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Introduction
Dear students!

The course of bioorganic chemistry consists of lectures and laboratory practical classes. The work in laboratory traditionally includes practical work, tests, laboratory work and its discussion.

The purpose of the practical work is to consolidate and develop the knowledge obtained. Students discuss the most important questions, solve the tasks, work with molecular models, charts, visual aids. All these promote conversion of knowledge into skills.

Self-work is the main way to obtain knowledge. This guide will help you to organize your work effectively. The student’s knowledge is checked at the beginning of the lesson as analysis of the initial level of the knowledge is necessary to study the subject. When student works regularly, the amount of information gained increases from lesson to lesson.

The course of bioorganic chemistry comprises a lot of practical material basing on the theoretical fundamentals of the structure and reactivity of organic substances. It is not enough to memorize some theoretical data. It is important to be able to apply theory in practice.

Work safety

1. The students are not allowed to wear overcoats at the department.

2. The students should wear white gowns in the classes.

3. During the work the students should keep silence, be neat, accurate, they shouldn’t be hasty.

4. The students working in the laboratory should not be admitted by outsiders.

5. The students are forbidden to perform the work, which is not connected with the subject of the lesson.

6. Before starting the work it is necessary to learn the technique of the work, to check if the equipment is fitted properly and the substances taken correspond to those in the description of the work.

7.  When a solution is heated in a tube take care to direct the opening away from the working student and from those standing nearby.

8. Do not stoop over the liquid being heated to avoid splashes to the face.

9. When determining the odor of the substance direct the air current from the vessel with a light movement of the hand. Carefully breathe in a small amount of the air.

10. Diluting alkali and concentrated acid, add the alkali or acid to the water, not vice versa.

11. After finishing the work, wash the chemical utensils, turn off the water, gas, electric appliances and tidy your working place.

12. After finishing the work in the laboratory, wash your hands carefully.

Theoretical fundamentals of structure and reactivity of bioorganic compounds
Subject  1.
Classification, isomerism and nomenclature of bioorganic substances.

Nature of chemical bond

Purpose
To study the structure and isomerism of the most important classes of mono-, poly- and heterofunctional compounds. To train the skill of using chemical nomenclature to the names of biologically active substances.

Characteristics of the subject
When studying the chemical processes, which take place in the organism, you will meet numerous organic substances. To know all variety of substances, it is necessary to know their scientific classification and nomenclature.

Objectives
1. To know the classification of organic substances according to the carbon skeleton and functional group.

2. To be able to give formulas of structural isomers of main classes of organic substances.

3. To be able to name simple organic substances using IUPAC nomenclature and radical-functional nomenclature.

4. To know the structure of main classes of poly- and heterofunctional compounds, to be    able to make formulas of these isomers.

5.  To know the mechanisms of σ – and π – bond formation.

Initial level
1.    Main ideas of A.M. Butlerov’s Theory of the structure of organic compounds.

1. General information about isomerism.

2. Main classes of organic substances.

3. Main rules of systematic nomenclature of definitive classes of organic substances.

4. Basic types of chemical bonds.

Practical skills
1. To be able to determine the class of a substance.

2. To be able to name organic substances.

Out-of-class self-work (test questions)

1. What class of chemical substances does acetone  which is found in the urine in diabetes mellitus belong to?
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2. What class of chemical substances does succinic acid which is formed in Krebs cycle belong to?   HOOC-CH2-CH2-COOH
3.  Write a structure of halothane (1,1,1-trifluoro-2- bromo -2-chloro ethane), a substance used for inhalation narcosis.

4. What functional groups does lactic acid, the product of decomposition of glycogen (animal starch) in the muscles, contain? Its structure is:  
                                              
[image: image2.wmf]C

O

O

H

C

H

3

C

H

O

H


                What is its  IUPAC name? 

5. Show the mechanisms of σ – and π – bond formation.

Questions for classwork and self-work*

1. How are organic substances classified according to the character of carbon skeleton. Supply examples.

2. What is the classification of organic substances according to the character of functional groups?

3. Give the names of the following substances (international and rational nomenclature):
СН3 – С  С – СН3                                              
____________________________________________________
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4. Classification, nomenclature, isomerism of organic substances according to the number and combination of functional groups:
Homopolyfunctional compounds:
Polyhydric alcohols:
Name the substances:
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5. Write the structures of 1,2,3,4,5 – pentanepentaol (xylite)

6. Write the structures of 1,2,3,4,5,6 – hexanehexaol (sorbite).

7. Give the structures of all possible isomers of diphenol. Name the substances according to traditional, and international (IUPAC) nomenclature.

8. Give the structures of first four members of homologous series of dibasic carboxylic acids (oxalic, malonic, succinic, glutaric). Give their names according to IUPAC.

9. Give the structures of cys- and   trans- isomers of butenedioic acid.

Heterofunctional compounds

10. Amino alcohols
Name
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11. Hydroxy acids
Write the structures and give rational names of the following compounds                                                                                          

glycolic acid (2–hydroxyethanoic acid)

lactic acid (2–hydroxypropanoic acid)

malic acid (2–hydroxybutanedioic acid)

tartaric acid (2,3–dihydroxybutanedioic acid)

citric acid (3–hydroxy–3–carboxypentanedioic acid)

salicylic acid (2-hydroxybenzoic acid) 

12. Name according to the international (IUPAC) and rational nomenclature 

Glyoxylic
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Pyruvic
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Oxaloacetic
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acetoacetic
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α-ketoglutaric


[image: image15.wmf]H

O

O

C

C

H

2

C

O

O

H

C

H

2

C

O


____________________________________________________________

13.* Name according to IUPAC:

Glyceraldehyde
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Ribose
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Deoxyribose
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Glucose
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Fructose
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14.* Write the structures and give IUPAC names

glycine (α-aminoacetic acid)

valine (α-amino-β-methylbutyric acid)

serine (α-amino-β-hydroxypropionic acid)

lysine (α, ε-diaminocaproic acid)

glutamic acid (α-aminoglutaric acid)

Subject  2.
Spatial structure of organic molecules
Purpose
To study an electronic and spatial structure of aliphatic, carbocyclic and heterocyclic compounds as a basis for understanding the association between the structure and biological activity.

Characteristic of the subject
Chemical properties of substances (including their behavior in biochemical reactions) is determined by their composition, electron and spatial structure.

Objectives:
1. To know the electron structure and spatial location of bonds formed by carbon atoms in sp3, sp2 and sp-hybrid states.

1. To know main kinds of conformations of compounds with an open chain (eclipsed, inhibited, gauche)

2. To understand the characteristics of electron structure of integrated systems with an opened and closed chain.

3.  To know the spatial structure of cycles formed by carbon atoms in sp3-hybridization state (cyclopropane, cyclohexane). Main conformations of cyclohexane and location of axial and equatorial bonds.

4. To know the nature and causes of cys- trans- isomerism.

5. To be able to determine the sign and kind of electron effects of substituents.

Initial level
1. Hybridization of atom orbitals;

2. sp3, sp2, sp – hybridization;

3. Structure of σ- and π – bonds.

Practical skills:
To be able to predict chemical behavior of organic substances on the basis of their structure.

Out-of-class self-work (test questions)

1. Determine the type of hybridization of all carbon atoms as well as the kind and sign of electronic effects of substituents in the following compounds:

CH3-CH2-Cl                            CH2 = CH-Cl                         CH2 = CH-CH2-COOH
________________             _________________            ________________________
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2. Draw eclipsed and staggered conformations of 1,2-dichlorethane.

3. Draw cyclohexane-1,4-diol in a chair conformation with the most convenient location of the substituents.

4. Define “conjugation” and explain the cause of increased thermodynamic stability of conjugated systems.

Questions for classwork and self-work*

1. Draw Newman’s projection of possible conformations of 2-aminoethan-1-ol molecule. Evaluate the energy of these conformations. 

2. Describe the spatial shape of butane molecule.

3. Describe the structure of cyclopropane. Write the reaction equation of cyclopropane with bromine basing on its structure.

4. Myoinositol found in the muscles and tissues of the organism is called                      cyclohexane-1,2,3,4,5,6-hexaol. Draw its molecule in the most convenient conformation with the most convenient location of substituents if one of the hydroxyls has axial location.

5. Draw cys- and trans- isomers of oleic acid.

6.* Prove that vitamin A (retinol) is an open conjugated system. Define the kind and sign of electronic effects of OH-group in this compound:
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7.* Prove that benzene ring in tyrosine is a closed conjugated (aromatic) system. Determine the kind and sign of electronic effects of OH-group in this compound and compare it with the effect in vitamin A.
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8. Prove that indole and quinoline are aromatic systems. How do pyridic and pyrrolic nitrogens influence the electronic density in the cycle? 

9. Determine the kind and sign of electronic effects of substituents in the molecule of vitamin B6 (pyridoxal).
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Subject  3.
Mutual influence of atoms in the molecules of bioorganic compounds
Purpose

 To study electronic effects as a basic way to transfer mutual influence of atoms in the molecules of physiologically active substances.

