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Chapter 4 - Stereochemistry of Alkanes and Cycloalkanes

Conformations of Alkanes

All single bonds freely rotate at room temperature (unless constrained by a ring). Thus, linear 
alkanes are in constant motion. If the molecules were frozen to absolute zero you could see 
different arrangements of the groups depending on the state of the bond rotations. 

Conformers: Different rotational isomers (conformations) of a molecule. Note, that the are 
constantly changing and only differ in the rotation of single bonds.

Some definitions will be useful to discuss the conformations of alkanes.

Newman Projection: A view of a molecule looking straight down one C-C single bond (see 
below).

Sawhorse Projection: A view of a molecule showing wedges and dashes for bonds coming out 
or going into the plane of the paper - resembles a sawhorse (see below).

Staggered: A staggered conformation is one in which the relationship of the groups on one 
carbon versus an adjacent carbon (front and back on a Newman projection) are aligned 60¡ 
apart. Note that the staggered conformation is the point at which the torsional strain is lowest.

Eclipsed: An eclipsed conformation is one in which the relationship of the groups on one carbon 
versus an adjacent carbon are aligned 0¡ apart. Note that the eclipsed conformation is the point 
at which the torsional strain is highest.

Torsional Strain: The strain introduced by electron repulsion of bonds on adjacent carbons. This 
is highest when the bonds are eclipsed and lowest when staggered.

Steric Strain: The strain introduced when atoms are forced to become close to each other (they 
bump into each other). This increases as the size of the group increases.
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If you were to map the energy level of ethane as the front carbon rotates around 360¡ relative 
to the back carbon, you would see a graph like this. 
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The energy map for propane would look identical to that of ethan however the added size of the 
methyl group (instead of H) would add a little bit of steric strain to the conformations. Thus, the 
eclipsed conformation for propane would be 3.4 kcal/mol higher than than the staggered.

For on-line models of alkane conformations, see the Models Page on the web.

Conformations of Butane

Anti Conformation: In butane, the anti conformation is the one in which the two methyl groups 
on adjacent carbons are as far apart as possible (180¡) in a staggered conformation (see 
below). 

Gauche Conformation: A gauche relationship in butane is the one in which the two methyl 
groups on adjacent carbons are still staggered, but closer (60¡ apart) (see below).

If you examine the different conformations of butane (looking down the C2-C3 bond), you will 
find that as you go around 180¡ there are different interactions between the methyl groups. 
Thus, there are different staggered and different eclipsed conformations.

The ANTI conformation is the most stable conformation. See the sawhorse and Newman 
projections for this conformation and compare them to the sawhorse and Newman views on the 
models below.
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If you rotate the anti conformer 60¡ you will find an eclipsed conformation that has both methyls  
(front and back) adjacent to Hydrogens. This is 3.8 kcal/mol higher in energy than the anti-
staggered conformation.

Butane Conformations
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If you rotate another 60¡  you will get to another staggered conformation that has the methyl 
groups only 60¡ apart. This is the gauche butane conformation
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The eclipsed conformation with both methyl groups bumping into each other is the highest 
energy conformation being 4.5 kcal/mol higher than the anti-staggered conformation.

Butane Conformations

H

CH3

H

H3C

H

H

Newman Projection
gauche-staggered

 rotate front C
by 60¡

CH3 and CH3

4.5 kcal/mol higher in energy than 
the anti-staggered conformation

H

CH3

H
H

H

CH3

Newman Projection
syn-eclipsed

      

Below is the energy diagram for a 360¡ rotation of butane starting with the lowest energy 
staggered anti conformation.
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Conformations of Cycloalkanes

Cyclic compounds contain something we call Ring Strain. There are three things that contribute 
to ring strain. Torsional strain (electron repulsion in eclipsing bonds), steric strain (atoms 
bumping into each other) and angle strain.

Angle Strain: the strain due to bond angles being forced to expand or contract from their ideal. 
Sp3 hybridized atoms want to have bond angles of 109.5¡. However, if the rings are very small 
or very large, there is no way to accommodate this angle. Thus, this increases the energy of the 
molecule.

Heat of Combustion: the amount of heat (energy) released when a molecule burns completely 
with oxygen. By comparing the heat of combustion of different sized cycloalkanes, their relative 
energies can be obtained. The fact that the size of the ring has an influence on the total energy 
of the molecule indicates that there is some degree of instability associated with constraining 
the rings. This added energy (in addition to what would be expected from carbon and hydrogen 
combustion per mole) can be attributed to ring strain.
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Quiz of the day
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