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Abstract

In this study, the Mannich base derivatives 1-(2,6-dimethylmorpholin-4-yl-methyl)-3-alkyl(aryl)-4-(3-methoxy-4-ace-
toxybenzylideneamino)-4,5-dihydro-1H-1,2,4-triazole-5-one 6(a-g) have been synthesized. The spectral analysis of the
new compounds were identified utilizing I'H NMR, 3C NMR and IR spectrometry. Three techniques (Blois, Oyaizu,
Dinis) were used to assess the potential antioxidant activities of the compound. Using the agar well diffusion method,
the compounds’ in vitro antibacterial properties were studied against six bacteria. Additionally, the molecular docking
study was performed to researh the potential anticancer activities of the compound against ovarian and gastric cancer.
In molecular docking analysis, compound 6e gave good results in potential cancer interactions with protein 3W2S and
compound 6f with protein 30CB. Also, ADME estimations was performed to assess the drug-likeness of Mannich bases.
The energies of molecular orbitals (HOMO-LUMO) and energy differ (AEg) was calculated for compounds. Finally, the
structure-activity relationships (SAR) was analysized by Density Functional Theory (DFT).
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1. Introduction

Schiff bases are important ligands known for their
ability to form stable complexes, their ease of synthesis,
and their structural diversity.! This versatility is largely due
to the presence of nitrogen, sulfur, and oxygen atoms that
act as donor sites, endowing Schift bases and their metal
complexes with significant biological activities.> Central to
these activities is the azomethine group, a key functional
moiety involved in many biological processes.® As a result,
Schiff bases and their complexes have been widely studied
for their broad range of pharmacological properties, in-
cluding antibacterial, analgesic, antioxidant, antimalarial,
anti-inflammatory, anticonvulsant, and enzyme inhibitory
effects.*® Beyond their biological importance, metal com-
plexes of Schiff bases have found valuable applications in
fields such as medicine, food chemistry, agriculture, and
biochemistry, where they often serve as active catalytic
sites.’

In line with these interests, one of the major goals in
medicinal and organic chemistry is to design and synthe-
size molecules with enhanced therapeutic effects.® This
need has become more urgent due to the rapid develop-
ment of resistance against current antimicrobial agents,
which limits treatment options and highlights the demand
for novel, effective drugs.>!® Mannich bases, synthesized
through amino alkylation of aromatic substrates, have
emerged as promising candidates in this regard. The Man-
nich reaction introduces aminoalkyl groups that can be
further modified, making it a powerful tool for generating
biologically active molecules.!"'> Consequently, Mannich
bases exhibit diverse pharmacological properties such as
antibacterial, analgesic, anti-inflammatory, anticancer,
and anesthetic activities, underscoring their pharmaceuti-
cal relevance.!¥1°

Another important aspect linked to these bioactivi-
ties is the role of free radicals highly reactive molecules
containing unpaired electrons which are implicated in
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many chronic degenerative diseases including cancer, au-
toimmune disorders, inflammation, and cardiovascular
and neurological diseases.!®1” These radicals are produced
naturally during biological processes such as phagocytosis
and cell signaling, but when uncontrolled, they damage
essential biomolecules like lipids, proteins, and DNA,
leading to oxidative stress and tissue injury.'® Antioxi-
dants, either endogenous or introduced through diet, mit-
igate this damage by neutralizing free radicals and thus
protect cellular integrity."®

Given the wide impact of oxidative stress and the
global burden of diseases like cancer, which encompasses
over 100 different types affecting various organs, ongoing
research to develop effective treatments is crucial 22! For
instance, ovarian cancer is among the most common and
deadly cancers in women worldwide 222, while stomach
cancer ranks highly in global cancer incidence and mortal-
ity rates.?* These facts emphasize the importance of dis-
covering new anticancer agents

Motivated by these challenges, the present study fo-
cuses on the synthesis of novel Mannich bases, their struc-
tural characterization by >*C NMR, 'H NMR, and IR spec-
troscopy, and the evaluation of their antimicrobial and
antioxidant properties using Dinis?®, Blois?%, and Oyaizu?’
assays. To complement the experimental work, Density
Functional Theory (DFT) calculations were performed to
elucidate electronic and structural properties of the com-
pounds, bridging theory with experiment.?®?* Additional-
ly, drug-likeness was assessed via ADME analysis, and mo-
lecular docking studies investigated the potential
anticancer activity of the synthesized compounds against
ovarian and stomach cancer targets. The relationship be-
tween molecular properties such as HOMO-LUMO ener-
gies, molecular weight, total energy, and volume and anti-
bacterial activity was also explored to understand SAR
(structure-activity relationship).

The free radical scavenging capacity of 1,2,4-tri-
azole derivatives and reported that these compounds
possess strong antioxidant properties.® The high anti-in-
flammatory and radical scavenging activity of the 6b de-
rivative was particularly noteworthy. Mannich bases con-
taining  2,6-dimethylmorpholine  exhibited  high
antioxidant activity in DPPH and metal ion chelation
tests and effective antibacterial properties against both
Gram-positive and Gram-negative bacteria.’! The
1,2,4-triazole derivatives are effective against important
pathogens such as Staphylococcus aureus and Escherichia
coli3? The synthesis, characterization, antioxidant and
antimicrobial activities of 1,2,4-triazole derivatives con-
taining 2,6-dimethylmorpholine using various methods
were studied.?® The acetylcholinesterase and glutathione
S-transferase enzyme inhibitory activity of new Mannich
bases both in vitro and in-silico was evaluated. These re-
sults indicate that these Mannich bases hold promise in
biomedical applications due to their antioxidant and an-
tibacterial activities.>*

2. Experimental
2. 1. Materials and Reagents

The chemical reagents used in this investigation were
acquired from Fluka, Aldrich, and Merck AG. Melting
points were determined using the Stuart SMP30 instru-
ment. Infrared spectrum data were recorded with Alpha-P
Bruker FT-IR spectrometer. 1*Cand 'H NMR spectra were
taken with the Bruker Avance III spectrometer. PG Devic-
es Ltd T80 UV/VIS instrument was used to measure the
synthesized compounds' antioxidant properties. Graphs
measuring antioxidant activity were done utilizing the Mi-
crosoft Excel 97-2003 application. The synthesized com-
pounds' synthesis scheme was drawn with the ChemDraw
22 program. Molecular docking analysis used to evaluate
the synthesized compounds as potential drug candidates
was utilized Schrodinger's Maestro Molecular Modeling
program*® and ADME analysis was performed using on-
line websites like SwissADME.3¢ The Gaussian09 program
was used for SAR analysis.?’

