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CARBOHYDRATES 

General formula :- Cn(H2O)n  

Initially Scientists thought that they are hydrates of carbon .Later structural studies revealed that 

these compounds were not hydrates because they did not contain intact water molecules. 

Definition :- Carbohydrates are polyhydroxy aldehydes such as D-glucose, polyhydroxy ketones 

such as D-fructose, and compounds such as sucrose that can be hydrolyzed to polyhydroxy 

aldehydes or polyhydroxy ketones. 

 

Polyhydroxy aldehydes :-  

Eg :- D-glucose. 

Structure :-   

 

Polyhydroxy Ketones :- 

Eg :- D-fructose 

Structure :- 
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Classification of Carbohydrates :- 

1) Simple carbohydrates :- It constitute monosaccharide (single sugars) and they cannot be 

broken down into further smaller unit. 

Eg :- Glucose , fructose. 

 

2) Complex carbohydrates :- It consist of two or more sugar subunits linked together. 

i) Disaccharides :-  Disaccharides have two sugar subunits linked together. 

Eg :- Maltose 

ii) Oligosaccharides :- They have three to 10 sugar subunits. 

Eg :- Raffinose 

iii) Polysaccharides :- They  have more than 10 sugar subunits linked together. 

 

They are classified into two categories on the basis of repeating unit . 

a) Hexans (C6H10O5)n 

b) Pentosans (C5H8O4)n 

Eg :- Starch , cellulose. 

 

GATE TIP :- Disaccharides, Oligosaccharides, and polysaccharides can be broken down to 

monosaccharide subunits by hydrolysis. 

 

 

For eg :-  

1) Maltose is a disaccharide of general formula C12H22O11 which on hydrolysis gives two 

molecules of glucose. 

2) Raffinose is a trisaccharide with general formula C18H32O16 and on hydrolysis it gives glucose 

, fructose and galactose . 

 



© Career Avenues Publication 

 

© Career Avenues Publication   B5 

 

Monosaccharide :- It can be a polyhydroxy aldehyde such as D-glucose or a polyhydroxy ketone 

such as D-fructose. Polyhydroxy aldehydes are called aldoses (―ald‖ is for aldehyde; ―ose‖ is the 

suffix for a sugar), whereas polyhydroxy ketones are called ketoses. 

Classification :- They can be classified according to the number of carbons they contain. 

For example :- Monosaccharides with three carbons are trioses, those with four carbons are 

tetroses, those with five carbons are pentoses, and those with six and seven carbons are hexoses 

and heptoses, respectively. 

Complete Naming :- A six-carbon polyhydroxy aldehyde such as D-glucose is an aldohexose, 

whereas a six-carbon polyhydroxy ketone such as D-fructose is a ketohexose. 

Note :- Smallest aldose is glyceraldehyde and it is a aldotriose and its name does not end with 

ose , rest all of them name ends with ose. 

 

Glyceraldehyde has an asymmetric carbon, it can exist as a pair of enantiomers. 

 

D and L notation of Sugars :- 

D-sugar :- If the OH group attached to the bottom-most asymmetric carbon (the carbon that 

is second from the bottom) is on the right, then the compound is a D-sugar. 

Eg :-  
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L–sugar :- If the OH group attached to the bottom-most asymmetric carbon  is on the left, then 

the compound is an L-sugar. 

Eg :- 

 

Note :- Almost all sugars found in nature are D-sugars and the mirror image of a D-sugar is an L-

sugar. 

 

Configuration of aldoses :-  

Aldotetroses :- They have two asymmetric carbons and therefore four stereoisomers. Two of 

the stereoisomers are D-sugars and two are L-sugars. The names of the aldotetroses — 

erythrose and threose. 

 

Erythrose on oxidation gives optically inactive dicarboxylic acid while threose on oxidation 

gives optically active carboxylic acid. 

