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ABSTRACT 

Objective: The derivatives of 7-hydroxycoumarin were studied as novel human acetylcholinesterase (AChE) inhibitors that could be useful in the 
treatment of Alzheimer's disease (AD).  

Methods: This study set out to determine the lead molecules (synthesized 7-hydroxycoumarin derivatives) and investigate the viability of two 
distinct docking strategies for our target AChE: Auto Dock vina and Schrodinger Glide. Using these tools, we have conducted a comparative analysis 
of ligand binding affinity and binding poses. 

Results: Among all the Coumarin-derived compounds docked against hAChE, 2 compounds, namely, 2-((2-oxo-2H-chromen-4-yl) oxy)-N-(pyridin-
3-yl) acetamide derivative 4(d) and 7-(2-oxo-2-(10 H-phenothiazin-10-yl) ethoxy)-2H-chromen-2-one, 4(f) showed the best docking results. 

Conclusion: Schrodinger was found to be comparatively more helpful in blind docking pose prediction and consistently outperformed another 
program. In the current study, the most powerful compound’s interactions with amino acids in binding pockets are analysed and compared using 
both docking tools. 
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INTRODUCTION 

Humans' typical character is determined by cognition, which is a blend 
of consciousness, perception, familiarity, skills, memories, 
introspection, planning, and judgment [1–5]. Numerous factors, 
including aging, chemical exposure, brain trauma, and the onset of 
neurodegenerative diseases like schizophrenia, depression [6], and 
Alzheimer's disease (AD), are linked to memory loss and cognitive 
impairment [7–8]. Prominent characteristics of AD include the buildup 
of defective mitochondria and neuronal autophagy impairment, which 
results in impaired mitophagy [9]. For millions of elderly people, 
dementia is the most common cause of memory loss and cognitive 
decline [10-11]. The neurotransmitters that regulate cognitive 
function are acetylcholine (ACh), dopamine, serotonin, and glutamate 
[12, 13]. The loss of cholinergic system presynaptic indicators in the 
cortical area of the brain, which is crucial for memory and learning 
processes, is a hallmark of AD. The genesis of AD is assumed to be 
influenced by a number of variables, including low Ach levels, 
accumulation of abnormal proteins in brains, oxidative stress, tau 
protein hyperphosphorylation, and biometal imbalance [14]. AD is 
characterized by neuronal cell death due to the amplification of 
aberrant proteins, such as β-amyloid plaques (Aβ) and neurofibrillary 
tangles [15] in the affected individuals' brain [16]. There are three 
licensed AChE inhibitors currently used to fight Alzheimer's disease, 
viz., Donepezil, Galantamine, and Rivastigmine (fig 1), as well as NMDA 
antagonist, Memantine [16-18]. The enzyme cavity of AChE is a 
narrow, 20Å deep groove that contains two binding sitescatalytic 
active site (CAS) and the Peripheral anionic site (PAS) [19]. Molecular 
docking, the strategy of identifying a good ligand that fits the protein's 
binding site both geometrically and energetically, is an effective and 
competent method that is becoming increasingly important in logical 
drug design [20]. The drug research business uses a variety of 
molecular docking software. The most widely used and well-liked 
molecular docking software programs are AutoDock [13–15], 
AutoDock and Schrodinger. In accordance with the work done to find 
new AChE inhibitors, we conduct a comparative docking analysis using 
two widely used programs: AutoDock and Schrodinger Glide tool. By 
docking 65 ligands with AChE protein and comparing the expected 

binding affinities with the observed values, the docking accuracy of the 
chosen docking techniques were assessed. 

Numerous plant species contain coumarin, a naturally occurring 
heterocyclic molecule that can be created by synthetic processes. 
Many heteroaromatic compounds and derivatives, especially those 
containing nitrogen atoms, were created in order to investigate their 
AChE/BuChE inhibitory potential for treating AD. Fig. 1 provides a 
clear explanation of the designing technique. This study set out to 
determine the lead molecules (synthesized 7-hydroxycoumarin 
derivatives) and investigate the viability of two distinct docking 
strategies for our target AChE: AutoDock vina and Schrodinger Glide. 
Using these tools, we have conducted a comparative analysis of 
ligand binding affinity and binding poses. 

MATERIALS AND METHODS 

Molecular docking studies of designed derivatives 

A lot of ligands' binding affinities can be predicted using molecular 
docking techniques. The purpose we had in this work was to 
investigate whether there might already be a connection between 
the docking scores and the experimental bioactivities of the 
inhibitors being studied, as well as to compare the 2D interaction 
between the protein and the ligand exhibited by Schrodinger and 
AutoDock vina. Using the above designing strategy, 65 coumarin 
derivatives were designed, out of which the best 15(4a-o) were 
synthesized and evaluated for their anti-Alzheimer activity, which 
was explained in our previous work [21]. The detailed docking 
studies had been performed to get a complete insight into the 
molecular interactions of designed compounds with three-
dimensional hAChE (PDB code: 4EY7). Using the Glide module of 
Schrodinger Maestro 2018-1 and Auto Dock vina, molecular docking 
research was conducted to evaluate the binding affinity and pose 
stability of compounds (4a-4o) in the active sites of hAChE (PDB 
Code: 4EY7). The protein's crystalline structure was generated. 

