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The wealth of chemistry demonstrated by metal ± carbene
species, summarized in a recent set of reviews,[1] illustrates the
great versatility that can be expected from these compounds.
Carbenes stimulate much interest because of the many
applications to catalysis and organic syntheses.[2] We have
recently reported on an extensive series of ™pincer∫ and
bridged dimer complexes derived from complete deprotona-
tion of the methylene center in bis(iminophosphanyl)-
methanes.[3±7] These complexes, which provide an alternative
approach to the generation of this reactive metal ± carbon
center, were assembled in all cases with a metal/carbon
combining ratio of 1:1 with only one phosphinimine ligand per

metal atom. These complexes possess ™carbene∫ character in
that the metal is multiply bound to the carbon center.

These complexes provided a number of Group 4 examples
which have been relatively rare[8] in contrast to the extensive
examples of conventional Group 5, 6, and 7 metal car-
benes.[2, 9±11] The reactivity patterns of these ™pincer∫ carbenes
with metals of Group 4 parallel the behavior of alkyli-
denes.[3, 6] We now report on a novel zirconium biscarbene
complex of this ligand system that contains a linear assembly
of two of these metal ± carbon multiple bond units and is the
first example of such a structure. The compound was obtained
by a spontaneous double deprotonation of the methylene
backbone of two ligands by a tetraalkylzirconium compound
in the same fashion as that used previously to make some of
the singly derivatized complexes. Biscarbene complexes of
early transition metals are exceptionally rare there being only
a few structurally characterized examples of biscarbene
complexes of Group 5 metals.[12±15]

The reaction of CH2(Me2P�NSiMe3)2[16] (1) with
[Zr(CH2C6H5)4][17] in a 2:1 ratio in toluene gave the biscar-
bene complex [Zr{C(Me2P�NSiMe3)2-�3C,N,N�}2] (2) in 30 ±
40% yield as a result of complete deprotonation of the acidic
methylene groups of the ligands [Eq. (1)]. Surprisingly, under

similar reaction conditions, analogous reactions carried out
with the ligands CH2(R2P�NSiMe3)2 (R�Ph or Cy) contain-
ing Ph or Cy instead of Me groups on the phosphorus center
did not yield the desired biscarbene product. This demon-
strates the uniqueness of the behavior of this methyl-
substituted ligand and suggests that steric factors play a key
role in the formation of this biscarbene complex.

The high symmetry of complex 2 is illustrated by the
observation of a single sharp resonance signal in the 31P{1H}
NMR spectrum. The absence of methylene backbone proton
signals for the ligand in the 1H NMR spectrum and the
appearance of a positive triplet for the backbone (P-C-P)
carbon atoms in the 13C{1H} APT spectrum (APT� attached
proton test) confirms the double deprotonation of the
methylene groups of the ligand. Both in the 31C{1H} and the
1H NMR spectra, the signals of the P-methyl groups appear as
™deceptively simple∫ triplets due to coupling with phosphorus
centers that are chemically but not magnetically equivalent,
commensurate with the high symmetry of the system.[18]

The molecular structure of 2 (Figure 1) is highly symmet-
ric.[19] The core structure consists of two mutually perpendic-
ular six-membered bicyclic planes, each containing the
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Figure 1. a) Molecular structure of 2 (ORTEP[19] view). All non-hydrogen
atoms are represented by Gaussian ellipsoids at the 20% probability level.
Hydrogen atoms are not shown. Selected interatomic distances [ä] and
angles [�]: Zr-C(1) 2.288(3), Zr-N 2.255(1), P-N 1.630(1), P-C(1) 1.6407(5),
P-C(2) 1.811(2), P-C(3) 1.813(2); P-C(1)-P� 173.9(2), Zr-C(1)-P 93.07(9),
N-Zr-N� 137.63(7), N-Zr-N�� 97.50(2), C(1)-P-N 103.4(1). b) Side view of the
core structure of 2.

tridentate pincer methanediide ligand moiety bound to the
central metal center in a spirocyclic fashion. Each of the six-
atom planes is formed from the two planar four-membered
rings that share a common Zr�C(1) edge. The dihedral angle
between these two planar, four-membered rings is 0� ; thus, the
two ligands are exactly mutually perpendicular and the six-
membered bicyclic ring unit is planar. The sum of the angles
around the carbene center C(1) is 360�, thus this center is also
planar. The C(1)-Zr-C(1)�� angle is exactly 180� by symmetry.

