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Summary: The first example of a nickel parent amido
complex, Ni(PCP)(NH2), has been synthesized and struc-
turally characterized. This compound reacts quantita-
tively with water and methanol to give the mononuclear
hydroxide and methoxide derivatives Ni(PCP)(OH) and
Ni(PCP)(OMe). Ni(PCP)(NH2) behaves as a strong nu-
cleophile and adds rapidly to benzaldehyde, affording
an equimolecular mixture of the aldimido derivative Ni-
(PCP)(NdCHPh), the hydroxide Ni(PCP)(OH), and am-
monia.

The synthesis and reactivity of late-transition-metal
complexes possessing amido (NR2

-) and alkoxide (OR-)
ligands have received considerable attention in recent
years.1 These complexes have been proposed as inter-
mediates in a number of catalytic processes.2 Despite
these efforts, examples of the parent amides, M-NH2,
continue to be scarce.3-5 This is possibly due to the
difficulty that the high reactivity of late-transition-metal

amides, usually interpreted as a result of the combina-
tion of a “soft” late transition metal with a “hard” donor
ligand,6 poses to their synthesis and isolation, especially
in the case of the parent species. Furthermore, amido
and alkoxo complexes display a pronounced tendency
to associate, forming binuclear or polynuclear species.7
It has not been until recently that some parent amido
complexes of middle and late transition metals, such as
iridium4 and iron and ruthenium,5 have been reported.
Similarly, alkoxo complexes of the late transition ele-
ments remain uncommon. In this communication we
report the synthesis, structural characterization, and
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some reactivity studies of a mononuclear Ni complex
that features a terminally bonded amido unit, Ni-NH2.
In addition, we report the crystal structure of a mono-
nuclear methoxide derivative. Dimerization of these
complexes has been prevented by the use of the triden-
tate pincer ligand 2,6-bis((diisopropylphosphino)meth-
yl)phenyl (PCP). The two complexes reported herein
constitute very unusual examples in the chemistry of
group 10 metals. To our knowledge, no structural data
for mononuclear group 10 M-NH2 complexes have been
hitherto reported.

We have recently shown that sonication of a suspen-
sion of the precursors M(PCP)X (M ) Ni, X ) Br; M )
Pd, X ) NO3) and NaOH in THF leads to the mono-
nuclear nickel and palladium hydroxides M(PCP)(OH).8
Use of NaNH2 in place of the hydroxide reagent allows
the preparation of the Ni amido complex Ni(PCP)(NH2)
(1)9 as an orange crystalline solid in 70% isolated yield
(Scheme 1). For M ) Pd, a new complex is formed
(detected as a singlet resonance at δ 59.0 ppm by 31P-
{1H} NMR spectroscopy), but its high reactivity has
hitherto prevented its isolation.

Complex 1 is very soluble in common organic solvents.
Its 31P{1H} NMR spectrum displays a singlet at δ 60.8
ppm, whereas in the 1H NMR spectrum, a slightly broad
triplet at δ -1.00 ppm (3JHP ) 8.3 Hz) can be assigned
to the NH2 protons. IR absorptions associated with νas
and νs NH2 stretching modes are observed at 3355 and
3295 cm-1, respectively.

The structural assignment of the amido complex 1 has
been confirmed by X-ray crystallography.10 Crystals
suitable for an X-ray diffraction study were obtained
from a concentrated hexamethyldisiloxane solution at
room temperature. Two crystallographically indepen-
dent molecules displaying similar bond distances and
angles form the asymmetric unit of complex 1. At
variance with the analogous hydroxide Ni(PCP)(OH)
(2),8 no intermolecular contacts can be found in the solid
state. Figure 1 shows an ORTEP perspective of one such
molecule. The Ni-N bond in complex 1 (average 1.872-
(2) Å), while slightly shorter than in Ni(2,4,6-Me3C6H2)-
(NHPh)(PMe3)2

11 (1.931(3) Å), is appreciably longer than

the formally double NidN bond length of 1.702(2) Å
reported by Hillhouse et al. for the three-coordinate
nickel-imido complex Ni(dNC6H3-2,5-iPr2)(dtbpe).12

Even though the amido hydrogen atoms were located
in positions that suggest a planar configuration of the
NH2 group, this is probably the result of the averaging
of two equally populated orientations of the pyramidal
NH2 fragment.5e DFT calculations on models of Ni-
(PCP)(NH2) support this assumption.13

