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Some additional examples follow:

(1-Methylpropyl)cyclobutane
or sec-butylcyclobutane

1-Bromo-3-ethyl-5-methyl-
cyclohexane

1-Chloro-3-ethyl-2-methyl-
cyclopentane
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Problem 4.1
Give IUPAC names for the following cycloalkanes:

Br

(c)

(e) (f)(d)

(b)(a) CH3

CH3

CH2CH3

Br

CH2CH2CH3

CH3

C(CH3)3

CH3

CH(CH3)2

CH3

Problem 4.2
Draw structures corresponding to the following IUPAC names:
(a) 1,1-Dimethylcyclooctane (b) 3-Cyclobutylhexane
(c) 1,2-Dichlorocyclopentane (d) 1,3-Dibromo-5-methylcyclohexane

Problem 4.3
Name the following cycloalkane:

4.2 Cis–Trans Isomerism in Cycloalkanes
In many respects, the chemistry of cycloalkanes is like that of open-chain 
alkanes: both are nonpolar and fairly inert. There are, however, some important 
differences. One difference is that cycloalkanes are less flexible than open-chain 
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is used to refer to the three-dimensional aspects of chemical structure and 
reactivity.

HH

Constitutional isomers
(different connections
between atoms)

Stereoisomers
(same connections 
but different three-
dimensional geometry)

and

and

CH2CH3 CH3CH2CH3 CH CH3

CH3

CH3H3C

CH3H

HH3C

The 1,2-dimethylcyclopropanes are members of a subclass of stereoisomers 
called cis–trans isomers. The prefixes cis- (Latin “on the same side”) and trans- 
(Latin “across”) are used to distinguish between them. Cis–trans isomerism is a 
common occurrence in substituted cycloalkanes and in many cyclic biological 
molecules.

HH

cis-1,3-Dimethylcyclobutane trans-1-Bromo-3-ethylcyclopentane
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 Naming Cycloalkanes
Worked Example
4.1

Name the following substances, including the cis- or trans- prefix:

(a) (b)H

HH3C
Cl

Cl
H

CH3 H

Strategy
In these views, the ring is roughly in the plane of the page, a wedged bond protrudes out 
of the page, and a dashed bond recedes into the page. Two substituents are cis if they are 
both out of or both into the page, and they are trans if one is out of and one is into the 
page.

Solution
(a) trans-1,3-Dimethylcyclopentane (b) cis-1,2-Dichlorocyclohexane

Problem 4.4
Name the following substances, including the cis- or trans- prefix:

H HCH3

H

Cl

H

H3C(b)(a) CH2CH3
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Problem 4.5
Draw the structures of the following molecules:
(a) trans-1-Bromo-3-methylcyclohexane (b) cis-1,2-Dimethylcyclobutane
(c) trans-1-tert-Butyl-2-ethylcyclohexane

Problem 4.6
Prostaglandin F2!, a hormone that causes uterine contraction during childbirth, has the 
following structure. Are the two hydroxyl groups ( O OH) on the cyclopentane ring cis or 
trans to each other? What about the two carbon chains attached to the ring?

Prostaglandin F2!

H

CH3

CO2H

H

H

H

HO

HO

HO H

Problem 4.7
Name the following substances, including the cis- or trans- prefix (red-brown ! Br):

(a) (b)

4.3 Stability of Cycloalkanes: Ring Strain
Chemists in the late 1800s knew that cyclic molecules existed, but the limita-
tions on ring size were unclear. Although numerous compounds containing 
five-membered and six-membered rings were known, smaller and larger ring 
sizes had not been prepared, despite many efforts.

A theoretical interpretation of this observation was proposed in 1885 by 
Adolf von Baeyer, who suggested that small and large rings might be unstable 
due to angle strain—the strain induced in a molecule when bond angles are 
forced to deviate from the ideal 109° tetrahedral value. Baeyer based his sugges-
tion on the simple geometric notion that a three-membered ring (cyclo propane) 
should be an equilateral triangle with bond angles of 60° rather than 109°, a 
four-membered ring (cyclobutane) should be a square with bond angles of 90°, 
a five-membered ring should be a regular pentagon with bond angles of 108°, 
and so on. Continuing this argument, large rings should be strained by having 
bond angles that are much greater than 109°.

