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Abstract

In this study, seven new Mannich bases 4a-g, containing 1,2,4-triazole and 2,6-dimethylmorpholine were
synthesized and characterized by *C-NMR, "H-NMR and IR spectroscopy. Newly synthesized compounds’
antioxidant characteristics were assessed with three different techniques (Reducing Power, Metal Chelation Activity,
and Free Radical Scavenging). These compounds were also evaluated for their antimicrobial activity against

6 different bacteria. In vitro studies revealed that the synthesized compounds exhibited high metal chelating
activity due to the presence of -OH, C=0, -NR,, and -O- groups, despite their low free radical scavenging and
reducing activity. Furthermore, antibacterial tests revealed that compound 4e, in particular, exhibited potent
activity against six different bacterial species, demonstrating its potential as an antimicrobial agent. These results
suggest that these compounds possess significant biological activities that may influence both metal ion chelating
and microbial growth. These new Mannich bases were evaluated for their drug availability and absorption,
distribution, metabolism, and excretion (ADME) properties using the SwissADME tool. ADME analysis results
showed that the newly synthesized compounds could find application in the field focused on the production

of effective and harmless pharmacological drugs. Molecular docking analysis was performed to investigate the
potential Alzheimer’s disease activities of the newly synthesized compounds with BChE (PDB: 6SAM) and GST
(PDB: 5J41) enzymes. In molecular docking analysis, compound 4d with enzyme 6SAM (docking score —9.91)
and compound 4e with enzyme 5J41 (docking score —8.37) among the synthesized compounds showed good
results on potential Alzheimer's disease. In addition, SAR analysis was performed by calculating the HOMO-LUMO,
AE values of the new compounds with DFT. SAR analysis results were compared with ADME, molecular docking
analysis, and antimicrobial activity results. The high metal chelation and antimicrobial activities obtained in this
study were consistent with the DFT-based HOMO-LUMO energy differences (AE) calculated from the electronic
structures of the compounds. In particular, compounds with low energy differences exhibited both high binding
affinity to target enzymes in molecular docking studies and effective results in biological assays, demonstrating

a strong correlation between experimental findings and theoretical calculations. This consistency demonstrates
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that the biological activities of compounds are directly related to their molecular electronic properties and that
computational approaches can guide the design of effective compounds.
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Introduction

Heterocyclic compounds are cyclic organic compounds
that contain at least one heteroatom (usually nitrogen,
oxygen, or sulfur) in addition to carbon atoms. These
heteroatoms significantly influence the chemical and
biological properties of the compound [1]. Heterocyclic
structures are very common in both natural products
and synthetic drugs and have important applications in
many fields, including pharmaceuticals, agriculture, and
materials science [2]. The chemical structure of hetero-
cyclic compounds determines the molecule’s reactiv-
ity, stability, and interaction with biological targets. For
example, nitrogen-containing heterocyclic rings (such

as imidazole, pyridine, and triazole) can bind to many
biological targets and therefore play important roles in
various biological activities, such as antiviral, antibacte-
rial, antifungal, and anticancer [3]. Nitrogen-containing
heterocyclic compounds, such as 1,2,4-Triazole, are
widely used in antifungal and antiviral drugs. Investigat-
ing the various biological activities of these compounds
is an important area of research in the development of
new drug candidates [4]. Many heterocyclic compounds
having 1,2,4-triazole rings have been linked to many bio-
logical activities, comprising antimicrobial, antioxidant,
anticonvulsant, and antiviral effects [5, 6, 7, 8]. Man-
nich bases are used in medicinal chemistry, the paint
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industry, cosmetics, synthetic polymers, petroleum and
water purification products, etc [9, 10, 11]. Furthermore,
the biological actions of Mannich bases include analge-
sic, antimycobacterial, antimicrobial, anti-inflammatory,
antitumor, anticancer, and antifungal [12, 13, 14]. It has
been decided to conduct important research to investi-
gate the oxidative stress properties of antioxidants in
organisms and cells. New chemicals have recently piqued
the curiosity of scientists. Effective components that
stop or lessen the effects of oxidative stress on cells can
be found in natural sources [15, 16]. The human body
and food system may create highly reactive free radicals,
particularly oxygen-supplied radicals, through exog-
enous substances and endogenous metabolic processes.
It oxidizes biomolecules, causing damage and death of
cells. Oxidative damage is a major pathogenic factor in
human disorders. For instance, oxidative damage has
been linked to atherosclerosis, cancer, cirrhosis, emphy-
sema, and arthritis [17]. Furthermore, overproduction of
ROS (reactive oxygen species), which is brought on by a
variety of stimuli and surpasses the antioxidant power of
the human body, contributes to many pathophysiologi-
cal procedures, including genotoxicity, diabetes, cancer,
and inflammation [18]. Azole triazoles frequently used
as antimicrobial drugs include fluconazole, itraconazole,
terconazole, posaconazole, and voriconazole. However,
other triazole drugs that can be considered are as follows:
vorozole, letrozole, and anastrozole are used as non-ste-
roidal drugs in cancer treatment; ribavirin is a nucleo-
side reverse transcriptase inhibitor and is a very effective
antiviral agent, showing very serious effects on DNA
and RNA viruses; rizatriptan is an antimigraine agent;
trazodone is an antidepressant trapidyl hypotensive;
benatradine, diuretic, and etoperidone are used as anti-
depressants [19]. Triazole systems are widely used, par-
ticularly in antifungal and antiviral therapies. Among the
most well-known antimicrobial triazoles are fluconazole,
itraconazole, terconazole, posaconazole, and voricon-
azole [20]. These antifungal diseases are effective in the
treatment of these diseases and are widely preferred in
clinical practice. Furthermore, nonsteroidal anti-inflam-
matory drugs (NSAIDs) with a triazole structure, such as
vorozole, letrozole, and anastrozole, are used in the treat-
ment of hormone-sensitive cancers and play a significant
role in cancer treatment [21]. Ribavirin is a nucleoside
transcriptase inhibitor effective against DNA and RNA
viruses with broad-spectrum antiviral activity. Rizatrip-
tan, used in migraine treatment, trazodone, known anti-
depressants, and benatradine and etoperidone, which
possess diuretic and antidepressant properties, also
belong to the triazole group. This study demonstrates the
diversity of the triazole’s chemical structure, the versa-
tility of its application, and the potential for therapeutic
potential of the drug [22].
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Alzheimer’s, a neurodegenerative disease, was first
described by physician Alois Alzheimer in 1907. The dis-
ease took its name from the surname of this doctor [23,
24]. Alzheimer’s illness is a growing, irreversible, lethal
nervous system disease in which memory functions such
as memory loss, speech disorders, orientation problems,
inability to recognize people, difficulty in solving events,
weaken over time, and the ability to perform daily self-
care tasks decreases or even is completely forgotten over
time [25, 26]. It is known that decreased cholinergic
activity in Alzheimer’s illness causes mental, functional,
and behavioral disorders in patients. This phenomenon,
known as the cholinergic hypothesis, is attempted to
be overcome by raising the declining amount of acetyl-
choline neurotransmitter in the brain’s synapses [27].
Cholinesterase enzymes are enzymes that hydrolyze the
acetylcholine neurotransmitter in the synaptic region.
Inhibition of these cholinesterase enzymes, AChE and
BChE, increases the amount of acetylcholine, which
increases cholinergic activity [28]. The FDA has autho-
rized the use of tacrine, galantamine, rivastigmine, and
donepezil compounds as AChE inhibitors for the cure of
Alzheimer’s illness. These inhibitors are the only licensed
drugs used today [29].

