
Stereochemistry 
Chapter 5 

Stereoisomerism 

�  Stereoisomers are different compounds.  
� Same sequence of atom connectivity.  
� Different arrangement of atoms in space. 

�  Stereoisomers are NOT constitutional (structural) 
isomers. 

�  Stereoisomers are not superposable. 

Types of Stereoisomers 

� Enantiomers 
� Stereoisomers that are non-superposable 

mirror images of one another. 

�   Diastereomers 
� Stereoisomers that are not mirror images 

of one another. 



�  cis and trans double bond isomers 

 
 
 

�  cis and trans cycloalkane isomers 

Cis/Trans Diastereomers Chirality 
�  A chiral molecule is one that is not superposable on its mirror 

image. 

�  Chiral center 

�  A structural feature in a molecule that allows for the possibility of 
enantiomers.  

�  Commonly, it is a single tetrahedral carbon atom with 4 distinct 
groups attached to it. 

�  Also called: 
�  Chirality center 
�  Stereogenic center  
�  Stereocenter 
�  Assymetric atom 

•  Consider several molecules to determine whether or not they are 
chiral.  

Achiral Molecules 
•  The molecule labeled A and its mirror image labeled B are not superimposable.  

•  No matter how you rotate A and B, all the atoms never align.  
•  Thus, CHBrClF is a chiral molecule, and A and B are different compounds. 

•  A and B are stereoisomers—specifically, they are enantiomers. 

•  A carbon atom with four different groups is a tetrahedral stereogenic center. 

Chiral Molecules 



Nomenclature of Enantiomers: The R,S System 

�  Priorities are assigned as follows: 

�  Atoms directly attached to the chiral 
carbon are compared. 

�  Atoms with higher atomic number are 
given higher priority. 

�  If priority cannot be assigned based on 
directly attached atoms, successive 
layers of atoms are examined until a 
point of difference is found. 

  The four groups attached to the stereogenic carbon are assigned 
priorities from highest (a) to lowest (d). 

HO H

Nomenclature of Enantiomers: The R,S System 

�  The molecule is rotated to put 
the lowest priority group back. 

�  If the groups descend in priority 
(a,b, then c) in clockwise 
direction the enantiomer is R. 

�  If the groups descend in priority 
(a,b, then c) in counterclockwise 
direction the enantiomer is S. 

Nomenclature of Enantiomers: The R,S System 

�  Groups with double or 
triple bonds are assigned 
priorities as if their atoms 
were duplicated or 
triplicated: 

�  Example: 

Tests for Chirality 
�  Chiral center must be present. In most cases, this will be a C with four 

different groups attached. 

�  Plane of symmetry 
�  An imaginary plane that bisects a molecule in such a way that the 

two halves of the molecule are mirror images of each other. 
�  A molecule with a plane of symmetry cannot be chiral. 



The Biological Importance of Chirality 

�  Enantiomers have essentially identical properties, 
except when exposed to a chiral environment. 

�  The binding specificity of a chiral receptor site for a 
chiral molecule is usually only favorable for one 
configuration. 

Stereochemistry of Starch and Cellulose 
•  In cellulose, the O atom joins two rings using equatorial bonds. 

•  In starch, the O atom joins two rings using one equatorial and one axial 
bond. 

•  Due to these differences in stereochemistry, humans can metabolize 
starch for energy but we cannot digest cellulose. 

3-D Structure of Starch and Cellulose Recognizing Enantiomers & Diastereomers 

�  Chiral molecules with two or more chiral carbons may have 
diastereomers. 
�  If there is only one chiral carbon, diastereomers cannot exist. 

�  Example: Consider 2-bromo-3-chloro-pentane   
�  Draw all possible stereoisomers  
�  Determine their relationships to each other 
�  Assign R,S designations to each chiral center 



Meso Compounds 
�  Sometimes molecules with 2 or more stereogenic centers will have less 

than the maximum amount of stereoisomers. 

 

�  Meso compound: achiral despite the presence of stereocenters. 

�  Not optically active. 

�  Superposable on its mirror image. 

�  Has a plane of symmetry. 

A & B are enantiomers C & D are the same compound 

Stereoisomerism of Cyclic Compounds 

�  1,4-dimethylcyclohexane: 
�  Neither the cis not trans isomers is optically active. 
�  Each has a plane of symmetry. 

1,3-dimethylcyclohexane 

�  The trans- and cis- compounds each have two 
stereogenic centers. 

�  The cis- compound has a plane of symmetry and is 
meso. 

�  The trans- compound exists as a pair of enantiomers. 

Fischer Projection Formulas 
�  A 2-dimensional representation of chiral molecules 

�  Vertical lines represent bonds that project behind the plane 
of the paper. 

�  Horizontal lines represent bonds that project out of the 
plane of the paper. 



Recognizing Isomers 
 

Structural Isomers 
Enantiomers 

Diastereomers 
Meso Compounds 

�  Atropoisomer: conformational isomers that are stable 

 
 
 
 
 
 

�  Allenes: contain two consecutive double bonds 

Chiral Molecules that Do Not Possess a  
Tetrahedral Atom with Four Different Groups 

Properties of Enantiomers 
�  Enantiomers have almost all identical physical properties 

(melting point, boiling point, density) 

�  However enantiomers rotate the plane of plane-polarized light 
in equal but opposite directions 

�  Plane polarized light: 

�  Oscillation of the electric field of ordinary light occurs in all 
possible planes perpendicular to the direction of 
propagation. 

�  If the light is passed through a polarizer only one plane 
emerges. 

The 
Polarimeter: 

 

Measuring 
Optical Activity 



Measuring Optical Activity: Specific Rotation 

�  An achiral molecule will not rotate the plane-polarized light. 

�  An optically active substance (e.g. one pure enantiomer) will rotate the 
plane-polarized light.  

�  The amount the analyzer needs to be turned to permit light through is 
called the observed rotation, α. 

�  If the analyzer is rotated clockwise the rotation is (+) and the molecule  
is dextrorotatory. 

�  If the analyzer is rotated counterclockwise the rotation is (-) and the 
molecule is levorotatory. 

�  If you have a racemic (50:50) mixture of enantiomers, there will be no 
rotation of the light. 

�  A mixture other than 50:50 will rotate the light in the direction of the 
excess enantiomer, but to a lesser degree.  This property can be 
exploited to determine the ratio of enantiomers present. 

2-Butanol: Optical Activity 
�  The specific rotation of the two pure enantiomers of 2-butanol are equal 

but opposite: 
 
 
 
 

�  There is not a direct correlation between the R,S designation of an 
enantiomer and the direction [(+) or (-)] in which it rotates plane 
polarized light. 

�  Racemic mixture 
�  A 1:1 mixture of enantiomers 
�  No net optical rotation  
�  Often designated as (+) 

Racemic Forms and Enantiomeric Excess 

�  Enantiomeric excess (ee): A mixture of enantiomers 
may be enriched in one enantiomer – a mixture that is 
NOT racemic. The following equation is used to 
compare the amounts of the two enantiomers 

 

Properties of Diastereomers 

�  Enantiomers have similar, if not identical, properties of solubility, 
BP, MP, and dipole moment. 

�  A mixture of enantiomers is VERY DIFFICULT to separate. 

�  However, diastereomers usually differ in their physical properties.   

�  Differences may be significant. 

�  Diastereomers can often be separated based on these properties. 


