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Abstract 

A series of novel sulfonylimine derivatives were synthesized via the condensation of aro-

matic aldehydes with sulfanilamide. Their potential anti-inflammatory activity was eval-

uated using molecular docking studies against PDE4. The docking protocol was validated 

through redocking, confirming the accuracy of the computational approach. Docking re-

sults showed that the compounds exhibited strong binding affinities, with docking scores 

ranging from −8.63 to −8.86 kcal/mol, comparable to the reference ligand (−9.20 kcal/mol). 

Analysis of binding interactions revealed that the sulfonamide moiety played a critical 

role in PDE4 inhibition through hydrogen bonding, metal coordination, and hydrophobic 

interactions with key active site residues. 
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1. Introduction 

The sulfonamide group represents a crucial functional moiety in both organic syn-

thesis and pharmaceutical development [1]. Sulfonamides exhibit remarkable chemical 

stability and unique reactivity, making them valuable as both intermediates and final 

products in a wide range of chemical transformations. Historically, sulfonamide deriva-

tives gained prominence as the first class of synthetic antibiotics, revolutionizing antimi-

crobial therapy in the early 20th century [2]. Beyond their well-established antibacterial 

activity, sulfonamides have been shown to possess a broad spectrum of biological prop-

erties, including antidiabetic, antitumor, and anti-inflammatory effects [3]. 

When sulfonamide derivatives react with aromatic aldehydes or ketones, they form 

sulfonylimines (also known as Schiff bases). These compounds are characterized by a sta-

ble C=N (imine) functional group attached to a sulfonyl moiety. The electron-withdraw-

ing nature of the sulfonyl group (-SO2-) enhances the stability of the imine bond, making 

sulfonylimines more resistant to hydrolysis than typical imines. Because of their stability, 

reactivity, and ease of synthesis, sulfonylimines are widely utilized in medicinal chemis-

try and organic synthesis as versatile intermediates for the development of bioactive mol-

ecules, complex molecular architectures, and drug candidates [4]. By combining the struc-

tural advantages of both sulfonamides and imines, these compounds play a significant 

role in drug discovery, chemical manufacturing, and other advanced applications. 
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From a synthetic perspective, sulfonylimines serve as key intermediates in the prep-

aration of diverse heterocyclic compounds, such as sulfonyl-substituted azoles, oxazoli-

dinones, and thiazoles, which are important scaffolds in modern pharmaceutical devel-

opment [5]. Their dual reactivity, featuring both nucleophilic and electrophilic centers, 

allows them to function as versatile building blocks for complex molecular designs. Fur-

thermore, they are widely employed as ligands and chiral auxiliaries in asymmetric syn-

thesis and metal-catalyzed reactions, including hydrogenation, oxidation, and cycloaddi-

tion processes [6]. This broad utility extends beyond pharmaceuticals into green chemistry 

and industrial synthesis, where sulfonylimines are increasingly used in solvent-free and 

environmentally friendly reactions. 

Alongside experimental efforts, computational chemistry has become an essential 

tool in the rational design and optimization of novel molecules with potential biological 

or industrial applications. Techniques such as molecular modeling, and molecular dock-

ing allow for in silico screening of large compound libraries, the identification of promis-

ing lead structures, and the optimization of their pharmacokinetic and pharmacodynamic 

properties prior to synthesis. These approaches significantly reduce both the time and cost 

associated with drug development while improving the possibility of success. 

2. Materials and Methods 

The X-ray crystal structure of LEO 29102 in complex with phosphodiesterase 4 

(PDE4) (PDB ID: 4WCU) [7], obtained from the RCSB Protein Data Bank, was used in this 

study. The protein structure was prepared using the Protein Preparation Wizard in the 

Schrödinger Suite 2021-3 software package to ensure proper geometry, protonation states, 

and removal of crystallographic artifacts. 

The three-dimensional structures of ligands S1, S2, S3, and the reference ligand (LEO 

29102) were generated using Maestro and subsequently optimized with LigPrep, employ-

ing the OPLS4 force field [8]. Following preparation, the optimized protein and ligand 

structures were subjected to molecular docking simulations. Docking was performed us-

ing Glide software in extra precision (XP) mode [9] to accurately predict binding poses 

and interactions within the PDE4 active site. The resulting docked complexes were visu-

alized using Chimera X [10], which provided valuable insights into the binding orienta-

tion of rutin within the receptor and its interactions with the active site. 

3. Results and Discussion 

In the present study, a series of sulfonylimine derivatives were synthesized via the 

condensation of aromatic aldehydes with sulfanilamide, affording the target compounds 

in good yields (Figure 1). 