Calculations utilizing density functional theory (DFT)
have proven to be an important research tool for a variety
of applications [30]. DFT calculations have progressed
along two primary paths: the development of concepts
about inhomogeneous fluids and phase transitions and
the use of DFT calculations in multi-electronic systems
in large-scale quantum chemistry [31]. Energy functional,
spin, electric, magnetic, catalytic, chemical reactivity fea-
tures, and intermolecular are all provided by DFT calcu-
lations [32, 33]. With the use of certain suitable quantum
descriptors, like E;{\o energy gap, structure—activity
relationships (SAR) enable an accurate connection with
biological activity [34].

The rationale for this study is that various biologi-
cal activities (antimicrobial, antioxidant) of heterocyclic
compounds containing 1,2,4-triazole rings have been
widely reported. Furthermore, the significant applica-
tions of Mannich bases in medical and industrial fields
and their numerous biological effects necessitate their
synthesis and study. The fact that damage caused by
oxidative stress in organisms and cells is a fundamental
cause of many diseases, and that decreased cholinergic
activity plays a critical role in the course of disease, par-
ticularly in neurodegenerative diseases such as Alzheim-
er’s, motivates our study. Therefore, the need to develop
cholinesterase enzyme inhibitors is crucial. Furthermore,
considering the importance of computational chemistry
(DFT) and molecular docking analyses for predicting the
biological activity of new compounds and understanding
their structure-activity relationships, the fundamental
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rationale for our research is to evaluate our synthesized
Mannich bases using these methods.

Experimental

Materials and reagents

The necessary chemical compounds were obtained from
Aldrich, Merck AG and Fluka. 'H and 3 C-NMR spectra
used to elucidate the structures of the synthesized com-
pounds were obtained with a Bruker Ultrashield Plus
Biospin spectrometer at 400 MHz and 100 MHz, respec-
tively, in DMSO-d6 with TMS as internal standard. An
Alpha-P Bruker FT-IR spectrometer was used for IR
spectra. A Stuart SMP30 melting point apparatus was
used to determine melting points. UV absorption spectra
were measured in 10 mm quartz cells between 562 and
700 nm using a PG Instruments Ltd T80 UV/Vis spec-
trometer. Microsoft Excel 97-2003 application was used
to generate antioxidant activity graphs. ChemDraw 22
tool was used to draw the synthesis scheme of the syn-
thesized molecules. Schrodinger’s Maestro Molecular
Modeling platform [35] was used to investigate the exact
binding site and binding process of ligand-protein inter-
actions. Molecular docking study were visualized with
Discovery Studio 2016 client [36]. ADME analysis was
performed using the SwissADME web tool [37]. Gaussian
09 [38] program was used for SAR analysis. The follow-
ing strains of bacteria and yeast were all acquired from
Microbiological Environmental Protection Laboratories
(France): the Bacillus cereus ATCC-12,767, Bacillus sub-
tilis ATCC-12,764, Klebsiella pneumonia ATCC-4454,
Pseudomonas aeruginosa ATCC-26,944, Escherichia coli
ATCC-26,834, and Staphylococcus aureus ATCC-5649.

General procedure for synthesis of
1-(2,6-dimethylmorpholin-4-yl-methyl)-3-alkyl(aryl)-4-(3-
methoxy-4-hydroxybenzylideneamino)-4,5-dihydro-1H-
1,2,4-triazole-5-one (4)
0.01 mol 3(a-g) substances were dissolved in 0.1 L eth-
anol. The prepared solution was added to 0.01 mol
2,6-dimethylmorpholine and 35% 0.03 mol formalde-
hyde solution, stirred for 3 h, and left to precipitate in
the freezer at -17 °C. The precipitated crude substance
was filtered and cleaned with chilly alcohol. The product
raw material was crystallized several times with ethanol.
After being vacuum-dried, these crystals were recog-
nized as molecules 4(a-g).

4a: M.P. 122 °C, Yield 89%, IR: 3500 (OH), 1692 (C=0),
1593 (C=N), 864 and 814 (1,2,4-trisubstituted benzene
ring) cm™'; 'TH-NMR (DMSO-d,, 8): [1.03 (d; /= 6,4 0 Hz),
1.11 (d; /=6,40 Hz)] (6 H, 2CHy,), [2.01 (t, /=10.80 Hz),
2.26-2.29 (m), 2.74 (d, J=11.20 Hz), 2.76 (d, J=11.20 Hz),
3.51-3.54 (m), 3.83 (m)] (Morpholine H), 2.29 (s, 3 H,
CHj;), 3.83 (s, 3 H, OCH,), 4.53 (s, 2 H, NCH,N), [6.90
(d, 1H; J=8.00 Hz), 7.26 (d, 1H; J=8.00 Hz), 7.28 (s,
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1H)] (ArH), 9.49 (s, 1H, N=CH); *C-NMR (DMSO-d,,
§): 11.01 (CHj), 17.89 and 18.93 2CHj, [55.03 and 55.61
2CH,, 71.03 2CH] (Morpholine C), 55.64 OCH,, 65.40-
65.55 NCH,N, [110.39 (CH), 115.66 (CH), 122.71 (CH),
124.50 (C), 142.96 (C) 150.37 (C)] (ArC), 143.00 (Triazol
C,;), 150.36 (Triazol C;), 155.33 (N=CH).

4b: M.P. 173 °C, Yield 87%, IR: 3074 (OH), 1698 (C=0),
1587 (C=N), 862 and 828 (1,2,4-trisubstituted ben-
zene ring) cm™Y; 'H-NMR (DMSO-dy, 8): 0.96 (t, 3 H,
CH,CH,CH,; J=7.260 Hz), 1.71 (sext, 2 H, CH,CH,CH,;
J=7.20 Hz), [1.03 (d; /=6,00 Hz), 1.11 (d; /=6,40 Hz)]
(6 H, 2CHj;), [2.02 (t, /=10.08 Hz), 2.26-2.30 (m), 2.51
(m), 2.76 (d, /=10.40 Hz), 3.51-3.54 (m), 3.83-3.88 (m)]
(Morpholine H), 2.65 (t; 2 H, CH,CH,CH; /=7.20 Hz),
3.83 (s, 3 H, OCHj,), 4.55 (s, 2 H, NCH,N), [6.90 (d,
1H; /=8.00 Hz), 7.26 (d, 1H; /=1.60 Hz), 7.28 (s, 1H)]
(ArH), 9.49 (s, 1H, N=CH); "*C-NMR (DMSO-d,,
§): 13.34 (CH,CH,CH,), 17.80 and 18.92 2CHj, 18.92
(CH,CH,CH,), 2692 (CH,CH,CH,), [55.06-55.61
(2CH,), 71.01 (2CH)] (Morpholine C), 55.66 OCH,,
65.40-66.14 NCH,N, [110.40 (CH), 115.71 (CH), 122.53
(CH), 124.61 (C), 146.04 (C) 150.35 (C)] (ArC), 145.54
(Triazol C;), 150.45 (Triazol C;), 155.30 (N=CH).

