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CHEMISTRY



Table 2.
	1. PURPOSE AND OBJECTIVES OF TRAINING

	The discipline „Chemistry“ is in the list of compulsory subjects in the Medicine curriculum. It is studied in the first semester of the first year and ends with a term final written exam. One of the main objectives of chemistry for medical doctors is gaining knowledge of fundamental chemistry laws, terms, definitions, and molecular structures that are used in later courses, like biochemistry and physiology. The introductory topics are related directly to the laboratory works – properties of aqueous solutions, acid / bases and buffers. Particular attention is devoted to the basic ways molecules are build, the intermolecular forces, the nature of coordination compounds and electronic effects in various molecules. Several topics on “Molecular reactivity” underline basic physicochemical principles – thermodynamic laws, kinetics, and redox reactions. The organic chemistry part describes types of compounds that are involved in biochemical processes and are building blocks of natural biopolymers. Although the chemical transformations in living cells are due to characteristic reactions, their underlying principles are identical to those in chemical vessels and in industry. Typical organic transformations are included as illustration of properties of certain classes compounds. The objective of both lectures and experimental training in Chemistry is to teach students how to apply the concepts and methods of chemical science to biochemical and medical cases. After completing the Chemistry Program students are expected to know the fundamental chemical laws and molecular structures involved in processes in living organisms.


	2. TEACHING TEAM (FACULTY TEACHERS)

	Lecturer: 


· Prof. Stefan E. Boiadjiev, DSc, PhD.  Research interests: Organic stereochemistry, Physical methods for structural determination; room 115, tel.: 064 884 290
E-mail: boiadjiev_s@mu-pleven.bg
Assistants:

· Nina Ivanova, MS. Teacher in chemical laboratory; room 120, tel. 0878 23 6356;

E-mail: n.ivanova@mu-pleven.bg
· Polina Gradinarova, MS. Teacher in chemical laboratory; room 122, tel. 064 884 157;
E-mail: polina_tabjashka@abv.bg

	3. PROGRAM OF STUDY (CURRICULUM)

	The Chemistry Program of study is developed in the Department of Chemistry, Biochemistry, Physics and Biophysics according to the System of quality of education. The content of the program was initially approved by the Department council and finally - by the Faculty council. The Chemistry program includes the thesis plan of lectures and laboratory works. The program content is annually updated in accordance with the latest trends in chemical science and education.
File: Chemistry programme.doc
File: 


	4. LECTURE COURSE 

	[image: image1.png]MEDICAL UNIVERSITY - PLEVEN
DISTANCE LEARNING CENTRE

STEFAN BOIADJIEV

CHEMISTRY

electure courses

"

FOR DISTANCE LEARNING

FOR STUDENTS IN MEDICAL UNIVERSITY — PLEVEN

Gpiom

PLEVEN, 2016





	The lecture course is intended for medical students. The scheduled lectures are 45 academic hours, and the scheduled laboratory works are 45 academic hours. More detailed handouts of some lecture topics are provided below.
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To the lecture course…

	5. ADDITIONAL MATERIALS 

	The following study materials are recommended for preparation of the Chemistry final exam and to extend the students' learning:
· Holum J. R. Fundamentals of General, Organic and Biological Chemistry 6th Ed. John Wiley, 1998, 928 pages.
· Timberlake K. C. Chemistry: An Introduction to General, Organic and Biological Chemistry 12th Ed. Prentice Hall, 2014, 744 pages.
· Schmuck C., Engels B., Schirmeister T., Fink R, Chemie für Mediziner Pearson Studium, 2008, 752 pages (in German).
· handouts.


