
Course syllabus for Chemistry   W 109C 

Organic Chemistry 

Spring 2017 

 
 

Class meets: On-line (with on-line discussions 2 days a week; days to be scheduled soon)  

 

Instructor:  Dr. Morgan Gainer, Office: PSB-N 1631A,  

   E-mail: gainer@chem.ucsb.edu  

Phone: 805-893-7485  

Office Hours: Friday TBA (on-line tele-conference) 

Course website: https://ilti.chem.ucsb.edu/   
 

Teaching Assistant: TBA 

 

Textbooks and Materials: 

Required:  Paula Y. Bruice, Organic Chemistry, 7th or 8th Ed., Pearson 2014/2016       

    Access to Mastering Chemistry® based on Bruice 8th edition  

 Recommended:  (a) Study Guide and Solutions Manual, (b) Molecular Model Kit 

 Textbook website: https://www.pearsonhighered.com/product/Bruice-Organic-Chemistry-

8th-Edition/9780134042282.html   

 Mastering Chemistry: masteringchemistry.com/ COURSE ID: GAINER22017 

The Course: 

Chem 109C is the last course of a three-course sequence (Chem 109A-B-C).  The Chem 109 

sequence provides the students fundamentals of organic chemistry and is mainly intended for 

students in the field of chemistry and biology.   

The current course, Chem W 109C, has three foci: 

1) Exploration of theoretical concepts such as the nucleophilicity, the basicity, and the stability 

of reaction intermediates in predicting chemical reactivity.  For example, we will discuss 

factors that determine the outcome of aromatic electrophilic substitutions in substituted 

benzenes and aromatic heterocyclic compounds.    

2) Structure and reactions of organic compounds found commonly in living organisms: 

carbohydrates, amino acids, peptides, heterocyclic molecules, nucleotides, and coenzymes.  

These topics make up the bulk of the course 

3) Principles of chemical and biochemical catalysis with focus on chemistry of coenzymes and 

enzymes.  Organic chemistry of biochemical processes in the living cell will be discussed. 

Students who have successfully completed CHEM W 109C should be well prepared for subsequent 

college-level biochemistry courses.  Because of a strong overlap between CHEM W 109C material 

and new MCAT 2015 requirements, students completing this course are also in a strong position 
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to tackle the “Chemical and Physical Foundations of Biological Systems” section of the new 

MCAT. 

On-line format: 

This section of CHEM 109C is offered as an on-line course that follows a flipped-classroom 

instructional model.  Students are expected to show a significant initiative by working 

independently with course materials (interactive course material slideshows, video lectures, on-

line lessons).  Two tracks of instruction, differing in the degree of interactivity, will be offered.  

Students following the interactive track are meeting with the instructor for on-line discussion twice 

a week; these students will earn up to 100 points toward their grade through active participation 

during discussions.  Students following the non-interactive track may still listen in during 

discussions but they do not earn points by participating.  Instead, student following a non-

interactive track will take a(n almost) cumulative third open-book 100-point exam one week before 

the final exam.       

Technology Recommendations: 

The course utilizes standard technologies present in most modern operating systems and browsers.  

A meeting to discuss technical requirements will take place about a month before beginning of the 

course.  For the best on-line experience, you want: 

 A modern desktop or high-end laptop computer running a recent version of Windows, 

MacOS, or Linux.  Computers in campus computer labs are well suited for this class.  Many 

course components can be also accessed from tablet computers. 

 A display of least 1280×800 (WXGA) to avoid horizontal scrolling.  I strongly recommend 

a display at least 1920 pixels wide (HD) to allows simultaneous views of the discussion 

window and the course website.  Dual-monitor setup is ideal for students participating in 

the interactive track. Please note that your experience on many smaller netbooks will be 

sub-optimal. 

 Working speakers, a microphone, and a high-definition (at least 1280×720) webcam. An 

HD camcorder, connected via the appropriate port, may also work as a webcam. 

 GPU-accelerated VP8 and Flash video decoding. For smooth video playback, I recommend 

that your video card is NVIDIA GeForce 600-series “Kepler” or newer, or AMD Radeon 

HD 7900-series “Southern Islands” or newer, or Intel HD 5300 “Broadwell” or higher. 

 A modern up-to-date Firefox, Chrome, or Opera browser (for Safari and IE9, you need to 

install the WebM codec). Please make sure that a recent version of Adobe Flash is installed 

and enabled. 

