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The asymmetric ansa-ligand precursors
Me2Si(C5Me4H)(C5H4R) [R = CH2CH2PPh2 (1), PPh2 (2)] and
their lithium derivatives Li2{Me2Si(C5Me4)(C5H3R)} [R =
CH2CH2PPh2 (3), PPh2 (4)] have been prepared. The group
4 metal ansa complexes [M{Me2Si(η5-C5Me4)(η5-C5H3R)}Cl2]
[M = Ti, R = CH2CH2PPh2 (5), PPh2 (6); M = Zr, R =
CH2CH2PPh2 (7), PPh2 (8); M = Hf, R = CH2CH2PPh2 (9), PPh2

(10)] were obtained by the reaction of [TiCl4(THF)2] or MCl4
(M = Zr or Hf) and the corresponding lithiated ansa derivat-
ive. The reaction of complexes 7 and 8 with two equivalents
of MgMeCl led to the formation of the alkyl complexes
[Zr{Me2Si(η5-C5Me4)(η5-C5H3R)}Me2] [R = CH2CH2PPh2

(11), PPh2 (12)]. Methyl abstraction from 11 and 12 with
B(C5F6)3 gave the cationic species [Zr{Me2Si(η5-C5Me4)-
(η5-C5H3R)}Me]+ [R = CH2CH2PPh2 (13), PPh2 (14)]. The in-

Introduction

The use of ansa-cyclopentadienyl ligands has received
wide attention in the chemistry of group 4 metals,[1] due
mainly to their ability to impart to their complexes a select-
ive degree of catalytic activity.[2] Recent studies have dem-
onstrated that the incorporation of an ansa bridge may have
a profound influence on the chemistry of the metallocene
system.[3]

In 1996 we reported the first ansa-niobocene complexes,
in which both cyclopentadienyl rings are bound only in an
η5 mode to niobium,[4] and since then several complexes of
this type have been described.[5]

Furthermore the use of substituted ansa-cyclopentadienyl
ligands in the synthesis of group 4 metal complexes and
their importance in catalysis is receiving special attention,[6]

but there are only a few examples for group 5.[3b,5d,6�8]

Some examples of asymmetric ansa-zirconocene complexes
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sertion reaction of the isocyanide reagent CNC6H3Me2-2,6
into the Zr−Me bond of complex 12 giving the corresponding
η2-iminoacyl compound [Zr{Me2Si(η5-C5Me4)(η5-
C5H3PPh2)}{η2-MeC=N(C6H3Me2-2,6)}(Me)] (15) is de-
scribed. The ansa-niobocene imide [Nb(=NtBu){Me2Si(η5-
C5Me4)(η5-C5H3PPh2)}Cl] (16) and the niobocene imide com-
plexes [Nb(=NtBu)(η5-C5H4PPh2)2Cl] (17) were synthesised
by the reaction of [Nb(=NtBu)Cl3(py)2] with
Li2{Me2Si(C5Me4)(C5H3PPh2)} (4) or two equivalents of
Li(C5H4PPh2), respectively. Preliminary results for the cata-
lytic activity of 7 and 8 in the polymerization of ethylene
are presented.

( Wiley-VCH Verlag GmbH, 69451 Weinheim, Germany,
2002)

have been described,[8�10] although the vast majority con-
tain indenyl or fluorenyl systems.[11]

Chiral group 4 ansa-metallocene complexes are import-
ant stereoselective olefin polymerization catalysts, and have
also been used as catalysts or reagents in stereoselective ol-
efin and imine hydrogenation, Diels�Alder reactions, and
cyclopolymerization.[12] We are investigating the stereoselec-
tive synthesis of ansa-metallocene complexes and the ap-
plication of these compounds as catalysts. For example, we
recently developed a general synthesis of some SiMe2-
bridged asymmetric ansa-zirconocene complexes[8,9] and
this series of highly active C1 symmetric olefin polymeriz-
ation catalysts polymerize propylene with a high level of
stereospecificity.[9] Our research in this area is now focused
on the elucidation of the mechanism of olefin polymeriz-
ation as well as on the use of new types of metallocene
complexes in stereoselective catalysis.

The role of cyclopentadienyl ligands with attached ter-
tiary phosphane groups in the chemistry of metallocene
complexes has been well documented.[13] In the chemistry
of group 4 elements several examples of this type of
complex have been described. These include [Ti(η-
C5H4CH2CH2PPh2)2Cl2][14] and [Zr(η-C5H4CMe2-
PPh2)2X2] (X � Cl, Me).[15] Special interest in this chem-
istry has been placed in the ability of the phosphane moiety
to join two different metallic centres[16] and to stabilize cat-
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ionic species by intramolecular bonding to the metal
centre.[15] However, despite the large number of related
complexes reported there has been only one publication on
the use of phosphane-substituted cyclopentadienyl ligands
in the chemistry of the group 5 elements, in which the syn-
thesis and reactivity of the tantalum complex, [Ta(η-
C5Me5)(η-C5H4PPh2)Cl2] is described.[17] To the best of our
knowledge the incorporation of such precursors in ansa-
metallocene systems has not been reported previously.

As an extension of our previous work related to ansa-
metallocene complexes of zirconium and niobium[4,5d,8,9] we
now report the synthesis and characterization of the first
phosphane-substituted ansa-cyclopentadienyl ligands and
their incorporation in new metallocene complexes of the
group 4 and 5 elements.

