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MOLECULAR MODELLING 
 
EXERCISE 22.5   Dual-Action agents used in the treatment of Alzheimer’s Disease 
 
INTRODUCTION 
One of the current areas of medicinal chemistry research is the investigation of dual-action 
and multi-targeted agents, which are capable of binding to both the peripheral binding site 
and active site of acetylcholinesterase (section 22.15 in the textbook). Many of these agents 
interact with two tryptophan residues, one in the peripheral binding site and the other in the 
active site. These residues are 12 Å apart. In this exercise, we will investigate dual-action 
agents to see whether groups capable of interacting with tryptophan are separated by a 
comparable distance.  
 
Bis(7)-tacrine (Fig. 1) was one of the first dual-action agents to be identified. It is proposed 
that the tricyclic rings are able to interact with the two tryptophan residues described. 
 
 
 
 
 
        
 
 
 
 
 
 
 
 
 
  Bis(7)-Tacrine 
 
Figure 1  Bis(7)-Tacrine. 
 
Donepezil (Fig. 2) binds to acetylcholinesterase such that it spans the gorge region and 
interacts with both the peripheral binding site and the active site. However, it is stated that it 
is too short to interact with both of the tryptophan residues.  
 
 
 
 
 
 
 
 
Figure 2 Donepezil. 
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On the other hand, it is claimed that the analogue shown in figure 3 can interact with both 
residues as shown.  
 
 
 
 
 
 
 
 
 
Figure 3  Analogue of donepezil. 
 
 
 
 
INSTRUCTIONS 
It is suggested that you attempt the following instructions yourself before following the more 
detailed Procedures that follow. You may find the file entitled Common Operations for 
ChemBio3D/Chem3D a useful guide on how to carry out various operations. ChemDraw files 
for bis(7)-tacrine, donepezil, and the donepezil analogue are available in the ChemDraw 
folder.  
 
PART A 
Create the energy-minimised 3D structure of bis(7)-tacrine from the corresponding 
ChemDraw file. Ensure that the linker is fully extended, then measure the separation between 
the two tricyclic rings. Determine whether the dimensions are sufficient to allow 
simultaneous interactions with both tryptophan residues. What conclusions can you draw? 
 
PART B 
Create the energy-minimised 3D structure of donepezil from its ChemDraw file and 
determine whether it is likely to bind to both tryptophan residues. Modify the structure to 
form the fully extended conformation to see whether it can bind simultaneously to both 
tryptophan residues.  
 
PART C 
Create the energy-minimised 3D structure of the analogue shown in figure 3 from its 
ChemDraw file, and determine how effectively it would bind to the two tryptophan residues. 
Repeat this analysis with the fully extended conformation.  
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PROCEDURES 
There are various approaches that you can use to tackle these molecular modelling exercises. 
The following procedures illustrate how you might tackle this particular exercise, but they are 
not meant to be prescriptive. Note also that the results obtained may vary depending on the 
computer and the version of ChemBio3D/Chem3D used. For example, the specific 
conformations obtained from energy minimisation may differ, as may quantitative results 
such as steric energies. 
 
PART A  The 3D-structure of bis(7)-tacrine. 
 
1. Create the energy-minimised Chem3D structure of bis(7)-tacrine. 
 
*Open ChemBio3D or Chem3D. 
*From the File menu, choose Open, then find the ChemDraw file for bis(7)- tacrine from the 
ChemDraw folder. Select the file, then click on Open.  

*Energy minimize  the structure. A fully extended conformation is obtained (Fig. 4). The 
steric energy in the bottom window is shown as 40.7 kcal/mol. 
 

 
 
Figure 4  Energy-minimized structure of bis(7)-tacrine. 
 
 
2. Measure the distance between the nitrogen atoms in the tricyclic ring systems.  

*Choose the select tool .  
*With the shift key depressed, click on the nitrogen atoms that are furthest apart in the two 
tricyclic ring systems to select them.  
*From the Structure menu, choose Display Distance Measurement. The nitrogen atoms are 
shown to be 17.8 Å apart (Fig. 4). 
*Repeat the measurement for the aromatic carbon atoms that are closest to each other. The 
separation is 12.5 Å (Fig. 4). 
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The separation between the tryptophan residues in the binding site is 12 Å, and so it is 
perfectly feasible for both tricyclic rings of the dimer to interact simultaneously with these 
tryptophan residues if the molecule adopts a slightly less extended conformation. 
 
3. Measure the distance between the centroids  
First of all, add the centroids to both tricyclic rings.  

*Choose the select tool . 
*With the shift key depressed, click on all the atoms of the central ring in one of the tricyclic 
moieties.   
*From the Structure menu, choose Add Centroid. 
*Repeat this for the other tricyclic ring. 
*With the shift key depressed, click on both centroids to select them.  
*From the Structure menu, choose Display Distance Measurement. This is revealed as 15.2 
Å (Fig. 5). 
 

 
Figure 5  Distance between the centroids for tacrine. 
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PART B Donepezil 
 
1.Create the energy-minimised 3D-structure of donepezil. 
*From the File menu, choose Open, then find and select the ChemDraw file for donepezil. Click 
Open.  

