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Charge-neutral complexes with M-N bonds have been pro-
posed as intermediates in many catalytic and organic function-
alization reactions.1,2 Because of this, we and others have made
attempts to use simple R2N- or R2NH substitution/deprotonation
methods to generate such complexes so that the chemistry of the
M-N bond can be studied directly.3,4 Synthetic routes that have
been used thus far, mostly for the preparation of N-aryl deriva-
tives, include deprotonation of the corresponding amine com-
plexes,5 metathesis of metal chlorides with alkali amides,6 and
exchange of hydroxo or alkoxo ligands with amines.7

The success of these methods is erratic, and they often meet
with failure. Monomeric low-valent parent LnM-NH2 complexes
are exceptionally rare, and to our knowledge no general methods
exist for their preparation.8 We now wish to report the synthesis
and structure of two unusual monomeric d6 parent late transition
metal amido complexes by using amide (NH2

-) base in the
presence of its conjugate acid, NH3. The methodology is simple
and holds promise for being general.

The first example provides a new ruthenium amido hydride.
Treatment of the hydroxoruthenium complex (DMPE)2Ru(H)(OH)

(1)9 with 3 equiv of NaNH2 in 7:5 THF/NH3(l) for 1 day at room
temperature, followed by filtration, removal of the volatile
materialsin Vacuo, and crystallization from toluene or THF, gave
large blocky tan crystals of (DMPE)2Ru(H)(NH2) (trans-2) in 74%
yield (eq 1). The simplicity of the NMR spectra indicate a trans
disposition of the ligands about the metal center.

The31P{1H} NMR spectrum displays a singlet atδ 45.6 ppm.
In the1H NMR spectrum, the hydride is observed as a quintet at
δ -16.57 ppm, and the NH2 protons appear as a slightly broad
peak atδ -3.42 ppm. The ruthenium hydride stretch appears at
1883 cm-1 in the IR spectrum, and an N-H stretch is observed
at 3504 cm-1. Amide trans-2 may also be synthesized (81%)
from the chloride310 under similar conditions (eq 1). The
structural assignment oftrans-2 was confirmed by X-ray crystal-
lography (Figure 1).11 The structure of hydrido amidetrans-2 is
a unique monomeric example of the formal N-H oxidative
addition product of NH3 to a metal center.12 The Ru-N bond
length (2.191(6) Å) lies between those reported for (PMe3)4Ru-
(H)(NHPh)13 (2.160(6) Å) and [CpRu(NH2CMe3)(PPh3)(P(O-
Me)3)]SO3CF3 (2.216(2) Å).5

In a second example, we have prepared a monomeric parent
amidoiridium complex. Treatment of Cp*(PMe3)(Ph)Ir(OH)14 (4)
with 2 equiv of NaNH2 in 1:5 NH3(l)/THF at room temperature
for 1 day yields the corresponding amido complex Cp*(PMe3)-
(Ph)Ir(NH2) (5) (Scheme 1). Complex5 is exceptionally sensitive
to concentration: when filtered and placed under vacuum to
remove the THF, partial decomposition occurs, even at low
temperature, and5 can be recovered in only 90% purity.
However, monitoring the reaction in THF-d8 by 1H NMR
spectroscopy reveals that clean conversion to the amido complex
takes place in solution (95% yield vs internal standard). In the
1H NMR spectrum the NH2 protons resonate as a broad singlet
atδ -1.32 ppm. The complex displays a singlet atδ -33.5 ppm
in the 31P{1H} NMR spectrum. As with the ruthenium complex
trans-2, amide 5 can also be prepared from the more easily
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Figure 1. ORTEP diagram of (DMPE)2Ru(H)(NH2) (trans-2).11
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accessible chloride. In this case Cp*(PMe3)(Ph)Ir(Cl)15 (6) was
treated with NaNH2 (1.4 equiv) in 1:5 NH3(l)/THF. Monitoring
by 1H NMR spectroscopy again indicates clean formation of the
amide complex in 95% yield (vs internal standard); filtration and
solvent evaporation provide amide5 as a tan solid in 90% purity
(Scheme 1).

When Cp*(PMe3)(Ph)Ir(NH2) is prepared from the chloride6
as described above, but with an added 2 equiv of KI,16 the product
in solution is less sensitive to concentration, and colorless crystals
of [Cp*(PMe3)(Ph)IrNH2]2NaI(THF) (7) are obtained at-35 °C.
The isolated yield is low (7%), but the crystals were suitable for
X-ray diffraction and gave satisfactory elemental analysis. X-ray
crystallography confirms the presence of an Ir-N bond (Figure
2). Two amidoiridium centers are linked by a sodium ion in the
unit cell. This unusual structure shows that an iodide ion and a
molecule of tetrahydrofuran are also bound to Na, resulting in a
tetrahedral geometry at the sodium center. The complex has Ir-
N-Na angles of 139.0(6)° and 148.8(6)°. The Ir-N bond lengths
in 7 (2.089(12) and 2.106(11) Å) are between those intrans-Ir-
(CO)(NHC6H4Me)(PPh3)2

17 (2.041(3) Å) and those in the bridging
parent amidoiridium complexes reported by Casalnuovoet al.
(2.10-2.13 Å).18 The Ir-N bond lengths for7 are comparable
to that found for the Ir-O bond (2.115(5) Å) in the hydroxide
analogue Cp*(PMe3)(Ph)Ir(OH).19

To make sure that both NH3 and its conjugate base are required
for the efficient generation of the pure amide complexestrans-2
and 5, separate reactions were performed with the individual
reagents. In the ruthenium system, simple metathesis reactions
(e.g., treatment of hydroxide1 or chloride3 with NaNH2 in THF)
give no reaction at room temperature. The reaction of hydroxide
1 with NH3 leads to a 1:1 mixture of1 andcis-(DMPE)2Ru(H)-
(NH2).20 Similar results were obtained in the iridium system. The
amide complex5 can be detected (1H NMR spectroscopy) when
hydroxide 4 is treated with NaNH2 in the absence of NH3.
However, the reaction is very slow (60% conversion after 19 h),
and several impurities accompany the generation of the amide.21

When5 is treated with NH3 (20 equiv) in THF-d8, an equilibrium
mixture of amide5 and hydroxide4 in a 3:1 ratio is established
within 1 day. Attempts to isolate the product by evaporation of
the NH3 results in reversion to hydroxide4 and some decomposi-
tion. These results show that clean, efficient generation of the
amide complexestrans-2 and5 depends on the combined use of
NH3 and NaNH2. We believe that NH3 reacts with the metal
chlorides and hydroxides to form amide complexes and NaNH2

acts to remove the conjugate acid of the leaving group, generating
only additional NH3 (Scheme 2).22,23

In summary, after many attempts to prepare late transition metal
parent amide complexes, we have found that substitution of
common leaving groups by NH2-, in the presence of its conjugate
acid NH3, works well at both Ru and Ir centers. Studies aimed
at extending this acid/conjugate base approach as well as
exploration of the chemical and physical properties of M-NH2

complexes are underway.
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Figure 2. ORTEP diagram of [Cp*(PMe3)(Ph)IrNH2]2NaI(THF) (7).
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