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Dianionic borollide ligands? have found recent applications
in metallocene and low-valent chemisfryThis ligand type
provides a change in the ligandhetal relationship without
deviating too far from well-characterized cyclopentadienyl (Cp)
systems. Borollide metallocenes not only provide innovative
catalytic possibilities in terms of polymerization and heterolytic
bond activation reactions but also serve as new templates for
the study of basic metal-mediated transformations.

Thus far, only the borollide ring containing diisopropylamine
substitution at boron has been used in metallocene-like chem-
istry# Strong B-N 7z orbital overlap is observed together with
a strong contribution from a diolefin/reduced-metal resonance
structure. In Cp*[GH4BN(CHMe,);]TaMe; (1), the Ta—B
distance is 2.70(1) A while the BN distance is 1.44(1) A.
Therefore, these are “ambivalent” molecules which need to be

represented as resonance hybrids between two canonical forms.
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Protonation at nitrogen interrupts the-Bl i orbital overlap,
and as a result, the metaboron distances contract, favoring
the high-valent resonance description. Therefore, it may be

possible to modulate the electron density at the metal center by

choice of exocyclic substituent. In this paper, we report the
synthesis of Cp*[GHsBMe]TaMe: (2), a high-valent methyl
borollide metallocene and our studies on the mechanism o
hydrogenation of bothl and 2, which show a reductive
elimination oxidative addition pathway.

The reaction of excess AlMavith Cp*[C4H,BMe]TaMeCPd
affords 2 in 70—80% yield. An X-ray diffraction study o
(Scheme 1) reveals a metallocene-like environment with-aBl'a
distance (2.56(2) A) which is closer to that of [Cp*}d4BNH-
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Figure 1. Reaction progress (at 620 Torr, 26 and with 5 equiv of
PMe;) for the conversion of (al to 3 and (b)2 to 4.
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Figure 2. Comparison of reaction progress for conversiorldb 3
for 5 vs 10 equiv of PMgat 25°C under 620 Torr of K (Open circles
are for1, solid circles for5, and triangles foB.)

(CHMe,),] TaMey][B(CeFs)4] (2.537(6) A) than that of neutral
1. Methyl substitution therefore favors the high oxidation state
descriptiorf

Hydrogenation reactions of bofhand?2 are much faster (over
3 orders of magnitude at 1 atm ogHhan similar reactions of
the isoelectronic group 4 metallocenese( Cp*ZrMey).”
Phosphine traps the products as the monophosphine adducts
Cp*[C4H4sBN(CHMe) ] Ta(H),PMe; (3) and Cp*[GHsBMe]-
Ta(HLPMe; (4) (Scheme 1). The rates for disappearance of
both 1 and 2 are linearly dependent on the concentration of
starting material and hydrogen pressure, at least in the range of
pressures accessible for these studies. The relative concentra-
tions of 1 and 2 together with their corresponding products as
a function of time and under identical conditions are shown in
Figure 1. Note thaf reacts faster with kHthan?2 and that4
appears at a faster rate tHan Addition of excess PMgnhibits
product formation but does not affect the rates at wHiend
2 are consumed. The two slopes of Figure 1a indicate that at
least two independent reactions take place to gené&rated
imply the presence of an intermediate or side product. Fast
production of3 occurs whilel is present in solution followed
by a slower process at longer reaction times.
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New organometallic species were detected during our spec-phosphine retards the formation & by accelerating the
troscopic studies. They are characterized by one Cp*, one formation of5 relative to oxidative addition of ki It is not

borollide, and two PMgligands and are assigned as Cp*-
[C4HsBN(CHMey) ] Ta(PMe), (5) in the reactions witil and
Cp*[C4HsBMe]Ta(PMe), (6) when 2 is used. As shown in

Figure 2, addition of phosphine increases the relative concentra-

tion of 5, and this is the only product in neat Pig (there is

no evidence of3 in this solvent, even after 1 month). Pure
5-d;5 formed in this way can be converted quantitatively3to
by redissolving into @D and reacting with phosphine ang.H
The structure of5-dig, shown in Scheme 1, confirms our
assignment. There is a short-Bl distance (1.44(1) A), and
the Ta—B distance is longer (2.757(4) A) than that measured

in 1, perhaps as a result of the more crowded ligand environ-

clear at the present time ifftan react with a monophosphine
adduct. Nonetheless, we are certain that a reductive elimination/
oxidative addition cycle is required to for@hfrom 1.

Scheme 1 also applies & However, it is interesting that
the more electron ricl reacts faster tha@ (Figure 1). This
observation disfavors a bond metathesis step as the rate-
determining step. Furthermord, has a more pronounced
tendency than Cp*[¢H,BMe]Ta (8) to bind PMe, relative to
reaction with H. Boron substituents therefore affect the relative
rates of these elementary chemical steps.

These findings are significant within metallocene chemistry.
Alkyl substituents on the borollide ring enforce high oxidation

ment. These metrical parameters suggest contributions fromstate characteristics to the metal and, as shows) lyw-valent

resonance structures involving Ta(lll) and Ta(l) oxidation states.
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With these observations, we propose that formatiorB of
from 1 proceedgia the sequence of reactions shown in Scheme
1. Reaction ofl with H, generates 2 equiv of CHand
“Cp*[C4HsBN(CHMey),]Ta” (7). Two reaction paths are
available to7. The first is oxidative addition of pHland PMe
coordination to give3 and accounts for the fast growth 8f
observed at earlier reaction time=(, the first 5000 s in Figure
la). Alternatively,7 binds phosphine to forrb. That PMe
must then dissociate frofs before H addition can take place

tantalum-aminoborollide complexes also display “ambivalent”
characteristics. Reductive elimination/oxidative addition cycles,
such as those observed in the formatiorB@nd4 from 1 and

2, have rarely been observed in early transition metal chemistry.
This observation raises the intriguing possibility that similar
mechanisms may be operating in hydrogenation reactions of
group 4 metallocenes.
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