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Syllabus

Chemistry 165: Organometallic Chemistry

Harvey Mudd College, Fall 2009

Class Time/Location:  
Instructor: xxx;  Office hours:  xxx
Office: xxx;  Phone:xxx;  Email: xxx
Text: There is one required text for the class:  Hill, A. F., Organotransition Metal Chemistry.  Royal Society of Chemistry:  Cambridge, UK, 2002.  In addition, there are a number of organometallic texts in the library that will be useful as general references.  These are found in section QD 411.  Recommended among these are Crabtree; Collman, Norton, Hegedus & Finke; and Spessard & Miessler.  Additional texts can be borrowed from the instructor.  In addition, there are three excellent online resources:  The organometallic hypertextbook (OMHTB, worth exploring on your own), George Stanley’s online book (a large, detailed text) and ionicviper.org;  all are linked on the Sakai site for the course.  

Class format:  During each class period, we will discuss as a class a research paper that has proved to have important and lasting implications in the field of organometallics: you could call these papers ‘classics’.  All the papers are hosted on the course Sakai site.  The continuing importance of these classic papers lies in the realization that many of the bonding, reactivity and mechanistic paradigms that we now take for granted were once completely unknown or merely fringe theories.  These papers have in common a very high level of experimental design, execution and interpretation—this is, of course, by necessity: to propose a viable radical new bonding, mechanistic or reactivity model requires an approach to experimental work that is inspired, creative and rigorous.  Apart from highlighting exceptional experimental work in organometallic chemistry, these papers will serve as springboards for the discussion of a wide variety of topics related to the field.  These will hopefully include related systems, practical applications, theoretical underpinnings, etc.  


In addition to the main paper under consideration, for each week we will also look at supplemental articles that are closely related or provide a deeper or more recent discussion. These additional articles are posted on Sakai.  We will also review the material from the text that is most closely related to the paper under discussion.  


By the end of the first class meeting, you will divide into groups of about three.  Each group will be assigned a portion of the paper or of the textbook approximately every week.  Your group will need to meet weekly with the instructor at a mutually agreeable time.  

Class Schedule, and Papers to be Discussed:
September 3
Course intro, historical aspects, the ferrocene story, electron counting & ligand classification and molecular orbital theory 
September 10
Introduction to organometallic reactivity and more molecular orbital theory 
September 17
Churchill and Youngs, "Crystal Structure and Molecular Geometry of W(=CCMe3) (=CHCMe3)(CH2CMe3)(dmpe), a Mononuclear Tungsten(VI) Complex …"   Inorg. Chem., 1979, 18, 2454.
September 24
Sanford, Love & Grubbs “Mechanism and Activity of Ruthenium Olefin Metathesis Catalysts” JACS, 2001, 123, 6543.
October 1
Bercaw, et al. “’-Bond Metathesis’ for C-H Bonds of Hydrocarbons and Sc-R Bonds of Permethylscandocene Derivatives” JACS, 1987, 109, 203.
October 8
Jones & Feher, “Isotope Effects in Arene C-H Bond Activation by [(C5Me5)Rh(PMe3)]”  JACS, 1986, 108, 4814.  
October 15
Watson, "Ziegler-Natta polymerization: the lanthanide model." JACS, 1982, 104, 337.
October 22
Kaminsky, Külper, Brintzinger & Wild “Polymerization of Propene and Butene with a Chiral Zirconocene and Methylalumoxane as Cocatalyst” Angew. Chem. Int. Ed. Eng., 1985, 24, 507.
October 29
Buchwald/Hartwig “Palladium-Catalyzed Aromatic Aminations with in Situ Generated Aminostannanes”  JACS, 1994, 116, 7901;  “Palladium-Catalyzed Formation of Carbon-Nitrogen Bonds.  Reaction Intermediates and Catalyst Improvements in the Hetero Cross-Coupling of Aryl Halides and Tin Amides”  JACS, 1994, 116, 5969.
November 5
Kubas, et al.  “Characterization of the First Examples of Isolable Molecular Hydrogen Complexes … Evidence for a Side-on Bonded H2 Ligand” JACS, 1984, 106, 451.
November 12
Evans, "A Monometallic f Element Complex of Dinitrogen: (C5Me5)3U(η1-N2)" JACS, 2003, 125, 14264.
November 19
Kagan, "Asymmetric Catalytic Reduction with Transition metal complexes…"  JACS. 1972, 94, 6429.
November 26
Thanksgiving Break, no class
December 3
Chan, Pluth & Halpern “Identification of the Enantioselective Step in the Asymmetric Catalytic Hydrogenation of a Prochiral Olefin” JACS, 1980, 102, 5952.
December 10
Gagné & Marks “Organolanthanide-Catalyzed Hydroamination.  Facile, Regiospecific Cyclization of Unprotected Amino Olefins” JACS, 1989, 111, 4108.
For each class, responsibilities will fall to both the discussion groups & the rest of the class as follows:
Discussion Group Expectations:  I expect you to have mastered the material you are responsible for in the assigned paper.  That is, you should be prepared to facilitate a discussion concerning any issue relating to the chemistry in question.  This will almost certainly require going beyond the assigned paper (and in many cases, beyond the supplemental paper(s) provided) to other literature or textual sources, so you should get started preparing for your class early.   If you feel any of these would be useful to the class, you are encouraged to pass along that information to me so that I can post it to the course Sakai site for others to read for your week. 