2. 2. Synthesis

Acetic anhydride (2) and 4-hydroxy-3-methoxy-
benzaldehyde (1) reacted to yield the chemical 4-formyl-
2-methoxyphenyl acetate (3) in this investigation. As a
result of the reaction of 4-formyl-2-methoxyphenyl ace-
tate with 3-alkyl(aryl)-4-amino-4,5-dihydro-1H-1,2,4-
triazol-5-one (4a-g) compounds Schiff bases 5(a-g) have
been synthesized.* The 6(a-g) compound have been syn-
thesized by the reaction of 5(a-g) Schiffs with 2,6-di-
methylmorpholine in the presence of formaldehyde con-
sidering the Mannich reaction and visualized in the
Scheme 1.34

2. 2. 1. General Procedure for Synthesis
of 1-(2,6-dimethylmorpholin-4-yl-
methyl)-3-alkyl(aryl)-4-(4-formyl-2-
methoxyphenylacetoxybenzylideneamino)-
4,5-dihydro-1H-1,2,4-triazole-5-one 6(a-g)

0.01 mol of the 5(a-g) compounds was dissolved in
0.1 L of ethanol. Then, 0.010 mol of 2,6-dimethyl morpho-
line and 0.03 mol of formaldehyde (35%) solution were
added. The mixture was stirred for 3 hours and subse-
quently stored at —16 °C in a deep freezer to induce precip-
itation. The crude precipitate was collected by filtration,
washed with cold ethanol, and crystallized several times.
Finally, the crystals were vacuumdried and identified as
compounds 6(a-g).

6a: mp 111 °C, yield 88%, IR: 1765, 1705 (C=0),
1599 (C=N), 1262 (COO), 862 and 836 (1,2,4-trisubstitut-
ed benzenoid ring) cm™'; 'H NMR (DMSO-dg, 8): 1.03-
1.13 (m, 6H, 2CHj3;), [2.20 (t, ] = 10.80 Hz), 2.29-2.33 (m),
2.65 (m), 2.76 (d, ] = 10.4 Hz), 3.51-3.55 (m), 3.84-3.87
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(m)] (Morpholine H), 2.29 (s, 3H, COCHs;), 2.33 (s, 3H,
CHS,), 3.85 (s, 3H, OCHs,), 4.55 (s, 2H, NCH,N), 7.23 (d,
1H, Ar-H; J = 8.00 Hz), 7.47 (dd, 1H, Ar-H; J = 8.40, 1.60
Hz), 7.90 (d, 1H, Ar-H; J = 2.00 Hz), 9.70 (s, 1H, N=CH);
13C NMR (DMSO-dg, 6):10.96 (CH5;), 17.89, 18.92 (2CH,),
20.37 (COCH,), [55.01 (CH,), 55.59 (CH,), 71.03 (2CH)]
(Morpholine C), 5596 (OCHj), [65.40, 65.62, 66.23]
(NCH,N), [111.56 (CH), 120.56 (CH), 123.48 (CH),
132.24 (C), 141.87 (C), 151.29 (C)] (ArC), 143.12 (Triazol
C,), 150.23 (Triazol Cs), 153.55 (N=CH), 168.26 (COCHS).

6b: mp 119 °C, yield 86%, IR: 1763, 1695 (C=0),
1581 (C=N), 1271 (COO), 865 and 809 (1,2,4-trisubstitut-
ed benzenoid ring) cm™!; 'TH-NMR (DMSO-dg, 8): 0.97 (t,
3H, CH,CH,CH,; J = 7.20 Hz), [2.01 (t, J = 10.80 Hz),
2.27-2.29 (m), 2.68-2.70 (m), 2.77 (d; J = 10.40 Hz), 3.53
(m)] (Morpholine H), 2.29 (s, 3H, COCHj;), 2.70 (t, 2H,
CH,CH,CHj; ] = 7.20 Hz), 3.85 (s, 3H, OCHs), 4.57 (s,
2H, NCH,N), 7.24 (d, 1H, Ar-H; J = 8.00 Hz), 7.47 (dd,
1H, Ar-H; J = 8.00, 1.60 Hz), 7.59 (d, 1H; Ar-H; J = 1.60
Hz), 9.69 (s, 1H, N=CH); 3C NMR (DMSO-d,, 8): 13.36
(CH,CH,CHj), 17.89, 18.93 (2CHS,), 18.97 (CH,CH,CHj),
20.37 (COCHS,), 26.51 (CH,CH,CH,), [55.04 (CH,), 55.64
(CH,), 71.02 (2CH)] (Morpholine C), 55.93 (OCHj),
[65.40, 65.62, 66.20] (NCH,N), [111.65 (CH), 120.41
(CH), 123.54 (CH), 132.27 (C), 141.86 (C), 151.29 (CQ)]

OCH;

HC OH |

-CH;COOH

(ArC), 145.64 (Triazol C;), 150.29 (Triazol Cs), 153.60
(N=CH), 168.67 (COCH3,).

6¢c: mp 137 °C, Yield 85%, IR: 1759, 1713 (C=0),
1584 (C=N), 1294 (COO), 884 and 835 (1,2,4-trisubstitut-
ed benzenoid ring), 753 and 701 (monosubstituted benze-
noid ring) cm™}; 'H NMR (DMSO-dg, 8): [1.04 (d; ] = 6.40
Hz), 1.12 (d; ] = 6.40 Hz)] (6H, 2CH3;), [2.02 (t, ] = 10.80
Hz), 2.28-2.31 (m), 2.67-2.69 (m), 2.79 (d, J = 10.80),
3.52-3.56 (m), 3.84 (m, 3H, OCH,), 4.11 (s, 2H, CH,Ph),
4.60 (s, 2H, NCH,N), 7.22 (d, 1H, ArH; J = 8.00 Hz), 7.21,
7.25 (m, 1H, ArH), 7.30, 7.41 (m, 5H, ArH), 9.65 (s, 1H,
N=CH); 3C NMR (DMSO-d, 8): [17.89, 18.93] (2CHj;),
20.37 (COCHj,), 31.00 (CH,Ph), [55.06 (CH,), 55.66
(CH,) , 71.02 (2CH)] (Morpholine C), 55.93 (OCHj,),
[65.41, 65.77, 66.35] (NCH,N), [111.78 (CH), 121.13
(CH), 123.47 (CH), 132.21 (C), 141.90 (C), 151.27 (C)]
(ArQC), [126.79 (CH), 128.49 (2CH), 128.61 (2CH), 135.76
(C)] (ArC bonded C-3), 144.90 (Triazol Cs), 150.25 (Tri-
azol Cs), 153.00 (N=CH), 168.27 (COCHs).

