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Abstract: This study used a dataset comprising thirty-four derivatives of 4-(3-nitrophenyl) thiazol-2-

ylhydrazone as selective monoamine oxidase B (h-MAO-B) inhibitors to design more effective h-MAO-B 

inhibitors. This was achieved by applying molecular modeling methods. Among the different field models 

examined, the CoMSIA/SEA model emerged as the most effective, compared to the other models (Q^2 = 

0.60; R2 = 0.97; R^2test = 0.711; F = 151.84; SEE = 0.21; ONC = 4). Contour maps helped identify structural 

features important for inhibitory activity, leading to the design of four highly active inhibitors. The study 

explored the interaction between the new compounds (M1, M2, M3, and M4) and the most active molecule, 

No.3, using molecular docking simulations. This process revealed a positive interaction characterized by the 

formation of significant bonds with key protein residues such as Arg:42, Glu:58, Met:436, Tyr:398, Tyr:435, 

and Tyr:60. The ADMET properties of the predicted molecules (M1-M4) were generally favorable, except 

for molecule No.3, which retained its toxicity. Both M1 and the most active compound 3 underwent 100 ns 

molecular dynamics simulations, The results of these simulations indicate that the proposed molecule, M1, 

exhibits slightly higher structural stability compared to the most active compound, 3. This positions M1 as 

a promising candidate for further studies. A retrosynthesis strategy was employed to efficiently plan the 

synthesis of molecule M1 as a potential MAO-B inhibitor, identifying the key steps and precursors required 

for its realization. 
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[1] Introduction 

Monoamine oxidase (MAO) is a class of essential 

enzymes involved in the degradation of 

neurotransmitters known as monoamines in the 

central nervous system. Among the various 

isoforms of MAO, there are two main ones: 

monoamine oxidase A (h-MAOA) and monoamine 

oxidase B (h-MAOB), which have different 

substrate specificities and subcellular localization. 

h-MAOA is primarily localized in presynaptic 

neurons and glial cells. It participates in the 

breakdown of serotonin, norepinephrine, and 
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dopamine [1]. Dysfunctions of h-MAOA have been 

associated with psychiatric disorders such as 

depression, anxiety, and aggression. On the other 

hand, h-MAOB is mainly located in astrocytes and 

postsynaptic neurons [2]. It is responsible for the 

specific degradation of dopamine, a key 

neurotransmitter involved in the regulation of 

movement, mood, motivation, and reward. 

Abnormalities in h-MAOB have been linked to 

neurodegenerative diseases such as Parkinson's 

disease. Understanding the mechanisms of h-

MAOB and its specific role in monoamine 
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degradation has paved the way for major advances 

in drug treatment. Selective inhibitors of h-MAOA 

and h-MAOB have been developed and used 

clinically to modify levels of monoamines in the 

brain, thus improving symptoms associated with 

certain neuropsychiatric disorders [3]. h-MAOB is 

primarily involved in the degradation of dopamine, 

an important neurotransmitter for many neuronal 

processes. Dopamine plays a major role in the 

regulation of action, motivation, reward, and 

pleasure. h-MAOB breaks down dopamine, helping 

to maintain an appropriate balance of this chemical 

in the brain. However, dysfunction of h-MAOB can 

have serious consequences[4]. Excessive activity of 

this enzyme can lead to excessive dopamine 

degradation, which may be associated with 

neurological disorders such as Parkinson's disease. 

On the other hand, insufficient levels of h-MAOB 

may be associated with psychiatric disorders such 

as depression. Given its central role in dopamine 

degradation, h-MAOB is an important therapeutic 

target. Specific inhibitors of h-MAOB have been 

developed and used in the treatment of various 

neuropsychiatric disorders[5]. These inhibitors 

work by blocking the activity of h-MAOB, which 

increases dopamine levels in the brain, thereby 

improving symptoms associated with these 

disorders [6]. Considerable scholarly articles have 

highlighted thiazole derivatives as potent 

antioxidants and selective inhibitors of the hMAO-

B enzyme. In their research study, Daniela Secci et 

al have focused on determining the quantitative 

structure-activity relationship of these derivatives 

to identify compounds with high therapeutic 

potential, as previously mentioned [7]. Thiazole 

derivatives have a wide range of applications in 

natural compounds, drugs, and synthetic chemicals. 

They demonstrate diverse pharmacological 

properties and can be utilized in drug design for 

anticancer, antimicrobial, antifungal, and anti-

inflammatory agents. Derivatives of thiazoles have 

shown potential for reducing the activity of h-

MAOB, an enzyme linked to neurological 

disorders. Molecular docking studies show that 

these compounds may effectively block h-MAOB, 

pointing to a strong structure-activity link that 

proposed new drugs [8]. The relationship between 

structure and activity suggests that specific thiazole 

ring alterations might increase inhibitory efficacy; 

derivatives with electron-withdrawing groups have 

been discovered to have more remarkable binding 

affinities, which is essential for developing efficient 

h-MAOB inhibitors [9]. The properties and 

functions of these derivatives depend on their 

unique chemical structures. The application of 

computational modeling methods including 2D 

(2D-QSAR) and 3D (3D-QSAR) quantitative 

structure-activity relationship modeling molecular 

docking, and molecular dynamics [10]. 

 In this study, a CoMSIA/SEA analysis was 

conducted on 34 compounds derived from 4-(3-

nitrophenyl) thiazole-2-ylhydrazone synthesized by 

Daniela Secci et al. to establish a correlation 

between their characteristic structure and their 

inhibitory activity on the hMAO-B enzyme [11]. 

Molecular docking and ADMET studies were also 

used to help identify new drug candidates. 

Additionally, molecular dynamics simulations were 

carried out throughout 100 ns to assess the stability 

of the molecule's binding to the protein and confirm 

the results obtained with molecular docking. These 

various approaches allow for the evaluation of the 

structure-activity relationship of the compounds, 

prediction of their interaction with a molecular 

target, and estimation of their pharmacological 

potential, contributing to the identification of 

promising new drug candidates[12]. Therefore, 

research on derivatives of 4-(3-nitrophenyl) 

thiazole-2-ylhydrazone is an evolving field and 

may offer opportunities for the discovery of new 

drugs with improved properties and potential 

therapeutic applications in the treatment of 

Parkinson's disease.[13] However, research on 

these compounds should be conducted with care 

and caution, and any potential new agent should be 

thoroughly evaluated before being considered for 

possible clinical applications. 

