
Patrick: An Introduction to Medicinal Chemistry 6e 
 

 

© Oxford University Press, 2017.  

MOLECULAR MODELLING EXERCISES 
 

EXERCISE  CS6.6  COMPARISON OF DYDROGESTERONE WITH PROGESTERONE 

 

INTRODUCTION 

A series of analogues containing a dienone system have been found to be active as progestational 

agents. Dydrogesterone (Fig. 1) has excellent activity, despite the unusual stereochemistry at 

carbons C9 and C10. In this exercise we will compare the structure of dydrogesterone with 

progesterone to assess what difference this unusual stereochemistry has on the shape of the 

molecule. Assuming that the two carbonyl oxygens play important binding roles, measure the 

separation between them in each structure and assess whether binding interactions should be 

affected or not. 

 

 

 

 

 

 
 

Figure 1  Structures of dydrogesterone and progesterone. 

 

INSTRUCTIONS 

It is suggested that you attempt the following instructions yourself before attempting 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-minimised 3D-structure of dydrogesterone from its ChemDraw file (available 

in the ChemDraw folder). 

*Ensure that ring C in dydrogesterone is in a chair conformation. 

PART B 
*Create the energy-minimised 3D-structure of progesterone from its ChemDraw file (available in 

the ChemDraw folder). 

*Ensure that rings B and C in progesterone are in the chair conformation. 

PART C 

*Overlay dydrogesterone and progesterone by pairing up the A-rings and the ketone groups. 

*Overlay dydrogesterone and progesterone by pairing up the ketone groups. 

*Overlay dydrogesterone and progesterone by pairing up the carbonyl oxygens. 

*What conclusions can you make regarding the three overlays? 
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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) Dydrogesterone 

 

1) Construct the energy-minimised 3D-structure of dydrogesterone. 

*Open ChemBio3D or Chem3D. 

*From the File menu, choose Open, then select the ChemDraw file for dydrogesterone.  

*Click Open.  

*Energy minimize the structure  to get the desired structure (Fig. 2A), and note the steric 

energy that appears in the bottom window (46.02 kcal/mol).   

 

2) Convert the Ball and Stick structure to a Stick model. 

 

*From the View menu, choose Model Display, then select Display Mode. Choose Sticks. The 
structure will now appear in the main window in the stick format (Fig. 2B). 
 

 

  
   A      B 

Figure 2 Energy-minimized structure of dydrogesterone as A) ball and stick, and B) stick. 

 

3. If ring C is in a twist-boat conformation, alter this to a chair conformation. 

 

The structure may have a twist-boat conformation for ring C as shown in figure 2. If so, alter it to 

the chair conformation using molecular dynamics.  

*From the Calculations menu, choose MM2, then Molecular Dynamics.  

*A table will come up showing default entries including a target temperature of 300 K. Keep the 

default values, but set the Target Temperature at 400 K.  

*Click Run. You will see the molecule vibrating and adopting various conformations.  

*Stop the run  once the chair conformation has been adopted.  
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*Carry out another energy minimization to give the energy-minimised structure with ring C in a 

chair conformation (Fig. 3). The new steric energy is 39.7 kcal/mol. 

 

 
Figure 3  Energy-minimised structure of dydrogesterone where ring C is in the chair conformation. 

 

 



Patrick: An Introduction to Medicinal Chemistry 6e 
 

 

© Oxford University Press, 2017.  

PART B) Progesterone  

 

1. Create the energy-minimised 3D-model of progesterone.  

 

*From the File menu, choose Open, then select the ChemDraw file for progesterone from the 

ChemDraw folder. Click Open. 

*Energy minimize  the structure and note the steric energy (40.1 kcal/mol). Show both the ball 

and stick, and the stick display modes (Fig. 4). 

*Check that rings B and C are in the chair conformation. In this case, they are. If either ring is in a 

twist-boat conformation, alter it to the chair conformation. 

 

  
Figure 4  Different display modes for the energy-minimised structure of progesterone. 

 

 



Patrick: An Introduction to Medicinal Chemistry 6e 
 

 

© Oxford University Press, 2017.  

PART C)  Overlaying dydrogesterone and progesterone. 

 

1. Recolour the stick model of progesterone and hide the lone pairs. 

*Go to the window containing progesterone. 

