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Synthesis of the Cation Complex [TaCp*Mg]™ and a Comparison of
Its Reactivity with That of [TaCp*Me 4"
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The new ionic compound [TaCp*MEMeB(CsFs)3] (1; Cp* = n°-CsMes) was obtained by reaction
of [TaCp*Mey] with B(CeFs)s. Addition of pyridine to the strongly acidic cation df gave the new
pyridine-coordinated cation [TaCp*M@y)]" (2). Hydrolysis of1 in wet dichloromethane yielded the
ionic compound [(TaCp*Mg(«-O)][MeB(CsFs)3]2 (3), containing a dinuclear dication identified by X-ray
diffraction. Similar hydrolysis of catiod as well as its pyridine addu& with H,O-B(CsFs)3 afforded
the neutral oxoborane compound [TaCp*{@-B(CsFs)s} ] with elimination of B(GFs)s and pyB(CeFs)s,
respectively. Catiorl inserted 1 equiv of PhC(O)H at room temperature to give the cationic alkoxo
complex [TaCp*Meg(OCHMePh)T (4), which reacted further with an additional 1 equiv of PhC(O)H to
give a mixture of theac andmesodiasterecisomers of [TaCp*Me(OCHMeRh) (5), whereas only the
neutral alkoxo compound [TaCp*M@CHMePh)] 6) was formed from the reaction of [TaCp*Me
with PhC(O)H upon heating. Catiahalso reacted with 1 and 2 equiv of PhNCO to give [TaCp3Me
{OC(Me)NPR]" (7) and [TaCp*Md OC(Me)NPHR,]* (8) by insertion of isocyanate into one or two
Ta—C bonds, respectively. However, heating [TaCp*Mwith PhNCO gave the dinucleagu-oxo
compound [(TaCp*Mg,(u-O)] (9). Compoundl showed rather low activity when tested as an ethylene
polymerization catalyst.

described previousk the versatile products resulting from the
) o insertion of isocyanides into the tantaltmmethyl bonds of the
The synthesis of stable alkyl cationic complexes of the early (antajum derivative [TaCp*Mg1214for which related insertion

transition metals is an objective of prime importance in reactions of carbon monoxitfeand ketone¥ have also been
organometallic chemistry, as these compounds are active iNreported.

many catalytic processes. The isolation and structural charac-
terization of these types of thermally stable compounds provide
a further insight into the mechanism of the catalytic reactions
and also improves their catalytic efficiency. Monocyclopenta-
dienyl trialkyl group 4710 and tetraalkyl NB' and T2 14
compounds are well-known, although the presence of bulky
alkyl groups in the Nb and Ta compounds causes the formation
of alkylidene ligands through-hydrogen eliminatiod31>We

Introduction

The cationic derivatives from these group 4 parent compounds
are not thermally stabl&;1°due to their electron deficiency and
the coordinative unsaturation of their metal centers, which can
be alleviated by coordinating different ligantfs23 Although
related cationic derivatives of group 5 metals would be expected
to be more stable, these types of species has not been reported
and, in addition, few examples of monocyclopentadienyl
tantalum compounds suitable for ethylene polymerization have
been describetf; 27 principally due to the expected lower acidity
of the cationic intermediates compared with that of the corre-
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* X-ray diffraction studies.
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sponding group 4 catalysts. However, the related cationic
dialkyltantalocene complexes [Tagfie;] ™ were easily prepared
by reaction of the trimethyl derivative with BBBF,28-2° or
oxidation of neutral dialkyltantalocene with Aggf More
recently it has been reported that activation of [Ta@g] with
B(CsFs)3 or Al(CeFs)3 gave a stable dimethyltantalocene cation,
characterized by X-ray diffraction, which could not coordinate
the [MeM(GsFs)3]~ counteraniori!

"1®dez-Niees et al.

Figure 1. ORTEP diagram of the cation of [(TaCp*Me(«-O)]-
[MeB(CsFs)4]2 (3). Hydrogen atoms have been omitted, and thermal
ellipsoids are shown at the 50% level. Selected bond distances (A)
and angles (deg): Ta(x0 = 1.914(3), Ta(2)O = 1.910(3), Ta-
(1)—C(6) = 2.120(5), Ta(1)C(7) = 2.125(5), Ta(2)C(8) =
2.135(5), Ta(2)yC(9) = 2.118(5); Ta(1yO—Ta(2)= 173.7(2).

