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(13) The average bonding M-M distance follows: Pd, 2.750; Pt, 2.760 A. The 
average M-P distance follows: Pd, 2.315; R, 2.27 A. The angle defined 
by the two planes formed by three metal atoms follows: Pd, 93; R, 97° 
The nonbonding distances follow: Pd, 3.365; R, 3.548 A. 

(14) F. R. Hartley, "The Chemistry of Platinum and Palladium", Halsted Press, 
New York, 1973. 
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Conversion of Aryl Azides on Ni Centers into 
Tetraazadiene-Nickel Complexes [Ni0(Ar2N4)2], 
[CpNiHAr2N4)], and [(RNC)2NiO(Ar2N4)]. 
Crystal Structure of [Ni0Jl,4-(3,5-Me2C6H3)2N4(2] 

Sir: 

In contrast to the versatile coordination chemistry of the 
a-diimine ligand, RNCHCHNR, which can act as a 
rj,rj-N,N-chelating,la'2a <7,o-'-N,N-2b'3 or o--N,r?2-CN-bridg-
ing, lb or as a <r-N-monodentate3-bonded ligand, only a few 
metal complexes of the isostructural tetraazadiene ligand, 
RNNNNR, are known.4 These are 1:1 complexes with the 
tetraazadiene ligand a bonded via the 1,4-nitrogen atoms. The 
reason for this contrast between a-diimine and tetraazadiene 
chemistry seems to be the fact that the RN4R ligand, which 
apparently does not exist as a free compound, has to be gen
erated directly at the metal center and subsequently stabilized 
by coordination. 

We report here the first example of a bis(tetraazadiene) 
metal complex, [Ni0CArN4Ar)2], which is the counterpart of 
the [bis(a-diimine)nickel(0)]5 complexes in a-diimine-metal 
chemistry. We also describe the stepwise synthesis of 
[Ni(ArN4Ar)2] from [Cp2Ni] via novel [CpNi1CArN4Ar)]. 

Pure [Ni(ArN4Ar)2] [Ar = 4-MeC6H4 (I), 4-MeOC6H4 

(II), 3,5-Me2C6H3 (III)]6 was isolated in 20-25% yield from 
the reaction of [Ni(COD)2] with ArN3 (1:4 molar ratio) in 
toluene. The reaction was carried out at room temperature and 
is exothermic. The dark purple colored solids I-III are dia-
magnetic as indicated by their 1H NMR solution spectra.7 

It has been pointed out8'9 that the tetraazadiene ligand can 
be bonded in two ways represented by the formal valence 
structures A and B (Figure 1) which differ with respect to the 
formal oxidation state of the metal. To obtain information 
about the bonding in the diamagnetic [Ni(ArN4Ar)2] com
plexes, a single-crystal X-ray structure determination of III 
was carried out.' ° The molecular structure of the monomeric 
[(3,5-Me2C6H3N4C6H3Me2-3,5)2Ni] units (Figure 2) shows 
the following important features. There are two independent 
ArN4Ar ligands coordinated to the Ni center via the 1,4-ni
trogen atoms, so forming two N4Ni chelate rings. Within each 
ArN4Ar ligand both Ar rings and the N 4 unit lie in the same 
plane while the two N4Ni chelate rings are mutually perpen
dicular. Therefore the Ni center has a pseudotetrahedral ge
ometry. 

The conjugated arrangement of the double bonds in the N 4 

unit of canonical form A is ideally suited for interaction with 
the aryl IT system which would result in multiple bond char
acter in the N 4 unit as well as in the adjacent N - C bonds. 
These two features are observed in our compound, i.e., almost 
identical N - N bond distances [1.325 (3) and 1.319 (4) A] and 
N - C distances of 1.426 (4) A. In contrast, in the complex 
[(4-FC6H4N4C6H4F-4)IrCO(PPh3)2]BF4 the ArN4Ar ligand 
contains dissimilar 1,2- and 2,3-N-N distances of 1.400 (16) 
and 1.270(16) A and C-N distancesof 1.481 (18) and 1.456 
(18) A, with aryl rings which are noncoplanar with the N4 unit. 

This was interpreted as indicative of an ArN4Ar valence 
structure of type B and hence an Ir d6 species.8 The distinctive 
structural features of our tetrahedral [Ni(ArN4Ar)2] com
plexes support the view that they are best represented by a 
formal valence structure of type A and thus a Ni0 d10 (18e) 
electronic configuration. 

The complexes I-III are stable in boiling toluene in air, 
whereas the related [Ni°(Ar-a-diimine)2] complexes are ex
tremely sensitive to oxidation and thermal decomposition.5 

This difference in stability might be due to a better 7r-accepting 
capability of the ArN4Ar system. 