Initially, partial charges were provided after hydrogens were 
supplied. After optimizing the protein structure at pH 7.0 using the 
PROPKA technique, the RMSD of the convergence heavy atoms was 
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maintained at 0.30Å during constrained minimization. The receptor 
grid was formed in order to identify active sites that were less than 
10× 10× 10 Å from the centroid of the co-crystallized ligand 
(donepezil) [22]. Molecular docking analysis is used to elucidate 
donepezil’s manner of binding with the receptor proteins using 
Glide. 

Similarly, AutoDock Tools (ADT) was used to finish intermediate 
processes, including creating grid boxes and preparing pdbqt files 
for proteins and ligands. Polar hydrogens, unified atom Kollman 
charges, and solvation parameters were assigned using ADT and 

protein fragmental volumes. The prepared file was saved by 
AutoDock in PDBQT format. Using a grid box, Auto Grid was utilized 
to create the grid map. The grid center was identified with 
dimensions (x, y, and z) of -1.095,-1.554, and 3.894. The grid size 
was set to 60 × 60 × 60 xyz points with grid spacing of 0.375 Å. The 
ligand structure is used to compute a score grid, which reduces 
computation time. For additional study, the position with the lowest 
binding energy or affinity was taken out and matched with the 
receptor structure [23, 24]. Using the AutoDock tool, molecular 
docking analysis is utilized to clarify how donepezil binds to the 
receptor proteins. 

 

 

Fig. 1: Design strategy for 7-hydroxy coumarin analogues 

 

RESULTS AND DISCUSSION 

This work compares two popular docking techniques (AutoDock 
and Schrodinger Glide) in order to determine an accurate docking 
routine for performing molecular docking studies of the AChE 
protein and to find the strongest inhibitors against that protein. 
The binding affinities obtained with both the tools are given in 
table 1. The best ten docked poses for each ligand were returned 
by each docking procedure. Table 2 provides an overview of the 
quantity and classifications of the dock poses. Schrodinger was 
determined to be the most effective of the two docking methods 

that were examined for both docking and creating postures that 
bind most effectively deep within the binding pocket's 5 Å. 84% of 
the poses it produced were good. Autodock, however, did well as 
well, striking 68% of good postures. Docking programs must 
operate at about equal speeds in order to be evaluated for docking 
accuracy. Additionally, compared is the average amount of time 
needed to complete the docking calculation for a single ligand 
using various scoring systems and docking procedures. Glide is the 
fastest algorithm in terms of the average time needed to dock a 
single ligand. Fig. 2 and 3 shows the binding interactions of 
compounds in bar graph form. 

 

 

Fig. 2: Graph of docking score of 7-hydroxy coumarin derivatives 
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Table 1: Docking score of 7-hydroxy coumarin derivatives 

S. No. Compound code Compound structure Binding affinity Schrodinger 
Glide 

Binding affinity Autodock Vina 

1. 4(a) 

 

-8.148 -6.267 

2. 4(b) 

 

-6.708 -5.907 

3. 4(c) 

 

-9.222 -7.435 

4. 4(d) 

 

-10.384 -8.342 

5. 4(e) 

 

-7.722 -6.733 

6. 4(f) 

 

-10.211 -8.222 

7. 4(g) 

 

-10.142 -6.765 

8. 4(h) 

 

-8.902 -6.892 

9. 4(i) 

 

-9.482 -7.115 

10. 4(j) 

 

-9.322 -6.563 

11. 4(k) 

 

-9.992 -7.093 

12. 4(l) 

 

-8.802 -6.942 

13. 4(m) 

 

-9.162 -6.531 
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S. No. Compound code Compound structure Binding affinity Schrodinger 
Glide 

Binding affinity Autodock Vina 

14. 4(n) 

 

-7.212 -5.985 

15. 4(o) 

 

-7.824 -5.467 

16. Donepezil 

 

-12.04 -12.04 

 

Table 2: Number of good, fair and poor docked complexes obtained by both docking routines 

Pose Binding affinity Schrodinger Glide Binding affinity Autodock Vina 

Good  55 44 
Fair 06 13 
Poor 04 08 

 

 

Fig. 3: Graph of docking score of 7-hydroxy coumarin derivatives 

 

 