Cyclopropane Cyclobutane Cyclopentane

49°
60°

19°

90° 108°

1°

109˚ (tetrahedral)

Cyclohexane

11°

120°
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Problem 4.5
Draw the structures of the following molecules:
(a) trans-1-Bromo-3-methylcyclohexane (b) cis-1,2-Dimethylcyclobutane
(c) trans-1-tert-Butyl-2-ethylcyclohexane

Problem 4.6
Prostaglandin F2!, a hormone that causes uterine contraction during childbirth, has the 
following structure. Are the two hydroxyl groups ( O OH) on the cyclopentane ring cis or 
trans to each other? What about the two carbon chains attached to the ring?
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Problem 4.7
Name the following substances, including the cis- or trans- prefix (red-brown ! Br):

(a) (b)

4.3 Stability of Cycloalkanes: Ring Strain
Chemists in the late 1800s knew that cyclic molecules existed, but the limita-
tions on ring size were unclear. Although numerous compounds containing 
five-membered and six-membered rings were known, smaller and larger ring 
sizes had not been prepared, despite many efforts.

A theoretical interpretation of this observation was proposed in 1885 by 
Adolf von Baeyer, who suggested that small and large rings might be unstable 
due to angle strain—the strain induced in a molecule when bond angles are 
forced to deviate from the ideal 109° tetrahedral value. Baeyer based his sugges-
tion on the simple geometric notion that a three-membered ring (cyclo propane) 
should be an equilateral triangle with bond angles of 60° rather than 109°, a 
four-membered ring (cyclobutane) should be a square with bond angles of 90°, 
a five-membered ring should be a regular pentagon with bond angles of 108°, 
and so on. Continuing this argument, large rings should be strained by having 
bond angles that are much greater than 109°.
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Problem 4.8
Each H ←→ H eclipsing interaction in ethane costs about 4.0 kJ/mol. How many such 
interactions are present in cyclopropane? What fraction of the overall 115 kJ/mol  
(27.5 kcal/mol) strain energy of cyclopropane is due to torsional strain?

Problem 4.9
cis-1,2-Dimethylcyclopropane has more strain than trans-1,2-dimethylcyclopropane. How 
can you account for this difference? Which of the two compounds is more stable?

4.4 Conformations of Cycloalkanes
Cyclopropane
Cyclopropane is the most strained of all rings, primarily because of the angle 
strain caused by its 60° C ! C ! C bond angles. In addition, cyclopropane has 
considerable torsional strain because the C ! H bonds on neighboring carbon 
atoms are eclipsed (Figure 4.4).

(a) (b)

C

EclipsedHH

HH

H

EclipsedH

How can the hybrid-orbital model of bonding account for the large distortion 
of bond angles from the normal 109° tetrahedral value to 60° in cyclo propane? 
The answer is that cyclopropane has bent bonds. In an unstrained alkane, maxi-
mum bonding is achieved when two atoms have their overlapping orbitals point-
ing directly toward each other. In cyclopropane, though, the orbitals can’t point 
directly toward each other; rather, they overlap at a slight angle. The result is that 
cyclopropane bonds are weaker and more reactive than typical alkane bonds—
255 kJ/mol (61 kcal/mol) for a C ! C bond in cyclopropane versus 370 kJ/mol 
(88 kcal/mol) for a C ! C bond in open-chain propane.

C

CC

109°

Typical alkane C–C bonds Typical bent cyclopropane C–C bonds

C

C C

Figure 4.4 The structure of cyclo-
propane, showing the eclipsing of 
neighboring C ! H bonds that gives rise 
to torsional strain. Part (b) is a Newman 
projection along a C ! C bond.
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Problem 4.10
How many H ←→ H eclipsing interactions would be present if cyclopentane were 
planar? Assuming an energy cost of 4.0 kJ/mol for each eclipsing interaction, how  
much torsional strain would planar cyclopentane have? Since the measured total  
strain of cyclopentane is 26 kJ/mol, how much of the torsional strain is relieved by 
puckering?

