol, 45 % dichloromethane, and 5 % benzene,
yielding Rf values for metronidazole (0.56), C-MET (0.14), and cinnamoyl chloride (0.65).

After neutralization with 10 mL of sodium hydroxide solution, the reaction mixture separated into two distinct layers. The upper
aqueous layer contained inorganic salts such as sodium chloride and the sodium salt derivative of CA, while the lower organic layer
held the desired product, C-MET, along with any unreacted metronidazole. The layers were divided using a separating funnel. Sub-
sequently, the organic phase was concentrated via rotary evaporation. The compounds were then isolated through column chroma-
tography, employing a mobile phase of 50 % methanol, 45 % dichloromethane, and 5 % benzene. This process yielded a yellowish-
white solid identified as C-MET, with a melting point range of (115.4-116) °C and a synthesis yield of 78 %.

2.1.3. Method 2 of C-MET preparation (C-MET)

In the synthesis, a round-bottom flask containing 10 mL of toluene was cooled in an ice bath. Metronidazole (0.17 g) was added,
followed by a dropwise addition of 0.2 g of cinnamoyl chloride in 5 mL of toluene over 30 min. The reaction was stirred until it reached
room temperature, then heated to 110 °C with a reverse condenser. Pyridine (0.05 mL) was added twice at 1-h intervals and turbidity
observed. TLC monitoring used a mobile phase from method 1, with Rf values for metronidazole (0.56), C-MET (0.14), and cinnamoyl
chloride (0.65). The mixture was then treated with 10 mL of double-distilled water, forming two layers. The organic layer, containing
C-MET and unreacted metronidazole, was separated and washed with 10 mL of alkaline water. After evaporation, the compounds were
isolated by column chromatography, yielding C-MET as a white to pale yellow solid, melting at (115.4-116) °C, with a 84 % yield.

2.2. Synthesis of cinnamoyl memantine (C-MEM)

The amide derivative C-MEM was synthesized from cinnamoyl chloride and memantine using two distinct methods, paralleling the
C-MET synthesis with minor modifications. Specifically, in method 1, the NaHCOj3 solution was added in two instalments. Detailed
quantities of reagents utilized in the synthesis are tabulated in Table 2.

The TLC and column chromatography were conducted using a mobile phase composed of 75 % isopropanol and 25 % benzene. The
synthesis culminated in the formation of a white powder, identified as C-MEM, with a melting point of (201) °C. The yields were 88 %
with method 1 and method 2 slightly higher at 90 %.
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Fig. 5. Synthesis of compounds C-MET (a,b) and C-MEM (c,d) according to the first and second methods, respectively.

2.3. Biological activity tests

The in vitro antibacterial and antifungal activities of samples were evaluated using the agar diffusion method. Briefly, sample
solutions of metronidazole, memantine, CA, C-MET, and C-MEM were prepared at levels of 100 and 200 pg mL7, along with the
reference substance (gentamicin, GE and clotrimazole, CLO) at a concentration of 100 pg mL™", using dimethyl sulfoxide (DMSO) as
the solvent.

For the antibacterial activity test, the Gram-positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (Pseudomonas
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Fig. 6. FT-IR spectra of CA, cinnamoyl hydrochloride, and the derivatives.

aeruginosa) were first activated on tryptone soya bean broth for 24 h and then bacterial solutions were inoculated onto the tryptone
soya bean agar poured in Petri dishes and evenly spread. Thereafter and by using stainless steel cylinders, 8 mm in diameter holes were
made in the agar and loaded with 300 pL of the tested solutions. Finally, the dishes were incubated for 36 h at a temperature of
36.5-37 °C.

For the antifungal activity assessment, samples were inoculated with Candida Albicans fungi in the agar nutrient medium and the
dishes were then incubated for 48 h at a temperature of 25 + 1 °C [20].

After incubation, the antimicrobial activity was assessed by observing the clear areas surrounding the wells. These clear areas were
considered as zones of inhibition and their measurements were recorded in millimeters.

3. Results and discussion
3.1. Synthesis of C-MET

The synthetic routes for the novel CA ester and amide derivatives are outlined in Figs. 4 and 5. These compounds were all syn-
thesized in two steps: the first one involved the formation of cinnamoyl chloride through the reaction of CA with thionyl chloride as
represented in Fig. 4. Optimal reaction conditions for the best yield were keeping the reaction temperature below 5 °C until the
laboratory temperature using an ice bath, the reaction time was 2-3 h.