*Energy minimize  the structure. The final structure has a folded conformation (Fig. 6). 
The steric energy in the bottom window is shown as 31.9 kcal/mol.  
 
2. Add centroids to the aromatic rings and measure the separation. 
This can be carried out in the manner described in part A. The separation is found to be 10.8 
Å (Fig. 6), which is significantly shorter than the separation between the two tryptophan 
residues. In other words, the two aromatic rings are too close to interact simultaneously with 
both tryptophan residues.    
 
 

 
Figure 6  Energy-minimised structure of donepezil . 
 
3. Measure distances between aromatic carbon atoms. 
 The range of distances between different aromatic carbons varies from 8.9- 12.8 Å (Fig. 7). 
 
 

 
Figure 7  Separation of different aromatic carbon atoms. 
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4. Modify the structure of donepezil to form the fully extended conformation. 
The fully extended conformation can be obtained by selecting rotatable bonds, then using the 
rotation dial (Fig. 8) to rotate the selected bonds.  
 
*Choose the Select tool and click on the bond you wish to rotate. 
*Click on the small downward facing triangle next to the rotate tool.  This opens up the 
rotation dial. 
*Select either the SW or NE-pointing arrow at the bottom right of the rotation dial.  
*Rotate the bond by dragging the pointer with the mouse or entering a specific angle of 
rotation into the type box and pressing return on the keypad. 
Note: The former procedure can sometimes cause the program to freeze, so save your work 
before attempting it. 

*Energy minimise  the extended conformation obtained. 
 

   
Figure 8  The rotation dial for rotating bonds. 
 
Energy minimisation leads to a structure having a steric energy of 31.5 kcal/mol, which is 
slightly more stable than the original conformation. The separation between the centroids is 
now 12.0 Å, which is more in line with what is needed (Fig. 9). However, donepezil has to be 
in the extended conformation to interact effectively. There is only one such extended 
conformation compared to several folded conformations of comparable steric energy. 
Therefore, only a small proportion of the molecules will be in the fully extended conformation 
at any one time, which reduces the chances of donepezil binding effectively.  
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Figure 9 Fully extended conformation of donepezil.  
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PART C  The donepezil analogue 
Creating an analogue of donepezil that can bind in a more folded conformation is likely to 
increase the chances of it binding simultaneously to both tryptophan residues. This, in turn, 
should increase activity. 
 
1. Create the energy-minimised 3D structure of the donepezil analogue. 
 
*From the File menu, choose Open, then select the ChemDraw file identified as 
donepezilanalogue from the ChemDraw folder. Click Open.  

*Energy minimize  the structure. The steric energy should be shown in the bottom 
window as 43.64 kcal/mol (Fig. 10). 
 

 
 
Figure 10 Energy-minimized structure of the donepezil analogue. 
 
2. Add a centroid to the aromatic rings at either end of the structure. 

*Choose the select tool .  
*With the shift key depressed, click on all the carbon atoms in one of the aromatic rings. 

*From the Structure menu, choose Add Centroid. 
*Repeat this for the other aromatic ring. 
 
3. Measure the distance between the two centroids.  

*Choose the select tool .  
*With the shift key depressed, click on the two centroids.  
*From the Structure menu, choose Display Distance Measurement. The separation is 12.3 Å 
(Fig. 11), which matches the distance between the two tryptophan residues in the binding 
site.  Since the two tryptophan residues are 12 Å apart, it seems reasonable that this molecule 
should interact effectively with both residues.  
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Note: In this exercise, we have assumed that the conformation obtained from energy 
minimisation is also the active conformation. However, it is quite possible that the active 
conformation is a slightly less stable conformation, in which case it might be slightly more 
extended.  
 
 

 
 
Figure 11  Energy-minimized structure  of the donepezil analogue, measuring the separation 
of the centroids. 
 
 
4. Manually modify the structure to form a fully extended structure 
The manual modification can be carried out by selecting bonds and rotating them using the 
rotation dial (Fig. 8).   
 
5. Energy minimize the modified structure. 
The resulting structure retains its extended conformation and has a steric energy of 43.8 
kcal/mol (Fig. 12). 
 
6. Measure the separation between the centroids.  
The separation between the centroids is now 13.1 Å (Fig. 12). However, the separation 
between the aromatic carbons varies between 10.9 Å, and 15.3 Å (Fig. 13). Therefore, an 
interaction with both tryptophan residues is still possible with the extended conformation. 
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Figure 12  Energy-minimized structure  of the extended conformation of the donepezil 
analogue. 
 
 
 

 
 
Figure 13  Distances between aromatic carbon atoms. 
 
 
The conclusions drawn from molecular modeling experiments carried out purely on the 
structures of ligands have to be treated with some caution. For example, it cannot be assumed 
that the active conformation is the same as the most stable conformation. Moreover, in this 
example, it has been assumed that the separation between the aromatic groups should be 
similar to the separation between the tryptophan residues. Again, that is not necessarily the 
case.  
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The study of crystal structures where the ligand is bound to the protein binding site provides 
more reliable information, which can be used in structure-based drug design. This involves 
studying the active conformations of different ligands bound to the binding site, and then 
designing analogues that are predicted to bind more effectively.  
 