Characteristic of the subject
Chemical properties of physiologically active substances, including their behavior in biochemical reactions are determined by their electronic structure and mutual influence of atoms in these substances. 
Objectives:
1. Conjugation

2. Open and closed conjugated systems

3. Inductive effect

4. Mesomeric effect

  Initial level
1. Hybridization of atomic orbitals

2. Structure of σ-  and π – bonds

3. Electronegativity of elements
 Practical skills:
To be able to determine electronic effects in the molecules and to predict chemical behavior of organic substances in biochemical transformations.

Out-of-class self-work (test questions)

1. Determine the type of hybridization of carbon atom in the following compounds:

Propanoic acid, 3-methylbut-1-yne; valeric aldehyde; benzoic acid

2. Which of the following are open conjugated systems?

Buta-1,3-diene, propanal, propenal, benzene, penta-1,5-diene 

2. Which of the following are closed conjugated (aromatic) systems?

          propanal, benzaldehyde; histidine, isopropylamine

Questions for classwork and self-work*

1. What is inductive effect? Show graphically inductive effect in the following molecules:

Chloropropane, butyric acid, isobutylamine, 2-methylpropene.

2. Define the term “conjugation”. What is the type of conjugation in the molecules of 

aniline, phenol, isoprene, propenal?

3. How to determine the mesomeric effect? Determine mesomeric effect in the molecule of propenoic acid, p-hydroxybenzoic acid, sulphanilic acid.

4. Indicate type and sign of electronic effects of:

a) chlorine atom in vinyl chloride and chloroethane;

b) hydroxyl group in phenol and benzalcohol;

c) amino group in aniline and ethylamine;

d) oxo group in benzaldehyde and propanal;

e) carboxyl group in benzoic and propanoic acids

5.* What are electron-donating and electron-accepting substituents? Give examples from the previous task.

6.* Describe electronic structure of quinoline and indole. Explain the terms “π-excessive” and “π-deficient” systems. 

Subject  4.
Classification of chemical reactions.

Reactivity of alkanes, alkenes, arenes, alcohols, and phenols
Purpose
To study the chemical properties of compounds conditioned by hydrocarbon radicals of different structure as well as the most important groups composing biologically active substances.
Characteristic of the subject

This subject is the basis for understanding the molecular level of the chemical processes taking place in living organisms during metabolism. This subject is important for conscious acquisition the properties and characteristics of chemical behavior of biopolymers and their metabolites when studying biochemistry, normal physiology, pharmacology and other medico-biological subjects.
Objectives
1. To be able to use the knowledge of electron and spatial structure of hydrocarbon radicals and functional groups to characterize the properties of the compounds.

1. To be able to describe the mechanism of reactions:

· radical substitution (SR)

· electrophilic substitution (SE)

· electrophilic addition (AE)

· nucleophilic substitution (SN)

· nucleophilic addition (AN)

Initial level
1. Main classes of organic compounds.

2. Structure and energy of σ- and π – bonds.

3. Structure of integrated systems.

4. Electron-donor and electron-acceptor substituents.

5. Electronic effects.

Out-of-class self-work (test questions)

1. Give the mechanism of toluene (methylbenzene) chlorination at exposure to UV light.

2. Write the reaction equation of cyclobutane with chlorine and explain the cause of the peculiarities of chemical behavior of cyclobutane.

3. Give the mechanism of transformation of fumaric acid (trans-butenedioic acid) into malic acid (2-hydroxybutanedioic acid) in the presence of sulfuric acid. What is the role of sulfuric acid in this process?

4. Write the reaction equation of nitration of benzoic acid with the account of electronic effect of the carboxyl group. Which is easier to nitrate: benzene or benzoic acid? Why?

5. Compare acidic properties of phenols and alcohols. Give reactions equations.

6. Write reactions equations of propan-1-ol and propan-2-ol oxidation.

Questions for classwork and self-work*

1. Give the examples of homolytic and heterolytic fission of covalent bond. What are the conditions of the processes?

2. Give the scheme and mechanism of propane bromination.

3. Give the mechanism of oleic acid peroxidation.

4.* Show the mechanism of radical bonding by tocopherol.

5. Show the mechanism and scheme of reaction of 2-methylpropene with hydrogen bromide with the account of electronic effects.

6.* Give the scheme and mechanism of propylene hydration reaction. What is the role of acid catalysis?

7. Give the scheme and mechanism of propenoic acid hydration reaction.  

8. Give the scheme and mechanism of phenol bromination reaction with the account of electronic effects of the hydroxyl group.

9. Write the equation of benzoic acid bromination reaction. Evaluate the influence of carboxyl group.

10. Write the equations of pyrrole and pyridine bromination reactions. Determine the influence of pyrrolic and pyridic nitrogen on the direction of the reactions.

11. What is the product in reaction of glycerin with copper hydroxide (II)? Write the reaction equation. What is the significance of this reaction?

12. Give the scheme and mechanism of reaction of ethanol with hydrogen bromide. Define the type of the reaction.

13. Which reactions take place at heating of ethanol with sulfuric acid (dehydration reactions)? Write equations and define the difference in the conditions of the processes.

Subject  5.
Structure and properties of aldehydes and ketones
Purpose
To compile knowledge about chemical properties of aldehydes and ketones in connection with their electronic structure and the presence of oxo groups in the molecules.
Characteristic of the subject

Oxo compounds are of great importance as they participate in reactions of biological systems. Aldol condensation reaction plays important role in the lengthening of carbon chain.
Objectives
1.To be able to use the relation between electronic and spatial structure of oxo compounds and their chemical properties. 

2.To be able to describe the mechanism of nucleophilic substitution reactions in oxo compounds.

Initial level
1.Structure of double bond;

2.Electronic effects of substituents;

3.Conformation of open chain of carbon atoms;

4.Nucleophilic and electrophilic reagents

5.Acidic and basic properties of organic compounds;

6.Elimination reactions (dehydration)
Out-of-class self-work (test questions)

1. Study the electronic structure of carbonyl group.

2. Write the reaction equation of propanal with ethanol. What are the conditions of the process?

3. Write the reaction equation of propanal with ethylamine. What is the difference between this reaction and the previous one?

4. Write the equation of oxidation of glyoxylic (oxoethanoic) acid and acetone (propanone)

Questions for classwork and self-work*

1. What transformation takes place with 5-hydroxypentanal in acidic medium? Write the reaction equation.

2. Write reaction equation of acetaldehyde with methylamine.

3. * Write the reaction equation of acetone with hydroxylamine NH2-OH.

4. What is C-H acidity? Write the reaction equation of aldol condensation of propanal.

5. Write the reaction equation of butanal reduction.

Subject  6.
Structure, properties and biological importance of carboxylic acids and amines. 

Acid – base properties of organic compounds
Purpose
To get knowledge about regularities and peculiarities of carboxylic acids and their functional derivatives chemical behavior. 

Characteristic of the subject
Carboxylic acids and their derivatives participate in many biochemical processes.
Objectives
1. To know classification of carboxylic acids. 

2. To be able to describe the mechanism of nucleophilic substitution reaction of                        sp2-hybridized carbon atom of the oxo group.

3. To know the structure of carboxylic acids derivatives.

4. To know the structure and properties of dibasic carboxylic acids.

5. To know the properties of amines.
Initial level
1. Electronic effects of substituents. 

2. Conjugated systems.

3. Acidity and basicity of organic compounds.

4. Mechanism of nucleophilic substitution reaction.

Out-of-class self-work (test questions)

1. Write the reaction equation of acid salts and neutral salt of citric acid obtaining.

2. Write the reaction equation of chloride and amide of nicotinic (β-pyridine-carboxylic) acid obtaining.

3. Write the reaction of ethanol oxidation into corresponding acid. What is the intermediate of this reaction?
4. How are acidic properties changed in homologous series of carboxylic acids? 

Questions for classwork and self-work*

  1.  Write the electronic structure of a carboxyl group.

2. Write the reaction equation for acetic acid chloride with methylamine. What bond                                        is formed?
2. Write the reaction equation for decarboxylation and carboxylation of pyruvic             (2-oxopropanoic) acid.

3. Define type and sign of electronic effects in acetic and oxalic acid molecules. Which acid is stronger? 
4. Indicate acidic centers in the molecule of p-aminosalicylic acid. Place them in order of acidity decreasing.
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6.  Write the equation of esterification reaction.

     7. Write the reaction of aspirin (acetylsalicylic acid)  formation.

8. * Write the reaction of sodium salt formation for acetic acid and oxalic acid.

9.* Obtain amido acid and oxalamide from oxalic acid. 

10.  Explain the change of basic properties in the following row:

        methyl amine – ammonium –aniline. 

11.* How do ethylamine and aniline react with water and hydrochloric acid? Write the reaction equations and name the products obtained. 

12. Explain electronic structure of nitrogen atoms in pyrrole and pyridine. Describe chemical properties of these compounds. 