Results and Discussion

We have previously reported the synthesis of asymmetric-
ally substituted cyclopentadienyl ansa ligands such as
Me2Si(C5Me4H)(C5H4R) (R � H, Me, Et, iPr, tBu,
SiMe3)[8,9] and using the same methodology the ansa li-
gands Me2Si(C5Me4H)(C5H4CH2CH2PPh2) (1) and
Me2Si(C5Me4 H)(C5H4PPh2) (2) and their lithium derivat-
ives Li2{Me2Si(C5Me4)(C5H3CH2CH2PPh2)} (3) and
Li2{Me2Si(C5Me4)(C5H3PPh2)} (4) were prepared [Equa-
tion (1)].

(1)

The possibility of various isomers for the ansa ligands 1
and 2 was confirmed by 1H NMR spectroscopy. In addition
1 and 2 were characterised by electron impact mass spectro-
metry (see Exp. Sect.).

The reaction of the di-lithium derivatives of the phos-
phane-substituted ansa ligands 3 and 4 with [TiCl4(THF)2]
gave the ansa-titanocene() complexes [Ti{Me2Si(η5-
C5Me4)(η5-C5H3CH2CH2PPh2)}Cl2] (5) and [Ti{Me2Si(η5-
C5Me4)(η5-C5H3PPh2)}Cl2] (6) [see Equation (2)].

(2)
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Complexes 5 and 6 were isolated as crystalline solids and
characterised spectroscopically. Their 1H NMR spectra
show the lack of symmetry in these chiral C1 symmetric
complexes. Observed signals were assigned to the four in-
equivalent methyl groups attached to one of the cyclo-
pentadienyl rings, the two distinct methyl groups of the
SiMe2 bridge and the three protons of the functionalized
cyclopentadienyl moiety (see Exp. Sect.). In addition, in the
1H NMR spectrum of 5 the expected signals for the alkyl
chain and phenyl groups were observed. The 31P NMR
spectrum of 5 and 6 gave unique signals at δ � �42.8 and
δ � �44.0 ppm, respectively indicating that the phosphorus
atom is not interacting directly with the metal centre.[13b]

The ansa-metallocene complexes [M{Me2Si(η5-
C5Me4)(η5-C5H3R)}Cl2] [M � Zr, R � CH2CH2PPh2 (7),
PPh2 (8); M � Hf, R � CH2CH2PPh2 (9), PPh2 (10)] were
prepared by the reaction of 3 or 4 with ZrCl4 or HfCl4
[see Equation (2)].

The 1H NMR spectra for 7�10 concurred with those re-
corded for their titanocene analogues 5 and 6 (see Exp.
Sect.). Complexes 5�10 represent, to the best of our know-
ledge, the first examples of group 4 ansa-metallocene com-
plexes containing phosphane-substituted cyclopentadienyl
moieties.

Compounds 7 and 8 were tested as catalysts in the poly-
merization of ethylene. The experiments were conducted at
25 °C and 1.5 bar with a zirconocene/MAO ratio of 1:500.
Compared with [Zr(η5-C5H5)2Cl2] [5000 kg polymer (mol
Zr·h)�1], complex 8 has a somewhat lower catalytic activity
[3110 kg polymer (mol Zr·h)�1]. Complex 7 was found to
be a very poor catalyst [600 kg polymer (mol Zr·h)�1]. The
interaction of MAO with the phosphane group and the con-
sequent steric effects exerted by the bulky Ph2P-MAO unit
may be responsible for the low catalytic activities observed.

The alkylzirconocene derivatives [Zr{Me2Si(η5-
C5Me4)(η5-C5H3R)}Me2] [R � CH2CH2PPh2 (11), PPh2

(12)] were prepared by the reaction of two equivalents of
the Grignard reagent MgMeCl with the corresponding
ansa-metallocene dichloride complex 5 or 6, respectively
[see Equation (3)].

(3)

Compounds 11 and 12 were characterised by spectro-
scopic methods (see Exp. Sect.). 1H NMR spectroscopy
showed the expected signals for the C1 symmetric com-
plexes 11 and 12. For the metal-bonded methyl groups two
singlets at δ � �0.48 and �0.35 ppm were observed for 11.
In 12 these signals overlap to give one peak at δ � �0.49
ppm. However, the 13C NMR spectrum of 12 gave the ex-
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pected two distinct signals for the metal-bonded methyl
groups. The 31P NMR spectrum of 11 and 12 showed no
significant changes with respect to their parent compounds
7 and 8 and therefore it can be proposed that there is no
alteration in the coordination mode of the phosphorous
atom.

The reaction of 11 and 12 with one molar equivalent of
B(C6F5)3 gave the cationic species [Zr{Me2Si(η5-
C5Me4)(η5-C5H3R)}Me]� [R � CH2CH2PPh2 (13), PPh2

(14)] with MeB(C6F5)3 as the counteranion. The borane re-
agent reacts preferentially at the more nucleophilic methyl
group rather than the phosphane substituent. Complexes
13 and 14 were characterised by 1H, 11B and 31P NMR
spectroscopy. The 1H NMR spectra of 13 and 14 revealed
the disappearance of one methyl peak and a shifting of the
remaining peaks. In addition the Me-B proton resonance
was observed as a broad signal at δ � 0.31 ppm.

