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4. Cycloalkanes
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Hydrocarbons containing single-bonded carbon atoms arranged in rings are known as
cyclic alkanes, carbocycles, or cycloalkanes. The majority of organic compounds
occurring in nature contain rings. Indeed, so many fundamental biological functions depend
on the chemistry of ring-containing compounds that life could not exist in their absence.

Because of their cyclic nature, members of this class of compounds can exhibit new types
of strain, such as ring strain and transannular interactions.

NAMES AND PHYSICAL PROPERTIES OF CYCLOALKANES
Cycloalkanes have their own names under IUPAC rules, and their properties are generally
different from those of their noncyclic (also called acyclic) analogs with the same number of
carbons.

The names of the cycloalkanes follow IUPAC rules
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We can construct a molecular model of a cycloalkane by removing a hydrogen atom from
each terminal carbon of a model of a straight-chain alkane and allowing these carbons to
form a bond. The empirical formula of a cycloalkane is CnH2n or (CH2)n.

The system for naming members of this class of compounds is straightforward: Alkane
names are preceded by the prefix cyclo-.

Three members in the homologous series—starting with the smallest, cyclopropane.

132 C y c l o a l k a n e sC H A P T E R  4

functions depend on the chemistry of ring-containing compounds that life as we know it 
could not exist in their absence.

This chapter deals with the names, physical properties, structural features, and confor-
mational characteristics of the cycloalkanes. Because of their cyclic nature, members of this 
class of compounds can exhibit new types of strain, such as ring strain and transannular 
interactions. We end with the biochemical signi! cance of selected carbocycles and their 
derivatives, including steroids.A carbocycle

C

C
CC

C C

Cycloalkanes have their own names under IUPAC rules, and their properties are gener-
ally different from those of their noncyclic (also called acyclic) analogs with the same 
number of carbons. We will see that they also exhibit a kind of isomerism unique to cyclic 
molecules.

The names of the cycloalkanes follow IUPAC rules
We can construct a molecular model of a cycloalkane by removing a hydrogen atom from 
each terminal carbon of a model of a straight-chain alkane and allowing these carbons to 
form a bond. The empirical formula of a cycloalkane is CnH2n or (CH2)n. The system for 
naming members of this class of compounds is straightforward: Alkane names are preceded 
by the pre! x cyclo-. Three members in the homologous series—starting with the smallest, 
cyclopropane—are shown in the margin, written both in condensed form and in bond-line 
notation.

4-1 NAMES AND PHYSICAL PROPERTIES OF CYCLOALKANES

A
O

O

Cyclopropane

Cyclobutane

Cyclohexane

H2C

H2C

H2C

H2C
A
CH2

CH2

CH2

C
H2

H2
C

H2C CH2

H2
C

CH2

if

Exercise 4-1

Make molecular models of cyclopropane through cyclododecane. Compare the relative conforma-
tional flexibility of each ring with that of others within the series and with that of the corresponding 
straight-chain alkanes.

Naming a substituted cyclic alkane requires numbering the individual ring carbons 
only if more than one substituent is attached to the ring. In monosubstituted systems, 
the carbon of attachment is de! ned as carbon 1 of the ring. For polysubstituted com-
pounds, take care to provide the lowest possible numbering sequence. When two such 
sequences are possible, the alphabetical order of the substituent names takes precedence. 
Radicals derived from cycloalkanes by abstraction of a hydrogen atom are cycloalkyl 
radicals. Substituted cycloalkanes are therefore sometimes named as cycloalkyl deriva-
tives. In general, the smaller unit is treated as a substituent to the larger one—for 
 example, methylcyclopropane (not cyclopropylmethane) and cyclobutylcyclohexane (not 
cyclohexylcyclobutane).

Cl

H3C

CH2CH2CH3

1-Chloro-2-methyl-4-propylcyclopentane

(Alphabetical; not 2-chloro-1-methyl-4-propylcyclopentane) (Smaller ring is substituent)

CH3

Methylcyclopropane

(No numbering)

CH2CH3
1-Ethyl-1-methylcyclobutane

(Alphabetical)

CH3

Cyclobutylcyclohexane
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Find the parent

Count the number of carbon atoms in the ring and the number in the largest substituent.

If the number of carbon atoms in the ring is equal to or greater than the number in the
substituent, the compound is named as an alkyl-substituted cycloalkane.

If the number of carbon atoms in the largest substituent is greater than the number in the
ring, the compound is named as a cycloalkyl-substituted alkane.

90 chapter 4 organic compounds: cycloalkanes and their stereochemistry

Steroids, such as cortisone, contain four rings joined together—3 six-
membered (cyclohexane) and 1 five-membered. We’ll discuss steroids and 
their properties in more detail in Sections 27-6 and 27-7.

CH2OH

CH3

CH3

Cortisone

O

O

H

H H

OH

O

 4-1 Naming Cycloalkanes
Saturated cyclic hydrocarbons are called cycloalkanes, or alicyclic com-
pounds (aliphatic cyclic). Because cycloalkanes consist of rings of  
 ! CH2 ! units, they have the general formula (CH2)n, or CnH2n, and can be 
represented by polygons in skeletal drawings.

Cyclopropane Cyclobutane Cyclopentane Cyclohexane

Substituted cycloalkanes are named by rules similar to those we saw in 
the previous chapter for open-chain alkanes (Section 3-4). For most com-
pounds, there are only two steps.

STEP 1
Find the parent.
Count the number of carbon atoms in the ring and the number in the 
largest substituent. If the number of carbon atoms in the ring is equal to or 
greater than the number in the substituent, the compound is named as an 
alkyl-substituted cycloalkane. If the number of carbon atoms in the largest 
substituent is greater than the number in the ring, the compound is named 
as a cycloalkyl-substituted alkane. For example:

Methylcyclopentane 1-Cyclopropylbutane

CH3 CH2CH2CH2CH3

3 carbons 4 carbons
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Naming a substituted cyclic alkane requires numbering the individual ring carbons only if
more than one substituent is attached to the ring. In monosubstituted systems, the carbon of
attachment is defined as carbon 1 of the ring.

For polysubstituted compounds, take care to provide the lowest possible numbering
sequence. When two such sequences are possible, the alphabetical order of the substituent
names takes precedence.