Problem 4.11
Two conformations of cis-1,3-dimethylcyclobutane are shown. What is the difference 
between them, and which do you think is likely to be more stable?

(a) (b)

4.5 Conformations of Cyclohexane
Substituted cyclohexanes are the most common cycloalkanes and occur widely 
in nature. A large number of compounds, including steroids and many pharma-
ceutical agents, have cyclohexane rings. The flavoring agent menthol, for 
instance, has three substituents on a six-membered ring.

H

H

HO

H CH3

CH3

CH

Menthol

H3C

Cyclohexane adopts a strain-free, three-dimensional shape that is called a 
chair conformation because of its similarity to a lounge chair, with a back, 
seat, and footrest (Figure 4.7). Chair cyclohexane has neither angle strain nor 
torsional strain—all C ! C ! C bond angles are near the 109.5° tetrahedral value, 
and all neighboring C ! H bonds are staggered.
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 Drawing the Chair Conformation of a Substituted Cyclohexane
Worked Example
4.2

Draw 1,1-dimethylcyclohexane in a chair conformation, indicating which methyl group in 
your drawing is axial and which is equatorial.

Strategy
Draw a chair cyclohexane ring using the procedure in Figure 4.10, and then put two methyl 
groups on the same carbon. The methyl group in the rough plane of the ring is equatorial, 
and the one directly above or below the ring is axial.

Solution

Axial methyl group

Equatorial methyl group

CH3

CH3

Problem 4.12
Draw two different chair conformations of cyclohexanol (hydroxycyclohexane), showing all 
hydrogen atoms. Identify each position as axial or equatorial.

Problem 4.13
Draw two different chair conformations of trans-1,4-dimethylcyclohexane, and label all 
positions as axial or equatorial.

Problem 4.14
Identify each of the colored positions—red, blue, and green—as axial or equatorial. Then 
carry out a ring-flip, and show the new positions occupied by each color.

Ring-flip

4.7  Conformations of Monosubstituted 
Cyclohexanes

Even though cyclohexane rings flip rapidly between chair conformations at 
room temperature, the two conformations of a monosubstituted cyclohexane 
aren’t equally stable. In methylcyclohexane, for instance, the equatorial con-
formation is more stable than the axial conformation by 7.6 kJ/mol (1.8 kcal/
mol). The same is true of other monosubstituted cyclohexanes: a substituent is 
almost always more stable in an equatorial position than in an axial position.

You might recall from your general chemistry course that it’s possible to cal-
culate the percentages of two isomers at equilibrium using the equation  

Key IDEAS

Test your knowledge of Key 
Ideas by answering end-of- 
chapter exercises marked with ▲.
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Problem 4.15
What is the energy difference between the axial and equatorial conformations of cyclo-
hexanol (hydroxycyclohexane)?

Problem 4.16
Why do you suppose an axial cyano (–CN) substituent causes practically no 1,3-diaxial steric 
strain (0.4 kJ/mol)? Use molecular models to help with your answer.

Problem 4.17
Look at Figure 4.12 on page 124, and estimate the percentages of axial and equatorial  
conformations present at equilibrium in bromocyclohexane.

4.8  Conformations of Disubstituted 
Cyclohexanes

Monosubstituted cyclohexanes are always more stable with their substituent in 
an equatorial position, but the situation in disubstituted cyclohexanes is more 
complex because the steric effects of both substituents must be taken into 
account. All steric interactions in both possible chair conformations must be 
analyzed before deciding which conformation is favored.

Let’s look at 1,2-dimethylcyclohexane as an example. There are two isomers, 
cis-1,2-dimethylcyclohexane and trans-1,2-dimethylcyclohexane, which must 
be considered separately. In the cis isomer, both methyl groups are on the same 
face of the ring and the compound can exist in either of the two chair confor-
mations shown in Figure 4.15. (It may be easier for you to see whether a 
compound is cis- or trans-disubstituted by first drawing the ring as a flat 
representa tion and then converting to a chair conformation.)

