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Title and 

Highlight

Write out Question only

• We will practice the skill in class after 

lecture

left side: skillerbuilder problems



READ pg. 158 -160 

then take notes



 Towards the end of the 19th century Adolph 

von Baeyer proposed a theory describing 

cycloalkanes in terms of angle strain - the 

increased in energy associated with a bond 

angle that has deviated from the preferred 

angle if 109.5

 Ideal bond angles for sp3 hybridized carbon is 

109.5˚

 If cycloalkanes were flat, each carbon in the ring 

would experience angle strain.



 Also, if a ring was flat, then all the C-C 
bonds would be in eclipsing conformation 
… causing considerable torsional strain.

 However, since Baeyer theory was based 
on the assumption that cycloalkanes are 
flat (planar) it did not hold because the 
carbon ring can position themselves in 3D 
space to achieve a staggered 
conformation



The combustion data for cycloalkanes shows 

that a 6-member ring is the most stable ring 

size (it is lowest in energy per CH2 group)



Cyclopropane

 Two main factors contributing to its high 

energy: 

 angle strain (from small bond angles)

 torsional strain (from eclipsing H’s)

As a result of the large 

amount of strain makes 

the 3-membered rings 

highly reactive and 

susceptible to ring-

opening reactions



Cyclobutane
Cyclobutane has less angle strain than 

cyclopropane.

1. Angle strain bond angles of 88-90°

2. Has more torsional strain, because there are 

four sets of eclipsing H’s rather than just three. 

To alleviate some of this 

additional torsional strain, 

cyclobutane can adopt a 

slightly puckered 

conformation (has less 

torsional strain than a flat 

conformation)



Cyclopentane
Cyclopentane has much less angle strain than 

cyclobutane or cyclopropane. It can also reduce 

much of its torsional strain by adopting the following 

conformation.



Cyclopentane

1. Very little angle strain - bond angles are nearly 

109.5˚

2. Slight torsional strain – adopts an envelope 

conformation to avoid most of it



READ pg. 161-162 

then take notes



 Cyclohexane can adopt many 
conformations

 We will explore two conformations:

 Chair conformation

 Boat conformation

 Both conformations possess very little angle strain

 The significant difference between them can be seen 
when comparing torsional strain. 



 Chair conformation:

 No angle strain – bond angles are 109.5°

 No torsional strain - all adjacent C-H bonds are 

staggered (none are eclipsed as it can be seen with a 

Newman projection)

The other possible conformations of cyclohexane 

have some amount of angle and/or torsional 

strain (i.e. ring strain)



 Boat Conformation:

 Has two sources of torsional strain.

1. Many of the H’s are eclipsed

2. H’s on either side of the ring experience steric 

interactions called flagpole interactions. 

The boat can alleviate some of this torsional strain by 

twisting (very much the way cyclobutane puckers to 

alleviate some of its torsional strain), giving a 

conformation called a twist boat. 



 Cyclohexane can adopt many different 

conformations, but the most important is 

the chair conformation - most stable 

(lowest energy). 

 There are actually two different chair 

conformations that rapidly interchange via 

a pathway that can pass through many 

different conformations, including a high-

energy half-chair conformation, as well as 

twist boat and boat conformations. 



 Energy diagram summarizing the relative 
energy levels of the various conformations of 
cyclohexane. 

 The lowest energy conformations are the two 
chair conformations, and therefore, 
cyclohexane will spend the majority of its 
time in a chair conformation. 



READ pg. 162 -164 

then take notes



But first step we must master drawing them….

The following procedure outlines a step-by-step 

method for drawing the skeleton of a chair 

conformation precisely for cyclohexane:



When you are finished drawing the chair, it 

should contain 3 sets of parallel lines.  

If you chair does not contain 3 sets of parallel 

lines, then it has been drawn incorrectly. 



Each carbon in the ring has two substituents: 

1. Axial position - parallel to a vertical axis 

passing through the center of the ring. 

2. Equatorial position - positioned approximately 

along the equator of the ring.

