
SYLLABUS: Advanced Organic Synthesis CHEM:5329 (Fall 2017) 
  
Department of Chemistry: E331 CB, 335-1350, DEO James Gloer 
Instructor: Dr. Gregory K. Friestad -- E455 CB, 319-335-1364, gregory-friestad@uiowa.edu 
 Office Hours: E455 CB, Tues 11:00–12:30pm, Wed 1:00–2:30pm, or by appointment 
Scheduled Lectures:  Tuesday/Thursday, 8:00-9:15am, E203 CB 
Course Website:  icon.uiowa.edu   
 
 
Course Goals 

• Strengthen students existing knowledge base of current methods in organic synthesis 
• Learn to create feasible synthetic plans for small organic target molecules, including chiral 

ligands, monomers for materials synthesis, drug candidates, and natural products 
• Develop literature research skills and critical thinking through written and oral presentation, peer 

review, and revision of an original synthesis proposal. 
 
 
Course Textbook and Materials 

• Friestad, G. K. Advanced Organic Synthesis, 2011, PDF file (download from course website) 
• journal articles and other documents to be distributed via course website 

 
 
Course Topics:  
 
Whether synthesis is the main focus or a means to an end, its application to prepare complex organic 
compounds is at the core of many interdisciplinary research areas, whether one needs to prepare a new 
ligand for inorganic or organometallic compounds, design a improved inhibitor for mechanistic 
enzymology, or build libraries of modified drug candidates. The goal of this course is to provide 
students with the foundations they will need in order to read and understand modern synthesis articles in 
the literature, as well as to propose their own reasonable synthetic routes, enabling them to confidently 
move their current and future research projects beyond the limitations of commercially available 
materials. 
 
1. Historical Perspectives: Early Total Syntheses, Evolution of Chemo-, Regio-, and Stereoselectivity 
2. Retrosynthetic Analysis: Elements of Molecular Complexity, Identifying Key Bonds for 
Disconnection, Normal and Reversed Polarities 
3. Synthesis Planning: Convergent and Linear Approaches, Selecting Reliable Fragment 
Disconnections 
4. Strategies and Tactics: Transition Metal-Catalyzed Coupling Reactions, Ring-Closing Metathesis, 
Tandem/Cascade Sequences, Radical Cyclizations 
5. Building Blocks from Nature: Amino Acids, Carbohydrates, Terpenes 
6. Review of Substrate Stereocontrol: Allylic Strain, Torsional Strain, Convex/Concave 
Differentiation, Directing Effects via Hydrogen Bonding and Stereoelectronics 
7. Building Blocks via Asymmetric Synthesis: Auxiliary Stereocontrol, Reagent and Catalyst 
Stereocontrol, Kinetic Resolution 
8. Synthesis Proposal: Preparation, Critique, Response to Review, Presentation 



Useful Reference Materials 
Selected readings may be assigned from some of the resources listed below. Also, in your problem 
sets and projects, you may find it useful to consult these resources as needed.  
 

Synthetic Strategy 
• Warren, S. G.; Wyatt, P. Organic Synthesis: The Disconnection Approach, 2nd edition, 

Wiley-Blackwell, 2011.  (accessible online through UI Library) 
• Wyatt, P.; Warren, S. G. Organic Synthesis: Strategy and Control, Wiley: Chichester, 2007. 
• Corey, E. J.; Cheng, X.-M. The Logic of Chemical Synthesis, Wiley: New York, 1995. 
 
