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Abstract 

Antimicrobial resistance and cancer are worldwide health issues because pathogens and tumor cells 

quickly become drug-tolerant. New metabolic pathway-interfering pharmacophores are essential. 

Mannich bases, flexible β-aminocarbonyl scaffolds, have many biological functions by interacting with 

enzyme targets via hydrogen bonding and hydrophobic interactions. We synthesized four new Mannich 

compounds (A1-A4) in one pot using 4-methoxyacetophenone, benzaldehyde, and substituted aromatic 

amines. The structures were verified by FTIR and ¹H-NMR spectroscopy. At 0.1 mg/mL, derivative A3 

inhibited Bacillus subtilis better than azithromycin (24 mm) and Klebsiella pneumoniae (17 mm). The 

cytotoxic test of A2 on MA-10 cells showed a concentration-dependent reduction in viability, with an 

IC₅₀ of 112.4 µg/mL. Docking against dihydrofolate reductase (DHFR, PDB: 1RX2) revealed favorable 

binding energies (−7.67 to −7.75 kcal/mol), with A2 scoring highest (−7.75475). DHFR inhibition may 

affect nucleotide biosynthesis, leading to antibacterial and antiproliferative actions. Viability fell from 

99.96% at 0 µg to 2.40% at 800 as halogen substitution enhances lipophilicity and target Thus, 

Mannich compounds are intriguing dual-acting medications. 

 
Keywords: Antimicrobial, DHFR protein, Mannich base, molecular docking 

 

Introduction 

World health challenges include antimicrobial resistance and the rise of cancer, and drug-

resistant Bacillus subtilis and Klebsiella pneumoniae cause dangerous infections [1]. Breast 

cancer is the leading cause of cancer deaths across the world; Thus, therapeutic failure and 

sickness recurrence will increase without innovative pharmacophores. So, a pharmaceutical 

chemical study creates scaffolding that communicates with biologically important targets [2]. 

Mannich bases, which are β-amino carbonyl compounds typically synthesized via the 

condensation of a carbonyl compound, an amine, and benzaldehyde, have attracted 

considerable interest in medicinal chemistry [3]. This interest stems from structural versatility 

of mannich compounds, synthetic accessibility, and broad spectrum of biological activities, 

and it is well established that incorporating nitrogen atom containing groups into drug 

scaffolds often enhances their pharmacological potential [4]. 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 and π-π stacking, these compounds can 

disrupt vital cellular processes, leading to the death of microbial or cancer cells [5]. 

Mannich bases are bioactive scaffolds and pharmacophores for aminoalkyl-chained drug 

synthesis [6]. The Mannich bases may be anti-inflammatory, anticancer, antifilarial, 

antibacterial, and antiviral [6].  

DNA and folate metabolism include DHFR, a known enzyme target, and antibacterial and 

anticancer medicines target DHFR suppression because it degrades nucleotide biosynthesis [7, 

8]. Bacteria need DNA gyrase to replicate. If they bind to these enzymes, newly synthesized 

chemicals may be dual-function therapeutics [9]. The study aims to synthesize and 

characterize a new Mannich base derivative (A1-A4) by FTIR and NMR, with applications 

in antibacterial and anti-MA-10. In addition to the study of molecular docking and ADMET. 

International  Journal  of  Advanced Chemistry Research  2026; 8(8):  56-66 

 

https://www.chemistryjournals.net/
https://www.doi.org/10.33545/26646781.2026.v8.i5a.675


 

~ 57 ~ 

International Journal of Advanced Chemistry Research https://www.chemistryjournals.net 
 

Methodology 

Materials 

All materials used in this research were of analytical grade 

and employed without further purification, such as 4-

Hydroxyacetophenone, N-Methyl-phenethylamine, N-

Methyl-4-bromoaniline, dimethyl sulfoxide (DMSO), 

Acetone, Ethyl bromide, DMF, and K₂CO₃ were purchased 

from Sigma-Aldrich (USA), CDH (India), and BLD (UK). 

4-Chloro-N-methylaniline, N-methyl-4-methoxyaniline, 

benzaldehyde, tetrahydrofuran (THF), ethyl acetate, ethanol 

(absolute), chloroform, phosphate-buffered saline (PBS), 

and amoxicillin were obtained from BDH Chemicals (UK) 

and CDH (India). Muller-Hinton agar was also acquired 

from Sigma-Aldrich and used as the standard growth 

medium for antimicrobial assays.  

