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Metal complexes with donor-functionalized cyclopentadienyl

ligands have been studied intensively in recent years because of

their potential applications as catalysts in polymerization procésses.
Replacement of cyclopentadienyl ring hydrogens by various sub-
stituents has been shown to result in significant changes in both
steric and electronic effects on the metal centers.

The most recent strategy in the design and modification of
catalysts for olefin polymerization involved the development of
noncyclopentadienyl-based complexes of group 4 metals, with
particular attention focused on nitrogen- and/or oxygen-containing
ligands? Given the impact of ligand design, we recently repotted
the preparation of new “heteroscorpionate” ligahdSur new
ligands are related to the tris(pyrazol-1-yl)methane sy$tbut,in
this case one of the pyrazole groups is replaced by a carboxylate
dithiocarboxylate, or ethoxy group to give a small degree of steric
hindrance and considerable coordinative flexibility.

However, despite the development of donor-functionalized
cyclopentadieny! ligands and the emerging importance of the
“heteroscorpionate” ligands, hybrid scorpionate/cyclopentadienyl-
lithium compound precursors for the introduction of these ligands
into transition metal complexes are unknown. With the aim of

addressing this situation, we have developed a simple and efficientf
synthetic route that allowed us to isolate the first hybrid scorpionate/ a

cyclopentadienyllithium compound as a precursor for a new class
of tridentate ligand.

Deprotonation at the methylene group of bis(3,5-dimethyl-
pyrazol-1-yl)methane (bdmpzmyvith Bu'Li, followed by reac-
tion with 6,6-diphenylfulvene yielded the lithium compound
[Li(bpzep)(THF)] 1 [bpzcp = 2,2-bis(3,5-dimethylpyrazol-1-yl)-
1,1-diphenylethylcyclopentadienyl] (see Scheme 1).
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The H and 3C{H} NMR spectra exhibits only one set of

'Figure 1. ORTEP diagram ol with 30% probability ellipsoids. Selected

bond lengths (A) and angles (deg): Li€i((1), 1.96(1); Li(1}N(1),
2.37(1); Li(1)-N(3), 2.13(1); O(1)Li(1)—N(3), 105.4(5); N(1)Li(1)—
N(3), 83.4(4); O(1)Li(1)—N(1), 103.5(5).

indicates a mononuclear formulation, which was corroborated by
an X-ray crystal structure determination fb{see Figure 1§.The
geometry around the Li atom can be described as a distorted
tetrahedron with a “heteroscorpionate” ligand that acts in a tridentate
shion (two coordinated pyrazole rings and a cyclopentadinyl ring)
and one molecule of THF. Both LN distances [2.37(1) and
2.13(1) A] are in good agreement with others determined for lithium
scorpionate or poly(pyrazolyl)methane comple¥&s® The GH,4

ring is unsymmetrically bonded to the Li atom, with-+€ bond
lengths ranging from 2.25(1) to 2.44(1) A, and these distances are
in agreement with other functionalized cyclopentadienyllithium
complexes?

This lithium compound is a new class of tridentate ligand and
has been used for the synthesis of a new zirconium complex. Thus,
lithium compoundL reacted at-70°C, in a 1:1 molar ratio (Scheme
1) with [ZrCl,] in THF to give, after the appropriate workup, the
complex [ZrChk(bpzcp)] @), which was isolated as a red solid. The
IH NMR spectrum of this complex exhibits one singlet for each of
the H', Me3, and Mé pyrazole protons and two multiplets for the
He and H cyclopentadienyl protons, indicating that the two
pyrazolyl rings are equivalent and that a symmetry plane exists.
These results are consistent with an octahedral structural disposition,
and«3-NN#°Cp coordination for the bpzcp ligand is proposed. The
13C{H} NMR spectrum of complex@2 confirms this disposition.
This complex constitutes the first example of a group 4 metal
complex bearing a hybrid scorpionate/cyclopentadienyl ligand.

To confirm the proposed structure for this complex, an X-ray
crystal structure analysis was carried out (see Figuré The

resonances, as would be expected for the presence of two eqUIV"’“enétructure consists of a heteroscorpionate ligand bonded to the

pyrazolyl rings in the molecule. The mass spectrum (FAB)L of
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zirconium atom through the two nitrogen atoms and the cyclo-
pentadienyl ring. In addition, the zirconium center is coordinated
to three chlorine atoms. This center has a distorted octahedral
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Figure 2. ORTEP diagram o2 with 30% probability ellipsoids. Selected
bond lengths (A) and angles (deg): ZrIY(3), 2.391(4); Zr(1¥N(1),
2.424(4); Zr(1)-CI(1), 2.479(1); Zr(1yCI(3), 2.468(1); Zr(1)Cl(2),
2.513(1); N(3)-Zr(1)—CI(3), 160.66(9); N(1)}Zr(1)—Cl(1), 158.32(9);
Cl(2)—Zr(1)—C(1), 148.6(1).

environment with a major distortion in the N¢xr(1)—CI(1) angle,
which has a value of 158.32(9)The Zr(1)-CI(1), Zr(1)-ClI(2),
and Zr(1)-CI(3) bond distances of 2.479(1), 2.513(1), and 2.468(1)
A, respectively, are as one would expect for a Zr pyrazolyl
complex!! In this complex, in contrast to lithium complel the
CsH, ring is symmetrically bonded to the Zr atom with-Z€ bond
distances of 2.523(4) to 2.572(4) A.

In conclusion, we describe here a simple and efficient method
for the preparation of the first hybrid scorpionate/cyclopenta-
dienyllithium compound as a new class of tridentate ligand. This
compound is an excellent reagent for the introduction of this ligand
into transition metal complexes, a fact confirmed by reaction with
a zirconium halide.
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