Radicals derived from cycloalkanes by abstraction of a hydrogen atom are cycloalkyl
radicals. Substituted cycloalkanes are therefore sometimes named as cycloalkyl
derivatives. In general, the smaller unit is treated as a substituent to the larger one.
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Disubstituted cycloalkanes can be stereoisomers

In disubstituted cycloalkanes, two substituents are located on different carbons shows two
isomers: the two substituents are positioned on the same face, or side, of the ring; or they
are on opposite faces.

Substituents on the same face are called cis; those on opposite faces, trans.
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Disubstituted cycloalkanes can be stereoisomers
Inspection of molecular models of disubstituted cycloalkanes in which the two substituents 
are located on different carbons shows that two isomers are possible in each case. In one 
isomer, the two substituents are positioned on the same face, or side, of the ring; in the 
other isomer, they are on opposite faces. Substituents on the same face are called cis (cis, 
Latin, on the same side); those on opposite faces, trans (trans, Latin, across).

We can use hashed-wedged line structures to depict the three-dimensional arrangement 
of substituted cycloalkanes. The positions of any remaining hydrogens are not always 
shown.

Model Building
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1-Bromo-1-methyl-
cyclohexane
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Two hydrogens
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One H is
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(Bromomethyl)-
cyclohexane
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Methylcyclobutane

A Constitutional Isomer of
1,2-Dimethylcyclopropane

CH3CH3

Same side

H H

cis-1,2-Dimethylcyclopropane
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trans-1,2-Dimethylcyclopropane

Stereoisomers of 1,2-Dimethylcyclopropane
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1-Bromo-1-chlorocyclobutane

A Constitutional Isomer of
1-Bromo-2-chlorocyclobutane
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Br
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trans-1-Bromo-2-chlorocyclobutane

Br
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Stereoisomers of 1-Bromo-2-chlorocyclobutane

Cis and trans isomers are stereoisomers—compounds that have identical connectivities 
(i.e., their atoms are attached in the same sequence) but differ in the arrangement of their 
atoms in space. They are distinct from constitutional or structural isomers (Sections 1-9 
and 2-5), which are compounds with differing connectivities among atoms. Conformations 
 (Sections 2-8 and 2-9) also are stereoisomers by this de! nition. However, unlike cis and 
trans isomers, which can be interconverted only by breaking bonds (try it on your models), 
conformers are readily equilibrated by rotation about bonds. Stereoisomerism will be dis-
cussed in more detail in Chapter 5.

Because of the possibility of structural and cis-trans isomerism, a variety of structural 
possibilities exist in substituted cycloalkanes. For example, there are eight isomeric bromo-
methylcyclohexanes (three of which are shown below), all with different and distinct phys-
ical and chemical properties.

anti-Butane

G
G

H

H
H

H

&
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CH3

H3C

gauche-Butane

G
G

H

H

H

&

(} C
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Rotation

Conformational Isomers
of Butane

1334 - 1  N a m e s  a n d  P h y s i c a l  P r o p e r t i e s  o f  C y c l o a l k a n e s C H A P T E R  4

Disubstituted cycloalkanes can be stereoisomers
Inspection of molecular models of disubstituted cycloalkanes in which the two substituents 
are located on different carbons shows that two isomers are possible in each case. In one 
isomer, the two substituents are positioned on the same face, or side, of the ring; in the 
other isomer, they are on opposite faces. Substituents on the same face are called cis (cis, 
Latin, on the same side); those on opposite faces, trans (trans, Latin, across).

We can use hashed-wedged line structures to depict the three-dimensional arrangement 
of substituted cycloalkanes. The positions of any remaining hydrogens are not always 
shown.

Model Building

H

H

cis-1-Bromo-2-
methylcyclohexane

Br
H3C

C (

(

`

Br
C

1-Bromo-1-methyl-
cyclohexane

(H3CBrCH2
Two hydrogens
are understood to
be present

One H is
understood to
be present

(Bromomethyl)-
cyclohexane

CH3

Methylcyclobutane

A Constitutional Isomer of
1,2-Dimethylcyclopropane

CH3CH3

Same side

H H

cis-1,2-Dimethylcyclopropane

CH3

H3C

H

H

Opposite sides

trans-1,2-Dimethylcyclopropane

Stereoisomers of 1,2-Dimethylcyclopropane

Br

Cl

1-Bromo-1-chlorocyclobutane

A Constitutional Isomer of
1-Bromo-2-chlorocyclobutane

cis-1-Bromo-2-chlorocyclobutane

Br

Cl

Br

Cl

trans-1-Bromo-2-chlorocyclobutane

Br

Cl

Br

Cl

Stereoisomers of 1-Bromo-2-chlorocyclobutane

Cis and trans isomers are stereoisomers—compounds that have identical connectivities 
(i.e., their atoms are attached in the same sequence) but differ in the arrangement of their 
atoms in space. They are distinct from constitutional or structural isomers (Sections 1-9 
and 2-5), which are compounds with differing connectivities among atoms. Conformations 
 (Sections 2-8 and 2-9) also are stereoisomers by this de! nition. However, unlike cis and 
trans isomers, which can be interconverted only by breaking bonds (try it on your models), 
conformers are readily equilibrated by rotation about bonds. Stereoisomerism will be dis-
cussed in more detail in Chapter 5.

Because of the possibility of structural and cis-trans isomerism, a variety of structural 
possibilities exist in substituted cycloalkanes. For example, there are eight isomeric bromo-
methylcyclohexanes (three of which are shown below), all with different and distinct phys-
ical and chemical properties.

anti-Butane

G
G

H

H
H

H

&

(} C

CH3

H3C

gauche-Butane

G
G

H

H

H

&

(} C
H3C

CH3

H

Rotation

Conformational Isomers
of Butane



7

Cis and trans isomers are stereoisomers—compounds that have identical connectivities
(i.e., their atoms are attached in the same sequence) but differ in the arrangement of their
atoms in space.

They are distinct from constitutional or structural isomers, which are compounds with
differing connectivities among atoms. Cis and trans isomers can be interconverted only by
breaking bonds.

For example, there are eight isomeric bromomethylcyclohexanes (three of which are shown
below), all with different and distinct physical and chemical properties.
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The properties of the cycloalkanes differ from those of their straight-chain analogs

Compared with the corresponding straight-chain alkanes, the cycloalkanes have higher boiling
and melting points, and higher densities, due to increased London interactions of the
relatively more rigid and more symmetric cyclic systems.

