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Characterization of Iron-Tetrazene Functionality in Bis(Alkoxide) Ligand Environments
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Introduction 

There is a significant interest in organoazides as precursors to many different nitrogen-containing organic products including amines, aziridines, azoarenes, carbodiimides and others.1 Transition-metal catalysis enable selective reactivity of organoazides under mild conditions that generally involves a two-electron reductive splitting to form nitrene intermediates. A common side reaction in nitrene chemistry is homocoupling to yield azoarenes. As azoarenes have broad industrial application as dyes or indicators,2 efficient catalytic nitrene homocoupling can be of interest. We have recently demonstrated that iron bis(alkoxide) complex Fe(OR)2(THF)2 (OR = OCtBu2Ph) catalyzed transformation of bulky aryl azides.3 In contrast, no azoarene formation occurred for smaller aryl azides.3  Instead, formation of bridging imido mono(alkoxide) complexes Fe2(μ2-NAr)2(OR)2(THF)2 was observed, along with tris(alkoxide) Fe(OR)3 by-product. It was hypothesized that alkoxide disproportionation (yielding Fe(OR)3 species) was responsible for the lack of catalysis with smaller aryl azides. To prevent this disproportionation and to shed light into the reaction mechanism, we synthesized bulkier alkoxide [OR’] (OR’ = OCtBu2(3,5-Ph2Ph). In the current work, we show that the larger size of [OR’] completely arrests alkoxide disproportionation and enables transformation of even smaller aryl azides into azoarenes. We also demonstrate that the reaction proceeds via the formation fascinating iron-tetrazene intermediates, which were isolated and characterized structurally and spectroscopically, by EPR and Mössbauer Spectroscopy.
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A field- and temperature-dependent 57Fe Mössbauer and a high-field EPR investigation of an iron tetrazene complex was performed using the homodyne, quasi-optical EPR instrument outfitted with a 15/17T superconducting magnet and the 8 T Mössbauer spectrometer of the EMR facility.
Results and Discussion


The reaction of Fe(OR’)2(THF)2 with various aryl azides forms iron-tetrazene complexes Fe(OR’)2(ArNNNNAr). Stoichiometric experiments, combined with DFT calculations, suggest that iron-tetrazene complexes serve as a masked form of iron-nitrene intermediate responsible for the formation of diazene products. Tetrazene is a potentially redox-active ligand, that can be found in three different redox states: [ArNNNNAr]0,1-, 2-. To determine the redox state of iron/tetrazene in our complexes, we carried its characterization by HFEPR and Mössbauer, see Fig.2. This spectroscopic investigation demonstrated that for OR’ = OCtBu2(3,5-Ph2Ph) the iron tetrazene complex incorporates a high-spin ferric site that is antiferromagnetically coupled to a S = 1/2 spin delocalized over the tetrazene moiety.
Conclusions

Bulky alkoxo substituents lead to the stabilization for the iron-tetrazene complexes of an iron(III) site.
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Fig.1 Synthesis of iron-tetrazene complexes





Fig.2 HFEPR spectra of an iron-tetrazene complex
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