OPTICAL ISOMERS
DETERMINATION OF THE CONFIGURATION 

The determination of the configuration around an asymmetric carbon is dictated by the priority of the groups attached to the asymmetric carbon. The group priorities are assigned according to the atomic number of the atoms that compose the group. The higher the atomic number, the higher the priority of the group. If the group involves a multiple bond, the atomic number of the atom involved is counted the same number of times as the multiple bond. For example, if the group contains a double bonded oxygen, the atomic number of 8 for oxygen is counted twice, just as if there were two oxygens.

I have a systematic way of showing the atomic numbers by each group to determine group priorities. We'll look at some examples, and show step-by-step how the group priorities are assigned. Here is an optical isomer of 2-bromobutane. To determine its configuration, start by assigning atomic numbers to each of the atoms directly attached to the asymmetric carbon:


When these numbers have been assigned, it is easy to see that H will have the lowest priority and Br will have the highest priority. Since the remaining two groups, methyl and ethyl both are attached to the asymmetric carbon with carbon atoms having the same atomic number, one must consider what is attached to these two carbons. Assign these attached atoms with their atomic numbers, written in descending order:
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The "6111" by the methyl means that the carbon, 6, has three hydrogens, 1,1,1, hence, the notation, 6111. The "6611" by the ethyl means that the carbon, 6, has another carbon, 6, and two hydrogens attached, hence, the notation, 6611. Now it is easy to tell that the ethyl group has priority over the methyl group, because the number, 6611 is larger than the number, 6111. From this we conclude that the bromine has first priority, the ethyl group has second priority, the methyl group has third priority and the hydrogen has fourth priority:
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To assign priorities, the lowest priority group must be back into the plane of paper. If the group priorities are arranged in a clockwise fashion, the configuration is R. If the group priorities are arranged in a counter clockwise fashion, the configuration is S. Since the group priorities are arranged in a clockwise fashion in this example, the configuration is R, and the compound name would be R-2-bromobutane.

Let's look at a more "complicated" structure. Consider the compound shown below:
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The atomic numbers for the groups surrounding the asymmetric carbon have been assigned. Once again, H has lowest priority. For the remaining groups, however, we must assign atomic numbers to the atoms attached to these carbon groups. Once again, list these atomic numbers, after the "6", in descending numerical order.
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The carbon labeled "6761" implies that the carbon labeled 6 had a nitrogen, 7, another carbon, 6 and a hydrogen, 1, attached. The carbon labeled "6881" implies that the carbon labeled 6 had a carbonyl group, 8,8, and a hydrogen, 1, attached. Notice that the double bonded oxygen counts as if there were two oxygens attached the to the carbon. The carbon labeled "6811" implies that the carbon labeled 6 had an oxygen, 8, and two hydrogens, 1,1, attached.

Assign priorities based on the magnitude of the numbers given in the structure:
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Since the numbers increase in a clockwise fashion, the configuration is R.

Suppose we switched two of the groups in the previous structure. What would happen to the configuration?
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It would be logical to deduce that the configuration has changed to S. A quick inspection of the priority assignments, confirms that the priorities now increase in a counterclockwise fashion, and thus the configuration is indeed S.

What would you do if the lowest priority group is not towards the back? You can build a model of the compound and rotate it so that the low priority group is away from you. If your ability to visualize three dimensions is adequate, you can mentally rotate the molecule and redraw the structure in the proper orientation. If the previous two options are not available, you can switch two of the groups in such way that the low priority group is to the back. This means the new configuration of the altered structure is opposite to that of the original configuration in the original structure.
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