 

Synthesis of 4-Methoxy acetophenone 

According to the paper procedure of Damdoom, W. K., & 

Al-Jeilawi, O. H. R. (2025) [10], the synthesis of 4-

hydroxyacetophenone was achieved by a standard 

Williamson ether synthesis that included the O-alkylation of 

4-hydroxyacetophenone. In a standard technique, 1.36 g (10 

mmol) of 4-hydroxyacetophenone was solubilized in 25 mL 

of anhydrous acetone while subjected to magnetic stirring. 

To this solution, 2.76 g (20 mmol) of anhydrous potassium 

carbonate was included as a base to produce the reactive 

phenoxide intermediate. Subsequently, 1.0 mL (10 mmol) of 

iodomethane was added dropwise to the reaction mixture, 

and the system was refluxed at 65 °C for 6 hours to ensure 

full etherification. Finally, the solution was cooled to 25℃ 

and then filtered. The filtrate was then transferred into cold 

distilled water. The amalgamated organic layers were rinsed 

with saturated brine, dehydrated using anhydrous sodium 

sulfate, and concentrated at diminished pressure utilizing a 

rotary evaporator. The crude product underwent purification 

by recrystallization from ethanol, yielding 4-

methoxyacetophenone as a yellow compound at a 68% 

yield. 

 

Synthesis of Mannich Base Derivatives (A1-A4) 

A usual one-pot three-component condensation process 

using 4-methoxyacetophenone, aqueous benzaldehyde (37% 

w/w), and substituted aromatic amines produced Mannich 

base derivatives A1-A4. In a typical process, 4-

methoxyacetophenone (0.01 mol) was dissolved in 25 mL of 

THF at room temperature by continuous stirring, and 

different amine precursors were used in 4 simultaneous 

processes. In the first reaction, 0.01 mol of N-methyl-

phenethylamine was added to the solution. In the remaining 

three reactions, 0.01 mol of N-methyl-4-bromoaniline, 4-

Chloro-N-methylaniline, and N-methyl-4-methoxyaniline 

were added under similar circumstances. 

After dispersing the amines, 15 mL of aqueous 

benzaldehyde solution was added dropwise to each reaction 

mixture while stirring. After stirring at room temperature for 

1 hour to start condensation, the liquids were heated under 

mild reflux on a steam bath for 20 minutes to create 

products. After heating, the combinations were cooled to 

ambient temperature and kept at 4 °C for 48 hours to fully 

crystallize. The solid precipitates of compounds A1-A4 

were filtered, rinsed with cold distilled water, and 

recrystallized from ethanol and chloroform (1:1 v/v) [11]. 

The physical properties of derivative A1 have a molecular 

weight of 373.49 and an off-white color. The derivative A2 

has a molecular weight of 424.29 and a light-yellow color. 

Derivative A3 has a molecular weight of 379.88 and a white 

color, and derivative A4 has a molecular weight of 359.46 

and a white yellowish color. 

 

Antimicrobial activity of synthesized derivatives (A1 and 

A2) 

According to the paper procedure of Songül Boy et al. 

(2021) [12], the synthesized Mannich base derivatives A1 and 

A2 were tested for antibacterial activity using cup-plate agar 

diffusion, quantifying inhibition zones in millimeters. The 

compounds were tested at 0.1, 0.001, and 0.00001 mg/mL of 

medicine. Klebsiella pneumoniae and Bacillus subtilis are 

therapeutically important antibacterial germs. Infected 

wounds, nasal swabs, UTIs, and surgical samples for 

bacterial isolates were clinical sources. Muller-Hinton agar 

was used for all microbiological experiments. Aseptically 

solidifying agar medium on Petri plates. Using a sterile 

triangular loop, bacterial samples were equally distributed 

over agar. On hardened agar, 12 mm stainless steel cylinders 

created uniform wells. The wells received synthesized 

chemicals in the appropriate amounts by micropipette. The 

azithromycin was dissolved in sterile distilled water, 

whereas all produced compounds were in DMSO. After one 

hour at room temperature for compound diffusion, plates 

were incubated at 37 °C for 48 hours. After incubation, 

millimeter-sized inhibitory zones surrounding each well 

were measured to assess the produced compounds' 

antibacterial activities. 