In lower cycloalkanes possessing an odd or even number of carbons, a pronounced
alternation in their melting points is observed (differences in crystal packing forces between
the two series).
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Table 4-1 Physical Properties of Various Cycloalkanes

 Melting point  Boiling point Density at 208C
Cycloalkane (!C) (!C) (g mL"1)

Cyclopropane (C3H6) 2127.6  232.7 0.617b

Cyclobutane (C4H8) 250.0  212.5 0.720
Cyclopentane (C5H10) 293.9  49.3 0.7457
Cyclohexane (C6H12) 6.6  80.7 0.7785
Cycloheptane (C7H14) 212.0  118.5 0.8098
Cyclooctane (C8H16) 14.3  148.5 0.8349
Cyclododecane (C12H24) 64 160 (100 torr) 0.861
Cyclopentadecane (C15H30) 66 110 (0.1 torra) 0.860
aSublimation point.
bAt 25 8C.

The molecular models made for Exercise 4-1 reveal obvious differences between cyclopro-
pane, cyclobutane, cyclopentane, and so forth, and the corresponding straight-chain alkanes. 
One notable feature of the ! rst two members in the series is how dif! cult it is to close the 
ring without breaking the plastic tubes used to represent bonds. This problem is called ring 
strain. The reason for it lies in the tetrahedral carbon model. The C–C–C bond angles in, 
for example, cyclopropane (608) and cyclobutane (908) differ considerably from the tetra-
hedral value of 109.58. As the ring size increases, strain diminishes. Thus, cyclohexane can 
be assembled without distortion or strain.

Does this observation tell us anything about the relative stability of the cycloalkanes—for 
example, as measured by their heats of combustion, DH 8comb? How does strain affect struc-
ture and function? This section and Section 4-3 address these questions.

The heats of combustion of the cycloalkanes reveal 
the presence of ring strain
Section 3-11 introduced one measure of the stability of a molecule: its heat content. We 
also learned that the heat content of an alkane can be estimated by measuring its heat of 
combustion, DH 8comb (Table 3-7). To ! nd out whether there is something special about the 
stability of cycloalkanes, we could compare their heats of combustion with those of the anal-
ogous straight-chain alkanes. Such a direct comparison is " awed, however, because the 
empirical formula of cycloalkanes, CnH2n, differs from that of normal alkanes, CnH2n!2, by 
two hydrogens (see margin). To solve this problem, we take a roundabout approach, 
based on the rec ognition that we can rewrite the formula for cycloalkanes as (CH2)n. 
Thus, if we had an experimental number for the contribution of a “strain-free” CH2 frag-
ment to the DH 8comb of straight-chain alkanes, then the corresponding DH 8comb of a cyclo-
alkane should simply be multiples of this number. If it is not, it might signal the presence 
of strain.

The DH 8comb of a Strain-Free Cycloalkane Should Be Multiples of DH 8comb(CH2)

DH 8comb(CnH2n) 5 n 3 DH 8comb(CH2)

How do we obtain a DH 8comb value of CH2? Let us turn to Table 3-7 and the combustion 
data for the straight-chain alkanes. We note that DH 8comb increases by about the same amount 
with each successive member of the homologous series: about 157 kcal mol21 for each 
additional CH2 moiety.
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RING STRAIN AND THE STRUCTURE OF CYCLOALKANES

The molecular models reveal obvious differences between cyclopropane, cyclobutane,
cyclopentane, and etc, and the corresponding straight-chain alkanes: ring strain.

The reason for it lies in the tetrahedral carbon model. The C–C–C bond angles in
cyclopropane (60o) and cyclobutane (90o) differ considerably from the tetrahedral value of
109.5o.

As the ring size increases, strain diminishes. Thus, cyclohexane can be assembled without
distortion or strain.

The relative stability of the cycloalkanes is measured by their heats of combustion, 𝛥Hocomb.

96 chapter 4 organic compounds: cycloalkanes and their stereochemistry

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°

What are the facts? To measure the amount of strain in a compound, we 
have to measure the total energy of the compound and then subtract the energy 
of a strain-free reference compound. The difference between the two values 
should represent the amount of extra energy in the molecule due to strain. The 
simplest experimental way to do this for a cycloalkane is to measure its heat 
of combustion, the amount of heat released when the compound burns com-
pletely with oxygen. The more energy (strain) the compound contains, the 
more energy (heat) is released by combustion.

(CH2)n  !  3n/2 O2  88n  n CO2  !  n H2O  !  Heat

Because the heat of combustion of a cycloalkane depends on size, we need 
to look at heats of combustion per CH2 unit. Subtracting a reference value 
derived from a strain-free acyclic alkane and then multiplying by the number of 
CH2 units in the ring gives the overall strain energy. FIGURE 4-3 shows the results.
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The data in Figure 4-3 show that Baeyer’s theory is only partially correct. 
Cyclopropane and cyclobutane are indeed strained, just as predicted, but 
cyclopentane is more strained than predicted, and cyclohexane is strain-free. 
Cycloalkanes of intermediate size have only modest strain, and rings of 14 
carbons or more are strain-free. Why is Baeyer’s theory wrong?

Baeyer’s theory is wrong for the simple reason that he assumed all cyclo-
alkanes to be flat. In fact, as we’ll see in the next section, most cycloalkanes 
are not flat; they adopt puckered three-dimensional conformations that allow 
bond angles to be nearly tetrahedral. As a result, angle strain occurs only in 
three- and four-membered rings, which have little flexibility. For most ring 
sizes, particularly the medium-ring (C7–C11) cycloalkanes, torsional strain 

FIGURE 4-3 Cycloalkane strain 
energies, calculated by taking the 
difference between cycloalkane 
heat of combustion per CH2 and 
acyclic alkane heat of combustion 
per CH2, and multiplying by the 
number of CH2 units in a ring. 
Small and medium rings are 
strained, but cyclohexane rings 
and very large rings are strain-free.
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The heats of combustion of the cycloalkanes reveal the presence of
ring strain

The stability of cycloalkanes could compare with their heats of
combustion with those of the analogous straight-chain alkanes. Such a
direct comparison is flawed because the empirical formula of
cycloalkanes, CnH2n, differs from that of normal alkanes, CnH2n+2, by two
hydrogens.

The formula for cycloalkanes can be rewrite as (CH2)n. Thus, if we had
an experimental number for the contribution of a “strain-free” CH2
fragment to the 𝛥Hocomb of straight-chain alkanes, then the corresponding
𝛥Hocomb of a cycloalkane should simply be multiples of this number.

