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Conformational Isomers
\S}m?e and Seuctuc, o

Conformational isomers (rotamers or conformers) are compounds with the
same constitution (atoms are bonded in the same order) but the atoms are
located 1n different places in space.
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‘This 1s achieved by rotating about C-C single (s) bonds or the dihedral (or
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torsmn) angle (q).
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Rotation about a single bond occurs easily because the amount of overlap of

the sp3 orbitals on the two carbon atoms 1s unaffected by rotation about the

sigma bond \ i -
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Conformational Isomers (cont’d)
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Two extremes exist for ethane: staggered & eclipsed
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Conformational Isomers (cont’d)

These two extremes g P o itk
represent high and low g H@H
energy “conformations” of =~ [~ T T H
ethane. The “high” E is the - e
eclipsed and low E the low eweryy  Wigheneryy
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Conformational Isomers (cont’d)

The difference in energy is caused by ‘steric” interactions between the
H atoms. Steric interactions are repulsmns caused when two atoms are

too close together in space and their valence shell electrons repel each
other.

Rotating one
carbon 60°
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Torsional strain

The H — H distance in the eclipsed is 2.36 A and 2.54 A in the staggered.
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Conformational Isomers (cont’d)

. . 3 carbhens
The problem is worse in propane as a methyl
QAN SIS

group is larger than a H atom. The eclipsed is on
the left in both sets of images.

Eclipsed ¢ EcliPu.l
ball & stick space filling



Steric effects reach their maximum in butane:
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2.9 Cycloalkane Nomenclature and Conformation

Single bond

Cycloalkanes are saturated hydrocarbons that have at least one ring of carbon

atoms. The general formula is

_N_itb we Jo;\'l' kawe, ch\o

CH,
7
H2C == CH2

cycloerogane

l

A CH, akijjsx

cyclopropane

CnH2n]

Wi“\o\f‘ 1_'_2
methan . a
Edhan - /C{I:z
o e
H2C ;) CH2 H2C = CH2
cyclobutane cyclopentane

} |

cyclobutane

)

cyclopentane

CH,

-~

HZ(IZ \(|ZH2

H,C CH,
S lez

cyclohexane

$

cyclohexane



Cycloalkane Nomenclature

« One substituent is always located at ring carbon number 1. A number is not

needed.
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methylcyclopentane methylcyclopentane

Two substituents : Substituents are stated in alphabetical order. #1 goes to the first-listed
substituent

2
1-methyl-2-propylcyclopentane  1-ethyl-3-methylcyclopentane 1,3-dimethylcyclohexane

U
SWLs ¢ jom

o ‘.?, Jf
CH3_’ “ 'JiM&i“)'CJdonfano

CH;



ol i gu;}:c/\zgléfﬂ




Cycloalkanes: cyclopropane —is the smallest ring structure possible.

_—
- Itisrigid and very highly strained as the bond angles (60°) are dLi'édthc’)'ﬁe_d
from ideals (109.5°)

- Itis more reactive than a linear alkane as the strained C-C bonds are easier
psed Hydrogens
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Angle strain)results from poor orbital—orbital overlap because bonds have to deviate
from the ideal (109.5°) bond angle
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Cyclobutane

Cycloalkanes: cyclobutane — “puckered” conformation

- Itiis more flexible than cyclopropane and is not flat although it is
commonly drawn that way.

- It is more reactive than a linear alkane as the strained C-C bonds
are easier to break, bond angle ~90°# S’mhi\i\lj incyclobutan >cycloppane

*Ang\e Strain -|-"}of.sional Skrain

<

common better

Molecules twist out of a planar arrangement to
(O minimize angle strain and the number of eclipsed
hydrogens
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cyclopentane

Cycloalkanes: cyclopentane — “envelope” conformation
- Itiis more flexible than cyclobutane and bond angle are ~105°,

and less strained envelop oG 109" (g Oy yia
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Molecules twist out of a planar
Arrangement to minimize angle strain and
the number of eclipsed hydrogens.




cyclohexane

Cycloalkanes: cyclohexane — “chair”

- Itis highly flexible and can adopt a strain free non-planar conformation with
bond angle of 109.5°

- Itis very common in nature so understanding its conformations is important.

Although commonly drawn as a hexagon, H H
. . - . . H N./ H
implying a flat six-membered ring this is N C .
not the common conformation seen. H”C “ \C\H
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Structural and abbreviated structural
formulas for cyclohexane



Conformational Isomers (cont’d)

Cyclohexane cont’d:

The most common conformation of cyclohexane is the “chair”
conformation. In this geometry the C bonds are all ~109.5° as
opposed to the 120° in a planar structure.
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chair framework
ball-and-stick model space-filling model (has a chair shape)

This structure creates two subsets of hydrogen atoms, those
lying in the same plane as the C atoms, the equatorial H and
those lying above and below that plane, the axial H atoms
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