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We recently showed that [N3NF]MoCl ([N3NF]3- )
[(C6F5NCH2CH2)3N]3-) could be reduced with sodium under
dinitrogen by 2e to give the sodium “diazenido” complex [N3NF]-
MosNdNsNa(ether)x and by 1e to give the bimetallic diaz-
enido complex [N3NF]MosNdNsMo[N3NF].1 It also has been
shown that the reaction between MoCl3(THF)3 and Li3[(t-
BuMe2SiNCH2CH2)3N] yields the crystallographically charac-
terized dimolybdenum diazenido complex{[(t-BuMe2SiNCH2-
CH2)3N]Mo}2(N2) in low yield,2 and that trigonal planar
complexes such as Mo[N(t-Bu)(3,5-C6H3Me2)]3 react with
dinitrogen to yield first the dimolybdenum diazenido complexes
{[N(t-Bu)(3,5-C6H3Me2)]3Mo}2(N2) and then, in a symmetrical
cleavage reaction, 2 equiv of the nitrido complex [N(t-Bu)(3,5-
C6H3Me2)]3MotN.3,4 We became interested in determining
whether the as yet unobserved trigonal monopyramidal complex
“[N 3N]Mo” ([N 3N]3- ) [(Me3SiNCH2CH2)3N]3-), an analog
of known first-row complexes containing Ti through Fe,5 could
be prepared by reducing some suitable [N3N]MoX species, and
whether d3 [N3N]Mo would bind dinitrogen.
Reduction of [N3N]MoCl in THF with an excess of magne-

sium powder under dinitrogen (1 atm) proceeds smoothly over
a period of 17 h to give two diamagnetic products whose TMS
resonances are in a ratio of∼1:3. Addition of 1,4-dioxane to
the mixture (in order to remove MgCl2) allows one of these
products to be isolated from diethyl ether in moderate yield
(60%). An X-ray study6 revealed the product to be the{Mg-
(THF)2}2+ salt of the{[N3N]Mo(N2)}- ion (Figure 1). On the
basis of bond distances and angles in the Mo-N-N portion of
[N3NF]MosNdN-Si(i-Pr)31 and {[(t-BuMe2SiNCH2CH2)3N]-
Mo}2(N2),2 the product is best described as the diazenido species
{[N3N]MosNdN}2Mg(THF)2 (1). The IR spectrum of1
shows aνNN stretch at 1719 cm-1 (in THF) that shifts to 1662
cm-1 in 1-15N2, while the15N NMR spectrum of1-15N2 in C6D6

shows two resonances at 377.0 and 304.4 ppm (JNN ) 12 Hz).
We speculate that the other diamagnetic product, whose NMR
and IR spectra are similar to those of1, and which disappears
upon addition of dioxane, is{[N3N]MosNdN}MgCl(THF)2.
The reaction between1 and FeCl2 in THF at-20°C produces

a product (2) that can be isolated from a pentane extract of the
crude reaction product as plum-colored, paramagnetic crystals.
An X-ray study7 revealed2 to be{[N3N]Mo(N2)}3Fe (Figure
2), in which the core of the complex has trigonal planar

coordination geometry. One of the Mo-N-N-Fe linkages is
significantly bent at the nitrogen bound to iron (Fe-N(2)-N(1)
) 156(2)°), while the other two are essentially linear, charac-
teristic of diazenido linkages. In view of the relatively large
errors we cannot say that distances within the [N3N]Mo(N2)
units are statistically different. Since a black magnetic solid
(presumably iron) is formed in this reaction, the “ideal”
stoichiometry would be that shown in eq 1. SQUID magnetic

susceptibility data on solid2 can be fit to a Curie-Weiss
equation (ø ) 8/(T- θ) + C) over the temperature range 5-300
K to give µ ) 6.03(3)µB, θ ) 0.74(5) K, andC ) -0.003(1).
An IR spectrum of2 in Nujol shows primarily an absorption at
1703 cm-1, although weaker absorptions are present between
1600 and 1703 cm-1. The visible spectrum of2 in pentane
shows an intense absorption at 516 nm (ε ) 22 800).
The reaction shown in eq 1 is actually relatively complex.

Two other products appear to be formed in varying amounts,
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Figure 1. Structure of{[N3N]Mo(N2)}2Mg(THF)2: Mo(1)-N(101)
) 1.877(11) Å, N(101)-N(102) ) 1.164(13) Å, Mo(2)-N(201) )
1.840(10) Å, N(201)-N(202)) 1.195(13) Å, Mo(1)-N(101)-N(102)
) 175.7(9)°, Mo(2)-N(201)-N(202) ) 177.0(9)°, Mg-N(102)-
N(101)) 178.2(9)°, Mg-N(202)-N(201)) 166.6(9)°.

Figure 2. Structure of{[N3N]Mo(N2)}3Fe: Mo(1)-N(1)-N(2)) 174-
(2)°, Mo(2)-N(3)-N(4) ) 175(2)°, Mo(3)-N(5)-N(6) ) 179(2)°,
Fe-N(2)-N(1)) 156(2)°, Fe-N(4)-N(3)) 175(2)°, Fe-N(6)-N(5)
) 176(2)°, Fe-N(2) ) 1.86(2) Å, Fe-N(4) ) 1.84(2) Å, Fe-N(6) )
1.82(2) Å, Mo(1)-N(1) ) 1.86(2) Å, Mo(2)-N(3) ) 1.81(2) Å, Mo-
(3)-N(5) ) 1.82(2) Å, N(1)-N(2) ) 1.20(3) Å, N(3)-N(4) ) 1.25-
(2) Å, N(5)-N(6) ) 1.27(2) Å.