Reactions and Selectivity 
• Carey, F. A.; Sundberg, R. J. Advanced Organic Chemistry Part B: Reactions and Synthesis, 

5th edition, Plenum Press: New York, 2007. 
• Wuts, P. G. M. Greene’s Protective Groups in Organic Synthesis, Wiley: New York, 5th 

edition, 2014.  (accessible online through UI Library) 
• Mundy, B. P.; Ellerd, M. G.; Favoloro, F. G. Name Reactions and Reagents in Organic 

Synthesis, 2nd edition, Wiley: New York, 2005. (accessible online through UI Library) 
• Electronic Encyclopedia of Reagents for Organic Synthesis, online database: 

http://onlinelibrary.wiley.com/book/10.1002/047084289X 
•  Reaxys, online database (previously known as Beilstein): https://www.reaxys.com 
 
Stereochemistry 
• Eliel, E. L.; Wilen, S. H.; Mander, L. N. Stereochemistry of Organic Compounds, Wiley: 

New York, 1994. 
 
Applications to Target-Directed Syntheses 
• Nicolaou, K. C.; Sorensen, E. J. Classics in Total Synthesis, VCH: New York, 1996. 
• Nicolaou, K. C.; Snyder, S. A. Classics in Total Synthesis II, VCH: New York, 2003. 
  (these Classics volumes are both on 2-hour reserve in the Sciences Library) 
• Searchable databases of syntheses: 
 Reich, H. J. http://www.chem.wisc.edu/areas/reich/syntheses/syntheses.htm 
 Kan, T. http://w3pharm.u-shizuoka-ken.ac.jp/~yakuzo/pass-eng/pdf-eng.html 

 
 
Calendar: Tentative Due Dates (changes will be announced on website and in class) 

Problem Set 1. Retrosynthetic Analysis   Due Sept 7 
Problem Set 2. Transition Metal Catalysis, Tandem Reactions, Radical Cyclizations Due Sept 21 
Problem Set 3.  Building Blocks from Nature and Substrate Stereocontrol  Due Oct 12 
Problem Set 4.  Asymmetric Synthesis Approaches   Due Oct 26 
Synthesis Proposal First Draft   Due Nov 9 
Synthesis Proposal Critique   Due Nov 16 
Synthesis Proposal Final Revised Draft   Due Nov 28 
Synthesis Proposal Presentations   Nov 28–Dec 7 

 



Coursework Grading 
Problem Sets: 4 x 50 pts 200 points 
Literature Presentations: 2 x 50 pts 100 points 
Synthesis Proposal 200 points 
 Critique: 50 points 
 Oral Presentation: 50 points 
 Final Draft : 100 points 
————————————————————— 
Total 400 points 

 
Literature Presentations will involve a brief presentation in class (10-15 minutes) about a synthesis-
oriented journal article from the current literature, selected in consultation with the instructor.  The 
presentation should (a) address reasoning in target selection, (b) outline key points in the retrosynthetic 
analysis, (c) highlight the most important reactions, and (d) discuss what the project adds to the field of 
synthesis. Each student will be assigned two of these during the semester.  Optional: A third presentation 
may be substituted for one problem set grade. 
 
Class attendance and participation is important in this class, as there will be periodic workshop 
sessions to develop class feedback and constructive criticism on synthesis proposals. Although a specific 
point allocation is not assigned to attendance or participation, the instructor reserves the right to use 
these factors for determination of grades in borderline cases. 
 
 
More About the Synthesis Proposal 
 A standard benchmark for the competence of a synthetic organic chemist is the ability to propose a 
reasonable multistep synthesis of a complex molecular target.  In this course, you will develop and apply 
your organic synthesis skills by writing a proposed synthetic route to a recently discovered natural 
product.  Selected targets will be assigned to you by random drawing early in the semester.   
 First Draft:  The first draft will consist of two parts:  (a) a detailed retrosynthetic analysis, which will 
identify and highlight the major problems to be addressed in the synthesis, (b) a complete synthetic 
route, showing all steps (with literature precedents for your solutions to the highlighted majore 
problems) required to prepare the target from commercially available materials.  The first draft may be 
hand-written, but will be rejected if the structures or writing are not clearly legible.  If your first draft is 
rejected and/or submitted late, your colleague will have less time to complete the critique.  You will lose 
10 points for each calendar day your first draft is overdue. 
 Critique:  You will each critically review another students’ first draft (randomly assigned) and 
provide constructive suggestions.  Your grade for this critique will be assigned based on your ability to 
(a) identify any problems with the feasibility of the proposed synthesis and (b) suggest appropriate 
corrections.  If your critique is submitted late, your colleague will have less time to make any 
corrections.  You will lose 10 points for each calendar day your critique is overdue. 
 Final Draft:  The final draft will be a formal typewritten proposal, which should be presented with 
clear, concise text.  You should explain the importance of the target, the key synthetic challenges posed 
by its structure, and any special explanations of how specific unusual reactions should work.  Electronic 
structure drawing must be used, and references in ACS style are required. 
 Presentation:  You will present your synthetic route to the class using appropriate media (digital 
overhead camera or computer projection), being prepared to answer questions which may arise during 
your discussion.  Presentations will be limited to 10–15 minutes (exact time to be announced later). 