Fig. 4a: Binding interactions of donepezil with enzyme with glide 
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Molecular docking studies of donepezil and important 
coumarin analogues 

Below fig. displays the 2D depiction of protein–ligand interactions in the 
optimal postures produced by both programs under study. Every 
molecule has the same binding mode, as shown in the figure. 
Remarkably, these atoms and the residues have significant interactions 
that directly contribute to this enzyme's catalytic function. The binding 

interactions of donepezil with the enzyme are shown with AutoDock 
vina (fig. 4a) and Glide (fig. 4b). The primary stabilizing factors for the 
ligand–enzyme complexes are hydrophobic and hydrogen bonding 
interactions. Each docking technique produced a top docked pose that 
showed formed bonds with one or more amino acids in the AChE 
binding pocket. In the majority of docking applications, the top-ranked 
pose with the lowest docked binding affinities and the highest docking 
scores is typically chosen as the default. 

 

 

Fig. 4b: Binding interactions of donepezil with enzyme with AutoDock vina 

 

Molecular docking studies of the first most active compound 4 
(d) 

As before, a molecular docking analysis was performed using one of 
the most active compounds, 4 (d), to clarify the inhibitor's mode of 
binding. Compound 4 (d) and donepezil had docked scores of-10.384 
and-12.040, respectively. The interaction between compound 4(d) in 
its ideal docking position and the amino acids in the hAchE active 
site is shown in fig. 5. In the catalytic triad of the CAS region, the 
carbazole ring established a polar contact with HIS 447 and SER 203. 
The carbazole ring displayed hydrophobic contacts with PHE 338 

and TYR 337, pi-pi stacking with TRP 86, and electrostatic 
interactions with GLU 202 at the anionic subsite. At the acyl binding 
pocket, the coumarin moiety's carbonyl group established a 
hydrogen connection with PHE 295 and a hydrophobic contact with 
PHE 297. Compound 4(d) reacted with glycine residues (GLY 121 
and GLY 122) at the oxyanion site. In the PAS region, the coumarin 
moiety demonstrated hydrophobic contacts with TYR 72 and TYR 
341 and pi-pi stacking with amino acid TRP 286. It also shows 
electrostatic interactions with ASP 74. Furthermore, in PAS, the 
carbonyl group of the amide linkage demonstrated hydrogen 
bonding with TYR 124. 

  

 

Fig. 5: 2D Interactions between hAChE and compound 4(d) by glide 

 

Fig. 6 depicts the interaction between protein and the compound 
4(d) shown by AutoDock tool. The all the three rings of carbazole 
formed ionic interaction or salt bridge formation with HIS 381 in the 
catalytic triad of the CAS region. Both the rings of coumarin moiety 
forms pi-pi interaction with ALA 397. Moreover, Ligand shows 
vander waals interactions with GLU 396, TYR 382, THR 75, ARG 525, 
LEU 380 amino acids in binding pockets. 

Molecular docking studies of the second most active compound, 
4(f) 

Compound 4 (f) and donepezil had docked scores of-10.211 and-
12.040 kcal/mole, respectively. The interaction between compound 

4 (f) in its ideal docking position and the amino acids in the hAchE 
active site is shown in fig. 7. In the catalytic triad of the CAS area, the 
pyrone ring of coumarin produced pi-pi stacking and polar contacts 
with HID 447, while the carbonyl group of the pyrone ring made a 
hydrogen bond with SER 203. The coumarin's benzene ring 
displayed pi-pi stacking with TYR 337 at the anionic subsite. 
Furthermore, in the anionic subsite, compound 4 (f) demonstrated 
hydrophobic contacts with PHE 338 and electrostatic interactions 
with GLU 202. Compound 4(f)'s amide linkage's carbonyl group 
established a hydrogen bond with PHE 295 and a hydrophobic 
interaction with PHE 297 at the acyl binding pocket. Compound 4(f) 
developed a hydrophobic contact with ALA 204 at the oxyanion site 
after interacting with glycine residues (GLY 121 and GLY 122). 
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 Additionally, compound 4 (f) demonstrated hydrophobic contacts 
with TRP 286, TYR 124, and TYR 72, as well as electrostatic 
interactions with ASP 74 in the PAS region. The coumarin moiety's 
benzene ring also displayed pi-pi stacking with amino acid TYR 341. 
One interesting characteristic of AChE inhibitors is its ability to bind 
with both enzyme sites, as demonstrated in compound 4(f). 

Fig. 8 depicts the interaction between hAchE and the compound 4(d) 
shown by AutoDock tool. The carbonyl group at the coumarin 
moiety forms a conventional hydrogen bond with ALA 526. Both the 

rings of coumarin forms pi-pi interactions with ALA 528 and ARG 
525. Moreover, the ligand shows Vander Waals interactions with HIS 
381, LEU 386, ARG 522, GLN 527 and TYR 382 amino acids in 
binding pockets. 