 Reliable high-bandwidth internet connection.  Computers with wired connection to the 

campus network, a residential fiber optic network, or to a cable internet modem will be 

ideal.  If you rely on Wi-Fi at home, please consider a dual-band router to relieve bandwidth 

congestion.  While many course activities can be accessed via LTE mobile connections, 

mobile connections are not suitable for watching high-resolution course videos and 

participating in course discussions. 



Expectations of Students and Study Advice 

1) Read this syllabus carefully.  There is a reason it is so long. 

2) Individual and timely study based on digitally provided course materials is critical. Students 

in the interactive track should complete the required work each day before meeting with your 

instructor. Students who have taken comparable on-line courses in the past have indicated 

that the daily workload in the on-line class tends to be higher than in the regular lecture 

course.   

3) If you are following the interactive track, you are expected to attend, participate, and take 

good notes during the discussion.  You are able to earn correctness and participation points 

by answering questions during the discussion.  You can preview the discussion material 

before the discussion, and you can review the discussion material after the discussion. 

Supplementing the discussion notes with study notes based on the textbook is a good way to 

improve your chances to be successful in this course.   

4) Students in the interactive track that have to miss a discussion may make up the lost points 

by writing and posting a (minimum) one page summary of the discussion. If your summary 

is approved by the instructor you will be awarded the average number of discussion points 

earned by your fellow students that day.  

5) For many people, writing down a clean set of notes after concluding each chapter is a 

powerful study strategy.  When writing these clean notes, integrate your original notes, 

textbook material, practice problems, extra material found online, and your own thoughts into 

a cohesive and interesting story.   You are encouraged to use the media-rich course website 

to write your notes and share these with fellow students, particularly when your independent 

research has uncovered aspects that are interesting to others. 

6) The practice problems in the book and in the MasteringChemistry site are an excellent way 

to learn the material.  Try to answer them as you read the textbook.  I strongly recommend 

that you do at least the ones I have suggested at the end of this syllabus.  The answers to the 

problems at MasteringChemistry will contribute toward your grade. 

7) Online lessons and quizzes in the course website are graded assignments that you should 

complete by the due date for credit.  Finish each lesson preferably before the quiz and 

absolutely before the pertinent exam day.  Work on the quizzes individually and recognize 

that questions like these are likely to show up on exams.   

8) There will be two graded weekend homework assignments, worth 20 points each. These will 

be group assignments. You will be posting your group answers on the course website; answer 

strategies will be discussed in the following week.  Students in the class have an option to 

self-organize into small groups. 

9) Online discussion forum (posted on the same page as the link to participate in the discussion) 

is a place for students to collaborate and help each other while learning the material.  

Discussion openers such as “the solvatochromism of carbonyl compounds in today’s lecture 

was so over my head … could anyone please explain it in plain language” are most welcome.  

Because teaching others is a powerful way of solidifying your own understanding, some 

stronger students will play the role of instructor in these discussions. If the forums are found 



to be widely used, at the end of the course students will vote to nominate five peers who were 

most helpful with discussions for extra credit. 

10) Two 50-minute mid-terms will be given to all students.  These will be held on Friday, April 

28 and Friday, May 26, times TBA.  Please plan accordingly. Both mid-term exams are 

open-book tests that you take at a common time online.  Exams will be proctored (remotely 

via your webcam) to ensure that you answer your questions without help from other people.  

Bring your photo-ID to the exam. If you take the remotely proctored exam, you will need a 

working microphone, working webcam, and a stable internet connection.  The two mid-terms 

mainly test your knowledge of topics covered prior to the exam.  If you are following a non-

interactive track, you will also take a comprehensive 50-minute third exam that is similarly 

proctored. This exam will be on Monday, June 5 at 5pm.  

11) There is a large 3-hour written final exam at the end of the course (date and time TBA).  The 

closed-book final exam will cover all the topics that were taught in this course and also test 

your ability to understand the material. Exam questions will be largely based on the material 

covered in the reading, recorded lectures, on-line lessons, quizzes, and discussions.  You can 

take the final on campus or (if you are an off campus student) at a remote proctoring center. 

Any student that receives lower than a 25% on the final will automatically fail the course.   

12) Study your graded mid-term exams and corresponding answer keys carefully as soon as these 

are available.  Go back to your clean notes and analyze if the concept or problem that you did 

not answer perfectly was well covered in your notes.  This way, you may be able to identify 

areas of weaknesses and find solutions that allow being more successful in the next test. 

Please join me during my on-line office hours to bounce off your thoughts on best study 

strategies. 