6d: mp 128 °C, Yield 76%, IR: 1760, 1694 (C=0),
1597 (C=N), 1271 (COOQ), 864 and 834 (1,2,4-trisubstitut-
ed benzenoid ring), 803 (1,4-disubstituted benzenoid
ring) cm™}; 'H NMR (DMSO-dg, 8): [1.04 (d; ] = 6.00 Hz),
1.12 (d; J = 6.40 Hz)] (6H, 2CH,), [2.02 (t, ] = 10.80 Hz),
2.29-2.31 (m), 2.67-2.69 (m), 2.79 (d, J = 10.40 Hz), 3.52-

I
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Scheme 1. Synthesis pathway of 6(a-g) compounds.
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3.55 (m), 3.85, 3.88 (m)] (Morpholine H), 2.24 (s, 3H,
PhCHs), 2.29 (s, 3H, COCH,), 3.85 (s, 3H, OCH,), 4.05 (s,
2H, CH,Ph), 4.59 (s, 2H, NCH,N), 7.12 (d, 2H, ArH; ] =
8.00 Hz), 7.22 (d, 1H, ArH; J = 8.00 Hz), 7.23 (d, 2H, ArH;
J=28.00Hz), 7.40 (dd, 1H, Ar-H; J = 8.00, 2.00 Hz), 7.51 (d,
1H, ArH; J = 2.00 Hz), 9.64 (s, 1H, N=CH); *C NMR
(DMSO-d,, §): [17.89, 18.93] (2CHs), 20.38 (COCHS,,
20.56 (PhCH,) 30.61 (CH,Ph), [55.07 (CH,), 55.67 (CH,),
71.01 (2CH)] (Morpholine C), 5591 (OCHj;), [65.41,
65.74, 66.32] (NCH,N), [110.77 (CH), 121.14 (CH),
123.47 (CH), 132.23 (C), 141.89 (C), 151.27 (C)] ArC,
[128.53 (2CH), 129.06 (2CH), 132.62 (C), 135.90 (C)]
(ArC bonded C-3), 145.05 (Triazol Cs), 150.25 (Triazol
Cs), 152.93 (N=CH), 168.28 (COCHS).

6e: mp 126 °C, Yield 73%, IR: 1755, 1710 (C=0),
1584 (C=N), 1296 (COO), 904 and 829 (1,2,4-trisubstitut-
ed benzenoid ring), 829 (1,4-disubstituted benzenoid
ring) cm™}; 'H NMR (DMSO-dg, 8): [1.04 (d; ] = 6.40 Hz),
1.12 (d; ] = 6.40 Hz)] (6H, 2CH3), [2.02 (t, ] = 10.80 Hz),
2.28-2.30 (m), 2.67-2.70 (m), 2.79 (d, ] = 10.40 Hz), 3.52—
3.56 (m), 3.84-3.88 (m)] (Morpholine H), 2.29 (s, 3H,
COCH3), 3.70 (s, 3H, OCH3), 4.04 (s, 2H, CH,Ph), 4.59 (s,
2H, NCH,N), 6.88 (d, 2H, ArH; J = 8.80 Hz), 7.23 (d, 2H,
ArH; ] = 8.40 Hz), 7.26 (d, 1H, ArH; J = 8.40 Hz), 7.42 (dd,
1H, ArH; J = 8.00, 1.60 Hz,), 7.53 (d, 1H, ArH; J = 1.60
Hz), 9.65 (s, 1H, N=CH); 1*C NMR (DMSO-dj, 8): [17.88,
18.73] 2CH,, 20.37 (COCH,), 30.14 (CH,Ph), [55.02
(CH,), 55.66 (CH,), 71.02 (2CH)] (Morpholine C), 55.07
(OCH;-p) 55.93 (OCH3), [65.41, 65.75, 66.33] (NCH,N),
[110.85 (CH), 121.09 (CH), 123.48 (CH), 132.24 (C),
141.89, 151.28 (C)] (ArC), [113.93 (2CH), 127.48 (C),
129.72 (2CH), 158.15 (C)] (ArC bonded C-3), 145.21 (Tri-
azol C;), 150.26 (Triazol C;), 153.00 (N=CH), 168.28
(COCH).

6f: mp 124 °C, Yield 79%, IR: 1763, 1695 (C=0),
1578 (C=N), 1273 (COO), 834 and 863 (1,2,4-trisubstitut-
ed benzenoid ring), 800 (1,4-disubstituted benzenoid
ring) cm™!; 'H NMR (DMSO-d,, 8): [1.03 (d; J= 6,00 Hz),
1.12 (d; J = 6.40 Hz)] (6H, 2CH,), [2.02 (t, ] = 10.80 Hz),
2.29-2.32 (m), 2.63-2.86 (m), 2.78 (d, ] = 10.00 Hz), 3.51-
3.56 (m), 3.83-3.85 (m)] (Morpholine H), 2.29 (s, 3H,
COCHS,3), 3.89 (s, 3H, OCHs;), 4.13 (s, 2H, CH,Ph), 4.59 (s,
2H, NCH,N), 7.22 (d, 1H, ArH; J = 8.00 Hz), 7.38-7.41
(m, 5H, ArH), 7.50 (d, 1H, ArH; J = 1.60 Hz,) 9.66 (s, 1H,
N=CH); 3C NMR (DMSO-d,, 8): [17.90, 18.94] (2CH,),
20.39 (COCHj;), 30.33 (CH,Ph), [55.05 (CH,), 55.65
(CH,), 71.03 (2CH)] (Morpholine C), 55.95 (OCHj),
[65.42, 65.81, 66.40] (NCH,N), 110.87 (CH), 121.13 (CH),
123.50 (CH), 132.17 (C), 141.95 (C), 151.30 (C)] (ArC),
[128.45 (2CH), 130.59 (2CH), 131.51 (C), 134.78 (C)]
(ArC bonded C-3), 144.60 (Triazol C;), 150.26 (Triazol
Cs), 153.16 (N=CH), 168.29 (COCHS,).

6g: mp 179 °C, Yield 85%, IR: 1765 and 1695 (C=0),
1584 (C=N), 1273 (COO), 864 and 838 (1,2,4-trisubstitut-
ed benzenoid ring), 750 and 693 (monosubstituted benze-
noid ring) cm~}; 'H NMR (DMSO-dj, 8): [1.05 (d; ] = 6.40

Hz), 1.14 (d; ] = 6.40 Hz)] (6H, 2CHj;), [2.10 (t, ] = 10.80
Hz), 2.30-2.32 (m), 2.66-2.69 (m), 2.84 (d, ] = 10.40 Hz),
3.54-3.57 (m), 3.82 (m)] (Morpholine H), 2.29 (s, 3H,
COCHS,), 3.81 (s, 3H, OCHs,), 4.71 (s, 2H, NCH,N), 7.25
(d, 1H, ArH; J = 8.00 Hz), 7.45 (dd, 1H, ArH; J = 8.00, 1.60
Hz), 7.55-7.58 (m, 4H, ArH), 7.91-7.94 (m, 2H, ArH),
9.65 (s, 1H, N=CH); *C NMR (DMSO-d,, 8): [17.89,
18.93] (2CHs), 20.37 (COCH,), [54.99 (CH,), 55.56 (CH,),
71.08 (2CH)] (Morpholine C), 55.86 (OCHj;), [65.43,
66.17, 66.78] (NCH,N), 111.46 (CH), 120.93 (CH), 123.61
(CH), 132.11 (C), 142.05 (C), 151.30 (C)] (ArC), [126.12
(C), 128.20 (2CH), 128.56 (2CH), 130.36 (CH)] (ArC
bonded C-3), 144.60 (Triazol Cs), 150.26 (Triazol Cs),
153.16 (N=CH), 168.29 (COCH,).