4c: ML.P. 180 °C, Yield 87%, IR: 3027 (OH), 1702 (C=0),
1585 (C=N), 864 and 828 (1,2,4-trisubstituted benzene
ring), 738 and 704 (monosubstituted benzene ring) cm™?;
'"H-NMR (DMSO-d,, 8): [1.03 (d; /=6,40 Hz), 1.11 (d;
J=6,40 Hz)] (6 H, 2CH,), [2.00 (t; /=10.80 Hz), 2.49—
2.51 (m), 2.77 (d; J=10.40 Hz), 3.51-3.53 (m), 3.55-3.83
(m)] (Morpholine H), 3.83 (s, 3 H, OCH,), 4.07 (s, 2 H,
CH,Ph), 4.58 (s, 2 H, NCH,N), [6.86 (d, 1H; /=8.00 Hz),
7.18 (dd, 1H; /=2.00 Hz), 7.21-7.24 (m, 1H), 7.30 (d,
1H; J=4.40 Hz), 7.31-7.35 (m, 4 H)] (ArH), 9.46 (s, 1H,
N =CH); *C-NMR (DMSO-d,, 8): 17.89 and 18.85 2CH,,
31.01 (CH,Ph), [55.00-55.56 (2CH,), 71.01 (2CH)] (Mor-
pholine C), 55.68 OCHj;, 65.41-66.27 NCH,N, [109.66
(CH), 115.58 (CH), 123.10 (CH), 124.89 (C), 148.07 (C)
150.34 (C)] (ArC), 144.03 (Triazol Cs;), 150.40 (Triazol
C;), 154.82 (N=CH).

4d: M.P. 143 °C, Yield 78%, IR: 3023 (OH), 1702 (C=0),
1593 (C=N), 868 and 802 (1,2,4-trisubstituted ben-
zene ring), 802 (1,4-disubstituted benzene ring) cm™;
'"H-NMR (DMSO-d,, 8): [1.03 (d; /=6,00 Hz), 1.12 (d;
J=6,40 Hz)] (6 H, 2CHy,), [1.98 (t, J=1.60 Hz), 2.27-2.49
(m), 2.50-2.51 (m), 2.76 (d, J=10.40 Hz), 3.51-3.55
(m)] (Morpholine H), 2.24 (s, 3 H, CH;Ph), 3.83 (s, 3 H,
OCH,), 4.01 (s, 2 H, CH,Ph), 4.57 (s, 2 H, NCH,N), [6.88
(d, 1H; J=8.00 Hz), 7.11 (d, 2 H; J=8.00 Hz), 7.19 (d, 1H),
7.21 (d, 2 H; J=2.00 Hz), 7.35 (s,1H)] (ArH), 9.46 (s, 1H,
N =CH); *C-NMR (DMSO-d,, 8): 17.03 and 18.05 2CH,,
20.56 (CH4Ph), 30.60 (CH,Ph), [55.08 (2CH,), 55.54
(2CH,), 71.01 (2CH)] (Morpholine C), 55.69 OCHS,,
65.40-66.24 NCH,N, [109.65 (CH), 115.41 (CH), 122.69
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(CH), 124.62 (C), 147.01 (C) 150.40 (C)] (ArC), 144.98
(Triazol C;), 150.32 (Triazol C;), 154.44 (N =CH).

4e: ML.P. 172 °C, Yield 74%, IR: 2970 (OH), 1701 (C=0),
1587 (C=N), 859 and 818 (1,2,4-trisubstituted ben-
zene ring), 818 (1,4-disubstituted benzene ring) cm™;
'"H-NMR (DMSO-d,, §): [1.06 (d; /=6,00 Hz), 1.12 (d;
J=6,40 Hz)] (6 H, 2CHj;), [1.99 (t; J=1.60 Hz), 2.51-2.52
(m), 2.77 (d; J=10.40 Hz), 3.51-3.55 (m)] (Morpholine
H), 3.70 and 3.86 (s, 3 H, OCH,), 4.01 (s, 2 H, CH,Ph),
4.58 (s, 2 H, NCH,N), [6.91 (d, 2 H; J=8.00 Hz), 7.22 (d,
1H; 7=2.00 Hz), 7.23 (dd, 1H; /=6.40 Hz), 7.24 (d, 2 H;
J=1.60 Hz), 7. 28 (d, 1H; J=8.40 Hz), ] (ArH), 9.49 (s,
1H, N=CH); *C-NMR (DMSO-d,, §): 17.80 and 18.82
2CHj, 30.23 (CH,Ph), [55.55 (2CH,), 55.70 (2CH,), 71.02
(2CH)] (Morpholine C), 55.09 and 56.05 (OCHs;), 65.42—
67.21 NCH,N, [109.70 (CH), 113.86 (CH), 122.61 (CH),
124.65 (C), 146.44 (C) 150.45 (C)] (ArC), 144.98 (Triazol
C,), 150.41 (Triazol Cy), 154.44 (N=CH).

4f: M.P. 105 °C, Yield 88%, IR: 3050 (OH), 1704 (C=0),
1584 (C=N), 861 and 806 (1,2,4-trisubstituted ben-
zene ring), 806 (1,4-disubstituted benzene ring) cm™;
'"H-NMR (DMSO-d,, §): [1.03 (d; /=6,40 Hz), 1.11 (d;
J=6,40 Hz)] (6 H, 2CHj), [1.99 (t; J=4.40 Hz), 2.50-2.51
(m), 2.77 (d; J=10.40 Hz), 3.50-3.54 (m), 3.84 (m)] (Mor-
pholine H), 3.83 (s, 3 H, OCHj;), 4.57 (s, 2 H, NCH,N),
[6.88 (d, 1H; /=8.00 Hz), 7.20 (d, 1H; J=6.40 Hz), 7.31
(s, 1H), 7.32-7.39 (m, 4 H)] (ArH), 9.47 (s, 1H, N = CH);
BC-NMR (DMSO-dj, 8): 17.80 and 18.85 2CH,, 30.41
(CH,Ph), [55.05 (2CH,), 55.66 (2CH,), 71.01 (2CH)]
(Morpholine C), 55.57 (OCH,), 65.41-66.31 NCH,N,
[109.70 (CH), 113.86 (CH), 122.61 (CH), 124.65 (C),
146.44 (C) 148.08 (C)] (ArC), 144.98 (Triazol C;), 150.39
(Triazol Cy), 154.66 (N =CH).

4 g: M.P. 180 °C, Yield 87%, IR: 3048 (OH), 1703
(C=0), 1589 (C=N), 887 and 826 (1,2,4-trisubsti-
tuted benzene ring), 746 and 687 (monosubstituted
benzene ring) cm™!; "H-NMR (DMSO-dy, §8): [1.03 (d;
J=4,40 Hz), 1.13 (d; /=6,40 Hz)] (6 H, 2CH,), [2.09 (t;
J=10.80 Hz), 2.50-2.51 (m), 2.83 (d; /=10.40 Hz), 3.54—
3.58 (m)] (Morpholine H), 3.81 (s, 3 H, OCHj;), 4.69
(s, 2 H, NCH,N), [6.91 (d, 1H; J=8.00 Hz), 7.27 (d, 1H;
J=6.80 Hz), 7.29 (s, 1H), 7.39-7.40 (m, 4 H)] (ArH), 9.43
(s, IH, N=CH); 3 C-NMR (DMSO-d,, §): 17.89 and 18.92
2CH;, [55.01 (2CH,), 55.59 (2CH,), 71.07 (2CH)] (Mor-
pholine C), 55.52 (OCHj), 65.43-66.70 NCH,N, [110.39
(CH), 115.72 (CH), 122.87 (CH), 124.44 (C), 148.08 (C)
149.85 (C)] (ArC), 143.09 (Triazol C;), 150.59 (Triazol
C;), 158.18 (N=CH).