13) There are no make-up exams.  If you know in advance that you will have a legitimate reason 

(UCSB sports team, field trip, surgery, etc.) to miss an exam, please inform the instructor at 

least one week in advance and provide the appropriate written documentation. In case of 

medical emergency, provide a verifiable doctors excuse. 

14) Honesty and academic integrity must be always preserved.  While working with others is 

encouraged outside the classroom, you must answer the graded quiz questions, individual 

homework questions, and exam questions individually.  Cite your sources of information as 

appropriate. No calculators or other materials are permitted on closed-book final. 

15) All course materials and the intellectual content of the course are protected by United States 

Federal Copyright Law. No student (and all other persons) shall give, sell, or otherwise 

distribute to others, or publish any electronically available course materials or recordings 

made during any course presentation without the written consent of the instructor.  For 

example, you are not allowed to copy quiz, homework, or exam questions and post them in 

public or private websites. 

16) No students shall share access privileges (such as UCSBNetID and password that 

authenticates them at the course website) with other individuals, including fellow students.  

Students should take reasonable precautions against unauthorized access to their electronic 

devices that are used to access or store course materials. 



17) No students shall give, sell, or otherwise distribute names, pictures, e-mail addresses, or any 

other personal data about fellow students taking the course without an explicit permission.  

While student’s access to course resources is closely monitored by the instructor for 

educational purposes, students in the course should generally expect privacy rights 

comparable to these outlined for K-12 students in the CA Senate Bill No. 1177. 

18) The interactive discussion sessions are recorded; you may save and use these recordings only 

for your own learning purposes.   

19) Respectful behavior in online discussion sections is expected of all students.   As in a physical 

classroom, offensive language, actions, or harassment will not be tolerated and may result in 

a referral to the Office of Judicial Affairs for disciplinary action. 

20) Your points will come from the following sources: 

Online lessons and quizzes at course website   120 pts 

Online discussions or the third open-book exam  100 pts 

Online lessons and assignments at Mastering Chemistry 40 pts 

Weekend homework problems    40 pts 

Midterm 1:       100 pts 

Midterm 2:       100 pts  

Final exam:       400 pts 

 

21) The grade is based on the number of points out of 900 points total.  Grading will be based 

on the curve but you have to meet a certain level to get a grade higher than F.   Students 

who receive 100 points or less on the final (25%) will automatically receive an F in the 

course.  

22) I will post course histograms periodically to help you assess where you are standing relative 

to your peers. 

 



Course topics: 

The selection of topics in CHEM W 109C depends slightly on the background of students taking 

the course.  Most UCSB students taking CHEM W 109C in Winter of 2017 have completed 

benzene chemistry.  We will thus start with heterocyclic compounds before covering the 

chemistry of biological molecules.  If the first quiz shows that many students lack a deeper 

understanding of reactivity principles, a brief review of key organic reactivity principles will be 

done at the end of the first week.  The list of topics that can be covered in CHEM W 109C during 

Spring 2017 is given below:     

Please consult the exam study guide for specific topics that you’re expected to know. 

 

Section 0 (if needed):   

Review of principles of organic reactivity.   
 

Discussion of a variety of topics that are critical in understanding the principles of organic 

reactivity.  Hopefully, most of this is a review for majority of students while other topics 

introduce familiar ideas at deeper level. 

 Electronic structure of organic compounds  

 Acids and bases; electrophiles and nucleophiles  

 Potential energy surfaces for chemical reactions  

 Reaction intermediates and transition states  

 Stability and properties of carbocation intermediates  

 Kinetically and thermodynamically controlled reactions  

 Valence bond and molecular orbital language in describing chemistry  

 Molecular orbitals and chemical reactivity  

 Electrostatic potential maps on electron density  

 

Section 1:   
 

Heterocyclic Compounds; More about Amines, Ethers, and Thiols 
 

The goal is to understand correlations between electronic structure, acid-base properties, and 

chemical reactivity of nitrogen-, oxygen, and sulfur containing heterocyclic compounds.  This 

chapter gives you plenty of chances to review ideas such as hybridization, resonance, molecular 

geometry, pronation equilibrium, and tautomerism.  In addition, you can exercise your brain cells 

by learning names and structures of several similar-sounding molecules.  