Initially there exists two possibilities for the methyl ab-
straction of 11 and 12. The borane derivative can interact
with either the methyl group positioned below or that ori-
entated away from the phosphane substituent of the cyclo-
pentadienyl moiety. 1H NMR spectroscopy revealed in all
cases the presence of only one compound and it appears
likely on the grounds of steric effects that this corresponds
to the product of the alkyl abstraction at the less hindered
metal-methyl group. Nevertheless we cannot rule out the
rapid exchange of coordination positions between the
metal-methyl and boron-coordinated methyl groups; for a
similar Cs symmetric ansa-system, [Zr{Me2Si(η5-
C5Me4)(η5-C5H4)}Me]�,[9] however, such a phenomenon
was not observed. An extensive study into the behaviour of
alkyl-zirconocene borate ion pairs has been published re-
cently.[18]

31P NMR spectroscopy revealed that the phosphane
groups in 13 and 14 behave in different ways. For 13 a signal
at δ � �4.3 ppm (compared with δ � �40.0 ppm for the
parent compound 11) was observed in the 31P NMR spec-
trum. This is indicative of a change in the coordination
mode of the phosphorous atom.[13b] This shift can be ex-
plained by the fact that the abstraction of a methyl group
by B(C6F5)3 creates a vacant coordination site at the metal
centre which is occupied by the phosphorous atom of the
pendant phosphane ligand (see Figure 1). However, in 14
the geometric restrictions of the phosphane group which is
directly attached to the cyclopentadienyl moiety inhibit its
coordination to the metal centre in the cationic species and

Figure 1. Proposed structure for [Zr{Me2Si(η5-C5Me4)(η5-
C5H3CH2CH2PPh2)}Me][MeB(C6F5)3] (13)
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thus 31P NMR spectroscopy gives a signal at δ � �41.4
ppm similar to that observed for the parent complex 12
(see Figure 2).

Figure 2. Proposed structure for [Zr{Me2Si(η5-C5Me4)(η5-
C5H3PPh2)}Me][MeB(C6F5)3] (14)

The reaction of the isocyanide reagent CNC6H3Me2-2,6
with 12 has also been studied [Equation (4)]. The product
of the insertion reaction [Zr{Me2Si(η5-C5Me4)(η5-
C5H3PPh2)}{η2-MeC�N(C6H3Me2-2,6)}(Me)] (15) was
characterised by 1H, 13C and 31P NMR spectroscopy.

The migratory insertion of alkyl groups towards isocyan-
ide ligands allows the introduction of iminoacyl groups,
which are present in different coordination modes. In fact,
for high-valent oxophilic early transition metals, the imino-
acyl group typically adopts an η2-coordination mode
through both the nitrogen and carbon atoms.[19] Similarly,
an η2-coordination mode is proposed for the iminoacyl li-
gand in 15 on the basis of IR and 13C NMR spectroscopy,
which show the characteristic ν(C�N) stretching vibration
at 1584 cm�1 and the iminoacyl quaternary carbon atom
signal at δ � 246.8 ppm, respectively.

The 1H NMR spectrum of 15, in addition to the expected
signals for the ansa-metallocene protons, gave signals for
the metal-bonded methyl group at δ � 0.28 ppm and for
the iminoacyl methyl group at δ � 2.19 ppm. The chemical
shift observed for the only signal in the 31P NMR spectrum
(δ � �43.5 ppm) showed that the chemical properties of
the phosphorous atom remained unaltered with respect to
the parent complex.

In 12 the two methyl groups are not equivalent and the
insertion of the isocyanide probably occurs preferentially
into one of the metal-methyl bonds. This was confirmed by
NMR spectroscopy, which showed the presence of only one
of the possible isomers. For steric reasons we propose that
the insertion takes place at the metal-methyl group that is
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orientated away from the bulky phosphane moiety (Fig-
ure 3).

Figure 3. Two possible conformations for the metal-iminoacyl com-
plex 15

In addition the iminoacyl group can position itself in two
distinct conformations, the ‘‘proximal’’ or ‘‘N-outside’’ and
the ‘‘distal’’ or ‘‘N-inside’’ configurations (see Figure 3). 1H
and 13C NMR spectroscopic data indicated the presence of
only one of the two possible conformations. Although it
has been demonstrated that the N-outside isomer is the re-
sulting initial kinetic iminoacyl product of the insertion re-
action, most group 4 metal derivatives show the structure
of the N-inside isomer which results from thermodynamic
control.[20] For 15 the isolated product was observed not to
evolve over time and, in addition, the NOE experiment
showed a negligible effect between the metal-methyl and im-
inoacyl-methyl groups. Therefore we propose that 15 is the
product resulting from thermodynamic control and adopts
the N-inside conformation.

A second insertion into the remaining methyl group was
not observed even when stoichiometries greater than 1:1
were tested.

The use of phosphane-substituted cyclopentadienyl li-
gands in the chemistry of group 5 elements has been re-
stricted to one reference concerning the tantalum complex
[Ta(η-C5Me5)(η-C5H4PPh2)Cl2] and its reactivity.[17] To the
best of our knowledge there have been no reports of this
type of compounds in the chemistry of niobium.

By the reaction of the lithium derivative
Li2{Me2Si(C5Me4)(C5H3PPh2)} (4) with [Nb(�
NtBu)Cl3(py)2] we have also prepared the ansa-phosphane
niobocene imido complex [Nb(�NtBu){Me2Si(η5-
C5Me4)(η5-C5H3PPh2)}Cl] (16) [Equation (5)]. The com-
plex [Nb(�NtBu)(η5-C5H4PPh2)2Cl] (17), was prepared in
a similar manner by reaction of two equivalents of
Li(C5H4PPh2) with [Nb(�NtBu)Cl3(py)2].

