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Abstract

The trihydrides Cp,MH,; (M = Nb, Ta) react with PPh,H. The niobium deriva-
tive gives the expected monohydruro complex Cp, Nb(H)PPh,H, whereas Cp,TaH,,
gives the side-on diphenyl diphosphene Cp,Ta(H)(PPh),.

It is well-known that diorganophosphenes are unstable unless they bear very
bulky substituents or are bonded to a transition metal moiety [1]. Several ligation
modes are possible, depending on whether the phosphorus lone pairs or the double
bond are involved [2]. We report here the unexpected synthesis of a tantalum
7-bonded diphenyldiphosphene complex which represents the first example of a
diphosphene bonded to an early transition metal.

With the aim of making niobium or tantalum monohydrido complexes 1 by the
reaction shown in eq. 1 the trihydride Cp,MH,; (M = Nb or Ta) and PPh,H were
allowed to react in boiling toluene.

Cp,MH, + PPh,H—Cp, M(H)PPh, H (1)

The expected niobium derivative 1 was indeed formed (but in low yield), and it was
characterized by its analytical and spectroscopic data: (‘H NMR (C,Dy): § 7.7-7Tm
(10H) Ph; 4.44d (10H) Cp, J 2.5 Hz; 6.34d (1H) P-H, J 321 Hz; —7.37d (1H)
Nb-H, J 25.5 Hz).

In the case of the reaction of Cp,TaH,, however, a brown solid was isolated after
work-up: this air-sensitive compound, 2, is soluble in common organic solvents
except hydrocarbons. Its analytical and spectroscopic data differ markedly from
those of Cp,Nb(H)PPh,H: the analysis is consistent with the molecular formula
C,,H,,P,Ta and the mass spectrum exhibits, inter alia, a molecular ion at m/e 528
and a prominent peak at m/e 312 assignable to the fragment [M — P,Ph,]". The 'H
NMR spectrum shows three sets of signals: a complex pattern of phenyl hydrogen
resonances (10H) at 7.6-6.9; two doublets due to the cyclopentadienyl hydrogens at
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4.5 (5H, J 2.1 Hz) and 4.35 (5H, J 1.5 Hz), and one doublet of doublets at —0.9
ppm (J 42 and 3.5 Hz).

The "'P {'H} NMR data afford further significant structural information. There
are two resonance doublets, at —146 and — 164 ppm (PO,H ;). with a PP coupling
constant of 327 Hz. This value falls in the range for simple P-P bonds, whereas as
the 'J(PP) constants for P=P bonds are about 500—600 Hz [3].

The data suggest that in complex 2 there is side-on coordination of diphenvldi-
phosphene to the [Cp,TaH] moiety. with the classical canonical forms:

H H
Cp,Ta PPh > CpyTa PPh
\/
PPh PPh

The diphosphene configuration in the complex is uncertain, and an X-ray
diffraction study is necessary to establish it. In most of the previously described
structures, the diphosphene ligand is in a rrans configuration [4], but there are some
examples with the diphosphene ligand in a c¢is configuration [5]. Such a geometry
could account for the large anisochrony (A» = 15 Hz) observed for the Cp ligands in
the complex 2.

The mechanism of formation of Cp,Ta(H)PPh), is unknown, but it can be
assumed that in a preliminary step the dihydride Cp,Ta(H,)PPh, is formed by
insertion of the fragment [Cp,TaH] into the Ph,P-H bond. We have been able to
synthesize the dihydride independently [6] and have observed that it is readily
converted into 2 by heating with Ph,PH. Complete identification of the various
intermediates in the reaction is the subject of further study now in progress.
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