2. 3. Antioxidant Activity

2. 3. 1. Reducing Power

The reducing power of the synthesized compounds
was determined using the Oyaizu technique.?” The prem-
ise behind this method is that the reducing agent in the
extracts converts Fe® ions to Fe? ions, and that the addition
of FeCl, creates the Prussian blue hue. A compound's re-
ducing capacity can be a useful predictor of its potential
antioxidant activity.*® Various mechanisms have been as-
sociated with antioxidant activity, including inhibition of
chain initiation, binding of transition metal ion catalysts,
breakdown of peroxides, suppression of hydrogen evolu-
tion, radical scavenging, and reducing power. The high
absorbance value indicates high reducing power.*® For
each synthesized compound, 100, 250, 500 pg\mL concen-
trations were prepared and 1 mL from each was taken. For
20 minutes, the resulting mixture was maintained at 50 °C.
After incubation, 1 mL of the sample was mixed with 1 mL
of purified water and 0.2 mL of 1% FeCl; solution. The ab-
sorbance of the resulting solution was measured at 700
nm. As control agents, BHT, BHA, and a-tocopherol were
employed.

2. 3. 2. Radical Scavenging Activity

An example of a stable organic radical is 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH). The antioxidant capacity of
biological reagents can be used to assess their potential to
scavenge DPPH radicals.*! DPPH oxidative assay is used
worldwide to measure radical scavenging capacity. Blois'
method was used to determine the DPPH radical scaveng-
ing effect.?® According to this method, as the electron-do-
nating ability of the extracts increases, the purple color of
the DPPH radical fades and the measured absorbance de-
creases. Concentrations of 12.5, 25, and 37.5 pg/mL were
prepared from each sample and 1 mL of each of these con-
centrations was added to 4 mL of 0.1 mM DPPH. After 30
minutes of darkness, the absorbance values at 517 nm were
determined.*? Three replicates were run for each sample.
BHT, a-tocopherol and BHA were utilized as control rea-
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gents. The absorbance values of the samples were com-
pared with the control, and the following formula was
used to calculate the radical scavenging activity (% inhibi-
tion).

2. 3. 3. Metal chelate Activity

The chelation of transition metals is one of the
mechanisms of antioxidative activity, which stops Fen-
ton-type reactions and hydroperoxide breakdown from
being catalyzed. The metal chelating ability of the synthet-
ic compounds was determined using the technique estab-
lished by Dinis et al.2> Samples and standards were diluted
with pure water in test tubes to prepare concentrations of
30, 45, and 60 pg/mL with a total volume of 200 pL. 0.05
mL of 2 mM FeCl,-4H,0O and 0.35 mL of pure water were
added. Distilled ethanol was added to make the final vol-
ume 4 mL. 0.2 mL of 5 mM ferrozine solution was added
to start the reaction. After mixing, the mixture was left for
10 minutes at room temperature. Following incubation,
the solution's absorbance at 562 nm was measured and
compared to the blank, which was made up of all the solu-
tion except the sample. The control was prepared using
pure water instead of the sample solutions. The results
were given as %Fe?" ion chelating capacity. The spectro-
photometric measurement in this investigation depends
on the production of a dark purple complex with ferroz-
ine and FeCl,. Since iron ions chelated by antioxidant
substances cannot bind to ferrozine, the intensity of the
purple color formed is reduced, resulting in a lower ab-
sorbance. A low absorbance value indicates a high chelat-
ing capacity.

2. 4. Antimicrobial Activity

In our research, we used the agar well diffusion
method to assess the antibacterial properties of the synthe-
sized compounds. This technique, similar to the disk diffu-
sion method, is commonly used to evaluate antibacterial
activity against various bacterial strains.** The target bac-
teria were uniformly spread on agar plates. Wells were
then punched into the agar using a sterile cork borer, and
the synthesized compounds were added into these wells.
Following incubation, the antibacterial activity was evalu-
ated by measuring the inhibition zones formed around the
wells. The inhibition zones were measured with a ruler af-
ter the novel compounds were added to the Petri dishes.
The antimicrobial efficacy of the compounds was then
compared to that of standard antibiotics. Thus, the antimi-
crobial results of the compounds were obtained and com-
pared with standard antibiotics. The produced compounds'
antibacterial efficacy against the references (Ampicillin,
Streptomycin and Neomycin) and six distinct bacteria
(Bacillus subtilis (A), Bacillius cereus (B), Pseudomonas
aeruginosa (C), Klebsiella pneumoniae (D), Staphylococcus
aureus (E), Esherichia coli (F) the antibacterial activity ef-
fects have been visually presented in Figure 1, 2.

2. 5. DFT Study

The use of DFT calculations in large-scale quantum
chemistry on multielectronic systems and the develop-
ment of concepts regarding inhomogeneous fluids and
phase transitions is another major area where DFT calcu-
lations are advancing. DFT calculations have been a valua-

Figure 1. The visualization picture of novel 6(a-f) compounds anti-
microbial the effects against A, B, C,D, E and F

Figure 2. The visualization picture of Ampicillin, Streptomycin and Neomycin antimicrobial effects against A, B C, D, E and E
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ble research tool for many applications.* Structure-activi-
ty relationships (SAR) use specific quantum descriptors
such as Eyyyo, Enomo, dipole moment, energy gap, vol-
ume, total energy, global stiffness, and molecular polariza-
bility to provide an accurate link to biological activity. DFT
calculations provide information on energy functionals, as
well as electric, spin, magnetic, catalytic, intermolecular,
and chemical reactivity properties.*> Geometry optimiza-
tions of the synthesized compounds were performed using
the B3LYP*® hybrid functional with the 6-311G(d,p) basis
set, implemented in the Gaussian 09 program.*” The main
purpose of the DFT calculations in this study was to obtain
theoretical LUMO values, total energy, and volume for
SAR (structure-activity relationship) analysis, and to com-
pare these results with antimicrobial activity data.

