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Parallel to the elucidation of the heterogeneous catalytic
reactions leading from adsorbed N2 and H2 to NH3 under real
or idealized conditions[1] and in addition to continued studies
of enzymatic nitrogen fixation,[2] the primary products of N2

reduction have received special attention as surface- or metal-
stabilized molecular ions. Thus, the one-electron addition to
N2C

� [3] and the stabilization of two-electron reduced diazeni-
do(2�) ions (“pernitride”, N2

2�) in solids[4] or metal com-
plexes,[5] or of the conjugated acid H2N2 (diazene, “diimine”)
in coordination compounds[6] have been acknowledged with
considerable interest.[7]

The next step leading to three-electron reduced N2C
3�

(dinitride(3�), see Equation (1)) was not seriously consid-
ered until now, possibly because of the high negative charge in
addition to the radical character. This lack of interest is
surprising, however, in view of the isoelectronic relationship
of N2C

3� with the hyperoxide (superoxide) radical anion O2C
�

which has a long-established structural[8] and coordination

chemistry[9] and which is widely researched because of its
biological and industrial relevance.[10]

Using dysprosium and yttrium complex fragments, Evans
and co-workers have now observed the three-electron re-

duced N2 as a bridging ligand in complexes 1–4 (Figure 1).[11]

The compounds were obtained from N2 and DyI2/KOAr
(OAr = 2,6-(CMe3)2C6H3O) or Y[N(SiMe3)2]3/K and were

Figure 1. Molecular structure of complex 4 (solvent molecule THF
omitted for clarity); gray C, yellow K, dark blue N, red O, turquoise Si,
light blue Y.[*] Prof. Dr. W. Kaim, Dr. B. Sarkar
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characterized by elemental analyses, Raman and EPR
spectroscopy, and by X-ray crystallography.

Like the better known (O2)
k (k = 0,�,2�) or (NO)m (m =

+ ,0,�) redox systems,[12] N2 is a potentially non-innocent[13a]

(or “suspect”[13b]) ligand, capable of acting in different
oxidation states (N2, N2

2�, N2
4�) in coordination com-

pounds.[14] The assignment of the dini-
trogen ligand as the radical trianion
N2C

3� in the compounds 1–4 is foremost
based on the N�N bond length, al-
though such popular[15] correlations be-
tween bond length and bond order have
to be used with great care.[16] The N–N
distances of about 1.40 �[11] for 1–4 are
in agreement with a bond order of 1.5 as

observed for slightly shorter bonds in diorganodiazene (azo)
radical anion complexes, such as 5.[16]

Superoxide[8] and its metal complexes[9] exhibit still short-
er element–element distances of about 1.33 � in agreement
with the lower negative charge. Metal complexes of larger
radical trianion ligands are known, for instance the chloro-
phyll anions [(ChlC3�)(Mg2+)]� (Chl = chlorin) formed as
primary electron-transfer products in photosynthesis,[17] or
the dinuclear complexes of doubly deprotonated 2,5-dihy-
droxy-p-benzosemiquinones.[18]

The identification of a radical ligand like N2C
3� in

complexes with potentially redox-active metals is not without
possible pitfalls. Claims for the “stabilization of unusual
molecules” such as radicals (e.g. R2NC)[19] or radical ions (e.g.
CO2C

�)[20] by metal complexation require hard evidence for
the individual oxidation states of metal and ligands. For
instance, the formation of metal-complex-stabilized aminyl
radicals[19] has had a controversial history with respect to the
alternatives [LnM

k(R2NC)] and [LnM
k+1(R2N

�)].[19a]

In addition to the N�N bond length and further bond
parameters, such as the M�N and K�N distances,[21] the
assignment is supported by the Raman spectra (~nn(14N-14N) =

1425 cm�1 for compound 4), MO considerations, and DFT
calculations.[11] However, most indicative of an anion radical
complex[22] formulation YIII(m-N2C

3�)YIII are the EPR spectra
of the paramagnetic species 3 and 4. These show high EPR
resolution, little deviation of g = 2.0038 from g(free elec-
tron) = 2.0023, small metal hyperfine coupling for 89Y(I=1/2)
of only 3.1 G but a rather large 14N/15N hyperfine splitting of
5.8/8.2 Gauss, similar to that observed for the radical complex
6.[23] These results confirm predominantly ligand-based spin
density, an assignment which is also supported by DFT
calculations.[11] The dysprosium complexes 1 and 2 could not
be studied in this way because of the 4f9 configuration of Dy3+

(in contrast to the 4f0 configuration of Y3+).

It remains remarkable that the redox and coordination
chemistry of simple N2 still offers surprises, producing
unexpected, and as yet unnamed but fundamentally relevant
species.[7, 14] In complexes 1–4, the special coordination
environment, the highly ionic bonding, and the symmetry of
the p-orbital on N2 offer both steric protection and prevention
of unwanted electron transfer (disproportionation). As in the
(O2)

k� series, more extensive reduction of N2 eventually leads
to element–element bond cleavage, as was demonstrated
most recently through a dissociative, five-electron reduction
of dinitrogen to produce nitride species.[24] In a wider
perspective, the successful identification of the missing link
N2C

3� as the isoelectronic analogue of O2C
� (superoxide)

prompts a renewed search for NOC2� which is also isoelec-
tronic with O2C

� and is a member of the NOm redox series of
which only the m = + , 0, and � states are known.
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