Compoundl was thermally stable under an inert atmosphere
for long periods even in halogenated solvents. We believe that
the remarkable thermal stability of its GEll, solution is due
to the reduced Lewis acidity of the metal center imposed by
the strongly donating pentamethylcyclopentadienyl ligand and
the inductive effect of the three tantalum-bonded methyl groups,
as was confirmed by the X-ray structure of one of the ionic
complexes obtained in this work (vide infra). Nevertheless,
compoundl was still a strong Lewis acid that reacted with
pyridine to give the cationic adduct [TaCp*Mey)][MeB-
(CeFs)3] (2) (Scheme 1), with no evidence of methyl ogFg
transfer from the [MeB(gFs)3s] ~ anion, as usually observed for
compounds in which bonding interactions between such anion
and cation pairs are present. THe¢ and13C NMR spectra of
compound 2 showed one narrow signal due to the three

Herein we report the synthesis and chemical behavior of the €duivalent TarMe groups and the signals expected for a

cationic compound [TaCp*Mg" obtained by reaction of the
tetramethyl derivative [TaCp*Mg with B(CsFs)s. We also

symmetric pyridine ligand. This behavior is consistent with a
triangular-bipyramidal geometry, with the pyridine ligand

report the comparative reactivities of both neutral and cationic !0cated in an axial position trans to the Cp* ligand and the three
complexes in the insertion reactions oFO-containing com-  Methyl groups occupying the equatorial coordination sites. The
pounds such as benzaldehyde (PhC(O)H) and phenyl isocyanaté - NMR spectrum o2 showed resonances very similar to those
(PhNCO) and the structural characterization of the resulting described fod and for the remaining ionic complexes described
alkoxo and amidate derivatives. Furthermore, we describe thein this paper that will not be discussed further.

catalytic activity observed when the new permethylated cationic
complex was used as an ethylene polymerization catalyst.

Results and Discussion

Synthesis and Reactivity of Cationic CompoundsAddition
of 1 equiv of the Lewis acid B(gFs); to a toluene solution of
the peralkylated monocyclopentadienyl tantalum compound
[TaCp*Mey] (Cp* = 55-CsMes) afforded high yields of an
insoluble brownish oil characterized as the ionic derivative
[TaCp*Mes][MeB(CsFs)3] (1) (Scheme 1). Compountl was
soluble in dichloromethane, itsl and*C NMR spectra in Cp
Cl, showed one resonance for the three equivalentMea

The cation of compound was very air sensitive and highly
unstable in the presence of traces of water. Hence, in our attempt
to crystallize compoundlL from CHyCl, solutions, yellow
crystals suitable for X-ray diffraction studies of the dinuclear
complex [(TaCp*Me)2(u-O)][MeB(CgFs)s]2 (3) were obtained,
as a consequence of hydrolysis of one—Me bond and
formation of an oxo bridge. However, we were unable to isolate
pure complexX3 by hydrolysis reactions df to allow spectro-
scopic characterization. The molecular structure of caBon
(Figure 1) presents a distorted-tetrahedral environment about
the Ta atom with an almost linear ¥®—Ta bridge (173.7-
(2)°), indicating the high contribution of thewd-psr interaction
to the Ta-O bond. This feature is similar to that found in the

groups of a pseudo-tetrahedral cation, and one broad signal forrelated neutral-oxo compound [(TaCp*Mg(u-O)], which
the methyl group of the borate anion was also observed in the presents an exactly linear ¥®—Ta bridge (180).3% Both

IH NMR spectrum. Furthermore, the resonances iffR&NMR
spectrum were in agreement with the formation of the [MeB-
(CsFs)4] @anion, the difference between the andp-CgFs values

Ta—0O bond distances (1.910(3) and 1.914(3) A) are in the
middle of the range of TaO bond values of complexes
containing Ta-O—Ta bridges (1.822.10 A) and are very close

(Ao = 2.6) being consistent with the presence of separate to those found in the neutratoxo compound [(TaCp*Mg-

cationic and anionic [MeB(gFs)3]~ moieties®2
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21, 832.

(u-0)] (1.909(7) A)2® This Ta—O bond in compound is
surprisingly longer than expected, due to the higher electrophi-
licity of the 14-electron Ta atom, with respect to the 16-electron
Ta atom in the neutral complex [(TaCp*Me(u-O)], assuming
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Synthesis and Reagity of the [TaCp*Meg]* Cation

that the bridging oxygen atom is a 3-electron donor for each
metal center. On the other hand, the—Me bond distances
were mainly affected in compoun8 in comparison with
[(TaCp*Mes)o(u-O)], decreasing from the range 2.223.259

A to the range 2.11:82.135 A, indicating the higher inductive
donor capacity of the methyl groups. This increased inductive
effect of the methyl groups together with thebonding donation
observed for tha-oxo bridging system compensates the electron
deficiency of the metal center enough to stabilize the dinuclear
dication, keeping the free methylborate anion without any
interionic pairing. Therefore, the free cationic species is stable
and can be isolated not only when three methyl groups are
coordinated to the metal, as in the cation of compolindut
also when one methyl group is substituted by the less donating
u-0xo ligand, leaving only two additional methyl groups.

