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5.4: Reactions of monosaccharides

&b Learning Objectives

e Write and understand chemical reactions of monosaccharides, including conversion of cyclic hemiacetal to glycosides and
N-glycosides, oxidation of open-chain aldehyde form to aldonic acids, and reduction to alditols.
o Define reducing sugars with the examples of D-glucose and D-fructose.

Glycosidic bond formation

Aldehydes and ketones react with alcohols to form hemiacetals. If the alcohol reagent is in excess, a second molecule of the alcohol
reacts and converts hemiacetal to acetal. Acetals can be isolated. Acetals convert to alcohol and the aldehyde or ketone when their
aqueous solution is acidified, as shown in the general reaction below.
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Cyclic (pyranose and furanose) forms of monosaccharides are hemiacetals that react with alcohols to form acetals.
Glycosides are the acetals of monosaccharides. The glucose formed by a reaction with alcohol is also called O-glycoside.

For example, S-D-glucopyranose reacts with methanol to form glycosides, shown in Figure 5.4.1.
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Figure 5.4.1: Conversion of S-D-glucopyranose to its methyl glycosides. Mixture of a and 3 glycosides is produced, irrespective
of whether the reactant is o or 8 form of the carbohydrate.(Copyright; Public domain)

# Glycoside and glycosidic bond

An acetal of a monosaccharide is a glycoside. The bond between anomeric C to the new ether —OR group in the glycoside is
called the glycosidic bond. Anomeric C and glycosidic bonds are indicated by red arrows in Figure 5.4.1.

Glycoside is named by replacing the last e of the carbohydrate name with ide and adding the name of the alkyl part of the new
ether —OR group as a prefix separated by a hyphen. For example, 8-D-glucopyranose reacts with methanol to form methyl-3-
D-glucopyranoside and methyl-a-D-glucopyranoside, as shown in Figure 5.4.1.

Since monosaccharides have many alcohol groups, two monosaccharides can react with each to form a glycoside, called a
disaccharide, three can form a trisaccharide, and many can form a pelysaccharide. The di-, tri-, and polysaccharides can be
hydrolyzed to monosaccharides in an acidic aqueous solution.

# Monosaccharide, disaccharide, oligosaccharide, and polysaccharide

A carbohydrate that can not be hydrolyzed to a simpler carbohydrate is a monosaccharide, e.g., D-glucose. A glycoside of two
monosaccharides is a disaccharide, e.g., cellobiose. A glycoside of three to ten monosaccharides is an oligosaccharide, e.g., a
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fragment of cellulose. A glycoside of more than ten monosaccharides is a polysaccharide, e.g., cellulose. The figure below
illustrates the structures of D-glucose -a monosaccharide; cellobiose -a disaccharide; and cellulose, -a polysaccharide.

ah N o s o
H P H oo Hond H P H P H 0\.\10*\ H O(\P\x

My Ho Mo Mo Mo Ho

M o "o LIop OH H(;Q HoS HOS Hog o
H H H H H H
OH OH OH
) o ) N , i §oonl Aoon b on b on

p-D-glucose cellobios cellulose n

Amines react with hemiacetals forms of monosaccharides the same way as alcohols and produce N-glycosides. For example, 3-D-
2-deoxyribose reacts with thymine and produced an N-glycoside called deoxythymidine, a part of a monomer of DNA molecule, as
shown in the figure below.
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-D-2-Deoxyribose (a monosaccharide)

d Exceptions to the general formula of carbohydrates

The general formula of carbohydrates is Cy, (H,O) , and usually for monosaccharides m is equal to n, i.e., C-, (H,0) or
C,H, O,. However, there are exceptions.

Doxythymidine (an N-glycoside)

 Carbohydrates do not necessarily conform to this formula. For example, 3-D-2-Deoxyribose C;H,,0, has less O's than
what is dictated by the general formula.

o Compounds following this general formula are not necessarily always carbohydrates. For example, acetic acid C,H,O,
follows the general formula, but it is not a carbohydrate.