Antioxidant activity

Reducing power

Utilizing the Ovyaizu technique, the reducing power was
determined [39]. The synthesized molecules’ reducing
abilities were evaluated by the degree of transformed of
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the Fe®* ferricyanide complex to the Fe?*/ferrous state
[40]. Samples in solutions with varying amounts (100-
250-500 pg/mL) prepared in dimethylsulfoxide (1 mL)
were mixed with 2.5 mL potassium ferricyanide, and
phosphate buffer. Once the test tubes were carefully
mixed, they were incubated for 15 min at 40 °C. Follow-
ing incubation, every test tube was brought to room tem-
perature, and 2.5 mL TCA solution was added. After that,
the test tubes were centrifuged for 15 min at 3000 pm.
2.5 Milliliters of the filtrate were removed and put into
test tubes. The mixture was then mixed with 2.5 water
and 0.5 milliliters FeCl; solution. The resulting colored
complexes were detected with a UV spectrophotometer
at 700 nm.

Free radical scavenging activity

The free radical scavenging activities of the newly synthe-
sized molecules were characterized based on the DPPH
radical scavenging model and the Blois technique [41,
42]. The DPPH radical scavenging model is a commonly
utilized method to assessment of antioxidant activity
when contrasted with alternative antioxidants [43]. It was
thought that the way antioxidants affected DPPH radical
scavenging was because of their ability to donate hydro-
gen [44]. The sample mixtures at various concentrations
in DMSO were mixed with 0.1 mM DPPH solution in
ethanol. The test tubes were mixed thoroughly and then
kept for 20 min at room temperature, and their absor-
bance was determined with UV spectrophotometer.

Metal chelate activity

The ions and the standards’ chelation impact on com-
pounds was examined. Ferrozine could form quantitative
compounds with Fe®. Chelation agents cause disrup-
tions in the production of complexes, which lower the
complex’s color hue [45]. Consequently, color reduc-
tion testing may be used to assess the chelation activ-
ity of the coexisting chelator. In living things, transition
metals play an important part in the generation of free
oxygen radicals [46]. Ferric iron (Fe®*) is a biologically
comparatively passive type of iron. However, depending
on the conditions, especially pH, it could be reduced to
active Fe** and oxidized back by Haber-Weiss processes
with Fenton-type reactions or superoxide anions with the
production of the hydroxyl radical [47]. The production
of these radicals can lead to DNA damage, lipid peroxi-
dation, and protein modification. Chelating agents can
obstruct metal-dependent processes by failing to activate
metal ions [48].

Metal chelate activity determination was made using
the Dinis method [49]. Briefly, samples and standards
placed in test tubes were diluted using purified water to
complete concentrations of 30, 45, and 60 pg/mL to a
total volume of 200 pL. Then, FeCl,.4H,O, ethyl alcohol,
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and ferrozine were mixed by adding and left at room
temperature for 10 min. The outcome’s color was read
against blank (other than ferrozine) on a UV spectropho-
tometer at 562 nm.

Antimicrobial activity

Antimicrobial properties of molecules synthesized using
agar well diffusion technique were determined [50]. To
prepare 1 mg/ml extract stock solution, newly synthe-
sized molecules were weighed and dissolved in dimeth-
ylsulfoxide. Each microorganism was diluted to 106
colony-forming units (CFU) per milliliter by suspend-
ing it in Mueller-Hinton Broth. A “flood inoculum” was
applied to the surface of Mueller Hinton Agar and then
dried. Utilizing a sterile cork borer, wells of 5 millimeters
in diameter were removed from the agar and filled with
a chemical material ranging from 250 to 5000 pg/50 pl.
The plates were incubated for 18 h at 35 °C. By assessing
the zone of inhibition against the test organism, antimi-
crobial activity was assessed. Positive controls included
ampicillin (10 pg) for streptomycin bacteria and flucon-
azole (5 pg) for yeasts, and DMSO was utilized as a sol-
vent control.

DFT study

Density Functional Theory (DFT) is a powerful quantum
chemistry method widely used to predict the electronic
structures of organic and biologically active compounds
[51]. Especially in drug design, the frontier molecular
orbital (HOMO and LUMO) energy values obtained by
DFT are critical in predicting the reactivity of a com-
pound and its interaction with biological targets. The
HOMO energy level represents the electron donat-
ing (nucleophilic) capacity of the compound, while the
LUMO energy level indicates its electron accepting (elec-
trophilic) potential. Higher EHOMO values facilitate the
compound’s electron donation to vacant orbitals on the
target receptor, while lower ELUMO values increase the
molecule’s electron accepting tendency [52]. In this study,
geometric optimizations of target compounds 4(a—g)
were performed in the Gaussian 09 program [38] using
the B3LYP [34] functional of DFT and the 6-311G(d, p)
[53] basis set. Parametric data such as HOMO-LUMO
energy levels, total energy, and molecular volume were
obtained through theoretical calculations. These data
were evaluated in the context of the structure-activity
relationships (SAR) of the compounds, and the results
were compared with ADME profiles, molecular docking
analyses, and antimicrobial activity data. Thus, the extent
to which theoretical calculations were consistent with
experimental data was analyzed. This holistic approach
provided by DFT in predicting molecular properties is
invaluable in identifying potential lead compounds in the
drug discovery process.
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Molecular docking studies

For docking analysis, the crystal structures of GST
(PDB: 5J41) and Butyrylcholinesterase (BChE) (PDB:
6SAM) were downloaded using the Protein Data Bank
[54]. To determine the specific binding site and binding
mechanism of the ligand on the target protein, molecu-
lar docking studies were performed using the Maestro
Molecular Modeling platform (version 11.8) [35] devel-
oped by Schrodinger, LLC. In the first stage of the study,
the protein crystal structure was optimized using the
Protein Preparation Wizard module to model the sys-
tem accurately. During this process, all water molecules
in the crystal structure were removed, missing hydrogen
atoms on the protein were completed, and the protein
was structurally stabilized by providing appropriate ion-
ization states. To ensure more realistic docking results,
the active binding site of the protein was defined to be
flexible. Following this, the receptor grid generation
stage was initiated, and structures called “network boxes”
were used for this purpose. These boxes created three-
dimensional networks at protein binding sites, enabling
flexible docking strategies and enabling more accurate
representation of the binding site. Ligand conforma-
tions obtained from the molecular docking process were
evaluated based on their binding energies, and the con-
formation with the lowest binding energy was considered
the conformation representing the strongest interaction
between the ligand and the protein. This approach has
significantly contributed to the molecular understanding
of ligand binding behavior on the target protein.

Results and discussion

In this study, 3-alkyl(aryl)-4-(3-methoxy-4-
hydroxybenzylideneamino)-4,5-dihydro-1H-1,2,4-tri-
azol-5-one 3(a-g) Schiff bases have been synthesized
from the reaction with 3-methoxy-4-hydroxybenzal-
dehyde (2) of 3-alkyl(aryl)-4-amino-4,5-dihydro-1H-
1,2,4-triazol-5-one (1) compounds [55]. Seven new
1-(2,6-dimethylmorpholin-4-yl-methyl)-3-alkyl(aryl)-4-
(3-methoxy-4-hydroxybenzylideneamino)-4,5-dihydro-
1H-1,2,4-triazole-5-one compounds 4(a-g) have been
synthesized by reacting with 2,6-dimethylmorpholine in
the presence of formaldehyde according to the Mannich
reaction of synthesized these Schiff bases (Scheme 1).

