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Cycloalkanes
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« Most organic compounds contain rings of carbon atoms
such as Prostaglandins, Steroids, ....
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Naming cycloalkanes
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e Saturated cyclic hydrocarbons are called cycloalkanes, or alicyclic

compounds (aliphatic cyclic). They Can be represented by polygons in
skeletal drawings. General molecular formula : C H,,
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Naming Alkyl-substituted Cycloalkanes
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* Named as alkyl substituted cycloalkanes: example, methylcyclopentane.

If the number of carbon atoms in the substituant is greater than the
number in the ring, the parent name is the alkane
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Methgr { cyclopentane 1-Cyclopropylbutane
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Naming Alkyl- or halo-substituted Cycloalkanes

e Start at a point of attachment as C1 and number the substituents on the
ring so that the second substituent has as low a number as possible.

Number the substiguents and write the name .
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1.3-Dimethylcyclohexane 1.5-Dimethylcyclohexane
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Naming Alkyl- or halo-substituted Cycloalkanes
When two or more different substituents could receive the

same numbers , number them by alphabetical priority
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1-Bromo-2-methylcyclobutane Z-Bromo-1-methylcyclobutane



Naming Alkyl- or halo-substituted Cycloalkanes

Give the IUPAC names for the following cycloalkanes
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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:




Problem 4.1
Give IUPAC names for the following cycloalkanes

(b) CH5CH5CH4 (c)
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Cis-Trans Isomerism In Substituted
Cycloalkanes (@34 =098 & gbaill

* Rotation! about C-C bonds in cycloalkanes is limited by the ring structure.
As a result, isomerism is possible.

* For example, two different isomers (Cis usse) and  (trans &) exist for
1,2-dimethylcyclopropane.

» Such isomers differ in three-dimensional orientation, are called
stereoisomers dae) b dle laia

oo alids (gl steremsomers i) utcjhau L@_&: dLLuj s e () g ke
R e .

3 CH3 -

- i, . P
~ h}’o ~ %

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




Cis-Trans Isomerism in Cycloalkanes

HaC - CH3 Br 5 4 H
H 4 H H 3 CH2CH4
cis-1,3-Dimethylcyclobutane trans-1-Bromo-3-ethylcyclopentane

Pb 4.4- 4.6



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

(b) HaC CH5CH3

(a) H
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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 F2a, a hormone that causes uterine
contraction during childbirth, has the following structure. Are
the two hydroxyl groups ( -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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Stability of Cycloalkanes Ring strain
4818l Agal g Y gl el
Cyclopropane is flat ==« and is the most strained of all rings (has both
angle and torsional strain). Angle strain - expansion or compression of
bond angles away from most stable one ( 109.5°). Torsional
strain—the strain due to eclipsing of bonds on neighboring atoms

* RIings larger than 3 atoms are not flat. They can assume nonplanar
conformations to minimize angle strain and torsional strain by ring-
puckering. Larger rings have many more possible conformations than
smaller rings
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Stability of Cycloalkanes Ring strain
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Rings with C; —C; are strained . Cyclohexane is strain — free
Rings (C,-C,3) rings are less strained than small rings (C;,C,).
Rings with more than C,, are strain —free
Al e JB laSa gl | Bagae cilals C;-C; Clalal) o
(C3,C). tpall Clalad) e lalea) JA (C,-Ci3) lalally o
Bagae e Glils & Cyy e S o gsiad Al clalal) e

120- —28.7
E 100- 23.9
3 B0 191 —
> =
> G0 143 £
£ g
o 9.5 =
-
£ )
- 1 4.8

-y

3 4 & 6 7 8 9 10 1M 12 13 14
Ring size



Conformation of Cyclalkanes
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« Cyclopropane is the most strained of all rings. Has planar 4 st structure
(flat) . Angle strain is caused by its 60° C- C- C bond angles.
 Considerable torsional strain J# J¢) because the eclipsing C - H bonds
on neighboring carbon atoms. Total strain S sleaY) : about 115 kJ/mol

» Cyclopropane bonds (bent bonds 4:ais 1 5, ) are weaker! and more
reactive than typical alkane bonds
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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?



(a)

Conformation of Cyclobutane

Ring not quite flat (Wing shape ztx J<&) but slightly bent
out of plane; one carbon atom is about 25° out of plane.
C-H bonds are partly eclipsed L > 44 suda Jayl 5 )

Less angle strain than cyclopropane ( C-C-C bond angle

about 90°)
More torsional strain than cyclopropane, due to larger

number of ring hydrogens.
Total strain is about 110kJ/mol

(b) H =~ (¢} Not quite
2|~ EE“DSEngﬂq H

: /

H
H
Nntazﬁg“ku

eclipsed



Conformation of Cyclopentane

« Adopt puckered sa=xas, nonplanar 4 5. e conformation, a
balance between increased angle strain and decreased
torsional strain.

* Four carbon atoms are in a plane and the fifth carbon atom is
above or below the plane ( envelop shape —_ kbl Js& ) |

* Too slight angle strain 4l cama s 5l ) Aea) (C—C—-C bond
angles are near to 108°).

« Slight torsional strain —ux Jié Jea) (C-H bonds are nearly
staggered Ly i e lie Jal g5 ).

« Total energy strain is 26kJ/mol.