In the view of this result, we tried to hydrolyze compouhd
with the oxo transfer reagent,B-B(CsFs)s. Hence, the reaction
of 1 with 0.5 mol of the water adduct in GBI, was monitored
by H NMR spectroscopy; the only reaction products observed
were the neutral oxeborane derivative [TaCp*MgO-
B(CsFs)3} ]34 and the free borane compound BFg)s, together
with the starting compound (Scheme 1). This process is
consistent with the protonolysis of two ¥&le bonds on the
same metal center to form the undetectable, electron-deficient,
and coordinatively unsaturated cation [TaCp{\eB(CsFs)3}] ™,
which is immediately stabilized by transfer of the methyl group
from the [MeB(GFs)3] ~ anion, making evident that the Lewis
acidity of the intermediate (oxoborane)methyltantalum cation
is stronger than that known for the borane Bfg)s. This
proposal is supported by the lack of reactivity of [TaCp*Me
{O-B(CesFs)3}] toward the Lewis acid B(gFs)s. The same
behavior was observed when the pyridine cationic adAuais
treated with the water adduct,8-B(CgFs)s, this process also
being consistent with the transfer of the methyl group from the
[MeB(CgFs)3]~ anion to the intermediate undetected (oxobo-
rane)methyl cation to give the neutral compound [TaCpsMe
{O-B(CsFs)3}] and the pyridine adduct pB(CgFs)s.

Insertion Reactions of Benzaldehyde and Phenyl Isocy-
anate We have discussed above that the more electrophilic
metal center of cationic compounds is responsible for the
increased inductive effect of the remaining methyl groups, for
which shorter TaeMe bond distances are observed. It should

be expected that insertion reactions would be favored by a higher

positive charge at the Ta atom that would increase the
electrophilic character of the atom at the coordinated ligand,
which is attacked by the migrating alkyl group. However, it
could be also expected that migration should be hindered for
the more stable metahlkyl bonds. To find the right answer to
this matter, we decided to develop a comparative study of
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spectrum showed one resonancé 88.2 for the alkoxo carbon
atom. The chirality at the carbon atom of this OCHMePh ligand
is consistent with the presence of two resonances for the
diastereotopic TaMe groups in botiH and*C NMR spectra.

The same reactivity was observed for compoudnih the
presence of a second equivalent of PhC(O)H, which after 6 h
at room temperature gave a mixture in an approximately 3:2.5
molar ratio of therac andmesadiastereoisomers of the complex
[TaCp*Me(OCHMePh)[MeB(CsFs)3] (5) (Scheme 2). This is
as expected for the presence of two stereogenic carbon atoms,
one for each OCHMePh ligand. This mixture could not be
separated, although the small difference in the proportion of
the two components helped us to distinguish séhh@nd!3C
NMR resonances for each diastereoisomer. Hence,Ghe
symmetry of each molecule of theesodiastereocisomerSR
RS 5a) gave rise to one doublet for the methyl grotid NMR)
and only one resonance for the carbon até# (N\MR) of the
alkoxo group. In contrast, the lack of any symmetry of the
diastereocisomerRR'SS 5b) was reflected by the presence of
two doublets for the methyl group in thel NMR and of two
resonances for the carbon atoms of the OCHMePh groups in
the 13C NMR.

Comparatively much less reactive was the neutral compound
[TaCp*Mey], which reacted with 1 equiv of benzaldehyde upon
heating at 70C for 24 h, leading to [TaCp*Mg&OCHMePh)]

(6) (Scheme 2). No further insertion of a second molecule of
PhC(O)H was observed, and heatiigover 100°C caused
decomposition. Compouné was also a precursor for the
cationic complex4 upon addition of 1 equiv of the Lewis acid

insertion reactions of benzaldehyde and phenyl isocyanate intoB(CeFs)s. It seems clear that the higher electron density at the

the Ta-Me bonds of the 12-electron cationic trimethyl com-
poundl [TaCp*Me;] ™ and the 14-electron neutral tetramethyl
complex [TaCp*Ma].

