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OPIOID  MOLECULAR MODELLING EXERCISES 
 
EXERCISE 24.5  Comparison of fentanyl and phenampromid 
 
INTRODUCTION 
 
Fentanyl (Fig. 1) was discovered in the 1960s and is still one of the most widely used opioid 
drugs used in medicine today (section 24.6.3.4 in the textbook).  
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
Figure 1 Fentanyl. 
 
Fentanyl was developed from meperidine, but it can also be viewed as a cyclic version of 
straight chain propionanilido analgesics that were developed as analogues of methadone (Fig. 
2).  
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Figure 2 The development of fentanyl. 
 
In this exercise we will compare the structures of fentanyl and phenampromid to see how 
well different features match up. In particular, we are interested to see whether the two 
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nitrogens in the structures are in the same position of space relative to each other, and 
whether they are the same distance apart. This is important if both atoms are acting as 
binding groups. Note that phenampromid has a chiral centre and so will consider both 
enantiomers (Fig. 3). 
 
 
 
 
 
 

 
 

 
 

 
 
 

 
 

 
 
(S)-Phenampromid  (R)-Phanampromid 
 
Figure 3 Enantiomers of phenampromid. 
 
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 
1.Open ChemBio3D or  Chem3D.  
2.Open the ChemDraw file of fentanyl into ChemBio3D/Chem3D. The ChemDraw file is 
available in the ChemDraw folder. 
3. Energy minimize the structure and measure the N-N distance. 
Part B 
1.Open the ChemDraw file of phenampromid into ChemBio3D/Chem3D. The ChemDraw file is 
available in the ChemDraw folder. 
2. Energy minimize the structure and measure the N-N distance. 
Modify the structure to create a more extended conformation with a longer N-N distance.  
3. Identify the chiral centre and its absolute configuration. 
4. Create the opposite enantiomer of phenampromid. 
Part C 
Overlay fentanyl with the R-enantiomer of phenampromid. 
Part D 
Overlay fentanyl with the S-enantiomer of phenampromid. 
Part E 
Compare the two overlays and identify any differences that distinguish them. 
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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  Fentanyl 
1.Create an energy-minimised 3D model of fentanyl from its ChemDraw file. 
*Open ChemBio3D or Chem3D. 
*From the File menu, choose Open, then select the ChemDraw file for fentanyl. Click Open. 

*Energy minimize the structure  and note the steric energy in the bottom window (26.4 
kcal/mol) (Fig. 4). 
 

 
Figure 4 Energy-minimised structure of fentanyl. 
 
2. Modify the colours of the atoms in fentanyl  
 Modifying the colours of the atoms will allow molecules to be compared more easily in the 
later overlay procedures. 

*Choose the select tool   
*With the shift key depressed, click on all the carbon atoms to select them.  
*Hover the mouse cursor over any of the selected atoms, then right click the mouse to open up 
a menu.  
*Select Color, then Choose color.  
*From the colour palette that is revealed, choose a suitable colour, then click on OK.  
*Repeat these procedures to give different colours or shades to the nitrogen and oxygen 
atoms (Fig. 5). 
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Figure 5 The recoloured structure of fentanyl. 
 
 
3.Measure the distance between the nitrogen atoms.  

*Choose the Select tool .  
*With the Shift key depressed, click on the two atoms.  
*Hover the mouse cursor over the selection, and the distance between the atoms will be given 
(Fig. 6). The value for fentanyl is 4.36 Å. 
 
 
 

  
 
Figure 6 N-N Measurement for fentanyl. 
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PART B  Phenampromid. 
 
1. Create the energy-minimised 3D-structure of phenampromid from its ChemDraw file. 
*From the File menu, choose Open. Select the ChemDraw file for Phenampromid, then click 
on Open.  

*Energy minimize  the structure to give a structure with steric energy 27.3 kcal/mol (Fig. 
7).  
 

   
Figure 7  Energy-minimised structure of phenampromid. 
 
2. Measure the N-N distance.  
Use the same procedure described in part A. The separation is 3.08 Å. This is significantly 
smaller than the separation in fentanyl (4.36 Å). However, the nitrogens in phenampromid 
could be further apart if the conformation was more extended. 
 
 
3. Measure the dihedral angle for N-C-C-N 

*Choose the select tool   
*With the shift key depressed, click on the atoms N-C-C-N to highlight them (Fig. 8).  
*From the Structure menu, select Measurements, then Display Dihedral Measurement. 
The dihedral angle is shown as -66.7o (Fig. 9). 
 