The formation of the 18e [(ArN4Ar)2Ni0] systems with 
normal aromatic azides is surprising in view of the report by 
Stone et al. that pentafluorophenyl azide (C6F5N3) reacts with 
[Ni(COD)2] to yield the monotetraazadiene complex 
[(C6F5N4C6F5)Ni(COD)] (IV).9 

Reactions of I with HCl, CH2Cl2, and CHCl3 resulted in 
formation of as yet unidentified products.1' Reaction of I with 
excess ?-BuNC in boiling toluene resulted in formation of 
[(/-BuNC)2Ni(4-MeC6H4N4C6H4Me-4)] (V),12 whereas I 
failed to react with CO, PPh3, and bpy, which were likewise 
expected to result in formation of complexes [L2Ni(ArN4Ar)]. 
Since these substitution reactions failed the reaction of I with 
r-BuNC probably involves attack of an RNC molecule on one 
of the coordinated ArN4Ar ligands followed by stabilization 
of the resulting labile [(Ar2N4)Ni0] species by coordination 
with RNC. 

The reaction of [Cp2Ni] (20e species) with excess 4-
MeC6H4N3 in boiling toluene is still incomplete after 35 min.13 

Workup of the reaction mixture resulted in the isolation of 
black microcrystals,. [CpNiR4-MeC6H4)2N4!]14 (VI, 10% 
yield), in addition to unreacted [Cp2Ni] (40%) and [Ni°j(4-
MeC6H4)2N4 |2] (5%). Compound VI is paramagnetic and 
ESR spectra are consistent with the formulation of this com
pound as a Ni1 species with a monomeric structure15 and with 
a <7,<7-N,N-chelate-bonded (4-MeC6H4J2N4 ligand.16 

The similarity of the IR spectra in the ligand vibration re
gion of VI and the known monomeric [CpCoj(4-
MeC6H4J2N4)] (VII)14 '17-18 strongly indicates that both 
compounds are isostructural. Accepting that the Cp ring in VI 
is pentahapto bonded and the ArN4Ar group acts as a (4e) 
o\ir-N,N-chelating ligand (formal valence structure A), 
[CpNi{(4-MeC6H4)2N4|] must be formulated as a 19e Ni1 

species.19 Using similar arguments, VII, which is diamagnetic, 
is an 18e Co1 species. 

Support for the 19e configuration comes from the obser
vation that reaction of pure VI in boiling toluene (2 h) with 2 
equiv of 4-MeC 6H 4N 3 gives rise to 18e [Ni°[(4-
MeC6H4)2N4}2] (52% yield), while reaction of VI with 2 equiv 
of r-BuNC at room temperature yields [(r-BuNC)2Ni(4-
MeC 6H 4N 4C 6H 4Me-4)] (V, 80% yield). In contrast, 
[CpCoj(4-MeC6H4)2N4j] is unreactive toward excess ArN3 

or r-BuNC. 
Considerable interest exists in these ArN4Ar nitrogen li

gands because they can be generated both from aryl azides via 
metal nitrenes followed by 1,3-dipolar addition reactions4 or 
from metal-diazonium intermediates. Such species are pos
tulated in schemes which describe the interaction and con
version of dinitrogen on metal centers.4 In this respect the 
formation of I-III and VI is of interest because of the possible 
involvement of species of the type IX-XIII: [(COD)NiNAr] 
(IX), [(COD)NiN4Ar2] (X), [ArNNiNAr] (XI), [ArNNi-
N4Ar2] (XII), or [CpNiNAr] (XIII). 

Dinitrene species have recently been structurally charac
terized, i.e., [Cp2Mo2S2(NR)2]2 0 and m- [Mo(NC 6 H 5 ) 2 -
DTC2].21 In the [Ni(COD)2J-ArN3 reactions polymeric 
material is formed which might be due to polymerization of 
species of the type XI, since in the bent form the nitrene can 
readily act as a bridging species. The formation of [Ni°(Ar-
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Figure 2. The structure of [(3,5-Me2C6H3N4C6H3Me2O^)2Ni]. 
relevant bond distances and angles, see ref 10. 

For 

N4Ar)2] via both [Ni(COD)2J-ArN3 and [CpNi'(Ar2N4)]-
ArN3 suggests that XII is also a feasible intermediate while 
X has been isolated as a stable compound in the case of fluo-
rinated aryl azides.9 

Preliminary results of reactions of [Pt(COD)2] with ArN3 
(Ar = 4-ClC6H4) and with ArNCHCHNAr (Ar = 4-ClC6H4 
or 4-MeC6H4), which afford, respectively, the novel tetra-
azadiene- and a-diimine-platinum complexes [(COD)-
PtAr2N4] (XIV) and [(COD)Pt(ArNCHCHNAr)] (XV and 
XVI)22 point to an interesting difference in the behavior of Ni 
and Pt, the latter, to date, yielding only the 1:1 complexes. 
Furthermore, both the Ni- and Pt-tetraazadiene complexes 
appear to have far greater stability (thermal and toward oxi
dation) than the corresponding a-diimine complexes. 

