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Abstract 
The persistent rise in antimicrobial resistance and the growing burden of chemo-resistant breast cancer 
have driven the need for dual-acting therapeutic agents. In this study, four novel Mannich base 
derivatives (N1-N4) were synthesized via a classical one-pot condensation of 4-ethoxyacetophenone 
with different substituted secondary amines. The structures were confirmed through FTIR, ¹H-NMR, 
and ¹³C-NMR spectral analysis. Antibacterial activity was evaluated using the agar well diffusion 
method against Staphylococcus aureus and Escherichia coli, while cytotoxicity against the MCF-7 
breast cancer cell line was assessed using the MTT assay. Notably, compounds N2 and N3 demonstrated 
moderate to strong antibacterial activity, with N2 showing 20 mm and 18 mm inhibition zones against 
S. aureus and E. coli, while N3 recorded 16 mm and 14 mm, respectively, at 0.1 mg/mL. In contrast, N1 
and N4 exhibited potent cytotoxic effects, with IC₅₀ values of 18.7 µg/mL and 21.3 µg/mL, 
respectively. Furthermore, molecular docking of N1 with the estrogen receptor alpha (PDB: 5T92) 
revealed stable binding with a docking affinity of -7.73 kcal/mol, supported by favorable hydrogen 
bonding and hydrophobic interactions with MET421 and PHE404. These results suggest that specific 
substitutions on the amine moiety significantly influence biological activity, either through enhanced 
cellular uptake or better receptor binding. Overall, this study confirms that structural tuning of Mannich 
bases can yield promising multifunctional compounds, potentially overcoming the limitations of single-
target therapies. Future research may further optimize these derivatives for selectivity, bioavailability, 
and in vivo efficacy. 
 
Keywords: Antibacterial, anticancer, breast cancer (mcf-7), cytotoxicity, docking, estrogen receptor, 
mannich base 
 
Introduction 
The emergence and rapid spread of antimicrobial resistance among pathogenic bacteria have 
posed a profound threat to global public health. As conventional antibiotics lose their 
effectiveness, infections caused by drug-resistant strains of Escherichia coli and 
Staphylococcus aureus have become increasingly challenging to treat [1]. Consequently, 
researchers have redirected their attention toward designing novel hybrid molecules with 
enhanced antimicrobial profiles [2]. Simultaneously, cancer remains a leading cause of 
mortality worldwide, and among the various types, breast cancer, particularly the MCF-7 
subtype, has shown significant resistance to many chemotherapeutic agents. As a result, there 
is a growing demand for the development of multifunctional compounds that can exert dual 
biological activities, ideally serving as both antibacterial and anticancer agents [3]. Mannich 
bases, which are β-amino carbonyl compounds typically synthesized via the condensation of 
a carbonyl compound, an amine, and formaldehyde, have attracted considerable interest in 
medicinal chemistry [4]. This interest stems from their structural versatility, synthetic 
accessibility, and broad spectrum of biological activities. It is well established that 
incorporating nitrogen-containing groups into drug scaffolds often enhances their 
pharmacological potential [5]. Furthermore, recent studies have demonstrated that Mannich 
bases exhibit promising antibacterial, antifungal, anti-inflammatory, and anticancer activities. 
Due to their ability to interact with microbial enzymes and DNA through hydrogen bonding  
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and π-π stacking, these compounds can disrupt vital cellular 
processes, leading to the death of microbial or cancer cells 
[6]. Despite the therapeutic potential of Mannich bases, 
limited studies have explored their dual activity against both 
bacterial pathogens and cancer cell lines in a single 
compound series [7]. This research gap underscores the need 
to design and synthesize novel Mannich base derivatives 
and evaluate their bioactivities using both microbiological 
and cell-based assays. Addressing this gap could provide 
valuable insights into structure, activity relationships and 
identify lead compounds with potential for further 
development [8]. 
This study aims to assess the antibacterial and anticancer 
potential of newly synthesized Mannich base derivatives N1-
N4. By developing a synthetic route using acetophenone, 
formaldehyde, and diverse secondary amines, we analyze 
how chemical structure influences biological effects. 
Antibacterial efficacy is tested against E. coli and S. aureus, 
while anticancer potential is investigated using the MCF-7 
cell line. Through FTIR and NMR characterizations, 
coupled with molecular docking and in vitro assays, this 
research explores key structure-activity relationships. 
Ultimately, the findings may identify lead molecules with 
dual activity for future drug development targeting both 
microbial and cancer-related pathways. 
 
