Created by Anthony Fernandez, Merrimack College (anthony.fernandez@merrimack.edu), Marites Guino-o, University of St. Thomas (guin3862@stthomas.edu), John Lee, University of Tennessee-Chattanooga (john-lee@utc.edu), and Shirley Lin, United States Naval Academy (lin@usna.edu) and posted on VIPEr (www

HYPERLINK "http://www.ionicviper.org/"
.

HYPERLINK "http://www.ionicviper.org/"
ionicviper

HYPERLINK "http://www.ionicviper.org/"
.

HYPERLINK "http://www.ionicviper.org/"
org) on July 19, 2012.  Copyright 2012.  This work is licensed under the Creative Commons Attribution Non-commercial Share Alike License. To view a copy of this license visit 

HYPERLINK "http://creativecommons.org/about/license/"
http

HYPERLINK "http://creativecommons.org/about/license/"
://

HYPERLINK "http://creativecommons.org/about/license/"
creativecommons

HYPERLINK "http://creativecommons.org/about/license/"
.

HYPERLINK "http://creativecommons.org/about/license/"
org

HYPERLINK "http://creativecommons.org/about/license/"
/

HYPERLINK "http://creativecommons.org/about/license/"
about

HYPERLINK "http://creativecommons.org/about/license/"
/

HYPERLINK "http://creativecommons.org/about/license/"
license

HYPERLINK "http://creativecommons.org/about/license/"
/.

Oxidative addition of C(sp3)-F bonds using Ir(PCP) Complexes
 “Net Oxidative Addition of C(sp3)-F Bonds to Iridium via Initial C-H Bond Activation,” by Jongwook Choi, David Y. Wang, Sabuj Kundu, Yuriy Choliy, Thomas J. Emge, Karsten Krogh-Jespersen, and Alan S. Goldman, Science, 2011, 332, 1545-1548. http
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This article describes the activation of a C(sp3)-F bond via C(sp3)-H activation by a Ir(III) complex. 

Another article that may be relevant and useful as background reading is J. Am. Chem. Soc., 2009, 131 (43), pp 15627–15629. http
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* What significant result(s) presented in this article merited its publication in Science?

* Using the primary chemical literature, look up a pharmaceutical product that contains an C(sp3)-F bond.

* Look up the homolytic bond dissociation energies of the following C(sp3) bonds:

	Bond
	BDE (kcal/mol)
	Exact molecule used

	C-H 
	
	

	C-O
	
	

	C-F
	
	

	C-Cl
	
	

	C-Br
	
	

	C-I
	
	


* Unlike other C(sp3)-X bonds where X = Cl, Br, I, C(sp3)-F bonds are not subject to nucleophilic substitution reactions. Give reasons why this is the case.

* Draw norbornene (NBE in complex 1). How many electrons does it donate to the Ir?  Classify NBE as an X or L ligand.

* What type of ligand is the PCP (L, X, LX, etc...)?  List at least two reasons the PCP ligand is a good ligand for this reaction (Hint, the PCP ligand is sometimes called a pincer ligand).

* List the methods the authors used to characterize compound 2. Be specific (writing “NMR” is not sufficient detail).

* In complex 2, why in the 19F NMR was a singlet observed?  As a follow-up describe the NMR experiment that was done to show that indeed there is likely coupling between the phosphorus on the PCP ligand and the fluoride ligand.

* Draw complex 2 and highlight all nuclei that would result in a 2- or 3-bond coupling to F. 

* What are the advantages of using LIFDI mass spectrometry? It may be helpful to look in the supporting information to view the mass spectrum.

* Complex 2 was characterized by elemental analysis. Calculate the %C and %H expected for this molecule.

* Explicitly show the electron counting for complexes 1, 1-with-no-NBE, 2, 5, 8. 

	Complex
	electrons from Ir
	electrons from PCP
	other ligands
	total

	1
	
	
	
	

	1-no NBE
	
	
	
	

	2
	
	
	
	

	5
	
	
	
	

	8
	
	
	
	


* For complex 1, first define a cartesian axis then use your axis to define what two d orbitals are available to coordinate the norbornene.

* Classify 8 as a Fischer or Schrock carbene and explain your reasoning.

* For the synthesis of compound 4a and 4b, why was it necessary for R to be CH3 or CF3 and not H? How does R = CH3, CF3 prevent the undesired reaction the authors were trying to avoid?

* When 1 is reacted with benzylfluoride derivative 3b, why is C-F activation of the CF3 groups on the aromatic ring not observed?

* According to Figure 4A and 4B, what two mechanistic features changed when treating compound 1 with CH3F versus CHF3 that caused the reaction products 2 and 8 to be different?

* The authors state that the C-F bond breaking step is the rate-determining step in the formation of 2 from 1. What type of isotope substitution would result in a primary kinetic isotope effect? Draw the structure(s). Why did the authors not perform this (these) experiment(s)?

* Use Figure 5 to determine the rate-determining step for the reaction of 1 with CH3F.  What does the transition state look like in the rate-determining step?

* The formation of difluorocarbene 8 from intermediate 7 in Figure 4B involves HF elimination. Is this reductive elimination step likely to occur via a concerted or a stepwise mechanism? Draw both starting with 7 and explain your reasoning.

* The authors propose that a minor product in the reaction of 1 with CH3F is an Ir bifluoride complex.  What is bifluoride?

* Using the primary literature, find a procedure to silylate glassware and briefly recount it below. What problem were the authors trying to avoid by silylating the glassware?

