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Summary: Unlike the clean reaction of group 4 metal-
locene alkyls with B(CgFs)s, the reaction of Cp,TaMes
with M(CgFs)3 (M = B, Al) in benzene or toluene produces
an oily product mixture containing the expected Cp,Ta-
Me, " CH3M(CeFs)s™ as well as the unexpected Cp,TaMe,*-
[(C6F5)sMCH3M(CgF5)3]~ in equilibrium, along with
unreacted Cp,TaMes. The surprising reactivity of weakly
coordinating anions CH3M(CgFs)s~ in the abstractive
metallocene chemistry renders formation of novel u-Me-
bridged dinuclear anions. Subsequently, the reaction of
Cp2TaMes; with 2 equiv of Al(CeFs)s cleanly generates
thetantalocenecation—dinulcear anionionpair Cp,TaMe, -
[(CeFs)sAICH3AI(CsFs)s]~ as colorless crystals in a quan-
titative yield. A crystallographic study confirms the
structure, which reveals unassociated cation—anion
pairs with nearly symmetrical u-CH3 bridging in the
anion portion.

Reactions of group 4 metallocene alkyl or diene
complexes with strong organo-Lewis acids such as
B(CsFs)s and a number of its derivatives have attracted
increasing attention because the cationic species derived
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therefrom are isolable and often X-ray crystallographi-
cally characterizable.! In addition, they are typically
highly active, single-site olefin polymerization cata-
lysts.? In sharp contrast, the product of the analogous
reaction with tantalocenes such as tris(cyclopentadi-
enyl)Ta(butadiene) has proven difficult to isolate in the
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pure state, and the structure of the resulting counter-
anion remains unclear.?

Consequently, Erker et al.2 developed a new cation-
generating method to obtain the (butadiene)tantalocene
cation using the ion pair Cp,ZrMe*MeB(C¢Fs)3~,* in-
stead of B(CsFs)3® or other metallocene cation generating
agents such as [Ph3C]T[B(CeFs)s]® and [HNRR'2]'-
[B(CeFs)4]~.7 Zwitterionic tantalocene derivatives can
also be obtained from the reaction of tantalocene methyl
methylidene Cp,Ta(=CH,)(CH3) and B(CsFs)s, as re-
cently reported by Piers et al.8 We communicate here
the unusual weakly coordinating anion reactivity in the
reaction of tantalocene trimethyl with B(CsFs); and Al-
(CsFs)3® as well as the synthesis of a new class of
tantalocene cations paired with novel u-Me-bridged
dinuclear anions.

Unlike the reaction of Cp'2ZrMe; with B(CsFs)3, which
cleanly generates the corresponding cationic complexes
Cp'2ZrMe*™MeB(CsFs)3™ (Cp' = Cp and substituted de-
rivatives),* the reaction of Cp,TaMes'° with 1 equiv of
M(CsFs)s (M = B, Al) in benzene or toluene produces
an oily product mixture containing Cp,TaMe;TCH3;M-
(Cer)s_ and szTaM92+[(C6F5)3MCH3M(C6F5)3]_ in equi-
librium, along with unreacted Cp,TaMes (Scheme 1; see
Supporting Information for experimental and charac-
terization details). Observation of changes in the monoan-
ion/dinuclear anion ratio vs time'! in the reaction with
B(CsFs)3 reflects the instability of the diboron anion,
while such a ratio is kept at ca. 1:1 in the reaction with
Al(CgFs)3 for the same study.

A very interesting aspect of this reaction is that due
to the weakly coordinating feature of the Cp,TaMe,™
countercation, the enhanced nucleophilicity of the free
anion CH3M(CgFs)3~, once generated, attacks M(CgFs)3
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to form u-Me-bridged dinuclear anions [(CeF5)sMCHs3-
M(CgFs)3]~.12 This chemistry is different from what has
been demonstrated for the group 4 metallocenes where
the weakly coordinating feature of the anion promotes
the reactivity of the countercation to form u-Me-bridged
dinuclear cations [Cp’;MMeCHz;MeMCp',]t (M = Zr,
Ti).13 All 'TH NMR signals are broad at room tempera-
ture, indicative of dynamic exchange processes as shown
in Scheme 1; 'H NOESY experiments confirm this
finding. To our knowledge, this is the first report of
weakly coordinating anion reactivity in metallocene
chemistry that renders formation of u-Me-bridged di-
nuclear anions.

