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The alkoxo compounds [TaCp*Me3(OR)] (R ) SiiPr3, 1a; 2,6-Me2C6H3, 1b; 2,6-iPr2C6H3, 1c) were
obtained by reaction of [TaCp*Me4] with the corresponding alcohol ROH, at room temperature for R)
SiiPr3 and upon heating at 100°C over 2 and 3 days for R) 2,6-Me2C6H3 and 2,6-iPr2C6H3, respectively.
The alkoxo cations [TaCp*Me2(OR)]+ (R ) SiiPr3, 2a; 2,6-Me2C6H3, 2b; 2,6-iPr2C6H3, 2c) were formed
when one of the methyl groups of the neutral trimethyl complexes1 was dissociated by reaction with 1
equiv of B(C6F5)3 to generate the borate anion [MeB(C6F5)3]- (B) and with 1 and 2 equiv of Al(C6F5)3

to give the mononuclear [MeAl(C6F5)3]- (Al ) and dinuclear [Me{Al(C6F5)3}2]- (Al2) aluminate anions,
respectively. A similar reaction of the neutral compound [TaCp*Me4] with 1 and 2 equiv of Al(C6F5)3

gave salts of the [MeAl(C6F5)3]- (Al ) and [Me{Al(C6F5)3} 2]- (Al2) anions containing the [TaCp*Me3]+

(3) cation. Compounds1 and [TaCp*Me4] did not show catalytic activity for MMA polymerization when
B(C6F5)3 was used as cocatalyst but were active in the presence of Al(C6F5)3, yielding high molecular
weight syndiotactic PMMA.

Introduction

The polymerization of methacrylates by transition metal
complexes is receiving growing attention in relation to the
control of the stereochemistry and polydispersity of the polymer
chain and the production of well-defined block copolymers.1-7

The stereoregulation of the polymethylmethacrylate (PMMA)
depends not only on the nature of the transition metal complex
but also on the cocatalyst. Thus, cationic zirconocene enolates
are the propagating species when zirconocenium borate com-
plexes are used as catalysts, producing isotactic PMMA,8-13

whereas anionic enolaluminates were the active species when
zirconocenium aluminate derivatives were used as catalysts to
give syndiotactic PMMA.14,15Both processes proceeded through
a bimetallic mechanism, whereas a straightforward mononuclear
group transfer mechanism (GTP) was proposed for samarocene
complexes.4

Methyl methacrylate (MMA) polymerization with lantha-
nocenes and group 4 metallocene complexes has been widely
explored in the last few years,3,16-20 and recently, Chen and
co-workers have extended this application to group 5 metal-
locene derivatives,21,22taking into account that they should show
a more tolerant attitude toward this type of polar olefin than
the more electron-deficient analogues of the lanthanides and
group 4 metal derivatives. The catalysts based on [TaCp2Me3]/
2Al(C6F5)3

21 and [TaCp2(CH2)Me]/2Al(C6F5)3
22 systems gave

syndiotactic PMMA of high molecular weight (Mn > 105), with
narrower polydispersity for the alkylidene derivative [TaCp2-
(CH2)Me], both proceeding through a bimolecular anionic
enolaluminate mechanism. In addition, Yashuda et al. reported
that the monocyclopentadienyl tantalum compound [TaCp*-
(DAD)(MMA)] (DAD ) N(R)CHdCHN(R)), with coordinated
η4-MMA, also produced syndiotactic PMMA when activated
with AlMe3 in a living fashion.23

In previous work, we isolated the ionic monocyclopentadienyl
tantalum compound [TaCp*Me3][MeB(C6F5)3], which showed
rather poor activity as an ethylene polymerization catalyst.24

Following our research on monocyclopentadienyl tantalum
cationic complexes we report here the synthesis of new neutral
monoalkoxo derivatives [TaCp*Me3(OR)], their reactions with

* Corresponding author. Fax: 00 34 91 885 4683. E-mail: javier.
sancheznieves@uah.es.

(1) Boffa, L. S.; Novak, B. M.Chem. ReV. 2000, 100, 1479.
(2) Chen, E. Y. X.J. Polym. Sci. Part A: Polym. Chem.2004, 42, 3395.
(3) Strauch, J. W.; Faure, J. L.; Bredeau, S.; Wang, C.; Kehr, G.; Frohlich,

R.; Luftmann, H.; Erker, G.J. Am. Chem. Soc.2004, 126, 2089.
(4) Yasuda, H.; Yamamoto, H.; Yamashita, M.; Yokota, K.; Nakamura,

A.; Miyake, S.; Kai, Y.; Kanehisa, N.Macromolecules1993, 26, 7134.
(5) Bolig, A. D.; Chen, E. Y. X.J. Am. Chem. Soc.2002, 124, 5612.
(6) Chen, E. Y. X.; Cooney, M. J.J. Am. Chem. Soc.2003, 125, 7150.
(7) Batis, C.; Karanikolopoulos, G.; Pitsikalis, M.; Hadjichristidis, N.