Materials and Methods  
Chemicals have been purchased from Sigma-Aldrich (USA) 
and BDH Chemicals (UK). Purchased reagents included: -
Hydroxyacetophenone, N-methyl-4-aminophenol, 4-ethyl-
N-methylaniline, N-methyl-p-toluidine, N-methylaniline, 
dimethyl sulfoxide (DMSO), Acetone, Ethyl iodide, K₂CO₃, 
formaldehyde solution (37% w/w), tetrahydrofuran (THF), 
ethyl acetate, ethanol (absolute), chloroform, and all basic 
laboratory consumables, and all basic laboratory 
consumables. Muller-Hinton agar was also acquired from 
Sigma-Aldrich and used as the standard growth medium for 

antimicrobial assays. All glassware was sterilized, and 
aseptic procedures were observed. 
 
Synthesis of 4-Ethoxy acetophenone (A). [9] 
Hydroxyacetophenone (1.36 g, 0.01 mol) was dissolved in 
25 mL of dry acetone. Anhydrous potassium carbonate (2.76 
g, 0.02 mol) was added, followed by the dropwise addition 
of ethyl iodide (1.0 ml, 0.01 mol). The mixture was refluxed 
at 65°C for 6 hours. After cooling, the mixture was filtered, 
and the filtrate was poured into water. The solution was 
extracted with ethyl acetate (3 × 20 mL). The combined 
organic layers were washed with saturated brine, dried, and 
concentrated. The crude product was purified by 
recrystallization from ethanol, affording 4-
ethoxyacetophenone as a pale-yellow oil in 70-75% yield.  
 
Synthesis of Mannich Base Derivatives (N1-N4). [10] 
4- ethoxyacetophenone (1.64 g, 0.01 mol) was dissolved in 
20 mL of tetrahydrofuran (THF) under continuous stirring at 
room temperature. Four parallel reactions were carried out 
using different amine precursors. In the first reaction, N-
methyl-p-toluidine (1.21 g, 0.01 mol) was added to the 
solution, while in the other three reactions, N-methyl-4-
aminophenol (1.23 g, 0.01 mol), 4-ethyl-N-methylaniline 
(1.35 g, 0.01 mol), and N-methylaniline (1.07 g, 0.01 mol) 
were introduced under identical conditions. After complete 
dispersion of the amines, (0.3 g, 0.01 mol) 37 % of 
formaldehyde was added dropwise to each reaction mixture 
with continuous stirring. The mixtures were stirred at room 
temperature for 1 hour and then heated under gentle reflux 
on a steam bath for 20 minutes. The mixtures were cooled to 
room temperature and stored at 4 °C for 48 hours to allow 
for full crystallization. The resulting solid precipitates N1-
N4 were collected by filtration, washed thoroughly with 
cold distilled water, and purified via recrystallization from a 
1:1 (v/v) ethanol and chloroform mixture. The physical 
properties of the derivatives of Mannich bases (N1-N4) are 
shown in Table 1. 

 
Table 1: Physical constants of Mannich Base Derivatives (N1-N4). 

