
Overview of Stereochemistry
What is Stereochemistry ?
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Stereochemistry is a branch of chemistry that deals with

three-dimensional arrangements in space of atoms in

molecules.

It is sometimes referred to as 3-D chemistry since the

prefix "stereo-" refers to the "three-dimensionality of a

system“.

Stereochemistry is important in the fields of inorganic and

organic chemistry and has applications in the practice of

medicine.
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Overview of Stereochemistry
Inorganic Metal Complexes in Medicine
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Transition metals readily form metal complexes with

various ligands. For example, the square planar complex

of platinum cis-PtCl2(NH3)2 (cisplatin) is an anti-cancer

agent whereas the trans- isomer is inactive against cancer

(it is toxic), and so not useful in chemotherapy.9:11 AM



Overview of Stereochemistry
Stereochemistry  in Natural Organic Molecules
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Nature is usually very selective in forming one set of

stereoisomers of natural products. This selectivity is

heavily mediated by enzymes.



Overview of Stereochemistry
Stereochemistry in Natural Organic Molecules
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Stereochemistry is also observed around double bonds

due to the restricted rotation around this bond.9:11 AM



Overview of Stereochemistry
What does Stereochemistry cover and Why Study it?
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The study of stereochemistry:

(i) Covers the three dimensional relationships between

stereoisomers,

(ii) Covers the methods for determining and describing

the 3-D relationships between molecules,

(iii) Rationalizes the influences these arrangements

impart on the physical, chemical and biological

properties of the molecules.

Stereochemistry provides a foundation for

understanding the 3-D relationships between

molecules and their reactivity.9:11 AM



Overview of Stereochemistry
Why Study Stereochemistry?
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Stereochemistry has extremely important practical

implications in life.

Nature is inherently chiral because the building blocks

of life (a-amino acids in proteins and enzymes,

nucleotides of DNA and sugars in cellulose) are chiral

and appear in nature in enantiomerically pure forms.

Hence, any synthetic substances (drugs and

sweeteners) used by humankind to interact with or

modify nature are interacting with a chiral environment.
9:11 AM



Overview of Stereochemistry
Stereochemistry and Medicine

7

Stereochemistry is particularly of practical concern to

pharmaceutical chemists. It is a regulatory requirement

worldwide that drugs be administered in enantiomerically

pure forms, or that rigorous tests be performed to ensure

that both enantiomers of a drug are safe.
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Molecular Structure Relationships
What is the place for stereoisomers?
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Recall: Stereochemistry is the study of stereoisomers.

Isomers are molecules with the same molecular

formula (composition of elements), but different

properties.

The family tree below illustrates isomeric relationships.
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What are Structural Isomers?
Definition
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Structural isomers share the same molecular formula

(composition of elements), but differ in their structural

formula (bond connections).

Structural Isomers
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What are Structural Isomers?
Definition
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Although there is no specific requirement for structural

isomers to be interconvertible, special cases exist where

the compounds exist in equilibrium. Keto-enol

tautomerism is one such special case.

Tautomers

Tautomers are a special class of structural isomers9:11 AM



Overview of Chirality
Definition
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Chirality (handedness) is the characteristic of a molecule

that lacks a plane of symmetry that makes it impossible to

superimpose on its mirror image.

9:11 AM

A molecule that possesses the same property of our

hands of not being superimposable on its mirror image

would be referred to as a chiral molecule.



Chirality and Optical Activity
Definition
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Chirality can also be defined as the property of a

molecule of rotating the plane of polarized light.

monochromatic light source

randomly oriented light

optical polarizer - only allows "vertical" light to pass through optical polarizer - only allows "horizontal" light to pass through

chiral material
detector

monochromatic light source

randomly oriented light

optical polarizer - only allows "vertical" light to pass through

optical polarizer

chiral material
detector

The maximum signal will be optained if the second polarizer is rotated to match the light rotation:

maximum signal



Chiral Centres
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An atom attached to four different substituents in a non-

planar arrangement is called a chiral centre or

stereocentre or stereogenic centre or asymmetric

centre.

A chiral centre is commonly a carbon or any tetrahedral

system with four different groups attached leading to a

spatial arrangement which is not superimposable on its

mirror image.9:11 AM

Chiral Centre

Chirality and Chiral Centre
What is a Chiral Centre?



Chirality and Symmetry
Achiral vs Chiral Molecules
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Since a plane of symmetry divides an entire molecule

into two pieces that are exact mirror images, a molecule

with a plane of symmetry is the same as its mirror image

and is said to be achiral.

Lack of a plane of symmetry in molecules leads to non-

superimposable mirror images.

Lack of a plane of symmetry is a necessary condition for

chirality.



Chirality and Enantiomerism
Definition
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Chiral molecules can thus exist as pair of stereoisomers

called enantiomers that are non-superimposable on their

mirror images.

A molecule, such as lactic acid, having a tetrahedral carbon with 4

different attachments may exist as a pair of enantiomers.

There is no degree of rotation that can interconvert

between the two enantiomers.



Chirality and Enantiomerism
Examples of Chiral Carbons
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Tetrahedral carbons are the most commonly encountered

centers of chirality because they are ubiquitous in nature.
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However, chirality is not limited to carbon atoms alone,

nitrogen, phosphorus and silicon atoms are also

tetrahedral and therefore potentially chiral.



Chirality and Enantiomerism
Basis of Chirality at Trivalent Nitrogen and Phosphorus
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In the trigonal pyramidal structure of the compounds of

nitrogen and phosphorus, the non-bonded lone pair of electrons

acts as a substituent.

Unsymmetrical phosphines thus have a potential of being chiral

at room temperature, whereas no amines display chirality.

9:11 AM

Barrier to inversion in Nitrogen vs Phosphorus



Chirality and Enantiomerism
Is Chirality Possible at Nitrogen?
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Trivalent nitrogen can be considered tetrahedral assuming 

that the lone pair is the fourth substituent.

9:11 AM

The pyramidal geometry at nitrogen does not form a chiral 

center since it rapidly flips and the enantiomers equilibrate 

too rapidly to be isolated. 

Unsymmetrical tetrahedral nitrogen molecules are

therefore achiral.



Chirality in Other Systems
Chirality at Phosphorus
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Trivalent phosphorus flips more slowly compared to their

nitrogen counterpart.

Consequently, it is possible to isolate individual

enantiomers of phosphines.

9:11 AM

Unsymmetrically substituted trivalent phosphorous

compounds are therefore chiral.



Chirality in Other Systems
A look at Silicon Compounds
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Other than carbon, silicon also forms tetravalent

compounds.

Unsymmetrically substituted silicon compounds are

therefore chiral.

Chiral silicon compounds find diverse applications in

synthesis and chiral chromatography.



Chirality in Other Systems
Chirality in Metal Complexes
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Metal complexes with tetrahedral or octahedral geometries

may also be chiral if they are unsymmetrical.

Tetrahedral complexes analogous to carbon bonded to

four different groups are chiral and thus exist as

enantiomers (optical isomers).

The tetrahedral [Co(NH3)ClBrI]- ion with four different

groups complexed to cobalt has two non superimposable

mirror images.
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Chirality and Enantiomerism
Multiple Chiral Centres
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Chiral molecules may have more that one chiral centre.

9:11 AM

One chiral centre Two chiral centres