We are currently studying the preparation and possible 
isolation of species of type IX-XIII to obtain deeper insight 
into the formation of the ArN4Ar ligand at metal centers and 
the specific properties of the MN4Ar2 unit. 
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Nitrilimines 

Sir: 

Nitrilimines were first prepared by Huisgen and co-workers1 

by thermal decomposition of 2,5-disubstituted tetrazoles and 
by base-induced elimination of hydrogen halide from hydra-
zonoyl halides. Their formation was demonstrated by in situ 
addition to alkynes, alkenes, and nitriles. The synthetic use
fulness of the addition reactions of nitrilimines has since then 
been described in numerous papers including recently reported 
examples of intramolecular 1,1- and 1,3-cycloaddition reac
tions2-3 and intramolecular ring closure.4 Irradiation of syd-
nones5 and tetrazoles6 investigated in great detail by Schmid 
and co-workers7 also affords nitrilimines. However, in all cases 
the formation of these compounds has been demonstrated only 
by characteristic reactions. We now report the first preparation 
of nitrilimines under conditions where they are stable and can 
be spectrally characterized. 

Irradiation (X 250 nm) of 2,5-diphenyltetrazole (1) in EPA 
(ether-isopentane-efhanol, 5:5:2) or polyvinyl chloride) 
(PVC)8 at 85 K or PVC at 10 K gives, by loss of the N(3) -
N(4) atoms (Scheme I), a thermally unstable product with a 
strong UV absorption at 377 nm (PVC, 85 K, Figure 1). 
Schmid et al.9 recently reported a similar observation with the 
same substrate under similar conditions [2,2-dimethylbu-
tane-pentane, 8:3 (DMBP), 85 K]. While monitoring the 
formation of products by IR spectroscopy in PVC at 85 K we 
observed the appearance of a band at 2228 c m - 1 (Figure 2) 
which, in addition to a weak signal at 2137 c m - ' , assigned to 
diphenylcarbodiimide,10 is the only new band in the region 
open for observation (~1500-2800 cm - 1 ) . The 2228-cm -1 

band is in the region characteristic of heterocumulenes and 
triple bonds (~ 1900-2400 cm - 1 ) . 1 1 Among the possibilities 
for the substance which absorbs at 2228 cm - 1 , benzonitrile 
(2228 cm - 1 ) 1 0 can be excluded because it is thermally stable. 
Phenyl isocyanide (2125 cm - 1 , CCI4),12 diphenyldiazo-
methane (2041 cm - 1 , CCI4),13 and diphenylcyanamide (2223 
c m - 1 ) 1 0 can also be excluded because of their spectral prop
erties as well as thermal stability, which leaves diphenylni-
trilimine (2) and iV-isocyanodiphenylamine for further con
sideration. The last compound is apparently unknown, but the 
corresponding dialkyl derivatives give rise to absorption bands 
at ~2100 cm - 1 . 1 4 Since substitution with aryl groups is ex
pected to give rise to absorption at lower wavenumbers, we 
exclude this type'of compound and assign the structure of the 
new product to diphenylnitrilimine (2). Confirmation of this 
assignment is obtained from the results of irradiating the three 
differently labeled [15N]-2,5-diphenyltetrazoles (3-5) shown 
in Scheme II. These were obtained by unequivocal syntheses15 

(Scheme I) from l,2-di-l5N-labeled hydrazine (52.1%), 
15N-labeled aniline (95%), and 15N-labeled sodium nitrite 
(95%), respectively. 

Irradiation (X 250 nm) of 1 as well as 3 gives rise to the same 
product demonstrating loss of the N(3)-N(4) nitrogens, 
whereas irradiation of either 4 or 5 gives products that retain 
15N. Continued irradiation (X 370 nm) of diphenylnitrilimine 
(2, 2228 cm - 1 ) leads to benzonitrile (2228 cm - 1 ) and a 

Scheme II 
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CH 

1883 cm"' 
a The band at 2228 cm"1 disappears on heating to ~230-240 K. 

6 The band at 1883 cm- disappears on heating to -160-170 K. 

product absorbing at 1883 cm - 1 (Figure 3). Although heating 
of 2 causes complete loss of the 2228-cm -1 band, irradiation 
of 2 brings about partial disappearance only. After the pho
tochemical change, no further decrease in the intensity of the 
band is observed on heating, in agreement with the assignment 
of the band to benzonitrile. Upon irradiation of the nitrilimine 
generated from 4, unlabeled benzonitrile is formed and the 
absorption formerly at 1883 cm - 1 is shifted to 1871 cm - 1 

because of the presence of 15N in the corresponding compound. 
On the other hand, irradiation of the nitrilimine from 5 gives 
rise to labeled benzonitrile (2201 cm - 1 ) and absorption at 1883 
cm - 1 as before. We identify the compound responsible for the 
absorption at 1883 cm - 1 as l-aza-l,2,4,6-cycloheptatetraene 
(6) (Scheme II), which has recently been observed by Chap
man and co-workers as a product of irradiation of phenyl azide 
in an Ar matrix at 8 K.16 Although this compound absorbs at 
1895 c m - 1 in an Ar matrix,16 irradiation of phenyl azide in 
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