 

Compound No. X Structural formula M. wt (g/mol) M.P. (ºC) Yield % Colour 
N1 CH3 C19H23NO2 297.4 256 65 light yellow 
N2 OH C18H21NO3 299.3 278 54 brown 
N3 C2H5 C20H25NO2 311.4 263 68 light yellow 
N4 H C18H21NO2 283.3 243 72 yellow 

  
Antibacterial effect study 
The antimicrobial activity of the synthesized Mannich base 
derivatives (N1-N4) was evaluated using the cup-plate agar 
diffusion method, and the inhibition zones were measured in 
millimeters. The compounds were tested at three different 
concentrations (0.01, 0.001, and 0.0001) mg/mL, which 
served as the reference drug. Antibacterial activity was 
assessed against two clinically relevant bacterial strains: 
Staphylococcus aureus and Escherichia coli. The micro-
organisms have been isolated and identified at Medical 
Laboratory Techniques Department/ Technical College in 
Kirkuk. Muller-Hinton agar was used as the culture medium 
for all microbiological testing [11]. Ciprofloxacin was 
employed as a standard medication to investigate these 
compounds' possible actions. Using a loop, the test 
compounds were injected into plates containing Nutrient 
Agar (NA) medium, and they were then brooded for 24 
hours at 37°C. Prepared bacterial suspensions in distilled 

water were used to perform the agar diffusion. Every other 
compound that was analyzed was contrasted with the 
substances that were being tested. To evaluate the synthetic 
compounds' antibacterial properties, the widths of the 
inhibitory zones surrounding each well were determined in 
millimeters after incubation [12]. 
 
Molecules Docking Preparation 
The novel derivative (N1) was synthesised and characterised 
using Chemdraw Ultra 12.0 (https://chemdraw 
pro.software.informer.com/12.0/) program to create its 3D 
structure and energy minimization. Using Hyperchem 8.08, 
semi-empirical AM1 pre-optimized the structures [13]. Using 
the B3LYP/6-31G basis set, density functional theory DFT 
optimised the structures for the most stable conformation 
[14]. By default, maximum force, root-mean-square (RMS) 
force, maximum displacement, values are positive, 
indicating stability. The optimised structures were merged in 
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one database using MOE software (Molecular Operating 
Environment (MOE), 2019) to analyse ligand affinity [15].  
 
Receptor preparation 
The Protein Data Bank's crystal structure of the oestrogen 
receptor alpha ligand binding domain in complex with (PDB 
ID: 5T92)[16] (Scheme 1) was chosen. Because the water 
molecule at the target enzyme's active site is critical, it was 
introduced to establish a hydrogen connection between the 
ligand and target. Next, the protein structure was produced 
by repairing the missing bonds broken in X-ray diffraction 
and adding hydrogen atoms. Importantly, PDB is a reliable 

source for biological macromolecule crystal structures 
globally. The Oestrogen Receptor alpha (ERα) ligand-
binding domain, 5T92, is critical for the development and 
progression of oestrogen receptor-positive (ER⁺) breast 
cancer. When ERα binds to oestrogen, it activates genes 
involved in cell growth and survival. In hormone-dependent 
breast cancer, ERα overexpression or activation leads to 
uncontrolled cell proliferation, making it a crucial 
therapeutic target. A well-characterized binding location and 
importance to hormone-driven breast cancer led to its 
selection for molecular docking, enabling in silico screening 
of putative ERα antagonists [17-18]. 

 

 
 

Scheme 1: Ligand with protein, A: Chemical structures of ligand N1, B: of Crystal structures the 5T92 protein 
 

Ligand-Protein molecular docking 
MOE was used for all docking and scoring computations 
(Molecular Operating Environment, 2019) [19]. The Protein 
Data Bank provided the crystal structure of the Oestrogen 
Receptor Alpha Ligand Binding Domain in Complex with 
(PDB ID: 5T92) (Scheme 2) at a resolution of 2.22 Å. A 
resolution of 1.5 to 2.5 Å is suitable for docking 
investigations. The optimal RMSD score is about 2 Å with 

an energy score below -7 kcal/mol. Both of these 
measurements are typically used to confirm molecular 
docking results [20]. 
 