Spectral study results

In this study, the structures of seven newly synthesized
Mannich base derivatives were confirmed by detailed
interpretation of their IR and NMR spectra. The IR spec-
tra exhibited a characteristic band between 1584 and
1593 cm™, attributed to the azomethine (vC = N) stretch-
ing vibration, which supports the successful formation
of the Schiff base bond. This band is consistent with
the literature for azomethine-containing compounds,
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where the v(C=N) vibration typically appears around
1580-1610 c¢cm™, depending on the electronic environ-
ment and conjugation [56]. Another prominent absorp-
tion band was observed between 1692 and 1704 c¢cm™,
corresponding to the carbonyl (vC=0) group, suggest-
ing the presence of a ketone, amide, or ester group. These
wavenumbers lie in the typical range for conjugated car-
bonyl groups and are slightly shifted due to potential
intramolecular hydrogen bonding or resonance effects
[57]. Additionally, broad absorption bands in the 3023—
3500 cm™ region, characteristic of O—H stretching vibra-
tions in phenolic compounds, were observed. The width
of these bands suggests the possibility of intramolecular
hydrogen bonding, particularly involving the hydroxyl
group in the 3-methoxy-4-hydroxybenzylideneamino
moiety. Such broad O-H stretching is common in aro-
matic systems with ortho-hydroxy substituents and has
been frequently reported in related compounds [58].
1 H-NMR spectra further supported the structural fea-
tures observed in the IR analysis. A singlet appearing in
the 9.43-9.49 ppm range was attributed to the azome-
thine proton (-CH=N), which is usually deshielded due
to the electron-withdrawing nature of the imine nitrogen
and its conjugation with the aromatic ring. This chemi-
cal shift is consistent with previous findings in Schiff base
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derivatives, where the azomethine proton appears in the
8.5-9.8 ppm range [59]. The methylene protons of the
Mannich group (NCH,N) have been identified as singlets
or multiplets in the range 4.51-4.69 ppm, depending on
the surrounding environment. These chemical shifts are
consistent with literature values for Mannich-type meth-
ylene bonds adjacent to nitrogen atoms, which are gen-
erally found between 4.3 and 4.8 ppm [60]. A singlet in
the 3.81-3.86 ppm range was attributed to the methoxy
group protons (—OCHj;) attached to the aromatic ring.
The narrow range and singlet pattern indicate a consis-
tent substitution pattern in all synthesized derivatives.
This region is typical for aryl-OCHj; protons and supports
the presence of a 3-methoxy-4-hydroxyphenyl motif
[61]. The *C-NMR spectra showed diagnostic chemical
shifts supporting proton assignments. The imine car-
bon (-C=N) appeared in the range of 154.82-158.18
ppm, consistent with chemical shifts reported for imine
carbons conjugated with aromatic systems. The methy-
lene carbon of the Mannich base moiety, NCH,N, was
observed in the range of 55.52-56.05 ppm, consistent
with literature reports for such systems. Furthermore,
the methoxy carbon was observed in the range of 55.57—
56.05 ppm, typical of OCH; groups in aromatic rings.
Although the close shifts of the methylene and methoxy
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Table 1 The compounds'reducing power

Compounds Reducing Power
100 250 500

4a 0.115 0.144 0.145
4b 0.136 0.149 0.149
4c 0.120 0.128 0.139
4d 0.117 0.135 0.138
4e 0.117 0.135 0.138
4f 0.062 0.063 0.079
49 0.104 0.115 0.129
BHA 0.882 1.184 1.272
BHT 0.380 0462 0.723
a-Tocopherol 0.534 0.934 1.175

Absorbance of control reaction: 0.140

carbons reflect similar hybridization and electron-donat-
ing environments, their different chemical environments
are clearly evident in the spectra [62]. Taken together, the
IR and NMR spectral data confirm the successful synthe-
sis and expected structure of the Mannich base deriva-
tives, with each functional group clearly supported by
characteristic spectral signatures consistent with those
reported in recent literature.

Reducing power

At various concentrations, the compounds’ reducing
powers were examined, and the outcomes were con-
trasted with those of BHT, BHA and a-tocopherol. The
measured absorbance data have been given in Table 1.
The findings obtained from the synthesized compounds’
reducing power tests showed that the compounds did
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not have reducing properties and increased depending
on the concentration. However, we observed that some
compounds had higher reducing power than others. The
compounds’ reducing power graph utilizing the values
given in Table 1 has been given in Fig. 1. When we exam-
ine Fig. 1, the synthesized compounds’ absorbance val-
ues are lower than the standards. The order of reducing
power of compounds and standards is as follows: BHA
>a-tocopherol>BHT >4b>4a>4d>4c>4 g. There is a
direct proportion between the increase in the reducing
power of the sample and the absorbance of the reaction
solution. Similar results were obtained in the reduc-
ing power study conducted by Giirsoy-Kol et al. [44]. In
this study, all the amounts of compounds showed lower
absorbance than standard antioxidants. Thus, no activ-
ity was observed to reduce metal ion complexes to lower
oxidation states or participate in any electron transfer
reactions.

Free radical scavenging activity

To determine the DPPH radical scavenging activity in
the reaction medium, the following formula was applied.
Here, A, is the control reaction absorbance, whereas A,
is the absorbance of the sample or standard. Absorbance
values obtained at 517 nm using UV spectrophotometry
and the corresponding % free radical scavenging activi-
ties have been given in Table 2. The data obtained as a
result of the new synthesized compound’s radical scav-
enging activity tests and the reference antioxidant sub-
stances utilized (BHA, a-tocopherol, and BHT) have
been displayed in the graph below (Fig. 2). In the graph,

I

N
%QX” Oc@*o

Q

m0

m 100 pg/mL
250 pg/mL

m 500 pg/mL

Newlv Svnthesized Compounds and Standard Antioxidants

Fig. 1 Reducing power of 4a, 4b, 4c, 4d and 4 g compounds and standard antioxidants
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Table 2 Measured absorbence values of synthesized compounds'free radical scavenging activities
Compounds Absorbance and %free radical scavenging activity
12,5 25 37.5
A % Activity A % Activity A % Activity
4a 0.103 237 0.090 333 0.075 444
4b 0.106 215 0.090 333 0.077 43.0
4c 0.110 185 0.091 326 0.082 393
4d 0.097 281 0.086 36.3 0.069 489
4e 0.107 20.7 0.098 274 0.086 36.3
af 0127 59 0.093 311 0.082 393
49 0.107 20.7 0.097 28.1 0.085 370
BHA 0.035 850 0.035 879 0.048 89.3
BHT 0.073 457 0.051 63.6 0.051 771
a-Tocopherol 0.018 89.3 0.018 89.3 0.017 90.0
Absorbance of control reaction: 0.135
90
£ 80
£ 70
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£ 50
g 40
2
s 30
2 9 JI I I J m 12,5 pg/mL
S 10 J J J J 25 pg/mL
E 0 m 37,5 pg/mL
< » ¥ 152 (823* @o\
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Newly Synthesized Compounds and Standard Antioxidants

Fig. 2 Free radical scavenging activities and standard antioxidants of synthesized compounds

the free radical scavenging activities of some newly syn-
thesized molecules, measured at different concentra-
tions at 517 nm, have been given as % inhibition. In line
with the obtained data, depending on the concentration,
we found that the newly produced compounds’ activ-
ity increased. When we examined the graph in Fig. 2,
comparing the synthesized compounds to the standards,
we found that their free radical scavenging activity was
poor. The reduced absorbance of the reaction mixture is
directly proportional to the sample’s capacity to scavenge
free radicals. Similar results were obtained in the free
radical scavenging activity study conducted by Haydar
Yiiksek et al. [63]. Bu ¢alismada, The newly synthesized
compounds did not show significant activity as radical
scavengers, but some compounds were reported to show
higher activities than other compounds.

