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One of the recent advances in dinitrogen reduction cheristry
was the discovery that Tm(ll), Dy(ll), and Nd(ll) readily provide
access to the formerly rare Kk-7%72-N,) moiety in complexes
with ligands as simple as [N(SiMg]~, eq 1, and [OGH3'Bu,-2-
6]~.° This provided the option for the first time of developing the

Ny e, Ny, /N(SiM%)2
2Lal, + 4KN(SiMes), WF-’ (Megsl)%N.;Ln“' Ln-{N(SiM%)z + 4KI
(Me;Si,N NP THF
Ln = Tm, Dy €))

chemistry of this bimetallic (B2~ unit without the constraints of
four cyclopentadieny? 12 or polydentate ancillary ligandsi3-15

This approach to dinitrogen reduction chemistry was made possible

by the discovery of the first examples of soluble molecular divalent
lanthanide reagents: the diiodides of Tm{)Dy(ll),1” and Nd-
(11).18 Although these new reductants will allow the exploration of
the (u-n%12-N2) moiety with a robust series of ligands, the analysis
of the reaction chemistry is complicated by the fact that the Tm(lll),
Dy(ll), and Nd(lIl) products have magnetic moments of 7.1, 10.4,
and 3.5ug, respectively. NMR studies with the first two metal ions
are not informative, and Nd(lll) spectra are often not definitive.
We now report that the chemistry of eq 1 can be extended to
the diamagnetic trivalent metals, yttrium and lutetium, using simple

Figure 1. Thermal ellipsoid plot of [(Me3Si)2N]2(THF)Y} 2(u-17%172%-Ny)
drawn at the 50% probability level. The Tm, Ho, and Lu analogues are
isomorphous.

K to N, by some undetected Tm[N(SiMes),] 3} x(N2)” intermediate
in which N, is activated to reduction? This is reasonable for
transition metals which readily bind ;Nand have good orbital
matching?22 but has not been suggested for f elements.

To test the latter possibility, the K/Ln[N(SiMg]s/N, reaction

trivalent lanthanide amide precursors that have been known for 30 Was examined with Ho. Neither molecular nor solid-staten(11)

years!® These results raise interesting questions not only about
dinitrogen reduction chemistry, but also about f element reduction
chemistry in general.

The new chemistry was discovered in connection with efforts
to find routes to{ [(Me3Si),N](THF)Tm} Ny, 1, alternative to the
synthesis in eq 1. We sought to determine if the putative divalent
“Tm[N(SiMej3),].” intermediate in this reaction could be generated
in situ by potassium reduction of the readily available trivalent Tm-
[N(SiMe3);]32° such that the dinitrogen complex could be made
from K/ITm[N(SiMes);]s. As shown in reaction 2, this was suc-

2Tm[N(SiMey),]; + 2K + N, —
{[(Me;Si),N](THF) T} ,(u-n"n>N,) +
1

2KN(SiMey), (2)

cessful: the (M2~ complex,1, can be synthesized from a trivalent
thulium precursor and potassitthThe reaction can be effected
with a potassium mirror, solid potassium, and potassium graphite.
Although this K/ITm[N(SiMe),]; reaction was anticipated to form
divalent “Tm[N(SiMe&y),]." which subsequently would reduce,N
as seen in reaction 1, no evidence of an intensely colored Tm(ll)
intermediate was observed. Although this could be a transient
species difficult to detect, this raised the question of alternative
reduction pathways which did not involve Tm(ll). For example,
was it possible that Tm[N(SiMg]s mediated electron transfer from
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compounds of Ho are known, and the Ln(lll)/Ln(ll) reduction
potential is estimated to be2.9 V24 However, as shown in eq 3
(Ln = Ho), this K/Ln[N(SiMe;)]; system also reduces dinitrogen

2Ln[N(SiMe,),]; + 2K + N, —
{I[(Me;Si),N](THF)LN} ,(u-7"m*N,) +
2KN(SiMey), (3)

to an (N:)?2~ complex analogous to eq {[(Me3zSi),N](THF)Ha} »-
(u-m%n?-Ny), 2.25 Complex2 is isomorphous with.°

These results led us to examine reaction 3 with the diamagnetic
trivalent Y(lll) and Lu(lll) analogues. To our knowledge, no
divalent chemistry has been reported in the literature for these
metals: comprehensive reviews of lanthanide reduction potentials
do not include Ln(I11)/Ln(ll) reduction potentials for these metdls,
and the solid-state literature, which includes Lnedmplexes for
most of the lanthanides [as eitherd'd ), or Ln3*(I7),(e7)], does
not include Y and L2 Nevertheless, the diamagnetic complexes
{[(Me3SipN]A(THF)Y} o(u-7%17%-N2), 3, and{[(Me3Si):N](THF)-
Lu}2(u-n%n3-Ny), 4, are formed via eq 3 (LA Y, Lu).26

Characterization of3 and 4, Figure 1, showed them to be
isomorphous withl and2. The NN bond distances idand4 are
1.268(3) and 1.285(4) A, respectively, which is consistent with the
presence of (&N)2~ ligands. The diamagnetitH NMR spectra
of 3 and4 both show conventional N(SiMg resonances at 0.35
and 0.36 ppm, respectively, ing0s. The 50.67 MHz*N NMR
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spectré® revealed a triplet at 513.3 ppm (vs Medor the yttrium
sample (as expected for a complex containing two &pipttrium
nuclei) and a singlet at 557.0 ppm for the lutetium analcgée
7 Hz Jyn coupling constant is in the-215 Hz range found in the
two literature reports on yttrium nitrogen coupliffg?®

The K/Ln[N(SiMe;),]5 reduction system offers a tremendous
advantage in the study of dinitrogen reduction because it allows
the planar (M)?~ moiety to be isolated in complexes of simple
ligands with the diamagnetic ions®Y and Li#*. More generally,
it offers a method to accomplish with readily available trivalent
lanthanide complexes the reductive lanthanide chemistry previously
available only from the highly reactive divalent complexes of
Tm(Il), Dy(ll), and Nd(l1)2

Alkali metal reduction of dinitrogen in the presence of other
metals is common with transition metdl® but this usually is
assumed to involve reduction to lower oxidation states or reduction
of transition metal dinitrogen complexes in which good orbital
overlap activates the Nigand#?2 If reaction 3 involves divalent
lanthanide chemistry, it is the first evidence of Y(Il), Ho(ll), and
Lu(ll) chemistry. If these reactions do not involve Ln(ll), which is
supported by the current literature on their redox chem#3t#yit
means that divalent chemistry can be mimicked simply with alkali
metals and trivalent Ln[N(SiMg;]s complexes. In either case, this
portends exciting new options in the reductive chemistry of the
lanthanides.

We expect that the K/Ln[N(SiMg;]s combination is not the only
K/LnZ3 combination (Z= monoanionic ligand) that will participate
in this type of reductive chemistry. In fact, forerunners of this
chemistry may already be in the literature. Porphyrinogen complexes
of Sm'® and Pf have generated reduced dinitrogen products in the

presence of alkali metals, and it has been shown that arenes are

reduced in the presence of tricyclopentadienyl La and Ce
complexes1~34 However, these reactions have been interpreted in
terms of divalent lanthanide reductive chemistry. We expect that
the extension of the K/LnZapproach to reductive lanthanide
chemistry to other metals, ligands, and substrates will be quite
productive.
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