The second step in the process for synthesizing the compounds C-MET and C-MEM was through a chemical reaction between
metronidazole or memantine with cinnamoyl chloride. This was accomplished using two different processes that used sodium bi-
carbonate (Fig. 5a and c) and pyridine (Fig. 5b and d) as intermediates. The produced HCI from these reactions was then isolated to
obtain the desired ester and amide. The optimal reaction conditions for the highest yields for both C-MET and C-MEM were 2 h at a
reaction temperature of 80 °C and 2 h at a reaction temperature of 110 °C for the bicarbonate and pyridine methods, respectively.
Furthermore, bicarbonate induced a higher yield than pyridine which was then adopted for further synthesis and characterization
processes.

3.2. Molecular structure characterization

The molecular structure of the best yielded compounds, C-MET and C-MEM, was confirmed using 'H NMR, °C NMR and FT-IR
spectroscopic techniques.

3.2.1. FT-IR spectral analysis

FT-IR analysis was performed to confirm the formation of the chlorinated compound and the drugs derivatives of CA. Confirmation
of the successful chlorination of CA was achieved by recording its IR spectrum (Fig. 6). When comparing the spectrum of the resulting
compound with the one of CA, a change in the broad absorption band belonging to the carboxylic acid group was observed within the
range of (3300-3700) cm ™. Additionally, there was a shift in the absorption signal associated with the carbonyl group from 1690
em™! to 1774 em L. Such changes are indicator of the successful transformation of CA into its chlorinated derivative.

On the other hand, when comparing the spectrum of C-MET with the other spectra in Fig. 6, one can observe the characteristic
group absorptions for the target compound. Starting with the band at 1263 cm ™, it could be ascribed to C-O stretching in both CA and
C-MET. Normally, this peak is absent in cinnamoyl chloride spectrum due to chlorination process. Again, carbonyl group at 1719 cm™!
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Fig. 7. 'H NMR spectrum of C-MET.
Table 3
Chemical shift values and coupling constants for protons in C-MET compound.
Carbon atom number 'H NMR (8, ppm) Signal style Coupling constant (J, Hz)
11 2.29 Singlet 3H -
20 3.71 Triplet 2H 5.3
21 4.28 Triplet 2H 5.3
2 6.31 Duplet 1H 16.2
Aromatic ring 7.2-7.3 Multiplet 5H -
3 7.41 Duplet 1H 16.2
14 7.84 Singlet 1H -

is the distinctive in confirming the esterification of CA and metronidazole as it shifted to a higher wavenumber in comparison with the
acid and lower wave number in comparison with the chlorinated compound.

Peculiar absorbance bands were observed for C-MET at 2991 cm’l for C-H stretching vibration of imidazole ring [21]. Also,
symmetric and asymmetric stretching vibrations at 1365 and 1523 cm ™! were distinctive for N=0 groups [22,23]. C-MEM derivative
formation was confirmed by the occurrence of vibration bands comparable to specific amide bands at 1665 cm_;, 1498 cm’l, and
1290 cm ! bands. The first band exemplifies the stretching vibrations of the C=0 moiety (the lowest wavenumber of carbonyl group
among all the four compounds), the second corresponds to -NH bending, and the third is because of -NH bending and C-N stretching of
C-N-H functionalities. The spectrum also illustrates the typical band of amide —-NH stretching at 3250 cm ™! [24]. Memantine portion is
mainly represented by the C-H bond stretching at 2968 cm™! [25,26].

3.2.2. NMR analysis

NMR spectrum is a powerful method to elucidate the derivative structure upon analysis of the chemical shifts and coupling con-
stants. As per the recorded 'H NMR spectrum using deuterated water as the solvent (Fig. 7), Table 3 illustrates the chemical shift values
and coupling constants determined based on the instrument frequency of 600 MHz.

The 'H NMR spectrum of C-MET manifested the characteristic proton singlet of ~-CHg on imidazole ring at § 2.29 ppm (H-11) and
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Table 4
Chemical shift values and coupling constants for carbons in C-MEM
compound.
Carbon atom number 13C NMR (5, ppm)
11 13.34
20 48.11
21 60.14
2 123.51
Aromatic ring 127.5-129
14 129.69
4 132.78
15 135.01
3 141.27
12 152.59
1 162.53