Docking interactions of other important derivatives 

2D images of the active site interactions between hAChE and some of 
the other compounds as studied with both tools, are summarized 
below.

 

 

Fig. 6: 2D interactions between hAChE and compound 4(d) by AutoDock 

 

 

Fig. 7: 2D Interactions between hache and compound 4(f) by glide 

 

 

Fig. 8: 2D Interactions between hAChE and compound 4(f) by AutoDock 
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 Compound 4 (a) 

 

Fig. 9a: 2D interactions of compound 4 (a) with glide 

 

 

Fig. 9b: 2D interactions of compound 4 (a) with AutoDock 

 

Compound4 (b) 

 

Fig. 9c: 2D interactions of compound 4 (b) with glide 
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Fig. 9d: 2D interactions of compound 4 (b) with AutoDock 

 

Compound4(c) 

 

Fig. 9e: 2D interactions of compound 4 (c) with glide 

 

 

Fig. 9f: 2D interactions of compound 4 (c) with AutoDock 
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Compound4 (h) 

 

Fig. 9g: 2D interactions of compound 4 (h) with glide 

 

 

Fig. 9h: 2D interactions of compound 4 (h) with AutoDock 

 

Compound4 (m) 

 

Fig. 9i: 2D interactions of compound 4 (m) with glide 
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Fig. 9j: 2D interactions of compound 4 (m) with AutoDock 

 

Based on their docking score, all drugs demonstrated similar binding to 
AChE (in comparison to donepezil). Docking scores for compounds were 
in the range-5.467 to-8.342 using Auto dock and -10.384 to-6.708 using 
Glide. Donepezil binds to both CAS and PAS sites of the enzyme. The 
compounds 4(d), 7-(2-(9H-carbazol-9-yl)-2-oxoethoxy)-2H-chromen-2-
one and 4(f), 7-(2-oxo-2-(10H-phenothiazin-10-yl) ethoxy)-2H-
chromen-2-one having the highest docking scores using both the tools. 
All the compounds also displayed more or less the same pi-pi stacking 
interactions, hydrophobic interactions, polar interactions etc. Molecular 
docking results revealed that the compounds 4 (d) and 4 (f) possess 

acetylcholinesterase inhibitory properties by binding to both CAS and 
PAS in the active sites of AChE. It is also supported by previously 
published articles that the coumarin derivatives exhibit 
anticholinesterase activity by dual binding mode in the active sites of 
AChE [25]. Moreover, the compounds showing dual binding site 
interactions as Donepezil, at molecular level of inhibitory activity, are 
akin to exhibit better acetylcholinesterase inhibitory properties [26]. 

5. A comprehensive review of the molecular docking interactions of 
compounds 4 (d), 4 (f) and donepezil in hAChE (4EY7) 

 

Table 3: Molecular docking Interaction of compound 4 (d), 4 (f) and donepezil in hAChE (4EY7) 

Compd Schrodinger Interacting residues AutoDock vina 

H-bonds Hydrophilic 
bonds 

Remaining residues Pi-alkyl/pi-pi stalked/ 
Hydrophobic interactions 

Remaining residues 

4 (d) HIS 447 SER 203 THR 75, GLY120 TRP 286, TYR 72, TYR 341, 
ASP 74, TYR 124 

ALA 397,HIS 381 
 

GLU 396,ARG 393,TYR 382,HIS 381, 
THR 383,ASP 400,ASP 384 

4 (f) HID 447 SER 203 SER 293, THR 
75,ARG 296, GLY 
448 

TYR 341, TRP 286, TYR 124, 
TYR 72, ASP 74 

ALA 526 
ALA 528 
ARG 525 

GLY 523,ARG 522,ARG 525,HIS 
381,TYR 382 

Donepezil HIS 447 SER 
239,SER 203 

PHE 295, PHE 
297 

TRP 286, TYR 341, TYR 124, 
TYR 72, ASP 74. 

ARG 524,HIS 380 LEU 379 

 

CONCLUSION 

Over the past few years, docking and scoring have undergone major 
changes. It is now a useful tool in the process of finding new drugs. 
Using AutoDock and Schrodinger tools, we have conducted a 
comparative analysis of ligand binding affinity. Schrodinger was found 
to be comparatively more helpful in blind docking pose prediction and 
consistently outperformed another program. The ligand docking 
experiments demonstrated that the amino acid residues are involved 
in the binding pocket. Donepezil was used to compare the docking 
score and interactions of designed compounds with amino acid 
residues in of hAChE. hydrogen bond formation and electrostatic 
interaction akin to those of donepezil. Molecular docking results 
revealed that the compounds possess acetylcholinesterase inhibitory 
properties by binding to both CAS and PAS in the active sites of AChE. 
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