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MOLECULAR MODELLING EXERCISES 
 
EXERCISE  19.1 
 
INTRODUCTION 
Penicillin G (Fig. 1) was the first penicillin to be widely available in medicine. The structure 
contains a strained beta-lactam ring which is crucial to the mechanism by which the agent 
acts as an enzyme inhibitor. The target enzyme is the transpeptidase enzyme responsible for 
catalyzing the crosslinking of peptidoglycan chains into a structurally strong ‘chicken wire’ 
structure that constitutes the bacterial cell wall. When the enzyme is inhibited, the cell wall is 
not properly formed and this proves fatal to the bacterial cell (see also section 19.5.1 in the 
textbook). 
 
 

 
 
Figure 1  Penicillin G. 
 
The enzyme’s active site normally accepts a dipeptide moiety (D-Ala-D-Ala) from one 
peptidoglycan chain, and links it to glycine from another chain. It is thought that penicillin 
mimics this moiety. In this exercise, you will study the structure of penicillin and the shape of 
the bicyclic ring system.  
The beta lactam ring is important to the pharmacophore of penicillins because of the 
mechanism of action, but other groups are important because they form important 
intermolecular interactions that help to bind the molecule to the enzyme active site. These 
include the carboxylic acid (which is ionized) and the amide group in the side chain.  
 
INSTRUCTIONS 
It is suggested that you attempt to carry out 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 penicillin G and measure its steric energy.  
*Identify the shape of the bicyclic ring system. 
*Identify the number of rotatable bonds in the structure, and identify which part of the 
structure is flexible and which part is not. 
*Carry out a conformational analysis to identify different conformations of pencillin that 
might be more stable than the original energy-minimised structure. 
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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/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 penicillin G. 
*Open ChemBio3D or Chem3D.  
*From the File menu, choose Open, then select the ChemDraw file for penicillin G. Click Open 
to build the unminimised structure (Fig. 2A).  

*Energy minimize the structure  and note the steric energy in the bottom window (46.3 
kcal/mol). 
The folded nature or ‘envelope structure’ of the penicillin ring system can be clearly seen in 
figure 2B.  
 
 

       
   A      B 
Figure 2 Chem3D models of penicillin G:  A) The unminimised form; B) The minimized form. 
 
 
2. Identify the number of rotatable bonds in penicillin G. 
*From the Calculations menu choose Compute Properties.  
*Expand Molecular Topology and select Num Rotatable Bonds. Click OK.  
The answer provided in the bottom window is 5. Four of these bonds are indicated in red in 
figure 3. Chem3D has identified the amide bond shown in blue as a rotatable bond, but this is 
not a freely rotatable bond and would not normally be considered as such. 
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Figure 3  Rotatable bonds in penicillin G. 
 
 
3. Carry out a conformational analysis involving rotation of the benzyl substituent. 
Because of the number of rotatable bonds in the side chain, there are a large number of 
possible conformations for this substituent, which could place the aromatic ring in various 
orientations. We will create a number of conformations using the Dihedral Driver to rotate 
two of the bonds in the benzyl substituent. This will allow us to compare the relative steric 
energies of different conformations with the original energy-minimised structure. 
*Copy and paste the energy-minimised structure of penicllin G into a new window. 

*Choose the Select tool .  
*Click on the bonds highlighted in figure 4.  
 

 
Figure 4  Bonds chosen for rotation. 
 
The default value for sampling conformations in a Double Angle chart is after every 10o 
rotation. This provides a large number of conformations to consider. In order to generate a 



Patrick: An Introduction to Medicinal Chemistry 6e 
 

 

© Oxford University Press, 2017.  

more manageable number, we will limit the number of conformations sampled to every 60o of 
rotation.  
*From the File menu, choose Preferences. 
*A dialogue box opens up. Click on the tab for Dihedral Driver. 
*Use the slider bar that is present to change the resolution to 30o.  
Note: In this dihedral driver chart, the rotation angle between each conformation sampled is 
actually double the resolution value, unlike the Single Angle chart. 
*Click on minimization. This means that a local energy minimization will be carried out on 
each conformation that is generated. This will alter the positions of atoms that are too close 
together, without altering the dihedral angle defining the conformation. We are now ready to 
carry out the conformational analysis. 
*From the Calculations menu, choose Dihedral Angle, then Double Angle Plot. You will see 
the bonds rotating as the conformations are being generated. The operation provides 36 
conformations (Fig. 5). Hover the mouse over the squares and identify the one with the least 
energy. This corresponds to 46.95 kcal/mol. 
 

 
Figure 5 Dihedral Driver Chart generated by rotating two bonds, sampling conformations at 
rotation intervals of 60o. 
 
*Click on the square to reveal the most stable conformation in the main window.  
*Energy minimize the structure. The steric energy becomes 45.3 kcal/mol. This is slightly 
better than the original structure. The relevant conformation has the aromatic ring hanging 
over the bicyclic ring system (Fig. 6). 
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Figure 6 A different stable conformation generated by using the Dihedral Driver. 
 
4. Identify possible conformations of penicillin G using molecular dynamics. 
*Return to the window with the original energy-minimised structure of penicillin G. 
*Copy and paste the structure into a new window. 
*From the Calculations menu, choose MM2, then Molecular Dynamics.  
*A table will come up showing default entries including a Target Temperature of 300K. Keep 
the default entries and click Run. You will see the molecule vibrating and adopting various 
conformations. However, it is noticeable that the bicyclic ring remains in its folded 
conformation and shows no sign of inverting. It is also noticeable that the orientation of the 
amide bond varies.  
*The molecular dynamics programme can be curtailed to study any interesting conformations 

by clicking on Stop Calculation in the menu bar . For example, the dynamics program 
was stopped at a conformation where the amide group was orientated differently from the 
original structure. Energy minimization was carried out to provide the structure shown in 
figure 7, with a steric energy of 45.3 kcal/mol. This is identical to the steric energy of the 
conformation in figure 6. Although the orientation of the peptide bonds is different in the two 
conformations, the aromatic ring is hanging over the bicyclic ring in both cases. 
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Figure 7 A conformation of penicillin G generated by molecular dynamics. 
 
This exercise demonstrates that a number of conformations can be generated by single bond 
rotation in the side chain. However, the bicyclic ring system remains constant in the folded 
conformation. 
 
 
 
 
 
 
 
 