Results and Discussion 
The sequence shown in Scheme 2 was used to synthesize the 
compounds: 

 

 
 

Scheme 2: Synthesis Pathway of Mannich bases (N1-N4). 
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Characterization of compounds (N1-N4) 
Compounds (N1-N4) were produced by reacting 4-
ethoxyacetophenone with substituted aromatic amines and 

formaldehyde in the presence of THF, as shown in Scheme 
3. 
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Scheme 3: Preparation of Mannich bases (N1-N4). 
 

In theMannich reaction, a primary or secondary amine 
condenses with formaldehyde and a molecule that has at 
least one highly reactive hydrogen atom. The reaction's 
primary characteristic is the substitution of an aminomethyl 

or substituted aminomethyl group for the active hydrogen 
atom. One example is the mixture of formaldehyde, 
acetophenone, and a secondary amine salt [21]. The 
suggested reaction mechanism is illustrated in Scheme 4. 
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Scheme 4: Mechanism of Mannich bases synthesis (N1-N4). 
 

The synthesized Mannich base derivatives (N1-N4) are 
confirmed through characteristic FTIR, ¹H-NMR and 13C-
NMR spectral features consistent with the proposed 
structures.  
The FTIR (cm-1) spectra for synthesis derivatives N1-N4 are 
shown in Table 2 and Figures 1-4. The prepared derivative 

N1 was characterized by the infrared spectrum, as it showed 
an absorption band within the IR: 3105 cm⁻¹, 2923 cm⁻¹, 
1692 cm⁻¹, 1251 cm⁻¹, and 1206 cm⁻¹, indicating the υ(C-H) 
aromatic stretching vibration, υ(C-H) aliphatic, υ(C=O) of 
ketone group, (C-O), and υ(C-N), respectively [22]. The 
absorption spectrum in the infrared spectrum was also used 
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to describe the resulting derivative N₂. The IR spectrum 
showed 3594 cm⁻¹, 3079 cm⁻¹, 2963 cm⁻¹, 1692 cm⁻¹, 1305 
cm⁻¹, and 1188 cm⁻¹, indicating the υ(O-H), υ(C-H) 
aromatic stretching vibration, υ(C-H) aliphatic, υ(C=O) of 
ketone group, (C-O), and υ(C-N), respectively [23]. While the 
IR absorption spectrum of the resulting derivative N3 
showed 2925 cm⁻¹, 1697 cm⁻¹, 1260 cm⁻¹, and 1007 cm⁻¹, 

indicating the υ(C-H) aliphatic stretching vibration, υ(C=O) 
of the ketone group, (C-O), and υ(C-N), respectively [24]. 
The FTIR (cm⁻¹) of derivative N4 shows bands at: 3099 
cm⁻¹, 2950 cm⁻¹, 1686 cm⁻¹, and 1278 cm⁻¹, indicating the 
υ(C-H) aromatic stretching vibration, υ(C-H) aliphatic, 
υ(C=O) of the ketone group, and (C-O), respectively [25]. 

 
Table 2: FT-IR data of synthesized Mannich bases derivatives (N1-N4) 

 

Compound No. υ (C-H) Aromatic υ (C-H) Aliphatic (Sym., Asy.) υ (C=O) υ (C=C) Aromatic (Sym., Asy.) υ (C-O) Other absorptions 
N₁ 3105 2923, 2857 1692 1629, 1451 1206 υ (C-N) 1188 
N₂ 3079 2963, 2824 1685 1596, 1495 1251 υ (O-H) 3594 
N₃ 3035 2925, 2837 1697 1617, 1535 1260 υ (C-N) 1007 
N₄ 3099 2950, 2845 1686 1617, 1582 1278 υ (C-N) 1184 

 

 
 

Fig 1: FTIR spectrum of derivative N1. 
 

 
 

Fig 2: FTIR spectrum of derivative N2. 
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Fig 3: FTIR spectrum of derivative N3. 
 

 
 

Fig 4: FTIR spectrum of derivative N4. 
 