3. Results and Discussion
3. 1. Antioxidant Activity
3. 1. 1. Reducing Power

The reducing powers of the synthesized compounds
were determined according to the Oyaizu method and
compared with the values of standard antioxidants. The
absorbance values measured at 700 nm in the UV spectro-
photometer are given in Table S1. In order to compare the
reducing powers of the compounds, the values given in
Table S1 were used and are given graphically in Figure 3.
According to the data in Figure 3, it was observed that the
absorbance values of the compounds were very low com-
pared to the standards and that the synthesized com-
pounds did not show reducing properties.
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Figure 3. The reducing power of standard antioxidants and the
6(a-g) compounds at molar concentrations 0, 100, 250, 500 pg\mL

3.1.2. Radical Scavenging Activity

The results of the radical scavenging activity tests of
the novel compounds 6(a-g), along with the reference an-

tioxidant substances (a-tocopherol, BHA, and BHT), are
presented in the graph below (Figure 4, Table S2). In the
graph, the radical scavenging activities of the synthesized
compounds, measured at 517 nm across various concen-
trations, are expressed as percentage inhibition. According
to the data, the activities of compounds 6c, 6d, 6e, and 6f
increased with concentration, whereas compounds 6a, 6b,
and 6g showed no concentration-dependent change. Ad-
ditionally, the radical scavenging activities of all synthe-
sized compounds 6(a-g) were found to be lower than
those of the reference antioxidants.
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Figure 4. The radical scavenging activities of standard antioxidants and
the 6(a-g) compounds at molar concentrations 0, 12.5, 25, 37.5 pg\mL

3. 1. 3. Metal Chelate Activation

The percentage inhibition of the synthesized Man-
nich bases 6(a-g) and the activities of reference antioxi-
dants (a-tocopherol and EDTA) are presented in Figure 5
and Table S3. The metal-chelating ability of phenolic com-
pounds is determined by the presence, position, and num-
ber of specific functional groups in their structures. It is
known that phenolic compounds containing at least two of
the following functional groups -OH, -COOH, -SH,
-PO3;H,, -NR,, C=0, -O and -S possessing an appropriate
structural configuration exhibit enhanced metal-chelating
properties.*” In this study, the synthesized compounds
were found to exhibit strong metal-chelation activity, like-
ly due to the presence of C=0, -NR,, and —-O- groups in
their structures. When compared with the reference anti-
oxidants, EDTA displayed similar chelation activity, while
a-tocopherol exhibited lower activity.
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Figure 5. The metal chelate activities of standards and the 6(a-g)
compounds at molar concentrations 0, 12.5, 25, 37.5 ug\mL
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3. 2. Antimicrobial Activity

The antibacterial properties of the newly synthesized
compounds 6(a-g) were evaluated against six different
bacterial strains using the agar well diffusion method. Ne-
omycin, Ampicillin, and Streptomycin were employed as
standard antibiotics. Table 1 presents the antimicrobial ac-
tivity results of both the standards and the synthesized
compounds. According to the results, the synthesized
compounds exhibited the highest activity against Klebsiel-
la pneumoniae and Escherichia coli, while the weakest ac-
tivity was observed against Pseudomonas aeruginosa.
Among all tested compounds, compound 6a was the only
one that demonstrated activity against all bacterial strains.

tential therapeutic targets in ovarian (PDB ID: 3W2S) and
stomach cancer (PDB ID: 30CB), along with in silico study
results for these compounds. Molecular docking was per-
formed using the Standard Precision (SP) mode of the
Glide module, accessed via the Maestro interface of the
Schrodinger software siiite.?® This method provides a bal-
anced approach between speed and accuracy when esti-
mating the binding affinities and interaction probabilities
of ligands with target proteins. During the docking pro-
cess, the active sites of the proteins were defined based on
the positions of co-crystallized ligands within the crystal
structures (PDB IDs: 3W2S and 30CB) obtained from the
Protein Data Bank.>* A grid box was generated to encom-
pass the biologically relevant binding regions of the pro-

Table 1. The zone diameter values against bacteria of synthesized compounds

Compound (A) (B) (© (D) (E) (F)
Bacillus Bacillius ~ Pseudomonas Klebsiella  Staphylococcus  Escherichia
Code subtilis cereus aeruginosa pneumoniae aureus coli
6a 12 (++) 15 (++) 11 (++4) 18 (+++) 18 (+++) 22 (++4+)
6b 8(+) 9(+) - 19 (+++) - 16 (++)
6¢ 11 (++) 9 (+) - 14 (++) - 14 (++)
6d - - - 11 (++) 8 (++) 13 (++)
6e - 9 (+) 10 (++) - 8 (++) 12 (++)
6f - - - 10 (++) 8 (++) -
6g 8(+) 10 (++) - 12 (++) - 8 (++)
Ampicillin 33 36 36 35 37 34
Streptomycin 17 17 14 16 13 16
Neomycin 12 12 12 11 21 10

“The inhibition zone: (-): <5.5 mm; (+): 5.5-10 mm; (++): 11-16 mm; (+++): =217 mm”

3. 3. Biochemical Results
3. 3. 1. Molecular Docking Studies

Molecular docking is a crucial technique in modern
drug development, enabling the assessment of both the
type and strength of molecular interactions with target bi-
omolecules.*® Depending on the specific bioactivity of in-
terest, interactions with various targets can be analyzed,
allowing for more detailed investigations to be conducted
faster and more cost-effectively using data obtained
through modern scientific advancements.*’ Research has
shown that vascular endothelial growth factor (VEGF)
plays a significant role in the proliferation and survival of
cancer cells.”® One promising approach in anticancer drug
design is to inhibit the receptor responsible for the release
of VEGF. Targeted or disease-oriented drug development
typically involves five phases, the first three of which are
commonly conducted through in silico methods.”! It is
widely recognized that biomedical research is both expen-
sive and labor-intensive. To optimize research costs and
enhance efliciency, in silico studies are considered indis-
pensable in the early stages of drug discovery.>?

This section presents the molecular docking analysis
of compounds 6(a-g) with protein structures that are po-

teins, thereby enhancing the realism and reliability of the
analysis.