the triplets at § 3.71 and 4.28 ppm (H-20 and 21, respectively) of ethyl group. On the other hand, CA moiety displayed several proton
signals such as the doublet at § 6.31 ppm (H-2) position, which could be ascribed to the methine group. Another important signal of CA
is at 5 7.2-7.3 ppm as a multiplet of the aromatic ring. In short, the results of 'H NMR analysis proved the successful reaction of the
cinnamoyl portion with metronidazole. A similar conclusion was obtained as per the recorded '3C NMR spectrum (Fig. 8) using
deuterated water as the solvent, Table 4 illustrates the chemical shift values based on the instrument’s frequency (600 MHz). The
spectrum of C-MET is rich in detail, reflecting its complex structure. For CA, the signal at 162.53 ppm is characteristic of the carbonyl
carbon, indicative of its electron-withdrawing nature and resonance effects within the molecule. The peaks at 141.27 ppm and 123.5
ppm are attributed to the vinylic carbons adjacent to the carbonyl group. The aromatic carbons resonate within a range of 127.5-129
ppm, typical for the delocalized electrons in the benzene ring. Finally, the signal at 132.78 ppm can be assigned to the carbon para to
the carbonyl group, which is consistent with the expected chemical shift for such a position in an aromatic ring. For metronidazole, the
methyl group on the imidazole ring, denoted as C11, resonates at 13.34 ppm. The signal at 152.59 ppm for C12 is indicative of a carbon
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Fig. 9. 'H NMR spectrum of C-MEM.
Table 5
Chemical shift values and coupling constants for protons in C-MEM compound.
Carbon atom number 'H NMR (8, ppm) Signal style Coupling constant (J, Hz)
11,17 0.82 Singlet 6H -
18 1.08 Quartet 2H J; =10.01
J, =16.8
13,15 1.255 Duplet 4H J1 =28
19,23 1.48 Quartet 4H J; =8.8
Jp = 15.4
22 1.675 Duplet 2H J; =3.02
14 212 Multiplet 1H -
Aromatic ring 7.44-7.7 Multiplet 5H -
3 6.55 Duplet 1H 16.1
4 7.66 Duplet 1H 16.1
(NH) 21 8.3 Singlet 1H -

within the imidazole ring, suggesting deshielding due to the ring electronegativity. The hydroxyethyl side chain interacted with CA
exhibited signals at 48.11 ppm and 60.14 ppm for C20 and C21, respectively; these shifts are consistent with a methylene group
adjacent to an oxygen atom and a methylene group bonded to a nitrogen atom. Lastly, the signals at 129.69 ppm for C14 and 135.01
ppm for C15 are characteristic of carbons in a double bond, reflecting the electron-rich environment of the imidazole ring.

As per the recorded 'H NMR spectrum (Fig. 9) using deuterated DMSO as the solvent, Table 5 illustrates the chemical shift values
and coupling constants of C-MEM determined based on the instrument frequency (400 MHz). Spectral data analysis of chemical shifts
manifested the characteristic proton singlet of the -NH amidic group at § 8.3 ppm (H-21) while other signals from H-11 to H-22 are
ascribed to the methyl and methylene groups of memantine moiety. Again, the results of 'H NMR analysis proved the successful
amidation of cinnamoyl and memantine moieties. A similar conclusion was obtained as per the recorded *C NMR spectrum (Fig. 10)
using deuterated water as the solvent, Table 6 illustrates the chemical shift values based on the instrument frequency (600 MHz). The
chemical shifts and peaks of CA moiety are consistent with those observed in the C-MET compound, confirming the structural integrity
of the cinnamic acid component. The memantine portion of the molecule exhibits a cluster of signals in the 29.55-52.83 ppm range,
which correspond to the aliphatic carbons present in its structure. This range is typical for carbons in a saturated hydrocarbon
environment.
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Table 6
Chemical shift values and coupling constants for carbons in C-MEM
compound.
Carbon atom number 13C NMR (5, ppm)
14 29.55
11,17 30.01
12,16 32.35
22 39.93
13,15 41.91
19,23 46.32
18 49.88
20 52.83
3 119.73
6,10 128.64
7,9 129.36
8 130.66
5 134.7
4 144.35
1 168.01

3.3. Evaluation of the biological activity

The existence of antibacterial or antifungal efficacy was demonstrated through the observation of an inhibitory region surrounding
the wells filled with the solution of the investigated substance. Measurement and subsequent expression in millimeters were carried
out. The occurrence of antibacterial/antifungal activity was considered when the measured zone of inhibition exceeded 8 mm [27].