{[N3N]MosNdN}2Mg + FeCl2 f

MgCl2 + (2/3){[N3N]MosNdN}3Fe+ (1/3)Fe (1)
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depending on subtle differences (including workup solvent and
procedure) from one reaction to another. [N3N]Mo(N2) (3) is
one of the two other products (according to IR and NMR spectra
of product mixtures), but it cannot be isolated in good yield by
this method. The best method of preparing3 that we have found
so far is to add PdCl2(PPh3)2 to 1 in THF (eq 2; L) PPh3; x

unknown). 3 can be isolated as deep burgundy-colored crystals
from this reaction in>80% yield. An X-ray study8 revealed
two molecules in the unit cell that are statistically identical;
one of them is shown in Figure 3.3 contains an “end-on”
dinitrogen ligand9,10 with Mo-N(5A) ) 1.990(4) Å, N(5A)-
N(6A) ) 1.085(5) Å, and Mo-N(5A)-N(6A) ) 179.1(4)°.
Other distances and angles are typical of [N3N]3- ligands of
this general type.11 The IR spectrum of3 in pentane reveals
that νNN ) 1934 cm-1 (1870 cm-1 for 3-15N2), while in THF
νNN ) 1917 cm-1. SQUID magnetic susceptibility measure-
ments on solid3 produce data that can be fit to the Curie-
Weiss law over the temperature range 5-300 K (µ ) 1.77(1)
µB, θ ) -0.22(2) K), consistent with one unpaired electron
being present. Reduction of3 in THF with an excess of
magnesium powder gives1 cleanly. We were surprised to find
that3 is stable, as the monomeric complex formed by addition
of dinitrogen to Mo[N(t-Bu)(3,5-C6H3Me2)]3 has not yet been
observed,12 even though it can be trapped to form{[N(t-Bu)-
(3,5-C6H3Me2)]3Mo}2(N2).3 We speculate that the presence of
the nitrogen donor in [N3N]Mo destabilizes dz2 more than dxz
or dyzand therefore stabilizes the low spin configuration (dz2)0-
(e)3 (where e is the dxz/dyzset), a configuration that would appear
to be optimal to bind dinitrogen.
The third species that is often present as a product of the

reaction in eq 1 has characteristic, broad, as yet unidentified
resonances in its proton NMR spectrum. It can be shown by
NMR that this third species reacts with3 to give free THF and
2, and that2 reacts with THF to give this third species and3
(eq 3). Therefore, we speculate that the third species is a THF

adduct of “{[N3N]MosNdN}2Fe”. All three species appear
to be thermally stable and in ready equilibrium, according to
NMR studies. These proposals are supported by reports in the
literature concerning the behavior of several two-coordinate13

and three-coordinate14 iron(II) complexes.15 All of our observa-
tions so far suggest that{[N3N]MosNdN}3Fe is best formu-
lated in the solid state as an iron(II) species containing two
{[N3N]MosNdN}- ligands and one [N3N]Mo(N2) ligand, and
that, in the presence of THF, [N3N]Mo(N2) is lost and
{[N3N]MosNdN}2Fe(THF)x is formed reversibly. Since two-
coordinate complexes such as Fe(2,4,6-C6H2-t-Bu3)216,17 are
known, we cannot yet exclude the possibility that solvent-free,
monomeric{[N3N]MosNdN}2Fe might be accessible.
Crystallographically characterized heterobimetallic complexes

containing bridging dinitrogen ligands are rare.9,18 To our
knowledge2 is the only reported example of a structurally
characterized iron-molybdenum dinitrogen complex, a type of
species that perhaps is especially relevant in view of the structure
of Fe/Mo nitrogenase in one resting state.19-21 However,
compound2 is remarkable for other reasons: (i) trigonal
coordination about iron is a type of geometry that is relatively
rare in general;13,14,20,22(ii) the three ligands around iron are all
formed from dinitrogen; and (iii) the dinitrogen-containing
ligands exist in both “anionic” and “neutral” forms.
We expect that other{[N3N]Mo(N2)}3M species can be

prepared, as well as other types of complexes that contain
{[triamidoamine]Mo(N2)}- or [triamidoamine]Mo(N2) “ligands”,
including those in which the triamidoamine ligand is not
[(Me3SiNCH2CH2)3N]3-.11 We will be especially interested in
reactions in which the “dinitrogen” within the ligand becomes
susceptible to further reactions at one or both of the nitrogen
atoms, especially reactions that lead to N-N cleavage and
further reduction.
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Figure 3. Structure of [N3N]Mo(N2): Mo-N(5A)-N(6A) ) 179.1-
(4)°.

{[N3N]MosNdN}2Mg + PdL2Cl2 f

MgCl2 + [N3N]Mo(N2) + PdLx (2)

{[N3N]MosNdN}3Fe
2

y\z
THF

[N3N]Mo(N2)
3

+

{[N3N]MosNdN}2Fe(THF)x (3)
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