1354 - 2  R i n g  S t r a i n  a n d  t h e  S t r u c t u r e  o f  C y c l o a l k a n e s C H A P T E R  4

Table 4-1 Physical Properties of Various Cycloalkanes

 Melting point  Boiling point Density at 208C
Cycloalkane (!C) (!C) (g mL"1)

Cyclopropane (C3H6) 2127.6  232.7 0.617b

Cyclobutane (C4H8) 250.0  212.5 0.720
Cyclopentane (C5H10) 293.9  49.3 0.7457
Cyclohexane (C6H12) 6.6  80.7 0.7785
Cycloheptane (C7H14) 212.0  118.5 0.8098
Cyclooctane (C8H16) 14.3  148.5 0.8349
Cyclododecane (C12H24) 64 160 (100 torr) 0.861
Cyclopentadecane (C15H30) 66 110 (0.1 torra) 0.860
aSublimation point.
bAt 25 8C.

The molecular models made for Exercise 4-1 reveal obvious differences between cyclopro-
pane, cyclobutane, cyclopentane, and so forth, and the corresponding straight-chain alkanes. 
One notable feature of the ! rst two members in the series is how dif! cult it is to close the 
ring without breaking the plastic tubes used to represent bonds. This problem is called ring 
strain. The reason for it lies in the tetrahedral carbon model. The C–C–C bond angles in, 
for example, cyclopropane (608) and cyclobutane (908) differ considerably from the tetra-
hedral value of 109.58. As the ring size increases, strain diminishes. Thus, cyclohexane can 
be assembled without distortion or strain.

Does this observation tell us anything about the relative stability of the cycloalkanes—for 
example, as measured by their heats of combustion, DH 8comb? How does strain affect struc-
ture and function? This section and Section 4-3 address these questions.

The heats of combustion of the cycloalkanes reveal 
the presence of ring strain
Section 3-11 introduced one measure of the stability of a molecule: its heat content. We 
also learned that the heat content of an alkane can be estimated by measuring its heat of 
combustion, DH 8comb (Table 3-7). To ! nd out whether there is something special about the 
stability of cycloalkanes, we could compare their heats of combustion with those of the anal-
ogous straight-chain alkanes. Such a direct comparison is " awed, however, because the 
empirical formula of cycloalkanes, CnH2n, differs from that of normal alkanes, CnH2n!2, by 
two hydrogens (see margin). To solve this problem, we take a roundabout approach, 
based on the rec ognition that we can rewrite the formula for cycloalkanes as (CH2)n. 
Thus, if we had an experimental number for the contribution of a “strain-free” CH2 frag-
ment to the DH 8comb of straight-chain alkanes, then the corresponding DH 8comb of a cyclo-
alkane should simply be multiples of this number. If it is not, it might signal the presence 
of strain.

The DH 8comb of a Strain-Free Cycloalkane Should Be Multiples of DH 8comb(CH2)

DH 8comb(CnH2n) 5 n 3 DH 8comb(CH2)

How do we obtain a DH 8comb value of CH2? Let us turn to Table 3-7 and the combustion 
data for the straight-chain alkanes. We note that DH 8comb increases by about the same amount 
with each successive member of the homologous series: about 157 kcal mol21 for each 
additional CH2 moiety.
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The molecular models made for Exercise 4-1 reveal obvious differences between cyclopro-
pane, cyclobutane, cyclopentane, and so forth, and the corresponding straight-chain alkanes. 
One notable feature of the ! rst two members in the series is how dif! cult it is to close the 
ring without breaking the plastic tubes used to represent bonds. This problem is called ring 
strain. The reason for it lies in the tetrahedral carbon model. The C–C–C bond angles in, 
for example, cyclopropane (608) and cyclobutane (908) differ considerably from the tetra-
hedral value of 109.58. As the ring size increases, strain diminishes. Thus, cyclohexane can 
be assembled without distortion or strain.

Does this observation tell us anything about the relative stability of the cycloalkanes—for 
example, as measured by their heats of combustion, DH 8comb? How does strain affect struc-
ture and function? This section and Section 4-3 address these questions.

The heats of combustion of the cycloalkanes reveal 
the presence of ring strain
Section 3-11 introduced one measure of the stability of a molecule: its heat content. We 
also learned that the heat content of an alkane can be estimated by measuring its heat of 
combustion, DH 8comb (Table 3-7). To ! nd out whether there is something special about the 
stability of cycloalkanes, we could compare their heats of combustion with those of the anal-
ogous straight-chain alkanes. Such a direct comparison is " awed, however, because the 
empirical formula of cycloalkanes, CnH2n, differs from that of normal alkanes, CnH2n!2, by 
two hydrogens (see margin). To solve this problem, we take a roundabout approach, 
based on the rec ognition that we can rewrite the formula for cycloalkanes as (CH2)n. 
Thus, if we had an experimental number for the contribution of a “strain-free” CH2 frag-
ment to the DH 8comb of straight-chain alkanes, then the corresponding DH 8comb of a cyclo-
alkane should simply be multiples of this number. If it is not, it might signal the presence 
of strain.

The DH 8comb of a Strain-Free Cycloalkane Should Be Multiples of DH 8comb(CH2)

DH 8comb(CnH2n) 5 n 3 DH 8comb(CH2)

How do we obtain a DH 8comb value of CH2? Let us turn to Table 3-7 and the combustion 
data for the straight-chain alkanes. We note that DH 8comb increases by about the same amount 
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4-2 RING STRAIN AND THE STRUCTURE OF CYCLOALKANES

Model Building

9 O2!

6 H2O6 CO2

Combustion of
Cyclohexane

Versus Hexane

!

10 O2!

7 H2O6 CO2 !



11

The 𝛥Hocomb increases by about the same amount with each successive member of the
homologous series: about 157 kcal mol-1 for each additional CH2 moiety.

136 C y c l o a l k a n e sC H A P T E R  4

DH8comb Values for the Series of Straight-Chain Alkanes

 CH3CH2CH3 (gas) 2530.6 r Increment 5 2156.8
 CH3CH2CH2CH3 (gas) 2687.4 r Increment 5 2157.8  kcal mol21

 CH3(CH2)3CH3 (gas) 2845.2 r Increment 5 2157.3 CH3(CH2)4CH3 (gas) 21002.5

When averaged over a large number of alkanes, this value approaches 157.4 kcal mol21 
(658.6 kJ mol21), our requisite value for DH 8comb(CH2)!

