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Organic azides (RN3) often undergo reactions in which 
dinitrogen is extruded, and it is this reactivity that has long 
caused chemists to use them as convenient sources of "RN:" 
or nitrene fragments.1 In organometallic chemistry, azides are 
commonly used as precursors for nitrene (or, more correctly, 
terminal imido) complexes (M=NR).2 In the synthesis of imido 
species, organoazidometal complexes have been proposed as 
intermediates formed in the initial interaction of a coordinatively 
unsaturated metal complex with RN3.

3-7 However, there are 
few examples of reactions of this type that yield observable 
organoazidometal complexes, presumably due to their rapid loss 
of N2.4,5 Although there are some examples of RN3 complexes 
that are stabilized by insertion of the R—N3 group into a M-X 
bond,6 there do not appear to be any monometallic M—N3R 
complexes whose structures have been established by X-ray 
diffraction.7 This report describes the synthesis and structure 
determination of the first fully characterized terminal orga­
noazidometal complex, Cp2Ta(N3Ph)(CH3) (I).

8 We also report 
preliminary mechanistic experiments that bear on the pathway 
for conversion of this complex to the corresponding imidometal 
complex Cp2Ta(NPh)(CH3) (2). 

Treatment of a toluene solution of the red Ta(IH) species Cp2-
Ta(PMe3)(CH3)

9 (Cp = ^-C5H5) with PhN3 at room temper­
ature results in a rapid color change to deep orange. Monitoring 
this addition by 1H and 31P NMR spectroscopy shows formation 
of free PMe3 and a new species in essentially quantitative yield 
with the formula Cp2Ta(N3Ph)(CH3) (1) (eq I).10 Crystallization 

^NPh 

CH3 or solid state: 105 °C 3 

from benzene/pentane gave orange needlelike crystals of pure 
Cp2Ta(N3Ph)(CH3) in 88% yield. The IR spectrum of these 
crystals in KBr showed a strong absorbance for a N=N double 
bond at 1730 cm-1. However, we could not determine 
conclusively whether the Ta center was bound to the a- or 
y-nitrogen atom in the coordinated organoazide or the mode in 
which the RN3 fragment was bound. 

In order to resolve this ambiguity, a single-crystal X-ray 
diffraction study of 1 was undertaken. The structure was solved 
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Found: C, 49.37; H, 4.22; N, 8.31. Mp = 105-8 0C dec. NMR data for 
Cp2Ta(N3Ph)(CH3) (1): 1H NMR (400 MHz, C6D6, 25 0C): 6 8.03 (dd, 
2H, 47HH = 1.2 Hz, 37HH = 8.5 Hz, 0-C6H5), 7.30 (t, 2H, 37HH = 7.9, 
M-C6H5), 6.98 (t, IH, 3/HH = 7.3 Hz, P-C6H5), 5.21 (s, 10H, C5H5), 0.54 
(s, 3H, TaOZ3);

 13C(1H) NMR (101 MHz, C6D6) <5 153.8 (s, 1-C6H5), 129.2 
(s, C-C6H5), 124.2 (s, P-C6H5), 121.0 (s, m-C6H5), 104.7 (s, C5H5), 4.1 (s, 
CH3);

 13C NMR (101 MHz, C6D6) Ta13CH3 <5 4.1 (q, 1ZcH = 124.3 Hz); IR 
[KBr] 1730 (vN_N) cm"1; MS (FAB) m/z 418 (M++ H - N2), 402 (M+ -
N2 - CH3). 

Figure 1. ORTEP diagram for one of the two crystallographically 
independent molecules of complex 1. 

by Patterson methods in space group P2\ and refined via 
standard least-squares and Fourier techniques. An ORTEP 
drawing is shown in Figure 1. As the structure shows, the azide 
ligand adopts an ^'-terminal configuration in the solid state." 
It does not prefer a cyclic configuration that would allow the 
metal to interact with two nitrogens of the ligand, nor does the 
molecule opt for an olefinic type bonding mode analogous to 
the previously characterized ?/2-S2 and 77-C2ILt complexes in 
this series.912 

There are a total of four molecules of the compound and two 
molecules of benzene in the unit cell, and there are no 
abnormally short intermolecular contacts between the molecules. 
The bonding of the methyl and the Cp ligands to tantalum 
appears to be normal, but the formal bonding arrangement of 
the N3 ligand is a little less obvious.1314 The Ta-N—N angle 
in 1 (166.0(10)°) is more strongly bent than in the tantalum 
phenylimido species, Cp*2Ta(=NPh)(H), where ZTa-N—C is 
177.8(9)°.13 The Ta=N bonding distance (the two independent 
molecules in the unit cell are similar at 1.830(11) and 1.845-
(10) A) is also significantly shorter than in those compounds 
viewed as having "true" Ta=N double bonds (estimated by 
Bercaw and co-workers as ca. 1.89 A) and significantly longer 
than for those having "true" Ta=N triple bonds (1.75 A).1315 It 
therefore appears that the most reasonable picture of the bonding 
situation at the metal center postulates a situation intermediate 
between double and triple bonding. The PhN-N bond length 
of 1.267(15) A is slightly longer than typical N=N double 
bonds, such as /rans-azobenzene (1.247(2) A).16 

Variable temperature NMR experiments showed no signifi­
cant changes in the 1H NMR spectrum (THF-rfg), and all 
resonances remained sharp from room temperature to —50 0C. 
Addition of excess PhN3 to the reaction mixture at ambient 
temperatures leads only to the extrusion of N2 (evident by 
effervescence during addition) and the formation of PhN=PMe3. 
Heating a C0D^ solution of 1 to 70 °C also causes evolution of 
N2. Formed in this reaction is the previously characterized, oily 
yellow imido species, Cp2Ta(NPh)(CH3) (2)12 in quantitative 
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isolated yield (>95% by 1H NMR vs Cp2Fe internal standard). 
The decomposition to 2 could be effected easily in the solid 
state by heating the orange crystals to 105 0C. Photolysis (10 
min) of a solution of 1 also readily gives 2 in essentially 
quantitative yield (eq 1). 