Ay —

A
% Free radical scavenging activity = 1x100 (1)

0

Metal chelate activity

The sample’s metal chelating activity is directly correlated
with the reaction mixture’s drop in absorbance. Absor-
bance and % metal chelate activity values of 4(a-g) com-
pounds have been given in Table 3. In the graph in Fig. 3,
the % inhibition of the synthesized compounds and the
reference antioxidants EDTA and a-tocopherol activa-
tion have been shown. Generally, it has been reported
that molecules including two or more functional groups
like -SH, -COOH, —-OH, C=0, -PO3H,, -NR,, -O-, -S-
in their structure with a suitable structure-function con-
figuration will have chelation activity [50, 64]. In this
study, we observed that the synthesized compounds have
high metal chelation activity because of the presence of
—OH, C=0, -NR,, -O- groups. When we examined the
graph in Fig. 3, we observed that the synthesized com-
pound’s chelating activities were higher than EDTA,
while a-tocopherol, one of the reference substances, had
lower activity. Similar results were obtained in the metal
chelate activity study conducted by Giirsoy-Kol et al. In
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Table 3 Measured absorbence values of synthesized compounds’ metal chelate activities
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Compounds Absorbance and % metal chelate activity
30 45 60
A % Activity A % Activity A % Activity
4a 0.043 76.5 0.042 77.0 0.042 77.0
4b 0.044 76.0 0.042 77.0 0.042 77.0
4c 0.043 76.5 0.041 776 0.042 77.0
4d 0.041 776 0.041 776 0.041 776
4e 0.042 77.0 0.042 77.0 0.043 76.5
4f 0.041 776 0.041 776 0.040 78.1
49 0.045 754 0.043 76.5 0.040 78.1
EDTA 0.032 58.5 0.031 59.0 0.030 60.7
a-Tocopherol 0.076 82.5 0.075 83.1 0.072 836
Absorbance of control reaction: 0.183
90
80
g 7
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Newly Synthesized Compounds and Standard Antioxidants

Fig. 3 Metal chelate activities and standard antioxidants of synthesized compounds

this study, newly synthesized compounds were analyzed
for their in-vitro potential antioxidant capacity in three
different experiments. All compounds were reported to
show significant activity for the metal chelating effect
[65]. Using the following formula, the percentage sup-
pression of ferrozine-Fe*? complex production was
calculated:

Ag—A
Chelate Percentage = 0 !

Antimicrobial activity results

The antimicrobial properties of the synthesized com-
pound were tested against 6 different bacteria using the
agar well method. The results have been given in Table 4.
Neomycin (3385), ampicillin (3261), and streptomycin

(3385) were used as standard chemicals. In Figs. 4, 5
and 6, images showing the antimicrobial activity effects
of the synthesized compounds against 6 different bacte-
ria have been given. Antimicrobial activity results of the
synthesized molecules have been given in Table 5. When
we examined the data in Table 5, the synthesized com-
pounds showed the best activity against Bacillus cereus
bacteria, while they showed the weakest activity against
Bacillus subtilis bacteria. Among the synthesized com-
pounds, compound 4e showed the best activity against
6 different bacteria. We observed that the antimicrobial
activity of the seven new Mannich bases 4(a-g) synthe-
sized, which include 1,2,4-triazole and 2,6-dimethyl-
morpholine, varied depending on the type of substituent
such as (R=a-g). In a study conducted by Kol, O.G and
et al., 7 new 2-[1-(morpholine-4-yl-methyl)-3-alkyl/aryl-
4,5-dihydro-1H-1,2,4-triazol-5-on-4-yl-azomethine)-
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Table 4 The synthesized compounds' ZONE diameter values against bacteria
Compound  Bacillius Subtilis Bacillus Cereus Pseudomonas aeruginosa Klebsiella pneumoniae Staphlacocus aureus Esherichia

Code Coli
4a 10 28 9 14 14 10
4b 12 16 8 9 8 9
4c - 19 9 9 13 -
4d - 14 - 8 10 -
4e 12 21 - 19 8 10
4f - 20 - 11 8 8
49 - 16 8 9 1 -
Streptomycin 33 36 36 35 37 34
Neomycin 17 17 17 16 13 16
Ampicillin 33 36 36 35 37 34

Fig. 6 Picture showing of synthesized compounds’antimicrobial effects against Staphlacocus aureus and Esherichia Coli
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Table 5 The synthesized compounds’antimicrobial activity results
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ZONE diameter values (mm)

Compounds Bacillius Subtilis Bacillus Cereus Pseudomonas aeruginosa Klebsiella pneumoniae Staphlacocus aureus Esherichia
Coli

4a + +++ + ++ ++ +

4b ++ ++ + + +

4c - +++ + + ++ -

4d - ++ - + -

4e ++ +++ - +++ + +

Af - +++ - ++ + +

49 - ++ + + ++ -

Streptomycin  +++ +++ +++ +++ +++ +++

Neomycin +++ +++ +++ ++ ++ ++

Ampicillin +++ +++ +++ +++ +++ +++

Table 6 The physico-chemical properties of the synthesized compounds

Code Lipophilic- Physico-chemical properties

ity consensus  Mw? Heavy Aromatic Rot. H Hdonor MRP TPSAC (A?) % ABSY Co-
logP g/mol Atoms heavy bond acceptor bond lour
atoms bond

4a 1.50 37542 27 Il 5 7 1 105.29 94.11 76.53 White

4b 273 40348 29 Il 7 7 1 114.90 94.11 76.53 White

4c 2.75 451.52 33 17 7 7 1 129.77 94.11 76.53 White

4d 295 465.54 34 17 7 7 1 134.74 94.11 76.53 White

4e 2.80 481.54 35 17 8 8 1 136.27 103.34 73.34 White

4f 3.15 485.96 34 17 7 7 1 134.78 94.11 76.53 White

49 2.66 43749 32 17 6 7 1 125.76 94.11 76.533+ White

2MW, molecular weight; “TPSA, topological polar surface area; MR, molar refractivity; YABS%: absorption percent

phenyl-benzenesulfonates compounds were obtained
by reactions with formaldehyde and morpholine. Anti-
microbial activity of the synthesized compounds against
six bacteria was determined using the agar well diffusion
method [66]. In a study conducted by Ozdemir, G. et al.,
six new 1-(2,6-dimetilmorfolin-4-il-metil)-3-alkil(aril)-
4-[3-etoksi-(4-benzensiilfoniloksi)-benzilidenamino]-
4,5-dihidro-1H-1,2,4-triazol-5-on  compounds  were
synthesized. Antimicrobial activity of the synthesized
compounds against six bacteria was determined using
the agar well diffusion method [67]. In a study conducted
by Yilmaz, Y. et al., six new 4-[1-(2,6-dimethylmorpholin-
4-yl-methyl)-3-alkyl(aryl)-4,5-dihydro-triazol-5-on-4-yl-
azomethine]-2-methoxyphenyl benzoates compounds
were synthesized. The synthesized compounds were
examined for in-vitro antimicrobial properties against
6 different microorganisms [68]. These studies scanned
in the literature prove that the antimicrobial activity of
1,2,4-triazole derivatives varies depending on the type of
substituent such as (R=a-g).