Complex 1 reacted with benzaldehyde (PhC(O)H) to form
the alkoxo compound [TaCp*MECHMePh)][MeB(GFs)3]
(4) at room temperaturail h (Scheme 2), after a process that
involved coordination of the oxygen atom to the metal center
and further migration of one methyl group to the? €patom.
The main spectroscopieH NMR data that confirmed the
formation of4 were the doublet ab 1.90 and the quartet @t
5.86 for the methyl group and the hydrogen atom of the alkoxo
OCHMePh fragment, respectively. Moreover, tH€ NMR

(34) Saachez-Nieves, J.; Frutos, L. M.; Royo, P.; CastaD.; Herdtweck,
E. Organometallic2005 24, 2004.

tantalum atom of [TaCp*M4g hindered the insertion reaction,
and once the 16-electron alkoxo compou@dvas formed
(considering a 3-electron-donor oxygen atom) the electronic and
steric saturation at the metal center blocked the possible insertion
of PhC(O)H. The'H and®3C NMR spectra o6 showed signals
corresponding to the formation of the new alkoxo OCHMePh
ligand, as was the case fdrand5 (vide supra).

Similar studies were carried out for insertion reactions of
PhN=C=0. Reaction of the cationic complexwith 1 equiv
of phenyl isocyanate at room temperature gave the dimethyl
amidate complex [TaCp*M#£#?-OC(Me)NPR][MeB(CgFs)3]
(7) (Scheme 3), as a result of the insertion of thre@ group
into one Ta-Me bond. This reaction was not selective but was
followed by a second insertion into another—de bond,
affording the monomethyl derivative [TaCp*Nlg?-OC(Me)-
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NPh ][MeB(CeFs)s] (8) (Scheme 3), leaving part of the
unreacted starting complex However, the 16-electron com-
pound8 was isolated as the unique reaction product when
was treated with 2 equiv of isocyanater f8 h in dichlo-
romethane. The most significant NMR feature for compounds
7 and8 was the resonance in thé&C NMR spectrum at about

0 185 corresponding to the-€0 carbon atom and the high-
field shift (0 18.6 for 7 and 6 20.2 for 8) of the migrated
C-bonded methyl group, which is observed in ¢ NMR
spectrum as a singlet shifted to low field 2.23 for7 and d
1.98 for 8), in comparison with that observed for the starting
complex1. The acidity of the metal center and the length of
the Ta-O—C—N chain should favor a chelate disposition of
the amidate ligand, as previously observed for early-transition-
metal complexes with this type of ligardgl.

Surprisingly, a similar reaction of the tetramethyl complex
[TaCp*Mey] with 1 equiv of PhNCO did not give the expected
insertion product; instead, the dinuclear oxo-bridged complex
[(TaCp*Mes)2(1-O)] (9) was isolated in moderate yield upon
heating in toluene at 90C (Scheme 3). Compourlwas the
only tantalum-containing product of the reaction, even in the

"1®dez-Niees et al.

reported for related monocyclopentadienyl group 4 compounds,
taking into account the lower acidity of the 12-electron cationic
tantalum complex [TaCp*Mg™ in relation to the 10-electron
group 4 metal species [MCpR. The activity of complex. is
clearly lower than that reported for other nonmetallocene
tantalum compounds such as [Tg@minopyridinato)] (1000

g of PE (mmol of Ta)! h~1 atmr; MAO, 60 °C, 1 atm)3®
[TaCp*Clx{ MeC(NiPr)}] (470 g of PE (mmol of Ta)l h~!
atnm1; MAO, 60 °C, 8 atm)?” and [TaCp*Ch(NSitBus)] (60 g

of PE (mmol of Tay! h=1 atmrl; MAO, 25 °C, 5 atm¥® but
close to that reported for [TaCp*%ky*-diene)] (X = Cl, Me;
1-7 g of PE (mmol of Ta)! h™! atmr!; MAO, —60 to —20

°C, 1 atm)?*25although in this case the polydispersity was ca.
1.0. On the other hand, the alkyl derivatives [TaCp*ideC-
(NiPr)}1?” and [TaCp*(CHPh)(NtBu)]3” showed no activity;
meanwhile, the allyl compound [TaCpj{CsHs)(7°-C3Hs)-
(NAI] (Ar = 2,64Pr,C¢Hs) was scarcely active for ethylene
polymerization (38 g of PE (mmol of Ta) h™t atnT%; [PhsC]-
[B(CeFs)4]; 25 °C, 1 atm)?®

