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Isomerism in Organic Chemistry
Stereoisomerism



Isomerism
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Isomerism

• Conformational Isomerism
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Isomerism

• Configuration Isomerism
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cis-trans isomerism optical isomerism



Conformational Isomerism
Conformation of Alkane & Cycloalkane 



Conformational Isomerism

• Conformational isomerism: stereoisomerism of molecules due to the 
rotation of single bonds
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Newman Projections

• Methods of drawing molecule conformations
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Newman Projections
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Newman Projections

• Practice: draw a Newman projection of the following compound, as 
viewed from the angle indicated:
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Newman Projections
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Conformational Analysis

• Conformation of ethane
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Conformational Analysis

• Conformation of ethane
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all staggered & eclipsed conformations are degenerate



Conformational Analysis

• Classical explanation: steric 
hindrance 

• Modern explanation: orbital 
interaction

16



Conformational Analysis

• Conformation of propane
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Conformational Analysis

• Conformation of butane
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Conformational Analysis

• Conformation of butane
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Conformational Analysis

• Gauche interactions
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Conformational Analysis

• Practice
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Conformational Analysis

• Cycloalkanes: angle and stability – angle strain…?
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Conformational Analysis

• Conformation of cycloalkanes
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cyclopropane cyclobutane cyclopentane



Conformational Analysis

• Conformation of cyclohexane
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Conformational Analysis
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Conformational Analysis

• Drawing chair conformations
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Conformational Analysis

• Drawing chair conformations
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Conformational Analysis

• Monosubstituted cyclohexane
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Conformational Analysis

• Practice: the most stable conformation of 5-hydroxy-1,3-dioxane has the OH 
group in an axial position, rather than an equatorial position. Provide an 
explanation for this observation. 
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5-hydroxy-1,3-dioxane forming intramolecular hydrogen bonding



Conformational Analysis

• Disubstituted, polysubstituted cyclohexanes
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Conformational Analysis

• Comparison of 1,3-diaxial interactions
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Conformational Analysis

• Practice: draw the more stable chair conformation of the following 
compound: 
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Conformational Analysis

33

more stable



Configuration Isomerism
cis-trans Stereoisomerism, Chirality & Optical Activity



cis-trans Stereoisomerism 

• cis-trans isomerism of cycloalkanes
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cis-trans Stereoisomerism 

• cis-trans isomerism of alkenes
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cis-trans Stereoisomerism 

• Defects of cis-trans isomerism
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For four different groups…

cannot use cis/trans to indicate configuration!



Z/E Designation

• Z/E configurations
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for German word
“zusammen” 

(together)

for German word
“entgegen” 
(opposite)



Z/E Designation

•!"#$(Cahn-Ingold-Prelog System)
• !"#$%&'()*&'+,-./&'+,-01
• 234$5&'()*67$&'89/:!";<8=*>?&'
• @AB/CB*()DEFG=H4$IC$89*&'

• JK;!"*&'=L*BMNO$/:DEPQ&'+,G0*RS&
'TGKU
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Z/E Designation

• Practice: identify the configuration of the following alkene:
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Z/E Designation
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Chirality 

• Chirality and chiral objects
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nonsuperimposable 



Chirality 

• Achiral objects
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superimposable 



Chirality 

• Molecular chirality
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Chirality 

• Chirality center: a tetrahedral carbon bearing four different groups
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Chirality

• Practice
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Chirality
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Chirality

• Practice: identify all chiral centers in each of the following compounds:
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Chirality
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Enantiomers

•%&'()(enantiomer)

•*+,-./012345(nonsuperimposable)67)'()8
9+%&'()8:9+%&)

•;<=>?-@A%%&)B8CA=>?-DE9+FA=6
%&)

•A=GH>?-IJA=%&)
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R/S Designation

• Absolute configurations: R/S designation
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R
for Latin word “rectus”

(right)

S
for Latin word “sinister”

(left)