Macromolecules2003, 36, 9763.
(8) Collins, S.; Ward, D. G.; Suddaby, K. H.Macromolecules1994, 27,

7222.
(9) Li, Y. F.; Ward, D. G.; Reddy, S. S.; Collins, S.Macromolecules

1997, 30, 1875.
(10) Tomasi, S.; Weiss, H.; Ziegler, T.Organometallics2006, 25, 3619.
(11) Deng, H.; Soga, K.Macromolecules1996, 29, 1847.
(12) Chen, Y. X.; Metz, M. V.; Li, L. T.; Stern, C. L.; Marks, T. J.J.

Am. Chem. Soc.1998, 120, 6287.
(13) Cameron, P. A.; Gibson, V. C.; Graham, A. J.Macromolecules2000,

33, 4329.
(14) Rodriguez-Delgado, A.; Chen, E. Y. X.J. Am. Chem. Soc.2005,

127, 961.
(15) Bolig, A. D.; Chen, E. Y. X.J. Am. Chem. Soc.2001, 123, 7943.

(16) Rodriguez-Delgado, A.; Chen, E. Y. X.Macromolecules2005, 38,
2587.

(17) Kostakis, K.; Mourmouris, S.; Pitsikalis, M.; Hadjichristidis, N.J.
Polym. Sci. Part A: Polym. Chem.2005, 43, 3337.

(18) Lian, B.; Lehmann, C. W.; Navarro, C.; Carpentier, J. F.Organo-
metallics2005, 24, 2466.

(19) Bolig, A. D.; Chen, E. Y. X.J. Am. Chem. Soc.2004, 126, 4897.
(20) Stojcevic, G.; Kim, H.; Taylor, N. J.; Marder, T. B.; Collins, S.

Angew. Chem., Int. Ed.2004, 43, 5523.
(21) Feng, S. G.; Roof, G. R.; Chen, E. Y. X.Organometallics2002,

21, 832.
(22) Mariott, W. R.; Gustafson, L. O.; Chen, E. Y. X.Organometallics

2006, 25, 3721.
(23) Matsuo, Y.; Mashima, K.; Tani, K.Angew. Chem., Int. Ed.2001,

40, 960.
(24) Sánchez-Nieves, J.; Royo, P.; Mosquera, M. E. G.Organometallics

2006, 25, 2331.

2880 Organometallics2007,26, 2880-2884

10.1021/om070166+ CCC: $37.00 © 2007 American Chemical Society
Publication on Web 04/28/2007



the Lewis acids E(C6F5)3 (E ) B, Al), and the reaction of
[TaCp*Me4] with Al(C6F5)3. We also report the applications
of all these systems as suitable catalysts for MMA polymeri-
zation.

Results and Discussion

Synthesis of Alkoxo Compounds.We were interested in
extending our studies on the successful controlled hydrolysis
of [TaCp*Me4]25 and decided to explore the protonolysis
reactions of the title compound with different alcohols ROH
(R ) SiiPr3, 2,6-Me2C6H3, 2,6-iPr2C6H3) with the aim of
isolating new monoalkoxo derivatives. Hence, the monoalkoxo
complexes [TaCp*Me3(OR)] (R) SiiPr3, 1a; 2,6-Me2C6H3, 1b;
2,6-iPr2C6H3, 1c) were obtained as yellow solids very soluble
in common solvents from reaction of [TaCp*Me4] with ROH
in toluene (Scheme 1). The reaction with the most acidic alcohol
iPr3SiOH, due to the presence of the electron acceptor silicon
atom, proceeded easily at room temperature to give the siloxo
derivative1a, whereas much slower reactions were observed
for the less acidic phenol derivatives. Both required heating at
100 °C, although reaction was complete for the less sterically
demanding alcohol (R) 2,6-Me2C6H3) after 2 days, while 3
days were necessary for1c. The lower yields obtained for1b
and 1c were probably due to partial decomposition and their
high solubility in hexane. However, when these reactions were
monitored by1H NMR spectroscopy, they proceeded almost
quantitatively without C-H activation of the ortho substituents,
as previously observed for related alkoxo complexes with this
type of R group.26,27

The different R groups were also responsible for the differ-
ences found in the1H and13C NMR spectra at 20°C. At this
temperature, the1H NMR spectrum of1a (R ) SiiPr3) showed
two resonances atδ 0.10 andδ 0.21, with relative intensity
1:2, for two different tantalum-methyl groups, as expected for
a nonfluxional molecule with a “pseudo-square-pyramidal”
geometry. However the1H NMR spectra of complexes1b (R
) 2,6-Me2C6H3) and 1c (R ) 2,6-iPr2C6H3) show a broad
resonance for three equivalent tantalum-bound methyl groups
on the NMR time scale, indicating that most likely they are
made equivalent by a Berry pseudorotation.28,29For this reason
VT-DNMR and NOE experiments were carried out to conclude
that the methyl1H NMR resonances for1a coalesce at 40°C,

corresponding approximately to a barrier rearrangement of∆G#

) 67.2(2) kJ mol-1. Similar behavior was also observed for
complexes 1b and 1c when they were cooled, showing
coalescence of their methyl resonances at-32 °C (1b) and
-37 °C (1c) with ∆G# barriers of 55.3(2) and 50.5(2) kJ mol-1,
respectively. The increasing value of the energy barrier from
1c to 1a is related to the increasingπ donation of the oxygen
atom.30,31

