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Introduction to Organic Chemistry

Organic Chemistry: the course

Grit

Mindset

How the brain works: making it stick

Using the learner-centered
approach: how to use this book

6 Use your allies
1 7 “One Shining Moment”
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General Chemistry Translated: Finding the Electrons

2 1 Structure of the atom

2 2 Electronic structure

2 3 Atoms to molecules

2 4 Drawing Lewis structures
2 5 Shapes of molecules

2 6 Bonding in molecules

2 7 Molecular orbital theory
2 8 Resonance

Alkanes and Cycloalkanes: Properties and Conformational Analysis
3 1 Alkanes: an overview

Drawing organic molecules

Alkane nomenclature

Conformational analysis

Cycloalkanes: an overview

Strain in rings: conformational analysis

Cyclohexane conformations

Tour of functional groups
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Acids and Bases/Electron Flow

4 1 Acids and bases: three definitions

4 2 Br@nsted-Lowry acid-base reactions:
a detailed analysis

4 3 Measuring acid strength

4 4 What makes an acid acidic or a base
basic? Structural effects on acidity/
conjugate base stability

4 5 Lewis acid-Lewis base definition

Chemical Reaction Analysis: Thermodynamics and Kinetics

5 1 Chemical reaction analysis: rotation
around a single bond

5 2 Chemical reaction analysis: reactions
of acids and bases

5 3 Chemical reaction analysis:
halogenation of alkanes

5 4 Halogenation as a synthetic

technique: a brief preview

Stereoisomerism: Arrangement of Atoms in Space

6 1 Objects and their mirror images

6 2 Drawing tetrahedral atoms in 3-D

6 3 Naming stereoisomers/absolute
configuration

6 4 Properties of enantiomers

6 5 Another type of sterecisomerism—
diastereomers

6 6 Enantioselective synthesis—challenges

6 7 Chiral compounds without asymmetric
atoms

6 8 Right-hand/left-hand rule revisited

Principles of Green (Organic) Chemistry

7 1 Twelve Principles of Green Chemistry
—an overview
7 2 Application of the 12 principles to

organic chemistry

Alkenes 1: Properties and Electrophilic Additions

8 1 Properties of Alkenes
8 2 Hydrohalogenation—addition of HX
8 3 Addition of water

