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PRELIMINARY COMMUNICATION

NITROGENBIS(TRIETHYLPHOSPHJNE) NICKEL HYDRIDE: A NEW NICKEL(0)
COMPLEX CONTAINING MOLECULAR NITROGEN

SURESH C, SRIVASTAVA and M. BIGORGNE*
Laboratoire de Chimie Minérale, Ecole Nationale Supérieure de Chimie, Faris, (France)
(Received July 15th, 1969)

During the past two years, organo-trausition metal compounds of the general
formula H,M(N, )(PR;.,) containing molecular nitrogen as a ligand have been reported
(Col, Fe? Ru:") These compounds have been isolated in a pure state and fairly well
characterized. Except for a report by Jolly and Jonas* who prepared a binuclear compound,
Nz [Ni(P(CsH11)3)2 ]2, containing nitregen as a bridging group, analogous nickel—nitrogen
complexes have not been described.

We report here the preparation of a new compound of nickel containing coordinated
nitrogen formed according to the following reaction:

Ni(acac), +(C2Hs)3P + (i-C4Hg )3 Al Toluene ,7 8 ether_ =~HNi(N;)[(C,Hs):P],

2.5 mmoles (0.64 g) of nickel(II) acetylacetonate were added to 10 mmoles
(2.02 g) of triethylphosphine in 100 ml of ether. After purging the mixture with pure
nitrogen for two hours, 2.0 ml of triiscbutylaluminum were added dropwise at -70°. The
temperature was allowed to rise gradually after 4 hours and thereafter maintained between
0° and -5° for a day. The contents were left stirring under nitrogen at room temperature
for another 24 hours when all the reactants dissolved giving a clear deep-red solution. Upon
surrounding the homogeneous mixture with dry ice and leaving it undisturbed for three days,
orange-yellow crystals of the compound separated. The crystals were washed with a
minimum of petroleum ether and dried under nitrogen.

An analogous compound was obtained when tributylphosphine was used instead
of triethylphosphine as a ligand. However, when a similar reaction was carried out with
triphenylphosphine or ethyldiphenyl phosphine as ligands, the nitrogen compound could
not be obtained. When the reactions were carried cut at rocm temperature, the complex
did not form.

The complex is very soluble in most common solvents and many times it was
obtained only as a dark viscous material or as an oil when solvents like toluene, THF,
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pentane, hexane and petroleum ether were used. Only after most careful and repeated
efforts was it possible to obtain the solid crystalline material from ether or toluene.

The orange-yellow solid is quite air and moisture sensitive and loses nitrogen
slowly; it is even less stable in solution. However, it can be stored under nitrogen for several
days without decomposition. The loss of the coordinated N, from the complex was shown
by the slow disappearance of the {N, ) band in the IR spectrum,

The results of elemental analysis support a formula Ni(N, XPR;),, or
HNi(N, }(PR3),; (n = 2) for the compound. The analysis is quite inconsistent with any
other formulation (e.g., n = 3 etc.).

The IR spectra of the compound in different solvents are summarized in Table 1.
The complex in solution or the crude product isolated as a viscous material, as well as
the crystals obtained from ether or toluene, gave a sharp intense band in the
2064—2076 cm™ region assignable to the coordinated N—N stretch. Ancther sharp band
of medium intensity was observed at 1900—1914 cm™ , which can be assigned to the Ni—H
frequency by analogy with the compound trans-HCINi[(C¢H,, )5 P, prepared by Green
et al.5 . Their compound shows a Ni—H frequency at 1916 cm™ in the IR spectrum; the
existence of this bond was confirmed further by NMR studies®.

It is interesting that contrary to the analogous cobalt nitrogen complex® and the
ruthenium nitrogen complex® reported recently, the present nickel compound does show
a metal—hydrogen frequency in the infrared spectrum. Also it appears that the Ni—H bond
is relatively more stable than the Ni—N, bond, since upon exposure to air the band at 2075
cm™? (N—N; nujol) slowly disappears while the Ni—H band (1911 cm™; nujol) is seen to
persist for a longer period. Efforts are underway to obtain other evidence, e.g., NMR to
characterize the nickel — hydrogen bond.

Due to the extremely unstable nature of the complex, studies on the molecular
weight and the magnetic moment have not been successful so far. Attempts are being
made, however, to obtain this information.

On the basis of analytical results and the IR spectra, the compound has thus
tentatively been formulated as HNi(N; )(PR;), (R = C, H;, n-C4H,). Although this struc-
ture seems most likely on the basis of our results, other possibilities cannot be entirely
excluded. A definitive assignment of the structure must await completion of further studies

which are currently in progress. The exchange reactions of this complex with H;, CO, CO,,
ethylene and CH; 1 etc., are also under investigation.

TABLE 1
IR FREQUENCIES? OF THE NITROGEN COMPOUND OF NICKEL, HNi(N, }(PR3), (cm'l)
Solvent HNi(Nz)(PEt3)2 HNi(N;)(PBus),;

U(N2) YNi—H) U(Nz) KNi—H)
Toluene 2065 vs 1900 m 2065 vs 1900 (sh)
Ether 2067 s 1905 (sh) 2068 s 1900 (sh)
Hexane 2076 vs 1914 m — _
Nujol (mull) 2075 vs 1911 2074 vs 1914 s
Hexachlorobutadiene 2063 s 1912 m — _

ays very strong; s strong; m medium; (sh) shoulder,
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