62

Recent Structural Models for
Dinitrogen Activation

Chris A. Wright Literature Seminar February 26, 1998

Dinitrogen comprises 79% of the earth's atmosphere. It is essential for the synthesis of
nucleic acids and proteins which are required for all organisms.!2 Unfortunately, molecular
nitrogen is highly resistant toward either oxidation or reduction, to the extent that it is
commonly used as a inert atmosphere for reactive chemicals.!-5 For dinitrogen to be most
useful, it must be reduced to a form such as ammonia, which is currently performed
effectively under ambient conditions only by the nitrogenase enzymes, and at very high
temperatures and pressures by the Haber-Bosch process.2-5 The primary barrier to its
reduction (at least in the gaseous phase) is the first hydrogenation step, as illustrated by the
enthalpies of formation which follow:3

No+H; 5 NoHz  AHf = 450.9 keal/mol
NoH, + Hp » NpHg  AHf = -27.2 keal/mol
NoH4 + Hyp — 2NH3 AHf = -45.6 kcal/mol

These values show that the overall reduction is energetically favorable, if the first step is

OoVvercome.
1

The isolation of [Ru(NH3)5N2]2+ by Allen and Senoff in 1965 opened the door for
dinitrogen coordination chemistry.” This and other advances, such as the 1960 isolation of
nitrogenase extracts, and the1964 development of transition metal compounds capable of
reducing dinitrogen, spurred a tremendous interest in the field of dinitrogen activation.® A
large number of dinitrogen reactions and complexes with transition metals have been
discovered since 1965,1:4-6,8

Even with the amount of research on dinitrogen chemistry, no systems have been
developed to compete effectively with the action of nitrogenase.! The chemistry of dinitrogen
activation has expanded, providing many developments in the mechanism and structure of
nitrogenase.2,3:9 Perhaps most interesting to modeling efforts has been structural data
reported on the metal clusters found in nitrogenases.3:10 The Fe/Mo-cofactor proposed as the
active dinitrogen reduction center is shown in Figure 1. While the cluster itself is known, the
exact site of coordination and activation is not yet known.11 Thus, synthetic efforts to model
dinitrogen activation may be based on building clusters to closely model those found in
nitrogenase, or in a looser sense, using structural principles learned from nitrogenase and
previous dinitrogen chemistry to find a system that reduces dinitrogen but does not necessarily
model nitrogenase.4






it has been demonstrated that coordinated N can be reacted with Hy and cleaved to a nitride
species, well-defined catalytic systems for N3 reduction at ambient conditions have not yet
been achieved. Further research to deduce the structure of the active site of nitrogenase and to
produce functioning synthetic models has been stimulated by these recent advances, with
substantial progress still to be made.
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