Aldopentoses :- They have three asymmetric carbons and therefore eight stereoisomers 

(four pairs of enantiomers) 
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L-isomers are mirror image of D-isomers. 

Aldohexoses :- Aldohexoses have four asymmetric carbons and 16 stereoisomers (eight pairs of 

enantiomers). 

 

Epimers :- These are the compounds that differ in configuration at only one asymmetric carbon 

are called epimers. 

Eg :- D-ribose and D-arabinose are C-2 epimers (they differ in configuration only at C-2) 

 
 D-idose and D-talose are C-3 epimers. 

 

GATE TIP :- The two compounds which are epimers have actually diastereomeric relation 

between them. 

Eg :- D-ribose and D-arabinose have distereomeric relation. 
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TABLE :- Configuration of D-aldoses  

 

Ketoses :- They have ketone group in the 2-position. 

 

GATE TIP :- A ketose has one fewer asymmetric carbon than does an aldose with the same 

number of carbon atoms. Therefore, a ketose has only half as many stereoisomers as an aldose 

with the same number of carbon atoms. 
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TABLE :- Configuration of D-ketoses  

 

 

Reactions of Monosaccharides :- 

Reduction :-  

Carbonyl group of aldoses and ketoses can be reduced by the usual carbonyl-group reducing 

agents such as NaBH4 and the product of the reduction is a polyalcohol, known as an alditol. 
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Reduction of an aldose :- 

 

GATE TIP :- Reduction of an aldose forms one alditol. Reduction of a ketose forms two alditols 

because the reaction creates a new asymmetric carbon in the product. 

 

Reduction of a ketose :- 

 

Oxidation :- 

It is a test for distinguishing aldoses from ketoses. 

Oxidation using Br2 :- Br2 is a mild oxidizing agent and easily oxidizes the aldehyde group, but it 

cannot oxidize ketones or alcohols. The product of the oxidation reaction is an aldonic acid. 

Note :- If Br2 is added to an unknown monosaccharide, the reddish-brown color of Br2 will 

disappear if the monosaccharide is an aldose, but will persist if the monosaccharide is a ketose. 

Reaction :-  
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Ques 1:-  Why Tollen’s reagent cannot be used to distinguish between aldoses and ketoses 

as we know that it oxidises only aldehyde group not keto group? 

Ans =   Both aldoses and ketoses are oxidized to aldonic acids by Tollens reagent (Ag
+
, 

NH3, OH
-
).It is because of the reason that reaction is carried out under basic 

conditions, and in a basic solution, ketoses are converted into aldoses by 

enolization and ketoses are oxidised. 

 

For example :-  The ketose D-fructose is in equilibrium with its enol. However, the enol of D-

fructose is also the enol of D-glucose, as well as the enol of D-mannose. Therefore, when the 

enol reketonizes, all three carbonyl compounds are formed. 

 

On Oxidation with Stronger Oxidising agent like HNO3 :- Upon this oxidation both the aldehyde 

and the primary alcohol groups of an aldose are oxidized and product is called an aldaric acid. 
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Osazone Formation :- 

When phenylhydrazine is added to an aldose or a ketose, a yellow crystalline solid that is 

insoluble in water is formed. This derivative is called an osazone. 

Reaction :- 

 

GATE TIP :- Aldehydes and ketones react with one equivalent of phenylhydrazine, forming 

Phenylhydrazone while Aldoses and ketoses, in contrast, react with three equivalents of 

phenylhydrazine, forming osazones. 

One equivalent functions as an oxidizing agent and is reduced to aniline and ammonia. Two 

equivalents form imines with carbonyl groups. 

 

GATE TIP :- The configuration of the number-2 carbon is lost during osazone formation, 

So C-2 epimers form identical osazones. 

 

Eg :- D-idose and D-gulose, which are C-2 epimers, both form the same osazone. 

 

Ques 2:-  What is the product when osazone formation reaction is carried out with D-

fructose, D-glucose, and D-mannose ? 