The docking scores obtained from the molecular
docking analysis of the novel Mannich bases have been
presented in Table 2. Analysis of the data revealed that
compounds 6e and 6f exhibited the most potent inhibitory
activity against the ovarian cancer target (PDB ID: 3W2S;
docking score: -9.91) and the gastric cancer target (PDB
ID: 30CB; docking score: -9.91), respectively. Consistent
with these findings, ADME analysis indicated that com-
pounds 6e and 6f demonstrated favorable pharmacokinet-
ic properties and compatibility with the docking results.
The 3D and 2D interactions of these two compounds with
their respective receptors, generated using Discovery Stu-
dio 2016, have been illustrated in Figures 6 and 7. Accord-
ing to the literature, the protein targets represented by
PDB IDs 3W2S>* and 30CB. are widely utilized in ovar-
ian and stomach cancer research, respectively. Additional-
ly, favorable docking scores were obtained when evaluat-
ing these proteins with their reference ligands. Considering
the high binding affinities of compounds 6e and 6f, these
synthesized compounds show promising preliminary po-
tential for further development as structure-based drug
candidates targeting ovarian and stomach cancers in silico.
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Table 2. Binding scores with PDB:3W2S, PDB:30CB enzymes of 6(a-g) and control ligands

Compounds Docking Score
(PDB: 3W2S) Control Ligand (PDB: 30CB) Control Ligand

6a -7.06 -9.20 -7.86 -10.30
6b -6.05 -9.20 -9.53 -10.30
6¢ -7.90 -9.20 -9.91 -10.30
6d -7.70 -9.20 -8.10 -10.30
6e -8.10 -9.20 -9.20 -10.30
6f -7.50 -9.20 -9.30 -10.30
6g -7.40 -9.20 -8.32 -10.30

Table 2 presents the docking scores obtained from
the molecular docking analysis of the synthesized com-
pound 6e (docking score: —8.10) and the control ligand,
1-(3-(2-chloro-4-((5-(2-(2-hydroxyethoxy)ethyl)-5H-
pyrrolo[3,2-d]pyrimidin-4-yl)amino)phenoxy)phenyl)-
3-cyclohexylurea (docking score: -9.20), with the 3W2S
protein. The docking scores in Table 2 indicate that the
binding affinity of compound 6e is comparable to that of
the natural ligand. Figure 9 illustrates the 2D interaction
diagrams of compound 6e and the control ligand with the
3W2S protein. Upon examining Figure 6, it was observed
that the target proteins share similar amino acid residues,
except for differences in the receptor binding sites and the
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classes of interactions with the ligands, such as n-n
T-shaped and n-Anion interactions. Figure 7 depicts both
3D and 2D interaction models of compound 6e docked
with the 3W2S protein, highlighting the amino acids pres-
ent in the receptor binding sites and the corresponding
interaction types with the ligand. Upon examining Figure
7, the amino acids and binding distances seen as a result of
the docking analysis are here; conventional hydrogen
bonds ARG-841 (5.55 A) in the oxygen in the triazole ring,
LYS-745 (4.83 A) in the acetoxy part of the compound,
VAL-876 (5.41 A and 6.48) carbon hydrogen bonds in the
2,6-dimethylmorpholine ring, ARG-841 (5.19 A and 5.24
A) n-Cation bonds in triazole and benzene ring, PHE-723
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Figure 6. 6e Compound-PDBID:3W2S and control ligand-PDBID:3W2S 2D Mode view
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Figure 7. Interacts with 3W2S (Docking Score: -8.10) enzym of synthesized 6e compound; 2D view of ligand-enzyme interactions, 3D view of the

donor/acceptor surface of hydrogen bonds on the receptor

(5.66 A) - T-Shaped bond on the benzene ring of the
3-methoxy-4-acetoxybenzylideneamino group, ALA-920
(4.41 A), LYS-879 (4.26 A), PRO-914 (5.27 A), LEU-729
(5.90 A), LYS-913 (3.86 A) Alkyl bonds, TRP-880 (6.82 A)
Pi-Alkyl bond, LYS-875, LYS-875, LYS-875, PRO-877,
ASP-875, VAL-726, GLY-724, SER-720 van der Waals
bonds.

Table 2 presents the docking scores obtained from
the molecular docking analysis of the novel compound 6f
(docking score: -9.30) and the control ligand, (25)-1-(4-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperazin-1-yl)-3-ami-
no-2-((4-chlorocyclohexyl)methyl)propan-1-one (dock-
ing score: -10.30), with the 30CB protein. The docking
scores indicate that the binding affinity of compound 6f is
comparable to that of the natural ligand. Figure 8 shows
the 2D interaction diagrams of compound 6f and the con-
trol ligand with the 30CB protein. Upon examination of
Figure 8, it was observed that the target proteins share sim-
ilar amino acid residues, with differences mainly in the
receptor binding sites and the types of interactions in-
volved, including m-Cation, m-Donor Hydrogen Bond,

Carbon Hydrogen Bond, and n-Anion interactions. Figure
9 illustrates the 3D and 2D interaction models of com-
pound 6f docked with the 30CB protein, highlighting the
interacting amino acids and the nature of their chemical
interactions. Upon examining Figure 9, the amino acids
and binding distances seen as a result of the docking anal-
ysis are here: Conventional hydrogen bonds of THR-291
(4.60 A) to the acetoxy part of compound 6f, and THR-160
(4.35 A) to the oxygen in the triazole 2,6-dimethylmor-
pholine ring, VAL-876 (5.41 A and 6.48) carbon hydrogen
bonds in the triazole and benzene ring, ARG-4 (7.02 A and
7.20 A) m-Cation bonds and GLU-234 (6.70 A and 7.56 A)
n-Anion bond on triazole and benzene ring, VAL-164
(4.92 A) ni-Sigma and MET-227 (5.42 A) m-Sulfur bonds
on the benzene ring of the 3-methoxy-4-acetoxyben-
zylideneamino group, MET-281 (6.17 A), ALA-177 (5.18
A), LEU-156 (4.55 A), VAL-164 (5.59 A) Alkyl bonds,
PHE-438 (6.41 A), PHE-161 (5.72 A) Pi-Alkyl bond, LYS-
442, LYS-179, THR-211, TYR-229, ASP-292, ASN-279,
PRO-877, ASP-439, GLU-228, and GLY-159 van der Waals
bonds.
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Figure 8. 6f compound-PDBID:30CB and control ligand-PDBID:30CB 2D Mode view

3. 3. 2. ADME Analysis

Evaluating the therapeutic potential of a chemical
compound primarily involves chemical synthesis, biologi-
cal screening (both in vitro and in vivo), and analysis of
pharmacokinetic properties.*® Determining pharmacoki-
netic characteristics such as metabolism, excretion (AD-
ME), and toxicity through in vivo studies is a crucial initial
step; however, it is an extremely costly process. Therefore,
early elimination of poor drug candidates that could lead
to clinical failure is essential. SwissADME is a free online
platform that offers computational tools to assist in this
evaluation.*® It provides valuable information on parame-
ters such as solubility, saturation, lipophilicity, skin perme-
ability, intestinal absorption, and molecular size.

