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Disaccharides
Definition
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• Disaccharides are carbohydrates consisting of two

monosaccharide units linked via a glycosidic bond.

• These disaccharides may be reducing or non-reducing

sugars depending on the regiochemistry of the glycosidic

linkage between the two monosaccharides.
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Nomenclature of Disaccharides
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• Since disaccharides are glycosides with two monosaccharide

units linked through a glycosidic bond, their nomenclature

requires the formulation of priority rules to identify which of

the two monosaccharides of a disaccharide provides the

parent name of the disaccharide and which one will be

considered the substituent.

• The nomenclature of disaccharides is based on the following

considerations:

i. Disaccharides with a free hemiacetal group (Reducing

disaccharide)

ii. Disaccharides without a free hemiacetal group (Non-

Reducing Disaccharide)



Nomenclature of Reducing Disaccharides
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• A disaccharide in which one glycosyl unit appears to have

replaced the hydrogen atom of a hydroxyl group of the other

is named as a glycosylglycose. The locants of the glycosidic

linkage and the anomeric descriptor(s) must be given in the

full name.

• The parent sugar residue in such a reducing disaccharide is

chosen on the basis of the following criteria:

• The parent sugar residue is the one that includes the

functional group most preferred by general principles of

organic nomenclature.

• Since aldehyde > ketone, it follows that aldose > ketose.



Nomenclature of Reducing Disaccharides
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• Bearing in mind that one of the sugar residues of a reducing

disaccharide is a complete acetal (non-reducing sugar

residue) and the other one is a hemiacetal (reducing sugar

residue; since it is in equilibrium with the open chain aldose

or ketose form and can, therefore, be potentially considered

an aldehyde or ketone); on the basis of the latent functional

groups of the two sugar residues, an aldehyde or a ketone

has higher priority over a ether functional group.

• Consequently, the sugar residue at the reducing end of the

disaccharide has higher priority and becomes the parent

sugar residue of the disaccharide.



Nomenclature of Reducing Disaccharides
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• In deriving the names of such reducing disaccharides, the

non-reducing sugar residue of the disaccharide is given the

suffix ‘-yl’ (note that this is the extention usually applied to

substituents).

Note that glucose is the C-3 epimer of allose



Nomenclature of Non-Reducing Disaccharides
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• A disaccharide that can be regarded to be formed by the

reaction at the respective anomeric hydroxyl groups of the

component sugar residues is named as a glycosylglycoside.

The anomeric descriptor(s) of the glycosidic linkage must be

included in the full name.

• The parent sugar residue (cited as the glycoside component)

in such a non-reducing disaccharide is chosen on the basis

of the following criteria:

(I) The parent with the greatest number of carbon atoms in

its open chain form of the monosaccharide sugar.

(ii) For residues with the same number of carbon atoms, the

parent that potentially includes the functional group most

preferred by general principles of organic nomenclature

(e.g. aldose > ketose).



Nomenclature of Non-Reducing Disaccharides
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(I) The parent with the greatest number of carbon atoms in its

open chain form of the monosaccharide sugar.



Nomenclature of Non-Reducing Disaccharides
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(ii) Residues with the same number of carbon atoms: The

parent is the aldose residue > ketose residue



Nomenclature of Non-Reducing Disaccharides
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• If the sugar residues connected at their anomeric centre

contain the same number of carbon atoms and both sugar

residues are potential aldoses or ketose, the parent is the

sugar residue that comes first in alphabetical listing of:

(i) the trivial name of the sugar i.e.. Thus, a-D-glucopyranosyl-

a-D-allopyranoside and allose rather than glucose not a-D-

allopyranosyl-a-D-glucopyranoside.
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Nomenclature of Non-Reducing Disaccharides
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• If the sugar residues connected at their anomeric centre

contain the same number of carbon atoms and both sugar

residues are potential aldoses or ketose, the parent is the

sugar residue that comes first in alphabetical listing of:

(ii) the configurational symbol D rather than L. Thus, a-L-

glucopyranosyl-a-D-glucopyranoside and not a-D-

glucopyranosyl-a-L-glucopyranoside.



