Series N°01: Structure of Carbohydrates :

Exercise N°1 :
I- Propose a simple flowchart classification of carbohydrates.
II- Consider the following carbohydrate:  CH2OH-CO-CHOH-CHOH-CHOH-CH2OH
1. To which group does it belong? Justify your answer.
2. Number the carbon atoms of this carbohydrate.
3. Limiting to the linear form, specify the number of isomers corresponding to its formula.
4. Represent all these stereoisomers.
Exercise N°2:
A. Consider the following carbohydrates:
D-glucose, L-glucose, D-glucosamine, D-galactose, L-mannose, and D-fructose.
Answer the following about them:
a- Name those that are optical isomers,
b- Name those that are epimers ,
c- Name the one(s) that possess(es) reducing power
B. Consider the sugar with the following formula CH2OH-(CHOH)3 CHO
1. Write the compound according to Emil Fischer's representation.
2. How many optical isomers are there?
3. Classify them in pairs of epimers.
4. Classify them in pairs of enantiomers.
5. Classify them in pairs of diastereoisomers.
Exercise N°3:
D-talose is an epimer at C2 of D-galactose. Give the linear structure of D-galactose; the definition of epimeric sugars; the linear structure of D-talose; the cyclic structure of D-galactose and D-talose.
Exercise N°4:
a) Write the formulas of all possible tetroses corresponding to the empirical formula:
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b) The attack by hydrocyanic acid provides compounds that undergo hydrolysis. What new compounds are obtained?
c) By reduction, aldopentoses are obtained. What can be deduced about the relative configuration of D-ribose and D-arabinose?
Exercise N°5
  A freshly prepared solution of the α form (1 g/ml in a 10 cm cell) has an optical rotation of +150.7°. If this solution is left for an extended period, the rotation gradually decreases and reaches an equilibrium value of +80.2°. Conversely, a freshly prepared solution (1 g/ml) of the β form shows an optical rotation of only +52.8°. Similarly, when the solution is kept for several hours, the rotation increases to an equilibrium value of +80.2°.
a) Draw the formulas in Haworth representation of the α and β forms of D-Galactose. What is the characteristic that distinguishes the two forms?
b) Why does the rotation of a freshly prepared solution of α form gradually decrease with time? Explain.
c) Calculate the percentage composition of the two forms of Galactose at equilibrium.
Exercise N°6:
Explain the phenomenon of mutarotation of glucose. Why does the rotatory power of a freshly prepared solution of α-D-glucose change over time?
Exercise N°7:
  A hexose X is reduced by Na amalgam giving D-sorbitol. When treated with phenylhydrazine, it gives the same osazone as D-glucose. It does not react with iodine.
What are the possible linear and cyclic formulas of hexose X?
Exercise N°8:
1- What are the meanings of the letter D and the sign (-) for D(-) fructose?
2- For what reason is dihydroxyacetone optically inactive?
3- Does sucrose have rotatory power?
4- What is the specific rotatory power of an aqueous solution of D-glyceraldehyde at 100 g/L that has a rotatory power of 2.7° at 20°C (the length of the polarimeter tube is 20 cm)?
Exercise N°9:
  Indicate whether each of the following pairs of sugars is formed by a pair of anomers, epimers, diastereoisomers, enantiomers, or an aldose-ketose pair: D-Glyceraldehyde and Dihydroxyacetone; D-Glucose and D-Mannose; D-Glucose and D-Fructose; α-D-Glucose and β-D-Glucose; D-Ribose and D-Ribulose; D-Galactose and D-Glucose; D-Mannose and D-Galactose.
Exercise N°10: 
From the linear forms shown below, represent the cyclic formulas corresponding to the following compounds:
	α- D-idopyranose.
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	β-D-idofuranose.

	

	α- D-psicofuranose. 

	

	β-D-psicopyranose. 
	


Exercise N°11:
a) Write the formula of sucrose (α-D-glycopyranosyl 1→2 β-D-fructofuranoside) such that the cycle of both is on the same horizontal plane and their anomeric carbons are adjacent.
b) Name the enzyme(s) for hydrolysis of this diholoside. Is this compound reducing? Why?
c) After total hydrolysis, how many different osazones are obtained by the action of phenylhydrazine?

Exercise N°12:
1-Explain the principle and interest of methylation of oses and osides
2-Consider the following carbohydrates:
Carbohydrate A: beta-D-galactopyranosyl(1->4)-beta-D-galactopyranose;
Carbohydrate B: alpha-D-glucopyranosyl(1->4)-alpha-D-glucopyranose;
Carbohydrate C: alpha-D-glucopyranosyl(1->2)-beta-D-fructofuranose
a/ Give the formulas of carbohydrates A, B and C in Haworth's cyclic representation.
b/ Give the names of the 3 carbohydrates.
c/ What property(ies) of the 3 carbohydrates is(are) explained by the glycosidic bond?
d/ What are the products obtained by methylation of the 3 carbohydrates?
e/ What are the products obtained by methylation followed by acid hydrolysis of the 3 carbohydrates?
Exercise N°13:
Consider the following cyclic structure:
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1) Give the name of this structure?
2) Deduce the linear presentation?
3) Show on the diagram how many molecules of periodic acid (HIO4) this structure consumes?
4) Give the final result of this oxidation?
Exercise N°14:
A-Melezitose is a triholoside found in sap. It is α D-glucopyranosyl(1-3) β D-fructofuranosyl(2-1) αD-glucopyranoside.
1. Write the chemical structure of this compound.
2. What products are obtained from melezitose by methylation followed by acid hydrolysis?
B-A reducing diholoside is subjected to the action of methyl iodide in the presence of silver oxide. The methylated derivative obtained is then hydrolyzed in acidic medium and the hydrolysate is then subjected to gas chromatography. The following compounds are identified in equal quantities:
2,3,4,6-tetra-O-methyl-D-glucopyranose
2,3,6-tri-O-methyl-D-glucopyranose
Deduce the formula of the diholoside. What information is missing to be able to give it a name with certainty?
Exercise N°15:
In an extract of gentian root, a triholoside (gentianose) is isolated, and we propose to study its structure.
When heated in the presence of Fehling's solution, it remains blue.
1. What can be said about the type of glycosidic bond that links the three oses of this triholoside?
2. In acidic medium, the triholoside undergoes total hydrolysis. The hydrolysate subjected to chromatography reveals the presence of glucose and fructose. The ketose/aldose ratio is 1/2. Indicate the two possibilities of combination of the three oses among themselves.
3. By the action of a β-glucosidase, the following products are obtained:
- β-D-glucopyranose
- α-D-glucopyranosyl (1-2) β-D-fructofuranoside
Write the formulas of these compounds and indicate the common name of the diholoside.
4. By the action of a β-D-fructosidase, the following products are obtained:
- β-D-fructofuranose
- a reducing diholoside which, after methylation and acid hydrolysis, gives:
2,3,4,6-tetra-O-methyl-D-glucopyranose
2,3,4-tri-O-methyl-D-glucopyranose.
Write the formula of this last diholoside, reconstruct the semi-developed formula of gentianose and give its full name.
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