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COURSE NUMBER: CHEM 2252	COURSE TITLE: Organic Chemistry II


CREDITS: 5

PRE-REQUISITES: CHEM 2251 or equivalent

CO-REQUISTIES: None

COURSE DESCRIPTION:
This is the second course in a two-course sequence in organic chemistry. CHEM 2252 covers structure, nomenclature, physical and chemical properties of carbonyl compounds, aromatic compounds, carboxylic acids, esters, amines, carbohydrates, amino acids, proteins, lipids, nucleic acids and polymers.

COURSE LEARNING OUTCOMES:

1. Chemistry of Aldehydes and Ketones

Students will explain the reversible and irreversible addition reactions of aldehydes and ketones and predict the products of aldehydes and ketones with strong and weak nucleophiles. Students will learn and apply the principles of nucleophilic addition to the synthesis of acetals, cyanohydrins, imines, enamines, and hydrazones. They will further incorporate these reactions into multi-step syntheses that require a protecting group strategy.

2. Conjugated and Aromatic Compounds:

Students will describe the chemistry of conjugated systems, dienes, and aromatic compounds in terms of resonance theory and molecular orbital theory. Students will investigate the reactivity of conjugated and aromatic systems by studying
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pericyclic reactions including the Diels-Alder reaction as well as nucleophilic and electrophilic aromatic substitution reactions

3. Carboxylic Acids and Derivatives: Nucleophilic Acyl Substitution:

Students will compare the acidity of carboxylic acids and describe the conversion of carboxylic acid derivatives by nucleophilic acyl substitution.

4. Amines:

Students will rank the basicity of amines and describe the preparation and reactivity of amines.

5. Enol and Enolate Chemistry:

Students will describe the formation of enols and enolates and halogenation and alkylation at the alpha-carbon. Students will describe condensation reactions including aldol, Claisen, Michael, Dieckmann, and Robinson annulation reactions.

6. Organic Chemistry of Biological Molecules:

Students will describe the structure, synthesis and reactivity of carbohydrates, amino acids and proteins, and lipids.


TAG LEARNING OUTCOMES: (OCS 010 – ORGANIC CHEMISTRY – Without Lab)

1. Theories of structure and bonding in organic compounds including Lewis structures, resonance, valence bond theory/hybridization, and molecular orbital theory
· Accurately draw Lewis structures and resonance forms
· Use valence bond theory to describe bonding in organic molecules, including identification of hybridization states (sp, sp2, sp3) and molecular geometry

2. Acid-base reactions of organic compounds
· Classify organic compounds as Bronsted-Lowry acids or bases
· Compare the relative acidity or basicity of organic compounds using pKa values, resonance, electronegativity, hybridization, and inductive effects
· Use pKa values and stability of conjugates to predict the direction of equilibria

3. Stereochemistry, isomerism, and conformational analysis
· Identify and distinguish between constitutional isomers and stereoisomers

· Apply the Cahn-Ingold-Prelog rules to assign R/S configurations to chiral centers and E/Z designations to alkenes
· Determine whether a molecule is chiral or achiral
· Draw and evaluate conformations of molecules using Newman projections or chair conformations

4. Nucleophilic substitution and elimination reactions
· Define and distinguish SN1, SN2, E1, and E2 pathways based on substrate structure, nucleophile/base strength, solvent, and temperature
· Predict whether substitution or elimination will predominate
· Draw full mechanism including intermediates curved arrow notation, and stereochemical outcomes
· Determine regiochemistry and stereochemistry of products

5. Chemistry of alkenes and alkynes
· Identify and predict the products of major reactions of alkenes and alkynes
· Explain stepwise mechanisms including regioselectivity and stereoselectivity
· Relate the structure to their reactivity and stability

6. Chemistry of aromatic compounds (including aromaticity, electrophilic aromatic substitution, and nucleophilic aromatic substitution)

· Identify aromatic, antiaromatic, and nonaromatic compounds using Huckel’s rule and molecular orbital theory
· Describe the mechanism of EAS reactions and predict the major products based on orientation effects of substitution

7. Chemistry of alcohols, ethers, alkyl halides and epoxides
· Identify and classify based on structure and relate their physical properties to IMFs
· Predict the products and mechanisms
· Design	multi-step	syntheses	incorporating	appropriate	reagents	and conditions