The SwissADME tool was employed to evaluate the
drug-likeness potential of the synthesized compounds.
These compounds were assessed according to the Lipinski,
Veber, and Ghose rules, with the results summarized in
Table 3. Compounds that satisfy two or more of these cri-
teria are considered to have high drug-likeness, whereas
those meeting fewer than two criteria exhibit lower
drug-likeness potential. According to Lipinskis rules,
compounds 6a, 6b, 6¢c, and 6d comply with all criteria,
while compounds 6e and 6f violate one rule (molecular
weight > 500). Compound 6g violates two rules (molecu-
lar weight > 500 and number of hydrogen bond donors

and acceptors (NorO) > 10). The violation of the molecu-
lar weight rule in compounds 6e and 6f is likely attributa-
ble to the presence of bulky aromatic systems and extend-
ed alkyl or heterocyclic side chains, which increase the
overall molecular mass and may negatively impact mem-
brane permeability and oral bioavailability. According to
Ghose’s criteria, compounds 6a and 6d were found to
comply with all the rules. However, compound 6b violated
one rule (molar refractivity, MR > 130); compounds 6c, 6e,
and 6f violated two rules (molecular weight > 480 and MR
> 130); and compound 6g failed to meet three criteria
(molecular weight > 480, MR > 130, and total number of
atoms > 70). The high molar refractivity in these com-
pounds may result from the presence of multiple rnt-sys-
tems and polarizable atoms (such as halogens or sulfur),
which affect the electronic distribution and can influence
receptor binding or distribution characteristics. When
evaluated according to Veber’ rules, all synthesized com-
pounds were found to comply with the established criteria.
Taken together, these findings suggest that the synthesized
compounds exhibit the physicochemical and structural
characteristics necessary for drug-likeness and oral bio-
availability, as summarized in Table 3. In terms of solubili-
ty, all compounds demonstrated favorable properties
based on the SwissADME scale, which is a key factor in
therapeutic absorption. Furthermore, the pharmacokinet-
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ic profiles of the compounds were analyzed using the
Boiled-Egg model, as illustrated in Figure 10. This model
assessed parameters such as blood-brain barrier (BBB)
permeability, gastrointestinal (GI) absorption, skin pene-
tration, and drug excretion. The results indicated that all
synthesized compounds showed high gastrointestinal ab-
sorption but were not capable of crossing the blood-brain
barrier. This lack of blood-brain barrier permeability is
likely due to the relatively high topological polar surface
area (TPSA) and the presence of multiple hydrogen bond
donors and acceptors, which limit passive diffusion into
the central nervous system. Skin permeability, another key
pharmacokinetic property, was calculated based on the
model developed by Potts and Guy. The corresponding
values for the synthesized compounds are presented in Ta-
ble 3. According to this model, skin permeability decreases
as the negative Log Kp value increases. Figure 11 presents
the molecular structures, color-coded physicochemical re-
gions, and relevant parameters of the synthesized com-

pounds. In the polar surface area (PSA) maps, the pink
region represents the physicochemical space favorable for
oral bioavailability. As shown in the bioavailability radar
diagram, the compounds generally fall within this pink re-
gion, though slightly outside the saturation threshold. The
positioning of the compounds within the pink zone of the

WILOGF

N W & w3 N
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Figure 10: The Boiled-Egg model represents of the 6(a-g)
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Table 3. The physicochemical and lipophilicity of the 6(a-g)

ADME Properties 6a 6b 6¢ 6d 6e 6f 6g
Physicochemical-propertie
Molecular weight (g/mol) 417.46 479.53 493.55 445.51 507.58 528.00 523.58
Heavy Atoms 30 35 36 32 37 37 38
Aromatic heavy atoms 11 17 17 11 17 17 17
Rotable bond 7 8 9 7 9 9 10
H acceptor bond 8 8 8 8 8 8 9
H donor bond 0 0 0 0 0 0 0
Molar refractivity 114.76 135.23 139.25 126.02 144.22 144.26 145.74
Absorption Percent 74.43 74.43 74.43 74.43 74.43 74.43 71.25
Topological Polar Surface 100.18 100.18 100.18 100.18 100.18 100.18 109.41
Area (TPSA)
Lipophilicity
M LOGP 1.73 2.97 2.97 2.52 3.20 3.43 2.97
Water solubility

LogS (ESOL) -3.21 -4.66 -4.63 -4.13 -4.94 -5.23 -4.72
Solubility Soluble  Mid-degree Mid-degree Mid-degree Mid-degree Mid-degree Mid-degree

soluble soluble soluble soluble soluble soluble

Pharmacokinetics
Absorption High High High High High High High
BBB permeant No No No No No No No
Log Kp (skin permeation-cm/s)  -7.75 -6.95 -7.08 -7.07 -6.91 -6.85 -7.29
Druglikeness
Lipinski violation Yes; 0 Yes; 0 Yes; 0 Yes; 0 Yes; 1 Yes; 1 No; 2
violation: violations:
Ghose violation Yes; No; No; Yes; No; No; No;
0 1 violation 2 violations 0 2 violations: 2 violations: 3 violations:

Veber violation Yes; 0 Yes; 0 Yes; 0 Yes; 0 Yes; 0 Yes; 0 Yes; 0
Bioavailability score 0.55 0.55 0.55 0.55 0.55 0.55 0.17

4ABS%: absorption percent

radar plot supports their drug-likeness, as this region re-
flects the optimal range for key parameters such as lipo-
philicity, polarity, molecular size, and molecular flexibili-
ty—-all of which contribute positively to oral bioavailability.

3. 3. 3. FMO's (Frontier Molecule Orbitals)
Analysis

The highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) represent
the frontier orbitals of a molecule. The energy gap between
these orbitals (E; ymo-Enomo difference) is a critical param-
eter for evaluating the electronic properties and chemical
reactivity of the molecule.”” This energy difference is direct-
ly related to key characteristics such as chemical reactivity,
electrical conductivity, and optical behavior.”® A large HO-
MO-LUMO gap generally indicates a more stable and less
reactive molecule, whereas a smaller gap suggests higher
reactivity and greater ease of electron donation or accept-
ance. The calculated HOMO-LUMO energy gap values and

visual representations of the frontier molecular orbitals for
the synthesized compounds have been provided in Figure
12. The AEg values for compounds 6(a-g) were calculated
as 4.01, 4.01, 3.81, 3.67, 3.65, 3.62, and 3.70 eV, respectively.
Among these, compound 6f exhibited the lowest energy gap
(3.62 eV), indicating higher chemical reactivity compared
to the others. The relatively small AEg value of compound 6f
suggests that it can readily participate in electron transfer
processes. This increased reactivity of compound 6f can be
attributed to the presence of a strong electron-donating
group at a conjugated position, which raises the HOMO en-
ergy level and narrows the HOMO-LUMO gap. In contrast,
compounds 6a and 6b, which exhibit the highest energy
gaps (4.01 eV), contain relatively less conjugated or more
electron-withdrawing substituents, resulting in lower HO-
MO levels and therefore reduced reactivity. These observa-
tions indicate that the nature and position of the substitu-
ents on the aromatic ring play a critical role in modulating
the frontier molecular orbital energies and, consequently,
the chemical behavior of the compounds.
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3. 3. 4. SAR Analysis