Discussion of (1H-NMR and 13C-NMR) spectra 
Using tetramethylsilane as an internal reference, the 1H-
NMR and 13C-NMR spectra were obtained in DMSO using 
a 400 MHz spectrometer. 
The derivative N1: 1H-NMR (400 MHz, DMSO) δ, 7.26-8.0 
showed as (multiplet, 8H, Aromatic ring), 4.01-4.05 as 
(tetra, 2H, O-CH2), 3.01 (singlet, 3H, N-CH3), 3.19-3.21 as 
two (doublet, 2H, methylene), while 1.42-1.45 (triplet, 3H, 
methyl) and 1.60 (singlet, 3H, methyl) [26]. The derivative 
N2: 1H-NMR (400 MHz, DMSO) δ, 9.30 (s, 1H, hydroxyl), 
6.99-7.59 showed as (multiplet, 8H, Aromatic ring), 4.07-
4.14 as (tetra, 2H, O-CH2), 2.88 (singlet, 3H, N-CH3), 3.15-
3.40 as two (doublet, 2H, methylene), while 1.25-1.28 
(triplet, 3H, methyl) [27]. The derivative N3: 1H-NMR (400 
MHz, DMSO) δ, 7.63-8.15 showed as (multiplet, 8H, 
Aromatic ring), 4.12-4.14 as (tetra, 2H, O-CH2), 2.66-2.98 
as (tetra, 2H, methylene), 3.19-3.21 as (triplet, 2H, 
methylene), while 1.25-1.28 and 1.44-1.47 (triplet, 3H, 

methyl) and 3.18 (singlet, 3H, N-CH3) [28]. The derivative 
N4: 1H-NMR (400 MHz, DMSO) δ, 7.26-8.0 showed as 
(multiplet, 8H, Aromatic ring), 4.01-4.05 as (tetra, 2H, O-
CH2), 3.01 (singlet, 3H, N-CH3), 3.19-3.21 as two (doublet, 
2H, methylene), while 1.42-1.45 (triplet, 3H, methyl) and 
1.60 (singlet, 3H, methyl) [29]. Note Figures 5-7. 
The derivative N1: 13C-NMR (400 MHz, DMSO) δ, 194 for 
carbon of carbonyl group, 113-161 for carbons of aromatic 
rings, 65 and 73 for methylene that connect with O and N, 
19 and 21 for carbons of methyl groups [30]. The derivative 
N2: 13C-NMR (400 MHz, DMSO) δ, 194 for carbon of 
carbonyl group, 115-161 for carbons of aromatic rings, 51 
and 65 for methylene that connect with O and N, 25 and 36 
for carbons of methyl groups. The derivative N3: 13C-NMR 
(400 MHz, DMSO) δ, 192 for carbon of carbonyl group, 
112-172 for carbons of aromatic rings, 54 and 67 for 
methylene that connect with O and N, 50 for methyl connect 
with N, 19 and 21 for carbons of methyl groups,. The 
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derivative N4: 13C-NMR (400 MHz, DMSO) δ, 194 for 
carbon of carbonyl group, 112-167 for carbons of aromatic 
rings, 54 and 67 for methylene that connect with O and N, 

48 for methyl connected with N, 21 for carbons of methyl 
groups. Note Figures 8-10. 

 

 
 

Fig 5: 1H-NMR spectrum of derivative N1. 

 
 

Fig 6: 1H-NMR spectrum of derivative N2. 
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Fig 7: 1H-NMR spectrum of derivative N3. 
 

 
 

Fig 8: 13C-NMR spectrum of derivative N1. 
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Fig 9: 13C-NMR spectrum of derivative N2. 
 

 
 

Fig 10: 13C-NMR spectrum of derivative N4. 
 