Synthesis of Cationic Compounds.Compounds1 reacted
with B(C6F5)3 in toluene to give the ionic complexes [TaCp*Me2-
(OR)][MeB(C6F5)3] (R ) SiiPr3, 2a-B; 2,6-Me2C6H3, 2b-B; 2,6-
iPr2C6H3, 2c-B) as yellowish oils characterized by1H, 13C, and
19F NMR spectroscopy (Scheme 1). Complexes2-B were
insoluble in toluene but soluble in halogenated solvents and
thermally stable for long periods in the absence of moisture.
The 1H and13C NMR spectra of these complexes showed one
resonance for the two equivalent Ta-Me groups clearly shifted
low field with respect to those observed for the corresponding
parent compounds1, and a broad signal corresponding to the
boron-bound methyl group was also observed in the1H NMR
spectra at aboutδ 0.50. The absence of an ion-pair interaction
is consistent with theδmeta-δpara differences found in the19F
NMR spectra32 below 2.8 ppm, as previously reported for similar
monocyclopentadienyl tantalum cationic compounds.24

Cations 2 were also cleanly obtained by protonolysis of
[TaCp*Me3]+ with ROH. This process was immediate at
20 °C for 2a and 2b, whereas formation of2c, with the
bulkier 2,6-iPr2C6H3 substituent, required 6 h. Nevertheless,
the conditions for this protonolysis were milder than those
required for the synthesis of the neutral compounds1 and
reaction at the Me-B or C6F5-B bonds of the anion were never
observed.

In a way analogous to the formation of compounds2-B,
abstraction of one methyl group by reaction of complexes1
with the Lewis acid Al(C6F5)3 afforded the related ionic
derivatives [TaCp*Me2(OR)][MeAl(C6F5)3] (R ) SiiPr3, 2a-
Al ; 2,6-Me2C6H3, 2b-Al; 2,6-iPr2C6H3, 2c-Al) (Scheme 1).
Compounds2-Al were obtained as yellow waxes insoluble in
toluene but soluble in halogenated solvents. The1H and 13C
NMR spectra of the cations of complexes2-B and 2-Al
containing the same R group also showed the same resonances,
as expected for the identical cationic moieties [TaCp*Me2(OR)]+

(2) without an ion-pair interaction. All three compounds2-Al
contain the same anion [MeAl(C6F5)3]-, which was identified
by means of one resonance in the1H NMR spectra about-0.50
ppm, for the Me-Al group, and the three resonances in the19F
NMR spectra at about-120.0 (o-C6F5), -156.0 (p-C6F5), and
-161.0 (m-C6F5).

It has been reported that the larger covalent radius of the
aluminum atom compared with the boron atom justified its
increased capacity to abstract two methyl groups from the metal
center.33,34 Both Lewis acids B(C6F5)3 and Al(C6F5)3 have
also been observed to form dinuclear anions of the type
[X{E(C6F5)3}2]-.21,22,35,36This different behavior prompted us
to study reactions of compounds1 with excess B(C6F5)3 and
Al(C6F5)3.
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When 2 equiv of B(C6F5)3 were used, no further reaction was
observed and the unique final products were the ionic com-
pounds with the mononuclear anion2-B and the free borane
compound. However, when these reactions were carried out
using excess Al(C6F5)3, the new complexes [TaCp*Me2(OR)]-
[Me{Al(C6F5)3}2] (R ) SiiPr3, 2a-Al2; 2,6-Me2C6H3, 2b-Al2;
2,6-iPr2C6H3, 2c-Al2) containing the dinuclear anion were
isolated (Scheme 1). Compounds2-Al2 showed solubility
similar to that observed for compounds2-B and2-Al, although
they were far less stable in dichoromethane, probably due to
the lower stability of the Al-C bonds. The nonassociative nature
of the ion pair gave rise to almost identical1H and13C NMR
spectra, corresponding with the unmodified nature of the cations
[TaCp*Me2(OR)]+ (2). The19F NMR spectra showed three new
resonances for the dinuclear anion [(C6F5)3Al-Me-Al(C6F5)3]-,
the most striking feature being the low-field shift of the
p-fluorine resonances from ca.-155 ppm to ca.-150 ppm,
which is consistent with the decreasing negative charge of the
aluminum center.

In view of these results, we also explored the behavior of
the peralkylated compound [TaCp*Me4] with the Lewis acid
Al(C6F5)3, taking into account that [TaCp*Me4] had been
previously used as precursor of a stable cationic complex when
reacted with B(C6F5)3.24 Abstraction of one methyl group of
[TaCp*Me4] with 1 equiv of Al(C6F5)3 afforded the ionic
compound [TaCp*Me3][MeAl(C6F5)3] (3-Al) as a yellowish oil
soluble in halogenated solvents but insoluble in toluene (Scheme
1). The1H and13C NMR spectra of3-Al showed one resonance
for the three equivalent Me-Ta groups clearly shifted low field
with respect to that corresponding to the parent compound
[TaCp*Me4]. These resonances are essentially the same as
observed in the1H and 13C NMR spectra of cation3 in
[TaCp*Me3][MeB(C6F5)3] (3-B) and points to the absence of
an ion-pairing interaction, as in the other ionic complexes
described in this paper. A broad signal at aboutδ -0.60
corresponding to the Me-Al group was also observed in the1H
NMR spectra. The19F NMR spectrum of3-Al is analogous to
that described for compounds2-Al.