Nomenclature of Non-Reducing Disaccharides
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• If the sugar residues connected at their anomeric centre

contain the same number of carbon atoms and both sugar

residues are potential aldoses or ketose, the parent is the

sugar residue that comes first in alphabetical listing of:

(iii) the anomeric symbol a rather than b. Thus, b-D-

glucopyranosyl-a-D-glucopyranoside and not a-D-

glucopyranosyl-b-D-glucopyranoside.

(b-D-Glucopyranosyl)-a-D-glucopyranoside
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Properties of Disaccharides
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• Like their monosaccharide precursors, disaccharides are

soluble in water.

• They have the characteristic sweet taste we associate with

sugar.

• They may either be homodisaccharides (A disaccharide

which on hydrolysis is cleaved to two monosaccharides that

are the same) or heterodisaccharides (A disaccharide which

on hydrolysis is cleaved to two monosaccharides that are

different).

• Maltose is a disaccharide made of two glucose units, but

sucrose (common table sugar), another disaccharide, is

made of two different monosaccharide units: glucose and

fructose.



Natural Disaccharides
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• A number of these disaccharides can be obtained from

nature. The most common natural disaccharides are

maltose, lactose and sucrose.

• These disaccharides may be reducing or non-reducing

depending on the regiochemistry of the glycosidic linkage

between the two monosaccharides.



Linkages in Natural Disaccharides
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• Although, the anomeric carbon of one monosaccharide can

be linked to any one of the hydroxyl groups of the other

sugar, in natural disaccharides, there are two common

glycosidic linkages:

(a) A 1,4’-Glycosidic linkage: The anomeric carbon is bonded

to the oxygen atom on C-4 of the second sugar. The

prime symbol (‘) in 1,4’ indicates that C-4 is on the second

sugar residue. This is the most common glycosidic

linkage.

(b) A 1,1’-Glycosidic linkage: The anomeric carbon of the first

sugar is bonded through an oxygen atom to the anomeric

carbon of the second sugar residue.



Natural Disaccharides with 1,4-Glycosidic Linkages
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• The 1,4’-linkage is the most common glycosidic linkage in

nature and is found in such disaccharides as maltose,

cellobiose and lactose.



Natural Disaccharides with 1,4-Glycosidic 
Linkages: Lactose
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• Metabolism of lactose begins by its hydrolysis to D-galactose

and D-glucose by the enzyme lactase.

• Lactose (also known as “milk sugar”) is the only

carbohydrate that mammals synthesize. It is synthesized in

the mammary glands and occurs naturally in the milk of most

mammals, including cows and humans.

• Lactose constitutes 2 to 6 percent of milk.

• It is the carbohydrate of milk that serves as the principal

source of energy for the mammalian young.



Acid-Catalysed Hydrolysis of Lactose

1810:51 AM

• Lactose undergoes acid-catalysed hydrolysis to the

monosaccharide sugars: D-galactose and D-glucose. This

suggests that lactose is a heterodisaccharide composed of

D-galactose and D-glucose residues connected in some

form.

• This process, however, does not provide information on the

order (sequence) in which the D-galactose and D-glucose

are linked, the stereochemistry (a or b) of the glycosidic

bond or the regiochemistry of the linkage (whether it is 1,4 or

1,1 glycosidic linkage?).



Enzymatic Cleavage of Lactose
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• Only a b-galactosidase (lactase) cleaves lactose. This

suggests that the lactose is a b-galactoside and the

galactose residue is the glycosyl donor.

• Note that lactose is not hydrolysed by an a-galactosidase, a-

glucosidase or b-glucosidase.

• The enzyme lactase is present in digestive fluids of normal

infants to hydrolyse their mothers’ milk. Once the child stops

drinking milk, production of the enzyme gradually stops.

• Some humans’ biosynthesize lactase and others do not. A

deficiency of lactasecmakes it difficult to digest lactose and

causes abdominal discomfort. Lactose intolerant infants must

drink soybean milk or another lactose-free formula.



Properties of Lactose:  Mutarotation
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• Since the left galactosyl residue of lactose is a complete

acetal and cannot anomerize, while the right glucose residue

is a hemiacetal and can anomerize, lactose mutarotates.

• Since the equilibrium rotation is closer in value to the initial

rotation of β-lactose, the mixture must contain more of this

isomer.