 

Molecules Docking Preparation 

The MOE 2019 docking of the produced derivatives [13], to 

the DIHYDROFOLATE REDUCTASE 1RX2 structure 

determines its binding affinity [14]. Moe docks molecules. A 

separate step docks ligands into the protein's binding pocket. 

Many active site ligand poses are generated by Triangle 

Matcher placement. Force-field energy reduction 

streamlines top postures. Final GBVI/WSA dG binding 

affinities are assessed. Figure 1 shows DIHYDROFOLATE 

REDUCTASE 1RX2 structure's Protein Data Bank [15]. 

Using ChemDraw Ultra (12.0) [16] and MOE [17], and sketch 

and minimize the synthesized derivatives (A1-A4). MOE 

imported ChemDraw Ultra 12.0 chemical structures. For 

stable docking conformations, the MMFF94 force field is 

used to translate each ligand to three dimensions and reduce 

energy. Module MOE's Site Finder finds the protein's active 

binding pocket via alpha-sphere mapping. To generate 

multiple binding postures for docking calculations, Triangle 

Matcher places each ligand independently into the binding 

site. Positions were established using the London dG 

scoring function scores. The GBVI/WSA dG scoring 

method calculates binding affinities, and force-field-based 

energy reduction optimizes postures. S-scores, RMSD, and 

protein-ligand interaction patterns evaluate docking 

findings. The MoE Ligand Interaction module displays 

hydrogen bonding, π-H interactions, and hydrophobic 

contacts. Each compound docks most stably with high 

binding energy, low RMSD, and good active site 

interactions [18], as shown in Figure 1. 
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Fig 1: Ligand with protein, A: Chemical structures of ligand A1, B: Crystal structures of the DIHYDROFOLATE REDUCTASE 1RX2 

structure. 

 
Results and Discussion 

A one-pot three-component condensation process using 4-

methoxyacetophenone, benzaldehyde, and modified 

secondary aromatic amines produced the Mannich base 

derivatives A1-A4. The reaction went successfully under 

gentle reflux conditions, producing crystalline β-

aminoketone derivatives in excellent yields, as shown in 

Figure 2. 

 

 
 

Fig 2: Structures of synthesized derivatives A1-A4. 

 

The mannich chemicals work by inhibiting key enzymes 

involved in nucleotide manufacture and DNA replication, 

and the β-aminoketone scaffold's carbonyl group and 

tertiary amine promote hydrogen bonding and electrostatic 

interactions in enzyme active sites. Molecular docking 

shows these compounds form stabilizing hydrogen bonds 

and hydrophobic interactions with key amino acid residues 

in DHFR's catalytic pocket. Dihydrofolate may not be 

converted to tetrahydrofolate, which inhibits thymidylate 

and purine synthesis, which are needed for DNA replication 

and cell proliferation. Additional DNA gyrase interaction 

may break DNA supercoiling, slowing bacterial growth. 

Halogen substituents improve membrane permeability and 

lipophilicity, enabling intracellular enzymatic target access. 

Thus, folate metabolism inhibition and DNA processing 

pathway interference kill bacteria and cancer cells. 

The synthesized Mannich base derivatives (A1-A4) are 

confirmed through characteristic FTIR and ¹H-NMR 

spectral features consistent with the proposed structures. In 

the FTIR spectra, all compounds exhibit a strong absorption 

band around 1687-1705 cm⁻¹, which corresponds to the 

stretching vibration of the carbonyl (C=O) group of the 

ketone [19]. The FTIR (cm-1) of derivatives as shown in 

Figures 3-7 for synthesized derivatives A and A1-A4, 

Figure 4 shows the FTIR spectrum of the derivative, which 

shows the disappearance of a broad band of the hydroxyl 

group and C=O at 1705. The derivative A1, a new band C-O 

at 1254, C-H aliphatic at 2903 and 2978, while carbonyl 

group at 1687, and the disappearance of the hydroxyl group 
[20]. 

The FTIR (cm-1) of derivative A2 shows bands 1697 for the 

carbonyl group, 2979 and 2897 for C-H aliphatic, and 1252 

for C-N, as shown in Figure 5 [12]. 