An analogous reaction of [TaCp*Me4] with 2 equiv of Al-
(C6F5)3 in toluene gave a mixture of compound3-Al and
[TaCp*Me3][Me{Al(C6F5)3}2] (3-Al2), characterized by the
signals found in the19F NMR spectrum (Scheme 1). However,
the 1H NMR spectrum showed only the set of resonances
corresponding to the same cation3 for both complexes3-Al
and3-A2. We could not obtain3-Al2 as a pure product when
working in toluene, as stirring for longer periods led to partial
decomposition even in a glovebox. Furthermore, any attempt
to reproduce this reaction in chlorinated solvents afforded a
mixture of 3-Al, 3-Al2, and other unidentified compounds.

The reactions of the ionic derivative3-Al with the alcohols
used in this work were also investigated by NMR spectroscopy.

For R ) SiiPr3, total transformation into2a-Al was observed.
However, for R) 2,6-Me2C6H3 and 2,6-iPr2C6H3 a mixture of
compounds was obtained, with2b-Al as the major component
for R ) 2,6-Me2C6H3, whereas2c-Al was the minor product
for R ) 2,6-iPr2C6H3. Probably, reaction at the tantalum atom
was the kinetic product and increasing steric hindrance at the
aryl substituents favored the formation of the thermodynamically
more stable aluminum alkoxo compounds, although identifica-
tion of compounds different from complexes2 was not possible.

MMA Polymerization. The neutral compounds [TaCp*Me3X]
(X ) OR, Me) were studied as catalysts for MMA polymeri-
zation in the presence of the Lewis acids E(C6F5)3 (E ) B, Al),
taking into account that compounds [TaCp*Me3X] and E(C6F5)3

did not polymerize MMA alone under the conditions employed
in this work. For E) B no polymerization was observed, while
for E ) Al all of the complexes except1cwere active, although
heating was necessary (Table 1). Apparently, the steric hindrance
of the 2,6-iPr2C6H3 groups was clearly responsible for the lack
of activity of this last compound. We have also checked that
excess Al(C6F5)3 was necessary for suitable MMA polymeri-
zation, but addition of 2 equiv was not an essential requirement.

Polymerization with [TaCp*Me4] showed an increase in PDI
(Mn/Mw) with temperature (run 1 vs 3) and with time (run 2 vs
3), as shown in Table 1. In contrast, the polymer length
decreased with increasing temperature (run 1 vs 3), whereas it
remained unmodified for longer reaction times (run 2 vs 3).
With respect to the alkoxo complexes [TaCp*Me3(OR)] (R )
SiiPr3, 1a; 2,6-Me2C6H3, 1b), high molecular weight PMMA
with broad PDI was produced with1a (run 4), while compound
1b produced the PMMA with the highest molecular weight and
narrowest PDI of all experiments (run 5). However, the observed
differences between the calculated and the experimentalMn

indicated low-efficiency systems. The alkoxo derivatives pro-
duced PMMA with higher syndiotacticity than that obtained with
[TaCp*Me4]. The PDI values obtained from GPC measurements,
supported by the GPC diagrams of the polymers, showed that
the active species generated from complex1b was the most
stable, whereas that generated from1a did not remain un-
changed, according to the shoulder observed in its GPC diagram.
Similar behavior was observed for [TaCp*Me4] at 60 °C
compared to 40°C, demonstrated by the increasing PDI values
(runs 1 and 2 vs 3). The presence of two ortho-methyl substitutes
in the aryloxo ligand in the precursor1b seems to be the reason
for the higher stability of the active species.

For a better understanding of the initiation step of the MMA
polymerization, thebehaviorof theioniccomplexes[TaCp*Me2X]-
[MeE(C6F5)3] (X ) OR, Me; E) B, Al) in the presence of 1
equiv or an excess of MMA was monitored by NMR spectros-
copy. While no reaction was observed for E) B after heating
at 60°C for several hours, addition of 1 equiv of E) Al gave
rise to a mixture of complexes [TaCp*Me3X] (X ) OR, Me)
and [TaCp*Me2X][MeAl(C 6F5)3] (X ) OR, 2-Al; Me, 3-Al)
and the adduct MMA‚Al(C6F5)3. These mixtures evolved slowly
at ambient temperature to give PMMA and the recovered cation
[TaCp*Me2X] +. In the 19F NMR spectra resonances for the

(35) Zhou, J. M.; Lancaster, S. J.; Walker, D. A.; Beck, S.; Thornton-
Pett, M.; Bochmann, M.J. Am. Chem. Soc.2001, 123, 223.

(36) Hannant, M. H.; Wright, J. A.; Lancaster, S. J.; Hughes, D. L.;
Horton, P. N.; Bochmann, M.Dalton Trans.2006, 2415.