8. Chemistry of aldehydes and ketones – addition reactions
· Explain why they undergo nucleophilic addition reactions
· Predict the products
· Apply nucleophilic addition reactions in the synthesis of hemiacetals, acetals, cyanohydrins, imines, and hydrazones

9. Chemistry of carboxylic acids and derivatives – nucleophilic acyl substitution

· Describe the general mechanism of nucleophilic acyl substitution explaining that the leaving group influences the reactivity
· Rank carboxylic acid derivatives in order of reactivity
· Predict products and use these reactions to design multi-step syntheses

10. Enol and enolate chemistry, condensation reactions
· Describe the keto-enol tautomerism
· Explain how enolates are generated under acidic or basic conditions
· Outline mechanisms for aldol and Claisen condensations, as well as crossed versions
· Rationalize synthetic pathways for -hydroxyl carbonyl compounds and  -unsaturated carbonyl compounds.

11. Chemistry of dienes, including Diels-Alder reactions
· Classify dienes as conjugated, isolated, or cumulated
· Describe enhanced stability using molecular orbital theory
· Outline concerted mechanism for Diels-Alder and predict the major product based on diene and dienophile

12. Free radical chemistry
· Describe how free radicals are generated
· Draw and explain the stepwise mechanism of free radical reactions
· Predict the products of free radical reactions

13. Chemistry of amines
· Identify primary, secondary, and tertiary amines
· Apply IUPAC rules to name amines
· Describe factors affecting the basicity of amines
· Predict products for alkylation, acylation, diazotization, and diazonium salts in synthesis

14. Spectroscopy and its use in the structural elucidation of organic Compounds (including 1H and 13C NMR, IR, and mass spectrometry)
· Analyze IR and mass spectrometry data to identify characteristics functional group absorptions and molecular ion peaks
· Interpret	chemical	shifts,	splitting	patterns,	integration, and	coupling constants
· Integrate data from IR, NMR and MS to determine the structure of unknown organic compounds

Students must have developed:
15. Familiarity with IUPAC nomenclature.


16. An ability to propose reaction mechanisms and associated energy vs. reaction coordinate diagrams, using structural representations and curved arrows representing electron movement, with application of these skills to new situations.

17. An ability to design syntheses at least three steps in length, using retro-synthetic analysis.

18. An understanding of stereochemical implications in organic reactions and mechanisms.

19. An appreciation for a variety of applications of organic chemistry in society, including biological and synthetic polymers and biologically/medicinally relevant organic chemistry.

COURSE MATERIALS:
Computer-based materials
Organic Chemistry by David Klein (newest edition)
Access to WileyPlus online assignments (www.wileyplus.com) Molecular Model Kit
Organic Chemistry as a Second Language Part 1 By David Klein (STRONGLY RECOMMENDED)

STANDARDS AND METHODS FOR EVALUATION:

Exams (4 x 200 pts)	800 pts (80%)
Quizzes	40 pts (4%)
Exercises	80 pts (8%)
WileyPlus Homework	80 pts (8%) Total possible course points	1000 pts (100%)
GRADING SCALE:

90-100% of 1000 pts	A
80-89%	B
70-79%	C
60-69%	D
0-59%	E

COLLEGE SYLLABUS STATEMENTS
Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at www.cscc.edu/syllabus or on the College website Quick Links “Syllabus Statements”.

UNITS OF INSTRUCTION, OUTCOMES AND ASSESSMENT ALIGNMENT (Clearly
show the units of instruction, alignment of learning outcomes and assessment methods in a 15-week calendar)


Week 1
Unit of Instruction: Alcohols and Phenols Course Learning Outcomes:
· Review synthesis of alcohols and diols by SN1/SN2 and hydration of alkenes/alkynes
· Reduction of carbonyl compounds
· Oxidation of alcohols
· Grignard additions to carbonyl compounds
· Synthesis with Grignard, reduction, and oxidation reactions
· Protecting groups and incompatibilities with Grignards
TAG Learning Outcomes: #2, #3, #4, #5, #7, #8, #9, #16, #17, #18
Assessment Methods: Exam, Quiz, Learning Activity, and WileyPlus Homework Assignment

