0
HsC  CH3 on
}A\ ” Chrysanthemic acid Cortisone
7 d o R R 3 BR BL:SEAA
(AFBRITETRE
ZEBMIKATEE)

/'\/\/\/COZH

CH3

Prostaglandin E4

BIFIBRE
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Cyclopropane Cyclobutane Cyclopentane Cyclohexane
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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:

i>—cH3 D—CH2CH2CH2CH3
N— —

3 carbons 4 carbons

Methylcyclopentane 1-Cyclopropylbutane
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STEP 2

Number the substituents, and write the name.

For an alkyl- or halo-substituted cycloalkane, choose a point of attachment
as carbon 1 and number the substituents on the ring so that the second

CHj3 CHj3
1 1
6 2 2 6
NOT
5 2 3 2
3 CHs 3 CH3
1,3-Dimethylcyclohexane 1,5-Dimethylcyclohexane

Lower Higher
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H3C._ 4 2 CH»CHg3

1
2 CHs

6 7

2-Ethyl-1,4-dimethylcycloheptane

T

Lower Lower

NOT

1-Ethyl-2,6-dimethylcycloheptane

Higher

2

H3C .1 3 ~CHoCH3

4
¥ CHs

6 2

3-Ethyl-1,4-dimethylcycloheptane

T

Higher
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(a) When two or more different alkyl groups that could potentially receive
the same numbers are present, number them by alphabetical priority,
ignoring numerical prefixes such as di- and tri-.

CHj3 CHs
. €. _CHyCHs i {_ _CH,CHs
1 NOT 2
4 5 4 3
1-Ethyl-2-methylcyclopentane 2-Ethyl-1-methylcyclopentane

(b) If halogens are present, treat them just like alkyl groups.

2 1
1 NOT 2
Br Br

1-Bromo-2-methylcyclobutane 2-Bromo-1-methylcyclobutane
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Some additional examples follow:

Br
CH3
1 | CH3
2 6 CHCH»CH3
3 5
CH3CH5 3 CHj CH,CH3
1-Bromo-3-ethyl-5-methyl- (1-Methylpropyl)cyclobutane 1-Chloro-3-ethyl-2-methyl-

cyclohexane or sec-butylcyclobutane cyclopentane




l 41 %ﬁlk%ﬂlgﬁg Problem 4.1

Give IUPAC names for the following cycloalkanes:

. (a) CHj3 CH,CH5CH3 (c)
. BB L

2CH3 CH3 (f) Br

CH(CH3)s
CHs

C(CH3)3

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:




J 2 IR AR R

TR 1

o BTEERMIEH AR FH

(a)

- = H (b) H
I Y . |
C\ : C- H C
ke = b N DA
HK\.C/)H JT "‘f; H/C/\H H/

|
H v H

-

Figure 4.1 (a) Rotation occurs around the carbon-carbon bond in ethane, but (b) no rotation is possible
around the carbon-carbon bonds in cyclopropane without breaking open the ring.

H d H
cis-1,2-Dimethylcyclopropane trans-1,2-Dimethylcyclopropane

Figure 4.2 There are two different 1,2-dimethylcyclopropane isomers, one with the methyl groups on the
same face of the ring (cis) and the other with the methyl groups on opposite faces of the ring (trans). The two
isomers do not interconvert.
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Constitutional isomers CH5
(different connections |
between atoms) CH3_CH_CH3 and CH3_CH2_CH2_CH3
Stereoisomers HsC CHs HsC H
(same connections and
but different three-
dimensional geometry) H H H CHs
Problem 4.4
Name the following substances, including the cis- or trans- prefix:
(a) H (b) H3C CH2CH3
"CH3 H “H
Cl
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- FERIFH  BEBRRER-—FEHL , IFBENREASXEETERATERE , EERENFEFTEKD ,
ZBA, KOHA |, IHHMBRIERE,
s FEHERKIZFHE—EERE , BATTEE , BARTHRE , Htt R RZRAFTER - FE L,
1 "
\\\f\/_\‘IOS" (tetrahedral) \\\190 /\ \\\:‘\‘ /
\5:4993 \<—»<\ . \\«—3080 '
AN Il Y
Cyclopropane Cyclobutane Cyclopentane Cyclohexane
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(CH»y),, + 3n/20p —> n CO;, + n HyO + Heat

Because the heat of combustion of a cycloalkane depends on size, we need
to look at heats of combustion per CH, unit. Subtracting a reference value
derived from a strain-free acyclic alkane and then multiplying by the number
of CH; units in the ring gives the overall strain energy. Figure 4.3 shows the
results.