Table 1. Polymerization of MMAa

run complex T (°C) time (h) yield (%) Mn calcb 105 Mn (g/mol) Mw/Mn
c [rr] (%)d [mr] (%)d [mm] (%)d

1 [TaCp*Me4] 40 6 74 9260 1.67 1.58 68 30 2
2 [TaCp*Me4] 60 3 37 4630 0.83 1.65 66 32 2
3 [TaCp*Me4] 60 6 100 12 515 0.85 2.03 67 30 3
4 1a 60 6 100 12 515 4.93 2.52 73 25 2
5 1b 60 6 68 8510 8.58 1.36 71 27 2

a Polymerization conditions: [TaCp*Me3X] (0.08 mmol) and Al(C6F5)3 (0.12 mmol) premixed in toluene (4 mL), then MMA (1 g; [MMA]:[Ta])
125:1).b Mn calc values) conv× [MMA]/[Ta] × 100.81 g mol-1 (100.81) fw MMA). c Determined by GPC in THF vs polystyrene standars.d Determined
by 1H NMR in CDCl3.
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anion [MeAl(C6F5)3]- and the adducts MMA‚Al(C6F5)3 and
PMMA‚Al(C6F5)3 were observed. Addition of excess MMA (6
equiv) showed the same behavior, with the starting ionic
compounds also slowly recovered. When a huge excess of MMA
(20 equiv) was added, the appearance of new resonances
consistent with the formation of enolaluminato anions was
detected in the19F NMR spectra, as described by Chen et al.
for MMA polymerization using Al(C6F5)3 as cocatalyst.10,15

However, these new resonances were clearly due to a minor
component, indicating that formation of the active species was
not favored. It is noteworthy that this process was also observed
for the derivative1c, although was clearly much slower, this
being the reason for the lack of activity observed experimentally.

These results were in accordance with a bimolecular mech-
anism where the polymer chain grows on the aluminum center,
the polymerization being initiated by methyl transfer from the
tantalum atom to the adduct MMA‚Al(C6F5)3. The slowness in
this methyl transfer, as was demonstrated in the NMR experi-
ments described above where the resonances belonging to the
enolaluminate species were clearly minor, justifies the low
efficiency of these polymerization systems.

Conclusions

Protonolysis of a Ta-Me bond in complex [TaCp*Me4] with
several alcohol compounds has been proved to be a suitable
method for the synthesis of new monocyclopentadienyl
monoalkoxo complexes [TaCp*Me3(OR)] (R ) SiiPr3, 1a; 2,6-
Me2C6H3, 1b; 2,6-iPr2C6H3, 1c), although electronic and steric
characteristics of the ROH compounds exerted an important
influence in the reaction conditions. These alkoxo derivatives
are precursors of the cationic compounds [TaCp*Me2(OR)]+

on reaction with the Lewis acids E(C6F5)3 (E ) B, Al). In the
particular case of E) Al, addition of an excess afforded a
dimetallic counteranion [Me{Al(C6F5)3}2]-, due to the longer
covalent radius of the Al atom compared with the B atom. The
same behavior was observed for [TaCp*Me4] upon reaction with
1 and 2 equiv of Al(C6F5)3. The complexes [TaCp*Me3X] (X
) OR {R ) SiiPr3, 2,6-Me2C6H3}, Me) polymerized MMA
when activated with Al(C6F5)3, but not in the presence of
B(C6F5)3, yielding high molecular weight PMMA for the alkoxo
derivatives, although the efficiency of these systems was low.

Experimental Section

General Considerations.All manipulations were carried out
under an argon atmosphere, and solvents were distilled from
appropriate drying agents. NMR spectra were recorded at 400.13
(1H), 376.70 (19F), and 100.60 (13C) MHz on a Bruker AV400.
Chemical shifts (δ) are given in ppm relative to internal TMS (1H
and13C) or external CFCl3 (19F). Elemental analyses were performed
on a Perkin-Elmer 240C. Compounds [TaCp*Me4],37 [TaCp*Me3]-
[MeB(C6F5)3] (3-B),24 B(C6F5)3,38 and 0.5(toluene)‚Al(C6F5)3

21 were
prepared by literature methods. ROH was purchased from Aldrich,
degassed, and stored under Ar with molecular sieves (R) SiiPr3,
2,6-iPr2C6H3) or sublimed under vacuum (R) 2,6-Me2C6H3).

[TaCp*Me 3(OSiiPr3)] (1a). A solution of [TaCp*Me4] (0.300
g, 0.80 mmol) andiPr3SiOH (0.160 g, 0.83 mmol) in toluene (10
mL) was stirred at room temperature for 16 h. The volatiles were
then removed under vacuum, and hexane was added (15 mL). The
solution was filtered, and the volume was concentrated to ca. 4
mL and cooled to-40 °C, yielding1a as yellow crystals (0.33 g,

78%). Data for1a: 1H NMR (CDCl3) 0.10 (s, 3 H,Me-Ta), 0.21
(s, 6 H,Me-Ta), 1.06 (m, 21 H,Me2CH and Me2CH), 1.93 (s, 15
H, C5Me5); 13C NMR (CDCl3) 11.1 (C5Me5), 12.9 (Me2CH), 18.0
(Me2CH), 50.0 (Me-Ta), 51.5 (Me-Ta), 115.9 (C5Me5). Anal. Calc
for C22H45OSiTa (534.63): C, 49.42; H, 8.48. Found: C, 49.10;
H, 8.33.