Conclusions

Methyl abstraction from [TaCp*Mg with the strong Lewis
acid B(GFs)s gave the thermally stable ionic compound
[TaCp*Mes][MeB(CeFs)3], which remained unchanged in GH
Cl,. The 12-electron cation [TaCp*ME™ was more reactive
than its 14-electron neutral precursor [TaCp*& was shown
to be a strong Lewis acid that coordinated pyridine to give the
14-electron cation [TaCp*Mgpy)]* and was extremely unstable
in the presence of traces of water to give the dinuclear cation
[(TaCp*Mey)2(u-0)]?". However, hydrolysis of [TaCp*Mg+
and [TaCp*Me(py)]™ with the oxo transfer reagent.B-
B(CeFs); afforded the neutral compound [TaCp*M©-
B(CeFs)s}] by methyl transfer from the borate anion to the
unstable cationic intermediate, which was a stronger Lewis acid.
The tantalum atom of the cationic complex [TaCp*fewas
highly electrophilic, and insertion at room temperature of 1 and
2 equiv of the G=0O-containing compounds PhC(O)H and
PhNCO into one and two FaMe bonds was observed, giving
the alkoxo and amidate cations [TaCp*M@CHMePh)} and
[TaCp*Mex{ 72-OC(Me)NPR]™ in a first step and the dialkoxo

presence of excess PANCO. When the experiment was carried"d diamidate cations [TaCp*Me(OCHMegjh)and [TaCp*Me-

out into a sealed NMR tube and the reaction was monitored by {7°-OC(Me)NPH]* after the second insertion, respectively.
1H NMR spectroscopy, broadening of signals corresponding to [N contrast, only one molecule of PhC(O)H and PhNCO was
the phenyl ring was observed and the resonances belonging td"Sérted into one TaMe bond upon heating of the less
the starting PANCO disappeared. Unfortunately we could not €l€ctrophilic compound [TaCp*Mg forming the corresponding
identify the organic byproduct. It is important to note that this alkoxo derivative [TaCp*MgOCHMePh)] and the dinuclear
process required the addition of an equimolecular amount of c0mpound [(TaCp*Mg(u-O)], respectively.
PhNCO to complete the reaction, because in the presence of a All of the ionic complexes reported in this paper showed
smaller amount of PANCO the corresponding remnant of starting (Fmetd — 0(Fparg differences in théF NMR spectra lower than
[TaCp*Mey] was recovered. Unexpectedly, compl@xould 2.8 ppm, demonstrating the presence of separated ion3airs.
not be used as a precursor to isolate the dicationic dinuclearFurthermore, this difference was almost the same for all of the
compound3 by reaction with 2 equiv of B(§Fs)s, which only complexes, whatever the electron density at the metal center,
led to an unidentified mixture of reaction products. which changed from 12 electrons in catibo 14 electrons in
Ethylene Polymerization The ionic compound generated 2 and4 (considering the alkoxo group as a 3-electron-donor
in situ was studied as an ethylene polymerization catalyst. It ligand) and in7 and to 16 electrons if and8. Also, cations,

exhibited rather poor activity (1.6 g of PE (mmol of Tah~1
atm! at 50°C and 5 atm over 1 h), yielding HDPH{ = 135
°C) with a molecular mass of ca. 4510° g mol~* and a narrow
polydispersity Mw/M, = 2.5). Lower catalytic activity was

with two bidentate amidate ligands, one methyl group, and one
cyclopentadienyl ring, was coordinatively saturated, preventing
any possible ion-pairing interaction.

observed when lower temperature and ethylene pressure were (36) Hakala, K.; Lofgren, B.; Polamo, M.; Leskela, Macromol. Rapid

used. This behavior is not surprising, in comparison with that

(35) Braunstein, P.; Nobel, BChem. Re. 1989 89, 1927.

Commun1997 18, 635.

(37) Coles, M. P.; Dalby, C. I.; Gibson, V. C.; Little, I. R.; Marshall, E.
L.; da Costa, M. H. R.; Mastroianni, S. Organomet. Cheni999 591,
78.
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Finally, the cation complex [TaCp*Mg" was active for
ethylene polymerization, although it showed rather low catalytic
activity.

Experimental Section

General Considerations All manipulations were carried out
under an argon atmosphere, and solvents were distilled from

Organometallics, Vol. 25, No. 9, 2008335

[TaCp*Me(OCHMePh) ;][MeB(CFs)3] (5). PhC(O)H (0.058
g, 0.54 mmol) was added to a solution of [TaCp*}sleB(CeFs)3]
(1; 0.26 mmol) in CHCI, (5 mL), prepared in situ. After the mixture
was stirred for 6 h, the volatiles were removed under vacuum and
the remaining oil was washed first with toluene and then with
hexane to gives (0.26 g, 89%). Data fob: H NMR (CD,Cl,)
0.50 (bs, 6 HMe—B, 5aand5b), 1.07 (s, 3 HMe—Ta, 5a), 1.17
(s, 3H,Me—Ta,5h), 1.56 (d, 3H2J(H—H) = 6.5 Hz,Me—C—-0,

appropriate drying agents. NMR spectra were recorded at 300.135b), 1.67 (d, 3 H3J(H—H) = 6.5 Hz,Me—C—0, 5b), 1.72 (d, 6