Armed with this number, we can calculate the expected DH 8comb of the cycloalkanes, 
(CH2)n, namely, 2(n 3 157.4) kcal mol21. For example, for cyclopropane, n 5 3, hence its 
DH 8comb should be 2472.2 kcal mol21; for cyclobutane, it should be 2629.6 kcal mol21; and 
so on (Table 4-2, column 2). However, when we measure the actual heats of combustion of 
these molecules, they turn out to be generally larger in magnitude (Table 4-2, column 3). 
Thus, for cyclopropane, the experimental value is 2499.8 kcal mol21, a discrepancy between 
the expected and observed values of 27.6 kcal mol21. Therefore, cyclopropane is more ener-
getic than expected for a strainless molecule. The extra energy is attributed to a property of 
cyclopropane of which we are already aware because of the model we built: ring strain. The 
strain per CH2 group in this molecule is 9.2 kcal mol21.

Cyclopropane gas (from tanks, as 
shown above) was used in 
medicine until the early 1950s as 
a general anesthetic. It was 
administered by inhalation as a 
mixture with oxygen—an explosive 
concoction, in part due to the 
release of ring strain upon 
combustion!

H2C CH2

H2
C

if

Ring Strain in Cyclopropane

 Calculated for strainless molecule:

¢H°comb 5 2(3 3 157.4) 5 2472.2 kcal mol21

 Measured: ¢H°comb 5 2499.8 kcal mol21

 Strain:  499.8 2 472.2 5 27.6 kcal mol21

A similar calculation for cyclobutane (Table 4-2) reveals a ring strain of 26.3 kcal mol21, 
or about 6.6 kcal mol21 per CH2 group. In cyclopentane, this effect is much smaller, the 
total strain amounting to only 6.5 kcal mol21, and cyclohexane is virtually strain free. 
However, succeeding members of the series again show considerable strain until we reach 
very large rings (see Section 4-5). Because of these trends, organic chemists have loosely 
de" ned four groups of cycloalkanes:

1. Small rings (cyclopropane, cyclobutane)

2. Common rings (cyclopentane, cyclohexane, cycloheptane)

3. Medium rings (from 8- to 12-membered)

4. Large rings (13-membered and larger)

Table 4-2 Calculated and Experimental Heats of Combustion in kcal mol21 (kJ mol21) of Various Cycloalkanes

 Ring size  !H"comb !H"comb Total Strain per
 (Cn) (calculated) (experimental) strain CH2 group

  3 2472.2 (21976) 2499.8 (22091) 27.6 (115) 9.2 (38)
  4 2629.6 (22634) 2655.9 (22744) 26.3 (110) 6.6 (28)
  5 2787.0 (23293) 2793.5 (23320) 6.5 (27) 1.3 (5.4)
  6 2944.4 (23951) 2944.5 (23952) 0.1 (0.4) 0.0 (0.0)
  7 21101.8 (24610) 21108.2 (24637) 6.4 (27) 0.9 (3.8)
  8 21259.2 (25268) 21269.2 (25310) 10.0 (42) 1.3 (5.4)
  9 21416.6 (25927) 21429.5 (25981) 12.9 (54) 1.4 (5.9)
 10 21574.0 (26586) 21586.0 (26636) 14.0 (59) 1.4 (5.9)
 11 21731.4 (27244) 21742.4 (27290) 11.0 (46) 1.1 (4.6)
 12 21888.8 (27903) 21891.2 (27913) 2.4 (10) 0.2 (0.8)
 14 22203.6 (29220) 22203.6 (29220) 0.0 (0.0) 0.0 (0.0)

Note: The calculated numbers are based on the value of 2157.4 kcal mol21 (2658.6 kJ mol21) for a CH2 group.

Calculate the 𝛥Hocomb of the cycloalkanes, (CH2)n, by using -(n × 157.4) kcal mol-1, e.g. for
cyclopropane (n = 3), its 𝛥Hocomb should be -472.2 kcal mol-1, and for cyclobutane, it should
be -629.6 kcal mol-1.

The actual heats of combustion is generally larger in magnitude compared to the calculated
values.
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For cyclopropane, the experimental value is -499.8 kcal mol-1, a discrepancy between the
expected and observed values of 27.6 kcal mol-1. Therefore, cyclopropane is more energetic
than expected for a strainless molecule. The extra energy is attributed to ring strain. The
strain per CH2 group in this molecule is 9.2 kcal mol-1.

136 C y c l o a l k a n e sC H A P T E R  4

DH8comb Values for the Series of Straight-Chain Alkanes

 CH3CH2CH3 (gas) 2530.6 r Increment 5 2156.8
 CH3CH2CH2CH3 (gas) 2687.4 r Increment 5 2157.8  kcal mol21

 CH3(CH2)3CH3 (gas) 2845.2 r Increment 5 2157.3 CH3(CH2)4CH3 (gas) 21002.5

When averaged over a large number of alkanes, this value approaches 157.4 kcal mol21 
(658.6 kJ mol21), our requisite value for DH 8comb(CH2)!

Armed with this number, we can calculate the expected DH 8comb of the cycloalkanes, 
(CH2)n, namely, 2(n 3 157.4) kcal mol21. For example, for cyclopropane, n 5 3, hence its 
DH 8comb should be 2472.2 kcal mol21; for cyclobutane, it should be 2629.6 kcal mol21; and 
so on (Table 4-2, column 2). However, when we measure the actual heats of combustion of 
these molecules, they turn out to be generally larger in magnitude (Table 4-2, column 3). 
Thus, for cyclopropane, the experimental value is 2499.8 kcal mol21, a discrepancy between 
the expected and observed values of 27.6 kcal mol21. Therefore, cyclopropane is more ener-
getic than expected for a strainless molecule. The extra energy is attributed to a property of 
cyclopropane of which we are already aware because of the model we built: ring strain. The 
strain per CH2 group in this molecule is 9.2 kcal mol21.

Cyclopropane gas (from tanks, as 
shown above) was used in 
medicine until the early 1950s as 
a general anesthetic. It was 
administered by inhalation as a 
mixture with oxygen—an explosive 
concoction, in part due to the 
release of ring strain upon 
combustion!