(b)

{a)

& 2004 Thomson/Brooks Cole



Problem 4.10
* How many H «—— H eclipsing interactions would be
present if cyclopentane were planar? ( 10)

« Assuming an energy cost of 4.0 kJ/mol for each eclipsing
Interaction, how much torsional strain would planar
cyclopentane have? ( 40kJ/mol)

 Since the measured total strain of cyclopentane is 26
kJ/mol, how much of the torsional strain is relieved by
puckering? (14 kJ/mol, 35% s s3aall algayl)



3.5 Chair Conformations of Cyclohexane

No angle strain: bond angles; 109.5° .

No torsional strain: staggered C-H bonds:(six axial hydrogens
and six equatorial hydrogens 44) giw) 45 g 43 ) gae Gliaa gy 430 )

Strain-free chair conformation slea¥) (e A& (e S,

(a) ‘ (b)

Y - H
I

Observer
© 2004 Thomson/Brooks Cole



How to Draw Cyclohexane

This bond 1s 1n back o : .
v 1

/ l

This bond is in front 7



Other Conformations of Cyclohexane

* Other conformations less stable than chair conformations
exist.

*Twist-boat ¢ sk « & conformation have both steric strain
and torsional strain and is about 23 kJ/mol higher in energy
than the chair conformation.

» Molecules can adopt the twist-boat geometry only under
special circumstances
Eterii_: _strain

HeH | _
Torsional strain Twist-boat cyclohexane
HeH | (23 kJ/mol strain)



4.6 Axialguos> and Equatorial s Bonds in
Cyclohexane

Ring axis

® 2004 Thomson/Brooks Cole

H  CH,OH
HO _-OH
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Glucose
(chair conformation)



Drawing the Axial and Equatorial Hydrogens

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
parallel to two ring bonds. Equatorial
bonds alternate between sides around the
ring.

Completed cyclohexane




Ring flip 4&all o3& of Cyclohexane

« Ring-flip 4asll &3l ; chair interconversion o S-S J il
results in the exchange J: of axial and equatorial positions.

« The two conformers are equal in energy.
a8 ol sl o S s S YIS

Ring-flip

-
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Move this
carbon down

Ring-flip

e
>~

Move this

carbon up
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Worked problem 4.2
Problems 4.12, 4.13, 4.14



Drawing the Chair Conformation of a Substituted Cyclohexane
Worked Example 4.2

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

Strateqgy

Draw a chair cyclohexane ring .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. axial mati

Solution xlal methyl group

Equatorial methyl group



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

|dentify 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

-3




3.7 Ring-flip in methylcyclohexanes

« The two conformers are not equal in energy, and the methy!
equatorial conformer is more stable than the axial one.

« The axial conformer s, =l J8i4l s |ess stable because it has
a steric strain (cost 4wd sl 43 : 2X 3.8 = 7,6 kJ/mol), due to
1,3-diaxial interaction s~ - o~ 5 Jsaall A G,

Steric
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Conformers percentage and energy difference

Energy difference (kcal/mol)

0 1 2 3
100 ' ' e
- sl
a0 - - ——More stable isomer
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40 -
20 -
_—Less stable isomer
D | | | | | | | | _I__;_I_ | | | |
L5 10 15
AE=-RTIn K Energy difference (kJ/mol)

AE : energy difference between isomers. R:the gas constant
T : the Kelvin temperature. K : the equilibrium constant <G
o)\ sl between isomers.



Table 4.1

Steric Strain in Monosubstituted Cyclohexanes

1,3-Diaxial strain

Y (k])/mol) (kcal/mol)
F 0.5 0.12
Cl, Br 1.0 0.25
OH 2.1 0.5
CH5 3.8 0.9
CHzCH3 4.0 0.95
CH(CH3), 4.6 1.1
CiCH3)z 11.4 2.7
CeHs 6.3 1.5
CO2H 2.9 0.7
CN 0.4 0.1

Pb 4.15- 4.17



Problem 4.15

What is the energy difference between the axial and
equatorial conformations of cyclohexanol
(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.



3.8 Conformations of 1,2-Dimethyl Cyclohexane
* In ¢/s- iIsomer both conformations are equal in energy

cis-1.2-Dimethylcyclohexane

One gauche

interaction (3.8 kJ/mol)
Two CH3 < H diaxial

interactions {26 kJ/mol)
Total strain: 3.8 + 76 = 11.4 kJ/mol 5 3

One gauche
interaction (3.8 KJ/mol)
Two CHy < H diaxial
interactions (76 kJ/maol)

Total strain: 3.8 + 76 = 11.4 kJ/mol




Conformations of 1,2-Dimethyl Cyclohexane

* The trans- isomer will exist almost exclusively (>99%)
In the di-equatorial conformation

trans-1,2-Dimethylcyclohexane e
One gauche H ] CH-
interaction (3.8 kJ/mol) :

Four CHz <= H diaxial
interactions (15.2 kJ/mol)




\

o

| S
o S

J@'g-“ws

o
3

u‘&Ol SI SS~' x".

*»

f S =i S
Q)

36




S =t S Jgaill asspusum d3Caal) JaSLiiall
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12.1 kcal/m
50.6 kJ/m

energy

(N 5.3 Ié/m

22 kJ/m
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28 kJ/m
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