By comparison with our previous work in im-
idoniobocene chemistry[5d,8,21] we can assume that the im-
ido group acts as a four-electron donor. Complexes 16 and
17 can therefore be considered as ‘‘20-electron’’ complexes.
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However the two excess electrons are most probably located
in a ligand-based orbital as has previously been reported
for similar compounds.[22]

Both 16 and 17 were characterised spectroscopically. The
1H NMR spectrum of 16 showed the lack of symmetry in
this chiral complex. The four methyl groups attached to the
cyclopentadienyl ring are inequivalent as are the methyl
groups of the SiMe2 bridge. In addition signals were ob-
served for the alkyl-imido and phenyl groups and the three
protons of the phosphane-substituted cyclopentadienyl
moiety (see Exp. Sect.). In the case of 17 an ABCD system
was observed in the 1H NMR spectrum due to the inequi-
valency of the cyclopentadienyl ring protons, although a
plane of symmetry makes the two cyclopentadienyl rings
equivalent, thus giving four multiplets for the eight ring
protons. The expected signals for the alkyl-imido and
phenyl groups were also observed (see Exp. Sect.).

Complex 16 has the possibility to form two isomers de-
pending on the position of the phosphane group, which can
either be orientated towards or away from the imido group
(see Figure 4). 1H NMR spectroscopy revealed that only
one isomer was present. For other alkyl-substituted ansa-
niobium complexes this same phenomenon was observed,[8]

and all the molecular structures reported for related com-
plexes revealed that the substituent was situated pointing
away from the bulky imido group. It is logical to assume
the same is true for 16 and therefore the proposed structure
(a) is that illustrated in Figure 4.

Figure 4. Possible isomers for [Nb(�NtBu){Me2Si(η5-C5Me4)(η5-
C5H3PPh2)}Cl] (16)

In conclusion we have reported the synthesis of new pho-
sphane-containing ansa-cyclopentadienyl ligands and their
lithium derivatives. We have prepared the first phosphane-
substituted ansa-metallocene complexes with group 4 and
group 5 elements. The catalytic activity of the zirconocene
complexes has been tested in olefin polymerization and dis-
cussed as a function of the phosphane group attached to
the cyclopentadienyl ring. The reactivity of some of these
compounds has been described.

Experimental Section

General Remarks: All reactions were performed using standard
Schlenk-tube techniques under an atmosphere of dry nitrogen.
Solvents were distilled from appropriate drying agents and de-
gassed before use. K(C5H4CH2CH2PPh2),[23] Li(C5H4PPh2)[24] and
[Nb(�NtBu)Cl3(py)2][25] were prepared as described earlier.
[TiCl4(THF)2], ZrCl4, HfCl4, Me2Si(C5Me4H)Cl, MgMeCl,
B(C6F5)3 and (2,6-dimethylphenyl)isocyanide were purchased from
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Aldrich and used directly. IR spectra were recorded on a
Perkin�Elmer PE 883 IR spectrophotometer. 1H and 13C spectra
were recorded on Varian FT-300 and Varian Gemini FT-200 spec-
trometers and referenced to the residual deuterated solvent. Mic-
roanalyses were carried out with a Perkin�Elmer 2400 micro ana-
lyzer. Mass spectroscopic analyses were performed on a
Hewlett�Packard 5988A (m/z � 50�1000) instrument (electron
impact).

Preparation of Me2Si(C5Me4H)(C5H4CH2CH2PPh2) (1):
Me2Si(C5Me4H)Cl (1.36 g, 6.32 mmol) in THF (50 mL) was added
to a solution of K(C5H4CH2CH2PPh2) (2.00 g, 6.32 mmol) in THF
(50 mL) at �78 °C. The reaction mixture was allowed to warm to
room temperature and stirred for 18 h. Solvent was removed in
vacuo and hexane (150 mL) was added to the resulting orange oil.
The mixture was filtered and solvent removed from the filtrate un-
der reduced pressure to yield the title compound as a yellow oil
(2.78 g, 96%). 1H NMR (200 MHz, C6D6, 25 °C) (for the predom-
inant isomer, 60%): δ � 0.10 (s, 6 H, SiMe2), 1.75 and 1.85 (2s, each
6 H, C5Me4), 2.20�2.60 and 3.00�3.30 (2m, each 2 H, -CH2CH2-),
2.80 and 3.47 (2m, each 1 H, HC5), 6.35, 6.37 and 6.56 (3m, each
1 H, C5H3), 7.00�7.60 (m, 10, PPh2) ppm. EI-MS: m/z (%) � 456
(25) [M�], 335 (30) [M� � C5Me4H], 179 (100) [M� �

C5H4CH2CH2PPh2], 123(65) [M� � C5Me4H � CH2CH2PPh2].

