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MOLECULAR MODELLING – OPIOIDS 
 
EXERCISE 24.9  Comparison of etorphine with dihydroetorphine. 
 
INTRODUCTION 
  
Etorphine (Fig. 1) is an example of a class of opioid structures called the orvinols. These 
structures can be obtained from thebaine by means of a Diels Alder reaction followed by a 
Grignard reaction (section 24.6.4 in the textbook). 
Compared to morphine, etorphine contains an extra ring and can also interact with regions of 
the target binding site that are not accessible to morphine. It is over 1000 times more potent 
than morphine due to increased binding interactions involving the additional alkyl and 
alcohol substituents, as well as an increased ability to cross the blood brain barrier. 
 

 
 
 

 
 

 
 
 
Figure 1  Structures of morphine and etorphine. 
 
If the alkene group of etorphine is reduced by catalytic hydrogenation, an analogue called 
dihydroetorphine is obtained which is even more potent. There are a couple of possible 
explanations for this. Reduction of the C=C double bond might change the conformation of the 
structure and shift the position of the extra substituents such that they interact more 
effectively with their binding sites. Alternatively, reduction of the double bond may change 
the log P value of the molecule and increase the ability of the molecule to cross the blood 
brain barrier. In this exercise, we will consider both possibilities. 
 
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.  
 
*Create the energy-minimised structure of etorphine from its ChemDraw file (accessible from 
the ChemDraw folder), and ensure that the piperidine ring is in the chair conformation. 
*Calculate the log P value for etorphine.  
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*Modify the structure of etorphine to make the energy-minimized structure of 
dihydroetorphine. 
*Calculate the log P value of dihydroetorphine and compare it with the log P value of 
etorphine. 
*Overlay etorphine with dihydroetorphine. 
*What factors might be causing the increased activity of dihydroetorphine over etorphine? 
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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. 
 
 
1. Create the energy-minimised 3D-structure of etorphine. 
*Open ChemBio3D or Chem3D. 
*From the File menu, choose Open, then select the ChemDraw file for etorphine from the 
ChemDraw folder. Click Open. 

*Energy minimize  the structure and note the steric energy in the bottom window. This 
should be 64.7 kcal/mol if the piperidine ring is in the chair conformation (Fig. 2a). 
However, you may get a structure with a steric energy of 75.6 kcal/mol if the piperidine ring 
is in the twist boat conformation (Fig. 2B). If you get the structure with the piperidine ring in 
the chair conformation go to step 3. If you get the structure with the piperidine ring in the 
twist boat conformation go to step 2. 

    
   A      B 
Figure 2  Energy-minimised structure of etorphine with the piperidine ring in A) the chair 
conformation and B) the twist boat conformation. 
 
2. Modify the piperidine ring such that it is in the chair conformation. 
*Choose the Select tool. 
*Click on the nitrogen atom to highlight it. 
*From the Structure menu, choose Invert. 

*Energy minimize the structure . 
You should now have the structure with piperidine in the chair conformation (steric energy 
75.6 kcal/mol) (Fig. 2A). 
 
3. Calculate the logP value of etorphine. 
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*From the Calculations menu choose Compute Properties. Expand Molecular Networks 
and select Log P.  Click OK. The value appears as 2.22 in the bottom window.  
 
4. Copy and paste the structure of etorphine into a new window. 
 
*From the Edit menu, choose Select All. 
*From the Edit menu, choose Copy.  
*From the File menu, choose New to open a new window.  
*From the Edit menu select Paste.  
A copy of etorphine is now in the new window. 
 
5. Modify the structure to the reduced analogue -dihydroetorphine. 
 

*Orientate  the structure so that you can see the double bond (Fig. 3).  
 

 
Figure 3  The double bond in etorphine. 
 

*Select the eraser tool  and click on the double bond to remove it. 

*Select the bond tool  and drag the mouse from one carbon to the other to introduce a 
single bond rather than the original double bond.  

*Energy minimize  the structure (Fig. 4) and note the steric energy in the bottom window. 
This should be in the order of 68.8 kcal/mol.   
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Figure 4  Energy-minimised structure of dihydroetorphine. 
 
6. Calculate the log P value for dihydroetorphine. 
 
This is carried out as described above in section 4. The value should be 2.93.  
The log P values for etorphine and dihydroetorphine are 2.22 and 2.93 respectively. This 
means that dihydroetorphine is more hydrophobic.  As a result, one would expect the 
analogue to cross the blood brain barrier more easily.  
 
7. Prepare the two structures for an overlay 
By carrying out an overlay, we can see if there are any significant structural differences that 
might result in one structure binding more effectively to the target binding site than the 
other.  
*Return to the window with etorphine.  
*Copy and paste it into the same window as dihydroetorphine.   

*Choose the select tool  and double click on an atom in one of the structures to highlight 
the whole structure.  

*Choose the translate tool .  
*Keep the shift key depressed, and drag the mouse to separate the molecules such that they 
are side by side.  

*Choose the rotate tool .   
*Keep the shift key depressed as you rotate the chosen molecule to match up with the other.  
 
8. Hide the hydrogen atoms and lone pairs. 
 *From the View menu, choose Model Display, then choose Show Hydrogen Atom. Select 
Hide.  
 *From the View menu, choose Model Display, then choose Show Lone Pairs. Select Hide.  

 
9. Add centroids to the aromatic rings  
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*Choose the select tool .  
*With the shift key depressed, click on all the carbon atoms in the aromatic ring of 
etorphine.  
*From the Structure menu, choose Add Centroid.  
*Repeat this process to add the centroid to the aromatic ring in dihydroetorphine. 
 

10. Recolour the atoms of etorphine  
Etorphine is recoloured in order to make comparisons clearer when the molecules are 
overlaid.  

*Choose the select tool . 
*With the shift key depressed, click all the carbon atoms in etorphine.   
*Hover the mouse over any chosen atom, then right click the mouse to open a menu. 
*Select Color, then Choose color.  
*From the colour palette that appears, choose a colour, then click on OK. The final 
structures should look something like the following (Fig. 5). 

 

 
 
Figure 5   Molecules prepared for the overlay (etorphine on the right). 
 

11. Pair up atoms  
Match up the corresponding heteroatoms and centroids.  

*Choose the select tool . 
*With the Shift key depressed, click on the nitrogen atoms in both structures.  
*From the Structure menu, choose Measurements, then choose Display Distance 
Measurement.  
*Repeat this process for other pairs of atoms (Fig. 6).  
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Figure 6  Atoms paired up for the overlay. 
 
12. Overlay the structures  
 
*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.  
The resulting overlay (Fig. 7) was good with the paired atoms separated by only 0.0-0.2Å. 
   
 

     
 
 
Figure 6  Results of the overlay from two different perspectives. 
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From this we can conclude that the reduction of the double bond has not caused a significant 
alteration in the overall conformation. The above diagrams show the overlay from two 
different perspectives. Note the good alignment of the extra substituents at C-20. 
 
Therefore, it would appear that the increase in activity is due to pharmacokinetic reasons 
rather than pharmacodynamic. In other words, dihydroetorphine is able to cross the blood 
brain barrier more easily because it is more hydrophobic. 
 
 
 