H H

H

H

H

H

H

H

CH3

CH3

CH3

CH3

Total strain: 3.8 + 7.6 = 11.4 kJ/mol

Ring-flip

One gauche
interaction (3.8 kJ/mol)

Two CH3 7 H diaxial
interactions (7.6 kJ/mol)

Total strain: 3.8 + 7.6 = 11.4 kJ/mol

One gauche
interaction (3.8 kJ/mol)

Two CH3 7 H diaxial
interactions (7.6 kJ/mol)

cis-1,2-Dimethylcyclohexane

3
4

5

6 1
2

2
3

4

5 6 1

Figure 4.15 Conformations of cis-1,2-dimethylcyclohexane. The two chair conformations are equal in energy 
because each has one axial methyl group and one equatorial methyl group.
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 In the conformation on the left, the tert-butyl group is equatorial and the chlorine is 
axial. In the conformation on the right, the tert-butyl group is axial and the chlorine is 
equatorial. These conformations aren’t of equal energy because an axial tert-butyl sub-
stituent and an axial chloro substituent produce different amounts of steric strain. Table 
4.1 shows that the 1,3-diaxial interaction between a hydrogen and a tert-butyl group costs 
11.4 kJ/mol (2.7 kcal/mol), whereas the interaction between a hydrogen and a chlorine 
costs only 1.0 kJ/mol (0.25 kcal/mol). An axial tert-butyl group therefore produces (2 ! 11.4 
kJ/mol) " (2 ! 1.0 kJ/mol) # 20.8 kJ/mol (4.9 kcal/mol) more steric strain than does an 
axial chlorine, and the compound preferentially adopts the conformation with the chlorine 
axial and the tert-butyl equatorial.

Problem 4.18
Draw the more stable chair conformation of the following molecules, and estimate the 
amount of strain in each:
(a) trans-1-Chloro-3-methylcyclohexane (b) cis-1-Ethyl-2-methylcyclohexane
(c) cis-1-Bromo-4-ethylcyclohexane (d) cis-1-tert-Butyl-4-ethylcyclohexane

Problem 4.19
Identify each substituent in the following compound as axial or equatorial, and tell whether 
the conformation shown is the more stable or less stable chair form (green # Cl):

4.9 Conformations of Polycyclic Molecules
The final point we’ll consider about cycloalkane stereochemistry is to see what 
happens when two or more cycloalkane rings are fused together along a com-
mon bond to construct a polycyclic molecule—for example, decalin.

9

8

3

4

57

2
1

6

10

H

Decalin—two fused cyclohexane rings

H

Decalin consists of two cyclohexane rings joined to share two carbon atoms 
(the bridgehead carbons, C1 and C6) and a common bond. Decalin can exist in 
either of two isomeric forms, depending on whether the rings are trans fused or 
cis fused. In cis-decalin, the hydrogen atoms at the bridgehead carbons are on 
the same face of the rings; in trans-decalin, the bridgehead hydrogens are on 
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  Exercises 135 

▲ Problems linked to Key Ideas in this chapter

4.25 The following cyclohexane derivative has three substituents—red, green, and 
blue. Identify each substituent as axial or equatorial, and identify each pair of 
relationships (red–blue, red–green, and blue–green) as cis or trans.

4.26 Glucose exists in two forms having a 36:64 ratio at equilibrium. Draw a skele-
tal structure of each, describe the difference between them, and tell which of 
the two you think is more stable (red ! O).

!-Glucose "-Glucose

Additional Problems
Cycloalkane Isomers
4.27 Draw the five cycloalkanes with the formula C5H10.

4.28 Draw two constitutional isomers of cis-1,2-dibromocyclopentane.

4.29 Draw a stereoisomer of trans-1,3-dimethylcyclobutane.

4.30 Tell whether the following pairs of compounds are identical, constitutional 
isomers, stereoisomers, or unrelated.
(a) cis-1,3-Dibromocyclohexane and trans-1,4-dibromocyclohexane
(b) 2,3-Dimethylhexane and 2,3,3-trimethylpentane
(c) Cl

Cl
Cl

and
Cl
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▲ Problems linked to Key Ideas in this chapter

4.25 The following cyclohexane derivative has three substituents—red, green, and 
blue. Identify each substituent as axial or equatorial, and identify each pair of 
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▲ Problems linked to Key Ideas in this chapter

4.31 Draw three isomers of trans-1,2-dichlorocyclobutane, and label them as either 
constitutional isomers or stereoisomers.