In order to draw a substituted cyclohexane, we 

must first practice drawing all axial and equatorial 

positions properly.



Let’s practice…Skillbuilder 4.10 (p. 163)

 Draw all axial and all equatorial positions on a chair 

conformation of cyclohexane. 

Let’s begin with the axial positions, as they are easier to 

draw. 

 Begin at the right side of the V and draw a vertical line 

pointing up. Then, go around the ring, drawing vertical 

lines, alternating in direction (up, down, up, etc.). 

 These are the six axial positions. All six lines are vertical.



Now let’s draw the six equatorial positions. 

 The equatorial positions are more difficult to draw 

properly, but mistakes can be avoided in the following 

way. 

 We saw earlier that a properly drawn chair skeleton is 

composed of three pairs of parallel lines. 

 Now we will use these pairs of parallel lines to draw the 

equatorial positions (blue lines). In between each pair of 

red lines, we draw two equatorial groups that are parallel 

to (but not directly touching) the red lines: 



READ pg. 164 -166 

then take notes



Drawing Both Chair Conformations

 Consider a ring containing only one 

substituent. 

 Two possible chair conformations can be 

drawn: 

 The substituent can be in an axial position or in 

an equatorial position. 

 These two possibilities represent two different 

conformations that are in equilibrium with each 

other:

Ring flip



 The term “ring flip” is used to describe the 
conversion of one chair conformation into the 
other. 

 This process is not accomplished by simply 
flipping the molecule like a pancake. 

 Rather, a ring flip is a conformational change 
that is accomplished only through a rotation 
of all C−C single bonds. 

 This can be seen with a Newman projection

 Axial substituents become equatorial and 
vice versa.



Practice with Skillbuilder 4.11 (p.164) – Write it out

Draw both chair conformations of bromocyclohexane:

STEP 1: Draw a chair conformation.

STEP 2: Place the substituent.



Continue…



When two chair conformations are in 

equilibrium, the lower energy conformation 

will be favored. 

 Consider methylcyclohexane.  

 At room temperature, 95% of the 

molecules will be in the chair conformation 

that has the methyl group (Me) in an 

equatorial position. This must therefore be 

the lower energy conformation, but why?



When the substituent is in an axial position, there are 

steric interactions with the other axial H’s on the 

same side of the ring. 

The substituent’s electron cloud is trying to occupy 

the same region of space as the H’s that are 

highlighted, causing steric interactions. 

These interactions are called 1,3 – diaxial

interactions, where the numbers “1,3” describe the 

distance between the substituent and each of the H’s. 



When the chair conformation is drawn in a Newman 

projection, it becomes clear that most 1,3-diaxial 

interactions are nothing more than gauche

interactions.

The presence of 1,3-diaxial interactions



The steric strain from a substituent being in the axial 

position is the result of 1,3-diaxial interactions, which 

are actually gauche interactions

 Causes the chair conformation to be higher in 

energy when the substituent is in an axial position. 

In contrast, when the substituent is in an equatorial

position, these 1,3-diaxial (gauche) interactions are 

not present .



 For this reason, the equilibrium between 

the two chair conformations will generally 

favor the conformation with the equatorial

substituent.

 However, it all depends on the size of the 

substituent. 

 Larger groups will experience greater

steric interactions, and the equilibrium will 

more strongly favor the equatorial

substituent. 





READ pg. 166 -170 

then take notes



 With multiple substituents, solid or 

dashed wedges are used to show 

positioning of the groups on the ring

 Chlorine atom is on a wedge, which 

means that it is coming out of the page: it 

is UP. The methyl group is on a dash, 

which means that it is below the ring, or 

DOWN.



 Cl atom is above the ring (UP) in both chair 
conformations, and the methyl group is below the 
ring (DOWN) in both chair conformations. 

 The configuration (i.e., UP or DOWN) does not 
change during a ring flip. 

 It is true that the chlorine atom occupies an axial 
position in one conformation and an equatorial 
position in the other conformation, but a ring flip 
does not change configuration. 

 The chlorine atom must be UP in both chair 
conformations and the methyl group must be 
DOWN in both chair conformations. 



