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4.6: AXIAL AND EQUATORIAL BONDS IN CYCLOHEXANE

After completing this section, you should be able to

1. Draw the chair conformation of cyclohexane, with axial and equatorial hydrogen atoms clearly shown and identified.
2. identify the axial and equatorial hydrogens in a given sketch of the cyclohexane molecule.
3. explain how chair conformations of cyclohexane and its derivatives can interconvert through the process of ring flip.

Make certain that you can define, and use in context, the key terms below.
axial position
equatorial position
ring flip

AXIAL AND EQUATORIAL POSITIONS IN CYCLOHEXANE
Careful examination of the chair conformation of cyclohexane, shows that the twelve hydrogens are not structurally equivalent. Six of them
are located about the periphery of the carbon ring, and are termed equatorial. The other six are oriented above and below the approximate
plane of the ring (three in each location), and are termed axial because they are aligned parallel to the symmetry axis of the ring.
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In the figure above, the equatorial hydrogens are colored blue, and the axial hydrogens are black. Since there are two equivalent chair
conformations of cyclohexane in rapid equilibrium, all twelve hydrogens have 50% equatorial and 50% axial character.

HOW TO DRAW AXIAL AND EQUATORIAL BONDS

Draw axial bonds straight
up or straight down.

Draw equatorial bonds up
and out or down and out.

corner pointing
up, so axial

bond goes up

corner pointing
down, so axial

bond goes down

How not to draw the chair:
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Incorrect.
Equatorial bond
should be down

and out.

Incorrect.
Axial bond
should be

straight up.

Incorrect.
Axial bond should be

straight down, equatorial
bond should be up and out.

Incorrect.
Ring should be
tilted slightly.

Aside from drawing the basic chair, the key points are:

Axial bonds alternate up and down, and are shown "vertical".
Equatorial groups are approximately horizontal, but actually somewhat distorted from that (slightly up or slightly down), so that the
angle from the axial group is a bit more than a right angle -- reflecting the common 109.5  bond angle.
Each carbon has an axial and an equatorial bond.
Each face of the cyclohexane ring has three axial and three equatorial bonds.
Each face alternates between axial and equatorial bonds. Then looking at the "up" bond on each carbon in the cyclohexane ring they will
alternate axial-equatorial-axial ect.
When looking down at a cyclohexane ring:

the equatorial bonds will form an "equator" around the ring.

 OBJECTIVES

 KEY TERMS
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The axial bonds will either face towards you or away. These will alternate with each axial bond. The first axial bond will be coming
towards with the next going away. There will be three of each type.

Note! The terms cis and trans in regards to the stereochemistry of a ring are not directly linked to the terms axial and equatorial. It is
very common to confuse the two. It typically best not to try and directly inter convert the two naming systems.

AXIAL VS. EQUATORIAL SUBSTITUENTS
When a substituent is added to cyclohexane, the ring flip allows for two distinctly different conformations. One will have the substituent in
the axial position while the other will have the substituent in the equatorial position. In the next section will discuss the energy differences
between these two possible conformations. Below are the two possible chair conformations of methylcyclohexane created by a ring-flip.
Although the conformation which places the methyl group in the equatorial position is more stable by 7 kJ/mol, the energy provided by
ambient temperature allows the two conformations to rapidly interconvert.
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methyl group axial methyl group equatorial
(more stable by 7 kJ/mol)

The figure below illustrates how to convert a molecular model of cyclohexane between two different chair conformations - this is something
that you should practice with models. Notice that a 'ring flip' causes equatorial groups to become axial, and vice-versa.
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rotate this carbon down

rotate this carbon up

axial
UP

equatorial
DOWN

equatorial
UP

axial
DOWN

For the following please indicate if the substituents are in the axial or equatorial positions.

ClBr

CH3

Solution
Due to the large number of bonds in cyclohexane it is common to only draw in the relevant ones (leaving off the hydrogens unless they
are involved in a reaction or are important for analysis). It is still possible to determine axial and equatorial positioning with some
thought. With problems such as this it is important to remember that each carbon in a cyclohexane ring has one axial and one equatorial
bond. Also, remember that axial bonds are perpendicular with the ring and appear to be going either straight up or straight down.
Equatorial bonds will be roughly in the plane of the cyclohexane ring (only slightly up or down). Sometimes it is valuable to draw in
the additional bonds on the carbons of interest.
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With this it can be concluded that the bromine and chlorine substituents are attached in equatorial positions and the CH  substituent is
attached in an axial position.

EXERCISES
1) Draw two conformations of cyclohexyl amine (C H NH ). Indicate axial and equatorial positions.

2) Draw the two isomers of 1,4-dihydroxylcyclohexane, identify which are equatorial and axial.

 EXAMPLE 4.6.1
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3) In the following molecule, label which are equatorial and which are axial, then draw the chair flip (showing labels 1,2,3).

SOLUTIONS
1)

2)

3) Original conformation: 1 = axial, 2 = equatorial, 3 = axial
Flipped chair now looks like this.

QUESTIONS

Q4.6.1

Draw two conformations of cyclohexyl amine (C H NH ). Indicate axial and equatorial positions.
Q4.6.2

Draw the two isomers of 1,4-dihydroxylcyclohexane, identify which are equatorial and axial.
Q4.6.3

In the following molecule, label which are equatorial and which are axial, then draw the chair flip (showing labels 1,2,3).

6 11 2
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SOLUTIONS

S4.6.1

S4.6.2

S4.6.3
Original conformation: 1 = axial, 2 = equatorial, 3 = axial

Flipped chair now looks like this.
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