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Paper Discussion I

We will discuss two different JACS communications that deal with important emerging fields of inorganic chemistry:  

Eisenberg, A. H.; Ovchinnikov, M. V.; and Mirkin, C. A.   “Stepwise Formation of Heterobimetallic Macrocycles Synthesized via the Weak Link Approach,” J. Am. Chem. Soc.  2003, 125,  2836-2837.

Ohki, Y.; Sunada, Y.; Honda, Masaru; K., Motomi; K.; Tatsumi, K. “Synthesis of P-Cluster Inorganic Core of Nitrogenase,”  J. Am. Chem. Soc. 2003, 125, 4052-4053.

Pick one of these two papers in class today.   Skim both of them but answer the following questions for the paper you pick and come prepared to discuss the papers in class!  Answers will not be collected this time, but class participation will be graded!   

Stepwise Formation of Heterobimetallic Macrocycles Synthesized via the Weak Link Approach

1. Why do you think that this research is considered important enough to appear as a communication in the most prestigious chemical journal in the country?

2. What is the reason the authors are carrying out this research?

3. Do all or some of the reactions shown make sense given the material covered in this class?  Explain your reasoning.  

4. What is the meaning of the word “hemilabile” based on the context from this paper (and any other information you can glean from your textbook)?  

5. The authors use the term “heterobimetallic macrocyclic intermediates.”  Explain what they mean by this.  Would you totally agree with this characterization?  

6. Figure 1 shows several 31P NMR spectra for the compounds in the paper.  Rationalize the number of peaks and/or the splitting patterns seen on the basis of the structures shown.  

7. The NMR spectrum of 1 has two peaks at –15.4 ppm and –20.5 ppm.  Which P do you think corresponds to each of these resonances?  Why?  

8. When the metal binds to the phosphorus atoms of the ligand, the NMR resonance shifts quite far downfield.  Can you rationalize this observation?   

9. If one of the possible uses for these compounds is as molecular electronics devices, why do you think the authors employed aromatic linkers such as phenyl groups to connect the 2 portions of their ligand rather than a simple aliphatic chain?

10.  Is there any redox involved in these reactions (in terms of formal oxidation states)?  Why or why not?  Justify the oxidation states during the different steps in the reaction.   

Synthesis of P-Cluster Inorganic Core of Nitrogenase

1. Why do you think that this research is considered important enough to appear as a communication in the most prestigious chemical journal in the country?

2. Classify the types of ligands in this synthesized complex.   

3. The previous models of the active site in nitrogenase were significantly inferior to the one described here.  Based on the description of them, draw an approximate structure for each of them.  What state of the enzyme does the new model represent?  

4. The exact choice of ligands is likely quite important for this synthesis.  Why do you think the authors chose the exact ones that they did?

5. Why do you think this metal cluster (and the one in the actual enzyme) would serve the biological function so well?  Would a similar structure based on a different transition metal, such as Ni or Zn, work as well?

6. What combination of data did the authors use to assign oxidation states to the individual Fe atoms.   What kind of specific information is gleaned from each of these types of experiments (this will require a bit of digging!)?   

7. The synthesized compound is highly reactive—both air, water, and even temperature sensitive.  Why do you think this is?

8. What is the point group of the molecule (note, not space group!)?

9. The authors added only one source of Fe to the reaction, yet they end up with two different oxidation states in the product.  Proposed a way that the two different oxidation states could arise.  