Week 2
Unit of Instruction: Ethers and Epoxides Course Learning Outcomes:
· Preparation of ethers and epoxides
· Hydrolysis of ethers
· Ring-opening of epoxides under acidic and basic conditions
· Synthesis with epoxides
TAG Learning Outcomes: #3, #5, #7, #16, #17, #18
Assessment Methods: Exam, Quiz, Learning Activity, and WileyPlus Homework Assignment

Week 3
Unit of Instruction: Aldehydes and Ketones Course Learning Outcomes:
· Nucleophilic addition to C=O with H, C, O, and N nucleophiles
· Acetals, imines, and enamine synthesis and hydrolysis
· Multi-step Synthesis
TAG Learning Outcomes: #3, #8, #13, #15, #16, #17, #18
Assessment Methods: Exam, Quiz, Learning Activity, and WileyPlus Homework Assignment

Week 4
Unit of Instruction: Conjugate Pi Systems and Pericyclic Reactions Course Learning Outcomes:
· Electrophilic addition to conjugated alkenes
· Stability of conjugated alkenes; effect of conjugation on HOMO-LUMO gap
· MO theory and pericyclic reactions
· Diels-Alder, electrocyclic reactions, and sigmatropic rearrangements
TAG Learning Outcomes: #11, #16, #17, #18
Assessment Methods: Exam, Quiz, Learning Activity, and WileyPlus Homework Assignment


Week 5
Unit of Instruction: Aromatic Compounds Course Learning Outcomes:
· Aromaticity
· Aromatic versus anti-aromatic
· Frost circles
· Polyaromatic hydrocarbons, annulenes, and heterocycles
· Side chain reactions and synthesis
· Benzylic bromination
· Oxidation
· Reduction
TAG Learning Outcomes: #2, #6, #12, #15,
Assessment Methods: Exam, Quiz, Learning Activity, and WileyPlus Homework Assignment


Weeks 6 & 7
Unit of Instruction: Aromatic Substitution Reactions Course Learning Outcomes:
· Electrophilic aromatic substitution reactions and mechanisms
· Halogenation
· Sulfonation
· Nitration
· Friedel-Crafts alkylation
· Friedel-Crafts acylation
· Directing groups and substitution patterns
· Synthesis and retrosynthesis with aromatic molecules
· Nucleophilic aromatic substitution and benzyne reactions TAG Learning Outcomes: #6, #16, #17,

Assessment Methods: Exam, Quiz, Learning Activity, and WileyPlus Homework Assignment


Week 8
Unit of Instruction: Amines Course Learning Outcomes:
· IUPAC nomenclature of amines
· Naturally occurring alkaloids and amines as bases
· Synthesis of amines using SN2, Gabriel, and reductive amination
· Diazotization reactions and mechanisms
· Synthesis and retrosynthesis with amines
TAG Learning Outcomes: #2, #13, #15, #16, #17, #18, #19
Assessment Methods: Quiz, Learning Activity, and WileyPlus Homework Assignment


Weeks 9 & 10
Unit of Instruction: Carboxylic Acids and Their Derivatives Course Learning Outcomes:
· Nucleophilic acyl substitution reactions under basic and acidic conditions
· Carboxylic acid reactions and synthesis
· Acid chloride reactions and synthesis
· Anhydride reactions and synthesis
· Ester reactions and synthesis
· Amide reactions and synthesis
· Nitriles reactions and synthesis
· Hydrolysis of all carboxylic acid derivatives
· Synthesis and retrosynthesis
TAG Learning Outcomes: #2, #9, #15, #16, #17, #18
Assessment Methods: Exam, Quiz, Learning Activity, and WileyPlus Homework Assignment


Weeks 11 & 12
Unit of Instruction: Alpha Carbon Chemistry: Enols and Enolates Course Learning Outcomes:
· Alpha protons and acidity
· Alpha halogenation under acidic and basic conditions
· Aldol and Claisen reactions
· Alpha alkylation reactions
· Conjugate addition reactions
· Synthesis and retrosynthesis


TAG Learning Outcomes: #2, #3, #10, #16, #17, #18
Assessment Methods: Exam, Quiz, Learning Activity, and WileyPlus Homework Assignment