4.32 Identify each pair of relationships among the  ! OH groups in glucose (red–
blue, red–green, red–black, blue–green, blue–black, green–black) as cis or trans.

OH

OH

OH
CH2OH

Glucose
O

OH

4.33 ▲ Draw 1,3,5-trimethylcyclohexane using a hexagon to represent the ring. 
How many cis–trans stereoisomers are possible?

Cycloalkane Conformation and Stability
4.34 Hydrocortisone, a naturally occurring hormone produced in the adrenal 

glands, is often used to treat inflammation, severe allergies, and numerous 
other conditions. Is the indicated  ! OH group in the molecule axial or 
equatorial?

Hydrocortisone

H
H

H
HCH3

OH

CH2OH
OH CH3

O

O

4.35 A 1,2-cis disubstituted cyclohexane, such as cis-1,2-dichlorocyclohexane, 
must have one group axial and one group equatorial. Explain.

4.36 A 1,2-trans disubstituted cyclohexane must have either both groups axial or 
both groups equatorial. Explain.

4.37 Why is a 1,3-cis disubstituted cyclohexane more stable than its trans isomer?

4.38 Which is more stable, a 1,4-trans disubstituted cyclohexane or its cis isomer?

4.39 cis-1,2-Dimethylcyclobutane is less stable than its trans isomer, but cis-1,
3-dimethylcyclobutane is more stable than its trans isomer. Draw the most 
stable conformations of both, and explain.

4.40 From the data in Figure 4.12 and Table 4.1, estimate the percentages of mole-
cules that have their substituents in an axial orientation for the following 
compounds:
(a) Isopropylcyclohexane
(b) Fluorocyclohexane
(c) Cyclohexanecarbonitrile, C6H11CN
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▲ Problems linked to Key Ideas in this chapter

4.31 Draw three isomers of trans-1,2-dichlorocyclobutane, and label them as either 
constitutional isomers or stereoisomers.

4.32 Identify each pair of relationships among the  ! OH groups in glucose (red–
blue, red–green, red–black, blue–green, blue–black, green–black) as cis or trans.
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CH2OH
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4.33 ▲ Draw 1,3,5-trimethylcyclohexane using a hexagon to represent the ring. 
How many cis–trans stereoisomers are possible?

Cycloalkane Conformation and Stability
4.34 Hydrocortisone, a naturally occurring hormone produced in the adrenal 

glands, is often used to treat inflammation, severe allergies, and numerous 
other conditions. Is the indicated  ! OH group in the molecule axial or 
equatorial?

Hydrocortisone
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H
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HCH3
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CH2OH
OH CH3
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4.35 A 1,2-cis disubstituted cyclohexane, such as cis-1,2-dichlorocyclohexane, 
must have one group axial and one group equatorial. Explain.

4.36 A 1,2-trans disubstituted cyclohexane must have either both groups axial or 
both groups equatorial. Explain.

4.37 Why is a 1,3-cis disubstituted cyclohexane more stable than its trans isomer?

4.38 Which is more stable, a 1,4-trans disubstituted cyclohexane or its cis isomer?

4.39 cis-1,2-Dimethylcyclobutane is less stable than its trans isomer, but cis-1,
3-dimethylcyclobutane is more stable than its trans isomer. Draw the most 
stable conformations of both, and explain.