 

[2] Computational Method 

2.1. Preparation of data set 

In this study on selective inhibitors of human 

MAO-B, a dataset comprising 34 derivatives of 4-

(3-nitrophenyl) thiazole-2-ylhydrazone, along with 

their inhibitory activities, was utilized. These data 

were collected from previously published studies 

by Daniela Secci et al [7]. Inhibitory activities were 

transformed into logarithms (pIC50 = -log IC50) and 

are presented, along with the molecular structures 

of the compounds, in (Table 1 and Figure 1) [14] 

To generate the 3D-QSAR models, the data were 
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randomly divided into two distinct sets: a training 

set consisting of 27 compounds and an external test 

set with 7 compounds (marked with asterisks in 

Table 1). The compounds from the training set 

were used to develop the 3D-QSAR models, while 

the external test set was used as an independent 

group to validate the proposed models. The three-

dimensional structures of the 34 compounds were 

generated using SYBYL-X 2.0 software.[15] 

Energy minimization was performed using the 

Tripos force field, applying Gasteiger-Hückel 

charges to add partial atomic charges after energy 

minimization generated by the Tripos force field. 

The maximum number of iterations for this 

minimization was set to 1000, and the energy 

affinity value for the Powell gradient was fixed at 

0.005 kcal/mol Å [16]. These preprocessing and 

modeling steps were undertaken to develop a 

reliable and robust 3D-QSAR model. The 3D-

QSAR models enable the establishment of a 

correlation between the three-dimensional structure 

of the compounds and their inhibitory activity on 

the hMAO-B enzyme. 

 

Figure 1. The chemical formula of the studied compounds. 

 

Table 1 Activities and structures of 4-(3-Nitrophenyl) thiazol-2-ylhydrazone derivatives. 
N° Cy R R1 IC50 (µM) 

hMAO-B 

pIC50  

hMAO-B 

1 

 

H 3-NO2 0.095 7.022 

2 

 

H 3-NO2 0.0068 8.167 

3 

 

CH3 3-NO2 0.0018 8.744 

4 

 

CH3 3-NO2 0.0025 8.602 

5* 

 

CH3 3-NO2 0.048 7.318 

6 

 

H 3-NO2 0.027 7.568 

7 

 

H 3-NO2 0.015 7.823 
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8 

 

H 3-NO2 9.11 5.04 

9 

 

H 3-NO2 4.63 5.334 

10* 

 

CH3 3-NO2 0.0071 8.148 

11 

 

C2H5 3-NO2 0.078 7.107 

12 

 

CH3 3-NO2 0.0044 8.356 

13 

 

CH3 3-NO2 0.063 7.2 

14 

 

H 3-NO2 0.141 6.85 

15 

 

H 3-NO2 0.212 6.673 

16 

 

H 3-NO2 0.081 7.091 

17 

 

CH3 3-NO2 0.103 6.987 

18 

 

CH3 3-NO2 0.05 7.301 

19 

 

CH3 3-NO2 0.014 7.853 

20 

 

CH3 3-NO2 0.024 7.619 

21 

 

H 3-NO2 0.336 6.473 
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22 

 

CH3 3-NO2 4.52 5.344 

23* 

 

H 3-NO2 112 3.95 

24 

 

CH3 3-NO2 13.7 4.863 

25 

 

CH3 3-NO2 9.55 5.019 

26* 

 

H 3-NO2 0.045 7.346 

27* 

 

CH3 3-NO2 0.039 7.408 

28 

 

CH3 3-NO2 2.44 5.612 

29 

 

CH3 3-NO2 42.1 4.375 

30     

  

3-NO2 7.05 5.151 

31   

 

CH3 3-NO2 0.013 7.886 

32 

*    

 

CH3 3-NO2 80.5 4.094 

33*       

 

CH3 3-NO2 17.6 4.754 

34  

 

H 3-NH2 2.67 5.573 

* Test set 

 
Figure 2. Alignment of the 34 molecules studied, using molecule 3 as a model. 

 

2.2. Alignment of the inhibitors 

In the study of selective inhibitors of human MAO-

B, the alignment of the molecular structures of the 

34 compounds is an important aspect of QSAR 

(Quantitative Structure-Activity Relationship) 

studies.[17] This alignment enables a consistent 

and meaningful comparison of different 

compounds with varying molecular structures, 
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thereby facilitating the development of reliable and 

predictive models. The alignment process involves 

adjusting the molecular structures of the 

compounds based on common structural elements, 

such as functional groups.[18] This allows for the 

alignment of similar properties among different 

compounds and the identification of the most 

critical molecular regions for their inhibitory 

activity against the target enzyme, MAO-B. In this 

article, the most active compound (conformation 3) 

was chosen as the reference for aligning other 

inhibitors with a common scaffold. The alignment 

results are presented in (Fig. 2) The 3D-QSAR 

models generated from the alignment help establish 

quantitative relationships between the 3D structural 

features of the compounds and their inhibitory 

activities.[19] 

 

2.3. Generation of 3D-QSAR models 

CoMFA (Comparative Molecular Field Analysis) 

and CoMSIA (Comparative Molecular Similarity 

Indices Analysis) are advanced 3D-QSAR methods 

used to analyze molecular interactions and receptor 

binding, playing a crucial role in the design of new 

biologically active compounds [20]. These 

techniques are essential for understanding 

intermolecular interactions and guiding the 

development of compounds with desired biological 

activities. Both methods use a sp³ carbon probe with 

a +1 charge and a van der Waals radius of 1.52 Å to 

assess field energies, explore the molecular 

environment, and analyze electrostatic and steric 

interactions with target receptors. Default cutoff 

values greater than 30 kcal mol⁻¹ are applied to 

consider only the most significant interactions [21]. 

Gasteiger-Hückel charges are calculated for each 

molecule to represent atomic electrostatic 

properties, and fields are generated using the 

standard Sybyl method on a cubic grid to evaluate 

interactions in all directions around each compound 

[22]. In CoMFA, it is crucial to balance electrostatic 

and steric fields and precisely define the region of 

interest to ensure optimal model performance. Grid 

spacing and how indices like electrostatic and 

hydrophobic fields and hydrogen bond donor and 

acceptor properties are weighted are essential for 

getting an accurate CoMSIA. The width of 

Gaussian functions (sigma) and scaling factors 

must be optimized to improve the spatial 

distribution of similarity indices [23]. Using 

contour maps to examine the fields around the 

molecules allows for determining the maximum 

biological activity within a virtual Cartesian grid. 

