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MOLECULAR MODELLING 
 
EXERCISE 22.3   COMPARISON OF ACETYLCHOLINE WITH ATROPINE  
 
INTRODUCTION 
Atropine (Fig. 1) is a cholinergic antagonist that blocks acetylcholine by binding to the 
cholinergic binding site (section 22.9 in the textbook). This implies there is a similarity 
between atropine and acetylcholine. This is not obvious at first sight, but by using molecular 
modelling we can overlay the two molecules and see whether important atoms are correctly 
orientated for binding. The important atoms are the nitrogen and the oxygen atoms of the 
ester group. 
Note that the nitrogen atom of atropine will be protonated when it binds to the binding site.  
 

                    
 
Figure 1  Atropine and acetylcholine. 
 
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.  
 
 
PART 1 
*Open the ChemDraw structure (available in the ChemDraw folder) of ionized atropine into 
ChemBio3D or Chem3D and energy minimize the structure.  
*Open the ChemDraw structure of acetylcholine (available in the ChemDraw folder) into 
ChemBio3D or Chem3D and energy minimize the structure.  
PART 2 
Overlay atropine and acetylcholine by pairing up the nitrogen atoms and the alkoxy oxygen 
atoms. 
PART 3 
Overlay atropine and acetylcholine by pairing up the nitrogen atoms and both oxygen atoms 
of the ester groups. 
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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/Chm3D used. For example, the specific 
conformations obtained from energy minimisation may differ, as may quantitative results 
such as steric energies. 
 
PART A  Atropine and acetylcholine 
 
1. Create the energy-minimised 3D-structure of atropine in the ionized form. 
*Open ChemBio3D or Chem3D. 
*From the File menu, choose Open, then find and select the ChemDraw file for ionized 
atropine (atropineionised.cdx) from the ChemDraw folder. Click Open.  
*Energy minimize the structure. The steric energy is given in the bottom window as 32.26 
kcal/mol. 
*Orientate the molecule as shown in figure 2A. It is clear that the ring system is slightly 
distorted. This may be due to the orientation of the carbonyl group which is positioned 
beneath it. 
*Choose the Select tool and click on the C-O bond to highlight it (Fig. 2B). 
*Open the rotation dial and choose the SW pointing arrow. Enter 180 into the type box and 
press return on the keypad. 
*Energy minimize the resulting structure. The ring system in the resulting structure now 
looks correct (Fig. 3A) and the steric energy is 31.02 kcal/mol, which is slightly more stable 
than the initial energy-minimized structure. 
 

   
 
  A    B     
 
Figure 2 A) Initial energy-minimised structure of atropine. B) Bond to be rotated is 
highlighted in yellow. 
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  A      B 
 
Figure 3 ChemBio3D/Chem3D models  of A) atropine and B) acetylcholine. 
 
 2.  Creating the structure of acetylcholine 
 
*From the File menu, choose Open, then select the ChemDraw file for acetylcholine from the 
ChemDraw folder.  
*Click Open.  
*Energy minimize the structure by clicking on the energy minimization icon from the top 

menu . The steric energy will be appear in the bottom window as 15.3 kcal/mol. The 
conformation obtained was fully extended (Fig. 3B). It is possible that you may get a different 
conformation. If so, modify the structure such that you get the fully extended conformation as 
shown in figure 3B. 
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PART B  Overlay of atropine and acetylcholine 
 
1. Align atropine and acetylcholine in the same window. 
*Copy and paste both molecules into a new window. 

*Use the translate  and rotate  tools to align the structures side by side, and in similar 
orientations. To move one structure without moving the other, double click an atom on one of 
the structures, then move it with the shift key depressed.   
 
2. Hide the hydrogen atoms and lone pairs 
*From the View menu, choose Model Display, then Show Hydrogen Atoms. Select Hide.   
*From the View menu, choose Model Display, then Show Lone Pairs. Select Hide.   
 
3. Recolour acetylcholine. 
Recolouring acetylcholine will make it simpler to distinguish between the molecules in the 
overlay. 

*Choose the select tool . 
*With the Shift key depressed, select all the carbon atoms to highlight them.  
*Hover the mouse over any of chosen atoms, then right click the mouse to open a menu.  
*Select Color, then Choose color to produce a colour palette. 
*Select your chosen colour from the colour palette and click OK. 
*Repeat this process to recolour the nitrogen atom and the oxygen atoms (Fig. 4).  
 

 
 
Figure 4  Setting up atropine and acetylcholine for the overlay. 
 
4. Pair up the atoms to be used for the overlay. 

*Choose the Select tool . 
*With the Shift key depressed, select the nitrogen atom in atropine and the nitrogen atom in 
acetylcholine such that they are both highlighted. 
*From the Structure menu, choose Measurements, then choose Display Distance 
Measurement.  
*Repeat this process for the oxygen atoms of the alkoxy group (Fig. 4).  
 
5. Overlay the structures.  



Patrick: An Introduction to Medicinal Chemistry 6e 
 

 

© Oxford University Press, 2017.  

*From the Structure menu, choose Overlay, then click on Minimise. A dialogue box will 
appear.  
*Keep the default values of 0.100 for the Minimum RMS Error and 0.010 for the Minimum 
RMA Gradient. Check that the small boxes are ticked for Display Each Iteration, and Record 
Each Iteration.  
*Click Start. 
In the trial experiment, the overlay resulted in the paired atoms being only 0.1 Å apart (Fig. 
5). Therefore, these two atoms can occupy the same position in space despite the different 
scaffolds connecting them. However, the carbonyl oxygen atoms are well separated. 
 

  
    
 
Figure 5  The overlay of atropine and acetylcholine from two different perspectives. 
 
6. Measure the separation of the carbonyl oxygen atoms in the overlay. 
*Choose the Select tool. 
*With the Shift key depressed, click on both oxygen atoms. 
*From the Structure menu, choose Measurements, then choose Display Distance 
Measurement. 
The resulting measurement shows that the carbonyl oxygen atoms are separated by 2.4 Å 
(Fig. 6). 
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Figure 6  Separation between the carbonyl oxygen atoms in the overlay. 
 
 
This overlay demonstrates that the amine nitrogen and the alkoxy oxygen atoms of both 
structures can occupy similar regions of space despite the difference in scaffolds that connect 
them. However, a better overlay is required that will superimpose the carboxyl oxygens as 
well. This is addressed in part C. 
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PART C  Overlay of atropine and acetylcholine – version 2 
In Part C, we will carry out an overlay where the carbonyl oxygen atoms are included in the 
pairings considered for the overlay. 
 
1. Undo the previous overlay. 
*Stay in the window with the overlay carried out in Part B. 

*Click on the Undo icon  until the molecules are separated. 
*Since the distance between the carbonyl oxygen atoms was measured at the end of part B, 
there should be three measurements visible (Fig. 7).  
 

 
 
Figure 7  Pairings for the second overlay. 
 
2. Overlay the structures. 
Overlay the structures as before. The resulting overlay (Fig. 8) was achieved after two 
successive overlays. The nitrogen atoms are separated by 0.2 Å, the alkoxy atoms are 
separated by 0.1 Å, and the carbonyl oxygen atoms are separated by 0.2 Å. This is still a good 
overlay. 
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Figure 8  Overlay with three sets of atoms paired up. 
 
The second overlay shows clearly that the positively nitrogens in both molecules are well 
superimposed, as are the ester groups. These are important binding groups for both agonists 
and antagonists of the muscarinic receptor. The features that make atropine an antagonist are 
the additional alcohol and aromatic ring, which form interactions that are not possible for 
acetylcholine.  
 