In an attempt to isolate the tantalocene cation—
dinuclear anion pair and characterize it in the pure
state rather than in the above equilibrium mixture, 2
equiv of B(CgFs); was used in the reaction with Cp,-
TaMes. Interestingly, the reaction still produced an oily
product mixture containing a significant amount of
unreacted B(CsFs)3 (Scheme 2; see Supporting Informa-
tion for experimental and characterization details). Next
the use of the sterically more accessible, stronger
organo-Lewis acid Al(CgFs)3 was tried, but it profoundly
changed the reaction outcome as well as the stability
of the resulting u-Me-bridged dinuclear anion. Thus,
mixing Cp,TaMes with 2 equiv of Al(CgFs)3 in benzene
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Figure 1. Thermal ellipsoid drawing of Cp,TaMe,"[(CsFs)sAICH3AI(CeFs)s]~ shown at the 50% probability level. The F
atoms of the anion portion are not labeled for clarity. Selected bond lengths and angles (A, deg): Ta—C11 = 2.188(3);
Ta—C12 = 2.166(3); Al1-C13 = 2.109(3); Al2—C13 = 2.060(3); Al1-C13—Al2 = 174.7(2); C12—Ta—C11 = 96.6(1); Cp-

(centroid)—Ta—Cp(centroid) = 133.8(1).

or toluene results in immediate precipitation of a clean
product as colorless crystals in quantitative yield.
Spectroscopic data and analytical analysis!* suggest the
formation of the desired ion pair Cp,TaMe,™[(CgFs)3AIC-
H3Al(CsFs)3]~ (Scheme 2). In bromobenzene-ds solution
at room temperature, *H NOESY experiments indicated
no dynamic exchange between the cation Cp,TaMe;™"
methyl and the anion [(CeFs)sAICH3AI(CsF5)3]~ methyl.

A crystallographic study confirms the structure of
szTaM62+[(C6F5)3A|CH3A|(C5F5)3]_ (Figure 1),15 which
reveals unassociated tantalocene cation—dinuclear an-
ion pairs with the distances between tantalum and
aluminum atoms of 6.861 A (Ta to Al1), 7.312 A [Ta to
Al2 (1+x, —1+y, z)], 7.618 A [Ta to AlI2 (2—x, —1—vy,
2—2)]. The dinuclear anion features a nearly sym-
metrical u-CHjs bridging between two aluminum centers.
The All- - -C13- - -Al2 vector is nearly linear with an
angle of 174.7(2)°, and the geometry at the Al centers
is that of a slightly distorted tetrahedron with the sum
of C(arene)—Al—C (arene) angles of 333.4° and 334.9°.
The Al—CHj3 distances of 2.109(3) and 2.060(3) A are
comparable to those in the anion (u-CH3)-Al(CeFs)s™
(2.084(2) and 2.059(2) A) in a “doubly activated” ansa-
zirconocene complex,'® but are noticeably longer than

(14) *H NMR (CgDg, 23 °C): 0 4.96 (s, 10 H, CsHs), —0.40 (s, 6 H,
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3Je_r = 18.1 Hz, 12 F, m-F). 13C NMR (bromobenzene-ds, 23 °C): o
112.10 (CsHs, *Jcy = 175.5 Hz), 57.05 (Ta—CHs, 1Jchy = 125.3 Hz).
Anal. Calcd for C4oH0AlF30Ta: C, 41.67; H, 1.36. Found: C, 41.99;
H, 1.47.

(15) Crystallographic data for C49H10Al,F30Ta-CeHe: triclinic, space
iroup P1 (No. 2); a = 12.9456(6) A, b = 13.2896(6) A, ¢ = 16.1621(7)

, o= 74.166(1)°, f = 82.767(1)°, y = 88.123(1)° at 173(2) K; V =
2647.9(2) A3; Z = 2. A benzene molecule was located in the asymmetric
unit in addition to the cation and anion. The structure was solved by
the direct methods and refined by full-matrix least-squares techniques
using 9837 reflections having | > 2¢(l) and resulting in R1 = 0.0274,
WR2 = 0.0560. The u-CH3; hydrogen atoms of C13 were located and
refined without any constraints.

that in the anion (u-CHz3)-Al(CsFs)s~ (2.033(3) A) in a
“constrained geometry” Ti complex.16® The geometry of
the Cp,TaMe," cation with Cp(centroid)—Ta—Cp(cen-
troid) and C11-Ta—C12 angles of 133.8(1)° and 96.6-
(2)°, respectively, compares well with those of the
isoelectronic neutral Cp,ZrMe,,'” but having appreciably
shorter M—CHj3 distances for the tantalocene cation
(Ta—C11 =2.188(3) A; Ta—C12 = 2.166(3) A) than those
for Cp2ZrMe; (2.280(5) and 2.273 (5) A) without cor-
recting for differences in Ta/Zr ionic radii. However, the
metrical parameters of the Cp,TaMe,™ cation are very
similar to those of the CpCp*TaMe,™ cation paired with
trifluoromethylsulfonate anion.18

These results demonstrate for the first time the
surprising reactivity of weakly coordinating anions
CH3M(CgFs)3~ in abstractive chemistry involving reac-
tions of group 5 metallocenes and strong organo-Lewis
acids M(CgFs)s. Further exploratory studies on other
bridging functionalities as well as potential applications
of these ion pairs are in progress.
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