Applications 
Biological Activity 
The antibacterial activity of the synthesized Mannich base 
derivatives (N1-N4) was assessed using the agar well 

diffusion method against two clinical bacterial strains: 
Staphylococcus aureus (Gram-positive) and Escherichia 
coli (Gram-negative). The zone of inhibition was measured 
at three different concentrations (0.01, 0.001, and 0.0001) 
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mg/mL. Both derivatives showed dose-dependent activity, 
with higher concentrations producing larger inhibition 
zones. The derivative N2 exhibited superior activity 
compared to N3 against both bacterial strains. At 0.01 
mg/mL, N2 demonstrated inhibition zones of 20 mm for S. 
aureus and 18 mm for E. coli, while N3 recorded 18 mm and 
14 mm, respectively. The results indicate that the phenolic -
OH group in N2 may enhance hydrogen bonding and 
facilitate stronger interaction with bacterial targets, possibly 
disrupting enzyme or membrane integrity. In contrast, the 
absence of such a functional group in N3 might account for 

its relatively weaker performance, as shown in Figures 11, 
12 and 13. These findings suggest that electron-donating 
groups (e.g., hydroxyl substituents) on the aromatic ring 
improve antibacterial potency. The active groups bridge in 
the Mannich framework likely contributes to the observed 
activity by facilitating π-π stacking with bacterial DNA or 
interaction with peptidoglycan biosynthesis pathways. This 
is consistent with previous findings on Mannich-type 
derivatives reported by [31-32]. which demonstrated enhanced 
antimicrobial effects with phenol or alkoxy substitutions. 

 

 
 

Fig 11: Biological activity of derivatives (N1- N4) against Staphylococcus aureus. 
 

 
 

Fig 12: Biological activity of derivative (N1- N4) against E. coli. 
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Fig 13: (a): The efficacy of tested compounds in inhibiting the growth of S. aureus bacteria, N1-N4. (b): The efficacy of tested compounds in 
inhibiting the growth of E. coli bacteria, N1-N4 

 
Anti-breast cancer MCF-7 Cytotoxicity 
The cytotoxic potential of Mannich base derivatives N1 and 
N4 against the MCF-7 human breast cancer cell line was 
evaluated using the MTT assay. The percentage of cell 
viability was determined after 48-hour exposure to various 
concentrations, and IC₅₀ values were calculated accordingly. 
The derivative N1 exhibited significant cytotoxicity, 
reducing MCF-7 cell viability to below 25% at its highest 
concentration, with an estimated IC₅₀ of 18.7 µg/mL. 
Derivative N4 also showed potent activity with an IC₅₀ of 
21.3 µg/mL. Both derivatives displayed a concentration-
dependent reduction in cell viability, confirming their 
antiproliferative potential. The observed activity may be 
attributed to the ability of Mannich bases to interfere with 
mitochondrial respiration and induce apoptosis. The 
presence of lipophilic alkyl chains and electron-rich 

aromatic moieties in N1 and N4 likely facilitates cellular 
uptake and interaction with intracellular targets such as 
topoisomerases or estrogen receptors. Moreover, the 
methylene bridge adjacent to both carbonyl and nitrogen 
atoms enhances the electrophilic character of the molecules, 
enabling potential DNA alkylation or inhibition of nucleic 
acid synthesis, as shown in Figures 14-17. Although both 
compounds demonstrated promising activity, N1 was 
slightly more effective, possibly due to the steric and 
electronic effects of the p-tolyl substituent, which may 
enhance affinity for cellular targets. These findings support 
the hypothesis that strategic substitution on the amine 
moiety significantly influences anticancer activity, and they 
pave the way for further optimization toward 
multifunctional anticancer agents. 

 
 

 
 

Fig 14: Cell viability% of synthesized derivative N1. 
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Fig 15: Activity of derivative N1 against MC-F-7. 
 

 
 

Fig 16: Cell viability% of synthesized derivative N4. 
 

 
 

Fig 17: Activity of derivative N4 against MC-F-7. 
 

