《有机化学(上)》课程教学大纲（三号黑体）

课程代码：09041039
课程类别：大类基础课程
授课对象：强化班 专业

开课学期：春季
学    分：4学分

主讲教师：王兴旺
指定教材：T. W. Graham Solomons, Craig B.Fryhle, 《Organic Chemistry》(第8版影印版),化学工业出版社，2004。
一、教学目的：

有机化学是介绍含碳类化合物-有机化合物化学性质的一门科学。有机化合物通常被称为有机分子，它涵盖了生活的方方面面，脂肪、糖类、蛋白质、核酸都是含碳化合物。有机化学课程的任务是帮助学生全面了解和掌握有机化学的基本知识和有机化学的最新进展，使学生对有机化学这门学科形成一个符合逻辑的、完整的框架体系。课程的第一部分着重于讲解有机化学的一般性的概念；第二部分，介绍各种有机官能团类化合物的性质及它们之间的相互转化；第三部分，介绍三种类型的有机酸碱理论；第四部分，在前三章的基础上介绍一些高等有机化学的概念；第五部分，介绍一些基本的有机化合物结构鉴定的基本知识及复杂的有机化合物分子的逆合成分析。
二、课程内容
Chapter 1 Carbon Compounds and Chemical Bonds 
1.1 
Introduction 
1.2 
The development of organic chemistry as a science 

1.3 
The structural theory of organic chemistry
1.4 
Chemical bonds: The Octet rule
1.5
Writing lewis structures
1.6      Exceptions to the Octet Rules

1.7      Formal charge

1.8      Resonane
1.9      Quantum mechanics
1.10     Atomic orbitals
1.11     Molecular orbitals
1.12     The structure of methane and ethane: sp3 hybridization
1.13     The structure of ethane (ethylene)： sp2 hybridization 
1.14     The structure of ethyne(acetylene): sp hybridization
1.15     A summary of important concepts that come from quantum mechanics
1.16     Molecular geometry: the valence shell electron pair repulsion model
1.17     Representation of structural formulas
Chapter 2 Representative Carbon Compounds: Fundctional Groups, Intermolecular Forces, and Infrared Spectroscopy 
2.1     Carbon-carbon covalent molecules

2.2     Hydrocarborns: representative alkanes,alkenes,alkynes,and aromatic compounds

2.3     Polar covalent bonds

2.4     Polar and nonpolar molecules

2.5     Functional groups

2.6     Alkyl halides or haloalkanes

2.7     Alcohols

2.8     Ethers

2.9     Amines

2.10    Aldehydes and ketones

2.11    Carboxylic acids ，esters ，and amides

2.12    Nitriles

2.13    Summary of important families of organic compounds

2.14    Physical properties and molecular structure

2.15    Summary of attractive electric forces

2.16    Infrared spectroscopy：an instrumental method for detecting functional groups

Chapter 3 An Introduction to Organic Reactions: Acids and Bass  
3.1     Reactions and their mechanisms

3.2     Acid-Base reactions

3.3     Heterolysis of bounds to carbon：carbocations and carbanions

3.4     The use of curved arrows in illustrating reactions

3.5     The strength of acids and bases :Ka and pKa
3.6     Predicting the outcome of acid-base reactions

3.7     The relationship between structure and acidity

3.8     Energy changes

3.9     The relationship between the equilibrium constant and the standard free-energy change △Go
3.10    The acidity of carboxylic acids

3.11    The effect of the solvent onacidity

3.12    Organic compounds as bases

3.13    A mechanism for an organic reaction

3.14    Acids and bases in nonaqueous solutions

3.15    Acids-base reactions and the synthesis of deuterium and tritium-labeled compounds

Chapter 4 Alkanes: Nomenclature, Conformational Analysis, and an Introduction to Syntesis 
4.1     Introduction to alkanes and cycloalkanes

4.2     Shapes of alkanes

4.3     Iupac nomenclature of alkanes ,alkyl halides ,and alcohols

4.4     Nomenclature of cycloalkanes

4.5     Nomenclature of alkanes and cycloalkanes

4.6     Nomenclature of alkynes

4.7     Physical properties of alkanes and cycloalkanes

4.8     Sigma bounds and bound rotation

4.9     Conformational analysis of butane 

4.10    The relative stabilities of cycloalkanes :ring strain

4.11    The origin of ring strain in cyclopropane and cyclobutane :angle strain and trosional strain 

4.12    Conformations of cyclohexane

4.13    Substituted cyclohexanes ：axial and equatorial hydrogen atoms

4.14    Disubstituted cycloalkanes : cis-trans isomerism

4.15    Bicylic and polycyclic alkanes

4.16    Chemical reactions of alkanes

4.17    Synthesis of alkanes and cycloalkanes 

4.18    Some general principles of structure and reactivity : a look toward synthesis

4.19    An introduction to organic synthsis 

Chapter 5 Stereochemistry: Chiral Molecules
5.1     The biological significance of chirality