H2C CH2

H2
C

if

Ring Strain in Cyclopropane

 Calculated for strainless molecule:

¢H°comb 5 2(3 3 157.4) 5 2472.2 kcal mol21

 Measured: ¢H°comb 5 2499.8 kcal mol21

 Strain:  499.8 2 472.2 5 27.6 kcal mol21

A similar calculation for cyclobutane (Table 4-2) reveals a ring strain of 26.3 kcal mol21, 
or about 6.6 kcal mol21 per CH2 group. In cyclopentane, this effect is much smaller, the 
total strain amounting to only 6.5 kcal mol21, and cyclohexane is virtually strain free. 
However, succeeding members of the series again show considerable strain until we reach 
very large rings (see Section 4-5). Because of these trends, organic chemists have loosely 
de" ned four groups of cycloalkanes:

1. Small rings (cyclopropane, cyclobutane)

2. Common rings (cyclopentane, cyclohexane, cycloheptane)

3. Medium rings (from 8- to 12-membered)

4. Large rings (13-membered and larger)

Table 4-2 Calculated and Experimental Heats of Combustion in kcal mol21 (kJ mol21) of Various Cycloalkanes

 Ring size  !H"comb !H"comb Total Strain per
 (Cn) (calculated) (experimental) strain CH2 group

  3 2472.2 (21976) 2499.8 (22091) 27.6 (115) 9.2 (38)
  4 2629.6 (22634) 2655.9 (22744) 26.3 (110) 6.6 (28)
  5 2787.0 (23293) 2793.5 (23320) 6.5 (27) 1.3 (5.4)
  6 2944.4 (23951) 2944.5 (23952) 0.1 (0.4) 0.0 (0.0)
  7 21101.8 (24610) 21108.2 (24637) 6.4 (27) 0.9 (3.8)
  8 21259.2 (25268) 21269.2 (25310) 10.0 (42) 1.3 (5.4)
  9 21416.6 (25927) 21429.5 (25981) 12.9 (54) 1.4 (5.9)
 10 21574.0 (26586) 21586.0 (26636) 14.0 (59) 1.4 (5.9)
 11 21731.4 (27244) 21742.4 (27290) 11.0 (46) 1.1 (4.6)
 12 21888.8 (27903) 21891.2 (27913) 2.4 (10) 0.2 (0.8)
 14 22203.6 (29220) 22203.6 (29220) 0.0 (0.0) 0.0 (0.0)

Note: The calculated numbers are based on the value of 2157.4 kcal mol21 (2658.6 kJ mol21) for a CH2 group.

A similar calculation for cyclobutane reveals a ring strain of 26.3 kcal mol-1, or about 6.6 kcal
mol-1 per CH2 group. In cyclopentane, this effect is much smaller, the total strain amounting
to only 6.5 kcal mol-1, and cyclohexane is virtually strain free.

However, succeeding members of the series again show considerable strain until we reach
very large rings.
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DH8comb Values for the Series of Straight-Chain Alkanes
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When averaged over a large number of alkanes, this value approaches 157.4 kcal mol21 
(658.6 kJ mol21), our requisite value for DH 8comb(CH2)!

Armed with this number, we can calculate the expected DH 8comb of the cycloalkanes, 
(CH2)n, namely, 2(n 3 157.4) kcal mol21. For example, for cyclopropane, n 5 3, hence its 
DH 8comb should be 2472.2 kcal mol21; for cyclobutane, it should be 2629.6 kcal mol21; and 
so on (Table 4-2, column 2). However, when we measure the actual heats of combustion of 
these molecules, they turn out to be generally larger in magnitude (Table 4-2, column 3). 
Thus, for cyclopropane, the experimental value is 2499.8 kcal mol21, a discrepancy between 
the expected and observed values of 27.6 kcal mol21. Therefore, cyclopropane is more ener-
getic than expected for a strainless molecule. The extra energy is attributed to a property of 
cyclopropane of which we are already aware because of the model we built: ring strain. The 
strain per CH2 group in this molecule is 9.2 kcal mol21.
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concoction, in part due to the 
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 Calculated for strainless molecule:

¢H°comb 5 2(3 3 157.4) 5 2472.2 kcal mol21

 Measured: ¢H°comb 5 2499.8 kcal mol21

 Strain:  499.8 2 472.2 5 27.6 kcal mol21

A similar calculation for cyclobutane (Table 4-2) reveals a ring strain of 26.3 kcal mol21, 
or about 6.6 kcal mol21 per CH2 group. In cyclopentane, this effect is much smaller, the 
total strain amounting to only 6.5 kcal mol21, and cyclohexane is virtually strain free. 
However, succeeding members of the series again show considerable strain until we reach 
very large rings (see Section 4-5). Because of these trends, organic chemists have loosely 
de" ned four groups of cycloalkanes:

1. Small rings (cyclopropane, cyclobutane)

2. Common rings (cyclopentane, cyclohexane, cycloheptane)

3. Medium rings (from 8- to 12-membered)

4. Large rings (13-membered and larger)

Table 4-2 Calculated and Experimental Heats of Combustion in kcal mol21 (kJ mol21) of Various Cycloalkanes

 Ring size  !H"comb !H"comb Total Strain per
 (Cn) (calculated) (experimental) strain CH2 group

  3 2472.2 (21976) 2499.8 (22091) 27.6 (115) 9.2 (38)
  4 2629.6 (22634) 2655.9 (22744) 26.3 (110) 6.6 (28)
  5 2787.0 (23293) 2793.5 (23320) 6.5 (27) 1.3 (5.4)
  6 2944.4 (23951) 2944.5 (23952) 0.1 (0.4) 0.0 (0.0)
  7 21101.8 (24610) 21108.2 (24637) 6.4 (27) 0.9 (3.8)
  8 21259.2 (25268) 21269.2 (25310) 10.0 (42) 1.3 (5.4)
  9 21416.6 (25927) 21429.5 (25981) 12.9 (54) 1.4 (5.9)
 10 21574.0 (26586) 21586.0 (26636) 14.0 (59) 1.4 (5.9)
 11 21731.4 (27244) 21742.4 (27290) 11.0 (46) 1.1 (4.6)
 12 21888.8 (27903) 21891.2 (27913) 2.4 (10) 0.2 (0.8)
 14 22203.6 (29220) 22203.6 (29220) 0.0 (0.0) 0.0 (0.0)
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Because of these trends, four groups of cycloalkanes defined as:

1. Common Small rings (cyclopropane, cyclobutane)

2. Common rings (cyclopentane, cyclohexane, cycloheptane)

3. Medium rings (from 8- to 12-membered)

4. Large rings (13-membered and larger)
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Strain affects the structures and conformational function of the smaller cycloalkanes

The smallest cycloalkane, cyclopropane, is much less stable than expected for three
methylene groups. The reason is twofold: torsional strain and bond-angle strain.