Ans =  It is the number-1 and number-2 carbons of ketoses and aldoses that react with 

phenylhydrazine. Consequently, D-fructose, D-glucose, and D-mannose all form 

the same osazone. 
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The Kiliani–Fischer Synthesis :- Chain Step up Reaction  

It is a method to increase the length of carbon chain by one unit of an aldose. 

Reaction Scheme :- 

 

Note :- Synthesis leads to a pair of C-2 epimers because the first step of the reaction converts the 

carbonyl carbon in the starting material to an asymmetric carbon. Therefore, the OH bonded to 

C-2 in the product can be on the right or on the left in the Fischer projection and the products are 

not obtained in equal amounts. 

 

The Ruff Degradation :- Chain Step down Reaction  

It shortens an aldose chain by one carbon. 

Method :- In the Ruff degradation, the calcium salt of an aldonic acid is oxidized with hydrogen 

peroxide. Ferric ion catalyzes the oxidation reaction, which cleaves the bond between C-1 and C-

2, forming CO2 and an aldehyde. It is known that the reaction involves the formation of radicals. 
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Reaction Scheme :- 

 

Cyclic Structure of Monosaccharides: Hemiacetal Formation 

Glucose :- 

 D-Glucose exists in three different forms: the open-chain form and two cyclic forms - α-

D-glucose and β-D-glucose. 

 α-D(+) glucose has melting point of 146
o
C and specific rotation of +112

o
. 

 β-D(+) glucose has melting point between 148
o
 – 150

o
C and has specific rotation of + 

19
o
C. 

Mutarotation :- When either of these solution is dissolved in water then specific rotation changes 

, for α- form it falls and for β-form it increases untill they reach an equilibrium value of +53
o
 and 

this phenomenon of change in specific rotation when dissolved in water is called mutarotation. 

 

Note :- Carbohydrates actually exist in the form of loops and carbonyl group is becoming very 

close to C-5 OH group or C-6 group leading to the formation of hemiacetal linkage. 

 

Anomers :-  Anomers are two sugars that differ in configuration only at the carbon that was the 

carbonyl carbon in the open-chain form. This carbon is called the anomeric carbon.  

For eg :- α-D-glucose and β-D-glucose are called anomers. 
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Note :- If an aldose can form a five- or a six-membered-ring, it will exist predominantly as a 

cyclic hemiacetal in solution. Whether a five- or a six-membered ring is formed depends on their 

relative stabilities. 

Six-membered-ring sugars are called pyranoses, and five membered- ring sugars are called 

furanoses. 

 

Thus α-D-glucose is called α-D-glucopyranose. The prefix α indicates the configuration about 

the anomeric carbon, and ―pyranose‖ indicates that the sugar exists as a six-membered-ring 

cyclic hemiacetal. 

 

HAWORTH PROJECTION FORMULA :- 

In a Haworth projection of a D-pyranose, the six-membered ring is represented as flat and is 

viewed edge on. The ring oxygen is always placed in the back right-hand corner of the ring, with 

the anomeric carbon (C-1) on the right-hand side and the primary alcohol group drawn up from 

the back left-hand corner (C-5). Groups on the right in a Fischer projection are down in a 

Haworth projection, whereas groups on the left in a Fischer projection are up in a Haworth 

projection. 
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Ketoses also exist predominantly in cyclic forms. D-Fructose forms a five-membered ring-

hemiketal as a consequence of the C-5 OH group reacting with the ketone carbonyl group. If the 

new asymmetric carbon has the OH group on the right in a Fischer projection, the compound is α 

-D-fructose; if the OH group is on the left, the compound is β -D-fructose. These sugars can also 

be called α-D-fructofuranose and β-D-fructofuranose. Notice that in fructose the anomeric 

carbon is C-2, not C-1 as in aldoses. D-Fructose can also form a six-membered ring by using the 