5.2     Isomerism : constitutional isomers and stereoisomers

5.3     Enantiomers and chiral molecules

5.4     More about the biological importance of chirality

5.5     Historical origin of stereochemistry

5.6     Tests for chirality : planes of symmetry

5.7     Nomenclature of enantiomers : the r.s system

5.8     Properties of enantiomers : optical activity

5.9     The origin of optical activity

5.10    The synthesis of chiral molecules

5.11    Chiral drugs 

5.12    Molecules with more than one stereogenic center

5.13    Fischer projection formulas 

5.14    Stereoisomerism of cyclic compounds 

5.15    Relating configurations through reactions in which no bonds to the stereogenic carbon are broken 

5.16    Separation of enantiomers : resolution 

5.17    Compounds with stereogenic centers other than carbon

5.18   Chiral molecules that do not possess a tetrahedral atom with four different groups

Chapter 6 Lonic Reactions-Mucleophilic Substitution
6.1     Introduction

6.2     Nucleophilic substitution reactions

6.3     Nucleopiles

6.4     Leaving groups

6.5     Kinetics of a nucleophilic substitution reaction : an Sn2 reaction 

6.6     A mechanism for the Sn2 reaction 

6.7     Transition state theory : free-energy diagrams

6.8     The stereochemistry of Sn2 reaction 

6.9     The reaction of tert-butyl chloride with hydroxide ion : an Sn1 reaction 

6.10    A mechanism for the Sn1 reaction

6.11    Carbocations

6.12    The stereochemistry of Sn1 reaction 

6.13    Factors affecting the rates of Sn1 and Sn2 reaction 

6.14    Organic synthesis : functional group transformations using Sn2 reaction 

6.15    Elimination reaction of alkyl halides

6.16    The E2 reaction

6.17    The E1 reaction 

6.18    Substitution versus elimination 

6.19    Overall summary

Chapter 7 Alkenes and Alkynes :Properties and Synthesis. Elimination Reactions of Alkyl Halides 
7.1     Introduction

7.2     The (E)-(Z) system for designating alkene diastereomers

7.3     Relative stabilities of alkenes 

7.4     Cycloalkenes 

7.5     Synthesis of alkenes via elimination reactions

7.6     Dehydrohalogenation of alkyl halides 

7.7     Acid-Catalyzed dehydration of alcohols

7.8     Carbocation stability and occurrence of molecular rearrangements

7.9     Synthesis of alkynes by elimination reactions

7.10    The acidity of terminal alkynes

7.11    Replacement of terminal alkynes 

7.12    Hydrogenation of alkenes 

7.13    Hydrogenation : the function of the catalyst

7.14    Hydrogenation of alkynes 

7.15    Structural information from molecular formulas and the index of hydrogen deficiency 

Chapter 8 Alkenes and Alkynes II: Addition Reactions 
8.1     Introduction : addition to alkenes 

8.2     Addition of hydrogen halides to alkenes : markovnikov’s rule

8.3     Stereochemistry of the ionic addition to an alkene 

8.4     Addition of sulfuric acid to alkenes

8.5     Addition of water to alkenes : acid-catalyzed hydration 

8.6     Alcohols from alkenes through oxymercuration-demercuration: markovnikov addition

8.7     Alcohols from alkenes through hydroboration-oxidation: anti-markovnikov syn hydration 

8.8     Hydroboration: synthesis of alkylborances

8.9     Oxidation and hydrolysis of alkyborances

8.10    Summary of alkene hydration methods 

8.11    Protonolysis of alkyborances

8.12    Addition of bromine and chlorine to alkenes

8.13    Stereochemistry of the addition of halogens to alkenes 

8.14    Halohydrin formation

8.15    Divalent carbon compounds: carbenes

8.16    Oxidations of alkenes: syn 1,2-dihydroxylation

8.17    Oxidative cleavage of alkenes 

8.18    Addition of bromine and chlorine to alkynes

8.19    Addition of hydrogen halides to alkynes

8.20    Oxidative cleavage of alkynes

8.21    Synthesis strategies revisited

Chapter 9 Nuclear Magnetic Resonance and Mass Spectrometry: Tools for Structure Determination 
9.1     Introduction