Oxidation of Lactose: A Reducing Sugar
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• Because lactose has a glucose unit in the hemiacetal form

(which is in equilibrium with its open-chain aldehyde form), it

reduces the Tollens reagent to silver metal and decolourizes

bromine-water and is therefore a reducing sugar .

• A reducing sugar gives limited information on the

regiochemistry of the glycosidic linkage of the disaccharide.

It simply rules out a 1,1’-glycosidic linkage.



Permethylation / Hydrolysis of Lactose
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• Exhaustive methylation of lactose followed by the hydrolysis

of the permethylated lactose can help provide information on

the regiochemistry of the galactosidic bond linkage as well as

the ring systems (furanoses or pyranoses) present.

• The structure of the hydrolysed permethylated lactose can

help confirm or determine the regiochemistry of the

glucosidic linkage as being a 1,4-glycosidic linkage.



Natural Disaccharides with 1,1’ or 1,2’-Glycosidic 
Linkages
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• Some sugars are joined by a direct glycosidic linkage

between their anomeric carbon atoms: a 1,1’-linkage as in

a,a-trehalose or a 1,2’-linkage as in sucrose.

• These sugars are non-reducing sugars since the component

monosaccharide sugar residues are complete acetals at their

respective anomeric centres.



Natural Disaccharides with 1,2’-Glycosidic 
Linkages: Sucrose
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• Sucrose is chiefly found in sugar cane and sugar beet.

• Although many carbohydrates are sweet, sucrose has

become the sugar of commerce, primarily because of the

ease by which it is obtained in high purity from sugar cane.

• Sucrose goes by other names such as ‘Table sugar, Cane

sugar, and Saccharose’.



Acid-Catalysed Hydrolysis of Sucrose
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• Acid–catalysed hydrolysis of sucrose provides D-glucose

and D-fructose. Consequently, sucrose is a

heterodisaccharide composed of glucose and fructose

residues linked in some way.

• Although the hydrolysis provides information on the

composition of sucrose, it does not provide information on the

regiochemistry of the glycosidic bond i.e the centres at which

the sugar residues are linked.



Enzymatic Cleavage of Sucrose
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• Sucrose is hydrolysed by both b-D-fructofuranosidase

(invertase in bees) and a-glucosidase (maltase in the small

intestine) to D-glucose and D-fructose.

• The enzyme b-glucosidase (emulsin) does not hydrolyse

sucrose. This suggests that the glycosidic linkage in sucrose

is in the a-orientation with respect to the glucose residue and

in the b-orientation with respect to the fructose residue.



Enzymatic Cleavage of Sucrose: Honey
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• The making of honey, a supersaturated mixture of glucose

and fructose, begins when foraging bees collect nectar (a

mixture of sucrose and other sugars) from flowers.

• The bees hydrolyse the sucrose using invertase (b-D-

fructofuranosidase). The resulting mixture is called invert

sugar because the hydrolysis of sucrose converts the

positive rotation [+66o] of sucrose to a negative rotation that

is the average of D-glucose [+52o] and D-fructose [-92o].

• The fructose in honey is mainly the b-D-fructofuranose,

which is one of the sweetest substances known. It is about

twice as sweet as any of the anomers of D-glucopyranose

and much sweeter than a-D-fructofuranose.

• The sweetness of honey gradually decreases at high

temperature as interconversion between anomers occurs.

Thus, honey is best used in sweeting cold but not hot drinks.



Properties of Sucrose: A Non Reducing Sugar
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• Sucrose is a non-reducing sugar. Neither, does it generate a

silver mirror with the Tollens reagent, decolourize bromine-

water, nor mutarotate.

• All these properties are attributed to the fact that sucrose

being a complete acetal at both its sugar residues can not

exist in equilibrium with its open chain aldehyde and ketone

form.



Sucrose:  The Significance of Lack of Mutarotation
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• The chemical composition of sucrose is the same

irrespective of its source; cane sugar and beet sugar are

chemically identical. Since sucrose does not have a free

anomeric hydroxyl group, it does not undergo mutarotation.

• Sucrose has become the sugar of commerce, primarily

because of the ease by which it is obtained in high purity

from sugar cane or sugar beets. Sucrose is stable. It is not

damaged by air.

• Sucrose forms a major element in confectionery and

desserts. Cooks use it for sweetening: its fructose

component, which has almost double the sweetness of

glucose, makes sucrose distinctively sweet in comparison to

other carbohydrates.



