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Reduction of Arenes (17.9B)

18: Reactions of Enolate Ions and Enols

18.1 Enolate Ions and Enols
Halogenation, Alkylation, and Condensation Reactions (18.1A)
Acidity of a-C-H's (18.1B)
Resonance Stabilization
Enol Form of the Carbonyl Compound (18.1C)
Protonation on C or O
Acid Catalyzed Enol Formation
Enol Content
Other Types of "Enolate” Ions (18.1D)
Active Hydrogen Compounds
Reactions of Active Hydrogen Compounds

18.2 Halogenation Reactions

The General Halogenation Reaction (18.2A)

Acid Catalyzed Halogenation of Ketones and Aldehydes (18.2B)
Mechanism
Polyhalogenation
Regiospecificity

a-Halogenation of Ketones and Aldehydes Using Base (18.2C)
Mechanisms
Polyhalogenation
The Haloform Reaction
Regiospecificity

a-Halogenation of Carbonyl Compounds R-C(=0)-Z (18.2D)
Carboxylic Acids, Acid Halides, and Anhydrides

18.3 Alkylation Reactions
a-Alkylation Mechanism (18.3A)
C versus O Alkylation
Bases and Solvents
Bases /  Solvents
Alkylation of Ketones and Aldehydes (18.3B)
Ketones /  Aldehydes
Alkylation of Esters and Carboxylic Acids (18.3C)
Esters /| Carboxylic Acids
18.4 Condensation Reactions
The Aldo! Reaction (18.4A)
The Base
The New C-C Bond
Aldol Reaction Mechanism
Dehydration of the Aldol Product
Aldol Reactions are Equilibria
Acid Catalyzed Aldol Reactions
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17-37
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18.4 Condensation Reactions (continued)
Variations on the Aldol Reaction (18.4B)
Mixed Aldol Reactions
Intramolecular Aldol
The Enolate Ion is Not from a Ketone or Aldehyde
The Claisen Condensation (18.4C)
Claisen Condensation Mechanism
General Claisen Condensation Mechanism
The Claisen Condensation Product is "Acidic"”
The Dieckmann Condensation
Variations of the Claisen Condensation

18.5 Enolate Ions from B-Dicarbonyl Compounds
Acidity of a-H's in B-Dicarbonyl Compounds (18.5A)
a-Alkylation of -Dicarbonyl Compounds (18.5B)
Their Mechanisms are Similar
Decarboxylation of Carboxylic Acids with p-C=0 Groups
Further Alkylation
Alkylation of Other Z-CH»-Z'

18.6 Other Reactions of Enolate Ions and Enols

Michael Addition Reactions (18.6A)
Mechanism

Robinson Annulation (18.6B)
Mechanism

Enamine Alkylation (18.6C)
Stork Enamine Reaction
Dialkylation

Reformatsky Reaction (18.6D)
Products and Mechanism

The Mannich Reaction (18.6E)

19:  Cyclization and Pericyclic Reactions (Not Posted)

Reactions That Make Rings
Cyclization Reactions
Enolate Ion Intermediates
Intramolecular Aldo! Reaction.
Dieckmann Condensation.
Malonic and Acetoacetic Ester Syntheses.
Robinson Annulation.
Favorskii Rearrangement.
Organometallic Intermediates
Intramolecular Grignard Reactions.
Intramolecular Wurtz Reactions.
Intramolecular Wittig Reaction.
Cationic Intermediates
Friedel-Crafts Reactions.
Carbocation Addition to Alkenes.
Carbocation Ring Contraction and Expansion.
Ring Expansion of Cyclic Ketones.
Radical Intermediates
Intramolecular Addition of Carbon Radicals to C=C.
Acyloin Ester Condensation.
Carbene and Carbenoid Intermediates
Methylene.
Alkylcarbenes.
Diahalocarbenes.
Carbenoid Species.
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19:  Cyclization and Pericyclic Reactions (Not Posted) (continued)
Pericyclic Reactions
Cycloaddition Reactions
The Diels-Alder Reaction (2 + 4 cycloaddition).
Alkene Dimerization (2 + 2 Cycloaddition of Alkenes).
Theoretical Considerations of Cycloaddition Reactions
The Mobius-Hiickel Method.
Frontier Orbital Method.
Electrocyclic Rearrangements
Electrocyclic Ring Closure.
Electrocyclic Ring Opening.
Sigmatropic Rearrangements
The Cope Rearrangement.
The Claisen Rearrangement.
Hydrogen Migration.
Pericyclic Rules for Sigmatropic H Migrations.
Sigmatropic C Migrations.
Pericyclic Rules and the Cope and Claisen Rearrangements.

V. Bioorganic Compounds

20:  Carbohydrates

20.1 Monosaccharides 20-3
Furanoses and Pyranoses (20.1A) 20-4
Glucose and Related Pyranohexoses (20.1B) 20-4

Chiral C Atoms
Enantiomers and Diastereomers
R,S Configurations
Dand L
aand B.
Configurations at the Other Chiral C's
Haworth Projections
Chair Forms of Monosaccharides
Mutarotation (20.1C) 20-10
a and B Anomers are in Equilibrium
The Mutarotation Reaction
Equilibrium Concentrations of a and B-D-Glucose
Acyclic Mutarotation Intermediates (20.1D) 20-12
Representations of the Acyclic Intermediate
Acyclic Forms of the Other Stereoisomers
Furanose Forms (20.1E) 20-15
Glucose has Furanose Forms
Furanose Forms of Other Monosaccarides
Other Monosaccharides (20.1F) 20-16
Aldotrioses, Aldotetroses, and Aldopentoses
Cyclic Forms of C3, C4, and C5 Aldoses

