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is a pre-requisite Organic Chemistry Laboratory
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Cross-listing Dept. None
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This course is designed to provide undergraduate students with a fundamental overview of organic chemistry and its
importance to biological sciences. This course includes basic concepts and principles in organic chemistry, major
classes of reactions, organic reaction mechanisms and pathways, structure determination and stereochemistry of
organic compounds, design and synthesis of the targeted organic molecules and asymmetric synthesis, some of the
chemistry of biomolecules: carbohydrates, nucleic acids, lipids, amino acids and peptides, and enzymatic reactions.
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On successful completion of this course, students should be able:
e To understand basic concepts and employ the vocabulary of organic chemistry;
e To understand 3D nature of molecules, and how shape plays a role in organic molecules and biomolecules.
e To predict bonding and stereoselectivity, including chirality of organic compounds and biomolecules.

e To understand and predict the reactivity of molecules with specific functional groups and transformations of
functional groups.
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e To determine structures of organic compounds based on spectroscopic data.

e To be able to read and propose reasonable reaction mechanisms and apply mechanistic knowledge to solve
chemistry problems.

e To apply reactions to the synthesis of targeted molecules.

e To understand the basic classes of reaction types and basic reaction mechanisms of enzymatic reactions.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

Chapter 1 Introduction: What Is Organic Chemistry?

Organic chemistry and you, The origins of organic chemistry; Organic compounds; Organic chemistry and industry;
Organic chemistry and the periodic table. (1 credit hour)

AHLZERR, AR, AVUEEY: AL, AHEmTRA g, 1250
Chapter 2 Structure and Bonding; Acids and Base

Atomic structure; Chemical bonding theory; Valence bond theory; Hybrid Orbitals of Carbon; Hybridization of Nitrogen,
Oxygen, Phosphorus, and Sulfur; Molecular Orbital Theory; Drawing Chemical Structures; Polar Covalent Bonds:
Electronegativity and Dipole Moments; Formal Charges; Resonance; Rules for Resonance Forms; Drawing Resonance
Forms; Acids and Bases: The Bransted-Lowry Definition; Acid and Base Strength; Predicting Acid-Base Reactions from
pKa Values; Organic Acids and Organic Bases; Acids and Bases: The Lewis Definition; Noncovalent Interactions
between Molecules Acids and Base; (3 credit hours)
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Chapter 3 Alkanes and Cycloalkanes and Their Stereochemistry

Functional groups; Alkanes and alkane Isomers; Alkyl groups; Nomenclature of Alkanes; Properties of alkanes;
Conformation of ethane; Nomenclature of Cycloalkanes; Cis-Trans isomerism in cycloalkanes; Conformations of
Cycloalkanes; Axial and equatorial bonds in cyclohexane; Conformational of Polycyclic Molecules; (2 credit hours)

F=Ee Beke. PBTR AT AL

HREH] el MRk ekt e As BURIIERT BURMM R BRI BRI RO, ek
M5 POk ES AR 20 THRMER. 2 20

Chapter 4 Stereochemistry
Enantiomers and the tetrahedral carbon; Chirality; Optical activity; Sequence rules for specifying configuration;

Diastereomers; Meso compounds; Racemic mixture and the resolution of enantiomers; A review of isomerism. Chirality
at Nitrogen, Phosphorus, and Sulfur; Prochirality; Chirality in nature and chiral environments; (3 credit hours).
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Chapter 5 An Overview of Organic Reactions

Kinds of Organic Reactions; Mechanisms; Radical Reactions; Polar Reactions; Polar Reaction: Addition of H>O to
Ethylene; Using Curved Arrows in Polar Reaction Mechanisms; Describing a Reaction: Equilibria, Rates, and Energy
Changes; Bond Dissociation Energies; Energy Diagrams and Transition States; Intermediates; A Comparison between
Biological Reactions and Laboratory Reactions (3 credit hours)
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Chapter 6 Alkenes and Alkynes

Calculating the Degree of Unsaturation; Naming Alkenes and Alkynes; Cis-Trans Isomerism in Alkenes; Alkene
Stereochemistry and the E,Z Designation; Stability of Alkenes; Electrophilic Addition Reactions of Alkenes; Orientation
of Electrophilic Addition: Markovnikov’'s Rule; Carbocation Structure and Stability; The Hammond Postulate; Evidence
for the Mechanism of Electrophilic Additions: Carbocation Rearrangements (2 credit hours)
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Chapter 7: Reactions of Alkenes and Alkynes

