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MOLECULAR MODELLING EXERCISES 
 
EXERCISE  19.5  Tetracycline 
 
Introduction:  
Tetracycline (Fig. 1) is an important antibiotic that was isolated from a fungus. There is now a 
range of antibiotics that share a similar tetracyclic ring structure to that of tetracycline itself, 
and so these compounds are all classed as tetracyclines. The tetracyclines bind to bacterial 
ribosomes and inhibit protein translation. The many polar groups that are present in the 
structure are capable of forming polar interactions to nucleotides in ribosomal RNA (see also 
section 19.7.2 in the textbook). In this exercise, we will study the shape of tetracycline itself 
and identify different conformations. 
 

 
 
Figure 1 Tetracycline. 
 
 
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 ChemDra folder. 
 
PART A 
*Create the energy-minimised 3D-structure of tetracycline from its ChemDraw structure. 
*Describe the overall shape of the molecule. 
*Identify any intramolecular hydrogen bonds that are present. 
 
PART B 
*Identify conformations containing different numbers and arrangements of intramolecular 
hydrogen bonds. 
*Compare the effects of such intramolecular bonds on steric energy. 
 



Patrick: An Introduction to Medicinal Chemistry 6e 
 

 

© Oxford University Press, 2017.  

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. 
 
PART A   Structure of tetracycline 
 
1. Create the energy-minimised structure of tetracycline. 
 
*Open ChemBio3D or Chem3D.  
*From the File menu, choose Open, then select the ChemDraw file for tetracycline. Click Open.  

*Energy minimize the structure . The steric energy appears in the bottom window as 42.4 
kcal/mol. 
 
2. Hide the lone pairs of electrons. 
*From the View menu, choose Model Display, then Show Lone Pairs. Choose Hide. 
 
3. Describe the shape of the molecule. 
The shape of the molecule is perhaps not what you might expect (Fig. 2). Three of the four 
rings are roughly in the same plane, but the fourth is orientated at right angles to the other 
three. This is not apparent from the 2D-structure. 
 

   
 
Figure 2 The energy-minimized structure of tetracycline from different perspectives. 
 
4. Show any intramolecular hydrogen bonds that might be present. 
*From the View menu, choose Model Display, then Show Hydrogen Bonds. Select All. 

The resulting structure may vary in the number of H-bonds shown. In this example, three 
hydrogen bonds are visible (Fig. 3).  
 



Patrick: An Introduction to Medicinal Chemistry 6e 
 

 

© Oxford University Press, 2017.  

  
   A     B 
Figure 3  A conformation of tetracycline with 2 hydrogen bonds as A) a ball and stick model 
and B) a stick model. 
 
 
5. Change the ball and stick model to a stick model 
Change the model to a stick model in order to see the skeleton more clearly (Fig. 3B). 
*From the View menu, choose Model Display, then select Display Mode. Select Sticks. 
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PART B  Conformations of tetracycline – molecular dynamics 
 
1. Identify conformations with different intramolecular hydrogen bonds 
We will now carry out molecular dynamics to generate conformations with a different 
number or arrangement of hydrogen bonds, so that we can compare their steric energies.  
 
*Select and copy the structure of the energy-minimised tetracycline and paste it into a new 
window. 
*From the Calculations menu, choose MM2, then Molecular Dynamics.  
*A table will come up showing default entries that include a Target Temperature of 300 K. 
*Keep the default values and click Run. You will see the molecule vibrating and adopting 
various conformations. Watch the molecule to see whether conformations are formed where 
the number or location of intramolecular hydrogen bonds changes.  
*When you spot a change, stop the molecular dynamics process by clicking on the Stop icon 

.  

*Energy minimize  the relevant structure to find out its steric energy, then restart the 
molecular dynamics run to find other possible conformations.  
Note: It is worth copying and pasting each new conformation into a separate window so that 
you can come back to it if you wish to look at it again.  
 
In this way, you may find conformations such as the following (Fig. 4). Note that the 
tetracyclic skeleton remains rigid during this operation and the only modifications are bond 
rotations involving the substituents. The conformation shown in figure 4 is more stable than 
the original energy-minimised conformation obtained in Part A. 
 
 

   
 Steric energy 31.9 kcal/mol    
 
Figure 4  Alternative conformation of tetracycline. 
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PART C  Conformations of tetracycline – manual modifications 
 
1. Manually manipulate the molecule to get another conformation with four hydrogen 
bonds. 
We will now generate a conformation with four hydrogen bonds by rotating the bond 
highlighted in yellow (Fig. 5). 
 

   
Figure 5  Bond highlighted for rotation. 
 
*Return to the window with the original energy-minimized structure of tetracycline. 
*Copy and paste the structure into a new window. 

*Choose the Select tool . 
*Click on the bond to the hydroxyl group on ring A (Fig. 5).  
*Open the rotation dial and type 180 into the small window (Fig. 6).  
 

 
Figure 6  The rotation dial. 
 
*Click on the SW pointing arrow, then press return on the keyboard. The resulting structure 
should have four intramolecular H-bonds (Fig. 7). 
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Figure 7  Conformation obtained after bond rotation.  
 
 
2. Energy minimize the conformation. 
The conformation in figure 7 has four intramolecular hydrogen bonds. After energy 
minimization, the structure retains the four hydrogen bonds and has a steric energy of 24.8 
kcal/mol (Fig. 8). This is more stable than the previous conformations in Parts A and B. 
 

 
 
Figure 8 Energy-minimised conformation of tetracycline with four hydrogen bonds. 
 
Note that several intramolecular interactions are possible in tetracycline. However, when the 
structure is bound to the target binding site on ribosomes, most of the functional groups 
concerned form intermolecular hydrogen bonds to surrounding nucleotides in the binding 
site. Therefore, the most stable conformation of tetracycline is highly unlikely to correspond 
to the active conformation. 
 