First, all methylene hydrogens are eclipsed, much like the hydrogens in the eclipsed
conformation of ethane. The eclipsed form of ethane is higher than that of the more stable
staggered conformation because of eclipsing (torsional) strain.

Moreover, the carbon skeleton in cyclopropane is by necessity flat and quite rigid, and
bond rotation that might relieve eclipsing strain is very difficult.
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What kinds of effects contribute to the ring strain in cycloalkanes? We answer this 
question by exploring the detailed structures of several of these compounds.

Strain affects the structures and conformational function of the 
smaller cycloalkanes
As we have just seen, the smallest cycloalkane, cyclopropane, is much less stable than 
expected for three methylene groups. Why should this be? The reason is twofold: torsional 
strain and bond-angle strain.

The structure of the cyclopropane molecule is represented in Figure 4-1. We notice ! rst that 
all methylene hydrogens are eclipsed, much like the hydrogens in the eclipsed conformation of 
ethane (Section 2-8). We know that the energy of the eclipsed form of ethane is higher than that 
of the more stable staggered conformation because of eclipsing (torsional) strain. This effect 
is also present in cyclopropane. Moreover, the carbon skeleton in cyclopropane is by necessity 
" at and quite rigid, and bond rotation that might relieve eclipsing strain is very dif! cult.

Second, we notice that cyclopropane has C–C–C bond angles of 608, a signi! cant devia-
tion from the “natural” tetrahedral bond angle of 109.58. How is it possible for three suppos-
edly tetrahedral carbon atoms to maintain a bonding relation at such highly distorted angles? 
The problem is perhaps best illustrated in Figure 4-2, in which the bonding in the strain-free 
“open cyclopropane,” the trimethylene diradical ?CH2CH2CH2?, is compared with that in the 
closed form. We can see that the two ends of the trimethylene diradical cannot “reach” far 
enough to close the ring without “bending” the two C–C bonds already present. However, if 
all three C–C bonds in cyclopropane adopt a bent con! guration (interorbital angle 1048, see 
Figure 4-2B), overlap is suf! cient for bond formation. The energy needed to distort the tet-
rahedral carbons enough to close the ring is called bond-angle strain. The ring strain in 
cyclopropane is derived from a combination of eclipsing and bond-angle contributions.

As a consequence of its structure, cyclopropane has relatively weak C–C bonds [DH 8 5 
65 kcal mol21 (272 kJ mol21)]. This value is low [recall that the C–C strength in ethane is 
90 kcal mol21 (377 kJ mol21)] because breaking the bond opens the ring and relieves ring 
strain. For example, reaction with hydrogen in the presence of a palladium catalyst opens the 
ring to give propane.
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The problem is perhaps best illustrated in Figure 4-2, in which the bonding in the strain-free 
“open cyclopropane,” the trimethylene diradical ?CH2CH2CH2?, is compared with that in the 
closed form. We can see that the two ends of the trimethylene diradical cannot “reach” far 
enough to close the ring without “bending” the two C–C bonds already present. However, if 
all three C–C bonds in cyclopropane adopt a bent con! guration (interorbital angle 1048, see 
Figure 4-2B), overlap is suf! cient for bond formation. The energy needed to distort the tet-
rahedral carbons enough to close the ring is called bond-angle strain. The ring strain in 
cyclopropane is derived from a combination of eclipsing and bond-angle contributions.

As a consequence of its structure, cyclopropane has relatively weak C–C bonds [DH 8 5 
65 kcal mol21 (272 kJ mol21)]. This value is low [recall that the C–C strength in ethane is 
90 kcal mol21 (377 kJ mol21)] because breaking the bond opens the ring and relieves ring 
strain. For example, reaction with hydrogen in the presence of a palladium catalyst opens the 
ring to give propane.
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Second, the cyclopropane has C–C–C bond angles of 60o, a significant deviation from the
“natural” tetrahedral bond angle of 109.5o.

The bonding in the strain-free “open cyclopropane,” the trimethylene diradical .CH2CH2CH2.,
is compared with that in the closed form: the two ends of the trimethylene diradical cannot
“reach” far enough to close the ring without “bending” the two C–C bonds already present.

If all three C–C bonds in cyclopropane adopt a bent configuration (interorbital angle 104o),
overlap is sufficient for bond formation.
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cyclopropane is derived from a combination of eclipsing and bond-angle contributions.
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The ring strain in cyclopropane is derived from a combination of eclipsing and bond-angle
contributions.

As a consequence of its structure, cyclopropane has relatively weak C–C bonds [𝛥Ho = 65
kcal mol-1 (272 kJ mol-1)]. This value is low [recall that the C–C strength in ethane is 90 kcal
mol-1 (377 kJ mol-1)] because breaking the bond opens the ring and relieves ring strain.

For example, reaction with hydrogen in the presence of a palladium catalyst opens the ring to
give propane.
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enough to close the ring without “bending” the two C–C bonds already present. However, if 
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Figure 4-2B), overlap is suf! cient for bond formation. The energy needed to distort the tet-
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cyclopropane is derived from a combination of eclipsing and bond-angle contributions.
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question by exploring the detailed structures of several of these compounds.
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As we have just seen, the smallest cycloalkane, cyclopropane, is much less stable than 
expected for three methylene groups. Why should this be? The reason is twofold: torsional 
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edly tetrahedral carbon atoms to maintain a bonding relation at such highly distorted angles? 
The problem is perhaps best illustrated in Figure 4-2, in which the bonding in the strain-free 
“open cyclopropane,” the trimethylene diradical ?CH2CH2CH2?, is compared with that in the 
closed form. We can see that the two ends of the trimethylene diradical cannot “reach” far 
enough to close the ring without “bending” the two C–C bonds already present. However, if 
all three C–C bonds in cyclopropane adopt a bent con! guration (interorbital angle 1048, see 
Figure 4-2B), overlap is suf! cient for bond formation. The energy needed to distort the tet-
rahedral carbons enough to close the ring is called bond-angle strain. The ring strain in 
cyclopropane is derived from a combination of eclipsing and bond-angle contributions.

As a consequence of its structure, cyclopropane has relatively weak C–C bonds [DH 8 5 
65 kcal mol21 (272 kJ mol21)]. This value is low [recall that the C–C strength in ethane is 
90 kcal mol21 (377 kJ mol21)] because breaking the bond opens the ring and relieves ring 
strain. For example, reaction with hydrogen in the presence of a palladium catalyst opens the 
ring to give propane.
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The structure of cyclobutane reveals that this molecule is not planar but puckered, with an
approximate bending angle of 26o. The nonplanar structure of the ring is not very rigid. The
molecule “flips” rapidly from one puckered conformation to the other.

