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MOLECULAR MODELLING EXERCISES 
 
EXERCISE 18.1 
 
Butorphanol (Fig. 1) is an opioid analgesic (textbook Box 24.5). A series of phenol esters were 
prepared as shown. The phenol is an important binding group and masking it would be 
expected to lower activity. However, some of the phenol esters were as active as butorphanol 
suggesting that there might be hydrophobic interactions possible in this region of the binding 
site that would compensate for the loss of the important phenol group. In this exercise, we 
will calculate the logP values for the esters and investigate whether there is a relationship 
between activity and logP. 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 1  Butorphanol and esters of butorphanol. 
 
 
Instructions 
Open the ChemDraw file of butorphanol into Chem3D. 
Copy the structure into a new Chem3D file and modify it to the structure of ester I. Repeat the 
process to build the other 5 esters. 
Calculate the value of logP for the esters and enter these into a spreadsheet 
Enter the Ki values for structures I-VI into the spreadsheet. 
Ki (nM)  2.7; 0.32; 2.3; 0.061; 15; 0.22 
Convert these to pKi values and create a plot of logP on the y axis and pKi on the x-axis. 
Obtain the equation of the line and identify whether there is a meaningful relationship by 
calculating r2. 
Calculate the logP value for butorphanol and identify whether it fits the line for the esters 
To answer this we need the activity of butorphanol! Ki 9.92? 
 
 
 
 
 
 
 
 
 
 



Patrick: An Introduction to Medicinal Chemistry 6e 
 

 

© Oxford University Press, 2017.  

 
 
 
 
 
PROCEDURES 
1. Open the ChemDraw file of butorphanol into Chem3D and energy minimize the structure. 
Identify the steric energy. 
From the File menu of Chem3D, choose Open and find the ChemDraw file for butorphanol. 

Select the file, then Click on Open.  Energy minimize the resulting structure  (Fig. 2). The 
steric energy appears in the bottom window as 56.9 kcal/mol. 
 

 
 
Figure 2  Energy minimized structure of butorphanol. 
 
2. Calculate the log P value for butorphanol. 
From the Calculations menu choose Compute Properties. Expand Molecular Networks 
and select Log P.  Click OK. The calculate value of log P is shown in the bottom window as 
3.18144. 
  
3. Build the structure of ester 1. Energy minimize the structure and calculate the value of log 
P. 
Copy and paste butorphanol into a new window and modify the structure using the text , 

single bond  and double bond  tools to create ester 1. Energy minimize the structure 
(Fig. 3A). The steric energy is 70.4 kcal/mol. The log P value is obtained as described above 
and is 6.8543. 
 
4. Repeat these procedures to find the steric energies and log P values for esters 2-6. 
The structures for the minimized structures of esters 2-6 are shown in figure 3, along with 
the steric energies. The log P values are  
Ester 2  Log P =4.91438 
Ester 3  Log P =5.56557 
Ester 4  Log P =4.52315 
Ester 5  Log P =7.05959 
Ester 6 Log P =4.81685 
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Ester 1 - steric energy 70.4 kcal/mol           Ester 2 - steric energy 65.5 kcal/mol 
 

   
Ester 3 - steric energy 66.8 kcal/mol           Ester 4 - steric energy 73.4 kcal/mol 
 

   
Ester 5 - steric energy 77.8 kcal/mol           Ester 6 - steric energy 71.4 kcal/mol 
 
Figure 3  Structures of the six esters of butorphanol. 
 
5. Create a spreadsheet in ExCel with the following columns (Fig. 4).   
 
Structure Clog P Ki (nM) Ki (M) pKi=-log Ki 

I 6.854 2.7 2.70E-09 8.569 

II 4.914 0.32 3.20E-10 9.495 

III 5.566 2.3 2.30E-09 8.638 

IV 4.523 0.061 6.10E-11 10.215 
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V 7.060 15 1.50E-08 7.824 

VI 4.817 0.22 2.20E-10 9.658 

 
Figure 4  Spreadsheet of data. 
 
 
6. Create a plot pKi for the X axis and Clog P for the y axis. 
To determine whether there is a relationship between two columns of data, arrange the 
columns such that the data relevant to the x-axis is on the left of the data that is relevant to 
the y-axis. 
Select the columns of data for pKi and Clog P. Open the menu for Charts by clicking in the 
Chart tab, and click on X Y (Scatter) with no lines. The basic plot is revealed. 
Click on the plot and a formatting palette is revealed. Open up the options under Chart 
Options.  Type a suitable heading for the plot in the space provided under Chart Title 
Select Horizontal (category) axis, and type the relevant label in the space provided 
Select Vertical (category) axis, and type the relevant label in the space provided. 
Under Gridlines, select both major and minor for both horizontal and vertical lines. 
 
Click on one of the data points. From the Chart menu, select Add Trendline., then OK 
Double click on the trendline to open up a window. Choose Options, then choose Display 
Equation on Chart, as well as Display R-squared value on chart. Select OK. 
To focus in on the relevant part of the chart containing the line, double click on the y-axis to 
open up a window, then click on Scale. Change the default value of 0 to 4. Click on OK. The 
results indicate that there is a relationship between log P and pKi (Fig. 5). As logP increases, 
pKi decreases. Low values of pKi correspond to high activity. Therefore, as logP increases, 
activity increases (smaller values of Ki and pKi).   
 
 

 
 
Figure 5  Plot of log P vs pKi. 
 
The calculated value of log P for butorphanol is 3.48. This does not fit the above line since the 
logP value is too low for the level of activity observed for butorphanol (pKi = 8.003). In other 
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words, butorphanol has a much higher activity than predicted from this plot. From the graph, 
a pKi value of 8.0 should correspond to a log P value of about 7.  
This indicates that a different type of interaction must be involved for butorphanol that is not 
available for the esters. The most likely candidate for this is the phenol OH proton which can 
act as a hydrogen bond donor for butorphanol, but is absent from the esters. 