Thoroughly improving these criteria makes 

biological activity predictions more accurate, helps 

us understand how molecules interact, and makes it 

easier to make more biologically active 

compounds.[24] 

 

2.4. Partial least squares (PLS) analysis 

In this study, the Partial Least Squares (PLS) 

method was employed to establish a linear 

correlation between CoMFA and CoMSIA 

descriptors and biological activities. The PLS 

analysis involved determining the optimal number 

of components (NOC) and the cross-validated 

correlation coefficient (𝑄2) using the leave-one-out 

(LOO) cross-validation method. LOO cross-

validation allowed us to assess the predictive 

capacity of the model on the training data.[25] 

Furthermore, to evaluate the model's performance 

and its statistical significance, the coefficient of 

determination of linear regression (𝑅2), statistical 

values from the Fisher's test (F), and the Standard 

Error of Estimation (SEE) were calculated using the 

non-cross-validated method. These parameters 

provide insights into the quality and reliability of 

the correlation models.[26] 

 

2.5. Internal and external validation of QSAR 

models 

Internal and external validation are two crucial 

steps in validating QSAR models such as CoMFA 

and CoMSIA. Internal validation assesses the 

predictive capability of the model on the training 

data, while external validation tests its accuracy in 

predicting activities for new compounds not 

included in the training set. By employing both 

these validation approaches, researchers can 

confirm the reliability and relevance of QSAR 

models. The addition of Tropsha and Golbraikh's 

methods, as well as the Y-Randomization method, 

enhances the validation of QSAR models like 

CoMFA and CoMSIA. [27]The specific statistical 

criteria used by Tropsha and Golbraikh (𝑟 𝑚
2 , 𝑟′𝑚

2 , 

𝑟 0
2, 𝑟′0

2, K, and K') are employed to evaluate the 

predictive capacity and consistency of the models 

on external test sets. This confirms the reliability 

and generalizability of the models for predicting 

biological activities on new data. The Y-
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Randomization method is used to assess the 

significance of correlations between descriptors 

and activities. It helps distinguish real correlations 

from chance correlations, ensuring that the 

relationships established by the models are 

statistically valid and not the result of random 

chance. By combining these validation approaches, 

researchers ensure that QSAR models are robust, 

reliable, and capable of accurately predicting 

molecular interactions and inhibitory activities of 

the compounds under study [28]. This reinforces 

confidence in using these models to guide drug 

design and future chemical research. 

 

2.6. Pharmacokinetic and pharmacodynamic 

studies 

pkCSM and SwissADME are essential tools for 

assessing the pharmacokinetic and ADMET 

properties of drug candidates. pkCSM predicts 

drug-protein interactions and adverse effects, while 

SwissADME evaluates the absorption, distribution, 

metabolism, and excretion of small molecules. By 

combining these tools, researchers obtain a 

comprehensive assessment of drug properties and 

potential risks, optimizing the drug discovery 

process and enhancing their clinical 

effectiveness.[29] 

 

2.7. Molecular docking 

CB-Dock is an easy-to-use web-based molecular 

docking server designed for predicting specific 

protein binding sites and calculating cavity centers 

and sizes using a curvature-based approach. This 

remarkable software streamlines the molecular 

docking process by employing the well-known 

Autodock Vina docking software. The results 

obtained with CB-Dock are impressive, with a 

success rate of up to 70% for higher-order 

placements, with a root-mean-square deviation 

(RMSD) of less than 2 compared to placements 

used in X-ray crystallography. This surpasses the 

performance of other leading blind docking tools. 

The CB-Dock server is freely accessible via the 

official website http://cao.labshare.cn/cb-dock/ and 

is a valuable tool for researchers and scientists 

working in drug discovery and ligand design.[30] 

The program only requires a protein file in PDB 

format and a ligand file in MOL2, MOL, or SDF 

format. CB-Dock analyzes the input files and 

converts them into pdbqt format using OpenBabel. 

2.8. Molecular Dynamics Simulations  

Schrödinger program was used to perform a 

molecular dynamics simulation study where a 

comprehensive set of configurations and 

refinements was applied to perform complex 

simulations after an in-depth study of molecular 

docking. First, we assigned bond orders, 

established zero-order bonds to metals, and created 

disulfide bonds for structural precision [31]. Excess 

water molecules beyond 0.00 angstroms from 

heteroatom groups were pruned and protonation 

states were generated using Epik at pH 7. For 

optimization, we simplified water orientations, 

minimized hydrogens of altered species, and 

performed PRPKA calculations at pH 7 for accurate 

protonation. During the minimization step, we 

removed water molecules with less than three 

hydrogen bonds to non-aqueous entities, achieved 

heavy atom convergence with an RMSD of 0.3 

angstroms, and added hydrogen atoms only. The 

OPLS3e force field was used for intermolecular 

interactions [21]. The system was placed in an 

orthorhombic box with dimensions a=10, b=10, and 

c=10 to minimize volume, using a predefined SPC 

membrane model. Ions were recalculated and 

0.15M NaCl was added to mimic physiological 

conditions. The simulation lasted 100 nanoseconds, 

with data acquired at intervals of 4.8 picoseconds 

for trajectory and 1.2 picoseconds for energy. 

Approximately 1000 frames captured the dynamics 

of the system under NPT conditions, with a 

constant temperature of 300 K and pressure of 

1.01325 bar. Before simulation initiation, a 

relaxation process was performed to ensure a stable 

starting point for the molecular dynamics study 

[21]. After the dynamic simulation, the interaction 

diagram panel was used to extract data on RMSD, 

RMSF, Rg and other properties of the studied 

ligands, target proteins and complexes. This 

facilitated the assessment of ligand-protein 

interactions during the simulation and the 

evaluation of complex stability [17]. 

 

2.9. Retrosynthesis analysis 

The retrosynthetic method stands as a fundamental 

strategy that provides a practical and efficient 

pathway for designing a synthetic sequence to 

create a targeted molecule. By reversing the 

synthetic process, starting from the target molecule 

and working backward to the initial reagents, 

http://cao.labshare.cn/cb-dock/
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retrosynthesis simplifies the synthesis challenge by 

identifying crucial steps and necessary reactions to 

obtain the desired compound. This approach 

eliminates complexity by breaking down the 

problem into more manageable steps, utilizing 

well-known functional group reactions and 

transformations. This methodology has been 

implemented through the Spaya platform 

(https://www.spaya.ai), which facilitates this 

process. 

 

[3] Results and discussion 

3.1. CoMSIA statistical results 

For the CoMSIA analysis, various combinations of 

diverse domains were employed to create different 

models with acceptable statistical parameters (Q2 ≥ 

0.5 and R2 ≥ 0.6). The results of the different 

components of the CoMSIA model are presented in 

(Table 2). In the (CoMSIA/SEA) model, the three 

distinct domains produce the optimal model (Q2 = 

0.60; R2 = 0.97; F = 151.84; SEE = 0.21; ONC = 4) 

[32]. This attests to the robustness of this model. 

The contributions of the electrostatic (E), steric (S), 

and hydrogen bond acceptor (A) domains are 

41.4%, 36.9%, and 21.7%, respectively. This 

distribution indicates that electrostatic fields play a 

predominant role in enhancing inhibitory activity. 

