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Types of isomers
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• Isomers are compounds with the same molecular formulae but that 
are structurally different in some way. It is important to be able to 
recognise isomers because they can have different chemical, physical 
properties and biological properties.

• Constitutional isomers differ in the order in which the atoms are 
connected so they can contain different functional groups and / or 
bonding patterns (e.g. branching) 

• Stereoisomers have the same functional groups and connectivities, 
they differ only in the arrangement of atoms and bonds in space.

• Conformational isomers (or conformers or rotational isomers or 
rotamers) are stereoisomers produced by rotation about Ïƒ bonds, and 
are often rapidly interconverting at room temperature 

• Configurational isomers are stereoisomers that do not readily 
interconvert at room temperature and can (in principle at least) be 
separated. 

• Geometric isomers are configurational isomers that differ in the spatial 
position around a bond with restricted rotation (e.g. a double bond) 

• Optical isomers are configurational isomers that differ in the 3D 
relationship of the substituents about one or more atoms. 

• Enantiomers are optical isomers that are non-superimposable mirror 
images. 

• Diastereomers are stereoisomers that are not enantiomers
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• Do not compare steric energies of 
compounds that have different atom 
connectivities
--energies of constitutional isomers are not 
comparable….
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Applications of MM
Design molecules to bind alkali metal cations
(Li+, Na+, K+…):
- Salts does not dissolve well in nonpolar solvent, but with the help of 

crown ether, they can be brought into nonpolar solvent
- Different size of crown ether binds different metal cations
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- While crown ether binds cations well, acyclic glyme ether, 
MeO(CH2CH2O)nMe, does not bind as well due to entropy reasons.

- Design nonmacrocyclic host; can it compete with cyclic analogs?

J. Am. Chem. Soc. 1989, 111, 3439
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Molecule   (Number of conformers within 3 
kcal/mol of global minimum from 
united AMBER force field calc.)

1               (10)
2               (25)
Diglyme (80)
Triglyme (>750)

- 1 and 2 bind better
than diglyme and
triglyme!

- Comparable to crown
ether in some cases.

Preorganization
desired!
MM helped with 
molecular design!

Low E conformer preorganized
for cation binding X-ray of free host

X-ray of host and sodium
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Additional message

In the literature, there are ways of 
systematic and random generation of 
initial structures.  
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Importance of secondary interactions in triply 
hydrogen bonded complexes: Gaunine-Cytosine vs
Uracil-2,6-Diaminopyridine  

Exptl. 
Association constant:          104 M-1 102 M-1

Calcd.
Binding energy:              -22.1 kcal mol-1 -11.4 kcal mol-1
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- Rationalization based on electrostatic interactions

U ••• D                G ••• C

Getting results in line with experimental results is only the first step.
Analysis and rationalization are important!

repulsive                                                       attractive
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Decipher spectral information using MM and 
Boltzmann averaging
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Experimental                                    1.4             3.3              3.8             2.2              

If different configurational isomers (stereoisomers) are calculated, 
the results will help to assign the absolute configuration of a molecule


