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MOLECULAR MODELLING 

 
OPIOIDS 
 
EXERCISE 24.18   Nalfurafine and U-50488H 
 
INTRODUCTION 
Nalfurafine (Fig. 1) is a kappa-selective agonist and is clinically approved for the treatment 
of itching (section 24.10 in the textbook). U50488H (Fig. 1) was the first kappa-selective 
agent to be discovered, but has no apparent structural similarity to the classical opioids 
 
 

   
 
Figure 1  U50488H and nalfurafine. 
 
It is not possible to superimpose the molecules in any satisfactory way using the 'chair' 
conformation of nalfurafine. However, a superposition is possible if the C-ring of nalfurafine is 
in the boat conformation. In that case, it is possible to match up the basic amines on each 
structure as well as the amide groups. In this exercise, we will study how well these 
structures are aligned. 
 
 
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 
*Open ChemBio3D or Chem3D. 
*Create the energy-minimised 3D-structure of nalfurafine using the ChemDraw file available 
from the ChemDraw folder. 
*Measure the distance between the two nitrogen atoms in the structure. 
*Modify the structure such that there is a hydrogen bond between the alcohol group and the 
amide group. 
PART B 
*Create the energy-minimised 3D-structure of U50488H using the ChemDraw file available 
from the ChemDraw folder. 
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*Measure the distance between the two nitrogen atoms in the structure. 
*Compare the N-N distances and identify whether it would be sensible to include both 
nitrogen atoms in the overlay process. 
PART C 
*Add centroids for the address segments for both nalfurafine and U050488H. 
*Identify which features would be best to pair up to represent the address segments in each 
structure. 
*Overlay the two structures by pairing up the basic amines and the address segments of both 
structures. 
*What conclusions can be made from the overlay? 
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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)  Nalfurafine 
1. Create the energy-minimised 3D-structure of nalfurafine using the ChemDraw file 
available. 
 
*Open ChemBio3D or Chem3D. 
*From the File menu, choose Open, then select the ChemDraw file for nalfurafine from the 
ChemDraw folder. Click Open.  

*Energy minimize  the structure and the steric energy appears in the bottom window as 
64.26 kcal/mol. Note that there is a ring with a twist-boat conformation within the structure 
(Fig 2). This is the ring next to the piperidine ring. 
 

  
         
Figure 2 Energy-minimised structure of nalfurafine. 
 
2. Measure the distance between the two nitrogen atoms  

*Choose the Select key .  
*With the Shift key depressed, click on the two nitrogen atoms. 
*From the Structure menu, choose Display Distance Measurement. The distance is 
displayed as 5.8 Å (Fig. 3). 
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Figure 3 N-N distance  for nalfurafine (two different perspectives). 
 
 
3) Modify the structure to get a hydrogen bond involving the alcohol group 
It has been proposed that a hydrogen bond can take place between the amide and alcohol 
groups. This could involve the OH proton interacting with the carbonyl oxygen of the amide 
group. We will now modify the structure to see if this is feasible. 
*From the Structure menu, choose Measurements, then click on Clear. 
*Select the bond to the amide highlighted on the right in figure 4A. 
*Open the rotation dial by clicking on the triangle next to the rotation tool (Fig. 4B). 
*Click on the SW pointing arrow. Rotate the bond 180o by entering 180 into the text box and 
pressing return on the keypad.  
*Select the bond highlighted to the alcohol group (Fig. 4A). 
*Use the rotation dial to rotate this bond -60o.  

*Energy minimize  the resulting structure. 
*From the View menu, choose Model Display, then Show Hydrogen Bonds. Select All. 
*Remeasure the N-N separation. 
 
The resulting structure should have a hydrogen bond between the alcohol and the amide 
group, and a lower steric energy of 57.5 kcal/ mol (Fig. 5). The N-N distance is unaltered.  
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Figure 4 A) Bonds to be rotated highlighted in yellow B) The rotation dial. 
 
 

 
Figure 5 Modified structure with intramolecular hydrogen bond between the alcohol and 
amide. 
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PART B  U50488H 
 
1. Create the energy-minimised structure of U50488H. 
Repeat the procedures described in Part A to open the ChemDraw file for U50488H (available 
from the ChemDraw folder into ChemBio3D/Chem3D and to carry out the energy 
minimisation. The resulting structure has a steric energy of 29.7 kcal/mol (Fig. 6A). 
 

   
  A      B 
Figure 6  A) Energy-minimised structure of U50488H. B) N-N measurement 
 
2. Measure the distance between the two nitrogen atoms in U50488H  
The distance is measured as described in Part A and is given as 3.03 Å (Fig. 6B). This compares 
to 5.8 Å for nalfurafine. These are quite different values, so there is no point in choosing both 
Ns for an overlay. We shall, therefore, identify the centroid of the address segments in both 
nalfurafine and U-50488H. 
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PART C  Overlay of nalfurafine with U-50488H 
We will now overlay the two structures, but first we have to decide what features of the 
structures are going to be paired up in order to do the overlay. It makes sense to include the 
address segment, but since the address segments are quite different in structure, which part 
do we pair up? The first approach is to consider centroids for the address segments. 
 