Molecular Docking  
Molecular docking is essential to drug discovery. MOE 
software was used to calculate molecular docking and 
estimate the protein (5T92) binding modes of the chemical 
(N1) (Figure 18). Table 3 displays the projected binding 

affinities and characteristics of compound (N1) towards 
(5T92), while Table 4 provides its optimal target protein 
binding poses. The following images and tables show 2D 
and 3D interactions of the investigated substances with 
(5T92) protein's major amino acid residues. Compound (N1) 
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bound protein (PDB ID: 5T92) well (Table 4, Table 5). The 
2D and 3D graphics demonstrate the compound (N1) 
binding and mechanism of interaction with the protein (PDB 
ID: 5T92). Mostly hydrogen bonding and hydrophobic 
interactions have been observed. The following figures 
show active site bond lengths and hydrogen bonding. These 

figures indicated that compound (N1) interacts with amino 
acid residues in H-donor, H-acceptor, and H-pi contacts, as 
well as two H-acceptor and pi-H interactions with water and 
amino acids. Table 5 shows interaction distance and energy 
binding. 

 
Table 3: The binding affinity and rmsd result of 5T92 protein from docking process. 

 

Compounds mseq Binding Affinity Kcal/mol Rmsd (Å) E_conf E_place E_score1 E_refine E_score2 
N1- pose1 1 -7.73711 1.981873 -6.33431 -12.7122 -9.61446 -35.9595 -7.73711 
N1- pose2 1 -7.18065 1.486671 -12.1601 -11.5201 -9.09444 -35.9448 -7.18065 
N1- pose 3 1 -7.02909 1.765963 -3.7617 -14.7508 -9.81844 -29.1885 -7.02909 
N1- pose4 1 -6.86725 1.971278 -5.46349 -12.6572 -9.00513 -31.3886 -6.86725 
N1- pose5 1 -6.83001 1.722544 -7.01538 -13.554 -8.95849 -26.8907 -6.83001 
Standard std -7.91706 2.137427 -93.9605 -102.304 -11.9107 -36.5557 -7.91706 

 
Table 4: Smiles of selected ligands. 

 

Compounds Binding Affinity. Kcal/mol Rmsd (Å) 
N1- pose1 -7.73711 1.981873 
N1- pose2 -7.18065 1.486671 
N1- pose 3 -7.02909 1.765963 
N1- pose4 -6.86725 1.971278 
N1- pose5 -6.83001 1.722544 
Standard -7.91706 2.137427 

 
Table 5: Details of the best poses of ligand (N1) with protein 5T92 

 

E (kcal/mol) Distance 
(Å) 

Type of interaction 
bond 

Involved receptor 
residues 

Atom of 
Receptor 

Atom of 
compound 

Rmsd 
(Å) 

Binding Affinity 
Kcal/mol Compounds 

-0.0 
- 4.5 
-0.2 
-0.8 

3.74 
3.25 
4.26 
3.84 

(A) H-donor 
(A) H-acceptor 

(A) pi-H 
(A) pi-H 

MET 421 
MET 421 
PHE 404 
LEU 525 

SD 
CE 
CE1 
CD2 

C 19 
O 9 

6-ring 
6-ring 

1.981873 -7.73711 N1- pose1 

-3.8 
-0.5 
-0.4 
-0.3 

2.53 
4.66 
4.14 
4.25 

(A) H-donor 
(A) pi-H 
(A) pi-H 
(A) pi-H 

GLU 353 
ALA 350 
PHE 404 
MET 421 

OE1 
CB 

CD1 
CE 

O11 47 
6-ring 
6-ring 
6-ring 

2.137427 -7.91706 Standard 

 

 
 

Fig 18: 2D and 3D of the best poses. 
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Interpreting molecular docking results 
Five binding postures were found for compound N1 in 
molecular docking with 5T92. Pose 1 has the best binding 
profile. It had a binding affinity of -7.73711 kcal/mol, 
somewhat lower than the reference molecule (-7.91706). For 
lead discovery, binding affinity values negative than -6.5 
kcal/mol are noteworthy, while values approaching -8.0 are 
strong. Thus, N1 is effective. Pose 1 of N1 has a reduced 
RMSD (Root Mean Square Deviation) of 1.981873 Å 
compared to the standard of 2.137427 Å. Conformational 
stability and repeatability are often shown by RMSD values 
below 2.0 Å. Energy contributions show that posture 1, 
E_conf (conformational energy) is -6.33431, much less 
negative than the standard's -93.9605, suggesting that the 
standard needed more internal conformational energy 
modifications to fit the pocket. N1 is still valid, although the 