Preparing Alkenes: A Preview of Elimination Reactions; Halogenation of Alkenes; Halohydrins from Alkenes; Hydration
of Alkenes; Reduction of Alkenes: Hydrogenation; Oxidation of Alkenes: Epoxidation; Oxidation of Alkenes:
Hydroxylation; Oxidation of Alkenes: Cleavage to Carbonyl Compounds; Addition of Carbenes to Alkenes:
Cyclopropane Synthesis; Radical Additions to Alkenes: Chain-Growth Polymers; Biological Additions of Radicals to
Alkenes; Conjugated Dienes; Reactions of Conjugated Dienes; The Diels-Alder Cycloaddition Reaction; Reactions of
Alkynes; (3credit hours)
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Chapter 8 Aromatic Compounds

Naming aromatic compounds; Structure and Stability of Benzene; Aromaticity and the Hickel 4n + 2 Rule; Aromatic
lons and Aromatic Heterocycles; Polycyclic Aromatic Compounds; Reactions of Aromatic Compounds: Electrophilic
Substitution; Alkylation and Acylation of Aromatic Rings: The Friedel-Crafts Reaction; Substituent Effects in Electrophilic
Substitutions; Nucleophilic Aromatic Substitution; Oxidation and Reduction of Aromatic Compounds; An Introduction to
Organic Synthesis: Polysubstituted Benzenes (2 credit hours)
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Chapter 9 Structure Determination: Mass Spectrometry, Infrared Spectroscopy, and Ultraviolet Spectroscopy

Mass Spectrometry of Small Molecules: Magnetic-Sector Instruments; Interpreting Mass Spectra; Mass Spectrometry of
Some Common Functional Groups; Mass Spectrometry in Biological Chemistry: Time-of-Flight (TOF) Instruments;
Spectroscopy and the Electromagnetic Spectrum; Infrared Spectroscopy; Interpreting Infrared Spectra; Infrared Spectra
of Some Common Functional Groups; Ultraviolet Spectroscopy; Interpreting Ultraviolet Spectra: The Effect of
Conjugation; Conjugation, Color, and the Chemistry of Vision; (2 credit hours)
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Chapter 10 Structure Determination: Nuclear Magnetic Resonance Spectroscopy

Nuclear Magnetic Resonance Spectroscopy; The Nature of NMR Absorptions; Chemical Shifts; *C NMR Spectroscopy:
Signal Averaging and FT-NMR; Characteristics of 3C NMR Spectroscopy; DEPT BC NMR Spectroscopy; Uses of c
NMR Spectroscopy; 'H NMR Spectroscopy and Proton Equivalence; Chemical Shifts in 'H NMR Spectroscopy;
Integration of 'H NMR Absorptions: Proton Counting; Spin-Spin Splitting in H NMR Spectra; More Complex Spin-Spin
Splitting Patterns; Uses of '"H NMR Spectroscopy; (2 credit hours)
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Chapter 11 Organohalides: Nucleophilic Substitutions and Eliminations

Names and Structures of Alkyl Halides; Preparing Alkyl Halides from Alkenes: Allylic Bromination; Preparing Alkyl
Halides from Alcohols; Reactions of Alkyl Halides: Grignard Reagents; Organometallic Coupling Reactions; Discovery of
the Nucleophilic Substitution Reaction; The Sy2 Reaction; Characteristics of the Sy2 Reaction; The Sy1 Reaction;
Characteristics of the Sy1 Reaction; Biological Substitution Reactions; Elimination Reactions; The E2 Reaction and the
Deuterium Isotope Effect; The E1 and E1cB Reactions; Biological Elimination Reactions (3 credit hours)
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Chapter 12 Alcohols, Phenols, and Thiols; Ethers and Sulfides
Naming Alcohols, Phenols, and Thiols; Properties of Alcohols, Phenols, and Thiols; Preparing Alcohols from Carbonyl
Compounds; Reactions of Alcohols; Oxidation of Alcohols and Phenols; Protection of Alcohols; Preparation and

Reactions of Thiols; Ethers and Sulfides; Preparing Ethers; Reactions of Ethers; Crown Ethers and lonophores;
Preparation and Reactions of Sulfides; (2 credit hours)
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Chapter 13 Aldehydes and Ketones: Nucleophilic Addition Reactions

Naming Aldehydes and Ketones; Preparing Aldehydes and Ketones; Oxidation of Aldehydes; Nucleophilic Addition
Reactions of Aldehydes and Ketones; Nucleophilic Addition of H>O: Hydration; Nucleophilic Addition of Hydride and
Grignard Reagents: Alcohol Formation; Nucleophilic Addition of Amines: Imine and Enamine Formation; Nucleophilic
Addition of Alcohols: Acetal Formation; Nucleophilic Addition of Phosphorus Ylides: The Wittig Reaction; Biological
Reductions; Conjugate Nucleophilic Addition to a,3-Unsaturated Aldehydes and Ketones; (3 credit hours)
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Chapter 14 Carboxylic Acids and Nitriles

