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6.10: Disubstituted Cyclohexanes

Take a look at 1,2-dimethylcyclohexane. The two methyl (CH3) groups in this compound are on adjacent carbons.

dimethyleyelohexane

There are two ways these methyl groups could be attached to the ring: they can either be on the same face, as they are in the cis
isomer; or they can be on opposite faces, as they are in the trans isomer.

The difference between these two compounds is pretty clear from a
regular hexagon view of the molecule, with wedges and dashes denoting
the spatial relationship between the methyl groups. Wedges show things
coming towards us, on the near face of the ring, and dashes show things
away from us, on the far face of the ring.
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‘is-dimethyleyelohexane trans-dimethylevelohexane . . . . . . .
‘ dat i it The diamond lattice drawing can be a little confusing, in this case.

Figure 6.10.1: Line drawing of cis-1,2-dimethylcyclohexane. The methyl groups are both in the upper position of two possible
positions.

e Remember that alternating corners of the ring point either up or down, and that each has an attached axial and equatorial
position.

e The two methyl groups in cis-1,2-dimethylcyclohexane must occupy the axial position on one carbon and the equatorial
position on the next.

That's because on a carbon that occupies a lower corner of the ring, the upper position that a methyl can occupy is equatorial, but
for the next carbon, set in an upper corner of the chair, the upper position is an axial one. Viewed from the edge of the chair, two cis
methyl groups would both be attached to either the upper face or the lower face of the chair, and so one would be axial and the
other equatorial.
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Figure 6.10.2: Ball-and-stick model of cis-1,2-dimethylcyclohexane.
Go to Animation CA10.1. A three-dimensional model of cis-dimethylcyclohexane.

In trans-1,2-dimethylcyclohexane, the two methyl groups would occupy opposite faces of the ring. The easiest way to view this
relationship is in a conformation in which the two methyl groups are in axial positions on adjacent carbons, one pointing up and the
other down.

Figure 6.10.3: Line drawing of trans-1,2-dimethylcyclohexane. The methyl groups are in the upper and lower positions (one in
each). The positions on opposite face are readily apparent.

This view can also be seen in a model.

Figure 6.10.4: Ball-and-stick model of trans-1,2-dimethylcyclohexane.

https://chem.libretexts.org/@go/page/191295



https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/191295?pdf
https://employees.csbsju.edu/cschaller/Jmol14/dimechexcis/dimechexcis.html?_USE=HTML5

LibreTextsw

Go to Animation CA10.2. A three-dimensional model of trans-dimethylcyclohexane, in a diaxial conformation.

However, a ring flip converts the same molecule into a different conformer, in which both these groups are equatorial. The methyl
groups no longer appear to be trans to each other, but they must be, because we haven't broken any bonds and this is still the same
molecule we were looking at in the diaxial conformation.

Figure 6.10.5: Ball-and-stick model of trans-1,2-dimethylcyclohexane in a diequatorial conformer.
Go to Animation CA10.3. A three-dimensional model of trans-dimethylcyclohexane, in a diequatorial conformation.

In fact, given the two positions available at each ring carbon, one of the methyls is always in the uppermost position, whether it is
in an axial or equatorial orientation, and the other methyl is always in the lowermost position.

Figure 6.10.6: Line drawing of trans-1,2-dimethylcyclohexane in a diequatorial conformer; unlike the usual way of drawing
structures, the bonds to the hydrogen atoms are shown. The methyl groups are in the upper and lower positions on their respective
carbons (one in each).

Exercise 6.10.1

Convert the following chair structures to the wedge-dash projection.
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Determine the stereochemical relationship between these pairs of compounds.
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Exercise 6.10.3

3. For the following the disubstituted cyclohexane rings:
a. Circle all stereocenters and label them with the correct R/S designation.
b. Draw the two chair conformers on the diamond lattice. (Be careful not to draw the enantiomer).
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Exercise 6.10.4

Perform an analysis of steric interactions in the chair conformation of trans-1,2-dimethylcyclohexane. After a ring flip,
perform this analysis again. Compare the energy of the two conformers.

Answer
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trans-12-dimethyleyelohexane

CHy

Estimate = 1 keal/mol Estimate = 4 keal/mol

It's tempting when working with models to take a group off and snap it back on somewhere else in order to think about different
conformations, but that isn't a good idea. Taking a group off the model requires breaking a bond, and that isn't what happens when
molecules convert between conformers. Instead, molecules simply twist into new shapes without breaking any bonds. If you snap
pieces on and off your model while trying to evaluate conformations, you may end up with a different isomer altogether; for
instance, it would be easy to accidentally convert cis-1,2-dimethylcyclohexane into trans-1.2-dimethylcyclohexane.

Exercise 6.10.5

Perform an analysis of steric interactions in the two possible chair conformations of the following compounds.
a) cis-1,3-dimethylcyclohexane b) trans-1,3-dimethylcyclohexane
¢) cis-1,4-dimethylcyclohexane d) trans-1,4-dimethylcyclohexane

Answer

ad cis-1 3-dimethylcyclohexane

Estimate = 0 keal/maol Estimate = 5 kcal/mol

b trans-1.3-dimethylcyclohexane

Estimate = 2 kcal/mol Estimate = 2 kcal/mol

c) cis-1 A-dimethyleyclohexane

Estimate = 2 kcal/mol Estimate = 2 kcal/mol

dy trans-1 . 4-dimethylcvelohexane

Estimate = 0 kcal/mol Estimate = 4 kcal/mol

Still pictures of models obtained using Spartan 14 from Wavefunction, Inc., Irvine, California.
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This page titled 6.10: Disubstituted Cyclohexanes 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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