Alkenes 2: Oxidation and Reduction

9 1 Oxidation of alkenes

9 2 Reduction of alkenes—catalytic
hydrogenation

9 3 Special topic: enantioselective oxida-

tion-reduction of alkenes

Alkynes: Electrophilic Addition and Redox Reactions
10 1 Properties of alkynes

10 2 Nomenclature of alkynes

10 3 Molecular orbital picture of alkyne

10 4 Implications of the molecular orbital
picture

10 5 Using the acidic hydrogen: forming
C-C bonds

10 6 Reduction of alkynes

10 7 Organizing our tools: reaction sheets

10 8 Electrophilic additions to alkynes—
general overview

10 9 Synthesis of organic molecules:
putting it all together

10 10 Concluding thoughts

Properties and Synthesis of Alkyl Halides: Radical Reactions
11 1 General structure of haloalkanes
11 2 Nomenclature of haloalkanes
11 3 Properties of haloalkanes
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11 4 Molecular orbital picture of haloal- 15 5 Advanced 1H NMR topics
kanes 15 6 13C NMR spectroscopy: an overview
11 5 Preparation of alkyl halides 15 7 13C NMR spectroscopy: analysis of a
11 6 Radical autoxidation spectrum
11 7 Radical inhibition 15 8 Advanced 13C NMR topics
Substitution and Elimination: Reaction of Haloalkanes Metals in Organic Chemistry
12 1 Substitution and elimination: a general 16 1 Organometallics: an overview
overview 16 2 Reduction of C-X
12 2 Substitution: a detailed overview 16 3 Carbenes
12 3 Distinguishing between SN2 and SN 16 4 Transition metal-catalyzed coupling
12 4 SN2 vs. SN1 outcomes 16 5 Gilman reagents/organocuprates
12 5 Elimination: a detailed overview 16 6 Olefin metathesis
12 6 Distinguishing between E2 and E1 Carbonyl Addition Reactions: Aldehydes and Ketones
12 7 E2 vs. E1 outcomes .
o T 17 1 Introduction to aldehydes and ketones
12 8 Substitution vs. elimination 17 2 Resonance structure of the carbonyl
Alcohols, Ethers and Related Compounds: Substitution and group
Elimination 17 3 Nucleophilic addition reactions of
13 1 General structure of alcohols, ethers, carbonyls
thiols and thioethers 17 4 Comparing aldehyde and ketone
13 2 Nomenclature of Alcohols reactivity
13 3 Physical properties of alcohols 17 5 Addition of carbon nucleophiles to
13 4 Molecular orbital picture of alcohols aldehydes and ketones
13 5 Previous alcohol synthesis 17 6 The Wittig reaction
13 6 Reactions of alcohols 17 7 Addition of oxygen nucleophiles to
13 7 Hydroxide as a leaving group: aldehydes and ketones
substitution 17 8 Addition of nitrogen nucleophiles to
13 8 Hydroxyl as leaving group: elimination aldehydes and ketones
13 9 Oxidation of alcohols 17 9 Reduction
13 10 e 17 10 Oxidation of aldehydes and ketones
13 1 Synthesis of ethers 17 11 Concluding thoughts
13 12 Reactions of ethers Nucleophilic Acyl Substitution 1: Carboxylic Acids
13 13 Epoxides 18 1 General structure of carboxylic acids
13 14 Protecting groups 18 2 Nomenclature of carboxylic acids
Structural Identification 1: Infrared Spectroscopy and 18 3 Molecular orbital picture of carboxylic
Mass Spectrometry acids
14 1 svmetsl feleies o il 18 4 Physical properties of carboxylic acids
spectroscopy: an overview 18 5 Synthesis of carboxylic acids
14 2 Infrared spectroscopy: practical usage 18 6 Reactions of carboxylic acids: acid-
14 3 Infrared spectroscopy: background base reactions
theory 18 7 Reactions of carboxylic acids—
14 4 Infrared spectroscopy: a tour of nucleophilic acyl substitution
functional groups 18 8 Other reactions of carboxylic acids
14 5 Mass spectrometry: practical usage Carboxylic Acid Derivatives: Nucleophilic Acyl Substitution 2
14 6 Mass spectrometry: background theory 19 1 General structure of carboxylic acid
14 7 Mass spectrometry: a tour of derivatives
fragmentations 19 2 Nomenclature of carboxylic acid
14 8 IR and MS combined derivatives
Structural Identification 2: Nuclear Magnetic Resonance 19 3 Mqleculgr o'rbital picture of carboxylic
Spectroscopy acid derivatives
15 1 Nuclear magnetic resonance: an 19 4 Physicgl properties of carboxylic acid
SR derivatives
15 2 NMR spectroscopy: practical usage 19 5 Synthesis of carbogylic a;id deriva-
15 3 NMR spectroscopy: background theory tives: general conS|de.rat|c?ns )
15 4 1H NMR speciroscopy: theory to 19 6 Reactlons of carppxyllc acid d'erl\{a-
practice tives—nucleophilic acyl substitution
19 7 Functional group interconversion
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19 8 Reduction of carboxylic acid derivatives 4 .. oc. Structure, Reactions, and Synthesis
19 9 Organometallics with carboxylic acid o5 1 General structure of amines
derivatives .
i o 25 2 Nomenclature of amines
19 10 Reactions of nitriles 25 3 Molecular orbital picture of amines
Enolates/Carbonyl Addition and Substitution 25 4 Properties of amines
20 1 Chemistry at the a-carbon 25 5 Synthesis of 1° amines
20 2 Enols 25 6 General synthesis of amines
20 3 Enolates 25 7 Reactions of amines
20 4 Claisen condensation , . . . .
. i Amino Acids, Proteins, and Peptide Synthesis
58 2 é:]k;/rljit:;z SIS 26 1 General structure of amino acids
20 7 Special topic: reactions of enolates in 26 2 Sta.mdard aminq acids . .
the synthesis of atorvastatin 26 3 Acid-base reactions of amino acids
26 4 Amino acid synthesis
Conjugated Systems 1: Stability and Addition Reactions 26 5 Reactions of amino acids
21 Conjugated systems: an overview 26 6 Proteins: a general overview
21 2 Enhanced stability in conjugated 26 7 e T
systems ) . . 26 8 Protein analysis: a sample
21 3 Molecular orbital picture of conjugated 26 9 e s
alkenes
21 4 Electrophilic addition reactions of Carbohydrates, Nucleic Acids, and Lipids
conjugated systems 27 1 Carbohydrates: an overview
21 5 Nucleophilic addition to conjugated 27 2 Monosaccharides
carbonyls 27 3 Cyclic monosaccharides
Conjugated Systems 2: Pericyclic Reactions 27 4 Reactions of monosaccharides:
22 1 Pericyclic reactions: an overview synthesis
22 2 Frontier molecular orbital theory 27 5 Reactions of monosaccharides:
22 3 Diels-Alder cycloaddition gllzccgires SILIEITE CRis T Eon 6
22 4 Other pericyclic reactions 27 6 Disaccharides
Benzene 1: Aromatic Stability and Substitution Reactions 27 7 Polysaccharides
23 1 The discovery of benzene: a very 27 8 Nucleic acids
stable molecule 27 9 Central dogma of molecular biology
23 2 Aromaticity 27 10 Lipids: an overview
23 3 Antiaromaticity 27 11 Triglycerides and fatty acids
23 4 Mo!ecular qrbitals of aromatics and 27 12 Triglyceride reactions
antiaromatics 27 13 T —
23 5 The nomenclature of benzene >7 14 Steroids
23 6 The substitution reactions of benzene .
. ) o 27 15 Prostaglandins
23 7 Electrophilic aromatic substitution: an
overview Synthetic Polymers
23 8 Regioselectivity in electrophilic 28 1 Polymers: An Overview
aromatic substitution 28 2 Polymer representation and
23 9 Nucleophilic aromatic substitution nomenclature
23 10 Other substitution reactions 28 3 Polymer classification
Benzene 2: Aromatic Stability and Substitution Reactions e . el p‘?'ymers »
24 1 Benzene alters the reactivity of EE 3 Condensapory PelymEs (esepinlie
neighboring groups acyl substitution)
24 2 Phenols 28 6 Other polymers
24 3 Benzylic bromination 2 i ElvEi EepelyimErs
24 4 Benzylic substitution
24 5 Side chain oxidation
24 6 Hydrogenolysis of benzyl ethers
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