standard uses a more strained conformation to bind. In N1 
stance 1, E_place = -12.7122, E_score1 = -9.61446, and 
E_refine = -35.9595 are energetically favourable. Total 
E_score2 is -7.73711. E_place = -102.304 and E_score1 = -
11.9107 for the standard compound, indicating larger raw 
interaction energies but maybe less specificity or more non-
specific interactions. The chart reveals (Figure 19) that Pose 
1 has the best binding affinity at -7.73711 kcal/mol, which is 
close to the conventional reference value. Pose 1 RMSD is 
lower than the standard compound, suggesting a stable 
docking conformation. For comparison, the dotted lines 
show binding affinity and RMSD values from the standard 
compound. The visualization shows that Pose 1 of N1 is 
better than the examined conformations and similar to the 
standard, making it a potential option for future research. 

 

 
 

Fig 19: RMSD with pose number for derivative N1 and reference value. 
 

Interaction Analysis of 5T92 and derivative N1 Pose 1 
The derivative N1 best position (pose 1) showed protein 
residue interactions. The H-donor contact between ligand 
atom C19 and SD of MET421 occurred at a distance of 3.74 
Å. Oxygen O9 (H-acceptor) formed a stable hydrogen bond 
with MET421 CE at 3.25 Å, contributing -4.5 kcal/mol. 
Aromatic π-π contacts occur between N1 six-membered ring 
and PHE404, and π-H interactions with LEU525 at 
distances from 3.84 to 4.26 Å. These π-π and π-H 
interactions normally improve binding selectivity and 
increase hydrophobic complementarity. However, the 
standard ligand generated stronger hydrogen bonds, as 
shown by energy contributions of -3.8 kcal/mol with 
GLU353 and numerous π-π stacking interactions with 
ALA350, PHE404, and MET421. These interactions 
occurred at distances between 2.53 Å and 4.66 Å. Finally, 
the ligand N1 posture 1 binds well to 5T92, with a stable 
docking shape (RMSD < 2 Å) and numerous hydrogen 
bonding and hydrophobic interactions. Though its binding 
affinity is somewhat lower than that of the conventional 
molecule, its interaction profile is clean, constant, and 
energetically stable. It interacts with MET421 and PHE404, 
proving its biological importance. Thus, compound N1 is a 
powerful and stable 5T92 binder that may be suited for 
biological assessment or optimization. 

Conclusion 
In conclusion, the present investigation confirms that 
carefully designed Mannich base derivatives can exhibit 
substantial biological potential against both bacterial and 
cancer cell targets. The synthesized compounds, N1-N4, 
displayed varying degrees of bioactivity depending on their 
structural substituents. Specifically, N2 demonstrated 
superior antibacterial activity, while N1 showed the most 
potent cytotoxic effect on MCF-7 cells. These differences 
are likely attributed to the presence of electron-donating 
groups such as -OH and -CH₃, which influence interaction 
with biomolecular targets. Moreover, the molecular docking 
results for N1 revealed strong and stable binding affinity 
toward the estrogen receptor (5T92), supporting its 
anticancer mechanism. Consequently, this dual-functionality 
highlights the promise of Mannich bases as scaffold 
platforms for developing multifunctional drugs. Because the 
IC₅₀ and inhibition zones fall within pharmacologically 
relevant ranges, these compounds may serve as starting 
points for more selective and potent analogs. We will 
complete the other applications of these derivatives by 
expanding the scope to additional cell lines and resistant 
bacterial strains. Additionally, in vivo testing, ADME 
profiling, and further structure refinements are 
recommended for future research to enhance drug-likeness, 
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bioavailability, and safety. This study, therefore, opens a 
new direction in the rational design of synthetic hybrid 
molecules for dual-action therapeutic strategies. 
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