	6.  LABORATORY PRACTICAL WORKS AND MID-TERM TEST

	 
	According to the “Laboratory manual” and the schedule provided by teaching assistant.
The mid-term exam (colloquium) is written and includes one lecture topic from Theme III) Principles of molecular reactivity, one topic from laboratory works up to “Photometry”, and solving one numerical problem from “Concentration of solutions”


	7. EXAMINATION TOPICS FOR CHEMISTRY

	The syllabus includes topics from both lectures and laboratory works.
File:  Examination_Topics_2016.doc


	8. TEST QUESTIONS AND PROBLEMS (TESTS COURSE)

	
	At the end of the Chemistry course, students should be able to reason logically on electronic effects, chemical structures, reactions and to write properly chemical structures.  They should be familiar with basics of ALL topics of the course, divided in mayor themes: I) Chemical bond and mutual influence of atoms in the molecules; II) Spatial structure of the molecules; III) Principles of molecular reactivity; IV) Methods of chemical analysis of biomaterials; V) Hydrocarbons, mono- and polyfunctional derivatives of hydrocarbons; VI) Heterofunctional derivatives of hydrocarbons.  Important small biomolecules, metabolites and synthetic drugs;  VII) Biologically important heterocyclic compounds; VIII) Biopolymers and their monomers; IX) Lipids and steroids.  For preparation of the final exam, the handouts and the Laboratory manual are the first sources.


	9. GENERAL COMMENTS AND RECOMMENDATIONS

	In relation to this section contains instructions on how to prepare for the course. There is information on the requirements for preparation of individual course tasks. There have been a number of recommendations on how the preparation and resolution of selection tests. 



	10. FORUM ON THE DISCIPLINE

	The forum on the subject is the place where you can accommodate comments, questions and recommendations on ways of presenting the material. The forum is open to all students and the information in it should be brief and clear in strict compliance with the requirements of academic ethics. Thank you for your understanding.

	11. CONSULTATIONS

	Consultations on specific, well defined questions – in room 115 at any available time of the teacher.


Table 2.
	Topic 09:  Criteria for predicting the direction of chemical reactions.  Enthalpy and entropy.

	Chemical equilibrium, equilibrium constant, reaction quotient.  Fundamental thermodynamic terms: system and types of systems; process and types of processes.  Internal energy.  First principle of thermodynamics.  Enthalpy and entropy.  Second principle of thermodynamics.  Criteria for predicting the spontaneity of chemical reactions: Gibbs free energy.  Examples with specific reactions.
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 Handout Topic_09...  File: Topic_09.pdf


	Topic 10:  Relationship between free energy and equilibrium constant.  Coupled processes.

	Standard Gibbs free energy.  Relationship between free energy changes and equilibrium constant.  Equilibrium and temperature.  Exergonic, endergonic and anergonic processes.  Bioenergetics.  Coupled processes – description of characteristics and example.  High-energy bonds, ATP.
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 Handout Topic_10...  File: Topic_10.pdf


	Topic 11:  Chemical kinetics.  Molecularity and order of reactions.  Rate equations.

	Introduction to chemical kinetics – basic terms and equations, instantaneous rate.  Law of mass action.  Reaction order and molecularity.  Integral rate law expression for first-order reactions.  Half-time of a reaction.  Graphical representations and determination of rate constant.
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 Handout Topic_11...  File: Topic_11.pdf


	Topic 12:  Temperature dependence of reaction rate.  Activation energy.  Arrhenius equation.

	Activation energy, transition state vs. intermediate state.  The Arrhenius law.  Temperature and kinetic energy, idea for collision theory, the pre-exponential factor.  Determination of activation energy by graphical and analytical approach.  Action of a catalyst.
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 Handout Topic_12...  File: Topic_12.pdf


	Topic 13:  Oxidation–reduction reactions.  Important definitions.  Types of redox reactions.

	Valence and oxidation state.  Redox reactions – definitions, oxidizing and reducing agents, examples.  Half reactions and balancing redox equations.  Types of redox reactions.  Modes of occurring – direct electron transfer, dehydrogenation, elimination.  Redox reactions of organic molecules, relationship with Gibbs free energy change.
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 Handout Topic_13...  File: Topic_13.pdf


	Topic 14:  The Nernst equation.  Rate of redox reactions.  Redox catalysis.  Biological oxidation.

	Electrode potential.  Criteria for predicting the direction of a redox reaction.  Nernst Equation.  Standard reduction potential.  Examples of redox pairs and their characteristics based on the standard potential.  Relationship between free energy change, the redox potential and the equilibrium constant.  Rate of redox reactions and redox catalysis.  Biological reduction-oxidation reactions.  Biochemical redox catalysts.
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 Handout Topic_14...  File: Topic_14.pdf


	Topic 25:  Hydrocarbons and halogen derivatives.  Fundamental types of organic reactions.

