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Energy Nugget:  Methane to Methanol

In one week we will be discussing the article “Characterization of a Rhodium(I) -Methane Complex in Solution,” by Wesley H. Bernskoetter, Cynthia K. Schauer, Karen I. Goldberg, and Maurice “Brook” Brookhart, Science, 2009, 326, 553-556.  

This article is related to the quest to turn methane (natural gas) into methanol, a viable liquid fuel.  To get you ready for this class, I will briefly talk about why this is such a potentially useful reaction.  

Study Questions:  

Please answer the following questions on paper and turn in one copy per group of 3 and bring them with you to class on Wednesday.  I will call on people to answer the various questions and collect your papers at the end of class.   

Start by taking a look at the 3 catalytic cycles.  Let’s first come up with a way to refer to each of them:

· Shilov: The one with [PtIICl4]2- at the top of the page is from a paper published in the early 70s by the Soviet scientists, Shilov and coworkers.
 This was the paper that touched off the quest for a good catalyst to turn methane to methanol at low cost. Unfortunately, the platinum here is BOTH catalytic (Pt(II)) AND stoichiometric (Pt(IV)).
· Catalytica: This cycle (with the chelating N-ligand) is from a more recent paper
 in which the whole proposed catalytic cycle is accomplished, but unfortunately the product is not methanol! (The reaction is run in H​2SO4, and the product is MeOSO3H, which has an almost identical structure. If you could easily separate the two, you can hydrolyze the product to methanol, but you can’t.)
· Proposed:  The one with the T-shaped PtIIL3 complex at the top of the page is a very general proposed mechanism for a methane to methanol catalyst. Here you’re hopefully running this under conditions where the methane, methanol, and water can be separated (usually easy). Only problem is, while each of these steps has been demonstrated at Pt individually, nobody has found a Pt-ligand set that does all three steps. So the hunt is still on! 
Shilov (this is bit more complicated because it’s got real compounds, but this one actually works!):

1. Unfortunately, this reaction is stoichiometric in Pt.   Based on the catalytic cycle shown, what is the role of the platinum that is consumed stoichiometrically?  Why is the fact that this reaction is stoichiometric in platinum problematic for solving the world’s energy problems?   

2.  In the main cycle only, count electrons using whatever method you’d like for each of the Pt complexes.   

3.  This cycle contains an error somewhere in the top left corner.  Can you find it and correct it? 

4.  In the lower right hand corner of the cycle, one reaction type is spread out over two mechanistic steps.  What is it?  
5.  Identify the type of reaction for as many of the rest of the steps in the cycle as you can. There are some types of reactions that you may not have seen in this class, but they should look somewhat familiar from other classes!  

Catalytica (OK, so this works but it doesn’t give the right product!)

6.   Do any of the reactions in this cycle strike you as particularly strange based on your knowledge from your general chemistry courses?  Why or why not?

7.   What’s the role of the SO3 in this cycle? 

Proposed cycle (this one at least on the surface appears pretty easy but no one has yet done all the steps with the same ligand set!):  

8. Assuming that L in each case is a two-electron donor ligand, count the electrons at each of the 3 Pt centers in the cycle using the closed shell method (since we don’t know what L is for sure, this is how we have to count it!).   

9. What type of reaction appears to occur at each step in the cycle based on our discussions in class (note: you can also use the category “and then a miracle occurs”)

Methane sigma-Complex Paper

10. What is a methane -complex and why is the observation of one worthy of publication in the journal Science (this is the big leagues!)?  Why is this paper important to the quest to turn “methane to methanol”?  
11. Identify 5 words you don’t know from the paper and find the definition for at least one of them.   

12. Find out a little bit more about one of the authors on the paper.  Where is that person?  Was that person a principal investigator or someone else in the laboratory (student, postdoc) that did the research?  

13. In the middle column at the top of page 554 it talks about -complexes that subsequently undergo “unimolecular oxidative addition”.  Can you draw out this particular reaction if it were to happen for the complex characterized in this paper?   

14. In Figure 3A  the 1H NMR shows a doublet of doublets from the coordinated 13C labeled CH4.   The larger splitting is something you should be able to explain—explain it!  The smaller splitting is due to something very cool that we’ll talk about in class!   Explain the observed splitting in the 13C spectrum as well. 

15. The authors previously isolated and characterized a hydrido-methyl cation [(PONOP)Ir(H)CH3]+. Unfortunately, this compound doesn’t give an isolable -complex. In order to get it to undergo reductive elimination, they had to warm it to temperatures that just made the methane dissociate (think about the entropy gain from releasing a gas!). Why do you think they decided to try moving up one row on the periodic table to try to isolate the -complex? What do you know about trends in relative oxidation state stability that would make this a plausible strategy?

16. Count electrons at the Rh in 2-CH3 and 2-CH4+, clearly showing your work and which method you used.   

17. Calculations in the paper show the ground state for the -complex is the structure shown in Figure 4A.  What is the point group of that structure?   At the top of the right-hand column on pg 555, it says that the NMR spectrum is consistent with C2v geometry.  Draw a structure that is consistent with this observation.  How do you rationalize these two pieces of information with one another?  

18. How do the authors rationalize that the compound observed via NMR is really a sigma-CH4 complex rather than either free CH4 or a “rapidly fluxional” hydrido methyl complex?
19. After looking at the cycles, and reading this paper, what other questions do you have for about the future of methane to methanol or about this paper?   Write them down and bring them along to ask!   
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