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Although sp3 carbons would normally have bond angles of 109.5°, 
these bond-angle structures show C-C-C angles of

60° 90° 108° 120° 129°

(triangle) (square) (pentagon) (hexagon) (heptagon)

So what are they really,
and what is the cost of them not being 109.5°?

Heats of Combustion for Cycloalkanes
Some cycloalkanes have more energy stored in them 
(and are less stable) than others.

For combustion,    CnH2n +  3/2 nO2 nCO2 +  nH2O Hcombustion < 0.
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Why Are Smaller Cycloalkanes So 
Unstable?Unstable?

1. Angle strain.
Corresponds to difference between actual bond angle and sp3Corresponds to difference between actual bond angle and sp
θ = 109.5°.

For cyclopropane,

Poor orbital overlap leads to weaker bonds.

Why Are Smaller Cycloalkanes So 
Unstable?Unstable?

1. Angle strain.
sp3 carbons want to have θ = 109 5° but can’tsp3 carbons want to have θ = 109.5 , but can t.

2. Torsional strain. (Eclipsing interactions.)

F lFor cyclopropane,

eclipsed C-H bond 
electrons repelelectrons repel

eclipsed C-C bond 
electrons repel;electrons repel;

reduced bond 
angle makes C-C g
eclipsing worse.



Why Are Smaller Cycloalkanes So 
Unstable?Unstable?

1. Angle strain.
sp3 carbons want to have θ = 109.5°, but can’t.

2. Torsional strain. (Eclipsing interactions.)

For cyclobutane, molecule folds/twists a bit to reduce eclipsing.y , p g

(rather than 90° for 
planar conformation)

Molecule takes on additional angle strain to reduce torsional strain.

Conformation of Cyclopentane

Cyclopentane assumes an “envelope” conformation.

A little bit of angle strain (in flap)A little bit of angle strain (in flap),
A little bit of torsional strain (in back).



Conformations of Cyclohexane

Preferred 109.5° bond angle is smaller than hexagon angle (120°).
So, molecule buckles to accommodate.

“chair” cyclohexane “boat” cyclohexane

“Chair” Cyclohexane

all carbons tetrahedral!Newman projection

1. No angle strain.
(All angles are 109.5°.)

2. No eclipsing interactions.

S h i i th t t blSo, chair is the most stable 
conformation of cyclohexane.



Axial & Equatorial Hydrogens on
Chair CyclohexaneChair Cyclohexane

Drawing chair cyclohexane:g y

1. Chair is made of three pairs of parallel lines.

2. Each carbon has one equatorial and one axial hydrogen.

3. Equatorial H’s are parallel to chair bonds.

4. Axial H’s alternate up and down, same as carbons.

“Boat” Cyclohexane

Boat conformers exhibit both steric 
interactions (from flagpole H’s) 
and eclipsing interactions.

Boat is less stable than chairBoat is less stable than chair.



Interconversion of Cyclohexane 
ConformationsConformations

One “flip” every 
10 microseconds 
(at RT).

Chair “flip” converts all 
axial H’s to equatorial,axial H s to equatorial, 
all equatorial H’s to 
axial.