 

Figure 1. Structure of synthesized sulfonylimine derivatives (S1, S2, S3). 

The potential anti-inflammatory activity of the sulfonylimine derivatives was evalu-

ated through molecular docking studies against phosphodiesterase 4 (PDE4), a key en-

zyme that regulates inflammatory responses by modulating intracellular cyclic adenosine 

monophosphate (cAMP) levels. Inhibition of PDE4 leads to elevated cAMP concentra-

tions, which activate protein phosphorylation cascades that ultimately suppress the 
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production of pro-inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-α). 

This mechanism positions PDE4 as an attractive therapeutic target for the development of 

novel anti-inflammatory agents [11]. 

To ensure the reliability and predictive accuracy, the docking protocol was validated 

by redocking of co-crystallized ligand into the active site using the XP docking function. 

The resulting RMSD between the docked and crystallized ligand poses was 0.40 Å, con-

firming the accuracy of the docking approach. 

The three ligands were then docked into the active site of PDE4. S1 exhibited the 

strongest binding affinity, with a docking score of −7.86 kcal/mol, followed closely by S2 

(−8.79 kcal/mol), S3 showed also strong binding (−8.63 kcal/mol) (Table 1). These scores 

are comparable to that of the reference ligand (−9.20 kcal/mol), suggesting that the sul-

fonylimine derivatives may possess promising anti-inflammatory properties. 

Table 1. Docking score of docked sulfonylimine derivatives and reference ligand. 

Ligand Docking Score (kcal/mol) 

Reference ligand −9.20 

S1 −8.86 

S2 −8.79 

S3 −8.63 

The analysis of ligand interactions within the active site of the PDE4 enzyme revealed 

that the sulfonamide group plays a crucial role in enzyme inhibition. Specifically, the 

amine moiety of the sulfonamide formed strong hydrogen bonds with key catalytic resi-

dues Thr271 and Asp318, stabilizing the ligands within the binding pocket. In addition, 

the oxygen atoms of the sulfone group participated in metal coordination bonds with the 

catalytic metal ions Mg502 and Zn501 for ligands S1 and S2, while for ligand S3, a single 

metal coordination bond was observed with Mg502. These interactions are essential, as 

PDE4 activity is highly dependent on the presence of these divalent metal ions, which are 

involved in catalysis and substrate stabilization. 

For ligands S1 and S2, further stabilization was provided through aromatic interac-

tions. The aromatic ring linked to the sulfonamide group engaged in π-π stacking and π-

cation interactions with the residue His160, while a second aromatic ring formed addi-

tional π-π stacking interactions with Phe372. These non-covalent interactions play a sig-

nificant role in anchoring the ligands deep within the hydrophobic regions of the binding 

pocket, thus enhancing binding affinity and selectivity toward PDE4. 

Moreover, hydrophobic contacts were identified several hydrophobic residues 

within the active site, including Tyr159, Ile336, Met337, Phe340, Met357, Leu319, and 

Phe432. These interactions further contribute to the overall stability of the ligands-enzyme 

complex by minimizing solvent exposure and reinforcing the binding through van der 

Waals forces. 

While S3 exhibited fewer metal coordination interactions compared to S1 and S2, its 

hydrogen bonding network and hydrophobic interactions still provided a favorable bind-

ing conformation (Figure 2). 

Taken together, these results highlight the multifaceted role of the sulfonamide moi-

ety in PDE4 inhibition. The hydrogen bonding network, metal coordination, and aromatic 

interactions collectively ensure strong and specific binding to the enzyme’s active site. The 

presence of π-π stacking and π-cation interactions indicates that the orientation of the 

aromatic substituents is critical for activity, while hydrophobic contacts with surrounding 

residues help to further stabilize the complex. This combination of interactions suggests 

that structural modifications to the sulfonamide group or its linked aromatic rings could 

be a promising strategy to optimize binding affinity and selectivity for PDE4 inhibitors. 
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Figure 2. 2D binding interactions of ligands S1, S2, S3, and the reference ligand within the active 

site of the PDE4 enzyme obtained from molecular docking studies. 

4. Conclusions 

In this work, a sulfonylimine derivatives were synthesized and computationally eval-

uated for their potential anti-inflammatory activity. Molecular docking studies against 

PDE4 demonstrated that all synthesized compounds displayed favorable binding affini-

ties, closely matching that of the reference inhibitor. Detailed interaction analysis high-

lighted the crucial role of the sulfonamide group in enzyme inhibition through hydrogen 

bonding, metal ion coordination, and aromatic interactions, which collectively stabilize 

the ligand-enzyme complex. 
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