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“+»Slereoisomers have their atoms connected in the same sequence (the
same constitution), but they differ in the arrangement of their atoms in space.

types of
stereoisomerism

Optical Configurational

Conformational




1- Conformational Isomers

**Isomers have different spatial orientations of atoms in a molecule that result
from

A) Rotations about single bond (alkanes).

B) Ring flipping conformations (cycloalkanes).

¢ The resulting arrangement referred to eclipsed and staggered conformers.

Rotation of C-C single bond

N.B: Rotation occur only in alkane (single bonds) not occur in

alkene and alkyne




A- Conformational Isomerism in Alkanes

1- Conformation of ethane

s*Conformation isomers are different spatial arrangements of a molecule that are
generated by rotation about single bonds.
**Can be represent by Newman projection
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* Dihedral angle or Torsional angle ( © ) (in degrees) : angle between the plane formed by
the first three atoms and the plane formed by the last three atoms.
¢ Rotation can be clockwise or counterclockwise.
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Conformation of ethane ( Newman projection of ethane )_

*** When one of the carbon atom (front) is kept fixed and other is rotated about C- C
bond an infinite numbers of isomers are possible by rotation about single bonds
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Eclipsed form
(6=0)

*»* Any conformations between eclipsed and staggered

are called skew conformations.

*+* Skew conformation of ethane is rapid at room
temperature, and is sometimes described as free
rotation.

¢ It is clear from that eclipse conformation is of
highest energy, skewed conformation is of
intermediate energy, and staggered (gauche)
conformation is the most stable

Skew conformation

(6 = 30)
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Staggered form
(8= 060)



2- Configurational Isomers

»* Configurational Isomers are stereoisomers that cannot be converted into one
another by rotation around a single bond.

It is classified into:
»Optical isomers
»Geometrical isomers

A- Geometrical 1somers

*** Geometrical isomers : compounds with the same connectivity, different

arrangement of atoms in space.
¢ Two system used to describing the orientation of substituents within a molecule

(configuration at double bond and configuration of cyclic compound), known as

cis/trans or E/Z system.
++ Stereoisomers about double bond and ring structure arise because rotation about the

double bond is restricted.
+» Substituents on the same side (cis, latin word) or opposite side (trans) of double bond

or ring.
% When two groups are the same to use the cis/trans system of naming, if you have
four different groups on a double bond use the E/Z system.
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Cis-2-pentene Trans-2-pentene

+* The chemical properties of geometrical isomers tend to be similar but their physical
properties are different

** E/Z isomers is used when there are more than two different substituents on a double
bond.

» Z (from the German zusammen) means "together" and corresponds to the term cis.

»E (from the German entgegen) means "opposite" and corresponds to trans.

¢ For each of the atoms attached to each carbon of the double bond it is necessary to
determine which has the higher priority

“* Rank the atoms directly attached to double bond according to their atomic numbers.
»High priority is given to the atom with higher atomic number

»{ H—(1) < C- (6)< N—(7) < 0O—(8) < F—(9) < CI—(17) < Br—(35) < I1-(53) }

+»If isotopes of same element are present, the higher priority is given to the isotope with
higher atomic mass ( mass number).

»ordinary hydrogen is written 1H1, deuterium is 2H1, and tritium is 3H1.




Nomenclature of Z/E Isomers
eg. 1
H,CO H H,CO F
H,C F H,C H

1- Determine the position of double bond.
2- Look at both sides of the double bond; each side has two groups:

HCO | H
Two groups Two groups

on this side e &
e . on this side

3- We begin with one side (let’s start with the left), and we ask which of the two groups
on the left has priority:
BN H,CO = H

Which of these
gets the priority?
H,C F

»The oxygen atom gets priority over the carbon atom, based on atomic number




4- Comparing the two groups on the right side, the fluorine atom gets priority over the
hydrogen atom, again based on atomic numbers.

»So now we know which group gets the priority on each side: H.CO H

5- The two groups become in opposite direction, So the 3

Compound called E. >::<
HaC F

e.g. 2

»In this example, we have to compare carbon atoms to each other.

»The groups are all different, so we need to find a way to assign

priorities. To do so, we follow this rules: If the atoms are the same

on one side, then just move farther out and analyze again.

»we compare the two groups on the left side, the first atom in
two groups is carbon but the carbon atom in the above groups is attached to C,H,H, While
the carbon atom in the below groups is attached to C,C,H, So the below group gets priority
over the above group.

»When comparing the two groups on the right side, the first atom in two groups is carbon
but the carbon atom in the above groups is attached to H,H,H, While the carbon atom in
the below groups is attached to C,H,H, So the below group gets priority over the above
group.

»The two groups become in same direction, So the Compound called Z.
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B- Optical 1somers

*»* Some organic molecules has the ability to rotate the plane polarized light (PPL). These
compounds were termed optically active compounds.

** When the compound rotate the PPL to right “clockwise”, it is termed (+) or
Dextrorotatory (d) but when the compound rotate the PPL to left “anti-clockwise”, it is
termed (-) or levorotatory ()

+ The organic molecules that not able to rotate the plane polarized light (PPL) called
optically Inactive compounds.

Polarimeter

»Polarimeter is an instrument used to determine the optical activity of optically active
compounds.

»The simplest polaramiter is composed of:

1) light source (usually sodium lamp).

2) polarizer: it can convert a beam of light of mixed polarization into a beam with well-
defined polarization e.g.(Nickel prism).

3) tube for holding the sample.

4) Analyzer

5) Measuring scale to determine the number of degrees of rotation.




Plane-Polarized Light
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Analyzer o
(can be rotated)

As the arrows indicate, the optically
active substance in solution in the
cell is causing the plane of the
polarized light to rotate.

Degree scale
(fixed)

The plane of polarization
of the emerging light is

not the same as that of

the entering polarized light.

Polarimeter sample cell

Polarizer (fixed)

Light source



Plane-Polarized Light through chiral Compound
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Specific rotation

»The number of degrees that the plane of polarized light is rotated as the light passes
through a solution of enantiomers depends on the number of chiral molecules in sample.
This of course, depends also on the length of the tube and the concentration of the
enantiomers.

»Enantiomers are stereoisomers that are non super-imposable on its mirror image.
»Enantiomers rotate the plane of polarized light by exactly the same number of degrees
but in opposite directions

»Specific rotation [a] can be calculated by the following equation: [a] = a /cl

o = observed rotation

¢ = concentration in g/mL

| = length of tube in dm

»Specific rotation is defined as the rotation produced by a solution of unit
concentration (1g/ml) and unit length (10 cm).

2 ,
_KL__c Gl

(R)-(—)-1-Chloro-2-methylbutane (S)-(+)-1-Chloro-2-methylbutane
[]2° = —1.64 [@]?® = +1.64




Dextrorotatory

Types of optical activity

new

older

(+)-

d-

do not confuse with D

% Rotates the plane of polarized light to the right (clockwise)

Levorotatory

new

older

(>

|-

do not confuse with L

“* Rotates the plane of polarized light to the left (counterclockwise)




Meso compound
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Racemic modification




Racemic com




Racemic solid solution




Racemisation
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Enantiomeric Excess & Optical purity
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