
3.2. Isomerism



Isomers
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• isomers have the same molecular formula but different structural formula

• examples of a few isomers, that is, molecules with the molecular formula C5H10O2
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A Decision Tree to Assign Types of Isomers
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chemical compounds 
same molecular formula?
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isomers 
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Different Compounds versus Isomers
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• all types of isomers have the same molecular formula  but different structural formula
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same molecular formula?
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Cons@tu@on Isomers versus Stereoisomers
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• cons@tu@on refers to the connec@vity of atoms, stereoisomers have the same cons@tu@on

isomers 
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stereoisomerscons@tu@on isomers
no yes

func@onal isomers

chain isomers

posi@on isomers

H3C
O

OH

O

HHO

acid alcohol aldehyde

O

HHO H3C
O

H

OH

pentanoic acid methylbutanoic acid

5-hydroxypentanal 3-hydroxypentanal

conformers

geometric isomers

diastereomers or enan@omers

H3C

O

H

OH

H

CH3 O

HHO
H

interconversion without breaking bonds

interconversion by rota;on at double bond

H3C
CH3 H3C

CH3

no interconversion by bond rota;on

CH3 O

HHO
HH3C O

HHO

H

H3C

O

OH

CH3
H3C

O

OH



Configura@on Isomers versus Conformers
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• configura@on refers to fixed shape in space, conformers have the the same configura@on

stereoisomers 
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Conforma@ons of Alkanes
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• fast rota@on around single bonds at room temperature, conformers are iden@cal compounds
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Stereoisomers versus Diastereomers and Enan@omers
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• geometric isomers exist due to lack of rota@on around double bond (at room temperature)

configura@on isomers 
difference in spa@al orienta@on at double bond?
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Cahn-Ingold-Prelog Nomenclature of Geometric Isomers
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• IUPAC nomenclature, following the “Cahn-Ingold-Prelog” rules 
• assign priori;es to subs;tuents according to increasing atomic weight of connec;ng atom 
• if the first connec;ng atom is the same, proceed to next connected atoms (highest wins) 
• (Z) if the two higher priority subs;tuents on each carbon are on same side of double bond 
• (E) if the two higher priority subs;tuents on each carbon are on opposite sides  
• labels used as prefix or added to the number prefixes in the compound names

• an addi;onal label is necessary to dis;nguish geometric isomers
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Stereocenters and Chirality
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• the presence of stereocenters implies the possibility to observe chirality (“handedness”) 
• defini;on: chirality requires absence of intramolecular mirror plane / inversion center  
• chiral molecules exist as two “enan;omers”, i. e., non-superimposable mirror images 
• molecules with a single stereocenter must be chiral 
• molecules with more than one stereocenter can be chiral (see next slide)

• tetrahedral carbon atoms with four different residues are  called “stereocenters”
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Nomenclature of Stereocenters

159

• IUPAC nomenclature, following the “Cahn-Ingold-Prelog” rules 
• assign priori;es to subs;tuents according to increasing atomic weight of connec;ng atom 
• if the first connec;ng atom is the same, proceed to the next connected atoms (highest priority wins) 
• turn the molecule such that the lowest priority subs;tuent is poin;ng away from you 
• if subs;tuents 1→ 2→ 3 are arranged clockwise, the configura;on is R (for rectus/right) 
• if subs;tuents 1→ 2→ 3 are arranged counter-clockwise, the configura;on is S (for sinister/leñ) 

• stereochemical nota@on is used as prefix or added to the number prefixes
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Molecules with Mul@ple Stereocenters
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• molecules with mul@ple stereocenters can be chiral or achiral, depending on symmetry 
• chirality requires absence of an intramolecular mirror plane or inversion center 
• chiral molecules with n stereocenters exist as 2n–1 pairs of enan;omers (2n stereoisomers) 
• stereoisomers with mul;ple stereocenters that are not enan;omers are diastereomers 
• molecules with mul;ple stereocenters but internal mirror plane are achiral
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Examples of Molecules with Single and Mul@ple Stereocenters
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2S,4S-pentandiol 2S,3R-dihydroxypentandioic acid 
D,L-tartric acid 2R,3S,4R,5R,6-pentahydroxyhexanal 

D-glucose
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Learning Outcomes
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• differen@ate different compounds, isomers, and iden@cal compounds 

• assign the type of isomer rela@onship between two molecules 

• understand stereochemical nota@on in structure formulae 

• name different conformers (using different stereochemical projec@ons) 

• assign stereochemistry of geometric isomers (E/Z, Cahn-Ingold-Prelog) 

• find stereocenters and iden@fy chirality 

• differen@ate enan@omers / diasteromers 

• assign stereoconfigura@on (R/S, Cahn-Ingold-Prelog)