4.40 From the data in Figure 4.12 and Table 4.1, estimate the percentages of mole-
cules that have their substituents in an axial orientation for the following 
compounds:
(a) Isopropylcyclohexane
(b) Fluorocyclohexane
(c) Cyclohexanecarbonitrile, C6H11CN
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  Exercises 137 

▲ Problems linked to Key Ideas in this chapter

4.41 ▲ Assume that you have a variety of cyclohexanes substituted in the positions 
indicated. Identify the substituents as either axial or equatorial. For example, 
a 1,2-cis relationship means that one substituent must be axial and one equa-
torial, whereas a 1,2-trans relationship means that both substituents are axial 
or both are equatorial.
(a) 1,3-Trans disubstituted (b) 1,4-Cis disubstituted
(c) 1,3-Cis disubstituted (d) 1,5-Trans disubstituted
(e) 1,5-Cis disubstituted ( f ) 1,6-Trans disubstituted

Cyclohexane Conformational Analysis
4.42 Draw the two chair conformations of cis-1-chloro-2-methylcyclohexane. 

Which is more stable, and by how much?

4.43 Draw the two chair conformations of trans-1-chloro-2-methylcyclohexane. 
Which is more stable?

4.44 Galactose, a sugar related to glucose, contains a six-membered ring in which 
all the substituents except the  ! OH group indicated below in red are equa-
torial. Draw galactose in its more stable chair conformation.

OH

OH
Galactose

OH

HOCH2

HO

O

4.45 Draw the two chair conformations of menthol, and tell which is more stable.

Menthol

CH(CH3)2

CH3

HO

4.46 There are four cis–trans isomers of menthol (Problem 4.45), including the one 
shown. Draw the other three.

4.47 ▲ The diaxial conformation of cis-1,3-dimethylcyclohexane is approximately 
23 kJ/mol (5.4 kcal/mol) less stable than the diequatorial conformation. Draw 
the two possible chair conformations, and suggest a reason for the large energy 
difference.

4.48 Approximately how much steric strain does the 1,3-diaxial interaction 
between the two methyl groups introduce into the diaxial conformation of 
cis-1,3-dimethylcyclohexane? (See Problem 4.47.)

4.49 In light of your answer to Problem 4.48, draw the two chair conformations of 
1,1,3-trimethylcyclohexane and estimate the amount of strain energy in each. 
Which conformation is favored?
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  Exercises 137 

▲ Problems linked to Key Ideas in this chapter

4.41 ▲ Assume that you have a variety of cyclohexanes substituted in the positions 
indicated. Identify the substituents as either axial or equatorial. For example, 
a 1,2-cis relationship means that one substituent must be axial and one equa-
torial, whereas a 1,2-trans relationship means that both substituents are axial 
or both are equatorial.
(a) 1,3-Trans disubstituted (b) 1,4-Cis disubstituted
(c) 1,3-Cis disubstituted (d) 1,5-Trans disubstituted
(e) 1,5-Cis disubstituted ( f ) 1,6-Trans disubstituted

Cyclohexane Conformational Analysis
4.42 Draw the two chair conformations of cis-1-chloro-2-methylcyclohexane. 

Which is more stable, and by how much?

4.43 Draw the two chair conformations of trans-1-chloro-2-methylcyclohexane. 
Which is more stable?

4.44 Galactose, a sugar related to glucose, contains a six-membered ring in which 
all the substituents except the  ! OH group indicated below in red are equa-
torial. Draw galactose in its more stable chair conformation.

OH

OH
Galactose

OH

HOCH2

HO

O

4.45 Draw the two chair conformations of menthol, and tell which is more stable.

Menthol

CH(CH3)2

CH3

HO

4.46 There are four cis–trans isomers of menthol (Problem 4.45), including the one 
shown. Draw the other three.

4.47 ▲ The diaxial conformation of cis-1,3-dimethylcyclohexane is approximately 
23 kJ/mol (5.4 kcal/mol) less stable than the diequatorial conformation. Draw 
the two possible chair conformations, and suggest a reason for the large energy 
difference.

4.48 Approximately how much steric strain does the 1,3-diaxial interaction 
between the two methyl groups introduce into the diaxial conformation of 
cis-1,3-dimethylcyclohexane? (See Problem 4.47.)

4.49 In light of your answer to Problem 4.48, draw the two chair conformations of 
1,1,3-trimethylcyclohexane and estimate the amount of strain energy in each. 
Which conformation is favored?
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