The antibacterial activity of metronidazole, memantine, CA, and the two derivatives (C-MET and C-MEM) were investigated against
S. aureus and P. aeruginosa. From Fig. 11, it can be observed that there are no acceptable zones of inhibition for the pristine compounds
(metronidazole, memantine, and CA) compared to the inhibition zone for the reference gentamicin in the 100 pg mL ™! concentration
for both types of bacteria. Although these compounds have been identified as agents with slight antibacterial activity, it seems that
under the working concentrations, they were unable to illustrate any meaningful effect. On the other hand, the results indicate the
importance of derivatization of such compounds. Comparatively, when measuring the diameter of the inhibition zones for the
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C-MEM 100

2os,

Fig. 11. The antibacterial effect pictures against S. aureus and P. aeruginosa.

derivatives samples, as shown in Table 7, it could be concluded that the synthesized compound (C-MET) exhibited considerable
antimicrobial activity and was capable of inhibiting the growth of both bacteria with a superiority of activity on Gram-positive bacteria
at the concentrations used. As for the compound C-MEM, as shown in Fig. 11 and compared to the inhibition zone for the reference
substance (gentamicin), it is evident that it is not sufficiently capable of inhibiting the growth of the bacteria at the concentrations
used. Therefore, the compound is not considered to possess biological activity, as indicated in Table 7 (8 mm at 100 and 200 pg mL ™).

The antifungal activity of the compounds was examined against the fungi Candida albicans. Opposite to antibacterial activity, it can
be observed from Fig. 12 that there are no zones of inhibition for the compound C-MET compared to the inhibition zone for the
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Table 7
Inhibition zone diameters for gentamicin and the derivatives against tested bacteria.

Diameter of the inhibition zone (mm)

DMSO Gentamicin C-MET C-MEM
pg.mL ! - 100 100 200 100 200
G+ - 17 12 15 8 8
G- - 18 8 11 8 8

Fig. 12. The antifungal effect pictures against Candida albicans.

Table 8
Inhibition zone diameters for clotrimazole and the derivatives against tested fungus.

Diameter of the inhibition zone (mm)

DMSO Clotrimazole C-MET C-MEM
pg.mL~? - 100 100 200 100 200
Candida - 21 8 8 11 14

reference substance (clotrimazole). By measuring the diameter of the inhibition zones for the samples, as shown in Table 8, it can be
concluded that the compound C-MET is inactive and does not have a tendency to inhibit the growth of Candida at the concentrations
used. Whereas coupling of CA and memantine proved to have a positive effect on the antifungal property of the compound, as shown in
Fig. 12, and compared to the inhibition zone for the reference substance, it is evident that there is respectful inhibition zones for C-
MEM. Bare samples have also shown no effective antifungal activities as no inhibition zones were observed.

Metronidazole is known as a potent anti-anaerobic drug and well-known as ineffective to aerobic bacteria. However, it seems that
as a hybrid with CA, it worked well against Gram-positive bacteria. This result suggests that the C-MET derivative has changed the
metronidazole mechanism of action for unknown reasons. This interpretation is in agreement with earlier observations provided by
Zhou et al. that nitroimidazoles conjugated with an indolin-2-one substituent demonstrated exceptional, submicromolar potency in
eradicating aerobically growing bacteria [28]. It was then evident by Reinhardt et al. that nitroimidazole derivatives inhibited
topoisomerase IV as a primary antibiotic target in pathogenic Staphylococcus aureus which fits well to our results [29]. Furthermore,
C-MEM has only shown antifungal activity. So, one can say that a synergistic effect has taken place between the two components rather
than a change in the mechanism of action. It should be noted that bacterial cell membrane permeability is affected by ion loss and
membrane potential reduction. This damage can lead to macromolecules penetrating and ultimately result in bacterial death.
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Therefore, it is possible to postulate that certain samples [30].
4. Conclusions

Two derivatives were synthesized from cinnamic acid with the pharmaceutical compounds (metronidazole and memantine)
through two steps and two different methods. The appropriate reaction conditions were applied to achieve the best yield of the
chemical reactions and the structures of intermediate compounds and the final products were confirmed employing FT-IR, 'H NMR,
and 13C NMR). The effectiveness of the resulting compounds against both Gram -positive and -negative bacteria and fungi, was
evaluated compared to gentamicin and clotrimazole as active reference compounds. Only the compound (C-MET) showed satisfactory
results against the Gram -positive bacteria. Here, we demonstrated for the first time a derivative containing metronidazole to be active
against aerobic bacteria. Furthermore, only the compound (C-MEM) showed satisfactory antifungal results where it could be
concluded that memantine was capable of synergistically enhancing the antibacterial activity of CA against fungal cells.

In summary, our study provides a foundation for future research aimed at developing potent antimicrobial agents. Investigating
structural modifications to fine-tune the compounds interactions with bacterial and fungal targets via rational design based on mo-
lecular modeling would be a great asset in this regard. By refining these derivatives and exploring novel strategies, we can contribute to
the fight against infectious diseases.
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