In biology and chemistry, structure activity relation-
ships (SAR) are a fundamental concept, especially in drug
discovery. SAR describes the relationship between a mole-
cule’s chemical structure and its biological activity, provid-
ing valuable insights for designing more potent and selec-
tive therapeutic agents. It examines how structural
elements such as functional groups, ring systems, atomic
arrangements, and other physicochemical features influ-
ence a molecule’s effectiveness on its biological target.>
Biological activity is typically evaluated based on the mol-
ecule’s ability to interact with a specific target, such as en-
zyme inhibition, receptor activation, or modulation of
other biological processes. SAR studies involve systematic
modifications of molecular structures to assess how these
changes affect biological responses.®’ This process helps
identify which structural features enhance or diminish ac-
tivity. Physicochemical Parameters: Key contributors to
SAR include hydrogen bonding capacity, molecular vol-
ume, lipophilicity (log P), and polarity. Pharmacophore
Models: These describe the essential three-dimensional
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Figure 11. Structure, color regions and physicochemical parame-
ters of the 6(a-g)

features of a molecule required to elicit a specific biological
response.®! To investigate the structure-activity relation-
ships of the synthesized compounds, correlations between
their antibacterial activities and molecular characteristics
were analyzed. Specifically LUMO energy, molecular
weight, total energy, and molecular volume were consid-
ered. Among these, LUMO and density were found to be
closely associated with antibacterial activity. The LUMO
(Lowest Unoccupied Molecular Orbital) level is a crucial
parameter for evaluating a molecule's electrophilicity and
reactivity. Molecules with low LUMO values are more re-
active because they can more readily accept electrons. Ac-
cording to theoretical calculations, compound 6f had the
lowest LUMO energy value (-1.886 V), indicating high
electrophilicity. In antibacterial applications, high LUMO
reactivity can enhance interaction with the bacterial mem-
brane. The compound may integrate more effectively into
the lipophilic layer of the bacterial envelope, increasing
membrane permeability and ultimately inhibiting bacteri-
al growth. Density, another important parameter, reflects
how closely packed a molecule's atoms are. It is calculated
as the ratio of molecular weight to molecular volume. No-
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tably, density is inversely proportional to molecular reac-
tivity; compounds with lower densities tend to be more
reactive. The calculated density values, along with mass
and volume, are presented in Table 4. Among all synthe-
sized compounds, compound 6f had the lowest density
(1.2198 g/cm?®) and lowest LUMO energy (-1.886 eV),
suggesting that it exhibits the highest antibacterial activity
due to its superior reactivity.

4. Conclusion

In this study, seven novel Mannich base derivatives
were synthesized and structurally characterized using *C
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Figure 12. Calculated HO-
MO-LUMO energy gap val-
ues and frontier molecular
orbitals of the 6(a-g)
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NMR, 'H NMR, and IR spectroscopy techniques. The an-
tioxidant activities of the synthesized compounds 6(a-g)
were evaluated in vitro using three different methods.
While the compounds did not exhibit significant reducing
power compared to standard antioxidants, they showed
low levels of radical scavenging activity. On the other
hand, due to the presence of C=0, -O-, and -NR, func-
tional groups, high metal chelation activity was observed.
The antimicrobial effects of the Mannich derivatives were
tested against six different bacterial strains. The results in-
dicated that the compounds did not show effects compara-
ble to standard antibiotics. However, the highest antibacte-
rial activity was observed against Klebsiella pneumoniae
and Escherichia coli, while the weakest activity was seen

Table 4. Some parameters of 6(a-g) calculated using the DFT method

Compounds Total Energy (a.u) LUMO (eV) Mol. Wt. (amu) Volume (A3) Density
6a -1428.259636 -1.641 417.201 277.596 1.5029
6b -1506.891910 -1.644 445.232 336.509 1.3111
6¢c -1659.296693 -1.746 493.482 302.823 1.6296
6d -1698.612351 -1.744 507.248 400.427 1.2492
6e -1773.830499 -1.416 523.243 349.317 1.4979
6f -2118.884017 -1.886 527.193 432.185 1.2198
6g ~1619.975061 -1.644 479.216 376.862 1.2715
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against Pseudomonas aeruginosa. Among the 6(a-g) se-
ries, only compound 6a exhibited activity against all tested
bacteria. To investigate the potential anticancer activities,
in silico molecular docking studies were conducted against
ovarian (PDB: 3W2S) and stomach (PDB: 30CB) cancer
target proteins. Among the synthesized compounds, 6e
showed the strongest interaction with the 3W2S protein,
with a docking score of —8.10, while 6f exhibited the high-
est binding affinity to the 30CB protein, with a score of
-9.30. Compared to reference and control ligands, these
results suggest that compounds 6e and 6f possess promis-
ing anticancer potential. To further evaluate their potential
as drug candidates, ADME (Absorption, Distribution, Me-
tabolism, and Excretion) analyses were performed. All
compounds complied with at least two of the five criteria
defined by Lipinski, Veber, and Ghose rules, indicating
good drug-likeness and suggesting their suitability as po-
tential pharmaceutical agents. Additionally, HOMO-LU-
MO energy levels and their energy gap (AE) were theoret-
ically calculated. The compound 6f showed the lowest AE
value, indicating higher chemical reactivity compared to
the others. This result is consistent with the compound’s
observed antimicrobial activity, SAR, favorable ADME
profile, and molecular docking performance. Overall,
compound 6f stands out as a promising multifunctional
lead molecule with potential for further drug develop-
ment.
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Povzetek

V predstavljeni raziskavi so sintetizirali Mannichove bazne derivate 1-(2,6-dimetilmorfolin-4-il-metil)-3-alk-
il(aril)-4-(3-metoksi-4-acetoksibenzilidenamino)-4,5-dihidro-1H-1,2,4-triazol-5-on 6(a-g). Strukture novih spojin so
potrdili s pomo¢jo spektroskopskih metod, in sicer 'H NMR, 3C NMR ter IR spektrometrijo. Potencialno antioksida-
tivno delovanje spojin so ovrednotili s tremi uveljavljenimi metodami (Blois, Oyaizu, Dinis), medtem ko so njihove in
vitro protibakterijske lastnosti preverili z metodo difuzije v agarju na Sestih bakterijskih sevih. Dodatno so izvedli mol-
ekulsko sidranje, da bi raziskali potencialno protitumorno aktivnost spojin proti raku jaj¢nikov in zelodca. Rezultati so
pokazali, da je spojina 6e izkazala ugodne interakcije s proteinom 3W2S, spojina 6f pa s proteinom 30CB. Opravljene
so bile tudi ADME napovedi za vrednotenje podobnosti spojin z zdravilnimi u¢inkovinami. Izra¢unali so energije mole-
kulskih orbital (HOMO-LUMO) ter energijske razlike (AEg). Nazadnje so razmerja med strukturo in delovanjem (SAR)
analizirali s pomocjo teorije gostotonih funkcionalov (DFT).
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