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Catalysis: Copper-Mediated Cross Coupling Reactions

Part I: Introduction to Ullmann-Based Reactions

The Collins research group at Wooster is currently preparing a series of 7-azaindole based ligands for the development of potential anti-tumor platinum(II) complexes. The ligands are prepared through copper iodide-mediated cross coupling reactions using azaindole ligands with racemic trans-1,2-diaminocyclohexane (Buchwald et al. J. Am. Chem. Soc. 2001, 123 (31), 7727-9). A representative reaction is shown in Scheme 1. Answer the following questions listed below.
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Scheme 1.  Synthesis of 2-Bromo-6-azaindole(pyridine) (1)
1. The reaction shown above is an example of an Ullmann-type reaction. What are Ullmann-type reactions? Sketch a general catalytic cycle for the Ullmann-based reaction. (Note: I recommend that you start with your OChem textbook and then conduct a literature search to help you answer this question.) 
2. What is the role of each reagent listed in the reaction shown in Scheme 1?

Reagents in question:


CuI (catalytic)- 


Trans-1,2-diaminocyclohexane (catalytic) – 


K2CO3 (superstoichiometric) – 
3. Why can’t we simply use CuI? Why do you think we need to add trans-1,2-diaminocyclohexane?
Part II: Follow-up Discussions on Copper-mediated Cross Coupling Reactions
1. We know that the copper iodide catalyzes the conversion of aryl bromides to the corresponding aryl iodides. Why do we want to convert an aryl bromide to an aryl iodide?  Why don’t we just start with 2,6-diiodopyridine instead of 2,6-dibromopyridine?

2. In 2007, the Collins group published (Acta Cryst. 2007, C63, m436-m439) the crystal structure of a related ligand, 2,6-Bis(azaindole)pyridine (2) shown in the reaction below. Carefully examine scheme 1 and scheme 2. What are some differences between the reactions?
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Scheme 2.  Synthesis of 2,6-bis(azaindole)pyridine (2)

3. Examine the experimental details of this study. (a) Calculate the theoretical maximum number of turnovers from the ratio of substrate (7-azaindole) to the catalyst and show how you obtained your number. (b) Calculate the “average” TOF for 7-azaindole. 

4. There are many criteria for what makes a reaction ‘mild.’  As a result, you could argue that either of these syntheses is better than the other from this perspective.  Pick one of these reactions, and make a case for why it has milder conditions than the others.