*Choose the select tool . 

*With the shift key depressed, select all the carbon atoms.  

*Hover the mouse cursor over any of the chosen atoms, then right click the mouse to produce a 

menu. 

*Select Color, then Choose color.  

*Select your chosen colour from the colour palette that appears, then click on OK.  

*Repeat this process to recolour the oxygen atoms. 

*From the View menu, choose Model Display, then Show Lone Pairs. Select Hide.   
The structure is now ready for the overlay operation (Fig. 5). 

 

 
Figure 5  Recoloured model of progesterone. 

 

2. Place both structures in the same window and align them in similar orientations. 

*From the File menu, choose New to open a new window.  

*Copy each structure and paste it into the new window. 

*Align the structures such that they have similar orientations. This can be done by selecting one of 

the structures, then repositioning it using the translate  and rotate tools .  Keep the shift 

key depressed such that only the selected structure is moved.  

 

3. Pair up relevant atoms prior to the overlay operation. 

Once aligned, pair up relevant atoms in the structures to define how the overlay should be carried 

out.  

*With the Shift key depressed, use the select tool  to select an atom in one structure and a 

corresponding atom in the other structure.  

*From the Structure menu, choose Measurements, then choose Display Distance Measurement. 

*Repeat this process for other pairs of atoms. Pair up all the carbon atoms in ring A, both oxygen 

atoms and C-20 (Fig. 6). 
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Figure 6  Pairing up atoms for the overlay. Progesterone is in green. 

 

 

4. Carry out the overlay of the two structures. 

*From the Structure menu, choose Overlay, then click on Minimise.  

*A dialogue box will appear. Retain the default values and click Start. 

 

  
Figure 7  Overlay of progesterone (green) and dydrogesterone. 

 

The overlay (Fig. 7) is not perfect, with paired atoms separated by 0.1-0.8 Å. However, the oxygen 

atoms that are important for binding are much closer than one might have imagined given the 

difference in the tetracyclic skeletons of the two compounds. The separations are 0.5 Å and 0.8 Å.  

 

The unusual ring stereochemistry for dydrogesterone, means that the steroid skeletons are not 

identical, but they are not as different as one might expect. Moreover, the important oxygen atoms 

required as binding groups are in similar regions of space and should be capable of forming the 

equivalent interactions. 

 

5. Measure the separation of the oxygen atoms in each structure. 

*Choose the Select tool 

*With the shift key depressed, click on both atoms. 

*From the Structure menu, choose Measurements, then Display Distance Measurement. 

The separations between the oxygen atoms are quite similar (11.7 Å for dydrogesterone and 11.1 Å 
for progesterone) (Fig. 8): 



Patrick: An Introduction to Medicinal Chemistry 6e 
 

 

© Oxford University Press, 2017.  

 

   
 

Figure 8  Separation between the oxygen atoms in A) dydrogesterone and B) progesterone. 

 

8. Carry out an overlay pairing up the carbonyl groups alone. 

 

Since the carbon skeletons are so dissimilar, it may be a mistake to include any of the ring carbon 

atoms in the pairing up process. Try pairing up the carbonyl carbon atoms and the carbonyl oxygen 

atoms without any other pairings (Fig. 9). 

 

 
 

Figure 9  Pairing up the carbonyl groups. Progesterone is coloured green. 

 

The resulting overlay (Fig. 10) is actually better, with the range of separations being 0.3-0.5Å. 
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Figure 10  Overlay of the carbonyl groups. Progesterone is in green. 

 

9. Carry out an overlay involving only the carbonyl oxygens. 

 

Pairing up just the oxygen atoms (Fig. 11) results in the best overlay (Fig. 12) and demonstrates 

that different scaffolds can position the key binding groups in the same region of space. A first 

overlay has the atoms separated by 0.3-0.4 Å. A subsequent overlay carried out with an RMS error 

of 0.050 resulted in both atoms being separated by 0.3 Å.  

 

 
 

Figure 11 Pairing up the oxygen atoms. 
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Figure 12 An overlay carried out with an RMS error set at 0.100, followed by a second overlay 

with an RMS error set at 0.050. Two different perspectives of the final overlay are shown. 

Progesterone is coloured green. 

 
 