Preparation of Me2Si(C5Me4H)(C5H4PPh2) (2): The synthesis of 2
was carried out in an identical manner to 1. Me2Si(C5Me4H)Cl
(1.10 g, 5.12 mmol) and Li(C5H4PPh2) (1.31 g, 5.12 mmol). Yield
2.05 g, 94%. 1H NMR (200 MHz, C6D6, 25 °C) (for the predomin-
ant isomer, 60%): δ � 0.05 (s, 6 H, SiMe2), 1.70 and 1.80 (2s, each
6 H, C5Me4), 3.05 and 3.35 (2m, each 1 H, HC5), 6.28, 6.32 and
6.52 (3m, each 1 H, C5H3), 7.00�7.60 (m, 10, PPh2) ppm. EI-MS:
m/z (%) � 428 (20) [M�], 307 (25) [M� � C5Me4H], 179 (100) [M�

� C5H4PPh2], 123(70) [M� � C5Me4H � PPh2].

Preparation of Li2{Me2Si(C5Me4)(C5H3CH2CH2PPh2)} (3): nBuLi
(1.6  in hexane) (7.6 mL, 12.18 mmol) was added via syringe to a
solution of 1 (2.78 g, 6.09 mmol) in Et2O (75 mL) at �78 °C. The
mixture was allowed to warm to 10 °C and stirred for 15 h. Solvent
was removed in vacuo to give a white solid which was washed with
hexane (2 � 50 mL) and dried under vacuum to yield a white solid
of the title complex (2.74 g, 96%). C30H35Li2PSi (468.5): calcd. C
76.90, H 7.53; found C 76.62, H 7.43.

Preparation of Li2{Me2Si(C5Me4)(C5H3PPh2)} (4): The synthesis of
4 was carried out in an identical manner to 3 from 2 (2.19 g,
5.11 mmol) and nBuLi (1.6  in hexane) (6.39 mL, 10.22 mmol).
Yield 2.09 g, 93%. C28H31Li2PSi (440.5): calcd. C 76.35, H 7.09;
found C 76.19, H 7.00.

Preparation of [Ti{Me2Si(η5-C5Me4)(η5-C5H3CH2CH2PPh2)}Cl2]
(5): Compound 3 (1.50 g, 3.20 mmol) in THF (50 mL) was added
to a solution of [TiCl4(THF)2] (1.07 g, 0.64 mmol) in THF
(50 mL). The resulting dark red solution was stirred for 18 h. Sol-
vent was removed in vacuo and toluene (75 mL) was added. The
suspension was filtered and the filtrate was concentrated (10 mL)
and cooled (�30 °C) to yield the title complex as a red crystalline
solid (1.17 g, 64%). 1H NMR (200 MHz, C6D6, 25 °C): δ � �0.01
and 0.34 (2s, each 3 H, SiMe2), 1.45, 1.60, 2.07 and 2.09 (4s, each
3 H, C5Me4), 2.04�2.61 and 2.98�3.35 (2m, each 2 H, -CH2CH2-),
4.88, 5.31 and 6.93 (3m, each 1 H, C5H3), 7.06�7.12, 7.32�7.55
(m, 10 H, PPh2) ppm. 13C{1H} NMR (300 MHz, C6D6, 25 °C):
δ � �0.7, �0.6 (SiMe2), 12.1, 12.2, 14.5, 14.7 (C5Me4), 27.0 (d,
1JC,P � 19.7 Hz), 28.6 (d, 2JC,P � 13.8 Hz) (-CH2CH2-), 110.0,
110.7, 112.6 125.0, 126.10 (C5H3), 128.0�141.0 (various signals as-
signed to PPh2 and C5Me4) ppm. 31P{1H} NMR (300 MHz, C6D6,
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25 °C): δ � �42.8 ppm. C30H35Cl2PSiTi (573.5): calcd. C 62.84, H
6.15; found C 62.56, H 6.09.

The syntheses of 6�10 were carried out in an identical manner to 5.

[Ti{Me2Si(η5-C5Me4)(η5-C5H3PPh2)}Cl2] (6): From [TiCl4(THF)2]
(1.18 g, 0.89 mmol) and 4 (1.56 g, 3.54 mmol). Yield 1.12 g, 58%.
1H NMR (200 MHz, C6D6, 25 °C): δ � 0.08 and 0.16 (2s, each 3
H, SiMe2), 1.39, 1.54, 1.96 and 2.04 (4s, each 3 H, C5Me4), 5.34,
5.45 and 6.32 (3m, each 1 H, C5H3), 7.37�7.74 (m, 10 H, PPh2)
ppm. 13C{1H} NMR (300 MHz, C6D6, 25 °C): δ � �1.1, �0.2
(SiMe2), 11.3, 12.9, 13.6, 13.9 (C5Me4), 110.4, 112.6, 117.4, 118.4
(d, 1JC,P � 32.4 Hz), 125.6 (C5H3), 128.0�138.0 (various signals
assigned to PPh2 and C5Me4) ppm. 31P{1H} NMR (300 MHz,
C6D6, 25 °C): δ � �42.2 ppm. C28H31Cl2PSiTi (545.4): calcd. C
61.66, H 5.73; found C 61.47, H 5.66.

