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Monatomic ligands multiply bound to transition metals with more
than two d electrons are currently rar€These will have a multiple
M/E bond with electron-rich E and thus interesting reactivityn

principle, an attractive synthetic route to such targets is to employ

an oxidized form of element E, together with a metal complex
reagent that is electron-rich!® Thus, an oxygeratom transfer
reagent (e.g., NO) would take lM™" to L,M™2=0. In the case
of nitride, N®~, azide, N-, represents an attractive source of

oxidized nitrogen, but one that is rarely used in the lab even though

it is the basis for the entire automotive air bag industyerefore,
it is clearly essential that eq 1 possess a high baagainst
occurrence. While this method of forming®Nhas already been
reviewed!? it invariably involves a thermolysis stéppr photolysis
(thus high activation energy}, 8 and it has been applied primarily
to production of 8to c? complexes; at these high oxidation states,
the low coordinate metals then often adopt oligomeric forms with
bridging, not terminal, nitrides. We report here some dramatic
exceptions to these principlés.
N,” +2e —N¥ +N, 1)

The reaction of paramagneti€ & 1) unsaturated and planar
(PNP)RUCR® where PNP is N(SiMgH,PBU,),, with NaNs or
(faster) with M@SiNz in THF at room temperature proceeds to
completion to furnish a single produtthat is diamagnetic, judged
by IH NMR chemical shifts in the normal-010 ppm range. The
two phosphorus nuclei are equivalent, and there is th&lIMR
signal each for CH SiMe,, and'Bu groups* The conclusion is
that this species has effecti@, symmetry.

We struggled to understand the observed diamagnetism in terms:

of various geometries (linear, bent,andy? azide) of an anticipated
product, the [(HPCH:SiH,),N]JRUN; monomer, using DFT (B3LYP)
geometry optimizationd Triplet states were invarialdy more

stable than singlets by 6.3 kcal/mol, and the starting geometries

always converged to the same geomefy)n search of diamag-
netism, we considered dimeric speci8s and in fact these
calculations showed minima for these dimers, but their enthalpy
of dimerization 8.1 kcal/mol) is weaker thaifAS at 273 K
(+20.9 kcal/mol), and thus dimerization is not favorable.
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A crystal of 1 grown from pentane was shown By X-ray
diffraction (Figure 1) to be in fact the monomenitride (PNP)-

Figure 1. ORTEP view (50% probability;-150°C) of the non-hydrogen
atoms of one of two independent molecules &({(PCHSiMe,)N]RUN,
showing selected atom labeling. Selected structural parameters (second
independent molecule in parentheses): RN2, 1.627(2)(1.629(2)); Rut

N1, 2.137(2) (2.128(2)); RuP1, 2.401(1) (2.437(1))-N1—Rul-N2,
155.86(13)(156.11(12))-P1-Rul—P2, 160.96(2) (162.77(2)).

(ONRuN = 156°), the simplicity of the'H NMR requires
fluxionality, with a low barrier to “wagging” of the nitride from
above to below the (PNP)Ru plane. The Ru/nitride bond length,
1.627(2) A, is consistent with a triple boAtland thus Rir—N3~
oxidation state assignments and ‘aetectron configuration. The
structure also shows (Figure 1) a nonlinearFu—P angle. The
latter may reflect that hypothetical CIRUN would prefe®® a
pseudotetrahedral geometry to optimize-Ritride multiple bond-

ing (Figure S3%! The nitride inboth independent molecules in
the X-ray study has its largest vibrational amplitude in the
N—Ru—N bending direction, a conclusion consistent with the DFT
results discussed later. A sample of (PNPJRshows art®N NMR
signal for the nitride center at 848 ppm. No coupling to P is resolved
in the 13N signal, whose full width at half-height was 1.7 Hz. This
sample has an infrared band at 990¢mvhich is shifted to energy
lower than that in (PNP)R@N, 1030 cnl. The expected isotopic
shift is 32 cnrt.