Functional derivatives of carboxylic acids. Carbohydrates. Lipids
Subject  7.
Structure, reactivity and biological importance of heterofunctional compounds

(Hydroxy acids, oxoacids, and phenolic acids)
Purpose

To study the structure, chemical properties and spatial structure of aliphatic compounds (hydroxy-, oxo- acids, and phenoloacids) as the basis for understanding their metabolic conversions in the organism.

Characteristics of the subject

Numerous redox processes in the organism are associated with formation and participation of hydroxy- and oxo- acids (oxidation of carbohydrates and fatty acids in the body, formation of citric acid in Krebs cycle, etc.)

A number of these compounds or their derivatives are drugs. E.g. salts of lactic acid (lactates) are used in anemia, citric acid is used in blood preservation.

Objectives

1. To know the structure of the most important hydroxy- and oxo- acids.

2. To be able to explain the properties of hydroxy- and oxo- acids as bifunctional compounds, as well as specific reactions of α, β and γ hydroxy-acids.

3. To know transformation of hydroxy- and oxo- acids in Krebs cycle.

4. To be able to explain keto-enol tautomerism on the example of acetoacetic acid.

5. To be able to make formulas enantiomers of L and D series. To understand the difference in their properties and biological activity. 

6. To know the peculiarities of isomerism of molecules with two chiral centers.

Initial level

1. Electronic effects of substituents.

2. Acidity and basicity of organic compounds, C-H acidity.

3. Nucleophilic reactions of carbonyl compounds.

4. Reactions of nucleophilic substitution and elimination in saturated carbon atom.

Practical skills

To be able to make qualitative reactions for hydroxy- and oxoacids. Revealing oxoacids in physiological fluids.

Out-of-class self-work (test questions)

1. Give examples of reactions for β-hydroxybutyric acid involving carboxyl and hydroxyl groups. Write a specific reaction taking place at heating.

2. Write projection formulas of enantiomers of α-oxybutaric acid, mark the asymmetrical carbon atom and define their association with stereochemical series.

3. Write tautomeric forms of acetoacetic ester and prove the existence of these forms with chemical reactions.

Questions for classwork and self-work*

1. Write the equation of dehydration reaction for α, β, γ-hydroxybutyric acids (specific reactions). Explain the cause of different chemical behavior of these compounds.

2. Citric acid, formed in Krebs cycle can demonstrate the properties both of α and β hydroxyl acid. Write the schemes of the respective reactions.

3. Ascorbic acid (vitamin C) takes part in redox processes and is necessary for formation of a connective tissue protein, collagen. It is γ-lacton according to its chemical structure. Write the scheme of its formation from 2-keto-L-gulonic acid:
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4. Write tautomeric forms of oxaloacetic acid and conclude about the stability of keto and enol forms according to the electronic structure.

5.  Give the definition of “enantiomers”. Write projection formulas of enantiomers of malic and tartaric acids.

6. Give the definition of “diastereomers”. Write projection formulas of diastereomers of tartaric acid.

        7. Give the definition of “racemic mixture”. Describe methods of racemates separation.

         8.* Write reaction equation of acetoacetic acid decarboxylation. 

         9.* Write reactions of the following transformations.

 SHAPE 



Subject  8.
Carbohydrates. 

Structure and chemical properties of Monosaccharides

Purpose
To consolidate the knowledge about the principles of the structure, tautomeric balance and to develop the skill to make qualitative reactions to reveal important monosaccharides.

Characteristic of the subject
Monosaccharides are structural components of animal starch, heparin and other important biopolymers. They are formed by metabolism and participate in biological oxidation.

Objectives
1. To know the classification of monosaccharides according to the number of carbon atoms and functional composition.

2. To know the classification of monosaccharides depending on the size of the cycle and location of hemiacetal hydroxyl.

3. To study the most stable conformations of hexose.

4. To know the properties associated with the presence of hemiacetal (glycoside) hydroxyl.

5. To be able to illustrate the properties of monosaccharides associated with the presence of carbonyl and hydroxyl groups (oxidation, reduction, formation of esters and ethers, epimerization of hexose in alkaline medium.

Initial level
1. Chemical properties of hydroxyl and aldehyde groups. Mechanisms of reactions of producing hemiacetals and acetals.

2. Conformations of cyclohexane.

3. General knowledge of tautomerism.

Practical skills
1. To be able to predict the most important properties of monosaccharides.

2. To be able to make the reactions to reveal monosaccharides (qualitative reactions).

Out-of-class self-work (test questions)

1. What biologically active products can be obtained at glucose oxidation under different conditions? Write the equations.

2. Write the schemes and explain the mechanism of formation of cyclic form of ribose and fructose.

3. Write the equation for interaction of β- D- galactopyranose (Haworth formula) with methanol. Name the obtained compound.

4. Prove the presence of several hydroxyl groups in a glucose molecule.

Questions for classwork and self-work*

1. Write structures of enantiomers and diastereomers of aldohexose.

2. Write all tautomeric forms in which D-mannose can exist in water solution.

3. Write D-galactopyranose in the form of the most stable conformation.

4. Obtain glycoside of β- D- ribofuranose (reaction with ethanol). Describe the mechanism of the reaction. Name the compound. What is the significance of the reaction?

5. Write the reaction β- D- ribofuranose with ethyl iodide and perform hydrolysis of the obtained compound.

6. Obtain glucoso-1-phosphate. What is the significance of the reaction?

7. Reduce fructose. Name the product. What is its use in medicine? 

8. * Write the schemes of glucose epimerization in alkaline medium. What is the significance of the reaction?

9. * Give examples of aminosaccharides. Which biopolymers contain them?

Subject  9.
Structure and properties of Polysaccharides

Purpose
To study the principles of structure and main chemical properties of transformation of homo and heteropolysaccharides associated with their biological functions.

Characteristic of the subject
Polysaccharides are important biopolymers, they can be found in numerous organs, tissues and systems of the organism.

Objectives
1. To know monosaccharide composition, structure and conformations of the most important disaccharides (maltose, lactose, cellobiose, saccharose).

2. To understand fraction composition of starch, linear and spatial structure of amylose and amylopectin, as well as an animal starch, glycogen.

3. To know main chemical properties of starch, i.e. hydrolysis, inclusion compounds.

4. To know the composition and structure of main heteropolysaccharides (hyaluronic acid, heparin, chondroitin sulfate).

Initial level
1. Tautomerism of monosaccharides. Glycosides. 

2. Conformations of aldohexose.

3. Reducing properties of aldohexose.

Practical skills
1. To be able to predict the properties of polysaccharides.

2. To be able to make quality reactions for polysaccharides.

Out-of-class self-work (test questions)

1. Illustrate oxo- oxytautomerism using the example of lactose (use Haworth formula)

2. Draw the fragments of amylose and cellulose, which consist of the residues of α- and β-D-glucose. What is the difference in their structures?

3. Draw the structure of hyaluronic acid. What is its biological role?

Questions for classwork and self-work*

1. Give the definition of polysaccharides.

2. Classification of polysaccharides:

a) according to the qualitative composition

b) according to the quantitative composition

3. Characterize the structure of the most important disaccharides: a) obtain maltose, lactose and sucrose from the respective monosaccharides.

4. Give examples of reducing and non-reducing disaccharides. What is the difference in their structures?

5. What is the composition of vegetable starch?

6. Form a fragment of molecule of: 

a) amylose from α-glucopyranose. Describe secondary structure of amylose and its influence on the properties. 

b) amylopectin

7. Describe properties and biological role of vegetable starch.

8. Describe the structure of the molecule, properties and biological role of animal starch - glycogen. 

9. What is the structure of a cellulose molecule? What is the difference in properties of cellulose and vegetable starch? What is the significance of cellulose?
10. * What is dextran?
11. * Describe heteropolysaccharides of the connective tissue:

a) chondroitin sulfate (4 or 6)

b) heparin

Give the structure of the molecules of these substances; describe their role in vital activity.
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Subject  10.
Heterofunctional compounds of benzene series

Purpose

To consolidate the knowledge about the structure and chemical properties of the most significant heterofunctional aromatic compounds used in medicine.

Characteristics of the subject

Heterofunctional compounds of benzene series are ancestors of the most significant groups of drugs and physiologically active substances: non-narcotic analgesics, local anesthetics, antiseptic and anti-parasitic preparations, drugs for tuberculosis treatment.

Objective

1. n-Aminophenol, its structure and properties, drugs – derivatives of phenol: phenacetin, paracetamol.

2. Salicylic acid, its structure and properties as a heterofunctional compound. Preparations derived from salicylic acid, their pharmacological properties and use.

3. n-Aminobenzoic acid, its structure and properties. Drugs (anesthesine, novocain, dicain) and their use.

4. Sulfanilic acid, its structure and properties. Sulfanilamide, the ancestor of sulfanilamides with antibacterial properties.

5. n-Aminosalicylic acid, its structure and properties. Drugs (PASA, PAS-Na) and their pharmacological action.

Initial level

1. Amphoterism.

2. Basic and acid properties of organic substances.

3. Conjugation and aromaticity.

4. Chemical properties of hydroxy-, amino- and carboxyl groups.

Out-of-class self-work (test questions)

1. Write a qualitative reaction for phenolic hydroxyl group. Why is this reaction used to define the purity of aspirin, which can decompose at storage?

2. Write the equation of reaction of salicylic acid with phenol. What is the name of the obtained substance? How it is used in medicine? 

3. Write the equation of reaction of p-aminophenol with ethanol. How are p-aminophenols used in medicine?

4. Write the equation of the reactions causing production of sulfanilic acid amide from aniline.

5. Draw the structure of sulfadimethoxine containing a substituted pyrimidine cycle as a radical in the sulfonamide group.

Questions for classwork and self-work*

1. Derivatives of p-aminophenol. Write equations for the following transformations:  SHAPE 



Name the drugs obtained and describe their use.

2. Derivatives of salicylic acid. Write the reaction equations of salicylic acid with methanol and phenol. Name the obtained compounds and describe their use.

3. Derivatives of p-aminobenzoic acid. 

a)Write equation for the reaction of p-aminobenzoic acid with ethanol. Name the obtained compound.

b) Produce ester of p-aminobenzoic acid with diethylaminoethanol. Name the obtained compound and describe its use.

c) Write the equation for reaction of hydrochloric acid with novocain.

4. * Derivatives of sulfanilic acid (sulfanilamides).

 SHAPE 



If   R=H  –  sulfanilamide

If R = 
[image: image32.wmf]S

N

 - sulfatiazole

If R = 
[image: image33.wmf]O

-

C

H

3

C

H

3

-

O

N

N

    - sulfadimethoxine

If  R = 
[image: image34.wmf]C

2

H

5

S

N

N


                                                         - sulfaethidole       

Subject  11.
Higher fatty acids. Lipids. Phospholipids 

Purpose

To study the structure and regularities of chemical behavior of esters and saponifiable lipids.

Characteristics of the subject

The structure and chemical properties of saponifiable lipids and their components are a chemical base for studying the structure of biological membranes and lipid metabolism.

Objectives

    1. To know the composition and structure of higher fatty acids which are components of lipids.

    2. To know the electron mechanism of etherification reaction and the most important chemical properties of esters (hydrolysis, reduction, interaction with ammonia and amines).

    3. To know the structure, physical properties, analytical characteristics and chemical properties of fats. To understand their biological function.

    4. To learn the structure of phospholipids (cephalins and lecitins), to understand their biological role.

    5. To study the structure of waxes, sphingolipids, glycolipids.

    6. To know the peculiarities of chemical behavior of thioethers, formation and properties of esters of coenzyme A.

Initial level

1. Structure and properties of double bond, cys- trans- isomerism.

2. Electronic structure of free radicals.

3. Conformations of an open carbon chain.

4. Mechanism of electrophilic addition reactions

5. Mechanism of nucleophilic substitution reaction. Properties of esters.

Practical skills

1. Prognosis of properties of esters, saponifiable lipids.

2. Production of esters, saponification of fats, proof of unsaturation of higher carboxylic acids.

Out-of-class self-work (test questions)

1. Obtain ester of propionic acid and methanol and show the mechanism of the reaction.

2. Write the equation of reaction of 1,2,3-stearoilglycerin hydrolysis.

3. Write the equation for hydrolysis of lecithin containing palmitic and linoleic acids at presence of sulfuric acid.

4. Write the scheme of reaction of formation of acetyl-CoA and give the examples of reaction characterizing its properties.

Questions for classwork and self-work*

1. Show the mechanism of acetic acid esterification with propanol-1 at presence of sulfuric acid.

2. Acetyl-CoA is a carrier of acetyl group to nucleophilic substrates. Write the scheme of reaction of acetyl-CoA with amino alcohol choline. Pay attention to the biological role of choline and acetylcholine.

3. Write the scheme of formation of triacylglycerin (fat) containing linoleic, oleic and palmitic acids. What is the name of the formed substance?

4. Write the scheme of saponification of palmitoil-oleoil-linoleoilglycerin with KOH solution. Calculate a theoretical value of saponification number. What is the difference between triacylglycerins with different saponification numbers?

5. Write the reaction equation for palmitoil-oleoil-linoleoilglycerin with iodine. What is this reaction used for?

6. * Obtain cephaline and lecithin containing residues of myristic and linoleic acids and write the equations of their hydrolysis.

7. * Draw the conformation of hydrocarbon radical of oleic acid which is present in animal lipids. Which isomers of unsaturated fatty acids constitute the lipids of cellular membranes?

8. * Write the scheme of β-oxidation of stearic acid.

9. * Write the structure of sphingomyelin, cerebroside, and ganglioside. What is their biological role?

α-Amino acids, Peptides, Proteins

Subject  12.
Amino acid composition of peptides and proteins
Purpose
To study the chemical properties of amino acids associated with their structure and composition.

Characteristics of the subject
Amino acids are the simplest compounds in the structure of high-molecular substances, i.e. proteins, the most important compound for building the tissues of the organism.

Objectives
1. To learn the structure, composition and classification of amino acids.

2. To be able to characterize the most important chemical properties of amino acids associated with their structure.

3. To know the methods of qualitative and quantitative determining amino acids and to be able to make these reactions.

4. To study the most important transformations of amino acids in the organism: transamination, deamination, decarboxylation.

Initial level
1. Acidity and basicity of organic compounds.

2. Hydrogen bond.

3. Nucleophilic substitution in a carboxyl group.

4. Formation of acid amides

5. Basicity and nucleophilicity of amino group.

6. Oxidation of thiols and reduction of disulfides.

Practical skill:
1. To be able to illustrate the chemical properties of amino acids.

2. To be able to make qualitative reactions for amino acids.

Out-of-class self-work (test questions)

1. Write the reaction equation of γ-aminovaleric acid with methanol and specific reaction at heating.

2. Write the reaction equation of production of colamine from the respective amino acid. Name the amino acid.

3. Write the reaction equation of valine with diluted solutions of sodium hydroxide and hydrochloric acid.

Questions for classwork and self-work*

1. Write the isomers of aminobutyric acid according to the position of the amino group. Which of them is in composition of protein molecules?

2. Write projection formulas of valine. Which of the optical isomers can be found in natural protein molecules?

3. Define the pH medium for isoelectric point of the following amino acids: valine, aspartic acid, and lysine. Write the respective equations.

4. Write the scheme of dehydration with release of 1 and 2 mol of water for alanine and glycine (specific reaction).

5. Write the scheme of the following tripeptide formation: tyr-his-leu.

6. Write specific reactions which take place at heating of β-aminobutyric acid and        γ-aminovaleric acid.

7. Write the reaction equation for isoleucine with nitrous acid, formaldehyde, and copper hydroxide. What is the significance of these reactions?

8. * Write the scheme of serine decarboxylation reaction. Name the product. What is the role of choline and acetylcholine in vital processes? Pay attention to the biological role of the products of tryptophan and histidine decarboxylation.

9. * Write the scheme of transamination between glutamic acid and pyruvic and. What is the significance of the reaction?

10. * Write the scheme of reductive and oxidative deamination of phenylalanin. In what disease does oxidative deamination reaction take place?

Subject  13.
Structure of proteins. 

Physico-chemical properties of proteins.

Precipitation of proteins. Denaturation

Purpose
To study the structure and properties of peptides, chemical basis for structural organization of protein molecules as the basis for understanding the biological properties of proteins at the molecular level.

Characteristics of the subject
Proteins are the most significant compounds necessary for building the tissues of the human body.

Objectives
1. To be able to write the schemes for dipeptide formation from 2-amino acids.

2. To characterize the chemical properties of oligopeptides with the account of the nature of their constituents (amino acids).

3. To know the mechanism of peptide hydrolysis.

4. To understand main techniques for determining primary structure of natural peptides.

5. To study the principles of synthesis of peptides with the known structure. Methods of protection and activation of the functional groups.

6. To know the spatial structure of proteins and main types of interaction determining it.

7. To know the structure of main peptides.

Initial level
1. Acids and bases in organic chemistry.

2. Chemical properties of carboxyl groups. Mechanism of nucleophilic substitution in trigonal carbon atoms.

3. Chemical properties of the amino group. Basicity and nucleophilicity of the amino group.

Practical skills
To be able to perform qualitative reactions for protein determination.

Out-of-class self-work (test questions)

1. Give classification of peptides and proteins.

2. Describe secondary, tertiary and quaternary structures of proteins. Which bonds make them stable?

3. Name factors of proteins stability in solutions.

4. What methods are used to determine the amino acid composition of proteins and peptides?

Questions for classwork and self-work*

1. Draw the structure of peptide His-Lys-Ser. Show peptide bonds, N and C-terminal ends in the molecule. Determine its Isoelectric point.

2. Write the scheme of Val-Gly synthesis using the method of protection and activation of the functional groups.

3. What techniques are used to determine the amino acid sequence in peptides and proteins? 

4. * What is salting out? Describe the mechanism of this process.

5.*  What are the signs of denaturation?

6.*  Give example of the structure of biologically active nucleoproteins.

Biologically active Heterocycles. Nucleosides, Nucleotides, Nucleic acids

Subject  14.
Classification, structure and importance of Biologically active heterocyclic compounds

Purpose

To learn the structure and chemical behavior of biologically active heterocyclic compounds.

Characteristics of the subject

The significance of heterocyclic compounds is in the fact that their cycles are in the basis of numerous natural and biologically active substances and drugs. Alkylated pyrrole rings are the parent structures of important biologically active compounds, i.e. hem, chlorophyll, vitamin B12. Heterocyclic cycles (indol, imidazole, etc.) are included in some essential amino acids: e.g. tryptophan, histidine. A lot of drugs also contain heterocycles: non-narcotic analgesics contain pyrazolon-5, vitamin PP and anti-tuberculosis drugs contain pyridine.

Objectives.
1. Composition, structure and chemical properties of five-member heterocycles, furan, thiophene, pyrrole.
2. Derivatives of pyrrole: porphyrin nucleus, the base of the most significant biological pigments; indol and its derivatives (β-indolilacetic acid, serotonin)

3. Five-membered heterocycles with two heteroatoms. Azoles: pyrazol, imidazol, pyrazolin, and its derivatives – non-narcotic analgesics.

4. Six-membered heterocycles with one heteroatom. Structure and chemical properties of pyridine.

5. Pyridine carboxylic acids. Nicotinic acid and nicotinamide NAD+ and NADP+. Isonicotinic acid and its derivatives – antitubercular drugs.

6. Quinoline, isoquinoline and drugs on their base.

7. Six-membered heterocycles with two heteroatoms. Pyrimidine, its oxy- and amino derivatives.

8. Purine and its derivatives: hypoxantine, xanthine, uric acid.

Initial level
1. Law of transition of quantity to quality.

2. Electron structure of pyrimidine and pyrrole atoms of nitrogen.

3. Reactions of electrophilic and nucleophilic substitution.

4. Hydrogen bond.

5. Acidity and basicity of organic substances.

6. Lactim-lactame tautomerism.

Out-of-class self-work (test questions)

1. Pyridine and purine cycles are included in an important coenzyme NAD+. Which chemical property of the pyridine cycle determines NAD+ participation in redox reactions? Give the examples of drugs, containing pyridine and purine cycles.

2. Write the schemes of reactions of decarboxylation of histidine and tryptophan. Write the structure of serotonin. What is the biogenic role of the produced amines?

3.  Write tautomeric forms of barbituric acid; explain why it is a strong acid.

4. Write tautomeric forms of uric acid.

Questions for classwork and self-work*

1. Compare the electron structure of pyrrole and pyridine. What is the difference between pyrrolic and  pyridic nitrogens?

2. Write the equations for the reactions characterizing acid-base properties of pyrrole, pyridine, and imidazole.

3. Write the reactions equations for the pyrrole, pyridine and imidazole interaction with bromine taking into consideration directing action of the heteroatom.

4. Write the structure of heme. What process is its function based on? 

5. * Write the structure of pyrazolon-5 derivatives which are antipyretics and analgesics. 

6. Write the structure of tryptophan. Write dawn reaction of its decarboxylation and name the product obtained.

7. Serotonin is one of the brain neuromediators. Write the reaction equation of serotonin formation from tryptophan.

8. Write the reaction equation of nicotinamide alkylation and characterize the electronic structure of the obtained ion.

9. Write the equation for the reaction which determines catalytic function of coenzyme NAD+.

10. * Medicines Isoniazid (Tybazid) and Phtivazid are used as antitubercular drugs. Give the scheme of their synthesis from isonicotinic acid. 

11. Study the structure of thiazol ring, which is in composition of thiamine (vitamin B1). Show the mechanism of enzyme – substrate complex formation on the example of its interaction with pyruvic acid. 

12. *5-nitro-8-hydroxyquinoline possesses pronounced antibacterial action and is used for  urinary tract infections treatment. Obtain this drug from 8-hydroxyquinoline. 

13. *Methylated derivatives of xanthine - theophylline, theobromine, caffeine are used in medicine as diuretics, and as compounds which have excitatory action on the central nervous system. Give the reaction of xanthine methylation.  
Subject  15. 
Structure and biochemical functions of Nucleosides, Nucleotides, and Nucleic acids 
Purpose

To study the structure of nucleic acids, important structural elements of the cell at the level of their primary and secondary structure.

Characteristics of the subject
To know the structure and properties of biopolymers (nucleic acids) is necessary to understand the essence of normal processes and pathology, the origin of hereditary diseases and problems of vital activity regulation.

Objectives
1. To know the composition and structure of the component of nucleic acids: ribose, deoxyribose as well as pyrimidine and purine bases.

2. To be able to write formulas of nucleosides and nucleotides and their components.

3. To know the structure and composition of the most important nucleotides (ATP, NAD+, NAD P +) and to understand their biological role.

4. To know the linear and spatial structure and biological role of nucleic acids.
Initial level
1. Tautomerism. Oxy- and oxotautomerism of carbohydrates.

2. Structure and relation of N-glycosides to hydrolysis.

3. Ether bond and its properties

4. Hydrogen bond.

Practical skills
Production of nucleosides, nucleotides, nucleic acids.

Out-of-class self-work (test questions)

1. Write the formulas for the following nucleotides: 

a) adenylic acid (5’-adenosin – monophosphate )   

b) deoxycytidylic acid (5’-deoxycytidine monophosphate)

2. Write a fragment of DNA molecule which contains guanine and cytosine.

3. Write a scheme of hydrolytic decomposition of ATP to ADP.

Questions for classwork and self-work*

1. Write the structure of the following nitrogen bases:

a) Uracil (2,4-dioxopyrimidine)

b) Thymine (5-methyl-2,4-dioxopyrimidine)

c) Cytosine (4-amino-2-oxopyrimidine)

d) Adenine (6-aminopurine)

e) Guanine (2-amino-6-oxopurine)

2. Explain the process of lactim-lactam tautomerism of uracil and cytosine:

3. Write the formulas of nucleosides:

a) Uridine

b) Cytidine

c) Adenosine

d) Guanosine

and  nucleotides:

a) thymidylic acid (thymidine-5’-phosphate)

b) 5’-guanylic acid (guanosine –5’-phosphate)

c) deoxyguanylic acid (deoxyguanosine –5’-phosphate)

2. * Write the structure of DNA fragment with ACGT consequence.

3. Write complimentary interaction between two nucleic bases: thymine-adenine, cytosine-guanine.

4. * Describe secondary structure of DNA. What is DNA biological significance?

5. *Name RNA types, describe their structure and biological role. 

6. Show the structure of 3’,5’-cAMP. What is its biological role?

7. Write the structure of NAD+. Which reactions does it participate in?

Practical skills

LABORATORY WORKS

1. Iodoform test for acetone

Acetone 
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 is a ketone which is a metabolic product.

The amount of acetone in the urine of a healthy person is inconsiderable. But in metabolic disturbances (e.g. diabetes mellitus) the amount of acetone and ketone bodies increases. Acetone may be revealed by formation of iodoform in reaction with iodine at presence of alkali.

CH3COCH3  + 3I2  + 4 NaOH  → CHI3 + CH3COONa  + 3NaI + 3H2O
                                                                Iodoform
     Reagents:
· 0,5% acetone solution

· 10% NaOH solution

· Iodine solution in potassium iodide.

Procedure. Pour 1-2 ml of acetone to the tube; add 1 ml of NaOH and 5-7 drops of iodine solution in potassium iodide.

Yellow precipitation of iodoform  can be easily revealed by a characteristic smell.
Observation:

Conclusion:

2. Trommer’s reaction with formaldehyde

The compounds containing a free carbonyl group are able to reduce metals (Ag, Cu, Fe, etc.) in an alkaline medium. At heating of formaldehyde solution with alkaline solution of CuSO4, yellow and later red color is observed.
Reagents:
· 1% formaldehyde solution

· 10% NaOH solution

· 5% CuSO4 solution

Procedure. Pour 1-2 ml of formaldehyde to the tube and add 1-2 ml of NaOH solution. Drop CuSO4 solution until copper hydroxide appearance (stable turbidity).

CuSO4 + 2NaOH → Cu(OH)2 + Na2SO4
Carefully heat the upper portion of the tube content. Yellow colour due to copper            hydroxide (I) develops, and aldehyde oxidizes.

[image: image36.emf]
                                                                                    yellow copper hydroxide (I)

 At further heating the precipitation becomes red.

                                    t0
                         2 CuOH  →  Cu2O   +   H2O
                                            red precipitation 

                                                    of  cuprous oxide

Excess of cooper salt can mask the reaction, as copper hydroxide (II) (Cu(OH)2) looses water at heating and gives black copper oxide.
Cu(OH)2→ CuO + H2O
Observation:

Conclusion:

3. Wagner’s reaction with oleic acid

Oleic acid is a higher unsaturated carboxylic acid. It is an oily liquid which is not soluble in water. It can be found in vegetable fats and is an essential part of nutrients. The double bond can be oxidized by action of water solution of potassium permanganate at cooling (Wagner’s reaction).

                    [image: image37.emf]
Purple colour of potassium permanganate becomes brown due to formation of manganese oxide. This reaction can be used to reveal double bonds.

Reagents:
· oleic acid

· purple permanganate solution

Procedure. Drop 2-3 drops of oleic acid to the tube placed on ice and add 3 drops of KMnO4. The purple colour becomes brown.
Observation:

Conclusion:

4. Proof of the fat unsaturation 

(reaction with KMnO4)

When diluted potassium permanganate solution is added to vegetable oil, rosy colour disappears. It is due to the presence of unsaturated fatty acids in the oil. They are oxidized by permanganate at the site of double bonds.

Reagents:
· vegetable oil
· 5% Na2CO3 solution

· 2% KMnO4 solution

Procedure. Add 2-3 drops of Na2CO3 and 2-3 drops of permanganate to 2-3 drops of vegetable oil. The colour disappears.
Observation:

Conclusion:

5. Proof of the presence of free phenol hydroxyl in salicylic acid
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Phenolic acid is a derivative of aromatic hydrocarbons made of the latter as a result of substitution of hydrogen atoms with carboxyl and hydroxyl groups. The compounds having  –C=C-OH group, that is hydroxyl, which stands at the carbon atom with a double bond, produce colour reaction with iron chloride. 
Salicylic acid is an antiseptic as well as has antirheumatic and antipyretic properties.

Aspirin, a substance widely used in medicine, is a derivative of salicylic acid and does not give colouring reaction with FeCl3 because it does not have a free phenolic hydroxyl group.
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Reaction of aspirin with FeCl3 can be used to test the preparation fitness as, if aspirin is hydrolyzed, salicylic acid (a product of hydrolysis) gives purple colour with FeCl3.
Reagents:
· 1% salicylic acid solution

· 0,1n FeCl3 solution
Procedure. Add 2-3 drops of FeCl3 solution to 2-3 drops of salicylic acid solution. The solution becomes purple.

Observation:

Conclusion:

6. Proof of the presence of free phenolic hydroxyl group in salol
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 Salol is a phenyl ester of salicylic acid. It is used as a disinfectant in some intestinal infections. Its disinfecting properties are associated with hydrolysis and release of salicylic acid and phenol, which have antiseptic properties.

Salol has a free phenolic hydroxyl but, as it is poorly soluble in water, it does not produce colouring reaction with FeCl3, in contrast its alcohol solution is coloured purple with FeCl3.
Reagents
· 1% salol spirit solution

· 0,1N FeCl3 solution

Procedure. Add 2-3 drops of FeCl3 solution to 2-3 drops of salol solution. The solution becomes purple.

Observation:

Conclusion:

7. Preparation of Feling’s reagent

Prepare two solutions separately: a) dissolve 200g of Seignette salt and 150g of caustic soda in a 1l measuring flask, add water to reach the mark; b) dissolve 40g of copper sulfate in a 1l measuring flask and add water to reach the mark. Mix equal volumes of solutions a) and b)  before use. 
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8. Feling’s reaction with glucose, lactose and maltose

The mechanism of Feling’s reaction is similar to that of Trommer’s reaction, i.e. is based on the capability of sugars to reduce metals due to the presence of free carbonyl group. But in Feling’s reagent copper cation is bonded with the salt of tartaric acid into a complex compound. Therefore copper when the reagent is in excess, does not precipitate in the form of copper oxide, thus, this reaction is more illustrative.

Glucose, lactose and maltose possess reducing properties due to free aldehyde group (glucose) and hemiacetal hydroxyls (maltose, lactose).

Reagents:
· Feling’s liquid

· 1% glucose solution

· 1% maltose solution

· 1% lactose solution

Procedure. Pour 1-2 ml of glucose, lactose and maltose solution to the tubes, add 1 ml of Feling’s solution and heat. Formation of red cuprous oxide is observed.
Observation:

Conclusion:

9. Qualitative reaction to starch

Starch (C6H10O5)n is one of the most important carbohydrates and is found in pastry, potato, etc. In digestive tract starch is turned into glucose which is absorbed to the blood from the intestine. Starch is a highly molecular polysaccharide and consists of two components - amylose and amylopectin. The linear chains of amylose consisting of several thousands glucose residues can form a spiral structure and thus take a compact shape. In a branched polysaccharide, amylopectine, compactness is provided by intensive branching of the chains due to formation of 1,6- glycosidic bonds.

Water suspension of amylose becomes dark blue with iodine solution in potassium iodide. Amylopectin suspension gives a purple colour. This is used to determine starch.

Reagents:
· 1% starch solution

· iodine solution in potassium iodide

Procedure. Pour 2 ml of starch to the tube and add several drops of iodine. Dark blue color is observed due to formation of polyiodine complex with the starch.

Observation:

Conclusion:

10. Ninhydrin reaction for α-amino acids, peptides, proteins

Proteins, polypeptides and free α-amino acids give blue or purple coloration in reaction with ninhydrin. The reaction is characteristic of amino group in α-position and is due to         α-amino acids in the protein molecules.

When protein is heated with water solution of ninhydrin, amino acids are oxidized and decompose forming CO2 and NH3 and the respective aldehyde, while ninhydrin is reduced.

1. 
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The reduced ninhydrin is condensed with ammonia and oxidized molecule of ninhydrin forming a dye (similar to murexide) of blue purple color.

2. 
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Reagents: 
· amino acid solution

· 1% solution of egg white

· 1% solution of gelatin

· 0,5% ninhydrin solution

Procedure. Pour 1ml of amino acid in one tube, 1ml of protein in another, 1ml of gelatin in a third one. Add 3-5 drops of ninhydrin to each tube. Heat carefully. The solutions in the tubes become blue-purple.

Observation:

Conclusion:

11. Xanthoprotein reaction with aromatic acids

When proteins are heated with concentrated nitric acid, in the majority of cases the solution becomes yellow which turns orange when alkali is added. It takes place due to the presence of cyclic amino acids – phenylalanine, tyrosine, tryptophan which react with HNO3 forming nitrogen derivatives of yellow color (nitration reaction). The latter turns into salts of quinoid structure when alkali is added. The proteins lacking cyclic amino acids do not demonstrate xanthoprotein reaction (e.g. gelatin).
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Reagents:
· 1% solution of egg white

· 1% gelatin solution

· HNO3 concentrated

· NH4OH concentrated (or 30% NaOH)

Procedure. Take two tubes. Pour 5 drops of protein to one and 5 drops of gelatin to another. Add 2-3 drops of nitric acid to each tube. Heat carefully. The solution turns yellow only in the first tube. After cooling add 10 drops of ammonia or NaOH solution. The color turns orange.

Observation:

Conclusion:

12. Fol’s reaction for sulfur-containing amino acids

When proteins are heated with alkali and plumbite the liquid turns brown to black. This is due to the presence of sulfur-containing amino acids – cystein, cystin, methionine which are destroyed by alkalis with formation of sodium sulfide, the latter produces black precipitation of lead sulfide with plumbite.

1. 
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2. (CH3COO)2Pb  +  Na2S    2 CH3COONa  + PbS  
Lead acetate reacts with alkali forming sodium plumbite.

Reagents: 
· 1% solution of egg white

· 1% gelatin solution

· 30% NaOH

· 5% lead acetate solution ((CH3 COO)2Pb)

Procedure. Pour 5 drops of protein into one tube and 5 drops of 1% gelatin to another. Add 5 drops of 30% NaOH and 1 drop of 5% (CH3COO)2Pb. Boil. The liquid turns dark forming black precipitation only in the first tube, as gelatin does not contain sulfur-containing amino acids.

Observation:

Conclusion:

13. Biuret reaction for peptides and proteins

In an alkaline medium at presence of copper salts, proteins turn violet. The color is due to formation of  complex compound of copper with a peptide group.

This reaction is named because of biuret, urea derivative, which gives same reaction.

Reagents:
· 10% NaOH solution

· 1% CuSO4 solution

· 1% protein solution

Procedure. Pour ≈ 1ml of protein, add 1-2ml of NaOH solution and 1-2 drops of CuSO4. Shake. The solution turns violet.
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Observation:

Conclusion:

14. Protein precipitation by trichloroacetic acid

To precipitate protein it is necessary to eliminate the factors which keep the protein molecules in the solution using different reagents, which take away the charge or destroy hydrating shell of the protein particle. The proteins can be precipitated with organic acids. Trichloroacetic acid (CCl3COOH) is a very sensitive and specific reagent and that is why it is widely used in clinical practice to reveal protein in biological fluids (for diagnosis and prognosis).

Reagents:
· 1% protein solution

· 10% trichloroacetic acid solution

Procedure. Pour 5 drops of protein to the tube and add 1-2 drops of trichloroacetic acid. Protein precipitation is formed.

 
The action of the acid is due to dehydration of the protein molecule and taking off the charge.

Observation:

Conclusion:

15. Protein precipitation by sulfosalicylic acid

Sulfosalicylic acid     -        
[image: image48.wmf]H

O

S

O

3

H

H

O

O

C


A sensitive specific reagent to protein is widely used to reveal protein in biological fluids. The mechanism of precipitation with organic acids is due to dehydration of a protein molecule and taking off the charge.

Reagents:
· 1% protein solution

· 10% sulfosalicylic acid solution

Procedure. Pour 5 drops of protein solution into the tube, add 1-2 drops of the acid. Protein precipitation is formed.
Observation:

Conclusion:

16. Purine detection in hydrolyzate of nucleoprotein

Nucleoproteins are complex proteins consisting of a simple protein and nucleic acids. The nucleic acids are high-molecular compounds consisting of mononucleotides. Mononucleotides consist of either purine or pyrimidine bases, carbohydrate component (ribose or deoxyribose) and phosphoric acid.

Reagents: 

· nucleoprotein hydrolysate

· NH4OH solution

· 1% AgNO3 solution

Procedure. Add 1 drop of concentrated ammonia solution to 10 drops of hydrolyzate to neutralize it and 5 drops of 1% AgNO3 solution. Brown precipitation appears which is due to the formation of silver compounds of purine bases.

Observation:

Conclusion:

17. Detection of ribose in hydrolyzate of nucleoprotein

Tollen’s reaction is specific for pentoses. When heated with hydrochloric acid furfurol is produced, which gives a red product of condensation with phloroglucin.

                          [image: image49.emf]
Reagents: 

· nucleoprotein hydrolysate

· 0,5 % of phloroglucin in conc. HCl 

Procedure. Pour 5-7 drops of hydrolysate into the tube, add 2-3 drops of 0,5% phloroglucin solution. Boil the mixture for 1min. Rosy color appears.

Observation:

Conclusion:

18. Detection of phosphoric acid in hydrolyzate of nucleoprotein
Reagents:
· nucleoprotein hydrolyzate

· molybdenum reagent (solution of ammonium molybdate in nitric acid)

Procedure. Add 10 drops of molybdenum reagent to 5 drops of hydrolyzate and boil for           1-2 min. When the tube is cooled with cold water, yellow crystalline precipitation is observed, which is due to formation of phosphomolybdic ammonium.

12(NH4)2MoO4 + H3PO4 + 21 HNO3 →21 NH4NO3 + (NH4)3PO4∙12MoO3∙6H2O↓ + 6H2O
                                                                                                yellow precipitation

Observation:

Conclusion:

19. Detection of amylase in the saliva

Amylase splits starch through intermediate products (dextrins) with formation of maltose. The latter is splitted by maltase into two molecules of glucose. Saliva can be a source of amylase, it contains α-amylase (α-1,4-glucan-4-glucanohydrolase). Saliva also contains maltase.

Unsplitted starch gives  blue coloration with iodine, dextrins give violet, red-brown and orange color (depending on the size of particles) or are not colored.

Reagents:
· 1% iodine solution

· 0,5% starch solution

· distilled water

Procedure. Pour water into nine tubes (2ml each), add 1 drop of iodine solution. To a separate glass pour 5ml 0,5% starch solution, add 5 drops of saliva, stir and notice the time. Immediately, take 2 drops of the mixture and place it to tube 1. If the liquid in the tube 2 becomes blue, place 2 drops of mixture to the other tubes in longer intervals, i.e. 30 second. If the liquid in tube 2 becomes purple or red, the mixture should be placed in other tubes in 20-second intervals.

When in one of the tubes the yellow color of iodine does not change, starch hydrolysis is completed.

Fill in the table:

	Tube №      
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Color
	
	
	
	
	
	
	
	
	

	Reaction product     
	
	
	
	
	
	
	
	
	




(C6H10O5)n + nH2O → (C6H10O5)x → C12H22O11+ nH2O
                                                          Dextrins            Maltose

Starch and amyloidodextrins produce purple-blue coloration with iodine, erythrodextrins become red-brown, achrodextrins yellow-orange, maltose does not produce coloration.

Observation:

Conclusion:

20. Detection of hormones of protein and peptide nature using biuret reaction

Oxitocin is a nonapeptide, isolated from the pituitary gland, is a peptide hormone which influences metabolism in the smooth muscles and milk production in the mammary gland. In a pure form it is a powder of luster spicular crystals. It is used in medicine.

Insulin is a protein hormone of the pancreas, it participates in carbohydrate metabolism. Lack of insulin in the organism causes diabetes mellitus. It is widely used in medicine.

These hormones produce all characteristic color reactions.

Reagents:
· 10% NaOH solution

· 1% CuSO4 solution

· oxitocin

· insulin

Procedure. Pour 5 drops of oxitocin and 5 drops of insulin into separate tubes. Add 1-2 ml of NaOH and 1-2 drops of CuSO4. Shake. Purple coloration is observed.
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Observation:

Conclusion:

21. Detection of adrenalin with iron chloride
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Adrenalin is produced by adrenal medulla and it is methylamino ethanolpyrocachetin. It possesses vasoconstrictive properties and influences carbohydrate metabolism aiding in glycogen decomposition in the liver. That is why when adrenalin is introduced, the states of hyperglycemia and glycosuria develop, that is its action is opposite to insulin action. When iron chloride is added to adrenalin solution, the liquid becomes green because a complex compound of iron phenolate is produced. The reaction depends on pyrocatechin group in an adrenalin molecule.

Reagents:
· 0,025% adrenalin solution (1:4000)

· 3% iron chloride solution

· concentrated ammonia solution

Procedure. Pour 1 ml of adrenalin solution and add 1 drop of FeCl2. Green color is seen. When 1 drop of concentrated ammonia solution is added the color becomes red and then brown.
Observation:

Conclusion:

Practical skills which students are to obtain when studying bioorganic chemistry

Iodoform test for acetone.

Tromer’s reaction with formaldehyde.

Wagner’s reaction with oleic acid.

Proof of fat insaturation (reaction of potassium permanganate).

Proof of presence of free phenol hydroxyl in salicylic acid.

Proof of presence of free phenol hydroxyl in salol.

Production of Feling’s reagent. 

Feling’s reaction with glucose, lactose and maltose.

Quality reaction for starch.

Reaction with α-amino acids, peptides, proteins.

Xantoprotein reaction with aromatic amino acids, peptides, proteins.

Fol’s reaction with sulfur-containing amino acids, peptides, proteins.

Biuret reaction with peptides and proteins.

Precipitation of proteins with trichloracetic acid.

Protein precipitation with sulfosalicylic acid.

Detection of purine nucleoproteid in hydrolysate.

Detection of phosphoric acid nucleoproteid in hydrolysate.

Detection of ribose nucleoproteid in hydrolysate.

Detection of amylase in saliva.

Detection of hormones of protein and peptide nature with biuret reaction.

Detection of adrenalin by reaction with iron chloride.

Questions for the Credit in Bioorganic Chemistry

1. Benzene is ____________________________________compound.

2. Valence angel of sp3-hybridized carbon atom is___________________.

3. Valence angel of sp2-hybridized carbon atom is___________________.

4. Valence angel of sp-hybridized carbon atom is___________________.

5. sp3-hybridized carbon atom forms______________ bonds.

6. sp2-hybridized carbon atom forms______________ bonds.

7. sp-hybridized carbon atom forms______________ bonds.

8. Small cycles have_____________________ bonds in molecules.

9. Valence angel in cyclopropane molecule is _____________________.

10. Valence angel in cyclopentane molecule is________________________.

11. Valence angel in cyclohexane molecule is _______________________.

12. Valence angel in ethylene molecule is _______________________.

13. Valence angel in benzene molecule is_______________________.

14. Valence angel in methane molecule is _______________________.

15. Valence angel in acetylene molecule is _______________________.

16. Write the structure of 2-methylpropane-1,3-diol.

17. Write the structure of m-bromobenzoic acid.

18. Write the structure of 2-aminobutanedioic acid.

19. Write the structure of 3-oxobutanoic acid.

20. Write the structure of 2-аmino-3-methylpentanoic acid.

21. Write the structure of 3-hydroxybutanal.

22. Write the structure of 4-amino-2-methylphenol.

23. Write the structure of toluene.

24. Write the structure of 2-oxobutanoic acid.

25. Write the structure of 2,3-dihydroxypropanal.

26. Write the structure of p-aminobenzoic acid.

27. Write the structure of p-aminophenol.

28. Write the structure of α,α-dichloropyrrol.

29. Write the structure of β-bromopyridine.

30. Write the structure of о-bromotoluene. 

31. Draw the Newman projection of eclipsed conformation of butanedioic acid.

32. Draw the Newman projection of staggered conformation of butanedioic acid.

33. Draw the Newman projection of gauche conformation of butanedioic acid.

34. Draw the Newman projection of the most stable conformation of butanedioic acid.

35. Draw the Newman projection of the least stable conformation of butanedioic acid.

36. Draw the Newman projection of eclipsed conformation of 1,2-dichloroethane.

37. Draw the Newman projection of staggered conformation of 1,2- dichloroethane.

38. Draw the Newman projection of gauche conformation of 1,2- dichloroethane.

39. Draw the Newman projection of the most stable conformation of 1,2- dichloroethane.

40. Draw the Newman projection of the least stable conformation of 1,2- dichloroethane.

41. Draw the Newman projection of eclipsed conformation of 2-aminoethan-1-ol.

42. Draw the Newman projection of staggered conformation of 2-aminoethan-1-ol.

43. Draw the Newman projection of gauche conformation of 2-aminoethan-1-ol.

44. Draw the Newman projection of the most stable conformation of 2-aminoethan-1-ol.

45. Draw the Newman projection of the least stable conformation of 2-aminoethan-1-ol.

46. Electron-accepting substituents show _______________effects.

47. Electron-donating substituents show  _______________effects.

48. Methyl group in toluene molecule shows _________________effects.

49. Hydroxyl group in phenol molecule shows _________________effects.

50. Hydroxyl group in benzyl alcohol molecule shows _________________effects.

51. Carboxyl group in benzoic acid molecule shows _________________effects.

52. Carbonyl group in benzaldehyde molecule shows _________________effects.

53. Hydroxyl group in hydroxyacetic acid shows __________effects.

54. Amino group in aminoacetic acid molecule shows _________________effects.

55. Nitro group in nitrobenzene shows _________________effects.

56. Amino group in aniline shows________ _______________ effects.

57. Hydroxyl group in phenol molecule directs following substituents in ________ positions in the ring due to ____________effects.

58. Carboxyl group in benzoic acid molecule directs following substituents in ________ positions in the ring due to ____________effects.

59. Methyl group in toluene molecule directs following substituents in ________ positions in the ring due to ____________effects.

60. Carbonyl group in benzaldehyde molecule directs following substituents in ________ positions in the ring due to ____________.

61. Chain reactions are typical for ___________________________.

62. Alkanes enter  _______________ reactions, according to  ________mechanism.

63. Alkenes enter  _______________ reactions, according to  ________mechanism.

64. Electrophilic addition reactions (АЕ) are typical for _______________.

65. Electrophilic substitution reactions (SЕ) are typical for _______________.

66. The most characteristic reactions for aromatic compounds are __________________.

67. Acidity in homologues series of monoatomic alcohols   _________ due to_________.

68. Acidity in homologues series of carboxylic acids   _________ due to_________.

69. Chloroacetic acid is___________ acidic than acetic acid due to______________.

70. Primary alcohol                                    ___________                              ___________.

71. Secondary alcohol                                       _____________                           __________.

72. Ethylamine is  ________ basic than aniline due to____________________.

73. Carbonyl group in aldehydes and ketones enters  _______________ reactions, according to  ________mechanism.

74. Esterification reaction proceeds according to  _______________mechanism.

75. Benzene enters substitution reactions rather than addition ones because_____________.

76. Aldehyde group in monosaccharide molecule can be revealed by reaction with _______.

77. According to number of monomers carbohydrates are classified as__________________.

78. Galactose molecule has _____________chiral carbon atoms.

79. Name the class to which monosaccharides belong to:  ___________________________.

80. Oxidation of D-glucose with strong oxidizing agent gives ________________________.

81. The product of glucose reduction is  __________________________________.

82. Glycosidic linkage is formed with participation of _________________hydroxyl group. 

83. Fructose molecule has _____________chiral carbon atoms.

84. Oxidation of D-glucose with bromine water gives ___________________________.

85. Maltose molecule consists of ______________________________________________.

86. Oxidation of sixth carbon atom in glucopyranose gives  __________.

87. Starch consists of fractions -  _______________and ______________________.

88. Linkage between monosaccharide unites in polysaccharides is called________________.

89. Glycogen consists of_______________________________________________.

90. Give example of non-reducing sugar   _____________________________.

91. Basic hydrolysis of fat gives  ____________________________________.

92. Acidic hydrolysis of fat gives  ____________________________________.

93. Liquid lipid can be converted into solid one by  ________________________reaction.

94. Fat is an ester of_____________and__________________.

95. Solid soap is __________________________________________________.

96. Liquid soap is __________________________________________________.

97. Iodine number characterizes _______________________________________.

98. Saponification number characterizes _______________________________________.

99. Cephaline hydrolysis gives _________________________________________________.

100. Lecitine hydrolysis gives __________________________________________________.

101. Phosphatidyl serine  consists of_______________________________________.

102. Sphingomyeline belongs to___________________________________________.

103. Reaction of lipid formation is called ____________________________.

104. Degree of fatty acids unsaturation is characterized by  __________number.

105. Length of hydrocarbon chain of fatty acid in the composition of lipid is characterized by  ______________number.

106. pI of alanine is in ______________________medium.

107. pI of aspartic acid is in ______________________medium.

108. In basic medium valine molecule exists as  ______________________________.

109. In basic medium serine molecule exists as  ______________________________.

110. In acidic medium glycine molecule exists as  _____________________________.

111. In acidic medium threonine molecule exists as  ___________________________.

112. In acidic medium tyrosine molecule exists as  ____________________________.

113. In acidic medium lysine molecule exists as  ______________________________.

114. In acidic medium phenylalanine molecule exists as  _______________________.

115. In basic medium cysteine molecule exists as  _____________________________.

116. In basic medium methionine molecule exists as  __________________________.

117. In basic medium glutamic acid molecule exists as  ________________________.

118. In basic medium aspartic acid molecule exists as  _________________________.

119. pH in aqueous solution of alanine is__________________.

120. pH in aqueous solution of glycine is__________________.

121. Five-membered heterocycle containing one oxygen atom is called ____________.

122. Five-membered heterocycle containing one nitrogen atom is called ___________.

123. Five-membered heterocycle containing one sulfur atom is called _____________.

124. Five-membered heterocycle containing two nitrogen atoms is called __________.

125. Five-membered heterocycle containing one nitrogen atom and one sulfur atom is called ____.

126. Six-membered heterocycle containing one nitrogen atom is called ____________.

127. Six-membered heterocycle containing two nitrogen atoms is called ___________.

128. Fused heterocycle indol consists of ___________ring and ___________ring. 

129. Fused heterocycle quinoline consists of ___________ring and ___________ring. 

130. Fused heterocycle purine consists of ___________ring and ___________ring. 

131. Porphyrine is composed of ________________________rings.

132. Carbohydrate moiety in RNA is  ______________________________.

133. Carbohydrate moiety in DNA is  ______________________________.

134. In the mononucleotides alcoholic hydroxyl group forms ester with  ________acid.

135. Nucleic acids as heterocyclic moieties contain _______derivatives and ________derivatives. 

136. Uracil is a derivative of________________.

137. Thymine is a derivative of________________.

138. Cytosine is a derivative of________________.

139. Adenine is a derivative of ___________________.

140. Guanine is a derivative of ___________________.

141. 2,4-dioxopyrimidine is called__________________________________________.

142. 5-methyl-2,4-dioxopyrimidine is called__________________________________.

143. 4-amino-2-oxopyrimidine is called_____________________________________.

144. 6-aminopurine is called ______________________________________________.

145. 2-amino-6-oxopurine is called ________________________________________.

146. Complimentary of nitrogen bases in DNA is as follows: adenine______, guanine_____.  

LIST

of

BIOLOGICALLY IMPORTANT COMPOUNDS
	ethylene glycol
	ribose
	glycine

	glycerin
	deoxyribose
	alanine

	phenol
	glucose
	valine

	acetone
	fructose
	leucine

	formic acid
	galactose
	isoleucine

	acetic acid
	mannose
	serine

	propionic acid
	maltose
	threonine

	butyric acid
	cellobiose
	arginine

	valeric acid
	sucrose
	lysine

	caproic acid
	lactose
	aspartic acid

	nicotinic acid
	amylose
	asparagine

	nicotinic acid amide
	amylopectin
	glutamic acid

	p-amino benzoic acid
	
	glutamine

	salicylic acid
	lauric acid
	cysteine

	acetylsalicylic acid
	myristic acid
	methionine

	benzoic acid
	palmitic acid
	phenylalanine

	quinone
	stearic acid  
	tyrosine

	hydroquinone
	oleic acid
	tryptophan

	
	linoleic acid
	histidine

	fumaric acid
	linolenic acid
	proline

	maleic acid
	lecitine
	

	a-ketoglutaric acid
	cephaline
	peptide formation

	lactic acid
	
	

	pyruvic acid
	simple lipid formation
	

	malic acid
	
	

	oxaloacetic acid
	pyrrol
	

	acetoacetic acid
	pyridine
	

	oxalic acid
	purine
	

	malonic acid
	pyrimidine
	

	succinic acid
	furan
	

	glutaric acid
	imidazole
	

	tartaric acid
	pyrazol
	

	citric acid
	indole
	

	isocitric acid
	quinoline
	

	
	thiazole
	

	
	cytosine
	

	
	thymine
	

	
	uracile               
	

	
	adenine
	

	
	guanine
	

	
	ATP, ADP, AMP
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