Ketoses
20.2 Chemical Reactions of Monosaccharides 20-19
Isomerization Reactions (20.2A) 20-19
Mutarotation
Epimerization
Nucleophilic Addition and Substitution (20.2B) 20-21

Glycoside Formation
Anomerization and Hydrolysis of Glycoside
Addition of Carbon Nucleophiles
Addition of Nitrogen Nucleophiles
Esters and Ethers
(continued next page)
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20.2 Chemical Reactions of Monosaccharides (continued)

Oxidation and Reduction (20.2C)
Halogen and Hypohalite Oxidations
Oxidation with HNO3 or NO)

Reduction with NaBH4

20.3 Polysaccharides and Oligosaccharides
Disaccharides and Trisaccharides (20.3A)
Maltose and Cellobiose
Lactose
Sucrose
Reducing Sugars
Trisaccharides
Polysaccharides (20.3B)
Structural Polysaccharides
Storage Polysaccharides
Mucopolysaccharides
Glycoproteins

21:  Lipids

21.1 Structures of Lipids
Fats, Oils, and Related Compounds (21.1A)
Fatty Acids.
A Comparison of Fats and Oils
Hydrogenation of Fats and Oils
Soaps
Detergents
Waxes
Glycerophospholipids
The Biological Origin of Fatty Acids
Prostaglandins (21.1B)
Terpenes and Steroids (21.1C)
Terpenes
Steroids

21.2 Biosynthesis of Lipids

Acetyl-CoA (21.2A)

Fatty Acids (21.2B)
Palmitic Acid

Types of Reactions in Palmitic Acid Biosynthesis

Other Fatty Acids
Fats, Oils and Phospholipids (21.2C)
Waxes (21.2D)
Prostaglandins (21.2E)
Terpenes (21.2F)
Steroids (21.2G)

22:  Peptides, Proteins, and o.-Amino Acids

22.1 Peptides
Peptide Structure (22.1A)
a-Amino Acids in Peptides
a-Amino Acids Can be D or L
The R Groups

Categories of "Standard" Amino Acids

Abbreviated Names

Peptide Synthesis (22.1B)
General Considerations
Automated Peptide Synthesis
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22.2 Protein Structure and Organization 22-12
Primary (1°) Structure (22.2A) 22-12
Content
Sequence
Separation of Individual Peptide Chains
Secondary (2°) Structure (22.2B) 22-16

Planarity of Amide Groups
Helical Structures
B-Pleated Sheets
Other Structures
Tertiary (3 °) Structure (22.2C) 22-19
Fibrous Proteins / Globular Proteins.
Factors that Determine Protein Shape (22.2D) 22-20
Hydrophobic Bonding
Electrostatic Interactions and Hydrogen Bonding
Disulfide Bonds
Quaternary (4°) Structure
Denaturation

22.3 Properties of a.-Amino Acids 22-23
a-Amino Acids Are Polyprotic Acids (22.3A) 22-23
Diprotic a-Amino Acids
Diprotic Amino Acid Forms at Different pH Values
Triprotic a-Amino Acids
Aspartic and Glutamic Acid
Lysine, Arginine, and Histidine
Cysteine and Tyrosine

Isoelectric Points (22.3B) 22-30
pl Values of Diprotic Amino Acids
pl Values of Triprotic Amino Acids

Laboratory Synthesis of Amino Acids (22.3C) 22-31
Amination of a-Bromo acids
Strecker Synthesis
Reductive Amination
Diethylacetamidomalonate Synthesis

Biosynthesis of a-Amino Acids (22.3D) 22-31
Non-Essential Amino Acids
Essential Amino Acids

22.4 Enzymes and Enzyme Catalysis 22-34
General Features (22.4A) 22-34
Active Sites
Enzyme Catalysis Mechanism
Substrate Specificity.
Types of Enzymes
a-Chymotrypsin (22.4B) 22-36
a-Chymotrypsin Active Site
General Hydrolysis Mechanism
Detailed Hydrolysis Mechanism

23: Nucleic Acids

23.1 Structures of Nucleic Acids 23-3
Nucleotides and Nucleosides (23.1A) 23-3
The Sugar
The Heterocyclic Bases
The Phosphate Groups

Nucleotide and Nucleoside Nomenclature
(continued next page)
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23.1 Structures of Nucleic Acids (conitnued)
Polynucleotide Structure (23.1B)
The Sugar-Phosphate Backbone
Hydrolysis of Polynucleotides
Comparative Structures of DNA and RNA (23.1C)
The DNA Double Helix
RNA Polynucleotides
Sizes of DNA and RNA
Base Pairing (23.1D)
DNA
RNA
Tautomers of Heterocyclic Bases
Forces that Influence Nucleic Acid Structure (23.1E)
Hydrogen Bonding
Hydrophobic Bonding
Ionic Interactions
Sequencing Nucleic Acids (23.1F)
Sequencing Strategy
Chemical Sequencing
Analysis of Cleavage Fragments
Chemical Cleavage Reagents and their Reactions (23.1G)
A and G Nucleosides
G Nucleosides
C and T Nucleosides

23.2 Replication, Transcription, and Translation
Replication (23.2A)
Replication is Semiconservative
Replication Occurs 5'—3'
Transcription (23.2B)
Translation (23.2C)
mRNA
Amino Acid-tRNA Molecules
Codon-Anticodon Hydrogen Bonding
Steps in Protein Synthesis

23.3 Nucleotide Biosynthesis and Degradation
Biosynthesis (23.3A)
Purines
Pyrimidines
Deoxyribose Nucleotides
Degradation of Heterocyclic Bases (23.3B)
Purines
Pyrimidines
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