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Conformational isomers (rotamers or conformers) are compounds with the 
same constitution (atoms are bonded in the same order) but the atoms are 
located in different places in space.

This is achieved by rotating about C-C single (s) bonds or the dihedral (or 
torsion) angle (q).
Rotation about a single bond occurs easily because the amount of overlap of 
the sp3  orbitals on the two carbon atoms is unaffected by rotation about the 
sigma bond
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Conformational Isomers

اتفقنا انه ال rotation ما بأثر عرابطة سيغما 
 different 3 dimensional structure و لكن بكل زاوية احنا بنكون



 new 3D structure كل ما نغير زاوية بتكون عنا ، conformers عنا عدد ; نهائي من ال

B و A ولكن اهتمامنا حيكون بالرسمة



Conformational /ƐŽŵĞƌƐ�;ĐŽŶƚ͛ĚͿ

Two extremes exist for ethane: staggered & eclipsed



�ŽŶĨŽƌŵĂƚŝŽŶĂů�/ƐŽŵĞƌƐ�;ĐŽŶƚ͛ĚͿ

These two extremes 
represent high and low 
ĞŶĞƌŐǇ�͞ĐŽŶĨŽƌŵĂƚŝŽŶƐ͟�ŽĨ�
ĞƚŚĂŶĞ͘�dŚĞ�͞ŚŝŐŚ͟���ŝƐ�ƚŚĞ�
eclipsed and low E the 
staggered.





�ŽŶĨŽƌŵĂƚŝŽŶĂů�/ƐŽŵĞƌƐ�;ĐŽŶƚ͛ĚͿ
dŚĞ�ĚŝĨĨĞƌĞŶĐĞ�ŝŶ�ĞŶĞƌŐǇ�ŝƐ�ĐĂƵƐĞĚ�ďǇ�͞ƐƚĞƌŝĐ͟�ŝŶƚĞƌĂĐƚŝŽŶƐ�ďĞƚǁĞĞŶ�ƚŚĞ�
H atoms. Steric interactions are repulsions caused when two atoms are 
too close together in space and their valence shell electrons repel each 
other.

The H ʹ H distance in the eclipsed is 2.36 Å and 2.54 Å in the staggered.

Rotating one 
carbon 60°

3.0 Kcal/mol

Torsional strain









�ŽŶĨŽƌŵĂƚŝŽŶĂů�/ƐŽŵĞƌƐ�;ĐŽŶƚ͛ĚͿ

The problem is worse in propane as a methyl 
group is larger than a H atom. The eclipsed is on 
the left in both sets of images.

ball & stick space filling



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

Cycloalkanes are saturated hydrocarbons that have at least one ring of carbon 
atoms. The general formula is CnH2n.



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

Cycloalkane Nomenclature

=

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



 !! ا$لخص 
 ideal angle = 109 ال

  strong bond فبالتالي good overlapping و هي الزاوية الي بكون عندها ا$ركب فيه
weak bond فبالتالي poor overlapping يؤدي ذلك الى ideal angle لو تغيرت الزاوية و بعدت عن



Cycloalkanes: cyclopropane ʹ is the smallest ring structure possible.
- It is rigid and very highly strained as the bond angles (60°) are distorted 

from ideals (109.5°)
- It is more reactive than a linear alkane as the strained C-C bonds are easier 

to break

Angle strain results from poor orbital±orbital overlap because bonds have to deviate 
from the ideal (109.5°) bond angle

tetrahedral bond angle = 109.5° bond angle < 109.5°

Eclipsed Hydrogens

  torsional strain بنسميها
الطاقة الي بتكلفني ,نتقل 

من  
more stable(staggered ) ِل 

less stable (eclipsed )





Cycloalkanes: cyclobutane ʹ ͞ƉƵĐŬĞƌĞĚ͟�ĐŽŶĨŽƌŵĂƚŝŽŶ
- It is 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°

com m on better

Cyclobutane

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



Cycloalkanes: cyclopentane ʹ ͞ĞŶǀĞůŽƉĞ͟�ĐŽŶĨŽƌŵĂƚŝŽŶ
- It is more flexible than cyclobutane and bond angle are ~105°, 

and less strained 

poor better good best

cyclopentane

Molecules twist out of a planar
Arrangement to minimize angle strain and 
the number of eclipsed hydrogens.



Cycloalkanes: cyclohexane ʹ ͞ĐŚĂŝƌ͟
- It is highly flexible and can adopt a strain free non-planar conformation with 

bond angle of 109.5°
- It is very common in nature so understanding its conformations is important.

Although commonly drawn as a hexagon,
implying a flat six-membered ring this is
not the common conformation seen.

cyclohexane 



�ŽŶĨŽƌŵĂƚŝŽŶĂů�/ƐŽŵĞƌƐ�;ĐŽŶƚ͛ĚͿ
�ǇĐůŽŚĞǆĂŶĞ�ĐŽŶƚ͛Ě͗
dŚĞ�ŵŽƐƚ�ĐŽŵŵŽŶ�ĐŽŶĨŽƌŵĂƚŝŽŶ�ŽĨ�ĐǇĐůŽŚĞǆĂŶĞ�ŝƐ�ƚŚĞ�͞ĐŚĂŝƌ͟�
conformation. In this geometry the C bonds are all ~109.5° as 
opposed to the 120° in a planar structure.

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





New vocabulary !
- constitution: بنية 
- repel: ابعاد 
- stability: استقرار 
- rotation: دوران 
- dihedral angle = torsion angel 
- staggered: 3ا الذرات ما تكون عنفس ا3ستوى 
- eclipsed: 3ا الذرات تكون عنفس ا3ستوى 
- repulsion: تنافر 
- overlapping: تداخل 
- distorted: انحراف