Biochemical results

ADME analysis

ADME (Absorption, Distribution, Metabolism, and Elim-
ination) analyses provide fundamental information about
the pharmacokinetic properties and biological aspects of

a population. A potent substance must be adequately dis-
tributed, metabolized slowly, and eliminated harmlessly.
If ADME degradation is poor, these results are likely to
be inaccurate [69]. Lipinski’s Rule of Five is widely used
to assess drug-like properties and determine whether
a candidate compound is drug-like. According to these
rules, a compound should have: fewer than 5 hydrogen
bond donors, fewer than 10 hydrogen bond acceptors,
a lipophilicity coefficient (LogP) of less than 5, a molar
refractive index between 40 and 130, and a molecular
weight of less than 500 daltons. Compounds that meet at
least two of these rules demonstrate high drug-likeness,
while compounds that meet fewer than two rules dem-
onstrate lower drug-likeness [70]. The synthesized com-
pound’s physicochemical and lipophilic properties have
been given in Table 6. Of the synthesized compounds,
compounds 4a, 4b, 4c, and 4 g were found to fulfill all
five of Lipinski’s rules. Compounds 4d, 4e, and 4f vio-
lated only one rule, the molar refractive index (40-130).
Despite this, these compounds demonstrate high drug
similarity because they fulfill at least four of the five
rules and are suitable for evaluation as drug candidates.
Compounds with positive LogP values are lipophilic,
while compounds with negative LogP values are hydro-
philic [71]. The compounds in the study had LogP values
between 1.50 and 3.15, indicating that they are lipophilic.
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Lipophilic structures can easily pass through cell mem-
branes and dissolve in oil, increasing bioavailability. In
addition to Lipinski’s rules, a drug’s topological polar sur-
face area (TPSA) is also an important pharmacokinetic
determinant. Compounds with TPSA values below 140
A? generally have good oral bioavailability [72]. The TPSA
values of the compounds synthesized in this study were
measured between 94.11 and 103.34 A? suggesting that
these compounds may be good drug candidates. Percent
oral absorption was calculated using the formula A% =
109 - (0.345 x TPSA); the compounds were found to have

4a: 1-(2,6-dimethylmorpholin-4-yl-methyl)-3- Lo
methyl-4-(3-methoxy-4-hydroxybenzylideneamino)-

4,5-dihydro-1#-1,2 4-triazole-5-one o o

H
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4¢: 1-(2,6-dimethylmorpholin-4-yl-methyl)-3-benzyl-4-(3-
methoxy-4-hydroxybenzylideneamino)-4,5-dihydro-1 -
1,2,4-triazole-5-one .
\
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INSOLU

4e:1-(2,6-dimethylmorpholin-4-yl-methyl)-3-(p-
methoxylbenzyl)-4-(3-methoxy-4-hydroxybenzylideneamino)-
4,5-dihydro-1H-1,2,4-triazole-5-one i
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absorption rates of 76.53% and 73.34%, respectively. The
structure, color regions, and physicochemical parameters
presented in Fig. 7 support these assessments. Similarly,
the pink regions in the polar surface area maps in Fig. 7
indicate that the compounds have favorable properties
for oral bioavailability. The radar diagrams show that the
compounds do not deviate from the saturation region but
remain within the pink area, which is considered a posi-
tive indicator for oral bioavailability.

4b: 1-(2,6-dimethylmorpholin-4-yl-methyl)-3-(n-
propyl)-4-(3-methoxy-4-hydroxybenzylideneamino)-4,5-
dihydro-1H-1,2 4-triazole-5-one

H

upPo

FLEX SIZE
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INSOLU

4d:1-(2,6-dimethylmorpholin-4-yl-methyl)-3-(p-methylbenzyl)-4-
(3-methoxy-4-hydroxybenzylideneamino)-4,5-dihydro-1/-1,2,4-
triazole-5-one
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4f: 1-(2,6-dimethylmorpholin-4-yl-methyl)-3-(p-
chlorobenzyl)-4-(3-methoxy-4-hydroxybenzylideneamino)-
4,5-dihydro-1H-1,2,4-triazole-5-one upo
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4g: 1-(2,6-dimethylmorpholin-4-yl-methyl)-3-phenyl-4-(3-methoxy-4-
hydroxybenzylideneamino)-4,5-dihydro-1/-1,2 4-triazole-5-one
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Fig. 7 Structure, color regions and physicochemical parameters of synthesized compounds
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Molecular docking analysis

Molecular docking is a key method in structure-based
drug design, accelerating and simplifying the discovery
process of new drug candidates. This method allows for
digital screening of ligand-protein interactions by pre-
dicting the binding conformations and affinities of ligands
to target proteins [73]. In this study, in silico molecular
docking analyses were performed using the Schrédinger
Maestro Molecular Modeling Platform [35] to investigate
the possible interactions of the synthesized compounds
with Glutathione S-transferase (GST) and Butyrylcho-
linesterase (BChE) enzymes. Crystal structures of GST
(PDB ID: 5J41) and BChE (PDB ID: 6SAM) enzymes were
downloaded from the Protein Data Bank for use in dock-
ing analyses [54]. These two enzymes are widely reported
in the literature to be used as biological targets associated
with Alzheimer’s disease [72]. It is reported in the litera-
ture that these two enzymes are widely used as biological
targets associated with Alzheimer’s disease [74]. Molecu-
lar docking results have been presented in Table 7. Anal-
ysis of the data revealed that compounds coded 4d, 4e,
and 4f exhibited the strongest binding scores against the
BChE and GST enzymes, respectively. Specifically, com-
pound 4d showed the highest binding score of -9.91 kcal/
mol with the BChE enzyme, while compound 4f achieved
the best docking score of -8.37 kcal/mol with the GST
enzyme. Additionally, ADME (Absorption, Distribution,
Metabolism, and Excretion) analysis results support the
molecular docking findings. These analyses revealed
that compounds 4d and 4e possessed the most favorable
pharmacokinetic profiles. In light of these findings, com-
pounds 4d and 4e, which exhibit high binding affinities
and favorable ADME properties, are considered poten-
tial structure-based drug candidates for the treatment of
Alzheimer’s disease.

In Figs. 8, 2D and 3D images obtained as a result of
the interaction of the synthesized 4d compound with
the BChE enzyme have been given. The docking score
obtained in the interaction of compound 4d with the
BChE enzyme was found to be -9.91 cal/mol. In 4d com-
pound, were observed conventional hydrogen bonds of
ASN-289 (5.04 A), THR-120 (4.30 A), and unfavorable

Table 7 Docking scores with GST, and BChE enzymes of
synthesized compounds

Compounds Docking Score (kcal/mol)
BChE (PDB: 6SAM) GST (PDB: 5J41)

4a -5.40 -5.56
4b -5.70 -6.21
4c -6.59 -6.49
4d -9.91 -591
4e -8.20 -8.37
4f -6.80 -5.91
49 6.65 -6.71
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donor-donor bonds of ASN-68 (4.48 A) at the oxygen
of the hydroxybenzyldene group, methoxide, and the
oxygen of the triazole. We observed TRP-82 (5,07 A),
TRP-430 (4,40 A), ALA-328 (3,96 A), TYR-332 (4,58
A), PHE-398 (5,84 A) and LEU-286 (5,21 A) Pi-alkyl
bonds in the methyl groups of 2,6-Dimethylmorpholine
and p-methylbenzyline. While TRP-231 (3.58 A) Pi-Pi
T-shaped bonds were observed in the p-methylbenzyline
ring of 4d compound, were observed GLY-116 (4.96 A)
Amide-Pistacked bonds in the triazole ring. Additionally,
in 4d compound were observed HIS-438, ASP-70, GLY-
78 and MET-437 the van der Waals bonds.

