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7. Organic Compounds: Cycloalkanes
and their Stereochemistry
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Ring Strain in Cycloalkanes

Baeyer Strain Theory

Johann Friedrich Wilhelm
Adolf von Baeyer

« First graduate student of Kekule’

* Developed theory that cycloalkanes possess different amounts
of strain or stability, depending on the size of the ring.

* Awarded Nobel Prize in 1905 for work with organic dyes.

* Total synthesis of indigo.

"I have never set up an experiment to see
whether I was right, but to see how the
—_— materials behave".
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Conformations and Stabilites of Cycloalkanes

Cycloalkanes possess types of strain that do not exist in noncyclic alkanes

Angle Strain — g9 Al

the amount of strain due to deviation from normal bond angle.

What is the normal bond angle for an sp? carbon?
109.5°

Deviation 109.5 - 60 = 49.9°
Cyclopropane
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109.5-108=1.5

Cyclopentane

109.5-120=-11
B

Cyclohexane
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Stability of Cycloalkanes: The Baeyer Strain Theory

Baeyer (1885): since carbon prefers to have bond angles of approximately 109°, ring sizes other
than five and six may be too strainedto exist

Rings from 3 to 30 C’s do exist but are strained due to bond bending distortions and steric

_interactions

Strain energy (kJ/mol)
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Ring Strain in Cycloalkanes
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[-CH-1, +  3/2n0,

9

nCO, + nH,O + Heat

The more heat per CH,, the less stable the alkane.

Ring Size Heat per CH, Ring Strain per CH,, Total Ring Strain,
keal/mol kcal/mol kcal/mol
Long-Chain Alkane 157.4 0.0 0.0
3 166.6 9.2 27.6
4 164.0 6.6 26.4
5 158.7 13 6.5
6 157.4 0.0 0.0
7 158.3 0.9 6.3
8 158,6 1.2 9.6
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CONFORMATIONS OF CYCLOHEXANE
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Conformations of Cyclohexane

far side

A

close side
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Conformations of Cyclohexane
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Boat conformation - Chair conformation
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Conformations of Cyclohexane

Boat conformation
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4.5 Conformations of Cyclohexane

chair conformation
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4.5 Conformations of Cyclohexane

chair conformation
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10

A three-dimensional model of the chair form of cyclohexane with all H atoms drawn

Axial H’s are labeled in blue.

v
D i Equatorial H’s are labeled in gray.
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Conformational Mobility of Cyclohexane

Chair conformations readily interconvert, resulting in the exchange of
axial and equatorial positions by a ring-flip

Ring-flip
P ——

———

Move this
. carbon down

Ring-flip

o
Move this
carbon up
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How to Draw Cyclohexane
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