The FTIR (cm-1) of derivative A3 shows 1696 for the 

carbonyl group, 2964 for the C-H aliphatic, and 1174 for the 

C-N, as shown in Figure 6 [12]. 

The FTIR (cm-1) of derivative A4 shows 1705 the carbonyl 

group, 2903 and 2978 the C-H aliphatic, and 1179 the C-N 
[21], as shown in Figure 7. 
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The derivative A1: 1H-NMR (400 MHz, DMSO) δ, 7.17-

8.10 showed as (m, 14H, Aromatic ring), 2.39 as (s, 3H, N-

CH3), 4.59 (s, 3H, O-CH3), 3.72-3.87 as two groups (t, 2H, 

methylene), as shown in Figure 8 [22]. 

The derivative A2: 1H-NMR (400 MHz, DMSO) δ, 6.99-

8.11 showed as (m, 14H, Aromatic ring), 3.89 as (s, 3H, N-

CH3), 4.59 (s, 3H, O-CH3), 2.44-2.80 as two groups (t, 2H, 

methylene), as shown in Figure 9 [21]. 

The derivative A3: 1H-NMR (400 MHz, DMSO) δ, 7.09-

7.93 showed as (m, 14H, Aromatic ring), 2.98 as (s, 3H, N-

CH3), 3.78 (s, 3H, O-CH3), 2.43-3.61 as two groups (t, 2H, 

methylene), as shown in Figure 10 [21, 23]. 

The derivative A4: 1H-NMR (400 MHz, DMSO) δ, 7.18-

8.08 showed as (m, 14H, Aromatic ring), 2.95 as (s, 3H, N-

CH3), 3.87 (s, 3H, O-CH3), 2.44-3.45 as two groups (t, 2H, 

methylene), as shown in Figure 11 [12]. 

 

 
 

Fig 3: FTIR spectrum of derivative A. 
 

 
 

Fig 4: FTIR spectrum of derivative A1. 
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Fig 5: FTIR spectrum of derivative A2. 
 

 
 

Fig 6: FTIR spectrum of derivative A3. 
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Fig 7: FTIR spectrum of derivative A4. 
 

 
 

Fig 8: 1H-NMR spectrum of derivative A1. 
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Fig 9: 1H-NMR spectrum of derivative A2. 
 

 
 

Fig 10: 1H-NMR spectrum of derivative A3. 
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Fig 11: 1H-NMR spectrum of synthesized derivative A4. 
 

Applications 

1. Biological Activity (Anti-bacterial Evaluation) 

The synthesized mannich derivatives A1-A4 inhibited both 

Bacillus subtilis and Klebsiella pneumoniae concentration-

dependently. The reference drug, such as azithromycin, that 

was used inhibited Bacillus subtilis at 24 mm, the derivative 

A3 the most at 26 mm, followed by A4 at 23 mm, A1 at 20 

mm, and A2 at 17 mm. the derivative A3 inhibited 

Klebsiella pneumoniae best at 17 mm at 0.1 concentration, 

followed by A2 at 14 mm, A1 and A4 11 mm, and 

azithromycin was inhibit 12 mm, as shown in Figures 12 

and 13, A3 was the most efficient derivative against all 

strains, particularly Gram-positive bacteria. The aromatic 

ring electron-donating and electron-withdrawing groups, 

such as alkoxy and halide substituents, boost antibacterial 

action. Bridging active groups in the Mannich framework 

may impact activity by allowing π-π stacking with bacterial 

DNA or peptidoglycan pathways. This supports Ali et al.'s 

(2025) Mannich-type derivative [24], and Pakeeraiahet et al. 

(2025) [25], phenol or alkoxy substitution improved 

antibacterial capabilities. 

 

 
 

Fig 12: Derivative A1-A4 activity against Bacillus subtilis. 
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Fig 13: Derivative A1-A4 activity against Klebsiella pneumoniae. 
 