R/S Designation

• Designating configuration using the Cahn-Ingold-Prelog system 
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R/S Designation
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R/S Designation

•;KA=LMNOB8PQRSTU
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R/S Designation

•PQV4WB8XYZ[V4W\]^6LM
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R/S Designation

•_`TU%R/S(a6bc
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R/S Designation
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R/S Designation

• Practice
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R/S Designation
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R/S Designation

• Practice: each of the following compounds possesses carbon atoms that are chiral 
centers. Locate each of these chiral centers and identify the configuration of each 
one:
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R/S in Nomenclature

• Nomenclature of monochiral central compounds

• Nomenclature of polychiral central compounds
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Optical Activity

• Enantiomers have the same physical properties
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Optical Activity

• Plane-polarized light
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unpolarized light 

plane-polarized light



Optical Activity

• Polarimetry
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Specific Rotation

• Specific rotation
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observed rotation (degree)

concentration
(g/mL)

path length
(dm)

for compounds in a certain state, the specific rotation is a constant



Specific Rotation
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the specific rotation is affected
by temperature and measured light wavelength

D stands for the D line 
of sodium (589 nm) 

temperature
wavelength



Specific Rotation

• Positive specific rotation (+): dextrorotatory (D)

• Negative specific rotation (-): levorotatory (L)
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Specific Rotation

• Practice
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Enantiomeric Excess

• Optically pure/enantiomerically pure: a solution containing a single 

enantiomer

• Racemic mixture: a solution containing equal amounts of both enantiomers

• Enantiomeric excess, ee: the amount of an enantiomer is excess than the 

another enantiomer

69



Enantiomeric Excess

• Calculation of % ee
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Enantiomeric Excess

• Practice
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Enantiomers & Diastereomers
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Enantiomers & Diastereomers

•d%&'()(diastereomer) 

73

diastereomers



Enantiomers & Diastereomers
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Enantiomers & Diastereomers

• Practice: identify whether each pair of compounds are enantiomers 
or diastereomers:
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Fischer Projections

• Fischer projections
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Fischer Projections

•efghijklm8noBpqrs6eLMghrmt
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Fischer Projections
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Fischer Projections

79



Fischer Projections

• Practice: for each set of examples, indicate the relationship of each of the other 
structures to the first structure. Examples of relationships: same compound, 
enantiomer, structural isomer.
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Symmetry and Chirality

• Rotational symmetry versus reflectional symmetry 
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Symmetry and Chirality

• Rotational symmetry

82

an axis of symmetry



Symmetry and Chirality

• Reflectional symmetry 
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a plane of symmetry



Symmetry and Chirality

• Two symmetry factors
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plane symmetry centro symmetry
(inversion)

The compounds in the above two cases do not have chirality!



Symmetry and Chirality
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Symmetry and Chirality

• Conclusions
• The presence or absence of rotational symmetry is irrelevant to chirality

• A compound that has a plane of symmetry will be achiral

• A compound that lacks a plane of symmetry will most likely be chiral 
(although there are rare exceptions, which can mostly be ignored for our 
purposes)
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Symmetry and Chirality

• Practice: each of the following molecules has one plane of symmetry. Find the 
plane of symmetry in each case: (Hint: A plane of symmetry can slice atoms in 
half.)
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Meso Compounds

• meso compounds
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# possible isomers:



Meso Compounds

• Practice: draw all possible stereoisomers for each of the following 
compounds. Each possible stereoisomer should be drawn only once:
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Chirality without Chiral Centers

•��'()(atropisomer)
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Chirality without Chiral Centers

•��(allene)

91



Resolution of Enantiomers

• Resolution of enantiomers
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Resolution of Enantiomers

• Chiral column chromatography 
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stationary phase – chiral compound

using the different attraction

to compounds with different configurations

to separate racemic mixtures



Asymmetric Synthesis

• Asymmetric synthesis
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using chiral catalysts to achieve asymmetric synthesis 