Permethylation / Hydrolysis of Sucrose
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• Permethylation and hydrolysis of sucrose provides 2,3,4,6-

tetra-O-methyl-D-glucose and 1,3,4,6-tetra-O-methyl-D-

fructose.

• These results show that glucose and fructose are linked at

their anomeric centres and that the fructose residue is in the

furanose form.



Structure Determination of Natural Sugars
Key Information

3110:51 AM

• Very often, the carbohydrates isolated from nature require structure

elucidation. Structure determination of glycosides is highly of

pharmacological interest and relevance since structure and

bioactivity of these glycosides are closely related.

• Structure analysis of an unknown glycoside aims to unravel the

following aspects of the structure of the glycoside:

i. The nature and mole ratios of the monosaccharide building

blocks;

ii. To establish whether the monosaccharides exist as the

furanoid or pyranoid forms in the glycoside;

iii. The regiochemistry (1,1-, 1,2-, 1,4- or 1,6-) of the glycosidic

linkage and stereochemistry (a or b-glycosidic linkage) and

iv. The monomer sequence in the glycoside.



Structure Determination of Natural Disaccharides
Key Questions
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Some of the essential questions whose answers must guide the

drawing of the structure of an unknown carbohydrate are:

(a) Is the unknown carbohydrate a reducing or non-reducing sugar?

(b) How many and what monosaccharide residues is it composed of?

This is determined from the mass spectra and the hydrolysis

(either enzymatic or acid hydrolysis) of the carbohydrate.

(c) What is the regiochemistry (1,1; 1,2; 1,4 or 1,6-) of the glycosidic

linkages between the monosaccharides of the unknown

carbohydrate? This is determined from the permethylation and

hydrolysis results of the unknown.

(d) What is the stereochemistry (a- or b-) of the glycosidic linkages

between the respective monosaccharides? This is determined

from the enzymatic hydrolysis of the carbohydrate.

(e) For reducing heteropolysaccharides, it is usually necessary to

determine the order in which the monosaccharide residues are

linked. This information will come from the permethylation and

hydrolysis studies and also the enzymatic hydrolysis.



Structure Determination of Natural Disaccharides
Sample Questions
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A non-reducing disaccharide isotrehalose (C12H22O11) was

recently isolated from a genetically modified mushroom. This

disaccharide was found to undergo hydrolysis by both an a-

glucosidase and b-glucosidase to glucose only. When the

disaccharide was permethylated using CH3I and Ag2O and then

hydrolysed in dilute acid, the only product isolated was 2,3,4,6-

tetra-O-methyl-D-glucose. Propose a structure and systematic

name for isotrehalose.



Structure Determination of Natural Disaccharides
Sample Solution
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• That the formula is C12H22O11 implies that isotrehalose is a

disaccharide composed of two hexoses.

• That hydrolysis gives only D-glucose serves to identify the

two hexoses. Hence isotrehalose is a disaccharide

composed of identical sugar residues i.e it is a

homodisaccharide.

• That the disaccharide is a non-reducing disaccharide clearly

serves to indicate the regiochemistry of the linkage as 1,1’-

glucosidic linkage.



Structure Determination of Natural Disaccharides
Sample Solution
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• The regiochemistry of the glycosidic linkage between the two

glucose residues can be verified from the outcome of the

permethylation and subsequent hydrolysis with dilute HCl.

• The question is how to link two of these residues to form a

disaccharide that fits the experimental data.

• The two glucose residues can only be linked through their

anomeric hydroxyl groups. Consequently, we must be having

a 1,1’-glycosidic linkage that provides a non reducing sugar

that isotrehalose is stated to be.



Structure Determination of Natural Disaccharides
Sample Solution
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• But then there are three possible anomers that can have a 1,1'-

glycosidic linkage.



Structure Determination of Natural Disaccharides
Sample Solution
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• Since hydrolysis of isotrehalose is effective with both an a-

glucosidase and a b-glucosidase, its 1,1-glycosidic linkage

must be composed of both an a-glycosidic and b-glycosidic

bond. The stereochemistry at the glycosidic linkage must

correspond to that present in the a,b-anomer.

• The structure and systematic name of isotrehalose is

therefore the one shown below:


