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4. Text of Lectures.

Motivational characteristic 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.
The purpose of the subject:
1) Know electronic mechanism of the esterification reaction and important chemical properties of esters (hydrolysis, reduction, reactions with ammonia and amines).

2) Know structure, physical properties, analytical characteristics, and chemical properties of fats. Be familiar with their biological function.

3) Know structure of phospholipids (cephalin and lecithin) and be familiar with their biological role.

4) Study the structure of waxes, sphingolipids and glycolipids.

5) Know particular qualities of thioesters chemical behavior, formation and properties of coenzyme A esters.
Practical skills
1. To be able to write esterification reaction.

2. To be able to write the scheme of fat formation.

3. To be able to predict properties of esters, saponifiable lipids.

4. To be able to produce esters, perform saponification reaction.

5. To be able to calculate theoretical value of saponification number.

6. To be able to prove unsaturation of higher fatty acids that are components of fat. 
Scheme of structure of the subject.






Plan of students' work.
	№
	Stages
	Time (min.)
	Training and visual aids
	Location


	1.
	Motivation description and plan of subject. Answers on students’ questions.
	25
	Methodical instructions
	Class room

	2.
	Incoming control
	20
	Test
	

	3.
	Independent work of students with methodical literature, the solution of educational problems, filling of work-book
	75
	Methodical instructions for students, text of lecture, manual for students’ self-work, work-book, reference data, tables
	

	4.
	Laboratory work
	20
	Soap, sulfuric acid, sunflower oil, calcium chloride.
	

	5.
	Final control 
	25
	Test
	

	6.
	Analysis and conclusions 

Home work
	15
	
	


Tasks for self-work:
- List of questions to be studied:

1. Classification and biological role of lipids.

2. The most important fatty acids are structural components of lipids.

3. Analytical characteristic of fats: saponification value; iodine value.

4. Chemical properties of lipids: hydrolysis of fats (acidic and basic), oxidation of fats.

5. Composition, structure and biological role of structure of waxes.

6. Structure and properties of phospholipids, sphingomyelins, glycolipids.

Teaching tasks and solution algorithms
Task № 1. Give the mechanism of ester formation and hydrolysis.

Solution. Esters can be considered as a product of substitution of an acid hydroxyl group by an alcohol radical – OR. Esters can be formed by organic and inorganic acids:
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Acetic acid ethyl ester

Ethyl sulfate
Esters are formed by heating a carboxylic acid with an alcohol, in the presence of mineral acid:
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The protonation of the carbonyl group leads to carbocation formation to which a molecule of alcohol is attached by the oxygen. Hydroxyl group, by the process of protonation, is converted into a good leaving group (H2O) and the carbonyl gets deprotonated.

Hydrolysis is one of the important properties of esters. It can be catalyzed by an acid or a base. Mechanism of hydrolysis in alkaline medium is shown below: 
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Task № 2. Give the scheme of phenacetin (antipyretic drug) formation from ethyl acetate and n- phenetidine.

Solution. Esters such as carboxylic acid halogen hydride, act as acylating agents. They form amides in the reaction with nucleophilic reagents (e.g. amine). This reaction takes place in phenacetin synthesis from ethyl acetate and n- phenetidine:
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Task №3. Compare an acylating capacity of ester and thioester.
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Solution. Acylating capacity of thioesters is higher than corresponding esters, that explains by lower M-effect of SR'-group. As a result δ+ charge on the carbonyl carbon of thioester is higher than for/in corresponding ester. Besides, SR'-ion is more stable than ОR'-ion, i.e. –OH is a better leaving group.

Task № 4. Neurotransmitter acetylcholine is formed in the body by choline acylation with acetyl-CoA. Give the scheme of this reaction.
Solution.
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Task № 5. Calculate the theoretical iodine and saponification numbers for 1-oleoyl-2-palmitoyl-3-stearoylglycerol. What is the difference between triglycerides with different iodine and saponification numbers?

Solution. Fats and oils (triglycerides) are simple lipids. They are esters of one molecule of glycerol and tree fatty acid residues. Glycerol is a basic component of triglycerides, while fatty acids could be different. About 50 fatty acids were isolated nowadays. Almost all of them have even number of carbon atoms (from 4 to 24) that form unbranched chains. 
Most common fatty acids:
Saturated fatty acids:
Lauric acid

С11Н23 СООН;

Myristic acid
С13Н27 СООН;
Palmitic acid
С15Н31 СООН;
Stearic acid

С17Н35 СООН;

Unsaturated fatty acids: 
Oleic acid

С17Н33 СООН;

Linoleic acid
С17Н29 СООН;
Linolenic acid
С17Н31 СООН.
Glycerol (trihydric alcohol) can combine with three acid residues in a molecule. Triglycerides are called “simple” if they have three identical acyl chains (triolein, trilaurin) or “mixed” if they composed of different acyl chains, for example:
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	Oleopalmitostearin
(1-oleoyl-2-palmitoyl-3-stearoylglycerol)


Fat may be solid or liquid at room temperature depending on the structure of fatty acids. Solid fats consist mostly of high proportion of saturated fatty acids triglycerides, while liquid fats (oils) contain high quantity of mono- and polyunsaturated fatty acids and liquids.

The main analytical characteristics of fat include solidification temperature, saponification number and iodine number. The more saturated acids with high molecular weight are in fat, the higher solidification temperature is. For example, solidification temperature of vegetable oil – 18 ºС, caw butterfat – +30÷38 ºС.

Saponification number is the number of milligrams of KOH required to neutralize the fatty acids resulting from the complete hydrolysis of 1g of fat. 

Saponification is the hydrolysis of fats or oils under basic conditions. The fatty acid esters are cleaved by boiling in KOH, a process which produces salts of the fatty acids and the corresponding alcohol, e.g. glycerine: 
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Estimation of the theoretical saponification number: the fat relative molecular mass (oleinoyl-palmitoyl-stearoylglycerol) С55Н104О6 = 857, KOH relative molecular mass, in order to saponify 3 mole КОН = 168:
857  –  168   


1,0   –   х


х=0,196= 196 mg.

Saponification number gives the information concerning the character of the fatty acids and the average molecular weight (or chain length) of all fatty acids present.  The long chain fatty acids found in fats have low saponification number because they have a relatively fewer number of carboxylic functional groups per unit mass of the fat and therefore high molecular weight. 

Iodine number is a quantity of iodine in grams resulting the addition of iodine at the double bond by 100 g of fat or oil. It serves as a measure of the extent of unsaturation of fatty acids.
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Estimation of the theoretical iodine number: relative molecular mass of the fat С55Н104О6 = 857, the relative molecular mass of 1 mole I2 = 254:
857  –  254   


100   –   х


х=29,6 g.

Value of iodine number gives an opportunity to estimate fat aggregative state. If the iodine number is less than 70, it will be a fat (solid), and if the iodine number exceeds 70 it is oil (liquid). Thus, 1-oleinoyl-2-palmitoyl-3- stearoylglycerol is a solid fat.

Task № 6. Describe properties of cephalins and lecithins base on their chemical structure.

Solution. Phospholipids such as cephalins and lecithins are main components in the lipid bilayer of cell membranes. They are esters of two higher fatty acids (saturated or unsaturated), which attached to glycerol in 1st and 2nd positions and phosphatidic acid with amino alcohol, attached through 3d oxygen on glycerol. Cephaline contains choline and lecithin – ethanolamine or serine.
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phosphatidic 

  Cephalin



     Lecithin

acid


  (phosphatidylethanolamine)

(phosphatidylcholine)
where

R '- saturated high carboxylic acid residue;

R" - unsaturated high carboxylic acid residue.

Initial substances form upon hydrolysis of cephalins and lecithins esters:
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Phosphoric acid in these compounds is responsible for acidic properties and amino group for basic properties, i.e. phospholipids are amphoteric compounds. They form zwitterions (dipolar ion) also called inner salts:
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Phospholipids undergo reactions by free-radical mechanism, electrophilic addition (AE) and substitution (SE) due to the presence of unsaturated carboxylic acids in their molecules.

Waxes are esters of long-chain fatty acids (palmitic acid) and long-chain monohydric alcohol group (e.g. stearyl, palmityl (cetyl), or myricyl alcohol) attached to each other. For instance, the beeswax contains palmitic acid myricyl ester; the sperm whale wax (spermaceti) consists of cetyl palmitate. Waxes form a protective layer on skin, leaves, fruits of plants. Sphingomyelin is contained in nerve tissue. Sphingomyelin contains sphingosine and the residue of fatty acid (palmitic, stearinic, lignoceric and nervonic acids), phosphoric acid and choline:
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Sphingosine
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Sphingomyelin

Cerebrosides are an important group of glycolipids, which are present in a brain white matter in large quantities. They composed of sphingosine, galactose and fatty acids such as lignoceric, nervonic, and cerebronic acids:
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Cerebroside
LABORATORY WORK
Experiment 1. The elimination of free fatty acids from soap.

Place 5 drops of freshly-prepared concentrated solution of soap into a test tube and add 1 drop of 10% H2SO4.

2C17H35COONa + H2SO4 → 2C17H35COOH + Na2SO4

Make a conclusions.
Experiment 2. Ability of soaps to emulsify fats.

Place 1 drops of sun flower oil into a test tube, add 5 drops of water and shake vigorously. What's happening? To the received emulsion add 5 drops of soap solution and shake vigorously again.
Make a conclusions.
Experiment 3. Formation of insoluble calcium salts of fatty acids.

Place 5 drops of soap solution and add 1 drops of 5% solution of calcium chloride. Shake vigorously.

2 C17H35COONa + CaCl2 → (C17H35COO)2Ca + 2 NaCl
Revision exercises
№ 1

1. Describe the reaction mechanism of methyl propionate formation (propanoic acid methyl ester) from the corresponding acid and alcohol.

2. Draw the hydrocarbon radical conformation of myristic acid which is present in animal lipids.

3. Obtain the fat, which include linolenic, oleic, and palmitic acids. What will be the fat consistency, in your opinion?

№2

1. Write the scheme of ethyl butyrate saponification in basic conditions (butanoic acid ethyl ester).

2. Write structural formulas of linethol (mixture of ethyl esters of unsaturated higher fatty acids С16 и С18, and saturated analogs of these acids) components. Draw the hydrocarbon radical conformations.

3. Write the reaction equation of glycerol trilinoleate (1,2,3-Trilinoleoylglycerol) and iodine. What is the significance of this reaction?
№3

1. The nonnarcotic analgesic methyl salicylate is prepared from salicylic acid (o-oxy-benzoic acid), which is esterified with methanol. Describe the mechanism this reaction.

2. Write the structural formula of all-cis-arachidonic acid С19Н31СООН-Δ5, 8, 11, 14. Does this acid refer to conjugated systems?

3. Write the scheme of the fat saponification reaction in basic conditions, which include oleic and stearic acids. What is the significance of this reaction?
№4

1. Obtain nicotinamide (Vitamin РР) from β-pyridinecarboxylic acid ethyl ester and ammonia.

2. Give the scheme of the hydrolytic cleavage reaction of palmitoyl-distearoyl-glycerol in an acidic medium.

3. Write the structural formula of cephalin, containing linoleic and palmitic acids. What is the biological role of cephalins?
№5

1. Obtain from salicylic (o-oxy-benzoic acid
) and acetic acids acetylsalicylic acid (aspirin), which is used as an analgesic and an antipyretic medication. Show the mechanism this reaction.

2. Write the reaction equation of glycerol trilinoleate (1,2,3-Trilinoleoylglycerol) and iodine. What is the significance of this reaction?

3. Give the structure of lecithin, containing stearic and oleic acids. What is the biological role of lecithin.

№6

1. Give the scheme of phenyl salicylate hydrolysis (salol), which is commonly used as an intestinal antiseptic.
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2. Write the reaction equation of the linoleyl-oleoyl-palmitoylglycerol hydrogenation. What will be consistency of initial and final products? 

3. Give the structure of phosphatidylethanolamine (PE), containing linoleic and palmitic acids. Indicate polar and non polar parts of the molecule. Can this compound be undergone peroxidation?

№7

1. Give the scheme of malonic acid amide formation (2 types).

2. Determine a saponification number. What is the significance of this value? Write the reaction equation that is used for the determination of the saponification number.

3. Write the reaction equation of phosphatidylcholine acidic hydrolysis, which contain stearic and oleic acids.
№8

1. Describe the mechanism of isopropyl acetate acidic hydrolysis.

2. Define iodine number? What is the significance of this value? Write the scheme of the reaction that is used for determination of iodine number.

3. Determine consistency of linoleodiolein, write the scheme of hydrolysis. What is the consistency of the final product?

№9

1. Give the mechanism of benzyl benzoate С6Н5-СО-ОСН2-С6Н5 (used for scabies treatment) formation, from corresponding initial products under acid catalysis. 

2. Write structural formulas taking into account conformational structure of cis- and trans-isomers of oleic acid. Which isomer of oleic acid does present in natural lipids?

3. Write the scheme of the fat saponification reaction in basic conditions, which include linoleic and palmitic acids.

№10

1. Give the scheme of the reduction ethyl propionate (ethyl ester of propanoic acid).

2. Give the scheme of the hydrolytic cleavage reaction of dipalmitoyl-stearoyl-glycerol in a basic medium. What is the significance of this reaction?

3. Write the reaction of phosphatidic acid, which contains oleic and palmitic acids with ethanolamine. To what kind of biologically active substances can you refer the final product?
№11

1. Give the scheme of acetylsalicylic acid hydrolysis (aspirin), which is commonly used as an antipyretic and as an analgesic medication:
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2. Write the reaction of oleic acid peroxidation.

3. Obtain the fat, which include linolenic, oleic, linoleic, and stearic acids.

№12

1. Write the reaction of acetic acid and coenzyme A (CoA). Name the product. What is the role of this reaction in vital processes?

2. Give the scheme of the hydrolytic cleavage reaction of linolenioyl-oleoyl-palmitoylglycerol.

3. Write the reaction of phosphatidic acid, which contains stearic and linoleic acids with choline. What is the biological role of the product?

№13

1. Obtain nicotinamide (Vitamin РР) from β-pyridinecarboxylic acid ethyl ester and ammonia. Name the product.

2. Give the scheme of glycerine esterification reaction with corresponding acids to obtain dioleoyl-linoleoylglycerol. What is the mechanism of this reaction?

3. Give the scheme of cephalin acidic hydrolysis, which contain stearic and linoleic acids. Describe biological role of phospholipids. 
№14

1. Isoniazid (isonicotinohydrazide) is a medication that prevents tuberculosis. Give the scheme of its formation from isonicotinic acid (γ- pyridinecarboxylic acid) and hydrazine (diazane: NH2-NH2).

2. Write the reaction of linoleic acid peroxidation.
3. Write the reaction of dioleostearin hydrogenation. What is the significance of this reaction?
№15

1. Give the reaction equation of calcium benzamido-salicylate (Bepask) hydrolysos, which is used for tuberculosis treatment. The structure is given below: 
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2. Write the reaction equation of glycerol trilinoleate (1,2,3-Trilinoleoylglycerol) and iodine. What is the significance of this reaction?

3. Draw the hydrocarbon radical conformation of myristic acid which is present in animal lipids.
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Навчальне видання

Вищі жирні кислоти. Ліпіди. Фосфоліпіди.

Методичні вказівки для самостійної роботи студентів 1-го курсу з дисципліни «Біологічна та біоорганічна хімія».
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