	Classification of organic compounds.  Functional groups, homologous series.  Nomenclature of organic compounds.  Alkanes, cycloalkanes, alkenes, dienes, alkynes, aromatic hydrocarbons – basic characteristics, bonding, representatives.  Halogen derivatives of hydrocarbons – characteristics, properties, representatives.  Fundamental tupes of organic reactions – organic acid/base and redox, addition / elimination, substitution.  Examples of substitution and elimination with halogen derivatives.
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 Handout Topic_25...  File: Topic_25.pdf


	Topic 26:  Alcohols and phenols, thiols, ethers, amines, and their derivatives.  Representatives.

	Characteristics and classification of alcohols, phenols, ethers, peroxides, thiols, sulfides, aliphatic and aromatic amines.  Nomenclature and representatives.  Comparison between electronic structure and reactivity of members of these classes compounds – acidity and basicity.  Typical reactions – oxidation, esterification, acylation.  Synthesis of ethers.  Synthesis of esters, thioesters, esters with inorganic acid and amides.
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 Handout Topic_26...  File: Topic_26.pdf


	Topic 27:  Carbonyl compounds.  Structure and reactivity of the carbonyl group.

	Characterististics, classification, and nomenclature.  Selected representatives of aldehydes, ketones, and quinones.  Electronic structure, polarity and reactivity of the carbonyl group.  Comparison of carbonyl reactivity based on electronic and steric factors.  Nucleophilic addition reactions with aldehydes and ketones – addition of water, alcohols, hydrogen cyanide, condensation to Schiff base.  Aldol condensation.  Redox reactions with Fehling reagent and “silver mirror” reaction.  Disproportionation (Cannizarro).  Redox reaction of quinines – biological importance.
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 Handout Topic_27...  File: Topic_27.pdf


	Topic 28:  Carboxylic acids.  Chemical reactions of carboxylic acids.  Representatives.

	Electronic structure and bonding of the carboxyl group.  General scheme describing the chemical properties of a carboxylic acid.  Acidity, substituents and acid strength.  Nucleophilic acyl substitution – conversion into derivatives.  Examples of synthesis of ester, amide, N-substituted amide, anhydride.  Acidity of -hydrogen atom and synthesis of -substituted derivatives.  Representatives from saturated monocarboxylic and dicarboxylic acids, fatty acids.
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 Handout Topic_28...  File: Topic_28.pdf


	Topic 29:  Functional derivatives of carboxylic acids.  Selected chemical properties.

	General characteristics of the functional derivatives of carboxylic acids.  Electronic structure.  Comparison of their reactivity.  Typical reactions – hydrolysis, reactions with alcohols, with ammonia.  Specific characteristics in respect to biological significance – salts, amides, esters, thioesters, anhydrides, organophosphate esters and anhydrides, ATP.
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 Handout Topic_29...  File: Topic_29.pdf


	Topic 30:  Amino alcohols, amino phenols, and their important derivatives.

	Functional groups – general considerations, priority of the groups.  Amino alcohols – description and representatives: 2-aminoethanol, choline, acetylcholine, sphingosine.  Structure and function of: adrenaline, noradrenaline, dopamine, L-DOPA.  Natural and synthethic physiologically active amino alcolhols.  p-Aminophenol and its derivatives – acetanilide, phenacetin. paracetamol.
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 Handout Topic_30...  File: Topic_30.pdf


	Topic 31:  Hydroxycarboxylic acids.  Characteristics, classification, isomerism, properties.

	Characteristics and classification.  Isomerism – chain, positional, chirality.  Chemical properties – acidity, protecting groups.  Chemical transformations on hydroxyl group only, on carboxyl group only, on both functional groups.  Oxidation – biochemical relevance.  Esterification – intramolecular to lactone, intermolecular, lactide, polyesters.  Representatives from monohydroxy monocarboxylic acids, carbonic acid, from di- and tricarboxylic acids, members of Krebs cycle.
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 Handout Topic_31...  File: Topic_31.pdf


	Topic 32:  Aldehyde and keto acids.  Characteristics, isomerism, properties, representatives.

	Characteristics and isomerism.  Keto-enol tautomerism.  Properties – acidity of -hydrogens, decarboxylation.  Representatives – glyoxylic, uronic, pyruvic, acetoacetic, levulinic, oxaloacetic, -ketoglutaric acid.  NAD+ / NADH participation in lactate/pyruvate redox pair.
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 Handout Topic_32...  File: Topic_32.pdf


	Topic 33:  Derivatives of benzene as drugs.

	Structure of benzene, benzoic acid, 4-aminobenzoic acid, and folic acid.  Benzocaine and novocaine.  Paracetamol.  Sulfanilic acid and its derivatives – sulfonamides.  Antibacterials – sulfanilamide, sulfisomidine, sulfathiazole, sulfadimethoxine.  Salicylic acid and its derivatives – sodium salicylate, salol, aspirin.  Ibuprofen.
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 Handout Topic_33...  File: Topic_33.pdf


	Topic 34:  Five–membered heterocycles with one heteroatom.  Pyrrole, indole and their derivatives.

	Definition, classification and characteristics of heterocyclic compounds.  Electronic structure of pyrrole, furan and thiophene.  Comparison of their reactivity with benzene in substitution reactions.  Examples of such reactions in pyrrole, furan and thiophene.  Proline and nicotine.  Indol – structure and derivatives.  Triptophan, serotonin, triptamine.
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 Handout Topic_34...  File: Topic_34.pdf


	Topic 35:  Natural pyrrole pigments.  Myoglobin, hemoglobin, bilirubin.

	Electronic structure of porphyrin.  Structure of protoporphyrin IX and heme.  Coordination features of heme.  Comparative description of hemoglobin and myoglobin structures.  Bilirubin – structure, transport and relation to jaundice.
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 Handout Topic_35...  File: Topic_35.pdf


	Topic 36:  Pyrazole, imidazole – structure and reactions.  Analgesic and other derivatives.

	Electronic structure of pyrazole and imidazole.  Reactivity based on structure.  Amphoteric properties, histidine proton shuttle.  Analgetic derivatives of pyrazolone – antipyrine, aminopyrine, analgin.  Histidine, histamine.  Creatinine and its relationship to other carbonic acid derivatives.
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 Handout Topic_36...  File: Topic_36.pdf


	Topic 37:  Six–membered heretocycles with one heteroatom.  The group of pyridine.

	Electronic structure of pyridine, quinoline, isoquinoline.  Reactivity in electrophilic and nucleophilic substitution reactions.  Basicity compared to pyrrole and piperidine.  Examples of substitution reactions in pyrirdine.  Picolines, pyridine carboxylic acids, nicotinamide and NAD – structures, significance.  Natural and synthetic pyridine derivatives – Vitamin B6, pyridoxalphosphate, isoniazide.
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 Handout Topic_37...  File: Topic_37.pdf


	Topic 38:  Six– and seven–membered heterocycles with two heteroatoms – pyrimidine, diazepine.

	Structure of pyrimidine and related to it properties.  Pyrimidine bases in nucleic acids.  Structures of cytosine, uracil, thymine.  Nucleosides and nucleotides.  Dimerization pattern and hydrogen bonding.  Barbituric acid – acidity and properties.  Barbiturate tranquilizers – barbital, phenobarbital.  Benzo-1,4-diazepines – structure and representatives, diazepam, librium.
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 Handout Topic_38...  File: Topic_38.pdf


	Topic 39:  Bicyclic heterocyclic compounds – purine, pteridine, and their derivatives.

	Structure of purine.  Hydroxy derivatives of purine – xanthine, caffeine and related alkaloids.  Uric acid – structure and properties.  Purine bases – adenine guanine.  Nucleosides and nucleotides, ATP.  Base pairing.  Pteridine – structure, riboflavin, folic acid.
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 Handout Topic_39...  File: Topic_39.pdf


	Topic 40:  Amino acids.  Standard -amino acids.  Chemical properties.  Peptide bond, peptides.

	Biopolymers and their monomers.  Characteristics of amino acids and -amino acids.  Standard -amino acids and their classification according the side chain nature.  Chirality of -amino acids.  Non-proteinogenic -amino acids.  Amphoteric properties of -amino acid – titration curve, definition of pKa1 and pKa2 , isoelectric point, algebraic equations for these constants.  Chemical properties of amino acids – synthesis, amides, hydrolysis of ester and amide, transamination.  Electronic structure and features of a peptide bond.  Dipeptides and oligopeptides – aspartame, basics on enkephalins, glutathione, and insulin.  Proteins – fundamentals of their structure.
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 Handout Topic_40...  File: Topic_40.pdf


	Topic 41:  Monosaccharides – structure, isomerism, chemical properties.  Representatives.

	Characteristic functional groups, classification – monosaccharides, disaccharades, oligo- and polysaccharides.  Nomenclature and trivial names.  Structure and isomerism – Fischer projections and configuration, epimers.  Cyclic forms of monosaccharides – Haworth and conformational formulae.  Glucose and fructose as examples of structural representations.  Anomers.  Mutarotation.  Chemical properties – reduction, oxidation, reactions with Fehling and Tollens reagents, epimerization with base, alkylation and acylation, formation of glycosides (examples of glycosides), formation of osazones, Ruff and Wohl degradation, Kiliani-Fischer chain lengthening.  Representatives – trioses, tetroses, pentoses, hexoses, deoxy sudars, amino sugars.
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 Handout Topic_41...  File: Topic_41.pdf


	Topic 42:  Disaccharides – types, properties, representatives.

	Structural types.  Representatives with 1,4-glycosidic bond – cellobiose, maltose, lactose.  Example of 1,2-glycosidic linkage – sucrose.  Haworth and conformational formulae of these disaccharides.  Occurrence and properties – reducing, non-reducing sugars.
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 Handout Topic_42...  File: Topic_42.pdf


	Topic 43:  Polysaccharides.  Types and some important properties.  Heteropolysaccharides.

	General characteristics of polysaccharides, occurrence and importance in Nature.  Cellulose – structure, properties.  Starches, amylase, amilopectin – structure, properties.  Glycogen – structure, biochemical importance.  Heteropolysaccharides.  Heparin, hyaluronan, chondroitin sulfate – structure, occurrence.  Cell recognizing carbohydrates, blood types.
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 Handout Topic_43...  File: Topic_43.pdf


	Topic 44:  Lipids – classification, fatty acids.  Simple lipids.  Fats – structure and properties.

	Characteristics, function, and classification of lipids.  Fats and oils, fatty acids.  Simple lipids (triacylglycerols) – structure, occurrence.  Physical properties.  Chemical properties – iodine number, hydrogenation, rancidity, hydrolysis, saponification.  Energy source, -oxidation.
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 Handout Topic_44...  File: Topic_44.pdf


	Topic 45:  Phosphoglycerides, sphingolipids and glycolipids – structure, properties, representatives.

	Phospholipids – general structure, examples with colamine, choline, serine, inositol.  Phospholipid bilayer.  Plasmalogens – structure involving sphingosine, fattyacyl, phosphate and amino alcohol.  Sphingomyelins.  Glycolipids – cerebrosides and gangliosides.  Properties and occurrence of complex lipids.
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 Handout Topic_45...  File: Topic_45.pdf


	Topic 46:  Terpenes and carotenoids – characteristics, types, structure, representatives.

	Terpenes – principle of biochemical building, isoprene, biogenetic isoprene rule.  Physical properties and use.  Monoterpenes – geraniol, citronellol, menthol, camphor.  Diterpenes – retinol.  Carotenoids – structure of -carotene and conversion to retinol (Vitamin A1), importance to vision.  Polyterpenes.
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 Handout Topic_46...  File: Topic_46.pdf


	Topic 47:  Steroids – characteristics, representatives.

	Steroids – structure and conformation, functional groups on the skeleton (hydroxyl, keto, carboxylic acid).  Cholesterol – structure, function, occurrence.  Hormones – cortisone, testosterone, progesterone.  Anabolic steroids.  Vitamin D.  Bile acids and bile salts – structure, cholic acid, deoxycholic acid, taurocholate.
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