(*H), 188.31 {°F), and 75.47%C) MHz at room temperature on a
Varian Unity 300. The'3C NMR data for the methyl group of the
[MeB(C¢Fs)s] anion was observed by gHMQC experiments.
Chemical shifts§) are given in ppm relative to internal TMSH
and®3C) or external CFGI(*°F). Elemental analyses were performed
on a Perkin-Elmer 240C. The compounds [Ta@gy],** B(CeFs)3,38
and [HO-B(CqFs)3]2° were prepared by literature methods. PhC-
(O)H and PhNCO were distilled from Caldnd RBOs, respectively,
under vacuum and stored under argon.

[TaCp*Me 3][MeB(CsFs)3] (1). [TaCp*Me,] (0.100 g, 0.26
mmol) and B(GFs)s (0.150 g, 0.29 mmol) were stirred in toluene
(5 mL) for 5 min. The solution was then filtered off, leaving an oil
that was washed with hexane (5 mL), to givas a brownish oil
(0.20 g, 85%). Data fot: *H NMR (CD,Cly) 0.47 (bs, 3 HMe—

B), 1.36 (s, 9 H,Me—Ta), 2.26 (s, 15 H, eMes); 1°3C NMR
(CD,Cl,) 10.4 MeB(C¢Fs)3), 12.2 (GMes), 86.8 Me—Ta), 125.3
(CsMes), 136.4 (m,CgFs), 137.9 (m,CeFs), 148.7 (m,CgFs); 1%F
NMR (CD.Cl,) —130.0 6-CeFs), —162.1 0-CeFs), —164.7 (-
CsFs). Anal. Calcd for G;H27/BF;sTa (888.29): C, 43.27; H, 3.06.
Found: C, 43.63; H, 3.14.

[TaCp*Me 3(py)][MeB(CeFs)s] (2). Pyridine (0.021 g, 0.26
mmol) was added to a suspension of [TaCp3NMeB(CeFs)3] (1;
0.26 mmol) in toluene (5 mL), prepared in situ. After the mixture
was stirred for 10 min, the solution was filtered off and the
remaining oil was washed with hexane (5 mL) to gi¢0.21 g,
83%). Data for2: 'H NMR (CD,Cl,) 0.47 (s, 3 HMe—B), 0.50
(s, 9 H,Me—Ta), 2.26 (s, 15 H, Mes), 7.52 (M, 2 Hm-CsHsN),
7.91 (m, 1 H,p-CsHsN), 8.77 (m, 2 H,0-CsHsN); 13C NMR
(CDxCl,) 10.7 MeB(C¢Fs)3), 11.7 (GMes), 76.5 Me—Ta), 121.5
(CsMes), 125.8 p-CsHsN), 135.7 (m,CgFs), 139.0 (M,CeFs), 139.3
(m-CsHsN), 148.2 (m,CqFs), 149.4 6-CsHsN); 1°F NMR (CD.Cl,)
—130.0 0-C¢Fs), —162.1 p-CgFs), —164.7 (-CeFs). Anal. Calcd
for Cs7/H3BFisNTa (96739) C, 45.94; H, 3.33; N, 1.45. Found:
C, 45.38; H, 3.10; N, 1.29.

Reaction of [Tan*Me:;][MeB(C 6F5)3] (1) with H 20'B(C6F5)3.

A Teflon-valved NMR tube was charged with a solutionlg.018

g, 0.020 mmol) and kD-B(CsFs)3 (0.005 g, 0.010 mmol) in Cp
Cl,. After 3 h, the!H NMR spectrum revealed that the reactants
had been transformed into [TaCp*M©-B(CeFs)3} ]3* and B(GFs)s,
with minor amounts of other unidentified products.

