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Literature Discussion
The following questions refer to: Science, 2014, 345, 437-440.
This paper and the questions will be handed out to students one week ahead of class discussion. The questions are divided into two parts. The first part is for class discussion, and the second is for homework. The students should turn in their homework answers within one week after class discussion. 

1. Class Discussion:

a) Discuss several most renowned traditional cross coupling examples, and explain the leaving groups for each type. Which leaving groups are studied in this Science paper? 
b) Compare the difference between Ni and Pd in terms of earth abundance, common oxidation states and corresponding electronic configurations. Although some coupling processes use Ni and Cu, the most popular metal catalyst for coupling reactions is still Pd. List several advantages associated with Pd compared to Ni for coupling reactions.
c) What are some common functional groups in biomass chemicals? Please discuss the catalytic insight provided by this Science paper that is useful for future study on cross coupling reactions utilizing biomass feedstock.
d) Discuss the functions of Ir complex in this dual catalysis route. Why is Ir typically used in photocatalysis? How does Ir compare to another commonly used metal, Ru, in photocatalysis? 

e) A number of aryl halides (iodide, bromide and chloride) were screened in this study. Why aryl chlorides are less competent than the rest in general?

f) Why do authors favor the dual-catalysis mechanism involving a Ni(I)/Ni(III) intermediates, instead of a Ni(0)/Ni(II) route? 

2. Homework Problem Set:
a) Name each catalytic step (e.g., oxidative addition, reductive elimination) in the proposed mechanism in Figure 2.

b) Using 18-Electron Rule, count electronic numbers on the metal for complexes (1), (2), (5), (6), (7), (8) and (9). Do they satisfy the 18 electron rule? 

c) Using nomenclature information we discussed on class, name Ir complex (1).

d) Use ChemDraw or ChemSketch (open source) to draw the structures of complex 1 and mechanism diagram shown in Figure 2. Learn how to stretch and rotate the chemical bonds, adjust font size and draw catalytic cycles.
e) Use Scifinder to analyze the popularity of different types of cross coupling reactions, i.e., total number of publications/patents vs. time period (pre-1990, 1991-2000, 2001-2010, 2011-present). What are the differences between these cross-coupling reactions and the coupling reaction discussed in this Science paper, in terms of leaving groups? 

f) Use Scifinder search for a list of publications/patents on successful combination of visible-light photoredox and transition metal catalysis for cross-coupling reactions. List several metal containing photocatalysts utilized in such reactions.