    
   A       B 
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Figure 8 Atoms defining the dihedral angle. Structures A and B are the same structure with 
and without hydrogen atoms. 

            
   A       B 
 
Figure 9  Conformation of phenampromid with dihedral angle -66.7o. Structures A and B are 
the same structure with and without hydrogen atoms.  
 
4. Change the dihedral angle to 180o and energy minimise 
We now want to extend the conformation of phenampromid such the distance between the 
two nitrogens is more in line with the distance measured for fentanyl. 
*Go into the Measurement Table.  
*Alter the dihedral angle from -66.7o to 180o.  
*Press Return on the keyboard.  
*Energy minimize the structure again. The steric energy is now 30.5 kcal/mol for the extended 
conformation (Fig. 10). The dihedral angle has also changed to -178.8o. The measured N-N 
separation is now 3.83 Å, which is closer to that for fentanyl. 
 
 
 

 
   A      B 
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   C 
Figure 10  A more extended conformation of phenampromid with dihedral angle -178.8o. 
Structure A defines the dihedral angle. Structures B and C represent the conformation with 
and without hydrogen atoms. 
 
 
5. Identify the stereochemistry for phenampromid 
*From the View Menu, choose Model Display, then Show Serial numbers.  
*From the Structure Menu, choose Detect Stereochemistry. The chiral centre and its 
configuration is shown in the bottom window as C(4) with the R configuration (Fig. 11). 
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Figure 11  The R-enantiomer of phenampromid at C(4). Structures A and B are with and 
without hydrogen atoms with all serial numbers shown. Structures C and D are with and 
without hydrogen atoms and show only C(4) with the serial number. This is possible by 
selecting the atom, right clicking the mouse then choosing the relevant instruction to show 
the serial number. 
 
6. Create the opposite enantiomer of phenampromid. 
*Copy the R-enantiomer of  phenampromid and paste it into a new window. 

*Choose the Select tool  and click on the chiral centre (C4) to select it.  
*From the Structure menu, choose Invert.   
*Energy minimise the structure. The resulting steric energy is 28.8 kcal/mol, and the 
N-N distance is 3.84 Å (Fig. 12). 
 

  

 
 
Figure 12 The S-enantiomer of phenampromid. 
 
7. Remove the serial numbers from all the structures 
*In each window go into the View menu, choose Model Display, then choose Show Serial 
Numbers to deselect it. 
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PART C Overlay of fentanyl with R-phenampromid 
 
1. Align fentanyl with the R-enantiomer of phenampromid and pair up relevant atoms.  
*Open a new window. 
*Copy and paste fentanyl and R-phenampromid into the new window. 
*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.   
*Align the molecules such that the nitrogen atoms are visible. One molecule can be moved 
selectively if it is first selected then translated or rotated with the shift key depressed.  

*With the Shift key depressed, use the select tool  to select a nitrogen atom in one 
structure and the corresponding nitrogen atom in the other structure.  
*From the Structure menu, choose Measurements, then choose Display Distance 
Measurement.  
*Repeat this process for the other pair of nitrogen atoms (Fig. 13). 

 
Figure 13 Pairing up the nitrogen atoms prior to the overlay. 
 
2. Carry out the overlay. 
*From the Structure menu, choose Overlay, then click on Minimise. A dialogue box will 
appear.  
*Retain the default values and click Start. You may find that two successive overlays are 
required. The separation between the paired atoms is 0.3 Å (Fig. 14). 
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Figure 14 Overlay of fentanyl with R-phenampromid as (A) a ball and stick model and B) a 
stick model. 
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PART D Overlay of fentanyl with S-phenampromid 
 
1. Align fentanyl with the S-enantiomer of phenampromid and pair up the nitrogen 
atoms. 
*Align the molecules side by side and pair up the nitrogen atoms as previously described (Fig. 
15). 
 

 
Figure 15 Pairing up the nitrogen atoms prior to the overlay. 
 
2. Carry out the overlay. 
Follow the procedures previously described to produce the overlay (Fig. 16) 
 

   
   A      B 
Figure 16 Overlay of fentanyl with S-phenampromid as (A) ball and stick model and B) stick 
model. 
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PART E Comparison of the overlays. 
 
1. Recolour the methyl group on the chiral centre to distinguish it. 
*Select the methyl group on the chiral centre of both enantiomers and recolour it yellow and 
orange. This will make it easier to detect in the two overlays. 
 
2. Copy and paste the two overlays into the same window and compare them. 
The overlays are very similar with the exception of the methyl group attached to the chiral 
centre (Fig. 17). 
  
 

  
 
Figure 17 Comparison of overlays. 
 
 
 
 
 