Furthermore, an external validation of the 

CoMSIA/SEA model, conducted with test 

compounds, resulted in a value of 0.711, 

demonstrating the superior effectiveness and 

predictability of this model compared to others. The 

correlation plot between experimental inhibitory 

activities and predicted ones is illustrated in (Fig. 

3). 

 

Table 2. Possibilities of combining (COMSIA) fields 

 Q2 R2 SEE F NOC R2
Test Fractins Ster Elec Hyd Don Acc 

SE 0.563 0.974 0.234 125.7 4 0.69 0.42 0.578 – – – 

SEA 0.60 0.97 0.21 151.84 4 0.71 0.369 0.414 – – 0.217 

SED 0.52 0.975 0.23 129.7 4 0.65 0.312 0.57 – 0.117 – 

SHE 0.52 0.977 0.218 144.64 5 0.66 0.19 0.432 0.378 – – 

SEAD 0.581 0.982 0.194 184.16 4 0.69 0.241 0.403 – 0.089 0.267 

SEADH 0.55 0.978 0.214 150.46 4 0.7 0.139 0.286 0.267 0.094 0.194 

SA 0.589 0.958 0.298 76.32 5 0.55 0.452 – – – 0.548 

SEH 0.526 0.977 0.218 144.64 5 0.66 0.19 0.432 0.378 – – 

DA 0.579 0.87 0.52 22.4 6 0.56 – – – 0.183 0.817 

A 0.53 0.816 0.624 14.78 6 0.63 – – – – 1 

SHDA 0.52 0.967 0.263 98.656 6 0.54 0.179  0.385 0.11 0.326 

SEHA 0.552 0.979 0.21 156.78 4 0.68 0.157 0.311 0.314 – 0.219 

SEHD 0.522 0.975 0.23 130.6 4 0.69 0.227 0.352 0.329 0.091  

 

 
Figure 3. Plot of experimental activity versus predicted activity by the optimal CoMSIA/SEA model 

 

3.2. Validation of CoMSIA/SEA model 

The Y-randomization test is employed to assess the 

robustness of CoMSIA/SEA and to avoid chance 

associations between descriptors and biological 

activity. Ten tests were conducted using 

randomization methods, as presented in (Table 3). 

The results of the Y-randomization test 

demonstrated Q2 and R2 values higher than those 

https://www.spaya.ai/
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of the studied model, indicating that the 

CoMFA/SEA model was not obtained randomly. 

This observation attests to the strength and 

credibility of the established model. 

[33]Furthermore, the external validation 

approaches of Golbraikh and Tropsha were 

employed to validate the chosen CoMSA/SEA 

model. The results listed in (Table 4) demonstrate 

that the model met all external validation criteria, 

confirming its robustness and predictive power.[34] 

The table labeled as (Table 5)displays the 

comparative outcomes of actual and predicted 

activities obtained from the COMSIA/SEA models 

designed for hMAO-B inhibitors. 

 

Table 3. R2
train and Q2 LOO values after the Y-randomization experiments. 

Model R R2 Q2 

Random 1 

Random 2 

Random 3 

Random 4 

Random 5 

Random 6 

Random 7 

Random 8 

Random 9 

Random 10 

0.16 

0.057 

0.096 

0.120 

0.388 

0.273 

0.157 

0.183 

0.161 

0.174 

0.025 

0.003 

0.009 

0.014 

0.15 

0.074 

0.024 

0.033 

0.025 

0.03 

-0.132 

-0.2295 

-0.162 

-0.176 

-0.017 

-0.201 

-0.183 

-0.104 

-0.234 

-0.134 

Random Models Parameters 

Average 0.177 0.039 -0.157 

 

 

 

 

 

Table 4. provides the statistical criteria utilized to validate the CoMSIA/SEA model. 

Parameter Equation COMSIA/SEA Validation Criteria 

𝑹𝟐(𝒕𝒆𝒔𝒕) 
𝑅𝑡𝑒𝑠𝑡

2 = 1 −
∑(𝑌𝑝𝑟𝑒𝑑(𝑡𝑒𝑠𝑡) − 𝑌𝑜𝑏𝑠(𝑡𝑒𝑠𝑡))2

∑(𝑌𝑜𝑏𝑠(𝑡𝑒𝑠𝑡) − Ȳ𝑜𝑏𝑠(𝑡𝑒𝑠𝑡))2
 

0. 71 >0.60 

𝒓𝟎
𝟐 

𝑟0
2 = 1 −

∑(𝑌𝑡𝑒𝑠𝑡(𝑝𝑟𝑒𝑑) − 𝑘𝑌𝑡𝑒𝑠𝑡(𝑝𝑟𝑒𝑑))2

∑(𝑌𝑡𝑒𝑠𝑡(𝑝𝑟𝑒𝑑) − Ȳ𝑡𝑒𝑠𝑡(𝑝𝑟𝑒𝑑))2
 

0.73 

 

>0.50 

𝒓′𝟎
𝟐
 

𝑟′0
2

= 1 −
∑(𝑌𝑡𝑒𝑠𝑡 − 𝑘𝑌𝑡𝑒𝑠𝑡)2

∑(𝑌𝑡𝑒𝑠𝑡 − Ȳ𝑡𝑒𝑠𝑡)2
 

0.912 >0.50 

𝒓𝟎
𝟐̅̅ ̅ ⎢𝑟0

2 + 𝑟′0
2

⎢

2
 

0.821 < 0.50 

∆𝒓𝟎
𝟐 ⎢𝑟0

2 − 𝑟′0
2

⎢ 0.232 < 0.30 

(𝒓𝟐 − 𝒓𝟎
𝟐)

𝒓𝟐
 

(𝑟2 − 𝑟0
2)

𝑟2
 

-0.074 < 0.10 

(𝒓𝟐 − 𝒓′
𝟎

𝟐
)

𝒓𝟐
 

(𝑟2 − 𝑟′
0

2
)

𝑟2
 

-0.341 < 0.10 

K 
𝑘 =

∑(𝑌𝑜𝑏𝑠 × 𝑌𝑝𝑟𝑒𝑑)2

∑(𝑌𝑝𝑟𝑒𝑑)2
 

0.908 0.85 ≤ 𝐾 ≤ 1.15 

K’ 
𝑘′ =

∑(𝑌𝑜𝑏𝑠 × 𝑌𝑝𝑟𝑒𝑑)2

∑(𝑌𝑜𝑏𝑠)2
 

1.077 0.85 ≤ 𝐾’ ≤ 1.15 

 

 

 

 

Table 5. Experimental and predicted pIC50 of the CoMSIA/SE A models 
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N° pIC50 (M) 𝐶𝑜𝑀𝑆𝐼𝐴/𝑆𝐸𝐴

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑     𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠
 

N° pIC50 (M) 𝐶𝑜𝑀𝑆𝐼𝐴/𝑆𝐸𝐴

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑      𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠
 