In Figs. 9, 2D and 3D images obtained as a result of
the interaction of the synthesized 4e compound with
the GST enzyme have been given. The docking score
obtained in the interaction of compound 4e with GST
enzyme was found to be -8.37 cal/mol. In the 4e com-
pound, were observed conventional hydrogen bonding
at SER-198 (4.91 A), ALA-277 (3.89 A) the oxygen of
the hydroxybenzylidene group and the methoxy group,
respectively. While 4e compound, PHE-329 (4.69 A),
TYR-332 (6.11 A) Pi-Pi T-shaped bonds were observed in
the p-methoxybenzyl ring and triazole ring, respectively,
were observed GLY-283 (5.65 A) Amide-Pistacked bond
in the 3-methoxy-4-hydroxybenzylideneamino ring.
PHE-329 (4,69 A), PHE-398 (6,06 A), HIS-438 (4,83 A),
ALA-328 (5,08 A), TRP-82 (5,34 A) in the methyl groups
of 2,6-dimethylmorpholine and PHE-329 (4,69 A), PHE-
398 (6,06 A), HIS-438 (4,83 A), ALA-328 (5,08 A), TRP-
82 (5,34 A) in the methyl group of p-methoxybenzyl in
the 4e compound were observed Pi-alkyl bonds. Addi-
tionally, in the 4e compound were observed GLY-116,
VAL-288, SER-79 and THR-284 the van der Waals bonds.

SAR analysis

Significant intramolecular charge transfer from the elec-
tron donor component to the electron acceptor com-
ponent via a conjugated channel is indicated by a small
energy gap (AE). The smallness of the energy gap value
depends on the HOMO-LUMO energy difference. The
smaller this difference, the more chemically reactive and
less stable the molecule is [75]. The calculated HOMO-
LUMO energy gap values and images of frontier molec-
ular orbitals of the synthesized compounds have been
given in Fig. 10. The target compounds’ 4(a-g) calculated
HOMO-LUMO energy gaps in this study are 4.30, 4.32,
4.08, 4.10, 4.05, 4.15, 4.11 eV, respectively. The lowest
energy difference value among the newly synthesized
molecules was found to be 4.05 for compound 4e. By
calculating LUMO, molecular weight, total energy, and
volume, the relationship between antimicrobial activities
and molecular properties was investigated to discover
the structure-activity relationships (SAR) of new com-
pounds. The antimicrobial activity is explained by the
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density and LUMO. The LUMO value is a critical com-
ponent in determining a molecule’s electrophilicity and
reactivity. Molecules with low lying LUMOs are more
active than those with high lying LUMOs because they
have a larger capacity to receive electrons. Compound
4e has the lowest theoretical LUMO value (-1.706 eV),
according to calculations of LUMO values. In the anti-
bacterial research of a drug, the bacterial layer seems to
join with the lipophilic layer because of the high reactiv-
ity and electrophilicity detected in the low-energy empty
molecular orbital (LUMO). As a result, the bacterial
membrane becomes more permeable, halting the organ-
ism’s continued development. As a result, we may say
that the composition and structure of molecules affect

their antibacterial properties. A molecule’s density shows
how densely its atoms are packed. Mass and volume were
computed theoretically and displayed in Table 8. We use
the ratio of molecular weight to molecular volume to
determine density. Density has an inverse relationship
with reactivity and, hence, activity. At the lowest density,
the molecule exhibits the most reactivity. All of these
computations led to the conclusion that compound 4e is
the molecule with the highest antibacterial activity and
the lowest density [76].
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Conclusion

In this study, seven new Mannich base derivatives (4a—
4 g) were successfully synthesized, and their structural
properties were characterized in detail using '"H-NMR,
I3BC-NMR, and IR spectroscopy. The biological potential
of the compounds was evaluated under three main head-
ings: antioxidant, antimicrobial, and molecular target
interactions supported by theoretical (computational)
analyses. In vitro analyses of antioxidant activity revealed
that the synthesized compounds had very low free radical
scavenging and reduction capacities. However, the high
metal chelation activity of the compounds was attributed
to the presence of functional groups such as -OH, C=0,

—NR,, and —O- in the structure. This result suggests that
these compounds may exhibit potential protective effects
against prooxidative metal ions. Antimicrobial tests were
performed on six different bacterial strains, and the com-
pounds generally exhibited moderate antibacterial activ-
ity. In particular, compound 4e was determined to be the
most potent antimicrobial agent in the series, exhibiting
significant inhibitory activity against all tested bacteria.
This effect is thought to be related to the synergistic effect
of the electronic and structural properties of the mol-
ecule. In silico molecular docking analyses performed to
understand the possible mechanisms of biological activ-
ity revealed the potential interaction of the synthesized
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Fig. 10 Calculated HOMO-LUMO energy gaps values and frontier molecular orbitals of the synthesized compounds

Table 8 Some parameters of 4(a-g) compounds calculated using the DFT method

Compounds Total Energy (a.u) LUMO (eV) Mol. Wt. (amu) Volume (A3) Density
4a -1275.60586552 -1.365 375.1906 235.002 1.3691
4b -1354.23199528 -1.370 403.2219 287.766 14012
4c -1659.296693 -1.567 451.2219 331.462 1.3613
4d -1698.612351 -1.489 465.2376 342557 1.3581
4e -1773.830499 -1.706 481.2325 365.597 1.3162
4f -2118.884017 -1.559 485.1829 332.587 14588
49 -1619.975061 -1.607 437.2063 298563 14643

compounds with glutathione S-transferase (GST) and
butyrylcholinesterase (BChE), target enzymes associ-
ated with Alzheimer’s disease. As a result of these analy-
ses, compound 4d was determined to be the most potent
inhibitor, achieving a binding score of -9.91 with BChE,
while compound 4e stood out with a binding score of
-8.37 with GST. These results demonstrate not only anti-
microbial but also neuroprotective potential of the com-
pounds. In addition, the pharmacokinetic properties of

the compounds were investigated using ADME (Absorp-
tion, Distribution, Metabolism, and Excretion) analyses,
and all compounds were found to meet at least two of
Lipinski’s five rules. This indicates a good drug similar-
ity profile for the synthesized structures. In this context,
the obtained theoretical results strongly overlap with
the experimental biological activities. Finally, structure—
activity relationship (SAR) analyses were conducted
using density functional theory (DFT). According to the
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obtained DFT parameters, compound 4e was found to
have the lowest LUMO energy level, the lowest density
value, and the narrowest HOMO-LUMO band gap (AE).
These parameters indicate that the molecule has high
reactivity and strong potential to interact with biological
targets. These results are consistent with the strong anti-
microbial activity of compound 4e and its high binding
score on the GST enzyme.
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