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Conversion of Molecular Nitrogen to Hydrazine
Sir:

We wish to report that molecular nitrogen, on suc-
cessive treatment with a transition metal alkoxide-
radical anion system! and proton source, generates

hydrazine, apparently the first case of substantial
transition metal catalyzed conversion of elemental

N; + 4e~ + 4H* —> N;H,

nitrogen to any compound other than ammonia.?

After addition during 15-90 min of titanium(IV) iso-
propoxide to a stirred THF solution of sodium naph-
thalide under nitrogen, all at room temperature and
atmospheric pressure, immediately followed by hy-
drolysis,! there were liberated hydrazine and ammonia
in proportions which were dependent upon the ratio
of the fixing to the reducing agents. The yield of
hydrazine rose with decreasing Ti(IV):NaNP molar
ratios to a maximum of 15-1997 (based on Ti) at a Ti-
(IV):NaNP ratio of 1:5-6, while the 2NH;:N.H;
ratio varied within the range 3.3-5.0.

Initially, the presence of hydrazine in hydrolysates
was indicated by a spot test method of Feigl.? Con-
firmatory identification was made by means of the
p-dimethylaminobenzaldehyde azine,* prepared from
the fixation-reduction hydrolysate after removal of
ammonia, THF, and naphthalene, followed by acidi-
fication. Hydrazine was determined quantitatively
by a known spectrophotometric method.?

When any one of the transition metal compounds
CoCl,, MoCl;, WClg, CrCl;, NiBr,, or FeCl; was substi-
tuted for titanium(IV) isopropoxide in the experimental
procedure described (6 molar equiv of NaNP used),
no hydrazine could be detected as product.t Also, no
hydrazine apparently was formed when a benzene solu-
tion of the previously described! (Cs;H;).Ti-N, dimer
was exposed to water, alcohol, aqueous acid, aqueous
base, or 2-4 molar equiv of NaNP in THF. Similarly,
the Ru’(NH;);N,7 ion did not generate hydrazine on
treatment with limited amounts of NaNP.

Although a complete description of the reaction
course is not possible at this time, various observations
permit a tentative interpretation of the hydrazine-
ammonia synthesis sequence. The titanian hydrazine
progenitor is subject to further in situ reduction, as
shown by the increase (to 22) in the 2NH,;:N,H, ratio
after a reaction mixture of the type described above is
treated overnight with a large excess (12 equiv) of sodium
naphthalide. The nitrogeneous unit, convertible in
the protonation step to hydrazine, is capable of trans-
ferral from the titanium sphere, as shown by the absence
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of hydrazine formation after a fixation-reduction
reaction, as described above, is carried out in the pres-
ence of Al(III), presumed to effect abstraction
from titanium of hydrazine level nitrogen and then
permit facile, subsequent reduction to the ammonia
level.® Lack of appreciable molecular nitrogen libera-
tion during the protonation step is consistent with the
absence of diimide-level bound nitrogen, which
normally would, on protonation, release free diimide,
known to disproportionate rapidly to elemental ni-
trogen and hydrazine, If the foregoing is taken in
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conjunction with previously acquired knowledge of this
system, ! the relationships expressed in Chart I emerge.
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a-Alkyl or o-Acy! Isocyanide Complexes of Nickel(II)
and Palladium(II). Preparation and Successive
Insertion Reactions

Sir:

a-Alkyl metal carbonyl compounds are well known,
and their insertion reactions of carbon monoxide into
the metal-alkyl bond have been studied extensively.'
However, little work has been done with g-organo iso-
cyanide complexes.?

We wish, therefore, to report preparations of alkyl
or acyl isocyanide complexes of palladium and nickel,
and also isocyanide insertion reactions. Of particular
interest are the successive insertions of more than two
isocyanide molecules, a type of reaction not observed
for carbonyl derivatives.

Addition of CH;l to Pd(¢-BuNC), in n-hexane at 0°
produced trans-Pd1(CH;)(¢-BuNC),? (1), in 4277 yield,
as diamagnetic, colorless crystals, mp 77-78°. Both
the ir and nmr spectra (Table I) dictate the trans con-
figuration for 1. Under an inert atmosphere, 1 is fairly
stable in the solid but unstable in solution. Even at
11° in toluene an insertion reaction takes place leading
to an iminoacylpalladium (2), which was detected in situ
by means of nmr spectra which show three singlets at
7 7.88 (CHy), 8.63 (-CsH{N==C), and 9.50 (z-C:H,NC).
The instability of the compound prevented its isolation.
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