The bonding features within each ligand ±metal unit are
similar to those which we have encountered in our previously
reported systems.[3±7, 20±26] The only major difference between
the present biscarbene structure and the monocarbene com-
plex of zirconium is that the six-membered metallacycle in the
monoligated structure was not planar but rather subtended a
dihedral angle of 11.1(2)� between the two four-membered
rings.[7] The Zr�C bond length (2.288(3) ä) in the bis complex
is slightly longer than in the mono-ligated analogue,[7]

presumably because of the steric crowding at the metal
center. However, this M�C distance is shorter than those
observed in secondary alkylzirconium derivatives,[27] which
supports the assignment of multiple-bond character to the
metal ± carbene bond.

The bond lengths within the ligand framework of 2 are
considerably altered in comparison with those in the free
ligands.[28, 29] The P�N bond lengths are elongated and the

endocyclic P�C bond lengths are significantly shortened;
however, the exocyclic P�C distances are unaffected. The
P-C-P bond angle (173.9(2)�) in 2 is considerably wider
than in CH3CH{Ph2P�N(Tol)}2 (112.39(19�)[28] and in
H2C{Ph2P�NSiMe3}2 (124.9(2)�).[29] As noted before,[3] com-
parison of the bond parameters in the six-membered frame
with those of similar bis(iminophosphoranyl)methane ligands
suggests that there is �-electron delocalization within these
frames.
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Syntheses and Structures of Niobium Copper
Chalcogenido Clusters:
[Cu4Nb6Se12O(PMe3)10][Cu4NbSe4Cl2(PMe3)4] ¥
1.5DMF, [Cu4Nb2Se6(PMe3)8],
(NEt4)[Cu6Nb2S6Cl5(PEt3)6], and
[Cu6NbTe3(Te2)2(PEt3)6][CuCl2]**
Alexander Lorenz and Dieter Fenske*

Chalcogenometalates of molybdenum, tungsten, and vana-
dium, in particular the tetrachalcogenometalates [ME4]n�

(M�Mo, W, n� 2, E� S, Se; M�V, n� 3, E� S), have been
successfully used as complexing ligands for the synthesis of
heterodimetallic clusters, since M¸ller et al. first synthesized
(PPh4)2[Ni(WS4)2][1] in 1971.[2] As a result of the biochemical[3]

and industrial[4] interest in the coordination chemistry of
chalcogenomolybdates, -tungstenates, and -vanadates, these
compounds have been extensively researched, and a multi-
tude of M-M�-E clusters have been synthesized (M�V, Mo,
W, M��Fe, Cu, Ag, Au, etc., E� S, Se). In contrast, the
coordination chemistry of chalcogenoniobates or -tantalates
has remained relatively unexplored. Recently, we reported on
the reactivity of soluble chalcogenoniobates towards coinage
metal salts in which a series of novel Nb ±Cu or Nb ±Au
chalcogenide clusters were prepared by reactions of
Li3[NbS4] ¥ 4CH3CN,[5a,b] (NEt4)4[Nb6S17] ¥ 3CH3CN,[5c] and
(NEt4)2[NbE3(E�tBu)] (E� S, Se; E�� S;[5d,e] E�E�� Se[6])
with copper or gold salts in the presence of phosphane
ligands.[6] For example, polynuclear complexes containing a
[Cu2Nb2E4] heterocubane unit, such as [Cu2Nb2E4Cl2-
(PMe3)6] ¥DMF I (E� S, Se, DMF�N,N-dimethylforma-
mide) with two terminal chloro ligands, can be isolated.
Initial attempts to link the cluster units in I through bridging
Se atoms by the use of (Me3Si)2Se (and accompanying loss of
Me3SiCl) have not yet produced crystalline reaction products.
However, Wu et al. reported the successful in situ condensa-
tion of cluster complexes.[7] Following this concept, we
allowed (NEt4)2[NbSe3(SetBu)] and [CuCl(PMe3)3] to react
in DMF[8] and isolated two novel Nb ±Cu cluster compounds,
the nature of which was dependent on the amount of
(Me3Si)2Se added during the reaction. The molecular struc-
tures of the ionic compound 1 and the neutral cluster 2
(Scheme 1) were determined by X-ray diffraction.[9] Com-
pound 2 might have been formed by a reaction of intermedi-
ate [Cu2Nb2Se4Cl2(PMe3)6] with [CuCl(PMe3)3] and (Me3-
Si)2Se.

Compound 1 crystallizes in the orthorhombic space group
Pbcn with eight formula units per unit cell. The ionic
compound contains two heterodimetallic Nb-Cu-Se cluster
ions, [Cu4NbSe4Cl2(PMe3)4]2� and [Cu4Nb6Se12O(PMe3)10]2�.
The anion is formed by a [NbSe4] tetrahedron, in which four