Naming Carboxylic Acids and Nitriles; Structure and Properties of Carboxylic Acids; Biological Acids and the
Henderson-Hasselbalch Equation; Substituent Effects on Acidity; Preparing Carboxylic Acids; Reactions of Carboxylic
Acids: An Overview; Chemistry of Nitriles (2 credit hours)
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Chapter 15 Carboxylic Acid Derivatives: Nucleophilic Acyl Substitution Reactions

Naming Carboxylic Acid Derivatives; Nucleophilic Acyl Substitution Reactions; Reactions of Carboxylic Acids; Reactions
of Acid Halides; Reactions of Acid Anhydrides; Reactions of Esters; Reactions of Amides; Reactions of Thioesters and
Acyl Phosphates: Biological Carboxylic Acid Derivatives; Polyamides and Polyesters: Step-Growth Polymers; (3 credit
hours)
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Chapter 16 Carbonyl Alpha-Substitution and Condensation Reactions

Keto-Enol Tautomerism; Reactivity of Enols: a-Substitution Reactions; Alpha Bromination of Carboxylic Acids; Acidity of
a Hydrogen Atoms: Enolate lon Formation; Alkylation of Enolate lons; Carbonyl Condensations: The Aldol Reaction;
Dehydration of Aldol Products; Intramolecular Aldol Reactions; The Claisen Condensation Reaction; Intramolecular
Claisen Condensations: The Dieckmann Cyclization; Conjugate Carbonyl Additions: The Michael Reaction; Carbonyl
Condensations with Enamines: The Stork Reaction; Biological Carbonyl Condensation Reactions; (4 credit hours)
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Chapter 17 Amines and Heterocycles

Naming Amines; Properties of Amines; Basicity of Amines; Basicity of Arylamines; Biological Amines and the
Henderson-Hasselbalch Equation; Synthesis of Amines; Reactions of Amines; Heterocyclic Amines; Fused-Ring
Heterocycles (2 credit hours)
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Chapter 18 Asymmetric Synthesis

Nature is asymmetric; The chiral pool; Resolution can be used to separate enantiomers; Chiral auxiliaries; Chiral
reagents; Asymmetric catalysis; Asymmetric formation of carbon—carbon bonds; Asymmetric aldol reactions; Enzymes
as catalysts (2 credit hour)
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Chapter 19 Biomolecules: Amino Acids, Peptides, Proteins, Nucleic Acids and Lipids

Structures of amino acids; Synthesis of Amino acid; Peptides and Proteins; Peptide structure determination: Amino acid
analysis; Peptide sequencing: the Edman degradation method; Peptide synthesis; Enzymes; Citrate synthase;
Nucleotides and Nucleic Acids; Base Pairing in DNA: The Watson-Crick Model; DNA Synthesis; Biosynthesis of
Nucleotides; Waxes, Fats, and Oils; Soap; Phospholipids; Biosynthesis of Fatty Acids; Prostaglandins and Other
Eicosanoids; Terpenoids; Steroids; Biosynthesis of Steroids (2 credit hour)
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Chapter 20 Biomolecules: Carbohydrates

Classification of carbohydrates; Fisher Projections; D, L Sugars; Configurations of Aldoses; Cyclic structures of
monosaccharides: Anomers; Reactions of monosaccharides; Disaccharides; Polysaccharides and Their Synthesis; (1
credit hours)
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Chapter 21: The Organic Chemistry of Metabolic Pathways
An Overview of Metabolism and Biochemical Energy; Catabolism of Triacylglycerols: B-oxidation pathway; Catabolism
of carbohydrates: Glycolysis; The citric acid cycle; Catabolism of proteins: transamination; Some Final Comments on

Metabolism (1 credit hours)
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18. M ERIEESEEE Textbook and Supplementary Readings

HM Textbook: John McMurry, Organic Chemistry with Biological Applications, published by Stamford, CT: Cengage
Learning, c2015; 3rd edition

22kl ISupplementary reading: (1) Jonathan Clayden, Nick Greeves, and Stuart Warren, Organic Chemistry,
published by Oxford University Press Inc., New York; Second edition. (2) 3%k, 4. BER. R T4, (Rl
AHALEY (B=RR, L. ™D S%#EE BRE, 2005
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This Course has been approved by the following person or committee of authority
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Teaching committee of the chemistry department