[Zr{Me2Si(η5-C5Me4)(η5-C5H3CH2CH2PPh2)}Cl2] (7): From
ZrCl4 (0.99 g, 4.27 mmol) and 3 (2.00 g, 4.27 mmol). Yield 1.37 g,
52%. 1H NMR (200 MHz, C6D6, 25 °C): δ � 0.33 and 0.37 (2s,
each 3 H, SiMe2), 1.58, 1.69, 1.98 and 1.99 (4s, each 3 H, C5Me4),
2.28�2.57 and 2.95�3.26 (2m, each 2 H, -CH2CH2-), 5.04, 5.37
and 6.72 (3m, each 1 H, C5H3), 7.01�7.10, 7.43�7.53 (m, 10 H,
PPh2) ppm. 13C{1H} NMR (300 MHz, C6D6, 25 °C): δ � �0.7,
�0.6 (SiMe2), 12.3, 12.4, 14.8, 15.0 (C5Me4), 27.0 (d, 1JC,P �

19.8 Hz), 28.6 (d, 2JC,P � 13.5 Hz) (-CH2CH2-), 112.3, 113.1, 125.0,
125.1, 126.1 (C5H3), 128.0�141.0 (various signals assigned to PPh2

and C5Me4) ppm. 31P{1H} NMR (300 MHz, C6D6, 25 °C): δ �

�39.5 ppm. C30H35Cl2PSiZr (616.8): calcd. C 58.42, H 5.72; found
C 58.33, H 5.68.

[Zr{Me2Si(η5-C5Me4)(η5-C5H3PPh2)}Cl2] (8): From ZrCl4 (0.80 g,
3.41 mmol) and 4 (1.50 g, 3.41 mmol). Yield 1.12 g, 55%. 1H NMR
(200 MHz, C6D6, 25 °C): δ � 0.18 and 0.30 (2s, each 3 H, SiMe2),
1.56, 1.64, 1.95 and 2.00 (4s, each 3 H, C5Me4), 5.54 (2 H), 6.75 (1
H) (m, C5H3), 6.97�7.13, 7.38�7.73 (m, 10 H, PPh2) ppm.
13C{1H} NMR (300 MHz, C6D6, 25 °C): δ � �1.0, �0.7 (SiMe2),
12.4, 12.5, 14.8, 15.0 (C5Me4), 110.7, 114.4, 116.5, 120.4, 125.4 (d,
1JC,P � 33.6 Hz) (C5H3), 128.0�138.0 (various signals assigned to
PPh2 and C5Me4) ppm. 31P{1H} NMR (300 MHz, C6D6, 25 °C):
δ � �43.8 ppm. C28H31Cl2PSiZr (588.7): calcd. C 57.12, H 5.31;
found C 56.99, H 5.25.

[Hf{Me2Si(η5-C5Me4)(η5-C5H3CH2CH2PPh2)}Cl2] (9): From
HfCl4 (1.08 g, 3.37 mmol) and 3 (1.58 g, 3.37 mmol). Yield 1.45 g,
61%. 1H NMR (200 MHz, C6D6, 25 °C): δ � 0.31 and 0.35 (2s,
each 3 H, SiMe2), 1.63, 1.75, 1.99 and 2.00 (4s, each 3 H, C5Me4),
2.24�2.59 and 2.98�3.24 (2m, each 2 H, -CH2CH2-), 4.98, 5.31
and 6.62 (3m, each 1 H, C5H3), 7.01�7.10, 7.40�7.51 (m, 10 H,
PPh2) ppm. 13C{1H} NMR (300 MHz, C6D6, 25 °C): δ � �0.7,
�0.6 (SiMe2), 12.1, 12.2, 14.5, 14.7 (C5Me4), 27.0 (d, 1JC,P �

19.7 Hz), 28.6 (d, 2JC,P � 13.8 Hz) (�CH2CH2-), 110.0, 110.7,
112.61 125.0, 126.1 (C5H3), 128.0�141.0 (various signals assigned
to PPh2 and C5Me4) ppm. 31P{1H} NMR (300 MHz, C6D6, 25 °C):
δ � �39.8 ppm. C30H35Cl2HfPSi (704.1): calcd. C 51.18, H 5.01;
found C 50.91, H 4.90.

[Hf{Me2Si(η5-C5Me4)(η5-C5H3PPh2)}Cl2] (10): From HfCl4
(1.10 g, 3.43 mmol) and 4 (1.51 g, 3.43 mmol). Yield 1.37 g, 59%.
1H NMR (200 MHz, C6D6, 25 °C): δ � 0.20 and 0.32 (2s, each 3
H, SiMe2), 1.65, 1.73, 1.99, 2.05 (4s, each 3 H, C5Me4), 5.52, 5.54
and 6.72 (3m, each 1 H, C5H3), 6.99�7.14, 7.37�7.71 (m, 10 H,
PPh2) ppm. 13C{1H} NMR (300 MHz, C6D6, 25 °C): δ � �1.0,
�0.7 (SiMe2), 12.2, 12.3, 14.5, 14.7 (C5Me4), 112.1, 114.3, 116.5,
120.1, 125.4 (d, 1JC,P � 33.6 Hz) (C5H3), 128.0�138.0 (various sig-
nals assigned to PPh2 and C5Me4) ppm. 31P{1H} NMR (300 MHz,
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C6D6, 25 °C): δ � �41.0 ppm. C28H31Cl2HfPSi (676.0): calcd. C
49.75, H 4.62; found C 49.63, H 4.55.