Weeks 13 & 14
Unit of Instruction: Carbohydrates Course Learning Outcomes:
· Classification of monosaccharides
· Aldoses and ketoses
· Cyclic structures of monosaccharides and cyclization reactions
· Reactions of monosaccharides
· Reducing sugars
· Glycosidic bonds and di- and polysaccharides
TAG Learning Outcomes: #3, #16, #17, #18, #19
Assessment Methods: Exam, Quiz, Learning Activity, and WileyPlus Homework Assignment


Weeks 14 & 15
Unit of Instruction: Amino Acids, Peptides, and Proteins Course Learning Outcomes:
· Structure and properties of amino acids
· Amino acid synthesis
· Peptide synthesis and protein structure
TAG Learning Outcomes: #2, #3, #13, #16, #17, #18, #19
Assessment Methods: Exam, Quiz, Learning Activity, and WileyPlus Homework Assignment


	Chapter
	Title
	Concepts

	12
	Alcohols and Phenols
	· Review synthesis of alcohols and diols by SN1/SN2 and hydration of alkenes/alkynes
· Reduction of carbonyl compounds
· Oxidation of alcohols
· Grignard additions to carbonyl compounds
· Synthesis with Grignard, reduction, and oxidation reactions
· Protecting groups and incompatibilities with Grignards




	13
	Ethers and Epoxides
	· Preparation of ethers and epoxides
· Hydrolysis of ethers
· Ring-opening of epoxides under acidic and basic conditions
· Synthesis with epoxides

	19
	Aldehydes and Ketones
	· Nucleophilic addition to C=O with H, C, O, and N nucleophiles
· Acetals, imines, and enamine synthesis and hydrolysis
· Synthesis

	16
	Conjugate Pi Systems and Pericyclic Reactions
	· Electrophilic addition to conjugated alkenes
· Stability of conjugated alkenes; effect of conjugation on HOMO-LUMO gap
· MO theory and pericyclic reactions
· Diels-Alder, electrocyclic reactions, and sigmatropic rearrangements

	17
	Aromatic Compounds
	· Aromaticity
· Aromatic versus anti-aromatic
· Frost circles
· Polyaromatic hydrocarbons, annulenes, and heterocycles
· Side chain reactions and synthesis
· Benzylic bromination
· Oxidation
· Reduction

	18
	Aromatic Substitution Reactions
	· Electrophilic aromatic substitution reactions and mechanisms
· Halogenation
· Sulfonation
· Nitration
· Friedel-Crafts alkylation
· Friedel-Crafts acylation
· Directing groups and substitution patterns
· Synthesis and retrosynthesis with aromatic molecules
· Nucleophilic aromatic substitution and benzyne reactions

	22
	Amines
	· IUPAC nomenclature of amines
· Naturally occurring alkaloids and amines as bases
· Synthesis of amines using SN2, Gabriel, and reductive amination




	
	
	· Diazotization reactions and mechanisms
· Synthesis and retrosynthesis with amines

	20
	Carboxylic Acids and Their Derivatives
	· Nucleophilic acyl substitution reactions under basic and acidic conditions
· Carboxylic acid reactions and synthesis
· Acid chloride reactions and synthesis
· Anhydride reactions and synthesis
· Ester reactions and synthesis
· Amide reactions and synthesis
· Nitriles reactions and synthesis
· Hydrolysis of all carboxylic acid derivatives
· Synthesis and retrosynthesis

	21
	Alpha Carbon Chemistry: Enols and Enolates
	· Alpha protons and acidity
· Alpha halogenation under acidic and basic conditions
· Aldol and Claisen reactions
· Alpha alkylation reactions
· Conjugate addition reactions
· Synthesis and retrosynthesis

	24
	Carbohydrates
	· Classification of monosaccharides
· Aldoses and ketoses
· Cyclic structures of monosaccharides and cyclization reactions
· Reactions of monosaccharides
· Reducing sugars
· Glycosidic bonds and di- and polysaccharides

	25
	Amino Acids, Peptides, and Proteins
	· Structure and properties of amino acids
· Amino acid synthesis
· Peptide synthesis and protein structure
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