Oxidation to aldonic acids

Aldehydes are oxidized by a variety of reagents to carboxylic acids. Similarly, the aldehyde group (—CHO) of the open-chain form
of aldoses is oxidized to a carboxylic acid (—COOH) group by oxygen O, in the presence of enzymes called oxidases. The acid is
named by replacing the suffix -ose of the class name aldose with --onic acid. For example, D-glucose is oxidized to D-gluconic
acid. Since, —COOQOH exists in ionized (—COQO™) form, the suffix -onic acid is replaced with -onate for the ionized form. For
example, D-glucose is oxidized to D-gluconate, as shown in the figure below.

HC¢O O\C¢O
H——O0H H——0H
HO——H Oxidizing agent ~ HO——H
_— =
H—7—0H (basic conditions) H—1—0OH
H—]—0H H——0H
CH,OH CH,OH
D-glucose D-gluconate

X Reducing sugars

A carbohydrate that reacts with a mild oxidizing agent under alkaline conditions to form an aldonic acid (or aldonate anion
in physiological conditions) is called a reducing sugar. For example, D-glucose is a reducing sugar, as shown in the figure
above. The carbohydrate reduces the oxidizing agent.

Common reagents used to test the presence of a reducing sugar include Tollen's reagent in which Ag" is reduced to Ag that
forms a silver mirror on the glass, and Benedict's reagent in which Cu® " is reduced to Cu" that forms red color precipitate

https://chem.libretexts.org/@go/page/423682


https://libretexts.org/
https://en.wikipedia.org/wiki/Public_domain
https://chem.libretexts.org/@go/page/423682?pdf

LibreTextsw

Cu, O, as shown in Figure 5.4.2.

Figure 5.4.2: Tests for reducing sugars: silver mirror test forming silver mirror as a positive test (left) and Benedict's test
forming red color precipitate as a positive test (right). (Copyright; silver mirror test: K1954, Public domain, via Wikimedia
Commons, Benedict's test: Psgs123xyz at English Wikipedia, CCO0, via Wikimedia Commons)

Although open-chain form is in small concentration at equilibrium, it is continuously formed from the hemiacetal forms as the
oxidation reaction removes it. The 2-ketoses are also reducing sugars. This is because 2-ketoses exist in equilibrium with the
corresponding aldoses under the basic conditions. The aldose form is the actual reducing agent in this mixture. For example, D-
fructose is a reducing sugar. D-fructose exists in equilibrium with D-glucose in basic conditions, where D-glucose is the
reducing agent, as illustrated in the figure below.
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X Diabetes and blood-sugar test

D-Glucose is also called blood sugar, as it is normally present in blood at about 70 mg/dL to 130 mg/dL. It may rise up to 140
mg/dL after eating food, but it returns to the normal range in healthy persons. Enzyme insulin controls blood sugar. If blood
glucose control is not functioning properly, the blood glucose may stay higher than normal -a condition called hyperglycemia
or diabetes; or it may stay below the normal level -a condition called hypoglycemia.

Blood glucose is usually tested based on enzyme-catalyzed reactions. Glucose oxidase enzyme oxidizes 3-D-glucose using O,
to D-gluconate and hydrogen peroxide H,O,. a-D-glucose does not react directly, but it converts to 3-D-glucose as the latter
is consumed. A second enzyme, peroxidase, causes H, O,, to react with 2-methylaniline and produces a colored product that is
monitored to measure blood glucose, as illustrated in the figure below.
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p-D-glucopyranose CH,OH

D-gluconic acid

Reduction to alditols

Aldehydes are reduced to alcohols by a variety of reducing agents. Aldoses in the open-chain form are reduced by reducing agents
like sodium borohydride (NaBH,), H, in the presence of Pt, Pd, or Ni. Oxidases enzymes are reducing agents in biochemical
systems. Although open-chain aldehyde form is in small concentration in the equilibrium mixture, cyclic hemiacetal forms convert
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to open-chain form as the latter is consumed. The product alcohol is named by replacing -ose suffix of the aldose name with -itol.
For example, D-glucose is reduced to D-glucitol, as shown below.
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D-glucitol is found in berries, cherries, plums, pears, seaweed, and algae. It is commonly known as D-sorbitol and is a sugar
substitute for diabetes. Other alditol examples include D-erythritol, D-mannitol, and D-xylitol. D-xylitol is used in cereals,

sugarless candies, and gums.
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