1 

2 

3 

4 

5* 

6 

7 

8 

9 

10* 

11 

12 

13 

14 

15 

16 

17 

7.022 

8.167 

8.744 

8.602 

7.318 

7.568 

7.823 

5.04 

5.334 

8.148 

7.107 

8.356 

7.2 

6.85 

6.673 

7.091 

6.987 

7.251 

8.603 

8.497 

8.66 

7.734 

7.176 

7.824 

5.008 

5.257 

6.74 

7.104 

8.39 

7.204 

6.706 

6.697 

6.941 

6.97 

-0.229 

-0.436 

0.247 

-0.058 

-0.416 

0.392 

-0.001 

0.032 

0.077 

1.408 

0.003 

-0.034 

-0.004 

0.144 

-0.024 

0.15 

0.017 

18 

19 

20 

21 

22 

23* 

24 

25 

26* 

27* 

28 

29 

30 

31 

32* 

33* 

34 

7.301 

7.853 

7.619 

6.473 

5.344 

3.95 

4.863 

5.019 

7.346 

7.408 

5.612 

4.375 

5.151 

7.886 

4.094 

4.754 

5.573 

7.272 

7.838 

7.65 

6.104 

5.822 

5.252 

4.941 

5.14 

8.339 

8.349 

5.631 

4.437 

5.091 

7.853 

5.638 

5.718 

5.567 

0.029 

0.015 

-0.031 

0.369 

-0.478 

-1.302 

-0.078 

-0.121 

-0.993 

-0.941 

-0.019 

-0.062 

0.06 

0.033 

-1.544 

-0.964 

0.006 

* Test set 

 

The results of the Y-randomization test 

demonstrated Q2 and R2 values higher than those 

of the studied model, indicating that the 

CoMFA/SEA model was not obtained 

 

3.3. Graphical interpretation of the best 

COMSIA/SEA model 

The graphical representation of field contours for 

the chosen CoMSIA/S+E+A model is displayed in 

(Fig. 4). The distributions of the steric field, 

electrostatic field, and hydrogen bond acceptor 

field of CoMSIA are shown in Figures (a), (b), and 

(c), respectively.[35] 

Steric Field (a): The green and yellow contours 

indicate that the presence of a bulky group is 

advantageous for increasing activity, while it is 

unfavorable for decreasing it. The green contour 

adjacent to the substituent -R suggests that the 

incorporation of bulky substituents could enhance 

biochemical activity at this location. This also 

explains the higher activity of compound 3 bearing 

the -CH3 radical compared to compound 2 with the 

-H radical. Similarly, compound 10 with the -CH3 

radical is more active than compound 6 containing 

the -H radical. 

Electrostatic Field (b): Electrostatic contours, 

where blue areas indicate a preference for positive 

charges and red areas for negative charges. We 

identified a red contour near the ring, suggesting 

that the presence of mesomeric electron-attracting 

groups at this location (ortho position) is favorable 

for improving biological activity. This is supported 

by the observation that compound 12 (pIC50 = 

8.356) with the -NO2 group in the ortho position 

exhibits higher activity than compound 13 (pIC50 

= 7.2) with the -NO2 group in the para position[36]. 

Hydrogen Bond Acceptor Field (c): The magenta 

contours (80% contribution) delineate areas 

favorable to hydrogen bond acceptors, while the red 

regions (20% contribution) indicate undesirable 

acceptors. We observed a magenta contour near the 

thiophene ring, suggesting that an increase in 

compound activity occurs in the presence of a 

hydrogen bond acceptor group. However, the red 

contour demonstrates that the presence of a 

hydrogen bond acceptor has an unfavorable effect 

on compound activity[37]. 

 

3.4. Design of new inhibitors 

The primary objective of this study is to identify 

new MAO-B inhibitors using CoMSIA/SEA 

contour maps. These maps help identify specific 

target regions that can be modified to enhance 

inhibitory activity, measured in terms of pIC50[38]. 

In this endeavor, four new derivatives of 4-(3-

nitrophenyl) thiazole-2-ylhydrazone were 

synthesized and evaluated. The results showed that 

these derivatives exhibit significantly higher 

inhibitory activity compared to the parent 

compound, referred to as "compound 3." 

The data obtained are listed in (Table 6), where the 

predicted pIC50 values, total docking scores, and 
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chemical structures of the new compounds are 

detailed [39]. These pieces of information highlight 

the correlation between the structural features of the 

new compounds and their enhanced inhibitory 

activity [40]. This suggests that the modifications 

made to the molecular structures have had a 

positive effect on their affinity for the MAO-B 

target [41]. 

 
Figure 4. contour maps derived from the most refined CoMSIA/SEA model: (A) steric field, (B) 

electrostatic field and (C) hydrogen bond acceptor field. 

 

Table 6. shows the structures of the newly designed compounds and their predicted pIC50s. 

N° Structure Predicted pIC50 

 Cy R R1 CoMSIA  (SEA) 

Comp 3 

 

CH3 3-NO2 8.55 

M1 

 
 

 

9.98 

M2 

   

9.67 
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M3 

   

9.60 

M4 

 

 

 

8.58 

 

3.5. In silico ADEMT and drug-like prediction 

The prediction of ADMET characteristics is of 

crucial importance to anticipate potential issues 

during later stages of clinical therapies. Therefore, 

the pkCSM and SwissADME tools were used to 

predict the ADMET properties of the new 

derivatives of 4-(3-nitrophenyl)thiazole-2-

ylhydrazone. (Table 7) illustrates the Lipinski 

properties profile for the new molecules under 

consideration, while (Table 8)details the predicted 

in silico ADMET properties. In parallel, (Table 

9)presents the toxicity evaluation results for the 

new molecules M1, M2, M3, M4, and 3 using four 

parameters.[42] 

According to Lipinski's Rule of Five, a compound 

with a logP value less than 5, a molecular weight 

(MW) of 500 Da or less, fewer than 10 hydrogen 

bond acceptors (HBA), and fewer than 5 hydrogen 

bond donors (HBD) is considered to have good 

absorption properties (Rule of Five Criteria). 

(Table 7)demonstrates that the proposed 

molecules, as well as the most active molecule, 

compound 3, meet these criteria by having a logP 

value less than 5, an MW less than 500 Da, an HBA 

count less than 10, and an HBD count less than 5. 

Additionally, the number of rotatable bonds 

(NROTB) is less than 10, indicating that these 

compounds have better absorption and 

bioavailability capabilities. 

As revealed in (Table 8), all compounds exhibit 

absorption rates exceeding 80% in the human 

intestine, indicating high intestinal absorption, 

while values below 30% signify low absorption. 

Cytochrome P450 is an essential enzymatic system 

for drug metabolism in the liver, with CYP3A4 

being one of its major variants. All the considered 

molecules act as inhibitors and substrates of 

CYP3A4, except for the most active molecule, 

compound 3. Furthermore, their synthetic 

accessibility scores range from 3.49 to 4.27, 

indicating ease of synthesis.[43] 

(Table 9)presents the results of toxicity assessment 

using four parameters. The AMES test confirmed 

the absence of mutagenic and carcinogenic 

properties in all newly designed candidates, except 

for the reference compound 3, which remains toxic. 

Additionally, the acute toxicity (LD50) of the 

compounds ranged from 2.292 to 3.04 mol/kg, 

while the chronic toxicity (LOAEL) of the 

compounds ranged from 1.239 to 2.047 mg/kg of 

body weight per day. Furthermore, none of the 

newly synthesized compounds cause skin 

sensitization. Considering these results, it is 

possible to conclude that most candidates do not 

pose potential toxic concerns, except for compound 

3. 

 

 

 

Table 7 In silico ADMET properties of the proposed new compounds and reference compound 3. 

M4 M3 M2 M1 3  

82.039 81.681 89.671 95.022 86.426 Intestinal absorption (human) Numeric (% Absorbed) 

NO NO NO NO NO CYP2D6 substrate 

YES YES YES YES YES  CYP3A4 substrate 

YES NO NO NO YES CYP1A2 inhibitor       

YES YES YES YES YES CYP2C19 inhibitor 

YES YES YES YES YES CYP2C9 inhibitor        

NO NO NO YES NO CYP2D6 inhibitor 

YES YES YES YES NO CYP3A4 inhibitor 

0.132 0.16 0.1 0.549 0.313 Total Clearance 

3.49 4.24 4.27 3.73 3.98 Synthetic Accessibility 
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Table 8. Lipinski characteristics of the recently developed M1-M4 compounds and the reference compound 3. 

M4 M3 M2 M1 3  

YES YES YES YES YES Lipinski 

2.753 2 2.8282 4.95 4.61 Log P 

3 4 3 1 1 nHBD 

8 9 9 9 7 nHBA 

7 8 8 8 5 Nrotb 

108.63 116.00 116.70 116.95 96.53 MR 

433.536 484.521 482.42 428.49 344.42 MW 

 

 

Table 9. Predicting the toxicity of newly developed compounds and the reference compound 3. 

Comp N° AMES Toxicity 

Yes/No 

Oral Rat Acute Toxicity 

(LD50) mol/Kg 

Oral Rat Chronic Toxicity 

(LOAEL) Log mg/kg_ bw/day 

Skin Sensitisation 

Yes/No 

3 YES 2.889 1.398 NO 

M1 NO 3.04 1.239 NO 

M2 NO 2.317 2.047 NO 

M3 NO 2.292 1.962 NO 

M4 NO 2.437 1.968 NO 

 

 
Figure 5. Graph of protein-ligand interactions in asteroids. 

 

3.6. Molecular docking results 

To gain a comprehensive understanding of the 

quantitative relationship between the molecular 

structure and its activity, as indicated by the 3D-

QSAR model, it is imperative to grasp the 

principles of ligand-receptor binding, a process 

often studied through molecular docking. In this 

study, the researchers utilized an online web service 

called the Atlas of Protein Communications. 

Additionally, crucial interactions involving specific 

amino acids were discerned using graphical 

representations in the form of ligand and residue 

"asteroid" plots (please refer to (Fig. 5)). These 

visualizations highlighted larger circles along the 

main chain, corresponding to residues like Arg:42, 

Glu:34, Glu:58, Met:436, Tyr:398, Tyr:435, 

Tyr:60, and Arg:41, underscoring the significant 

roles played by these amino acids in the binding 
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process. This insight was instrumental in assessing 

the compound's activity and confirming the success 

of the molecular docking procedure[44]. 

A molecular docking study was carried out to 

validate the 3D-QSAR method by examining the 

interactions between the ligand variants (M1 to M4) 

and the hMAO-B receptor (PDB: 2V60) [45]. Table 

10 depicts the 2D and 3D interactions, while Table 

11 summarises the binding energies of these 

molecules. 

The most active molecule, compound 3, has several 

critical interactions with the hMAO-B receptor, 

including hydrogen bonds between the nitro group 

and Thr426, and between the thiazole group and 

Met436, a Pi-Sulphur interaction of the thiophene 

group with Tyr398, a Pi-Sigma interaction of the 

methyl group with Tyr435, and alkyl interactions 

between the benzene group and residues Ala439 

and Ile14. In addition, the thiazole and benzene 

rings form Pi-Alkyl interactions with Arg42 and 

Cys397[46]. These interactions are crucial for the 

efficacy of compound 3 as an hMAO-B inhibitor, 

as shown by a binding score of -9 kcal/mol. For 

compound M1, the main interactions include 

hydrogen bonds of the nitro group with Tyr60 and 

Ser59 and the methyl acetate group with Gln206 

and Tyr326. Pi-alkyl interactions of the 1-butane 

group with Lys296 and Tyr398 and of the thiophene 

ring with Met436 are also notable. In addition, the 

thiophene group forms a T-shaped Pi-Pi interaction 

with Tyr435, while thiazole forms a stacked Pi-Pi 

interaction with Phe343 as Hydrogen bonding.  

 
Table 10. Chemical interactions depicted for the proposed compounds and the active compound (3) at the receptor 

binding sites (PDB ID: 2V60) in 2D and 3D Docking. 

N° 2D View 3D View 

3 

  

M1 
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M2 

  
M3 

  
M4 

 

 
 

 

Table 11. Molecular docking score for newly discovered compounds using the CoMSIA/SEA model. 

N° Affinity (kcal/mol) 

3 -9 

M1 -9.7 

M2 -10 
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M3 -9.5 

M4 -9.2 

3.7. Molecular dynamics 

The results from molecular dynamics simulations 

(Fig. 6) of the proposed M1 molecule provided 

crucial insights into the root mean square deviation 

(RMSD) of the ligand, protein, and protein-ligand 

complex. The RMSD values were employed to 

assess stability and conformational variations 

throughout dynamic simulation. They exhibited a 

maximum RMSD of 1.5 Å for the ligand, 2.7 Å for 

the protein, and 2.7 Å for the complex, with a 

minimum RMSD of 0.6 Å for the ligand, 1.2 Å for 

the protein, and 1.2 Å for the complex. After 25 

nanoseconds, the RMSD fluctuations converged to 

approximately 1 Å for the ligand and 2.1 Å for the 

protein and the complex, indicating a certain degree 

of structural equilibrium. During this period, the 

ligand altered its conformation and position within 

the protein's active site, facilitating crucial 

interactions with amino acids, attributed to the 

presence of electron-withdrawing groups (NO2) 

and the orientation of CH3O- in the Ester 

function[49]. The combined RMSD between the 

protein alone and the protein-ligand complex 

suggests a stable and strong binding, with minimal 

major structural changes. 

In the case of the most active molecule 3, a 

maximum RMSD of 1.2 Å for the ligand, 4.7 Å for 

the protein, and 4.8 Å for the complex was 

observed, with a minimum RMSD of 0.3 Å for the 

ligand, 3 Å for the protein, and 1.8 Å for the 

complex. Over 100 nanoseconds, the ligand 

underwent conformational changes and/or altered 

its position within the protein's active site, 

facilitating critical interactions with amino acids, 

attributed to the presence of electron-withdrawing 

groups (NO2) and a conjugated main chain 

system[50]. This justifies the conformational 

changes observed in the most active molecule, 

although typically, no stable conformation was 

maintained throughout the dynamic simulation 

period. 

  

Suggested molecules M1 More-active molecules 3 

Figure 6. RMSD of ligands, protein (C-alpha) and the complex 
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Suggested molecules M1 More-active molecules 3 

Figure 7. RMSF of therapeutic target amino acids 

 

  
Suggested molecules M1 More-active molecules 3 

Figure 8. RMSF of ligands with and without the influence of amino acids 

 

  

Suggested molecules M1 More-active molecules 3 

Figure 9. Type and interaction fractions of amino acids in contact with ligands. 

 

In order to assess the vibrations of amino acids 

relative to their initial conformation, the RMSF 

(Root Mean Square Fluctuation) value of the target 

receptor was considered and measured by tracking 

the variation in Cα atoms of the peptide chain. The 

RMSF values of the receptor protein revealed 
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fluctuations ranging from 0.5 to 2 Å, with the 

exception of the C-terminal amino acids, whether in 

the presence of the most active molecule or the 

proposed one. Upon analysis, it was found that the 

RMSF values for the complex system were lower 

for active amino acids. When comparing the 

number of amino acids involved in conventional 

hydrogen bond interactions between the proposed 

M1 molecule and the most active one 3, it became 

evident that our proposal formed more interactions 

throughout the dynamic simulation. The 

fluctuations of amino acids and their interactions 

with the ligands are depicted in (Fig. 7). 

Interpreting the RMSF (Root Mean Square 

Fluctuation) of the ligand with and without the 

protein's influence can provide crucial insights into 

the ligand's flexibility and stability in the presence 

of the protein. The fluctuation of carbon atom 

number 11, sp2 hybridized, is approximately 1 Å, 

the fluctuation of the two oxygen atoms, numbers 

18 and 19, from the nitro group is around 1.5 Å, and 

the fluctuation of oxygen atom number 27, sp3 

hybridized from the ester function, is about 2 Å. 

Conversely, the fluctuations of the other atoms in 

the proposed M1 molecule are less than 1 Å in the 

presence of the protein and less than 0.5 Å without 

protein influence. This range of difference suggests 

that the ligand adopts a more stable and protein-

interaction-favorable conformation. 

As for the most active 3 molecule, the fluctuation 

of carbon atom number 9 from the methyl group is 

approximately 0.5 Å without protein influence and 

around 1.5 Å in the presence of the protein. The 

fluctuation of carbon atom number 11 from the 5-

membered ring is about 1.2 Å and 1.6 Å with and 

without protein influence, respectively. The 

fluctuation of nitrogen atom number 14 from the 5-

membered ring is approximately 1 Å without 

protein effect and roughly 1.6 Å with protein effect. 

The fluctuation of two oxygen atoms from the nitro 

group is about 1.3 Å and 1.45 Å with protein 

influence and without protein influence, 

respectively. The other fluctuations of atoms in the 

most active molecule are below 1.1 Å. 

In general, atomic vibrations of the added 

substitutions, as indicated by the analysis of contour 

maps from the CoMSIA prediction model, formed 

significant interactions in the molecular docking 

analysis and adhere to the maximum fluctuation 

thresholds, as demonstrated by the RMSF analysis 

over 100 nanoseconds. These fluctuations are 

illustrated in (Fig. 8). 

The proposed M1molecule forms various types of 

interactions with the therapeutic target, such as 

three H-Bond interactions with GLU: 427, GLN: 

206, and GLY: 58, as well as hydrophobic 

interactions with amino acids TYR: 435, TYR: 398, 

TPR: 388, TPR: 326, and ILE: 198, some of which 

have a very high fraction while others are less 

intense. Additionally, ionic interactions are 

observed with ARG: 42, along with water bridge 

interactions with THR: 43, SER: 15, and ILE: 14 

during the dynamic simulation. 

Regarding the most active molecule 3, it exhibits 

low-intensity H-Bond interactions with amino acids 

GLN: 206, ILE: 198, and ARG: 42, although these 

interactions are relatively weak. Two significant 

and noteworthy interactions are formed between 

this molecule and the therapeutic target, 

characterized by more intense hydrophobic 

interactions, along with water bridge interactions. 

In general, upon analyzing interactions with amino 

acids during the dynamic simulation, it is evident 

that the proposed molecule outperforms the most 

active molecule. These interactions are depicted in 

(Fig. 9). 

In order to track these ligand-protein interactions, a 

detailed study of these interactions over 100 

nanoseconds was performed to confirm amino acid 

contacts with the studied ligands. It was observed 

that the number of these contacts varied from 3 to 9 

bonds for the proposed M1 molecule and 

sometimes up to 12 bonds for the most active 

molecule. However, during the dynamic 

simulations the amino acids TYR: 435, GLY: 434, 

TYR: 398, TRP: 388, and TYR: 326 remained in 

contact with the proposed molecule, while the 

contact between the most active molecule 3 and the 

therapeutic target was not continuous compared to 

the contact of the proposed molecule. This indicates 

that the interactions of our proposal are stronger 

than those of the base's most active molecule. The 

number of ligand-protein contacts and the 

continuity of interactions with the therapeutic target 

are shown in (Fig. 10). 

Molecular dynamics results show the percentages 

of different secondary structures in the two studied 

complexes, the first being the proposed M1 

molecule with the protein and the second being the 

most active molecule 3 with the protein. Secondary 
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structures generally include helices (alpha helices) 

and strands (beta sheets), which are important 

elements of protein conformation. 

For complex M1 we observe about 25.30% helices, 

17.56% strands and a total of 42.86% secondary 

structures. Conversely, for complex 3, we observe 

a slightly higher percentage with about 25.87% 

helices, 18.11% strands and a total of 43.97% 

secondary structures. 

 

 

 

Suggested molecules M1 

 

 

 

 

 

 

 

 

More-active molecules 3 

Figure 10. Number of amino acid contacts over time in the dynamic simulation 

 

The information presented in (Fig. 11) suggests that 

the two complexes have relatively comparable 

secondary structure compositions, albeit with a 

slight advantage in favour of complex M1. 

