NATURAL PRODUCT CHEMISTRY  (CH 440)

COURSE OUTLINE

SPRING SEMESTER 2016
Bülent Terem


Textbook:
Dewick, Paul M. Medicinal Natural Products: A Biosynthetic Approach, Wiley,  3rd Ed., 2010.

The order of topics will generally follow the organizational sequence of the above text book, although additional topics will also be discussed. Lecture highlights and supplementary material will be posted at the course web page. 


Recommended Books:


Gorzinsky Smith, Janice. Organic Chemistry, McGraw-Hill, 2008.




Clayden, Jonathan, Greeves, Nick, and Warren, Stuart. Organic Chemistry, 



Oxford University Press, 2nd Ed., 2012.


Web Pages:

chemwithbt.com



Announcements; lecture highlights; exam solutions; sample exams/questions







Course Objectives / Learning Outcomes:

This is a one-semester course during which  organic chemical compounds found in living organisms, more commonly referred to as natural products, are explored. Out of the vast numbers of possible molecules, representative structures are selected and are organized in terms of their different biosynthetic origins.  The course will start by identifying common molecular building blocks and their role in the construction of elaborate structures. A review of organic reaction mechanisms emphasizing reactions frequently observed in biosynthesis will provide a background, from which students will later utilize to propose logical pathways. While specific steps of acetate, shikimate, mevalonate pathways will be covered in some detail, the course will target a level beyond the presentation of established facts. Pathways of mixed origin will stand out during alkaloid biosynthesis.  During the last few weeks of the semester ecological roles of secondary metabolites will be discussed with examples from the local marine environment and some structurally unusual marine natural products. To summarize the course objectives in more tangible terms, at the end of the semester the students should be able to carry out the following tasks:

· Understand what is meant by the terms natural products, primary and secondary metabolites. 
· Understand the biosynthesis of fatty acids, phenylpropanoids, terpenes, and simple alkaloids. 

· Be able to propose biosynthetic routes to specific polyketides, phenylpropanoids, terpenes, simple steroids, and certain alkaloids.
· Demonstrate knowledge of basic strategies involved in asymmetric syntheses of natural products, particularly of those where the synthetic chemist is inspired by biosynthetic routes.
· Demonstrate awareness in the ecological functions of secondary metabolites in intra- and inter-species chemical communication. 
Molecule of the Week: 
Each student is expected to prepare and deliver at least three short presentations (depending on the class size) about different molecules of interest during the semester. Further details will be provided.

Exams and Grading:


Two 60-minute midterms and a ninety minute comprehensive final will be given, in addition to 
homework assignments and presentations.
Course Grade (all grades in percentages):


       =  
+ .22 (average of the two midterms)

                      
+ .23 (highest midterm)

   

+ .15 (“molecule of the week” presentations)

    

+ .10 (homework assignments)

   

+ .30 (final)

Letter grades are assigned on the basis of the following scale:




A   > 84



B       84 – 70



C       69 – 50



D       49 – 35




F   <  35

General Comments:

The key to success in this course depends on the student’s ability to put in time and effort to understand the material as it is presented, or shortly after. At the end of the semester, each student is expected to possess a sound molecular background to help him/her interpret what goes on in biological systems.

This course is taught in accordance with Chaminade University’s policies and mission statement. Core values addressed during the semester, such as diversity, peace, equality and social justice are blended into the course. 

General policies adopted in this course are outlined in the Student Policy Manual. 

Office Hours:

by arrangement
Office:


Wesselkamper Science Center, 103

(Ph: 735-4806)




e-mail:





bterem@chaminade.edu
	Week
	Date
	Chapter

in Text
	Subject

	1
	
	1, 2


	Introduction to natural products… Primary and secondary metabolites… The concept of building blocks… The process of biosynthetic pathway elucidation… 

	2
	
	2


	Common reactions in the biosynthesis of natural products: Construction mechanisms… Nucleophilic and electrophilic alkylation reactions… Wagner-Meerwein rearrangements… Aldol and Claisen reactions… Imine formation and Mannich reaction… Transamination and decarboxylation reactions… 



	3
	
	2

3
	Diels-Alder Reactions… Oxidation and reduction… Functions of enzymes in “redox”: mono- and dioxygenases; Baeyer-Villiger monooxygenases… Phenolic oxidative coupling…

The acetate pathway: Fatty acid syntyhesis… Uncommon fatty acids…

	4
	
	3


	Prostaglandins (also thromboxanes and leukotrienes)… Ployketide synthesis… Macrolides of polyketide origin… Linear polyketides and polyethers… Aromatics… Some bioactive molecules of polyketide origin (“Molecule of the Week”)… 

	5
	
	4


	The shikimate pathway: Aromatic amino acids and simple benzoic acids… Phenylpropanoids: coumarins… Aromatic polykedites… Isoflavonoids… Terpenoid quinones…   

	6
	
	5
	The mevalonate pathway: Terpenes (classifications and common examples)… Irregular terpenes… Cyclization reaction in terpenes…

	7
	
	5
	Steroids… Cardioactive glycosides… Steroid hormones…

(“Molecule of the Week”)

Exam 1

	8
	
	6


	Alkaloids- Alkaloids derived from ornithine; pyrrolidine; lysine; nicotinic acid; tyrosine; tryptophan… Modified alkaloids… 

	9
	
	6
	Alkaloids derived by amination reactions… Terpenoid and steroidal alkaloids…

(“Molecule of the Week”)  

	10
	
	6,7
	Metabolites biosynthesized through “mixed” biosynthetic pathways: Opioid peptides… Phenolic oxidative coupling in alkaloids…

	11
	
	
	Experimental methods to determine biosynthetic pathways: Isotopic labeling… NMR and mass spectrometry studies… Case studies (quinine)

	12
	
	8
	A general look into the total synthesis of natural products: Major advantages; economic feasibility; stereoselectivity…

Sugars as abundant and chiral precursors for stereoselective total syntheses…

Nature’s way of guiding the synthetic chemist (biomimetic methods of synthesis)…

	13
	
	
	Asymmetric synthesis: Synthetic catalysts used in asymmetric synthesis…

Exam 2

	14
	
	
	Total syntheses of selected natural products…

(“Molecule of the Week”)

	15
	
	
	Selected modern synthetic methodologies applied to challenging steps in natural product synthesis… Conclusion…