Complex 1 is exceedingly sensitive to moisture, as it
readily reacts with traces of water, forming 2 (Scheme
1). The reaction with MeOH proceeds in a similar
fashion, to afford the methoxide complex Ni(PCP)(OMe)
(3) (Scheme 1).14 This compound is characterized by a
31P{1H} signal at δ 52.6 ppm and by 1H and 13C{1H}
resonances at δ 3.90 and 59.9 ppm, respectively, due to
the Ni-OCH3 linkage.
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Scheme 1

Figure 1. ORTEP diagram of Ni(PCP)(NH2) (1). Selected
bond distances (Å) (one of two independent molecules):
Ni1-N1 ) 1.872(2), Ni1-C1 ) 1.931(2), Ni1-P1 ) 2.1585-
(6), Ni1-P2 ) 2.1587(6).

Figure 2. ORTEP diagram of Ni(PCP)(OMe) (3). Selected
bond distances (Å) and angles (deg) (one of two independent
molecules): Ni1-O1 ) 1.855(2), Ni1-C1 ) 1.922(3), Ni1-
P1 ) 2.1914(9), Ni1-P2 ) 2.1543(9), O1-C21 ) 1.289(5);
Ni1-O1-C21 ) 122.4(2).
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plex 3 has been determined by an X-ray diffraction
study.16 Figure 2 gives an ORTEP representation of one
of the two independent molecules found in the asym-
metric unit. The average Ni-O bond distance, 1.856(2)
Å, is only slightly shorter than that in the related
hydroxide complex 2, 1.865(2) Å.8 The C-O bond length
in complex 3, 1.307(4) Å (average), is significantly
shorter than the standard C-O bond (ca. 1.43 Å), or
the distance found in early-transition-metal alkoxides.
Late-transition-metal alkoxides often display anoma-
lously short C-O bonds.2c It has been suggested that
the shortening of the C-O distance in alkoxides bearing
very polar M-O bonds is due to an attractive electro-
static interaction between the O and C atoms.17 This
effect is accompanied by an increase of the frequency
of the IR C-O stretching band of 3 (1088 cm-1) of 50
cm-1 above the standard value observed in MeOH and
other methyl ethers (ca. 1030 cm-1), which suggests
some strengthening of the C-O bond.

Alkylamido or arylamido complexes often react with
CO, giving formal insertion products.5f The reactivity
of the parent amido complexes trans-(dmpe)2Fe(H)-
(NH2), is somewhat different, as CO inserts into the
N-H bond of the amido moiety.5d-f In contrast, treat-
ment of a solution of complex 1 with dry CO (excess) or
CN(2,6-Me2C6H3) (1 equiv) in C6D6 solution results in
the formation of complex mixtures of products that could
not be identified. The formation of ammonia was
detected in both cases by 1H NMR spectroscopy (broad
1:1:1 triplet, δ 0.17 ppm, 1JHN ) 42.0 Hz).

The nucleophilic character of compound 1 is evidenced
by its reaction with benzaldehyde. Thus, its treatment
with 0.5 equiv of PhCHO (Scheme 2), yields the new
aldimido complex Ni(PCP)(NdC(H)Ph) (4), together
with equivalent amounts of 2 and NH3. Complex 4 has
been isolated from the reaction mixture, and it has been
characterized by analytical and spectroscopic methods.18

Its formation can be rationalized as shown in Scheme

2, reaction of the water generated with the excess of 1
being responsible for the formation of 2 and NH3.
Interestingly, the addition of further amounts of ben-
zaldehyde to this reaction mixture results in the slow
consumption of 2, along with additional amounts of 4.
Since PhCHO does not react separately with the pure
hydroxide or with NH3 under the reaction conditions,19

it seems likely that, in the presence of NH3, the
hydroxide is in equilibrium with small amounts of the
amido complex, the latter reacting with benzaldehyde
to produce 4.

In summary, the first example of a parent nickel
amido complex, namely Ni(PCP)(NH2) (1), has been
synthesized and structurally characterized. This com-
pound reacts quantitatively with water and methanol
to give the mononuclear hydroxide and methoxide
derivatives Ni(PCP)(OH) (2) and Ni(PCP)(OMe) (3). In
addition, it behaves as a strong nucleophile and adds
rapidly to benzaldehyde, affording an equimolecular
mixture of the aldimido derivative 4, the hydroxide 2,
and ammonia. The slow formation of 4 upon addition
of PhCHO to a mixture of 2 and NH3 suggests that small
amounts of the amido complex exist in equilibrium with
the hydroxide and NH3. Further studies on the reactiv-
ity of the hydroxo, amido, and alkoxo complexes of Ni
and Pd are under way.
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