[TaCp*Me ;(OCHMePh)][MeB(C¢Fs)3] (4). PhC(O)H (0.028
g, 0.26 mmol) was added to a solution of [TaCp*}ileB(CeFs)3]

(1; 0.26 mmol) in CHCI, (5 mL), prepared in situ. After the mixture
was stirred for 1 h, the volatiles were removed under vacuum and
the remaining oil was washed first with toluene (5 mL) and then
with hexane (5 mL) to givé (0.23 g, 87%). Data fo#: H NMR
(CD,Cly) 0.47 (bs, 3 HMe—B), 0.93 (s, 3 HMe—Ta), 1.02 (s, 3

H, Me—Ta), 1.90 (d, 3 H3J(H—H) = 6.5 Hz,Me—C—0), 2.09 (s,

15 H, GMes), 5.87 (9, 1 H3J(H—H) = 6.5 Hz,H—C-0), 7.38
(m, 2 H,m-CgHs), 7.46 (M, 3 H,p-Ce¢Hs and 0-CeHs); 13C NMR
(CDCl,) 10.5 (MeB(CgFs)3), 11.2 (GMes), 24.7 Me—C—0), 67.1
(Me—Ta), 67.2 Me—Ta), 89.2 C—0), 125.3, 126.1, 129.8, 130.3
(CeHs and CsMes), 135.7 (M, CeFs), 139.0 (m,CgFs), 140.5 6-
CsHs), 148.2 (m,CgFs); F NMR (CD.Cly) —131.3 0-CsFs),
—162.0 p-CgFs), —164.7 -CgFs). Anal. Caled for GeHz3BF;5
OTa (994.41): C, 47.10; H, 3.34. Found: C, 47.20; H, 3.48.
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H, 3)(H—H) = 6.5 Hz,Me—C—0, 5a), 2.02 (s, 15 H, EMes, 5a),
2.05 (s, 15 H, @Mes, 5b), 5.60-5.79 (M, 4 H,H-C—0), 7.15-
7.50 (M, 10 H, GHs); 13C NMR (CD,Cl,) 10.6 (MeB(CsFs)s), 10.9
(CsMes), 24.6 (Me—C—O, 5b), 25.0 Me—C—O, 5b), 25.1 Me—
C-0, 5a), 43.1 Me—Ta), 43.7 Me—Ta), 87.2 C—-0), 87.3 C—

0), 87.4 C—0), 124.6, 124.7, 126.0, 129.5, 129.6, 129.7, 129.8,
141.1, 1412¢6H5 and05ME5), 136.8 (m,CGFs), 137.9 (m,Cer),
148.2 (M,CeFs); 1% NMR (CD;Cl,) —131.3 -CeFs), —162.0 p-
C6F5), —164.7 (TT-CGF5) Anal. Calcd for QeH3gBF150zTa
(1100.54): C, 50.20; H, 3.57. Found: C, 49.95; H, 3.48.

[TaCp*Me 3(OCHMePh)] (6). A solution of [TaCp*Me] (0.300
g, 0.78 mmol) and PhC(O)H (0.120 g, 1.20 mmol) in toluene (5
mL) was heated at 76C for 24 h. Afterward, the volatiles were
removed under vacuum and hexane was added (15 mL). The
solution was filtered and the filtrate was concentrated to a volume
of ca. 4 mL and cooled te-40 °C, yielding 6 as yellow crystals
(0.25 g, 65%). Data fo6: *H NMR (CDCls) 0.06 (s, 6 HMe—
Ta), 0.17 (s, 3 HMe—Ta), 1.55 (d, 3 H3J(H—H) = 6.4 Hz,Me—
C-0), 1.86 (s, 15 H, 6Mes), 5.40 (q, 1 H3J(H—H) = 6.4 Hz,
H-C—0), 7.30 (m, 5 H, GHs); 13C NMR (CDCk) 11.0 (GMes),
25.4 Me—C-0), 50.5 Me—Ta), 50.8 Me—Ta), 53.2 Me—Ta),
81.4 C—0), 115.9 CsMes), 125.9, 127.1, 128.1, and 145GsHs).
Anal. Calcd for G;H330Ta (482.43): C, 52.28; H, 6.89. Found:
C, 52.10; H, 6.70.

[TaCp*Me ,{ OC(Me)NPh}][MeB(CFs)s] (7). PANCO (0.040

mmol) was added to a solution of [TaCp*MMeB(CeFs)s] (1;
0.040 mmol) in CRCl,, prepared in situ. The reaction was
monitored by NMR until it was finished after 30 min, showing the
remaining unreacted and the formation o7 and8. Data for7:
H NMR (CD.Cl,) 0.47 (bs, 3 HMe—B), 0.95 (s, 6 HMe—Ta),
2.18 (s, 15 H, @Mes), 2.23 (s, 3HMe—C—0), 7.24-7.60 (GHs,
underneath with those corresponding with compo&nd3C NMR
(CD:Cl,) 10.5 (MeB(CgFs)3), 11.0 (GMes), 18.6 Me—C—0), 77.1
(Me—Ta), 124.9, 125.4, 128.5, 130.5 and 13%3Hs andCsMes),
135.7 (m,CeFs), 138.9 (m,CsFs), 148.5 (m,CeFs), 187.7 C—O);
19F NMR (CD,Cl,) —130.5 ¢-C¢Fs), —162.5 p-CeFs), —165.1 (-
CeFs).