Distorting the four-membered ring from planarity is favorable: It partly relieves the strain
introduced by the eight eclipsing hydrogens. Bond-angle strain is reduced relative to that in
cyclopropane, although maximum overlap is only possible with the use of bent bonds.

The C–C bond strength in cyclobutane is low [about 63 kcal mol-1 (264 kJ mol-1)] because of
the release of ring strain on ring opening and the consequences of relatively poor overlap in
bent bonds. Cyclobutane is less reactive than cyclopropane but undergoes similar ring-
opening processes.
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trans-1,2-Dimethylcyclopropane is more stable than cis-1,2-dimethylcyclopropane. Why? Draw a 
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Figure 4-3 Cyclobutane: (A) molecular model; (B) bond lengths and angles. The nonplanar 
 molecule “! ips” rapidly from one conformation to another.

What about higher cycloalkanes? The structure of cyclobutane (Figure 4-3) reveals that 
this molecule is not planar but puckered, with an approximate bending angle of 268. The 
nonplanar structure of the ring, however, is not very rigid. The molecule “! ips” rapidly 
from one puckered conformation to the other. Construction of a molecular model shows 
why distorting the four-membered ring from planarity is favorable: It partly relieves the 
strain introduced by the eight eclipsing hydrogens. Moreover, bond-angle strain is consider-
ably reduced relative to that in cyclopropane, although maximum overlap is, again, only 
possible with the use of bent bonds. The C–C bond strength in cyclobutane also is low 
[about 63 kcal mol21 (264 kJ mol21)] because of the release of ring strain on ring opening 
and the consequences of relatively poor overlap in bent bonds. Cyclobutane is less reactive 
than cyclopropane but undergoes similar ring-opening processes.
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Cyclopentane might be expected to be planar because the angles in a regular pentagon 
are 1088, close to tetrahedral. However, such a planar arrangement would have ten H–H 
eclipsing interactions. The puckering of the ring reduces this effect, as indicated by the 
envelope structure of the molecule (Figure 4-4). Although puckering relieves eclipsing, it 
also increases bond-angle strain. The envelope conformation is a compromise in which the 
energy of the system is minimized.

Overall, cyclopentane has relatively little ring strain, and its C–C bond strength [DH 8 5 
81 kcal mol21 (338 kJ mol21)] approaches that in acyclic alkanes (Table 3-2). As a conse-
quence, it does not show the unusual reactivity of three- or four-membered rings.
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envelope structure of the molecule (Figure 4-4). Although puckering relieves eclipsing, it 
also increases bond-angle strain. The envelope conformation is a compromise in which the 
energy of the system is minimized.

Overall, cyclopentane has relatively little ring strain, and its C–C bond strength [DH 8 5 
81 kcal mol21 (338 kJ mol21)] approaches that in acyclic alkanes (Table 3-2). As a conse-
quence, it does not show the unusual reactivity of three- or four-membered rings.

DH! " 88 kcal mol#1

DH! " 63 kcal mol#1

Angle strain

Minimal eclipsing strain

Minimal
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Figure 4-4 Cyclopentane: 
(A) molecular model of the half-
chair conformation; (B) bond 
lengths and angles. The molecule 
is ! exible, with little strain.

DH! " 81 kcal mol#1
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Cyclopentane might be expected to be planar because the angles in a regular pentagon are
108o, close to tetrahedral. However, such a planar arrangement would have ten H–H
eclipsing interactions.

The puckering of the ring reduces this effect, as indicated by the envelope structure of the
molecule. Although puckering relieves eclipsing, it also increases bond-angle strain. The
envelope conformation is a compromise in which the energy of the system is minimized.

Overall, cyclopentane has relatively little ring strain, and its C–C bond strength [𝛥Ho = 81
kcal mol-1 (338 kJ mol-1)] approaches that in acyclic alkanes. As a consequence, it does not
show the unusual reactivity of three- or four-membered rings.

138 C y c l o a l k a n e sC H A P T E R  4

Exercise 4-4

trans-1,2-Dimethylcyclopropane is more stable than cis-1,2-dimethylcyclopropane. Why? Draw a 
picture to illustrate your answer. Which isomer liberates more heat on combustion?

A B
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H
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H
H 26° angle

of bend
107°

88.5°: Angle strain

1.551 Å

Near-eclipsing
strain

Near-eclipsing strain

1.109 Å

Rapid flip

Figure 4-3 Cyclobutane: (A) molecular model; (B) bond lengths and angles. The nonplanar 
 molecule “! ips” rapidly from one conformation to another.

What about higher cycloalkanes? The structure of cyclobutane (Figure 4-3) reveals that 
this molecule is not planar but puckered, with an approximate bending angle of 268. The 
nonplanar structure of the ring, however, is not very rigid. The molecule “! ips” rapidly 
from one puckered conformation to the other. Construction of a molecular model shows 
why distorting the four-membered ring from planarity is favorable: It partly relieves the 
strain introduced by the eight eclipsing hydrogens. Moreover, bond-angle strain is consider-
ably reduced relative to that in cyclopropane, although maximum overlap is, again, only 
possible with the use of bent bonds. The C–C bond strength in cyclobutane also is low 
[about 63 kcal mol21 (264 kJ mol21)] because of the release of ring strain on ring opening 
and the consequences of relatively poor overlap in bent bonds. Cyclobutane is less reactive 
than cyclopropane but undergoes similar ring-opening processes.

! H2 CH3CH2CH2CH3
Pd catalyst

Butane

Cyclopentane might be expected to be planar because the angles in a regular pentagon 
are 1088, close to tetrahedral. However, such a planar arrangement would have ten H–H 
eclipsing interactions. The puckering of the ring reduces this effect, as indicated by the 
envelope structure of the molecule (Figure 4-4). Although puckering relieves eclipsing, it 
also increases bond-angle strain. The envelope conformation is a compromise in which the 
energy of the system is minimized.

Overall, cyclopentane has relatively little ring strain, and its C–C bond strength [DH 8 5 
81 kcal mol21 (338 kJ mol21)] approaches that in acyclic alkanes (Table 3-2). As a conse-
quence, it does not show the unusual reactivity of three- or four-membered rings.
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is ! exible, with little strain.
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