 

 Review of acid-base properties of alcohols, amines, thiols, esters, and amides  

 Nomenclature of heterocyclic compounds  

 Properties and reactivity of aliphatic N-, O-, and S-containing heterocycles  

 Properties and reactivity of aromatic N-, O-, and S-containing heterocycles  

 Electrophilic aromatic substitution in pyrrole, furan, and thiophene  

 Electrophilic and nucleophilic aromatic substitutions in pyrimidine  

 Electronic structure and properties of imidazoles  

 Electronic structure and properties of pyrimidines: uracil, thymine, cytosine  

 Electronic structure and properties of indole and purines  



Section 2:   

Carbohydrates.  Focus in on structure, stereochemistry, and reactions.  Essentially all of 

Chapter 21 is relevant.  If you have modeling kit, practice building open and closed-chain 

forms of D-glucose, D-mannose, and D-galactose.   
 

 Chemical nature of carbohydrates  

 Classification of carbohydrates: aldoses vs ketoses; trioses, tetroses …  

 Conformations and configurations, R/S and D/L nomenclature  

 Simple trioses: glyceraldehyde and dihydroacetone  

 Simple tetroses: erythrose, threose and erythrulose  

 Simple pentoses: ribose, arabinose and ribulose  

 Simple hexoses: glucose, galactose, mannose and fructose  

 Recognize enantiomeric and diastereomeric pairs (e.g. erythrose and threose) 

 Spectropolarimetry as a method to study carbohydrates in solution (lesson) 

 Epimerization and enediol rearrangements  

 Reduction of aldoses and ketoses to alditols, optical activity of alditols  

 Oxidation of aldoses to aldonic acids by Br2  

 Oxidation of aldoses and ketoses to aldonic acids by Tollens’ reagent  

 Carbonyl carbon as electrophilic reaction center  

 The KilianiFisher synthesis to extend the carbohydrate chain  

 Wohl degradation to shorten the carbohydrate chain  

 Reactions of the hydroxyl group (background) 

 Mechanism of formation of hemiacetals  

 Formation of furanoses and pyranoses; ring strain considerations  

 Haworth projection of cyclic forms  

 Anomeric carbon and anomers: structures of -D-glucose and -D-glucose  

 Acetals; mechanism of formation of glycosides via an oxocarbenium ion  

 Stability of axial and equatorial positions; anomeric effect and solvent effects  

 Formation of the glycosidic bond in disaccharides  

 Reducing disaccharides: maltose and cellobiose  

 Non-reducing disaccharide: Trehalose  

 Lactose; how to determine connectivity of a disaccharide  

 Fructofuranose as the cyclic form of fructose; structure of sucrose  

 General structure of polysaccharides  

 Structure and function of glycogen  

 Composition and function of scratch  

 Amylose and amylopectin as polymers of -D-glucose  

 Structure of cellulose and the composition of the plant cell wall 

 Structure of chitin and the composition of fungal cell wall 

 Structure of peptidoglycan and composition of the bacterial cell wall 

 Glycoproteins and the determinants of human A/B/O blood types  

 Structure and properties of some synthetic sweeteners  

 

Section 3:  
 

Amino Acids 
 

 Biological function of amino acids  



 General structure and stereochemistry of amino acids  

 Classification of 20 common amino acids based on side chain structure  

 Structures of 20 common amino acids and of selenocysteine  

 Common post-translational modifications of L-amino acids (not in the book) 

 Occurrence of D-amino acids in natural products  

 Ionization of the carboxylic acid moiety in carboxylic and amino acids  

 Ionization of the amino group in aliphatic amines and amino acids  

 Ionization of ionizable amino acid side chain  

 The concept of pI; calculation of pI of amino acids  

 Migration of amino acids in electric field; electrophoresis  

 Isoelectric focusing  

 Separation of amino acids by ion exchange chromatography  

 Separation of amino acids by paper chromatography  

 Visualization of amino acids with ninhydrin and phenylisothiocyanate  

 Synthesis of amino acids using the Hell–Volhard–Zelinsky reaction  

 Synthesis of amino acids using reductive amination  

 Synthesis of amino acids using -bromomalonic esters and phtalimide  

 Synthesis of amino acids using the Strecker method  

 Kinetic resolution of enantiomers using aminoacylase  

 
Peptides and proteins 
 

 Formation and structure of the peptide bond  

 Reaction of the thiol group; formation and reduction of the disulfide bond  

 Solution-phase synthesis of peptides  

 Solid-phase synthesis of peptides by the Merrifield method  

 Identification of the N-terminal AA in peptides and proteins with Edman’s reagent  