[TaCp*Me 3(OR)] (R ) 2,6-Me2C6H3 1b). A solution of
[TaCp*Me4] (0.300 g, 0.80 mmol) and ROH (R) 2,6-Me2C6H3)
(0.087 g, 0.72 mmol) in toluene (5 mL) was heated at 100°C for
48 h. The volatiles were then removed under vacuum, and hexane
was added (20 mL). The solution was filtered, and the volume was
concentrated to ca. 10 mL and cooled to-40 °C, yielding 1b as
yellow crystals (0.170 g, 50%). A second crop was obtained
from concentrating the previous solution to ca. 5 mL and cooling
to -40 °C (0.052 g, 15%). Data for1b: 1H NMR (CDCl3) 0.26 (s,
9 H, Me-Ta), 1.99 (s, 15 H, C5Me5), 2.32 (s, 6 H,Me2C6H3), 6.75
(m, 1 H, Me2C6H3), 6.97 (m, 2 H, Me2C6H3); 13C NMR (CDCl3):
11.4 (C5Me5), 19.8 (Me2C6H3), 52.7 (Me-Ta), 115.6 (C5Me5), 121.4,
126.8, 128.6, and 161.0 (Me2C6H3). Anal. Calc for C21H33OTa
(482.43): C, 52.28; H, 6.89. Found: C, 52.10; H, 6.85.

[TaCp*Me 3(OR)] (R ) 2,6-iPr2C6H3 1c).The same procedure
as above but heating for 3 days afforded1cas yellow crystals (0.300
g, 70%). Data for1c: 1H NMR (CDCl3) 0.22 (s, 9 H,Me-Ta),
1.19 (d, 12 H,3J(H-H) ) 6.7 Hz,Me2CH), 1.97 (s, 15 H, C5Me5),
3.37 (sept., 2 H,3J(H-H) ) 6.7 Hz, Me2CH), 6.94 (m, 1 H,
Me2C6H3), 7.07 (m, 2 H, Me2C6H3); 13C NMR (CDCl3) 11.1
(C5Me5), 24.4 (Me2CH), 26.3 (Me2CH), 51.7 (Me-Ta), 116.4 (C5-
Me5), 122.1, 123.6, 137.1, and 157.6 (C6H3). Anal. Calc for C25H41-
OTa (538.54): C, 55.76; H, 7.67. Found: C, 55.46; H, 7.29.

[TaCp*Me 2(OR)][MeB(C6F5)3] (R ) SiiPr3 2a-B, 2,6-Me2C6H3

2b-B, 2,6-iPr2C6H3 2c-B). [TaCp*Me3(OR)] (1a 0.100 g, 0.19
mmol;1b 0.100 g, 0.21 mmol;1c0.100 g, 0.19 mmol) and B(C6F5)3

(1.2 equiv) were stirred in toluene (5 mL) for 5 min. The solution
was then filtered, leaving an oil that was washed first with toluene
(3 mL) and then with hexane (2× 3 mL), obtaining2-B as brownish
oils (2a-B 0.17 g, 86%;2b-B 0.16 g, 79%;2c-B 0.17 g, 85%).

Data for2a-B: 1H NMR (CD2Cl2) 0.73 (bs, 3 H,Me-B), 1.10
(s, 6 H,Me-Ta), 1.24 (m, 21 H,Me2CH and Me2CH), 2.27 (s, 15
H, C5Me5); 13C NMR (CD2Cl2) 11.7 (C5Me5), 13.6 (Me2CH), 17.5
(Me2CH), 68.7 (Me-Ta), 126.0 (C5Me5), 135.4 (m,C6F5), 138.9
(m, C6F5), 148.3 (m,C6F5); 19F NMR (CD2Cl2) -131.3 (o-C6F5),
-163.7 (p-C6F5), -166.2 (m-C6F5). Anal. Calc for C40H45BF15-
OSiTa (1046.61): C, 45.90; H, 4.33. Found: C, 46.01; H, 4.48.

Data for2b-B: 1H NMR (CD2Cl2) 0.46 (bs, 3 H,Me-B), 1.35
(s, 6 H,Me-Ta), 2.19 (s, 6 H,Me2C6H3), 2.26 (s, 15 H, C5Me5),
7.23 (m, 3 H, Me2C6H3); 13C NMR (CD2Cl2) 11.5 (C5Me5), 16.9
(Me2C6H3), 70.9 (Me-Ta), 125.4, 126.9, 128.4, 129.2 and 161.0
(C5Me5 and Me2C6H3), 135.4 (m,C6F5), 138.7 (m,C6F5), 148.2
(m, C6F5); 19F NMR (CD2Cl2) -130.0 (o-C6F5), -162.1 (p-C6F5),
-164.7 (m-C6F5). Anal. Calc for C39H33BF15OTa (994.41): C,
47.10; H, 3.34. Found: C, 47.20; H, 3.18.

Data for2c-B: 1H NMR (CD2Cl2) 0.46 (bs, 3 H,Me-B), 1.27
(d, 12 H,3J(H-H) ) 6.8 Hz,Me2CH), 1.31 (s, 6 H,Me-Ta), 2.23
(s, 15 H, C5Me5), 2.54 (sept., 2 H,3J(H-H) ) 6.8 Hz, Me2CH),
7.25 (m, 3 H, Me2C6H3); 13C NMR (CD2Cl2) 11.4 (C5Me5), 23.3
(Me2CH), 28.3 (Me2CH), 71.0 (Me-Ta), 124.5, 126.0, 127.5, 128.4,
and 153.7 (C5Me5 and C6H3), 136.4 (m,C6F5), 137.6 (m,C6F5),
147. 5 (m,C6F5); 19F NMR (CD2Cl2) -131.6 (o-C6F5), -163.8
(p-C6F5), -166.3 (m-C6F5). Anal. Calc for C43H41BF15OTa
(1050.52): C, 49.16; H, 3.93. Found: C, 48.99 H, 3.73.