Statements of University and/or College Policy 
 
Administrative Home. The College of Liberal Arts and Sciences is the administrative home of this 
course and governs matters such as the add/drop deadlines, the second-grade-only option, and other 
related issues. Different colleges may have different policies. Questions may be addressed to 120 
Schaeffer Hall, or see the CLAS Academic Policies Handbook at 
https://clas.uiowa.edu/students/handbook. 

Electronic Communication. University policy specifies that students are responsible for all official 
correspondences sent to their University of Iowa e-mail address (@uiowa.edu). Faculty and students 
should use this account for correspondences (Operations Manual, III.15.2, k.11). 

Accommodations for Disabilities. The University of Iowa is committed to providing an educational 
experience that is accessible to all students. A student may request academic accommodations for a 
disability (which includes but is not limited to mental health, attention, learning, vision, and physical or 
health-related conditions). A student seeking academic accommodations should first register with 
Student Disability Services and then meet with the course instructor privately in the instructor's office to 
make particular arrangements. Reasonable accommodations are established through an interactive 
process between the student, instructor, and SDS. See https://sds.studentlife.uiowa.edu/ for information.  

Academic Honesty. All CLAS students or students taking classes offered by CLAS have, in essence, 
agreed to the College's Code of Academic Honesty: "I pledge to do my own academic work and to excel 
to the best of my abilities, upholding the IOWA Challenge. I promise not to lie about my academic 
work, to cheat, or to steal the words or ideas of others; nor will I help fellow students to violate the Code 
of Academic Honesty." Any student committing academic misconduct is reported to the College and 
placed on disciplinary probation or may be suspended or expelled (CLAS Academic Policies 
Handbook). 

CLAS Final Examination Policies. The final examination schedule for each class is announced by the 
Registrar generally by the fifth week of classes. Final exams are offered only during the official final 
examination period. No exams of any kind are allowed during the last week of classes. All students 
should plan on being at the UI through the final examination period. Once the Registrar has announced 
the date, time, and location of each final exam, the complete schedule will be published on the 
Registrar's web site and will be shared with instructors and students. It is the student's responsibility to 
know the date, time, and place of a final exam. 

Making a Suggestion or a Complaint. Students with a suggestion or complaint should first visit with the 
instructor (and the course supervisor), and then with the departmental DEO. Complaints must be made 
within six months of the incident (CLAS Academic Policies Handbook). 

Understanding Sexual Harassment. Sexual harassment subverts the mission of the University and 
threatens the well-being of students, faculty, and staff. All members of the UI community have a 
responsibility to uphold this mission and to contribute to a safe environment that enhances learning. 
Incidents of sexual harassment should be reported immediately. See the UI Office of the Sexual 
Misconduct Response Coordinator for assistance, definitions, and the full University policy. 

Reacting Safely to Severe Weather. In severe weather, class members should seek appropriate shelter 
immediately, leaving the classroom if necessary. The class will continue if possible when the event is 
over. For more information on Hawk Alert and the siren warning system, visit the Department of Public 
Safety website. 

 
 