Preparation of [Zr{Me2Si(η5-C5Me4)(η5-C5H3CH2CH2PPh2)}Me2]
(11): A 3  solution of MgMeCl in THF (0.43 mL, 1.30 mmol) was
added to a stirred solution of 7 (0.40 g, 0.65 mmol) in THF (50 mL)
at �78 °C. The solution was allowed to warm to room temperature
and stirred for 4 h. Solvent was removed in vacuo and the re-
maining solid extracted with hexane (30 mL). A white crystalline
solid was obtained by concentrating (5 mL) and cooling (�30 °C)
the solution (0.30 g, 81%). 1H NMR (200 MHz, C6D6, 25 °C): δ �

�0.48 and �0.35 (2s, each 3 H, Zr-CH3), 0.34 and 0.37 (2s, each
3 H, SiMe2), 1.54, 1.65, 1.91 and 1.92 (4s, each 3 H, C5Me4),
2.38�3.05 (m, 4 H, -CH2CH2-), 5.05, 5.28 and 6.58 (3m, each 1 H,
C5H3), 7.01�7.14, 7.42�7.52 (m, 10 H, PPh2) ppm. 13C{1H} NMR
(300 MHz, C6D6, 25 °C): δ � �0.3, 1.4 (SiMe2), 11.6, 11.7, 14.3,
14.5 (C5Me4), 26.9 (d, 1JC,P � 19.6 Hz), 30.5 (d, 2JC,P � 8.6 Hz)
(�CH2CH2-), 31.4, 35.2 (Zr-CH3), 111.4, 112.2, 125.0, 125.1, 126.1
(C5H3), 128.0�140.0 (various signals assigned to PPh2 and C5Me4)
ppm. 31P{1H} NMR (300 MHz, C6D6, 25 °C): δ � �40.0 ppm.
C32H41PSiZr (576.0): calcd. C 66.73, H 7.18; found C 66.51, H
7.12.

Preparation of [Zr{Me2Si(η5-C5Me4)(η5-C5H3PPh2)}Me2] (12):
The synthesis of 12 was carried out in an identical manner to that
of 11, with a 3  solution of MgMeCl in THF (0.51 mL,
1.52 mmol) and 8 (0.45 g, 0.76 mmol). Yield 0.34 g, 80%. 1H NMR
(200 MHz, C6D6): δ � �0.49 (s, 6 H, Zr-CH3), 0.26 and 0.37 (2s,
each 3 H, SiMe2), 1.56, 1.63, 1.89 and 1.97 (4s, each 3 H, C5Me4),
5.47, 5.57 and 6.74 (3m, each 1 H, C5H3), 7.07�7.17, 7.52�7.74
(m, 10 H, PPh2) ppm. 13C{1H} NMR (300 MHz, C6D6, 25 °C):
δ � �0.7, 0.1 (SiMe2), 11.6, 11.7, 14.4, 14.5 (C5Me4), 37.3, 37.7
(Zr-CH3), 110.4, 115.6, 116.5, 125.5, 127.4 (C5H3), 128.0�140.0
(various signals assigned to PPh2 and C5Me4) ppm. 31P{1H} NMR
(300 MHz, C6D6, 25 °C): δ � �44.1 ppm. C30H37PSiZr (547.9):
calcd. C 65.76, H 6.81; found C 65.49, H 6.71.

Preparation of [Zr{Me2Si(η5-C5Me4)(η5-C5H3CH2CH2PPh2)}Me]-
[MeB(C6F5)] (13): A solution of B(C6F5)3 (0.25 g, 0.49 mmol) in
toluene (25 mL) was added to a stirred solution of 11 (0.28 g,
0.49 mmol) in toluene (25 mL) at �78 °C. The mixture was allowed
to warm to room temperature and stirred for 30 min. Solvent was
removed in vacuo to give the title complex as an orange oil. 1H
NMR (300 MHz, [D8]toluene, 25 °C): δ � �0.11 (s, 3 H, Zr-CH3),
0.31 (br, 3 H, B-CH3), 0.50 and 1.17 (2s, each 3 H, SiMe2), 1.29,
1.34, 1.40 and 1.96 (4s, each 3 H, C5Me4), 2.20�2.80 (m, 4 H, -
CH2CH2-), 4.84, 5.01 and 6.58 (3m, each 1 H, C5H3), 7.01�7.42
(m, 10 H, PPh2) ppm. 11B{1H} NMR (300 MHz, [D8]toluene, 25
°C): δ � 15 ppm. 31P{1H} NMR (300 MHz, [D8]toluene, 25 °C):
δ � �4.29 ppm.

Preparation of [Zr{Me2Si(η5-C5Me4)(η5-C5H3PPh2)}Me]-
[MeB(C6F5)] (14): The synthesis of 14 was carried out in an ident-
ical manner to that of 13, from B(C6F5)3 (0.25 g, 0.49 mmol) and
12 (0.27 g, 0.49 mmol). 1H NMR (300 MHz, [D8]toluene, 25 °C):
δ � �0.49 (s, 3 H, Zr-CH3), 0.18 and 0.30 (2s, each 3 H, SiMe2),
0.31 (br, 3 H, B-CH3), 1.56, 1.63, 1.89 and 1.97 (4s, each 3 H,
C5Me4), 4.98, 5.64 and 6.22 (3m, each 1 H, C5H3), 7.01�7.34 (m,
10 H, PPh2) ppm. 11B{1H} NMR (300 MHz, [D8]toluene, 25 °C):
δ � 15 ppm. 31P{1H} NMR (300 MHz, [D8]toluene, 25 °C): δ �

�44.6 ppm.