[TaCp*Me {OC(Me)NPh},][MeB(CFs)3] (8). PhNCO (0.056
g, 0.56 mmol) was added to a solution of [TaCp*}eleB(CeFs)3]

(1; 0.26 mmol) in CHCI, (5 mL), prepared in situ. After the mixture
was stirred for 3 h, the volatiles were removed under vacuum and
the remaining oil was washed first with toluene and then with
hexane to give8 (0.27 g, 89%). Data foB: H NMR (CD,Cl,)
0.47 (bs, 3 HMe—B), 1.05 (s, 3 HMe—Ta), 1.98 (s, 6 HMe—
C—0), 2.27 (s, 15 H, eMes), 6.66 (bs, 2 H, Hs), 7.34 (m, 8 H,
CeHs); 13C NMR (CD.Cly) 10.5 (MeB(CqFs)3), 11.1 (GMes), 20.2
(Me—C-0), 67.3 Me—Ta), 124.7 CsMes), 127.3, 128.3, 130.1,
and 139.9 C¢Hs), 135.5, 139.9, and 148.7 (mGsFs), 184.5 C—

O), 19F NMR (Cchlz) —130.4 O-Cer), —-162.5 O'CGFS)! —165.1
(m-CgFs). Anal. Calcd for GgH3/BF1sN,O,Ta (1126.53): C, 49.04;
H, 3.31; N, 2.49. Found: C, 49.35; H, 3.48; N, 2.27.

[(TaCp*Me 3)2(u-O)] (9). A solution of [TaCp*Me] (0.300 g,
0.78 mmol) and PhNCO (0.095 g, 0.78 mmol) in toluene (5 mL)
was heated at 9UC for 24 h. Afterward, the volatiles were removed
under vacuum and hexane was added (10 mL). The solution was
filtered off, leaving a pale orange solid that was identifiedd&s
(0.24 g, 80%). Data fod: H NMR (CDCls) 0.36 (s, 3 HMe—
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Ta), 0.39 (s, 6 HMe—Ta), 2.07 (s, 15 H, §Mes). Anal. Calcd for 2, peaicd = 1.779 g cm?, F(000) = 1792, Mo Ko radiation ¢ =
CoeHagOTa (482.43): C, 42.28; H, 6.55. Found: C, 42.10; H, 6.70. 0.710 73 A),u = 3.306 mntL. Data collection was performed at
Polymerization of C;H,4 with [TaCp*Me 3][MeB(CgFs)3] (1). 200(2) K on a Nonius KappaCCD single-crystal diffractometer. The
A sealed glass ampule containing a solid mixture of [TaCpfMe  crystal structure was solved by direct methods and refined using
(0.030 g, 0.08 mmol) and BgEs)s (0.042 g, 0.08 mmol) was  full-matrix least squares o2 All non-hydrogen atoms were
introduced into a Beohi reactor, and 60 mL of toluene containing anisotropically refined, except for a disordered benzene molecule.
10 x 0.08 mmol of AlBus was added to the reactor. The system Hydrogen atoms were geometrically placed and left riding on their
was purged with argon for 30 min and then ethylene for 10 min at parent atoms. The final cycle of full-matrix least-squares refinement
the required temperature and pressure, and then the ampule wabased on 15 731 reflections and 922 parameters converged to final
broken and the suspension stirred for 60 min. Afterward the values of R1F2 > 20(F2)) = 0.0404, wR2F2 > 20(F?)) = 0.0673,
polymerization was terminated by closing the ethylene supply and R1(F?) = 0.0968, and wRZ?) = 0.0782. Final difference Fourier
venting the autoclave to the atmosphere. The isolated polymer wasmaps showed no peaks higher than 1.135 or deeperta820 e
washed first with MeOH/HCI (dilute) and then with MeOH/water A3,
and dried overnight in vacuo at 8C. Melting and crystallization
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X-ray Structure Determination of 3:CgHg. Yellow crystals ) . ) .
suitable for X-ray diffraction studies were obtained by cooling a _ SuPporting Information Available: Crystallographic data for
dichloromethane/gHs solution of 1 at 0 °C. Crystal data for3- 3 as a CIF file. This material is available free of charge via the
CeHe: CogHsBoFadOTa, M, = 1840.63, triclinic, space groupl, ~ nternet at hitp://pubs.acs.org.
a=13.5223(12) Ab = 15.006(3) Ac=17.416(4) Ao = 81.144-
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