Practice with Skillbuilder 4.12 (p.167) – Write it out

Draw both chair conformations of the following

compound:

STEP 1

Determine the location and configuration of each 

substituent.

FYI - It does not matter where the numbers are placed; 

these numbers are just tools used to compare 

positions in the original drawing and in the chair 

conformation to ensure that all substituents are placed 

correctly. 



Practice with Skillbuilder 4.12 (p.167) – Write it out

STEP 2

Place the substituents on the first chair using the 

information from step 1.

STEP 3

Place the substituents on the second chair using the 

information from step 1.



Practice with Skillbuilder 4.12 (p.167) – Write it out

Therefore, the two chair conformations of this 

compound are:



Comparing the Stability of Chair Conformations:

 Lets consider the following

 In the first conformation, both groups are 
equatorial. 

 In the second conformation, both groups are 
axial. 

 In the previous section, we saw that chair 
conformations will be lower in energy when 
substituents occupy equatorial positions 
(avoiding 1,3-diaxial interactions). 

 Therefore, the first chair will certainly be 
more stable.



In some cases, two groups might be in 

competition with each other. For example, 

consider the following compound:

 In this example, neither conformation has two 

equatorial substituents. 

 In the first conformation, the chlorine is 

equatorial, but the ethyl group is axial. 

 In the second conformation, the ethyl group is 

equatorial, but the chlorine is axial. 



In a situation like this, we must decide which group 
exhibits a greater preference for being equatorial: 
the chlorine atom or the ethyl group. To do this, we 
use the numbers from Table 4.8:

 Both conformations will exhibit 1,3-diaxial 
interactions, but these interactions are less 
pronounced in the second conformation. 

 The energy cost of having a chlorine atom in an 
axial position is lower than the energy cost of 
having an ethyl group in an axial position.

 Therefore, the second conformation is lower in 
energy.

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch04.xhtml#ch04-tbl-0008


Practice with Skillbuilder 4.13 (p.169) – Write it out

Draw the more stable chair conformation of the 

following compound:

STEP 1

 Determine the location and configuration of 

each substituent.



Practice with Skillbuilder 4.13 (p.169) – Write it out

STEP 2

Draw both chair conformations.



Practice with Skillbuilder 4.13 (p.169) – Write it out

STEP 3

Assess the energy cost of each axial group.

• In the first conformation, there is one ethyl group 

in an axial position. According to Table 4.8, the 

energy cost associated with an axial ethyl group 

is 8.0 kJ/mol. 

• In the second conformation, two groups are in 

axial positions: a methyl group and a chlorine 

atom. According to Table 4.8, the total energy 

cost is 7.6 kJ/mol + 2.0 kJ/mol = 9.6 kJ/mol.

• Energy cost is lower for the first conformation 

(with an axial ethyl group). The first conformation 

is therefore lower in energy (more stable).

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch04.xhtml#ch04-tbl-0008
https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch04.xhtml#ch04-tbl-0008


READ pg. 170 -171 

then take notes



 When naming a disubstituted

cycloalkane, use the prefix cis when 

there are two groups on the same side of 

the ring, and trans when two 

substituents are on opposite sides of a 

ring

 The drawings above are Haworth projections

(as seen in Section 2.6) and are used to clearly 

identify which groups are above the ring and 

which groups are below the ring. 

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch02.xhtml#ch02sec6


 Each compound above is better represented as 
an equilibrium between two chair conformations.

 cis-1,2-Dimethylcyclohexane and trans-1,2-
dimethylcyclohexane are stereoisomers (Starts 
Ch 5). 

 They are different compounds with different 
physical properties, and they cannot be 
interconverted via a conformational change. 

 trans-1,2-Dimethylcyclohexane is more stable, 
because it can adopt a chair conformation in 
which both methyl groups occupy equatorial 
positions.



 Each compound exists as two 

equilibrating chairs, spending more time in 

the more stable chair conformation

This is the lowest 

energy conformation 

for the cis isomer

This is the lowest 

energy conformation 

for the trans isomer