C-6 OH group. The pyranose form predominates in the monosaccharide, whereas the furanose 

form predominates when the sugar is part of a disaccharide. 
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Stability of Glucose :- 

The axial positions are all occupied by hydrogens, which require little space and therefore 

experience little steric strain. No other aldohexose exists in such a strain-free conformation. This 

means that -D-glucose is the most stable of all the aldohexoses 

 
The OH group bonded to the anomeric carbon is in the equatorial position in β-Dglucose, 

whereas it is in the axial position in α-D-glucose. Therefore, β-D-glucose is more stable than α-

D-glucose, so β-D-glucose predominates at equilibrium in an aqueous solution. 
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Acylation and Alkylation of Monosaccharides :- 

 

The OH groups also react with methyl iodide/silver oxide to form ethers. The OH group is a 

relatively poor nucleophile, so silver oxide is used to increase the leaving tendency of the iodide 

ion in the SN
2
 reaction. 

 

Formation of Glycosides :- 

The cyclic hemiacetal (or hemiketal) formed by a monosaccharide can react with an alcohol to 

form an acetal (or ketal). The acetal (or ketal) of a sugar is called a glycoside, and the bond 

between the anomeric carbon and the alkoxy oxygen is called a glycosidic bond. Glycosides are 

named by replacing the ―e‖ ending of the sugar’s name with ―ide.‖ Thus, a glycoside of glucose 

is a glucoside, a glycoside of galactose is a galactoside, etc. If the pyranose or furanose name is 

used, the acetal is called a pyranoside or a furanoside. 
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Mechanism of glycoside formation 
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Formation of N-glycoside :- 

 

The Anomeric Effect :- 

When glucose reacts with an alcohol to form a glucoside, the major product becomes the α-

glucoside. Since acetal formation is reversible, the α-glucoside must be more stable than the β-

glucoside. The preference of certain substituents bonded to the anomeric carbon for the axial 

position is called the anomeric effect. 

Reason for Anomeric effect :- 

The orbital containing the axial lone pair of the ring oxygen can overlap the σ* orbital only if the 

substituent is axial. If the substituent is equatorial, neither of the orbitals that contain a lone pair 

is aligned correctly for overlap 

 

Note :- Due to anomeric effect C-Z  bond is longer and weaker and the C-O bond within the ring 

is shorter and stronger than normal. 

Reducing and Nonreducing Sugars :- 

Reducing sugar :-  

A sugar with an aldehyde, a ketone, a hemiacetal, or a hemiketal group is a reducing sugar. 

Reason :- Hemiacetals (or hemiketals) are in equilibrium with the open-chain sugars in aqueous 
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solution. So as long as a sugar has an aldehyde, a ketone, a hemiacetal, or a hemiketal group, it is 

able to reduce an oxidizing agent and therefore is classified as a reducing sugar 

Non –Reducing sugar :- 

A sugar without an aldehyde, a ketone, a hemiacetal, or a hemiketal group is a nonreducing 

sugar.They have acetal group. 

Reason :- Because glycosides are acetals (or ketals), they are not in equilibrium with the open 

chain aldehyde (or ketone) in neutral or basic aqueous solutions. Because they are not in 

equilibrium with a compound with a carbonyl group, they cannot be oxidized by reagents such as 

Ag
+
 and Br2. 

Note :- Condition for reducing sugar is free anomeric OH and for non-reducing no free OH 

group. 

Determination of Ring Size :- 

First Method :- In this procedure, treatment of the monosaccharide with excess methyl iodide 

and silver oxide converts all the OH groups to OCH3 groups. Acid-catalyzed hydrolysis of the 

acetal then forms a hemiacetal, which is in equilibrium with its openchain form. The size of the 

ring can be determined from the structure of the open-chain form because the sole OH group is 

the one that had formed the cyclic hemiacetal. 

 

 

Method 2 :- By Action of periodic acid  

Periodic acid cleaves 1, 2 - diols 
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Ques 3:- What happens when 1,2,3-diol is treated with periodic acid. 