2. Anti-breast cancer MCF-7 Cytotoxicity 

In triplicate (R1-R3), derivative A2 was assessed for 

cytotoxicity on MA-10 murine tumor cells at 0 to 800 µg 

dosages, and treated cells (0 µg) were 100% viable after 

blank correction and normalization, with a mean vitality of 

99.96 ± 4.91%. Concentration harmed cells. Viability 

decreased to 80.02 ± 2.70% at 50 µg and 56.11 ± 3.99% at 

100 µg. Significant inhibition occurred at 200 µg, lowering 

viability to 25.56 ± 1.30%. Increased dosages caused 

considerable cytotoxicity, with mean viability values of 

10.57 ± 2.56% at 400 µg and 2.40 ± 0.69% at 800 µg. All 

dosages had modest standard deviations, indicating high 

experimental reproducibility. Table 1 and Figures 14 and 15 

show concentration-dependent MA-10 cell viability 

decrease. 

 
Table 1: Activity of synthesized derivative A2 against MA-10 

cells. 
 

Concentration (µg) Mean SD 

0 99.96252 4.909473 

50 80.02249 2.700992 

100 56.10945 3.985546 

200 25.56222 1.303249 

400 10.56972 2.564934 

800 2.398801 0.687043 

 

 
 

Fig 14: MA-10 cell viability of derivative A2. 

 

 
 

Fig 15: Viability percentage of derivative A2 against MA-10. 

 

Molecular Docking  

All synthesized mannich derivatives (A1-A4) docked with 

DHFR, PDB ID: 1RX2 protein. Docking scores (S) of -7.67 

to -7.75 kcal/mol indicated ligand-protein interactions. The 

derivative A2 has the score (-7.75475) as the highest 

docking, followed by derivative A4 as (-7.75073), derivative 

A3 shows at (-7.71951), and derivative A1 shows at (-

7.67056). The negative E_place values suggest effective 

binding pocket placement for all derivatives, especially 

derivative A3 (-67.626) and derivative A4 (-66.265). All 

Mannich derivatives bind DHFR effectively in docking 

studies, with derivative A2 and derivative A4 having 

somewhat higher theoretical binding energies and derivative 

A3 having the most stable binding posture, as shown in 

Table 2. 

 
Table 2: Docking Scores and RMSD of mannich derivatives. 

 
Compound rseq mseq S rmsd_refine E_conf E_place E_score1 

A1 1 1 -7.67056 3.405472 52.40065 -51.2898 -11.4377 

A2 1 2 -7.75475 1.932082 6.643187 -38.9979 -10.3212 

A3 1 3 -7.71951 1.217801 4.974457 -67.626 -11.1922 

A4 1 4 -7.75073 1.518162 -0.76369 -66.265 -10.7011 

 

All Mannich compounds stabilized DHFR protein (1RX2)'s 

catalytic pocket in interaction analysis. Active site amino 

acid residue hydrophobic and hydrogen bonding are binding 
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processes. Substituent effects and electronic dispersion 

changed derivative interactions. In contrast, the reference 

ligand had robust and well-defined binding pocket contacts. 

Docking energies and low RMSD make derivatives A3 and 

A4 good active-site accommodations. By attaching to 

critical DHFR residues, the Mannich scaffold may block 

dihydrofolate reductase, as shown in Table 3. 

 
Table 3: Interaction of mannich derivatives with target DIHYDROFOLATE REDUCTASE 1RX2 protein. 

 

Compound Interaction 

A1 

 

A2 

 

A3 

 

A4 

 

Reference Ligand 

 

 

Conclusion 

This study indicates that one-pot condensation may swiftly 

create halogenated Mannich base derivatives. Successful β-

aminoketone production is confirmed by structural analysis, 

and biologically, derivative A3 exhibits stronger 

antibacterial activity, particularly against Bacillus subtilis, 

whereas A2 has moderate but significant antiproliferative 

activity (IC₅₀ = 112.4 µg/mL). Molecular docking indicates 

a strong DHFR binding affinity, indicating folate 

metabolism inhibition produces biological consequences. 
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These medicines' antibacterial and anticancer properties are 

verified mechanistically. Although promising, the cytotoxic 

effect is limited, and modification may improve potency and 

selectivity. Future research involves mechanistic studies, 

apoptotic pathway analysis, ADMET profiling, in vivo 

testing, and structural modification to optimize binding 

selectivity. Increasing substitution patterns and analyzing 

synergistic drug combinations may enhance therapy. 

Applicants will be evaluated. This approach permits rational 

drug design and pharmacological studies without 

mechanistic validation and biological screening. 
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