120 —28.7
% 100 — 23.9
£
2 80+ — 19.1
= ©
o 601+ — 14.3 E
2 :
@ _ || N B B S =
- 40 9.6
'® 0 0
co iRl

] ] ] ] ]
3 4 5 6 7 8 9 10 M 12 13 14
Ring size

Figure 4.3 Cycloalkane strain ener-
gies, calculated by taking the difference
between cycloalkane heat of combus-
tion per CH; and acyclic alkane heat of
combustion per CH,, and multiplying
by the number of CH; units in a ring.
Small and medium rings are strained,
but cyclohexane rings and very large
rings are strain-free.
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e Angle strain—the strain due to expansion or compression of bond angles
e Torsional strain—the strain due to eclipsing of bonds on neighboring atoms

e Steric strain—the strain due to repulsive interactions when atoms
approach each other too closely
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Figure 4.4 The structure of cyclo- (a) /\

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.

C

C

o B

' ~

Typical alkane C-C bonds

(b) H HH} Eclipsed

H HH} Eclipsed

Typical bent cyclopropane C-C bonds
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(a) . (b) (¢) Not quite

eclips;j/H Y
H

H
\\H’
Not quite

eclipsed

Figure 4.5 The conformation of cyclobutane. Part (c) is a Newman projection along a C—C bond, showing
that neighboring C—H bonds are not quite eclipsed.
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(a) - 5 (b) (c)

Observer

Figure 4.6 The conformation of cyclopentane. Carbons 1,2, 3, and 4 are nearly planar, but carbon 5 is out of
the plane. Part (c) is a Newman projection along the C1-C2 bond, showing that neighboring C—H bonds are
nearly staggered.
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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.

Menthol

BRBER—MEEER, LIOEREHTHEHBRRYR , REATEMR. hm. FE. OERE. HENHY.
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Steric strain
(a) e - (c) i .
"f’ . J e 2 CH5 4 H
: l
_ B p o
. TR 2& H H
Observer
HeH) o .
Torsional strain Twist-boat cyclohexane
Figure 4.7 The strain-free chair conformation of cyclohexane. All C—C—C bond angles are 111.5°, close to ==k (23 kJ/mol strain)
the ideal 109.5° tetrahedral angle, and all neighboring C—H bonds are staggered.
@ ‘ =
P G B CH,OH - @
D H o . ‘4%
i. HO — ™ 5 ‘ ,/.3
: ,1 HoY o QP O3
- OH = =
H 27 @9
Cyclohexane Glucose

(chair conformation)

(chair conformation)
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Figure 4.8 Axial and equatorial

positions in chair cyclohexane. The six
axial hydrogens are parallel to the ring
axis, and the six equatorial hydrogens
are in a band around the ring equator.

Ring axis
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Axial bonds: The six axial bonds, one
on each carbon, are parallel and
alternate up—down. ]

Equatorial bonds: The six equatorial

bonds, one on each carbon, come in three
sets of two parallel lines. Each set is also % w
parallel to two ring bonds. Equatorial

bonds alternate between sides around the
ring.

Completed cyclohexane
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Move this
carbon down

Ring-flip
—_—
Move this

carbon up

Axial bromocyclohexane Equatorial bromocyclohexane
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Steric
interference

T8 o

Ring-flip

o ¢

Figure 4.13 Interconversion of axial and equatorial methylcyclohexane, as represented in several formats.
The equatorial conformation is more stable than the axial conformation by 7.6 k|/mol.
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Table 4.1 Steric Strain in Monosubstituted Cyclohexanes

1,3-Diaxial strain

Y (kJ/mol) (kcal/mol)
F 0.5 0.12

Cl, Br 1.0 0.25

OH 2.1 0.5

CHj 3.8 0.9
CH5>CHs; 4.0 0.95
CH(CH3) 4.6 1.1
C(CH3)3 11.4 2.7
CeHs 6.3 1.5
COyH 2.9 0.7

CN 0.4 0.1




48 WERFCHEHETR
© o1, 2 NEUK

cis-1,2-Dimethylcyclohexane

One gauche
interaction (3.8 kdJ/mol)
Two CH3 < 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 CH; <> H diaxial
interactions (7.6 kJ/mol)

Total strain: 3.8 + 76 = 11.4 kJ/mol

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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trans-1,2-Dimethylcyclohexane

One gauche
interaction (3.8 kJ/mol)

ﬂRing-fIip

Four CH; < H diaxial
interactions (15.2 kJ/mol)

Figure 4.16 Conformations of trans-1,2-dimethylcyclohexane. The conformation with both methyl groups
equatorial (top) is favored by 11.4 k]/mol (2.7 kcal/mol) over the conformation with both methyl groups axial
(bottom).
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Figure 4.17 Representations of

cis- and trans-decalin. The hydrogen H
atoms at the bridgehead carbons are H

on the same face of the rings in the

cis isomer but on opposite faces in the _ H

trans isomer.

cis-Decalin

P
= g

trans-Decalin

HO"

Androsterone Estrone

T4E i
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