Preparation of [Zr{Me2Si(η5-C5Me4)(η5-C5H3PPh2)}{η2-MeC�
N(C6H3Me2-2,6)}(Me)] (15): (2,6-dimethylphenyl)isocyanide
(0.12 g, 0.91 mmol) and 12 (0.50 g, 0.91 mmol) were dissolved in
THF (100 mL). The resulting orange solution was stirred at room
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temperature for 18 h. Solvent was removed in vacuo and the re-
maining solid extracted with toluene (30 mL). An orange solid was
obtained by concentrating (5 mL) and cooling (�30 °C) the solu-
tion (0.37 g, 60%). IR (Nujol): νC�N 1584 cm�1. 1H NMR
(200 MHz, C6D6, 25 °C): δ � 0.25 (s, 3 H, Zr-CH3), 0.36 and 0.58
(2s, each 3 H, SiMe2), 1.28 and 1.50 (2s, each 3 H, C6H3Me2), 1.75,
1.82, 1.90 and 1.95 (4s, each 3 H, C5Me4), 2.19 (s, 3 H, C-CH3

iminoacyl) 5.54, 5.65 and 5.88 (3m, each 1 H, C5H3), 6.82�7.07,
7.32�7.53 (m, PPh2 and C6H3Me2) ppm. 13C{1H} NMR
(300 MHz, C6D6, 25 °C): δ � �0.7, 0.1 (SiMe2), 11.6, 11.7, 14.4,
14.5 (C5Me4), 19.8 (CCH3 iminoacyl), 25.8 (Zr-CH3), 110.7, 113.4,
120.9, 125.5, 127.4 (C5H3), 128.0�140.0 (various signals assigned
to PPh2, C6H3Me2, and C5Me4), 246.8 (CCH3 iminoacyl) ppm.
31P{1H} NMR (300 MHz, C6D6, 25 °C): δ � �43.5 ppm.
C39H46NPSiZr (679.1): calcd. C 68.98, H 6.83, N 2.06; found C
68.75, H 6.77, N 2.00.

Preparation of [Nb(�NtBu){Me2Si(η5-C5Me4)(η5-C5H3PPh2)}Cl]
(16): THF (50 mL) was added to a solid mixture of [Nb(�
NtBu)Cl3(py)2] (0.78 g, 1.82 mmol) and 4 (0.80 g, 1.82 mmol). The
resulting brown solution was stirred for 12 h. Solvent was removed
in vacuo and hexane added (75 mL) to the resulting solid. The mix-
ture was filtered and the filtrate concentrated (10 mL) and cooled
to �30 °C. The resulting yellow solid that precipitated from the
solution was isolated by filtration (0.67 g, 63%). IR (Nujol):
νNb�N � 1255 cm�1. 1H NMR (200 MHz, C6D6, 25 °C): δ � 0.10
and 0.45 (2s, each 3 H, SiMe2), 0.87 (s, 9 H, CMe3), 1.65, 1.71,
2.03 and 2.25 (4s, each 3 H, C5Me4), 5.61, 6.27 and 6.42 (3m, each
1 H, C5H3), 6.91�7.80 (m, PPh2) ppm. 13C{1H} NMR (300 MHz,
C6D6, 25 °C): δ � �1.5, �0.8 (SiMe2), 12.6, 13.3, 13.4, 16.4
(C5Me4), 31.2 (CMe3), 71.3 (CMe3), 102.0, 104.7, 114.5, 114.9,
115.0 (C5H3), 128.0�135.0 (various signals assigned to PPh2 and
C5Me4) ppm. 31P{1H} NMR (300 MHz, C6D6, 25 °C): δ � �43.49
ppm. C32H40ClNNbPSi (626.1): calcd. C 61.39, H 6.44, N 2.24;
found C 61.17, H 6.36, N 2.25.

Preparation of [Nb(�NtBu)(η5-C5H4PPh2)2Cl] (17): The synthesis
of 17 was carried out in an identical manner to 16, from [Nb(�
NtBu)Cl3(py)2] (0.50 g, 1.16 mmol) and Li(C5H4PPh2) (0.60 g,
2.34 mmol). Yield 0.58 g, 72%. IR (Nujol): νNb�N � 1240 cm�1.
1H NMR (200 MHz, C6D6, 25 °C): δ � 0.96 (s, 9 H, CMe3), 5.89,
6.05, 6.12 and 6.18 (4m, each 2 H, 2 � C5H4), 6.91�7.50 (10 H)
(m, PPh2) ppm. 13C{1H} NMR (300 MHz, C6D6, 25 °C): δ � 29.9
(CMe3), 70.6 (CMe3), 111.8, 112.7, 120.6, 120.7 124.7 (C5H4),
128.0�134 (various signals assigned to PPh2) ppm. 31P{1H} NMR
(300 MHz, C6D6, 25 °C). δ � �40.10 ppm. C38H37ClNNbP2

(698.0): calcd. C 65.39, H 5.34, N 2.01; found C 65.17, H 5.23,
N 1.99.

Polymerization Experiments: The ansa-zirconocene catalyst (7 or 8;
6 µmol), MAO (10% in toluene) (3000 µmol) and toluene (150 mL)
were mixed together in a Schlenk tube. The N2 pressure inside the
Schlenk tube was reduced by applying vacuum. An ethylene pres-
sure of 1.5 bar was then applied to the Schlenk tube and stirring
of the mixture commenced. After exactly 30 min, stirring was
halted and the ethylene pressure was released. Excess MAO was
then destroyed by adding a mixture of methanol/HCl (90:10) cau-
tiously. The polymer formed was isolated by filtration, washed with
ethanol and dried under vacuum at 60 °C for 12 h.
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