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4.7: CYCLOHEXANE CONFORMATIONS

draw cyclohexane conformations (chair & boat)
correlate energies of conformations with rotational energy diagrams and predict the most stable conformations for cyclohexane

INTRODUCTION
Rings larger than cyclopentane would have angle strain if they were planar. However, this strain, together with the eclipsing strain inherent
in a planar structure, can be relieved by puckering the ring. Cyclohexane is a good example of a carbocyclic system that virtually eliminates
eclipsing and angle strain by adopting non-planar conformations. Cycloheptane and cyclooctane have greater strain than cyclohexane, in
large part due to transannular crowding (steric hindrance by groups on opposite sides of the ring).

CYCLOHEXANE CONFORMATIONS (AKA CHAIR FLIPS)
Cyclohexane is rapidly rotating between the two most stable conformations known as the chair conformations in what is called the "Chair
Flip" shown below.

Several other notable cyclohexane conformations occur during the transition from one chair conformer to the other - the boat, the twist, and
the half-chair. The relative energies of the conformations is a direct reflection of their relative stabilities. These structural and energetic
relationships are summarized in the conformational energy diagram for cyclohexane below.

THE CHAIR CONFORMATION - A CLOSER LOOK
Since the chair conformation has the lowest potential energy, it is the most relevant to the conformation of cyclohexane. On careful
examination of a chair conformation of cyclohexane, we find 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.

In the figure above, the equatorial hydrogens are colored blue, and the axial hydrogens are in bold. Since there are two equivalent chair
conformations of cyclohexane in rapid equilibrium, all twelve hydrogens have 50% equatorial and 50% axial character. The figure below
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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 hydrogens to become axial, and vice-versa.

HOW TO DRAW STEREO BONDS ("UP" AND "DOWN" BONDS)
There are various ways to show these orientations. The solid (dark) "up wedge" I used is certainly common. Some people use an analogous
"down wedge", which is light, to indicate a down bond; unfortunately, there is no agreement as to which way the wedge should point, and
you are left relying on the lightness of the wedge to know it is "down". The "down bond" avoids this wedge ambiguity, and just uses some
kind of light line. The down bond I used (e.g., in Figure 5B) is a dashed line; IUPAC encourages a series of parallel lines, something like 

 What I did is a variation of what is recommended by IUPAC:
In ISIS/Draw, the "up wedge" and "down bond" that I used, along with other variations, are available from a tool button that may be
labeled with any of them, depending on most recent use. It is located directly below the tool button for ordinary C-C bonds.
In Symyx Draw, the "up wedge" and "down bond", along with other variations, are available from a tool button that may be labeled
with any of them, depending on most recent use. It is located directly below the "Chain" tool button.
ChemSketch provides up and down wedges, but not the simple up and down bonds discussed above. The wedges are available from the
second toolbar across the top. For an expanded discussion of using these wedges, see the section of my ChemSketch Guide on
Stereochemistry: Wedge bonds.

As always, the information provided on these pages in intended to help you get started. Each program has more options for drawing bonds
than discussed here. When you feel the need, look around!

HOW TO DRAW CHAIRS
Most of the structures shown on this page were drawn with the free program ISIS/Draw. I have posted a guide to help you get started with
ISIS/Draw. ISIS/Draw provides a simple cyclohexane (6-ring) hexagon template on the toolbar across the top. It provides templates for
various 6-ring chair structures from the Templates menu; choose Rings. There are templates for simple chairs, without substituents (e.g., Fig
1B), and for chairs showing all the substituents (e.g., Fig 2B). In either case, you can add, delete, or change things as you wish. Various
kinds of stereo bonds (wedges and bars) are available by clicking the left-side tool button that is just below the regular C-C single bond
button. It may have a wedge shown on it, but this will vary depending on how it has been used. To choose a type of stereo bond, click on the
button and hold the mouse click; a new menu will appear to the right of the button.
The free drawing program Symyx Draw, the successor to ISIS/Draw, provides similar templates and tools. A basic chair structure is
provided on the default template bar that is shown. More options are available by choosing the Rings template. See my page Symyx Draw
for a general guide for getting started with this program.

The free drawing program ChemSketch provides similar templates and tools. To find the special templates for chairs, go to the Templates
menu, choose Template Window, and then choose "Rings" from the drop-down menu near upper left. See my page ChemSketch for a
general guide for getting started with this program.
If you want to draw chair structures by hand (and if you are going on in organic chemistry, you should)... Be careful. The precise zigs and
zags, and the angles of substituents are all important. Your textbook may offer you some hints for how to draw chairs. A short item in the
Journal of Chemical Education offers a nice trick, showing how the chair can be thought of as consisting of an M and a W. The article is V
Dragojlovic, A method for drawing the cyclohexane ring and its substituents. J Chem Educ 78:923, 7/01. (I thank M Farooq Wahab,
Chemistry, Univ Karachi, for suggesting that this article be noted here.)

Aside from drawing the basic chair, the key points in adding substituents are:

Axial groups alternate up and down, and are shown "vertical".
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Equatorial groups are approximately horizontal, but actually somewhat distorted from that, so that the angle from the axial group is a bit
more than a right angle -- reflecting the common 109 degree bond angle.
As cautioned before, it is usually easier to draw and see what is happening at the four corners of the chair than at the two middle
positions. Try to use the corners as much as possible.

Because axial bonds are parallel to each other, substituents larger than hydrogen generally suffer greater steric crowding when they are
oriented axial rather than equatorial. Consequently, substituted cyclohexanes will preferentially adopt conformations in which the larger
substituents assume equatorial orientation.

When the methyl group in the structure above occupies an axial position it suffers steric crowding by the two axial hydrogens located on the
same side of the ring.

The conformation in which the methyl group is equatorial is more stable, and thus the equilibrium lies in this direction

QUESTIONS

1. Consider the conformations of cyclohexane, chair, boat, twist boat. Order them in increasing strain in the molecule.

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

3. Draw the two isomers of 1,4-dihydroxylcyclohexane, identify which are equatorial and axial.
4. In the following molecule, label which are equatorial and which are axial, then draw the chair flip (showing labels 1,2,3).

Answer
1. Chair < Twist Boat < Boat (most strain)
2.

3.

Exercise

6 11 2
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4. Original conformation: 1 = axial, 2 = equatorial, 3 = axial

Flipped chair now looks like this.
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