9.2     The electromagnetic spectrum

9.3     Nuclear magnetic resonance spectroscopy

9.4     Nuclear spin: the origin of the signal 

9.5     Shielding and deshielding of protons 

9.6     The chemical shift

9.7     Chemical shift equivalent and nonequivalent protons

9.8     Signal splitting: spin-spin coupling 

9.9     Proton NMR spectra and rate processes

9.10    Carbon-13 NMR spectroscopy 

9.11    Two-dimensional (2D) NMR techniques

9.12    An introduction to mass spectrometry

9.13    The mass spectrometer

9.14    The mass spectrum

9.15    Determination of molecular formations and molecular weights

9.16    Fragmentation 

9.17    GC/MS analysis 

9.18    Mass spectrometry of biomolecules

Chapter 10 Radical Teactions 
10.1    Introduction

10.2    Homolytic bond dissociation energies 

10.3    The reaction of alkanes with halogens

10.4    Chlorination of methane: mechanism of reaction

10.5    Chlorination of methane: energy changes

10.6    Halogenation of higher alkanes 

10.7    The geometry of alkyl reaicals

10.8    Reactions that generate tetrahedral stereogenic carbons

10.9    Radical addition to alkenes: the anti-markovbikov addition of hydrogen bromide

10.10   Radical polymerization of alkenes: chain-growth polymers

10.11   Other important radical reaction 

Chapter 11 Alcohols and Ethers 
11.1    Structure and nomenclature

11.2    Physical properties of alcohols and ethers

11.3    Important alcohols and ethers

11.4    Synthesis of alcohols from alkenes

11.5    Reaction of alcohols

11.6    Alcohols as acids

11.7    Conversion of alcohols ioto alkyl halides 

11.8    Alkyl halides from the reaction of alcohols with hydrogen halides

11.9    Alkyl halides from the reaction of alcohols with PBr3 or SOCl2

11.10   Tosylates, mesylates,and triflates: leaving group derivatives of alcohols

11.11   Synthesis of ethers

11.12   Reactions of ethers

11.13   Epoxides

11.14   Reactions of epoxides

11.15   Anti 1,2-dihydroxylation of alkenes via epoxides

11.16   Crown ethers: nucleophilic substitution reactions in relatively nonpolar aprotic solvents by phase-transfer catalysis

11.17   Summary of reactions of alkenes, alcohols, and ethers 

Chapter 12 Alcohols for Carbonyl Compounds. Oxidation-Reduction and Organometallic Compounds 
12.1    Introduction 

12.2    Oxidation-reduction reactions in organic chemistry

12.3    Alcohols by reduction of carbonyl compounds

12.4    Oxidation of alcohols 

12.5    Organometallic compounds

12.6    Prepration of organolithium and organomagnesium compounds

12.7    Reactions of organolithium and organomagnesium compounds

12.8    Alcohols from grignard reagents

12.9    Lithium dialkylcuprates: the corey-posner, whitesides-house synthesis

12.10   Protecting groups

Chapter 13 Conjugated Unsaturated Systems 
13.1    Introduction

13.2    Allylic substitution and the allyl radical 

13.3    The stability of the ally radical

13.4    The ally cation 

13.5    Summary of rules for resonane

13.6    Alkadienes and polyunsaturated hydrocarbons

13.7    1,3-butadienes: electron delocalization

13.8    The stability of conjugated hydrocarbons

13.9    Ultravioler-visible spectroscopy

13.10   Electrophilic attack on conjugated dienes: 1,4 addition

13.11   The diels-alder reaction: a 1,4-cycloaddition reaction of dienes

Chapter 14 Aromation Compounds 
14.1    Introduction 

14.2    Nomenclature of benzene derivatives

14.3    Reaction of benzene

14.4    The kekule structure for benzene

14.5    The stability of benzene 

14.6    Modern theories of the structure of benzene 

14.7    Huckel’s rule: the 4n+2 ∏ electron rule

14.8    Other aromatic compounds

14.9    Heterocylic aromatic compounds

14.10   Aromatic compounds in biochemistry 

14.11   Spectroscopy of aromatic compounds

Chapter 15 Reactions of Aromatic Compounds 
15.1    Electrophilic aromatic substitution reactions

15.2    A general mechanism for elctrophilic aromatic substitution: arenium ions

15.3    Halogenation of benzene 

15.4    Nitration of benzene 

15.5    Sulfonation of benzene 

15.6    Friedel-crafts alkylation

15.7    Friedel-crafts acylation

15.8    Limitations of friedel-crafts reactions

15.9    Synthesis applications of friedel-crafts acylations: the clemmensen reduction

15.10   Effect of substituents on reactivity and orientation

15.11   Theory of substituent effects on electrophilic aromatic substitution
15.12   Resctions of the side chain of alkylbenzenes

15.13   Alkenylbenzenes

15.14   Synthesis applications

15.15   Allylic and benzylic halides in nucleopilic substitution reactions

15.16   Reduction of aromatic compounds
 三、各章课时分配表
	  章序号
	章内容
	学时数

	1
	Introduction And Chap. 1 Carbon Compounds and Chemical Bonds
	4

	2
	Representative Carbon Compounds
	5

	3
	An Introduction to Organic Reactions
	5

	4
	Alkanes
	5

	5
	Stereochemistry
	5

	6
	Mucleophilic Substitution
	5

	7
	Alkenes and Alkynes I
	6

	8
	Alkenes and Alkynes II
	6

	9
	Nuclear Magnetic Resonance and Mass Spectrometry
	4

	10
	Radical Teactions
	4

	11
	Alcohols and Ethers
	6

	12
	Alcohols for Carbonyl Compounds
	6

	13
	Conjugated Unsaturated Systems
	4

	14
	 Aromation Compounds
	5

	15
	 Reactions of Aromatic Compounds
	6

	总        计
	72
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