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Abstract 

Theoretical study of anti-syn Mannich compounds type β-amino ketones using DFT was 

performed to identify the more stable conformer with a higher energy gap, indicating 

greater stability and lower reactivity. Docking studies suggest low biological activity, 

while the opposite conformer shows higher potential. 
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1. Introduction 

Although the anti and syn isomers [1] possess the same structural framework and 

functional groups, they exhibit distinct physical and biological properties. 

In this study, we focused on the structure–activity relationship using Density Func-

tional Theory (DFT) [2] calculations to investigate their relative stability and reactivity. 

The syn isomer was found to have a larger HOMO–LUMO energy gap, indicating higher 

molecular stability and lower chemical reactivity. In contrast, the anti isomer displayed a 

smaller energy gap, corresponding to lower stability and higher reactivity. 

Subsequently, molecular docking studies against acetylcholinesterase were con-

ducted to evaluate their biological activity anti-Alzheimer [3]. The results revealed that 

the anti isomer shows stronger binding affinity and, consequently, higher predicted bio-

logical activity, while the syn isomer exhibits weaker interactions and lower biological 

reactivity. These findings establish a clear structure–activity relationship, suggesting that 

increased chemical reactivity correlates with enhanced biological activity in these Man-

nich derivatives. 

 

Academic Editor(s): Name 

Published: date 

Citation: Belkacem, A.A.; Kettouche, 

H.S. Simulation and Design of Anti 

and Syn Isomers of Mannich-Type 

Compounds Using DFT Calculations 

and Molecular Docking analysis. 

Chem. Proc. 2025, volume number, x. 

https://doi.org/10.3390/xxxxx 

Copyright: © 2025 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/li-

censes/by/4.0/). 



Chem. Proc. 2025, x, x FOR PEER REVIEW 2 of 6 
 

 

Scheme 1. General procedure for synthesis. 

2. Materials and Methods 

2.1. Material Used 

For molecular docking studies, the geometry optimization of the ligand was pre-

pared using the DFT method in the Gaussian 09 program and GaussView 6.0. The opti-

mization was performed at the CAM-B3LYP/6-31G(d,p) level. The target acetyl cholines-

terase (AChE) protein (PDB ID: 4m0e) was prepared in Chimera version 1.16. Energy min-

imization was performed using Swiss-PdbViewer (SPDBV) version 4.1, and the visualiza-

tion and analysis were conducted using BIOVIA Discovery Studio 2021. 

3. Results and Discussion 

3.1. DFT Study 

The Gaussian 09 program’s DFT method was used for all quantum chemical compu-

tations. The results were visualized using the Gauss View 6.0 computer program. Using 

the standard 6-31G (d, p) basis set, the geometries were optimized at the long-range cor-

rected (CAM-B3LYP) functional. Numerous quantum chemical parameters have been de-

termined using the computed energies of the lowest unoccupied molecular orbital 

(ELUMO) and highest occupied molecular orbital (EHOMO) such as the energy gap 

(ΔEgap)…(1), the dipole moment (μ)…(2), chemical hardness (η)…(3), chemical softness 

(σ)…(4), electro negativity (χ)…(5), and global electrophilicity index (ω)…(6), using the 

following equations: 

ΔEgap = ELIMO − EHOMO (1) 

Dipole moment μ (2) 

Chemical hardness η =
ELIMO − EHOMO

2
 (3) 

Chemical softness σ =
1

η
 

(4) 

Electro negativity χ = −
ELIMO+ EHOMO

2
 (5) 

Global electrophilicity index ω =
𝑥2

2 η
 (6) 

3.1.1. Optimization of Structures 

At the theoretical level of CAM-B3LYP/6-31G(d,p), Density Functional Theory (DFT) 

was used to optimize the geometry of the syn and anti isomers. For the syn and anti iso-

mers, the computed total energies at the optimized geometries were −1071.177953 a.u. and 

−1071.175180 a.u., respectively. These results imply that the syn conformation is slightly 

more stable than the anti conformation. 
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Figure 1. optimizetion structures of Anti and Syn using CAM-B3LYP/6-31G (d,p) method. 

3.1.2. Frontier Molecular Orbital Analysis 

The Lowest Unoccupied Molecular Orbital (LUMO) and the Highest Occupied Mo-

lecular Orbital (HOMO), two of the Frontier Molecular Orbitals (FMOs), are essential in 

determining the chemical reactivity and stability of molecules. The HOMO is directly re-

lated to the molecule’s ability to donate electrons and corresponds to the ionization po-

tential, while the LUMO is associated with electron acceptance and relates to the electron 

affinityThe stability and reactivity of drug molecules can be substantially described by 

these orbitals. High EHOMO values favor a molecule’s ability to transfer electrons to an 

acceptor species, while low ELUMO values favor a molecule’s ability to absorb electrons. 

Additionally, the energy needed to excite a molecule’s electrons is indicated by the esti-

mated value of HOMO-LUMO energy (ΔEgap) of drug molecules. Molecules may be 

highly unstable, chemically reactive, and easily excited if the ΔEgap is small, while they 

may be very stable and less reactive if the ΔEgap is large. A greater amount of EHOMO in-

dicates a better tendency toward donating electrons. The syn and anti isomers have 

HOMO energies of −0.19912 eV and −0.19238 eV, respectively. The  anti isomer, having a 

higher HOMO energy, is more capable of donating electrons. In terms of LUMO energy 

(−0.09013 eV for syn and −0.09919 eV for anti), the anti isomer again shows a lower value, 

indicating a greater tendency to accept electrons. Therefore, the anti isomer exhibits both 

better electron-donating and electron-accepting abilities. 