Three possible nitrogen-extrusion pathways for the conversion 
of 1 to 2 are illustrated in Scheme 1. It has been known for 
some time that treatment of tertiary phosphines with organic 
azides is known to proceed via a reactive intermediate, 
R'NNNPR.3, which decomposes in a unimolecular process to 
dinitrogen and the corresponding phosphoranimine.17-19 One 
potential mechanism for the 1 to 2 conversion would involve 
the bimolecular interaction and transition state shown as path a 
in Scheme 1. Two other possibilities involve (b) transfer of 
the y-nitrogen-bound phenyl group to the a-nitrogen atom with 
extrusion of N2 and (c) Ta-Ny coordination with extrusion of 
N2. 

Isotopic labeling and kinetic studies have helped to distinguish 
between these paths. On treatment of the (>98%) a-15N-labeled 
azide Ph15N=N=N with Cp2Ta(PMe3)(CH3), we were able to 
isolate the 15N-labeled Cp2Ta(NN15NPh)(CH3) product and 
watch the further decomposition of this complex to the labeled 
imido species 2-15N (>98% by FAB MS). This shows 
conclusively that the nitrogen atom that is originally bound to 
the Ta center is extruded as free N2, and thus, the phenyl 
migration route (b) is eliminated as a major mechanistic 
pathway. Also, a double-labeling experiment was undertaken 
in which Cp2Ta(13CH3)(NNNPh) (99% 13C) was thermally 
decomposed in the presence of 1 equiv of Cp2Ta(CH3)(NN15-
NPh) (>98% 15N) (Scheme 2). The only products detected were 
the singly-labeled imido species, Cp2Ta(CH3)(

15NPh) and Cp2-
Ta(13CH3)(NPh), in >97% yields determined by NMR and MS 
analysis. No evidence of either the unlabeled (Cp2Ta-

(17) Although there is some ambiguity in the literature regarding the 
molecularity of the decomposition of the Staudinger phosphazides (R3-
PNNNAr), the more recent literature points toward a unimolecular pathway. 
See: Gololobov, Y. G.; Kasukhin, L. F. Tetrahedron 1992, 48, 1353 and 
references therein, 

(18) Mosby, W. L.; Silva, M. L. J. Chem. Soc. 1965, 1003. 
(19) Horner, L.; Gross, A. Justus Liebigs Ann. Chem. 1955, 591, 117. 

(CH3)(NPh)) or doubly-labeled (Cp2Ta(13CH3)(
15NPh)) species 

in significant amounts was found. These experiments essentially 
rule out any bimolecular pathway (a), leaving path c as the most 
likely alternative consistent with our observations.20 

Our initial attempts to measure the rate of the 1 to 2 reaction 
gave perplexing results. Although the reactions appeared to 
be approximately first order, erratic and irreproducible concen­
tration vs time plots were obtained. Significantly, we found 
that exceedingly brief exposure of reaction solutions to the 
atmosphere caused significant accelerations in the rate, sug­
gesting that the conversion was catalyzed by very small traces 
of air or water. 

To deal with this problem, we added varying amounts of Cp2-
ZrMe2 to the solutions used for kinetic runs. This material reacts 
rapidly with O2 and H2O to give soluble and NMR-observable 
Cp2(CH3)ZrOZr(CH3)Cp2, and so the presence of unreacted Cp2-
ZrMe2 remaining in solution provides strong assurance that the 
concentrations of air and water are extremely low. Under these 
conditions, no reaction of Cp2ZrMe2 with either 1 or 2 was 
observed, and the rates for the 1 to 2 conversion became slower 
and very well behaved. Rigorous first-order behavior (inde­
pendent of the concentration of Cp2ZrMe2) was observed over 
a 30 0C temperature range; an Eyring plot gave AH* =• 25.4 ± 
0.4 kcal/mole and AS* = —0.7 ± 1.3 eu. The nearly zero 
activation entropy is consistent with a unimolecular reaction in 
which little free rotation is frozen out in proceeding from 1 to 
the transition state.21 The crossover experiments described 
above were also carried out in the presence of Cp2ZrMe2 and 
the results shown to be independent of the additive. We have 
carried out a preliminary Hammett OIQ study using azidoaryl 
complexes having H, NMe2, and CF3 substituents in the para 
positions of the aromatic ring. An excellent linear log k vs 0 
plot was obtained. Somewhat surprisingly, g)para for the reaction 
is +0.66, indicating that the reaction is accelerated by electron-
withdrawing substituents. If Ta-N bond formation is involved 
in the rate-determining step, the electronic effect could be due 
to the ability of the ring to withdraw electron density from the 
Ta center through the Ta-N3-aryl Jt system, facilitating attack 
of the orthogonal aryl-substituted nitrogen lone pair at the metal 
center. Alternatively, a (electron-withdrawing group stabilized) 
conformational isomer of 1, such as the cis isomer,22 may be 
formed initially, followed by fast attack of N at Ta. The results 
of experiments now under way designed to distinguish these 
hypotheses, as well as the complete details of the work described 
here, will be reported in a full paper. 
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(20) Similarly, we have so far found no evidence for exchange of free 
and bound organic azides. 
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