Nevertheless, these differences remain relatively 

subtle, suggesting that the two molecules exhibit 

similarities in their overall conformation and 

structural behavior during molecular dynamics. It 

should be noted that these results could have 

implications for the stability and functionality of 

the molecules, but a more comprehensive analysis 

is required to fully grasp the influence of these 
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variations in secondary structure on their respective 

biological behaviors[51]. 

  
Suggested molecules M1 More-active molecules 3 

Figure 11. Comparing Secondary Structure Compositions of complex M1 and complex 3 in Molecular 

Dynamics 

 
Suggested molecules M1 

 
More-active molecules 3 

Figure 12. Comparing Structural Properties of the Proposed Molecule and the Most Active Molecule in 

Molecular Dynamics 

 

The results of molecular dynamics reveal 

significant differences between the proposed 

molecule M1 and the most active molecule 3. For 

the proposed molecule, RMSD varies between 0.5 

and 1 angstrom, indicating relatively low structural 

fluctuations. Rg shows a variation between 4.65 
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and 5.1 Å, suggesting some flexibility in molecular 

size. The absence of major intramolecular 

interactions indicates internal stability. The 

molecular surface area (MolSA) ranges from 375 to 

390 Å2, with a solid surface, while solvent-

accessible surface area (SASA) varies from 0 to 18 

Å2, indicating some solvent exposure, and polar 

surface area (PSA) ranges from 136 to 152 Å2, 

displaying polar regions. 

On the other hand, for the most active molecule 3, 

RMSD varies between 0.3 and 1.5 Å, with a slightly 

broader range. Rg varies between 4.5 and 5 Å, 

indicating a slightly more compact size. The 

absence of significant intramolecular interactions 

also suggests internal stability. MolSA exhibits 

subtle variations, both between 300 and 325 Å2and 

between 375 and 400 Å2, reflecting delicate 

changes in molecular surface. SASA varies from 0 

to 40 Å2, indicating variable solvent exposure, and 

PSA ranges from 136 to 158 Å2, showing greater 

variability in polar regions. 

In summary, these results suggest that the proposed 

molecule exhibits slightly more consistent stability 

with limited fluctuations compared to the most 

active molecule, which displays greater variability 

in some of its properties, potentially due to more 

significant conformational changes. These 

differences could have important implications for 

their respective biological behavior. These different 

properties are shown in (Fig. 12). 

 

 3.8.  Retrosynthesis results 

     In this study, the retrosynthetic method was 

employed with the assistance of the Spaya platform 

to facilitate the creation of the target compound, 

namely methyl 3-{2-[(2E)-2-[1-(3-nitrothiophen-2-

yl) but-3-en-1-ylidene] hydrazin-1-yl]-1,3-thiazol-

4-yl}benzoate (referred to as M1), which represents 

a potential drug candidate as a selective inhibitor of 

human MAO-B. The analysis generated several 

synthesis options, among which the one with the 

highest score of 0.7 was selected. Therefore, the 

optimal synthesis route consisting of five steps was 

chosen. This approach is based on similar synthesis 

methods already described in the literature (details 

available in Table 12 and Figure 13). 

 

 
Figure 13. depicts the sequence of different stages 

generated subsequent to the analysis. 
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Table 12. Reactions to be used as guidelines for synthesis of M1 drug candidate. 

                       Steps                                                                                                                                       Similarity 

          Allen, Cressman Journal of the American Chemical Society, 1933, vol. 55, p.  

            2953,2958 

 
           Wesquet, Alexander O., Kazmaier, Uli Advanced Synthesis and Catalysis, 2009, vol. 351, # 9 p. 1395 - 1404

 
           Thiazole synthesis, Reference: US11608329_C00606 

 
Liu, Jinxian, Ma, Shengming Tetrahedron, 2013, vol. 69, # 47 p. 10161- 10167

 
Bromo aldehyde Barbier reaction, Reference:US20210023113A1_0147 

 

[4] Conclusions 

The study employed a Partial Least Squares (PLS) 

analysis to develop robust 3D-QSAR models 

capable of external predictions. The objective was 

to accurately predict new monoamine oxidase B 

(MAO-B) inhibitors with enhanced efficacy. To 

achieve this, it used a dataset consisting of 

derivatives of 4-(3-nitrophenyl) thiazole-2-

ylhydrazone. The CoMSIA/SEA models were 

developed with excellent statistical results (𝑄2= 

0.60; 𝑅2= 0.97; 𝑅2test = 0.711; F = 151.84; SEE = 

0.21; ONC=4), demonstrating their notable 

performance and strong predictive ability. These 

results were subjected to internal and external tests 

to validate the model, thereby enhancing its 

reliability. Contour maps generated by these 

models identified crucial structural features 

impacting inhibitory activity. Consequently, four 

new molecules (M1-M4) with predicted higher 

inhibitory activity were designed. Using the crystal 

A 

B 

C 

D 

E 

0.22 

0.24 

0.57 

0.28 

0.38 
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structure of the hMAO-B protein, the analysis of 

interactions between the new compounds (M1-M4) 

and reference compound 3 revealed that all 

proposed molecules formed significant bonds with 

major and minor residues such as Arg:42, Glu:58, 

Met:436, Tyr:398, Tyr:435, and Tyr60. Moreover, 

more significant interactions than those observed in 

complex 3 were noted. These findings suggest that 

the complex with molecule M1 might exhibit 

increased stability towards the target protein 

compared to the complex formed with reference 

compound 3. Molecular docking results confirmed 

the conclusions of the 3D-QSAR study. ADMET 

predictions revealed that the newly created 

molecules (M1-M4) are likely to be orally 

bioavailable, displaying high gastrointestinal 

absorption (greater than 80%). Additionally, they 

acted as substrates and inhibitors of CYP3A4. 

Furthermore, these molecules demonstrated an 

absence of toxicity, except for reference compound 

3, which exhibited persistent toxicity and did not 

show inhibition towards CYP3A4. Among the 

compounds studied, compound M1 stood out as one 

of the most promising candidates, displaying 

enhanced stability and increased affinity towards 

the active site of the MAO-B receptor compared to 

compound 3. Molecular dynamics (MD) 

simulations lasting 100 ns were conducted to assess 

the stability of the novel molecule M1 in 

comparison to the most active compound. The 

results of these MD simulations confirmed the 

stability of molecule M1. This was supported by the 

analysis of RMSD and RMSF values, interactions 

with the protein, as well as structural properties. 

Finally, a retrosynthetic approach was adopted to 

efficiently plan the synthesis of compound M1 as a 

potential MAO-B inhibitor. This study opens 

promising avenues for improving treatments for 

Parkinson's disease and other conditions related to 

MAO-B activity. 
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