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Learning Objective

• Define and classify carbohydrates.

• Identify monosaccharide structures.

• Understand sugar stereochemistry.

• Explain sugar cyclization (ring formation).

• Recognize carbohydrate derivatives and their uses.



Introduction
Carbohydrates are the most abundant organic molecules in nature.

The primary role of carbohydrates is to supply energy to all cells in the body.

• Many cells use glucose as a source of energy.

The formula for many of the simpler carbohydrates is (CH2O)n, hence the name “hydrate of 

carbon.

They serve as the primary immediate energy source for the human body, particularly the 
brain.

• There are three major size classes of carbohydrates: monosaccharides, oligosaccharides, and 

polysaccharides (the word “saccharide” is derived from the Greek sakcharon, meaning 

“sugar”).

• Your body breaks down carbohydrates into glucose. Glucose, or blood sugar, is the main 
source of energy for your body's cells, tissues, and organs. 

• Glucose can be used immediately or stored in the liver and muscles for later use.

https://medlineplus.gov/bloodsugar.html


carbohydrates

• Some cells, such as red blood cells, are only able to produce cellular energy
from glucose.

• The brain is also highly sensitive to low blood-glucose levels because it uses
only glucose to produce energy and function.

• Energy Storage: If the body already has enough energy to support its 
functions, the excess glucose is stored as glycogen (the majority of which is 
stored in the muscles and liver).

• They are structural components of many organisms.



CLASSIFICATION OF CARBOHYDRATE
Monosaccharide :

• Monosaccharides contain of a single polyhydroxy aldehyde or 
ketone unit.

• Most Abundant: The six-carbon sugar D-glucose (also 
known as dextrose) is the most abundant 
monosaccharide in nature.

• Structural Rule: Monosaccharides containing more than 
four carbons tend to exist in cyclic structures rather than 
open chains.



 Oligosaccharides and Disaccharides

• Definition: Oligosaccharides consist of short chains 
of monosaccharide units joined by characteristic 
glycosidic bonds.

• Disaccharides: These are the most abundant 
oligosaccharides, containing of exactly two 
monosaccharide units. 

• Example: Sucrose (cane sugar) is a typical 
disaccharide made of D-glucose and D-fructose.

• Nomenclature: All common monosaccharides and 
disaccharides have names ending with the suffix "-
ose“



Monosaccharides are aldehyde or ketone derivatives of straight-chain 

polyhydroxy alcohols containing at least three carbon atoms. 

• They are classified according to the chemical nature of their carbonyl group and the 

number of their C atoms. 

1. If the carbonyl group is an aldehyde, the sugar is an aldose.

• If the carbonyl group is a ketone, the sugar is a ketose.

• The smallest monosaccharides, those with three carbon atoms, are trioses. 

• Those with four, five, six, seven, etc. C atoms are, respectively, tetroses, pentoses, 

hexoses, heptoses, etc. 

Monosaccharides



Monosaccharides

•



Monosaccharides
The Structural Backbone

• The backbones of common monosaccharides consist of 
unbranched carbon chains where all carbon atoms are 
linked by single bonds.

• Open-Chain Form: One carbon atom is double-bonded to 
an oxygen atom, forming a carbonyl group.
• Every other carbon atom in the chain has a hydroxyl group

attached to it.

• Size: These carbon backbones typically range from three 
to seven carbons in length.



Monosaccharides
• Naming by Carbon Chain Length

• Monosaccharides are classified and named according to the number of carbon 
atoms in their backbones:



Aldoses



Ketoses



The stereochemistry of Monosaccharides
• Asymmetric (Chiral) Centers

• Chirality Rule: All monosaccharides, with the single 
exception of dihydroxyacetone, contain one or more 
asymmetric (chiral) carbon atoms.

• Optical Activity: Because of the presence of these chiral 
centers, these monosaccharides naturally occur in 
optically active isomeric forms.

• A molecule with n chiral centers can have a total of 2n 
possible stereoisomers.

• Glyceraldehyde: Has 1 chiral center. (2^1 = 2 
stereoisomers).

• Aldohexoses: Have 4 chiral centers. (2^4 = 16 possible 
stereoisomers).













Stereoisomer
Compounds with the same connectivity, Same chemical and structural formula, but 
differ arrangement in the space.



All monosaccharide can be considered as molecules derived from 
glyceraldehyde by successive addition of carbon atoms. Therefore, next to last 
carbon atom is the reference carbon atom for naming the mirror images

Reference Carbon Atom of Sugars





D and L isomerism(Enantiomers)



Optical isomerism (D and L)

•The presence of asymmetrical carbon atom causes optical 
activity. 

•When a beam of plane-polarized light is passed through a 
solution of carbohydrates, it will rotate the light either to 
right or to left.

•Right = Dextrorotatory (+) (D)

•Left = Levorotatory (-) (L)











Cyclization of 
Monosaccharides

• The nucleophilic alcohol attacks the 
electrophilic carbonyl carbon, allowing 
formation of a hemiacetal.

• As a result, the linear carbohydrate forms a 
ring structure.

• At the completion of this structure, the 
carbonyl carbon is reduced to an alcohol



α (Alpha) and β (beta) isomers 

https://www.masterorganicchemistry.com/2018/02/19/the-big-damn-post-of-sugar-nomenclature/#beta


















Monosaccharides Derivatives

1. Sugar Acids: Sugars with free anomeric carbon atoms are reasonably good 
reducing agents, an aldose is converted to an aldonic acid, such as gluconic
acid









Homework

• What is the glycogen? Explain in detail.




