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Introduction

« This presentation delves into the

fascinating world of structural and
stereoisomers. We will explore their
definitions, types, and significance in
understanding organic chemistry. The
differences between isomers
significantly impact chemical behavior
and applications, particularly in
pharmaceuticals and material science.
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Structural Isomers
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« Structural isomers are compounds with the same molecular formula but different
arrangements of atoms. The main types include chain isomers, position isomers,
and functional group isomers. Each type has distinct properties that affect their
chemical behavior and reactivity in different environments.

D Chain I[somerism: This occurs when the carbon chain in the molecule is arranged

differently. For example, a compound might have a straight chain of carbon atoms or a
branched chain.

CH,
CHB‘CHz'CHz'CH3 I
CH3'CH'CH3
n-Butane Cl:H3

Isobutane



D Positional Isomerism: This happens when a functional group is attached to different

positions on the carbon chain.
CH;-CH,-CH,-OH CH;-CH(OH)-CH,4

1-butanol 2-butanol

D Functional Group Isomerism: This occurs when the same molecular formula

corresponds to different functional groups (e.g., an alcohol and an ether, or an aldehyde
and a ketone).

Butanal Butan-2-one



D Tautomeric [somerism: This is a special type of isomerism where the isomers exist

in a dynamic equilibrium and readily interconvert. It usually involves a shift of a hydrogen
atom and a double bond.

Acetaldehyde Vinyl alcohol
(keto form) (enol form)

u Ring-Chain Isomerism: This occurs when a compound can exist in both a ring form

and an open-chain form. This type of isomerism is common in sugars

CHO-CHOH-CHOH-CHOH-CHOH-CH,OH CHIzOH

Straight chain glucose HO-C,H,0
|

|
CH,OH Pyranose form



v' Structural isomers play a crucial role in determining the physical and chemical
properties of compounds. Different isomers can exhibit variations in boiling
points, solubilities, and reactivities due to their unique structures.
Understanding these differences is vital in fields such as synthetic chemistry,

where choosing the right isomer can influence reaction outcomes significantly.



Stereoisomers
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Stereoisomers are a type of isomerism where compounds have the same
molecular formula and the same connectivity of atoms but differ in the spatial
arrangement of their atoms or groups in space. Unlike structural isomers, which
differ in the way atoms are connected, stereoisomers have identical atomic
connections but differ in their 3D spatial orientation.

Stereoisomerism can be divided into two main types:
1. Geometrical (Cis-Trans) Isomerism

2. Optical Isomerism (Enantiomerism)



1. Geometrical Isomerism (Cis-Trans Isomerism)

Geometrical isomerism occurs when there is restricted rotation around a bond
(usually a double bond or a ring structure) leading to different spatial
arrangements of substituent groups.

Types:

*Cis isomer: The similar groups are on the same side of the molecule.
*Trans isomer: The similar groups are on opposite sides of the molecule.

CH;-CH=CH-CH; CH,-CH=CH-CH,
| |
CH; CH, H CH,

(both methyl groups are on the same side) (methyl groups are on opposite sides)

Cis-but-2-ene Trans-but-2-ene



Optical Isomearism (Enantiomerism)

Optical isomerism occurs when two compounds are non-superimposable mirror
images of each other. These isomers are called enantiomers. They can rotate
plane-polarized light in opposite directions and are typically referred to as left-
handed (L) or right-handed (D). Enantiomers have identical physical properties
except for their interaction with polarized light and with other chiral substances.

Conditions for Optical Isomerism:
*The molecule must contain a chiral center (a carbon atom bonded to four
different groups).

*The molecule must not have any plane of symmetry.



Chirality and optical activity
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« Chirality is a property where a molecule cannot be superimposed on its
mirror image, leading to the existence of enantiomers that can rotate plane-
polarized light differently. This optical activity is an important characteristic,
influencing how drugs interact with biological systems, as only one
enantiomer may exhibit the desired therapeutic effects in many cases.

Example: Lactic Acid
Lactic acid (C3HgO5) has two enantiomers:

L-(+)-lactic acid
*D-(-)-lactic acid

These are non-superimposable mirror images of each other. They rotate plane-polarized
light in opposite directions and may interact differently with other chiral molecules (such
as enzymes or receptors).



Applications of Stereoisomerism:

1.Pharmaceuticals: Different enantiomers of a drug can have different biological effects. One
enantiomer may be therapeutic, while the other may be inactive or even harmful. For example,
thalidomide (as mentioned earlier) had tragic consequences due to its enantiomer causing birth
defects.

2.Flavor and Fragrance: Enantiomers can have distinct odors or tastes. For example,
limonene, a molecule found in citrus fruits, has a lemon scent as one enantiomer and an orange
scent as the other.

3.Chemical Reactions: The reaction rate and the products can be different for each enantiomer
due to the specific way they interact with chiral catalysts or enzymes.

4.0ptical Activity: The ability of a compound to rotate plane-polarized light is used in analytical

techniques (e.g., polarimetry) to study chiral compounds.



Conclusions
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* In summary, both structural and stereoisomers play a fundamental role in
organic chemistry, influencing the properties, functions, and applications of
various compounds. Their understanding is essential for advancements in
multiple scientific fields, particularly in the development of therapeutics and
materials. The study of isomerism remains a critical area of research with
ongoing implications in chemistry and drug design.



