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3.1: Introduction to stereochemistry

4b Learning Objectives

o Identify isomers and differentiate constitutional isomers from sterioisomes.
o Identify subclasses of constitutional isomers, including skeletal isomers, functional group isomers, and positional isomers;
and subclasses of sterioisomers, including conformers, enantiomers, diasteriomers.

What is stereochemistry?

Stereochemistry is the study of the relative arrangement of atoms in molecules and their manipulation. A major area of
stereochemistry is the study of isomers which is introduced below.

Isomers

Isomers are species with the same atoms in the same numbers, i.e., the same molecular formula but are arranged differently in
space.

Several types of isomers can be classified in different ways. Figure 3.1.1 presents one scheme of classifying isomers.
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Figure 3.1.1: Classification of isomers. (Copyright; Public domain)

Constitutional isomers

Constitutional isomers have a different sequence of bonds that may result in another skeleton, i.e., skeletal isomers, different
reactive features, i.e., functional groups isomers, or the same reactive features but placed at different locations, i.e., positional
isomers.

Skeletal isomers

Skeletal isomers have different carbon skeletons. For example, hexane, 2-methylpentane, 3-methylpentane, and 2,2-
dimethylbutane are skeletal isomers having the same molecular formula C;H,,.
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Functional group isomers

Functional group isomers have different reactive features, i.e., different functional groups. For example, propan-1-ol is alcohol,
and methoxyethane is ether, but they are isomers having the same molecular formula C;H;O.
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Positional isomers

Positional isomers have the same reactive features, i.e., the same functional groups, but the groups are attached at different
positions. For example, propan-1-ol -a primary alcohol having an alcohol group linked to terminal C and propan-2-ol -a secondary
alcohol having an alcohol group attached to a non-terminal C, are isomers having the same molecule formula C;HgO.
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Stereoisomers

o Stereoisomers have the same sequence of bonds but the atoms or groups of atoms are oriented differently in space.

o Conformers or conformational isomers are the stereoisomers in which the different orientations of atoms are a result
of rotation around single bonds. The specific arrangement of atoms in a conformational isomer is also called
conformation.

o Configurational isomers are stereoisomers that can be interconnected only by breaking and making some bonds. The
specific arrangement of atoms in a configuration isomer is also called configuration.

Conformers or conformational isomers

Conformers are the isomers that are the result of rotation around single bonds. They are also called different conformations of the
same molecule. For example, rotation around C—C bond of ethane places a set of three H's on one C at different positions relative
to H's on the other C, as illustrated below.

H H
H H H H o2
60° N H Mlustration of rotation around C—C bond in ethane (Copyright;
H H mailto:ralf@ark.in-berlin.de, CC BY 2.5 via Wikimedia
H Commons)
Different arrangements of H's in ethane due to rotation around
C—C bond

Usually, the rotation around single bonds happens rapidly at room temperature. So, the conformers usually exist as a mixture and
can not be easily separated.
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Configurational isomers

Configurational isomers are stereoisomers that can be interconnected only by breaking and making some bonds. For example, cis-
but-2-ene and trans-but-2-ene are configurational isomers in which —CH, groups connected to two C’s of a double bond are
oriented differently as shown in Figure 3.1.1. Another example is L-glyceraldehyde and D-glyceraldehyde in which four different
groups are connected to the same C but oriented differently as shown in Figure 3.1.1.
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Figure 3.1.1: Examples of configurational isomers: cis- and trans-but-2-ene, and D- and L-glyceraldehyde. (Copyright; Public
domain).

The configurational isomers are subdivided into enantiomers and diastereomers.

Enantiomers

A pair of stereoisomers that are related to each other as non-superimposable mirror images are Enantiomers.

For example, D-glyceraldehyde and L-glyceraldehyde shown above are enantiomers of each other. Imagine there is a mirror
between D- and L-glyceraldehyde shown above. You will notice that they are mirror images of each other. If you try to overlap L-
glyceraldehyde onto D-glyceraldehyde, two groups may overlap, but the other two will not overlap, no matter how you may rotate
the molecule. D- and L- represent two different configurations of glyceraldehyde shown in Figure 3.1.1. Enantiomers are chiral
molecules.

X Chirality

An object or molecule that cannot be superimposed on its mirror image by any translation, rotational, or conformational
changes is a chiral object. This geometric property is called chirality.

Achiral is not chiral, i.e., the objects or molecules that are identical to their mirror image are achiral.

For example, an amino acid with four different groups attached to the same carbon and hand are chiral, having a non-
superimposable mirror image as illustrated in Figure 3.1.2. Like left and right hands that have a thumb and fingers in the same
order, but are mirror images and not the same, chiral molecules have the same things attached in the same order, but are mirror
images and not the same.

[

Figure 3.1.2: Tllustration of chiral objects and their non-superimposable mirror images -a hand and an amino acid with four
different groups attached to the same C. (Copyright; n€prjAio, Public domain, via Wikimedia Commons)

Diastereomers

| Stereoisomers that are not enantiomers are diastereomers.
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For example, cis-but-2-ene and trans-but-2-ene shown in Figure 3.1.1 are diastereomers because they have the same formula, and
the same atom-connectivity, but methyl groups are oriented in the same direction in cis- and in opposite directions in trans-isomer,
they do not mirror each other. The cis- and trans- represent two different configurations of but-2-ene as shown in Figure 3.1.1.

This page titled 3.1: Introduction to stereochemistry is shared under a Public Domain license and was authored, remixed, and/or curated by
Muhammad Arif Malik.
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