 Cleavage of the N-terminal AA with aminopeptidase  

 Cleavage of the C-terminal AA with carboxypeptidase A or carboxypeptidase B  

 Cleavage of peptides and proteins by trypsin, chymotrypsin and cyanogen bromide  

 Strategies to sequence peptides and proteins  

 Structure and function of peptides and proteins  

 Separation of peptides and proteins by electrophoresis, chromatography, 

 Common secondary structure elements in proteins  

 Tertiary structure; folding of proteins; ligand binding sites  

 Quaternary structure of proteins 

 

Section 4:  
Nucleobases, nucleotides, and nucleic acids 
 

 Biological function of nucleotides and nucleic acids  

 General structure of nucleosides and nucleotides  

 Purine and pyrimidine nucleobases  

 Tautomerism in nucleobases (not in the book, see 77 for keto-enol tautomers) 

 Purine degradation pathway (not in the book) 

 N-glycosidic bond and its acid-catalyzed hydrolysis  

 Biosynthesis of pyrimidine and purine nucleotides (not in the book) 

 Nucleotides in DNA and RNA 

 ATP and cAMP as two important nucleotides  



 Polynucleotides: DNA and RNA  

 Structure and function of DNA  

 Structure and function of mRNA  

 Structure and function of tRNA  

 Structure and function of rRNA  

 Hydrolysis of RNA backbone  

 Chemistry of spontaneous mutagenesis (not in the book) 

 Chemistry of UV-induced mutagenesis: cyclobutadiene thymine dimers  

 Biosynthesis of DNA  

 Chemical synthesis of DNA via phosphoramidate chemistry (not in the book) 

Section 5:  

Catalysis and Cofactors 
  

 Principles of chemical and enzymatic catalysis  

 Benefits of catalysis in biological systems  

 Acid-base catalysis with examples  

 Covalent catalysis with examples  

 Metal ion catalysis with examples; EDTA as metal chelator  

 Electrostatic stabilization of transition states with examples  

 Importance of reactant positioning / proximity with examples  

 Mechanism of haloalkane dehalogenase catalysis (not in the book) 

 Mechanism and substrate specificity of chymotrypsin catalysis  

 Mechanism and biological importance of lysozyme catalysis  

 Mechanism and stereochemistry of alcohol dehydrogenase catalysis  

 Regulation of activity of biocatalysts (not in the book) 

 Vitamins and coenzymes  

 Redox chemistry of NAD+/NADH and NADP+/NADPH 

 FMN and FAD are oxidizing cofactors in dehydrogenases  

 Reaction of reduced flavin with molecular oxygen (not in the book) 

 Role of thiamine pyrophosphate in pyruvate decarboxylase reaction  

 Role of biotin in carboxylation reactions  

 Pyridoxal phosphate in transamination and decarboxylation reactions  

 Tetrahydrofolate as cofactor in one-carbon transfer reactions  

The Organic Chemistry of Metabolic Pathways  

 Distinction between catabolism and anabolisms  

 The importance of ATP in driving biological reactions  

 The four stages of catabolism  

 The catabolism of fatty acids 

 The catabolism of carbohydrates: glycolysis  

 The fate of pyruvate 

 Select reactions of the citric acid cycle  

 

The Organic Chemistry of Lipids 

 Structure of fatty acids, fats and waxes  

 Structure and biosynthesis of prostaglandins  

 Cholesterol biosynthesis  

 Terpenes, terpenoids and terpene biosynthesis  



Section 6:  

Synthetic Polymers 

 Two major classes of synthetic polymers  

 Chain-growth polymers  

 Step-growth polymers  

 Polymerization of dienes; rubber  

 Radical, cationic, and anionic polymerization with examples  

 Ring opening polymerization 

 Properties and applications of common polymers (PE, PS, and PVC)  

 Biodegradable polymers  
   

Recommended Homework Problems 

 
All of the in-chapter problems from each Chapter are recommended. In addition, the following 

end of chapter problems are recommended: 

 

Chapter 19: 21-30, 33, 36, 37, 39, 40, 43, 44 

Chapter 20: 34-48, 50, 51, 53-71 

Chapter 21: 49, 50, 52-61, 63-67, 69, 71-73, 75-77, 80 

Chapter 22: 29-32, 35-38, 40-45 

Chapter 23: 24-34 

Chapter 24: 25-31, 33, 35, 38, 48, 50, 52 

Chapter 25: 31-36, 37-40, 42, 43, 45 

Chapter 27:24-27, 29-37, 39-44 

 