Ans = α-hydroxyaldehyde is formed when periodic acid cleaves a 1, 2, 3 - diol is further oxidized 

to formic acid and another aldehyde. 

 

Cleavage of a six-membered-ring acetal :-  

 

Cleavage of a five-membered-ring acetal :- 

 



© Career Avenues Publication 

 

© Career Avenues Publication   B23 

 

Basis of distinction between two rings :- Products obtained from periodate cleavage of a six-

membered-ring acetal are different from those obtained from cleavage of a five-membered-ring 

acetal. 

Disaccharides :- 

Disaccharides are compounds consisting of two monosaccharide subunits hooked together by an 

acetal linkage. It contains two D-glucose subunits hooked together by an acetal linkage. This 

particular acetal linkage is called an α-1,4’-glycosidic linkage. The linkage is between C-1 of one 

sugar subunit and C-4 of the other.The oxygen atom involved in the glycosidic linkage is in the 

α-position that’s why α-1,4’-glycosidic linkage. 

 

GATE TIP :- Maltose is a reducing sugar because the right-hand subunit is a hemiacetal and 

therefore is in equilibrium with the open-chain aldehyde that is easily oxidized. 

 

Note :- It has free anomeric OH group thus when OH group is bonded to axial position , it is α-

maltose and when OH group is bonded to equitorial position it is called β-maltose. 

Cellobiose :- 

In it two glucose subunits are hooked together by a β-1,4’-glycosidic linkage. 
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GATE TIP :- Cellobiose is a reducing sugar because the subunit on the right is a hemiacetal and 

it has free anomeric OH group. 

Lactose :-  

Lactose is a disaccharide found in milk. Lactose constitutes 4.5% of cow’s milk by weight and 

6.5% of human milk. One of the subunits of lactose is D-galactose, and the other is D-glucose. 

The D-galactose subunit is an acetal, and the D-glucose subunit is a hemiacetal. The subunits are 

joined through a β-1,4’ glycosidic linkage.  

Note :- Because one of the subunits is a hemiacetal, lactose is a reducing sugar and undergoes 

mutarotation. 

 

Sucrose :- 

The most common disaccharide is sucrose (table sugar). Sucrose is obtained from sugar beets 

and sugarcane.. Sucrose consists of a D-glucose subunit and a D-fructose subunit linked by a 

glycosidic bond between C-1 of glucose (in the α-position ) and C-2 of fructose (in the β-

position). 

Note :- Sucrose is not a reducing sugar and does not exhibit mutarotation because the glycosidic 

bond is between the anomeric carbon of glucose and the anomeric carbon of fructose. Sucrose, 

therefore, does not have a hemiacetal or hemiketal group, so it is not in equilibrium with the 

readily oxidized open-chain aldehyde or ketone form in aqueous solution 
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Sucrose has a specific rotation of +66.5

o
. When it is hydrolyzed, the resulting equimolar mixture 

of glucose and fructose has a specific rotation of -22.0
o
. Because the sign of the rotation changes 

when sucrose is hydrolyzed, a mixture of 1:1 glucose and fructose is called invert sugar. The 

enzyme that catalyzes the hydrolysis of sucrose is called invertase. 

Polysaccharides 

Starch :- 

Starch is a mixture of two different polysaccharides: amylose (about 20%) and amylopectin 

(about 80%). 

Amylose :- 

Amylose is composed of unbranched chains of D-glucose units joined by α-1,4’ glycosidic 

linkages. 

 

Amylopectin :- 

Amylopectin is a branched polysaccharide and consist of α-1,4’ glycosidic linkages and α-1,6’ 

glycosidic linkages. 
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Cellulose :- 

Cellulose is the structural material of higher plants.It consist of unbranched chains of D-glucose 

units joined by β-1,4’ glycosidic linkages. 

 

 

                

 

 


