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MOLECULAR MODELLING 

Exercise 19.4 G 

 

To compare the structures of penicillin G and cefoxitin. 

 

Introduction 
Penicillin G (Fig 1) contains a bicyclic ring system that includes a beta-lactam ring. Cefoxitin (Fig. 1) is an 

example of a cephalosporin, which includes a beta-lactam ring as part of a different bicyclic ring system. In 

this exercise, we will compare the bicyclic ring systems of the two structures. Further information on 

penicillin G and cefoxitin is provided in sections 19.5.1 and 19.5.2.4 of the textbook. 

 

 

 

    
 A     B 
 
Figure 1 Structures of A) penicillin G and B) cefoxitin. 
 

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.  
ChemDraw files for different structures are available in the ChemDraw folder. 
         

*Construct the energy-minimised structures of penicillin G and cefoxitin. 
*Overlay the two structures by matching their beta lactam rings and identify any similarities 
or differences in the structures of the two bicyclic ring systems. 
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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 Chem3D model of penicillin G. 
  
*Open ChemBio3D or Chem3D.  
*From the File menu, choose Open, then select the ChemDraw file for penicillin G. Click Open. 

*Energy minimize the structure  (Fig. 2) and note the steric energy in the bottom window 
(46.3 kcal/mol). Note the folded, envelope shape of the penicillin ring system.  
 

 
 
Figure 2  Energy-minimised structure of penicillin G. 
 
2. Create the energy-minimised structure of cefoxitin. 
 
The same procedure used above gives the structure of cefoxitin (Fig. 3) from its ChemDraw 
file. The steric energy is given as 69.2 kcal/mol. 
 

 
Figure 3  Energy-minimised structure of cefoxitin. 
 
3. Prepare the structures for an overlay. 
*Copy and paste the two molecules into a new window.  
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*Use the translate  and rotate  tools to reposition the structures such that are 
orientated in a similar way (Fig. 4). One structure can be repositioned without affecting the 
other if it is first selected, then repositioned with the shift key depressed. 
 

 
 
 Figure 4  Positioning both structures in the same window. 
 
4. Hide the hydrogen atoms and lone pairs 
*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. 
 
5. Recolour the structure of penicillin G to distinguish it from cefoxitin. 

*Choose the Select tool  to select atoms. 
*With the shift key depressed, click on all the carbon atoms in penicillin G to select them. 
*Hover the mouse cursor over any of the selected atoms, then right click the mouse to open a 
menu.  
*Select Color, then Choose Color.  
*Use the colour palette that appears to select a colour for the atoms, then click OK.  
*Repeat the procedure to recolour other elements (Fig. 5). 
 

 
Figure 5  Recoloured pencillin G with cefoxitin. 
 
6) Pair up the atoms of the beta lactam ring. 
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*With the Shift key depressed, use the Select tool  to select an atom in one structure and 
the corresponding atom in the other structure.  
*From the Structure menu, choose Measurements, then choose Display Distance 
Measurement.  
*Repeat this process for other pairs of atoms (Fig. 6A).  
*Stacking the molecules above each other means there is less distance between the paired 
atoms (Fig. 6B). 
 

  
 
Figure 6  A) Pairing up the beta lactam atoms of penicillin G and cefoxitin. B) Stacking the 
molecules prior to the overlay. 
 
7) Overlay the two molecules. 
 
*From the Structure menu, choose Overlay, then click on Minimise.  
*A dialogue box will appear. Keep the default values and click Start.  
*The overlay (Fig. 7) shows that there is a reasonably good overlay with the paired atoms 
separated by 0.1-0.3Å. However, this can be improved by manual manipulation such that the 
separations are all 0.1Å (Fig. 8). 
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Figure 7  Overlay of penicillin and cefoxitin.  
 
 

  
Figure 8 Overlay of penicillin G and cefoxitin after manual manipulation. 
 
From the overlay, it is clear that the sulphur atoms occupy the same position. Looking into the 
‘plane of the molecule (Fig 9), it is clear that the cefoxitin bicyclic system is slightly flatter and 
more open. The penicillin structure also has a methyl group sticking upwards and a 
carboxylate group pointing downwards. On the other hand, there is a methoxy group in 
cefoxitin that points downwards and  could conceivably block nucleophilic attack on the beta 
lactam ring from that direction. 
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Figure 9  Looking into the plane of the overlay. 
 
The following perspectives are from above and below the lactam ring (Fig. 10). 
 

   
 
Figure 10  Viewpoints from above and below the beta-lactam ring. 


