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C5Me4HPMe2 reacts with 1-adamantyl azide to form the first
example of a new family of cyclopentadienylideneaminophos-
phorane ligands (1). Metallation of 1 with Lu(CH2SiMe3)3-
(THF)2 leads to the first cyclopentadienyl-phosphazene CGC

Introduction

Linked cyclopentadienyl-silylamido complexes of early
transition metals,[1–4] the so-called “constrained-geometry”
catalysts[5] (A; Scheme 1), have become one of the best de-
veloped classes of specially designed organometallics be-
cause of their industrial application as single-site olefin
polymerisation catalysts.[4–6] Isolobal analogues of ligands
A are the chelating cyclopentadienyl-phosphoranylidenes
(B) and cyclopentadienyl-phosphazenes (C).[7]

We found that corresponding ligand systems (B and C,
left) do exist in the thermodynamically more stable tauto-
meric form of cyclopentadienylidene-P-carbo- (B, right)
and P-amino-phosphoranes (C, right). In the framework of
our current studies on coordination and organometallic
chemistry of organophosphorus() ligands with different O,
S, Se, RN and RCH functionalities, synthesis and molecular
structures of the type B ligand precursors have been re-
cently developed and reported.[8] In this communication we
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2, isolobal to known group 4 cyclopentadienyl-silylamido
CGC systems.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Scheme 1. Isolobally related “constrained-geometry” complexes
and corresponding ligand systems.

present synthesis of the first example of type C ligands and
a new CGC lutetium complex thereof along with their crys-
tal structures.

Results and Discussion

Synthesis of cyclopentadienylidene-phosphorane-
C5Me4=PMe2–NHAd (Ad = Adamantyl-1) (1) was
achieved in 95% yield by the Staudinger reaction of the
phosphane C5Me4HPMe2, obtained in situ from C5Me4HLi
and Me2PCl (Scheme 2), with one equiv. of AdN3. 1H/13C
COSY was used for accurate assignment of all signals. It is
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interesting to note that the NH proton appears shifted up-
field at δ = 1.38 between the adamantyl-group CH2 mul-
tiplets.[9] The highly pure ligand crystallises from THF/
hexane mixtures as colourless plates. Simple metallation of
1 with Lu(CH2SiMe3)3(THF)2 in C6D6 at r.t. produced a
new “constrained-geometry” lutetium complex [η5:η1-
C5Me4PMe2NAd]Lu(CH2SiMe3)2 (2) in close to quantita-
tive yield.[10]

Scheme 2. Synthesis of 1 and 2.

Metallation of the ligand 1 (δP = 17.6) is accompanied
by a shift to δP = 9.6. Molecules of THF do not coordinate
to Lu in THF-containing solutions of 2, as confirmed by
the 1H NMR spectrum: one set of signals of THF protons
with distinct coupling is observed. Complex 2 is highly solu-
ble in alkanes and crystallises upon slow evaporation of the
reaction mixture at r.t. to give large colourless prisms. Both

Figure 1. ORTEP illustrations of the ligand 1 (left) and complex 2 (right) showing atom-numbering scheme. Thermal ellipsoids drawn at
the 35% probability level. C–H hydrogen atoms are omitted for clarity. Selected bond lengths [Å] and bond angles [°] for 1: C1–C5
1.439(2), C1–C2 1.444(2), C2–C3 1.380(2), P–C1 1.724(2), P–C10 1.803(2), P–N 1.659(1) N1–C12 1.482(2), N–H 0.84(2), P–N1–C12
133.8(1), N–P–C1 108.23(7), N–P–C10 109.63(8). For 2 (right): C1–C5 1.452(6), C1–C2 1.430(6), C2–C3 1.405(6), P–C1 1.774(4), P–C18
1.812(6), P–N1 1.600(3), N1–C20 1.486(5), Lu1–Cpcent 2.343(4), Lu1–N1 2.278(3), Lu1–C10 2.360(4), P–N1–C20 128.2(2), Lu1–N1–C20
128.0(2), P–N1–Lu1 103.7(2), N1–Lu1–C14 109.9(2), N1–Lu1–C10 115.8(2), C14–Lu1–C10 109.9(2).
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1 and 2 are thermally rather stable; their molecular struc-
tures are shown in Figure 1.

A comparison of these two structures underlines an in-
crease of the aromatic character of the Cp# moiety coordi-
nated to the Lu atom: the difference in C–C bond lengths
within the Cp# ring is 0.06 Å for 1 and 0.04 Å for 2.
P–CMe and N–CAd bonds are only 0.01 Å longer in 2 than
in 1. The P–CCp bond in 2 is 0.05 Å longer than in 1,
whereas the P–N bond in 2 is almost the same value
(0.06 Å) shorter than in 1. The rather short Lu–N bond
(2.28 Å) is much closer to the covalent Lu–N bond lengths
(2.21 Å) than to the donor–acceptor ones (2.48 Å) found in
the crystal structures of analogous Lu complexes – Cp*Lu-
(bipy)(NHDip)CH2SiMe3 and Cp*Lu(bipy)(NHDip)2.[11]

Lu–CH2 (2.36 Å) and Lu–Cp#
cent (2.33 Å) bond lengths lie

in the typical range of Lu σ-alkyl and η5-Cp* moieties.[11]

The 101.2° value of the N–P–CCp angle is similar to that of
N–Si–CCp in type A complexes. In combination with the
large radius of Lu, a more open coordination sphere and
as a consequence a small but probably nonbonding P···Lu
distance (3.08 Å) about 0.7 Å shorter than the sum of the
van der Waals radii of these elements (3.80 Å)[12] is ob-
served.

Conclusions
We have introduced the new cyclopentadienyl-phosphaz-

ene ligand system C and used it for the design of rare earth
metal organometallic chelate complexes of the constrained
geometry type. A crystal structure analysis of lutetium bis-
alkyl (2) has been presented, confirming that the isolobal
relation finds its counterpart in a structural relation to the
well-known class of cyclopentadienyl-silylamido complexes
of group 4 metals. Systematic synthetic, structural and reac-
tivity aspects of type B and C ligand systems and a series
of new organometallic complexes of s-, p-, d- and f-elements
will be discussed in a forthcoming full account.[13]
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Supporting Information: Spectra (see footnote on the first page of
this article).
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