I will not require that you run your part of the class in any particular format: you are welcome to use whatever techniques you feel will best encourage a lively discussion of the material.  I would suggest that you spend some time on a general discussion of the background concepts related to the paper that you think are most important.  The balance of the meeting time should be devoted to a more specific and in-depth discussion of the paper assigned for that week.  A thoughtful, creative approach to moderating the discussion will be rewarded, even if it doesn’t turn out as well as you’d like: you should feel free to take some risks. 

I would suggest that, for the part of the class you are to lead, you generate a checklist outlining the topics you would like the discussion to cover.  This will allow you to steer the discussion as you feel is appropriate.  Obviously, discussions are unpredictable, so it’s quite alright if you don’t cover everything on your list.  For a given paper, you should strive to discuss what you feel are its most salient features and important ramifications.  I strongly encourage you to stop by my office as many times as it takes for you to become comfortable with the material in your assigned paper.  At the very least, I require you to meet with me as a group on a weekly basis.

Class Expectations:  I expect everyone in the class to have studied the assigned paper for each week.  Note that my word choice is not arbitrary: do not merely read the paper—study it.  To have studied a paper is to have carefully read it several times.  Jot down notes and questions, and doodle structures as you read.  Think hard about what are the most important points of the paper, as well as its strengths and weaknesses.  Be prepared and willing to actively participate in whatever discussion or problem-solving activities the discussion leader initiates.      

Each week, starting after the 2nd class meeting, everyone in the class is expected to post at least two (more is fine!) comments or questions about that week’s paper to the Discussion Thread for that paper.  At least one of the posts should be by noon on Tuesday two days before class.  Your comments and questions should reflect your level of preparation and will be evaluated accordingly.  Post your comments and questions to the “Forums” tab on the Sakai site.

WRITING PROJECT: literature review

Another part of the class will be researching and writing of an extensive literature review on an organometallic topic.  Some of these topics will be introduced in class;  If so, I expect you to extend beyond the specific metal or system discussed in class.  You will write this collaboratively in your groups. All assignments are due electronically on Sakai at 5:00 PM on the date indicated. Only one member of each group need submit the assignment.  Include your group members initials in the filename.

SUGGESTED REVIEW TOPICS:

Transition Metal-Promoted/Catalyzed C-H Functionalization

Ziegler-Natta Polymerization of Alkenes

Palladium-Catalyzed Allylic Alkylations (the Tsuji-Trost Reaction and others)

Small Molecule Activation: N2 fixation, alkane functionalization or alkane complexes

Olefin Metathesis: Catalysts, Mechanisms and Applications in Synthesis

Metal-Catalyzed Hydroamination: Reactions of Amines with Unsaturated Hydrocarbons

Metal-noble gas compounds

Phase One: Topic selection and annotated bibliography.  In your group, decide on your topic and prepare an annotated bibliography and a rough outline of your review.  Due Date: September 27 (Sunday).
Phase Two: Draft Exchange.  On the due date you will hand in a complete draft of your review.  They will be exchanged by the instructor.  Due Date:  October 11 (Sunday). 

Phase Three: Draft Critique.  Your group will be responsible for researching the topic of the draft you’ve received and generating a critique of it: you will essentially be acting as referees for the review.  On the due date, you will turn in a written point-by-point critique of the draft.  Due Date: November 1 (Sunday).

Phase Four: Revision.  Your group should revise your draft in light of the referees’ comments.  Also, generate a summary of the changes you made and any of the referees’ suggestions that you declined to incorporate (and why) as a cover letter.  On the due date, you will submit a revised draft to the instructor who will exchange it with another group. Due Date: November 15 (Sunday).

Phase Five: Critique #2.  Once again your group will research and critique the draft in your possession and will generate another point-by-point list of suggested changes.  On the due date, you will turn in your critique to the authors.  Due Date: December 2 (Sunday).

Phase Six:  Final Revision.  Your group will make final revisions to your review based on suggestions from the second critique, again generating a list of changes made and not made submitted as a cover letter.  Along with your final review drafts, each individual will turn in an evaluation of your writing group partners. More on this as the time draws nearer.  Final Due Date:  December 13 (Sunday).

ASSESSMENT:  your grade in the class will be based on:

1. Active participation in class discussions and problem-solving exercises: 20 pts
2. Well-run and creative discussion of your assigned topics: 30 pts
3. Posting thoughtful questions/comments to the Sakai discussion before every class: 20 pts
4. Literature Review (including critiques): 30 pts
 TOTAL:  100 pts.