1. Add a centroid to the aromatic ring in U050488H. 

*Choose the Select tool .  
*With the shift key depressed, click on all the carbons in the aromatic ring.  
*From the Structure menu, choose Add Centroid.  
*Measure the distance from the basic nitrogen to the centroid. This should be 7.01 Å (Fig. 7). 
 

 
Figure 7  Distance from the basic nitrogen to the centroid of U50488H. 
 
2. Identify the centroid for the address segment in nalfurfine 
The address segment in nalfurafine consists of the alkene group and the aromatic ring. 
*Select all the carbon atoms present in the alkene group and the aromatic ring. 
*Add a centroid as previously described. 
*Measure the distance from the basic nitrogen atom to the centroid. 
*Identify any atoms in the address segment that are about 7.0 Å from the basic nitrogen. 
 
The centroid for the combined furan and alkene region is located on the furan carbon (Fig. 
8A). The distance between the centroid and the basic nitrogen is 8.6 Å, which is long 
compared to the separation in U-50488H. However, the distance between the basic nitrogen 
atom and one of the alkene carbon atoms is a better match at 7.2 Å (Fig. 8B). Therefore, we 
will pair this atom up with the centroid of U-50488H in order to do the overlay. 
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   A      B 
Figure 8  Distance from the basic nitrogen to A) the address centroid of nalfurafine and B) 
the alkene carbon of nalfurafine.  
 
We will now carry out an overlay which will pair up the basic nitrogen atoms in the two 
structures, as well as the centroid of U-50488H with the alkene carbon of nalfurafine. 
 
3. Copy and paste both structures into a new window. 
*From the File menu, choose New to open a new window.  
*Go back to the window containing nalfurafine and select the molecule. 
*From the Edit menu, choose Copy. 
*Return to the new window. 
*From the Edit menu, choose Paste. 
*Copy and paste U-50488H into the new window. 
 
 
4. Recolour U-50488H and align the structures. 

*Choose the select tool . 
*With the shift key depressed, click on all the carbon atoms in U-50488H.  
*Hover the cursor over any of the selected atoms, then right click the mouse to produce a 
menu. 
*Select Color, then Choose color.  
*Select your chosen colour from the resulting colour palette, then click on OK.  
*Repeat this procedure to recolour the oxygen and nitrogen atoms. 

*Align the molecules using the translate  and rotate  tools such that they are arranged 
as shown in figure 9. One structure can be moved separately from the other by selecting it, 
then moving it with the shift key depressed. 
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5. Add a dummy bond between the centroid of U-50488H and one of the aromatic 
carbon atoms. 

*Choose the bond tool . 
*Drag the mouse from one of the aromatic carbon atoms to the centroid to introduce a 
dummy bond. 
 A dummy bond has to be added such that the centroid will be recognized as a legitimate 
centre during the overlay. Adding the dummy bond makes no difference to the appearance of 
the structure.   
 
6. Pair up the basic nitrogen atoms, and the address segments. 

*Choose the Select tool . 
*With the shift key depressed, click on the basic nitrogen atom on each structure such that 
they are both highlighted. 
*From the Structure menu, select Measurements, then click on Display Distance 
Measurement. 
*Repeat these procedures to pair up the centroid of U-50488H with the alkene carbon of 
nalfurafine (Fig. 9). 
  

 
 
Figure 9 Alignment of structures, and pairing up of the basic nitrogen atoms and address 
segments. 
 
7. Overlay the two structures. 
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*From the Structure menu, choose Overlay, then click on Minimise. A dialogue box will 
appear.  
*Retain the default values and click Start. 
The overlay pairs up the nitrogen atoms and the chosen centres for the address segments 
such that they are only 0.1 Å apart (Fig. 10). The address regions are well aligned, but a better 
alignment is possible by rotating the aromatic ring of U-50488H by 180o such that the second 
chloro substituent is in the same region as the furan ring of nalfurafine. This is done by 
rotating the bond highlighted in figure 11. The resulting overlay shows a better overlay of the 
address segments (Fig. 12). 
It is interesting to note that U-50488H lacks the phenol ring that is considered an important 
part of the pharmacophore for classical opioid structures. This implies that U-50488H forms 
other binding interactions that compensate for the lack of the phenol ring. Another 
interesting observation from the overlay is that the amide N of U-50488H ends up quite close 
to the alcohol oxygen atom of nalfurafine, which might suggest that both features could be 
acting as HBAs. However, an amide nitrogen is usually a poor hydrogen bond acceptor.  
 
 

   
 
Figure 10  A) Overlay of nalfurafine with U-50488H from two different perspectives (U-
50488H is coloured orange).  
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Figure 11   Identification of the bond in U-50488H that will be rotated 180o. 
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Figure 12  Overlay after rotation of the aromatic ring (taken from different perspectives) 
 
 
 
 
 
 
 