Since N loss has already occurred in the synthetic reaction
executed at 22C, we combined equimolar M8iN; with (PNP)-
RuCl in dg-toluene at—196 °C, thawed and mixed the solution
very briefly, and monitored the evolution of thE and3!P NMR
spectra as the temperature was incremented BZlmounts from
—60 °C.2! First observed is minor conversion ((PNP)RuCl is
abundant by*H NMR) to a diamagnetic specied®{'H} singlet
at 48 ppm), which grows at50 and—40 °C but converts to the
77 ppm signal of (PNP)RuN beginning-aB0 °C. Already at—20
°C the 48 ppm signal of the intermediate is essentially absent and

RuN, which was confirmed for the bulk sample by ESI mass (PNP)RuN is the dominant product. The observed intermediate thus
spectrometry. Because the coordination geometry is not planaris diamagnetic (hence five-coordinate and therefore not simply
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(PNP)RuN). We have characterized (PNP)RuCl as a very bulky observed for M= Fe. Spin density on nitride in the triplet not
Lewis acid (e.g., binds two PhCN), which is nevertheless electron- only promotes N-N bonding, but it warrants consideration as a

rich.2024 The formation of an “adduct” with MgSiN; is thus
indicated, with candidate geometri€sandD. The atom connectiv-
ity in structureD is clearly preferable in terms of facile;lxtrusion,
while Ru—N multiple bonding develops at the expense of Rl
scission. The possibility that the 48 ppm species is thaddluct
(PNP)Ru(N)(N) was ruled out by equilibrating (PNP)RuN with 1
atm N, in toluene at—60 °C and finding no'H or 3P NMR
spectroscopic features at40 °C other than those of (PNP)RuN.

first step in reduction of the metal in the iron case (i.e., the triplet
is MI'—N27),

This synthetic approach to terminal nitrides succeeds at least in
part because of the low coordination number and the high reducing
power of & and Ru(ll) in the absence of acid ligands and
augmented by the presence of thedonor amide ligand. These
generalizations also suffice to explain the recent synthesis of
terminal imide (NR) complexes of Fe and Co from R{R =

We therefore suggest that the mechanism involves a low conversionhydrocarbyl) where the €N bond is retained as Ns released:’

pre-equilibrium to formD (which may or may not have an-SCl
interaction) and rate-determining loss of &hd MeSiCl; if instead
(PNP)RuN is first formed from the observed intermediate, its rate
of loss of N at —30 °C must be faster than its rate of formation.
The production of (PNP)RuN from NaNsuggests that authentic
(PNP)Ru(N) does indeed easily lose;NAlthough steric bulk can
result inC being favored? structureD is the one establishé&for
the Lewis acid/base adduct ¥&N;-GaCk, whose crystal structure
shows lengthening of theN-Ng bond and shortening of thegh

N, bond, which is along the path to,Nbss. Remarkably, there is
no reaction between (PNP)RuUCI and {8&NCO(i.e., no (PNP)-
RuN and released CO); even after heating at°@0for 2 h in
benzene, the reagents are recovered unchanged.
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DFT geometry optimizatiot of the full species [Bu,PCH-

SiMe,),N]RuN gave a nonplanar ground state in good agreement

with the experimental bond lengths and angles. Both—Ru

distances in the planar structure are longer than those in the

nonplanar. A step scan of the energy profile along theRu—N'

angle, with other geometric parameters optimized freely, shows that

the PES is very flat (varying only 0.6 kcal/mol) around 18D
20°, and the 180 value lies only 1.6 kcal/mol above the global
minimum, 140. Consistent with this, théH NMR shows no
decoalescence at40°C. The calculatedH for N; loss from triplet
(PNP)Ru(N) is —20.8 kcal/mol, consistent with the nitride being
a thermodynamic product. The release gffhom triplet (PNP)-
RuN; to singlet nitride is of course a spin-forbidden reacfibhut

our observed reactions at 2@ are nevertheless found to have a
half-life shorter than the time of mixing. In addition, since triplet
(PNP)RuN is calculated to lie about 20 kcal/mol above the singlet,
AH to form the triplet nitride is thermoneutral. Since the preferred
geometry of a four-coordinate Re=N species is pseudo-tetrahedral

(i.e.,Cs,),2 the near degeneracy of the “nonplanar” and the planar

However, the method has its limits. For exam#flg(CeMes)-

RuCk],, a molecule devoid of strong-acid ligands, reacts with
NaN; to give [(GMeg)Ru(Ns)2]2 with no spontaneous loss of;N
There are thus subtle aspects of the energetics of intramolecular
electron transfer required to tame eq 1 as a reliable route to the
nitride ligand.
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