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MOLECULAR MODELLING EXERCISES 

 
EXERCISE  CS6.3 DEXAMETHASONE AND BETAMETHASONE 
 
INTRODUCTION 
 
Dexamethasone and betamethasone are clinically important anti-inflammatory agents (Case 
study 6 in the textbook). Both these agents have a methyl substituent at position 16 of the 
steroid tetracyclic ring system. The purpose of the methyl substituent is to act as a steric 
shield and protect the ketone group at C20 from reduction by metabolic enzymes. The 
structures of dexamethasone and betamethasone differ only in the stereochemistry at C16. In 
dexamethasone, the methyl group is in the -position, whereas betamethasone has the C-16 
methyl substituent in the beta position. In this exercise, we will consider both structures to 
see whether the stereochemistry of the methyl group influences its effectiveness as a steric 
shield. 

 
 
Figure 1  Structures of dexamethasone and betamethasone. 
 
 
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 A 
*Create the energy-minimized 3D model of dexamethasone from its ChemDraw file (available 
from the ChemDraw folder. 
*Recolour the methyl substituent and the ketone group to highlight their relative positions. 
*Orientate the structure to show the relative position of the -methyl group with respect to 
the ketone group. 
*Measure the distance between the methyl group and the carbonyl carbon atom. 
PART B 
*Create the energy-minimised 3D structure of betamethasone from its ChemDraw file 
(available from the ChemDraw folder), or by modifying the structure of dexamethasone. 
*Recolour the methyl substituent and the ketone group. 
*Orientate the structure to show the relative position of the -methyl group with respect to 
the ketone group. 
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*Measure the distance between the methyl group and the carbonyl carbon atom. 
*Compare the two structures and propose whether the methyl group is likely to be more 
effective as a steric shield in dexamethasone or betamethasone.  
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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 or Chem3D used. For example, the specific 
conformations obtained from energy minimisation may differ, as may quantitative results 
such as steric energies. 
 
PART A) Dexamethasone 
 
1.Create the energy-minimised 3D-structure of dexamethasone. 
*Open ChemBio3D or Chem3D. 
Import the ChemDraw structure of dexamethasone into ChemBio3D or Chem3D as follows. 
*From the File menu, choose Open and access the ChemDraw folder.  
*Select the ChemDraw file for dexamethasone (dexamethasone.cdx), then click on Open. A 3D 
structure will appear in the main window.  
*Energy minimize the structure by clicking on the energy minimization icon on the menu bar 

 to produce the energy minimised structure (Fig. 2A). You should now see the calculated 
steric energy for the structure in the bottom window (59.9 kcal/mol).  
 
 

   
   A      B 
Figure 2 Energy-minimised structures of dexamethasone A) with hydrogen atoms & lone 
pairs and B) without hydrogen atoms and lone pairs. 
 
2. Hide the hydrogens and lone pairs to make the carbon skeleton clearer.  
 
*From the View menu, choose Model Display, then Show Hydrogen Atoms. Choose Hide.   
*From the View menu, choose Model Display, then Show Lone Pairs. Choose Hide.   
 

*Select the rotate tool and orientate the structure by dragging the mouse to get the view 
shown in figure 2B. Rings B and C are in the chair conformation. Ring A is almost planar due 
to the dienone system.  
 
(Note: If you find that ring B is in a twist-boat conformation, alter the conformation by 
carrying out a molecular dynamics exercise or by manually repositioning atoms, then energy 
minimize the resulting structure). 
 



Patrick: An Introduction to Medicinal Chemistry 6e 
 

 

© Oxford University Press, 2017.  

3. Colour the methyl group at C-16 and the ketone group at C20 to highlight them. 
 

*Choose the select tool  and click on a relevant atom.  
*Hover the mouse over the chosen atom, then right click the mouse.  
*From the menu that pops up, select Color, then Choose Color.  
*From the resulting colour palette, select the required colour, then click on OK. 
 

*Select the rotate tool  and orientate the molecule by dragging the mouse to show the 
relative position of the methyl group at C-16 (coloured green) and the ketone group at C20 
(coloured black and pink) (Fig. 3).  
*From the View menu, choose Model Display, then Show Hydrogen Atoms. Select Show 
All.   

 
 

 
Figure 3  Viewpoint showing the relative position of the C-16 methyl group with respect to 
the C-20 ketone. 
 
Move the molecule around to convince yourself that the group is in a position where it could 
potentially interfere with a nucleophile approaching from below the structure (the alpha 
face) (Fig. 4). Nucleophiles prefer to attack a carbonyl group from above or below the plane of 
the group at an angle of 107o to the plane. 
 

   
   A     B 
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   C      D 
Figure 4  Other viewpoints showing the position of the C-16 methyl group with respect to the 
ketone group. 
 
4. Measure distances between the methyl group and the carbonyl carbon. 
 
*With the Shift key depressed, select two atoms. Hover the mouse over either of these atoms, 
and the distance between them will be given.  You should get distances similar to the 
following; 
Methyl C to Carbonyl C: 3.6 Å 
Methyl H’s to Carbonyl C: 3.47 Å, 4.49 Å, and 4.17 Å (these distances are likely to vary 
depending on the orientation of the methyl group in your structure). 
The measurements can be displayed in the main window by going into the Structure menu 
and choosing Measurements, then Display Distance Measurement  (Fig. 5). 
 

 
Figure 5  Distances between the carbonyl carbon and the atoms of the C16 methyl group. 
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PART B  BETAMETHASONE 
 
1. Create an energy-minimised 3D-model of betamethasone from the ChemDraw file or 
by modifying the structure of dexamethasone.  
Betamethasone can be created by opening its ChemDraw file (available from the ChemDraw 
folder) into ChemBio3D or Chem3D, then carrying out an energy minimization (Fig. 6).   
Alternatively, it can be created by modifying the structure of dexamethasone as follows. 
*Copy and paste dexamethasone into a new window 
*Select the text tool , then click on the carbon atom of the C-16 methyl group.  
*Type H and the group will change from methyl to hydrogen. Repeat this operation to change 
the C16 hydrogen at the -position to a carbon. A methyl group will result.  

*Energy minimize the structure and note the steric energy (59.2kcal/mol).  
 
 

 
Figure 6  Energy-minimised structure of betamethasone. 
 
 
2.Colour the atoms as in part A. 
 Follow the same procedure described in part A to give the coloured structure (Fig.7) 
 

 
Figure 7 Structure of betamethasone after colouring the C-16 methyl group and C-20 ketone 
group. 
 
3. Measure the separations between the C-16 methyl group and the C-20 carbonyl 
carbon.  
 
Measure the atom separations as described in part A. You should get something like the 
following; 
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Methyl C to Carbonyl C: 3.00 Å 
Methyl H to Carbonyl C: 3.09 Å, 2.82 Å, 4.08 Å 
 
It is clear that the methyl group is closer to the carbonyl group when it is in the beta-position, 
which might lead one to presume that it would act as a more effective steric shield. On the 
other hand, the group is positioned roughly in the same plane as the ketone group, rather 
than below it (Fig 8). This might reduce its effectiveness as a steric shield because of the 
preferred angle of nucleophilic attack to the carbonyl group.   
 
 

  
 
Figure 8 Other viewpoints of betamethasone. 
 
To conclude, it is not possible to predict with any certainty whether the methyl group will be 
more effective as a steric shield at the - or -position. At the position, the methyl group is 
closer, but at the -position is it better placed to hinder incoming nucleophiles. 
 


