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6.3: Conformation of Butane

In the case of ethane, conformational changes are very subtle, but in others they are more obvious. Butane (CH3CH,CH,CH3) has
four tetrahedral carbons and three carbon-carbon bonds connecting them together. Let's number the carbons along the chain C1, C2,
C3 and C4. Rotating around the C-C bonds connected to the terminal carbons -- C1-C2 and C3-C4 -- only subtle changes in shape
would be apparent. However, rotating about C2-C3 produces some pretty obvious shape changes.

Pay attention to where the two methyl groups are with respect to each other. If we call C1-C2-C3-C4 the dihedral angle, then at 0
degrees the molecule is in an eclipsed conformation, apparent when looking at the Newman projection. Looked at from other
vantage points, the molecule is curled up into the shape of a letter C.

Figure 6.3.1: Ball-and-stick model of butane. The C-shape that it adopts here is called the "least-stable eclipsed" conformation.

Go to Animation CA3.1. A three-dimensional model of butane in an eclipsed conformation.
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Figure 6.3.2: Newman projection of butane in the "least-stable eclipsed" conformation.

The "least stable eclipsed" conformation is described that way because there are two different eclipsed conformations; we will see
the other one soon. Of the two eclipsed conformations, this one is less stable than the other one. In an eclipsed conformation, bonds
coming from two neighbouring atoms are lined up with each other. The dihedral angle between these bonds -- the C1-C2 bond and
the C3-C4 bond in the case of butane's least stable eclipsed conformation -- is 0 °. That situation introduces torsional strain. As a
result, neither one of these eclipsed conformations is very stable.

At 60 degrees, the molecule is no longer eclipsed, and just as in ethane the energy is a little bit lower, but the overall shape when
viewed from the side is still a sort of twisted C. This shape is one of two possible staggered conformations, in which there is no
torsional strain.

I

Figure 6.3.3: Ball-and-stick model of butane. This shape is called the "gauche conformation".

Go to Animation CA3.2. A three-dimensional model of butane in a gauche conformation.
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Figure 6.3.4: Newman projection of butane in the "gauche" conformation.
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At 120 degrees the molecule is eclipsed again , but from the side it has now twisted almost into a shape like the letter Z. It is clearly
different from the other eclipsed conformation. This one is a little more stable than the other eclipsed conformation, for reasons that
we will look into shortly. It is called the "more stable eclipsed conformation".

"

Figure 6.3.5: Ball-and-stick model of butane. This shape is called the "more stable eclipsed conformation".

Go to Animation CA3.3. A three-dimensional model of butane in an eclipsed conformation.
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Figure 6.3.6: Newman projection of butane in the "more-stable eclipsed" conformation.

At 180 degrees, the molecule is staggered again and has settled into a regular, zig-zag, letter Z shape. There is no torsional strain,
so this is one of the more stable shapes that the molecule can adopt. However, it is not the same shape as the other staggered
conformer (the one we called "gauche"). This one is called the "anti" conformer.

Figure 6.3.7: Ball-and-stick model of butane. This shape is called the "anti" conformation.

Go to Animation CA3.4. A three-dimensional model of butane in anti conformer.
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Figure 6.3.8: Newman projection of butane in the "anti" conformation.

These conformations of butane are really pretty different. Which shape would the molecule prefer? From what we learned about
ethane, we could probably rule out the eclipsed conformations. Each of those would have 3 kcal/mol of torsional strain.

However, there is another factor that destabilizes the initial conformation at 0 degrees, in favor of the Z-shaped one with the methyl
groups 180 degrees apart from each other. This factor is called "sterics" and it refers to the idea that molecules, or parts of
molecules, take up space, and so two parts of the butane can't occupy the same place at the same time. Put more simply, sterics
refers to crowdedness. When the two methyl groups in butane are too close together, they are too crowded, and they are at higher
energy. When they get farther apart, crowding subsides and the energy in the molecule goes down.

o Torsional strain forces bonds on neighbouring carbons to be staggered.
o Steric strain forces groups away from each other to relieve crowding.
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o Torsion and sterics both contribute to strain energy.

o Strain can be released by getting the molecule in a lower energy conformation.

For butane, that means getting those two methyl groups away from each other and keeping the bonds staggered.

There is some additional jargon that is used to describe these butane conformations:

« In an anti conformer, the largest groups are 180° from each other.
« In a gauche conformer, the bonds are staggered but the largest groups are 60° from each other.

Because of different steric interactions, the most stable conformer is the anti conformer. The second-most stable conformer is the
gauche conformer. The other shapes we have looked at, the two eclipsed conformations, are not very stable at all. At room
temperature, a bottle of butane gas has enough energy that the individual molecules can allow their bonds to spin around, sampling
different shapes. However, at any given time, most of the molecules will be found in the anti conformer, because each of those
molecules will spend most of its time in the most stable conformation. Some of the molecules will be found in the gauche
conformer, because that is the second-most stable conformation. None of the molecules will be found in the eclipsed
conformations, because those are points of maximum energy. The molecules have enough energy to rock back and forth a little bit,
and sometimes they will not rotate all the way through an eclipsed conformation, but they won't stop there. Instead, they will keep

rotating until they get to another staggered conformer.

¢ A butane molecule spends most of its time in the anti confrmer.
¢ A butane molecule spends some of its time in the gauche conformer.
¢ A butane molecule spends almost none of its time in eclipsed conformations.

Note that we have two very similar words: conformation and conformer. They are related, but not the same thing.

¢ A conformation is any shape that a molecule can adopt.

e A conformer is a conformation that is stable enough so that a molecule can adopt for significant amount of time.

Exercise 6.3.1

1. 1,2-dichloroethane (C1CH,CH, Cl)
2. 1,2-butanediol (CH,;CH, CH(OH)CH, OH)
3. 2-chloroethylamine (C1CH,,CH,NH,)

Answer
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a) 1,2-dichloroethane

b) 1,2-butanediol
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Draw Newman projections of the following compounds in a gauche and an anti conformation.

a) 1,2-dichloroethane

cl
H NH,
H b
H
cl
H H
H H
NH,

Still pictures of models obtained using Spartan 14 from Wavefunction, Inc., Irvine, California.

This page titled 6.3: Conformation of Butane is shared under a CC BY-NC 3.0 license and was authored, remixed, and/or curated by Chris

Schaller via source content that was edited to the style and standards of the LibreTexts platform.
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