[TaCp*Me 2(OR)][MeAl(C 6F5)3] (R ) SiiPr3, 2a-Al; 2,6-
Me2C6H3, 2b-Al; 2,6-iPr2C6H3, 2c-Al). [TaCp*Me3(OR)] (1a0.100
g, 0.19 mmol;1b 0.100 g, 0.21 mmol;1c 0.100 g, 0.19 mmol) and
Al(C6F5)3 (0.9 equiv) were stirred in toluene (5 mL) for 5 min.
The solution was then filtered, leaving an oil that was washed first
with toluene (3 mL) and then with hexane (2× 3 mL), obtaining

(37) Sanner, R. D.; Carter, S. T.; Bruton, W. J.J. Organomet. Chem.
1982, 240, 157.

(38) Lancaster, S. In www.syntheticpages.org, 2003, p 215.
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2-Al as brownish oils (2a-Al 0.15 g, 78%;2b-Al 0.16 g, 77%;
2c-Al 0.16 g, 80%).

Data for 2a-Al: 1H NMR (CD2Cl2) -0.30 (bs, 3 H,Me-Al),
1.10 (s, 6 H,Me-Ta), 1.24 (m, 21 H,Me2CH and Me2CH), 2.28 (s,
15 H, C5Me5); 13C NMR (CD2Cl2) 11.5 (C5Me5), 13.6 (Me2CH),
17.5 (Me2CH), 68.6 (Me-Ta), 125.9 (C5Me5), 136.5 (m,C6F5), 140.5
(m, C6F5), 149.9 (m,C6F5), Me-Al was not observed;19F NMR
(CD2Cl2) -119.8 (o-C6F5), -155.6 (p-C6F5), -161.7 (m-C6F5).
Anal. Calc for C40H45AlF15OSiTa (1062.78): C, 45.21; H, 4.27.
Found: C, 45.00; H, 4.18.

Data for 2b-Al: 1H NMR (CD2Cl2) -0.27 (bs, 3 H,Me-Al),
1.35 (s, 6 H,Me-Ta), 2.19 (s, 6 H,Me2C6H3), 2.26 (s, 15 H, C5Me5),
7.25 (m, 3 H, Me2C6H3); 13C NMR (CD2Cl2) 11.1 (C5Me5), 16.6
(Me2C6H3), 70.5 (Me-Ta), 125.6, 126.4, 128.0, 129.2 and 156.2
(C5Me5 and Me2C6H3), 135.4 (m,C6F5), 138.6 (m,C6F5), 149.5
(m, C6F5), Me-Al was not observed;19F NMR (CD2Cl2) -120.0
(o-C6F5), -155.6 (p-C6F5), -161.8 (m-C6F5). Anal. Calc for C39H33-
AlF15OTa (1010.58): C, 46.35; H, 3.29. Found: C, 45.90; H, 3.15.

Data for 2c-Al: 1H NMR (CD2Cl2) -0.40 (bs, 3 H,Me-Al),
1.27 (d, 12 H,3J(H-H) ) 6.7 Hz,Me2CH), 1.35 (s, 6 H,Me-Ta),
2.24 (s, 15 H, C5Me5), 2.58 (sept., 2 H,3J(H-H) ) 6.7 Hz,
Me2CH), 6.94 (m, 1 H, Me2C6H3), 7.22 (m, 3 H, Me2C6H3); 13C
NMR (CD2Cl2) 11.1 (C5Me5), 24.0 (Me2CH), 28.7 (Me2CH), 71.7
(Me-Ta), 124.3, 126.1, 128.5, 139.3, and 154.9 (C5Me5 andC6H3),
135.8 (m,C6F5), 139.1 (m,C6F5), 149.5 (m,C6F5), Me-Al was not
observed;19F NMR (CD2Cl2) -119.2 (o-C6F5), -156.6 (p-C6F5),
-161.6 (m-C6F5). Anal. Calc for C43H41AlF15OTa (1066.69): C,
48.42; H, 3.87. Found: C, 48.57; H, 3.77.

[TaCp*Me 2(OR)][Me{Al(C6F5)3}2] (R ) SiiPr3, 2a-Al2; 2,6-
Me2C6H3, 2b-Al2; 2,6-iPr2C6H3, 2c-Al2).A solution of [TaCp*Me3-
(OR)] (1a0.050 g, 0.093 mmol;1b 0.045 g, 0.093 mmol;1c0.050
g, 0.093 mmol) and 0.5(toluene)‚Al(C6F5)3 (0.135 g, 0.23 mmol)
in CH2Cl2 (3 mL) was stirred for 30 min. The volatiles were then
removed, and the remaining oil was washed first with toluene (5
mL) and then with hexane (5 mL) to give2-Al2 as brownish oils
(2a-Al2 0.10 g, 70%;2b-Al2 0.11 g, 72%;2c-Al2 0.11 g,72%).
These compounds were characterized only by NMR spectroscopy
due to their high sensitivity to air and moisture.