Table 1. Calculated quantum chemical parameters using DFT/CAM-B3LYP/6-31G (d,p) method. 

Compounds ELUMO (ev) EHOMO (ev) ΔE (ev) 
Dipole Moment 

DM(D) 

Hardness η 

(ev) 

Softness σ 

(ev) 

Electronega-

tivity χ (ev) 

Electro-

philicity ω 

(ev) 

Syn −0.09013 −0.19912 0.10899 5.404090 0.054495 18.3503 0.144625 0.1919 

Anti −0.09919 −0.19238 0.09319 4.442760 0.046595 21.4615 0.145785 0.2280 

According to the calculations, the energy gaps of the syn and anti isomers were found 

to be 0.10899 eV and 0.09319 eV, respectively. The syn isomer exhibits a relatively higher 

energy gap compared to the anti isomer, indicating reduced electron transfer capability 

from donor to acceptor molecules. This higher energy gap is typically associated with 

greater molecular stability and lower chemical reactivity. Thus, the calculated ΔEgap values 

suggest that syn isomers possess a high degree of stability, whereas the anti isomer shows 

lower stability and greater chemical reactivity. 

The calculated HOMO and LUMO orbitals of the syn and anti ligands clearly illus-

trate the differences in their electronic distributions, as shown in the figure for the 2-((2-

nitrophenyl)(phenylamino)methyl)cyclohexanone derivative, which demonstrated that 

the LUMO is localized on the aromatic ring and the HOMO is typically found on the 
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amino aromatic group. According to the table, the investigated molecules have higher 

ELUMO and lower EHOMO values. 

 

Figure 2. HOMO of Anti and Syn with CAM-B3LYP/6-31G (d,p) method. 

 

Figure 3. LUMO of Anti and Syn with CAM-B3LYP/6-31G (d,p) method. 

3.1.3. Global Reactivity Descriptors 

The dipole moment (μ) is a crucial electronic property that arises from the uneven 

distribution of charges on the various atoms and indicates the polarity of pharmacological 

molecules. The calculated values of dipole moments are 5.404090 D for the syn isomer and 

4.442760 D for the anti isomer, which can be explained by the difference in electronegativ-

ity caused by stereochemistry. Additionally, drug molecules’ local softness (σ) and hard-

ness (η) can be utilized to evaluate how resistant they are to polarization or deformation 

of their electron clouds. These two characteristics are crucial for assessing a molecule’s 

reactivity and molecular stability. The energy difference between the LUMO and HOMO 

is equivalent to chemical hardness. The syn molecule has a higher dipole moment (μ = 

5.404090 D) compared to the anti one (μ = 4.442760 D), indicating it is more polar and may 

exhibit stronger intermolecular interactions, such as hydrogen bonding or dipole-dipole 

interactions. The syn molecule also exhibits greater chemical hardness (η = 0.054495) than 

the anti molecule (η = 0.046595), suggesting that it is more resistant to charge transfer and 

possibly more chemically stable. In contrast, the anti molecule has a higher local softness 

(σ = 21.4615) than the syn (σ = 18.3503), implying it is more reactive and may more readily 

participate in chemical interactions, particularly with electrophilic or nucleophilic species. 

3.2. Molecular Docking Studies 

The molecular docking analysis revealed a notable difference in binding affinity and 

interaction profiles between the anti and syn stereoisomers of the compound within the 

active site of acetylcholinesterase (AChE). Both isomers exhibited favorable docking 
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scores, indicating a general potential for biological activity in the Peripheral Anionic Site 

(PAS) which includes ASP74, Tyr72, Tyr124, Trp286, and Tyr341. This is an important site 

for binding inhibitors that prevent acetylcholine from entering the active site. However, 

the anti isomer demonstrated a significantly higher binding affinity, which suggests a 

more stable and effective interaction with the enzyme’s active site. This superior perfor-

mance is attributed to the formation of hydrogen bonds, Pi-Pi stacked, Pi-Alkyl, and Van 

Der Waals interactions. This clearly demonstrates the impact of stereochemistry on dis-

ease treatment by showing how small changes in the spatial arrangement of atoms can 

significantly influence the strength, specificity, and nature of molecular interactions with 

biological targets. These findings highlight the importance of stereochemical considera-

tions in drug design, particularly in the development of more effective and selective ther-

apeutic agents. 

  

Figure 4. Docking simulation of Anti in the active site of AChE. 

 
 

Figure 5. Docking simulation of Syn in the active site of AChE. 
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Table 2. Comparison of binding affinity and interactions of anti and syn Mannich stereoisomers 

with AChE. 

Syn Anti 

TRY 341:  Pi-Pi stacked with aromatic anilne 

Pi-Pi stacked: with aromatic aldehyde 

TRP 286:  Pi-Pi T-shaped with aromatic ani-

line 

Pi-Pi T-shaped with cyclohexanone 

LEU 72,  GLY 342  

SER293: Ven Der Waals  interaction   

TRY 341:  Pi-Pi stacked with aromatic 

anilne 

Pi-Pi stacked with aromatic aldehyde 

Conventional hydrogen bond Hβ 

TRP 286: Pi-Pi Alkyl 

LEU 76: Pi-Pi Alkyl 

GLY 342,ASP 74, TRY 337: Ven Der Waals  

interaction   

4. Conclusions 

In this study, we clearly prove the importance of stereochemistry in molecular struc-

ture in relation to structure–activity by theoretical approximation using DFT to demon-

strate structural stability and reactivity at the electronic level, and molecular docking, 

highlighted the impact of stereochemistry on interactions with biological targets. These 

results emphasize the importance of stereochemical considerations in drug design for de-

veloping more effective and selective therapeutic agents. 
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