Data for2a-Al2: 1H NMR (CD2Cl2) 1.11 (s, 6 H,Me-Ta), 1.18
(m, 21 H,Me2CH and Me2CH), 2.30 (s, 15 H, C5Me5), Me-Al was
not observed;13C NMR (CD2Cl2) 11.7 (C5Me5), 13.6 (Me2CH),
17.1 (Me2CH), 68.9 (Me-Ta), 126.2 (C5Me5), 135.6 (m,C6F5), 138.8
(m, C6F5), 148.1 (m,C6F5), Me-Al was not observed;19F NMR
(CD2Cl2) -120.8 (o-C6F5), -153.4 (p-C6F5), -161.9 (m-C6F5).

Data for2b-Al2: 1H NMR (CD2Cl2) 0.46 (bs, 3 H,Me-B), 1.35
(s, 6 H,Me-Ta), 2.19 (s, 6 H,Me2C6H3), 2.26 (s, 15 H, C5Me5),
7.20 (m, 3 H, Me2C6H3), Me-Al was not observed;13C NMR (CD2-
Cl2) 11.2 (C5Me5), 16.6 (Me2C6H3), 70.6 (Me-Ta), 125.4, 125.6,
126.5, 128.8, 129.2 and 156.2 (C5Me5 and Me2C6H3), 135.8 (m,
C6F5), 141.5 (m,C6F5), 149.5 (m,C6F5), Me-Al was not observed;
19F NMR (CD2Cl2) -120.5 (o-C6F5), -152.8 (p-C6F5), -161.5 (m-
C6F5).

Data for2c-Al2: 1H NMR (CD2Cl2) 1.27 (d, 12 H,3J(H-H) )
6.8 Hz,Me2CH), 1.33 (s, 6 H,Me-Ta), 2.24 (s, 15 H, C5Me5), 2.55

(sept., 2 H,3J(H-H) ) 6.8 Hz, Me2CH), 7.20 (m, 3 H, Me2C6H3),
Me-Al was not observed;13C NMR (CD2Cl2) 11.6 (C5Me5), 23.5
(Me2CH), 28.4 (Me2CH), 71.2 (Me-Ta), 124.6, 126.1, 128.0, 129.3,
and 153.7 (C5Me5 and C6H3), 136.7 (m,C6F5), 141.7 (m,C6F5),
150.3 (m,C6F5), Me-Al was not observed;19F NMR (CD2Cl2)
-120.5 (o-C6F5), -153.1 (p-C6F5), -161.6 (m-C6F5).

[TaCp*Me 3][MeAl(C 6F5)3] (3-Al). [TaCp*Me4] (0.100 g, 0.26
mmol) and 0.5(toluene)‚Al(C6F5)3 (0.135 g, 0.23 mmol) were stirred
in toluene (5 mL) for 15 min. The solution was then filtered off,
leaving an oil that was washed with hexane (2× 5 mL), obtaining
3-Al as a brownish oil (0.13 g, 70%). Data for3-Al: 1H NMR
(CD2Cl2) -0.44 (bs, 3 H,Me-Al), 1.34 (s, 9 H,Me-Ta), 2.26 (s,
15 H, C5Me5); 13C NMR (CD2Cl2) 12.4 (C5Me5), 86.8 (Me-Ta),
125.2 (C5Me5), 136.0 (m,C6F5), 138.2 (m,C6F5), 148.7 (m,C6F5),
Me-Al was not observed;19F NMR (CD2Cl2) -119.0 (o-C6F5),
-156.5 (p-C6F5), -161.5 (m-C6F5). Anal. Calc for C32H27AlF15Ta
(904.46): C, 42.49; H, 3.01. Found: C, 43.10; H, 3.14.

[TaCp*Me 3][Me{Al(C6F5)3}2] (3-Al2). [TaCp*Me4] (0.020 g,
0.05 mmol) and 0.5(toluene)‚Al(C6F5)3 (0.068 g, 0.12 mmol) were
stirred in toluene (2 mL) for 2 days. The solution was filtered,
leaving an oil that was washed with toluene (3 mL) and hexane (2
× 3 mL), to give a mixture of3-Al and3-Al2 in ca. 1:0.5 molar
ratio. Data for3-Al2: 1H NMR (CD2Cl2) 1.34 (s, 9 H,Me-Ta),
2.26 (s, 15 H, C5Me5), Me-Al was not observed;19F NMR (CD2-
Cl2) -120.0 (o-C6F5), -153.0 (p-C6F5), -161.7 (m-C6F5).

Polymerization of MMA. [TaCp*Me3X] (0.08 mmol) and Al-
(C6F5)3 (0.12 mmol) were premixed in 4 mL of toluene in a Teflon-
valved ampule, and MMA (1 g; [MMA]:[Ta]) 125:1) was added.
The ampule was heated with stirring at the corresponding temper-
ature. The polymerization was terminated by adding MeOH/HCl.
The isolated polymer was washed first with MeOH/HCl and then
with MeOH/water and dried overnight in vacuo at 60°C. A 1H
NMR (CDCl3) spectrum of the polymer was obtained to determine
its tacticity. Melting temperatures of polymers were measured by
differential scanning calorimetry (DSC, Perkin-Elmer DSC6). Gel
permeation chromatography (GPC) analyses of polymer samples
were carried out in THF at 25°C (Waters GPCV-2000).
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