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Cyclopentadienyl (Cp) ligands are among the most exten-
sively utilized ligands in organometallic chemistry. One reason
for this is the great stability of th@>Cp binding mode. In
most organometallic reactions of transition metal complexes,
the5-Cp ligand plays the role of spectator, staying tightly bound
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Figure 1. ORTEP drawing of-BuNC insertion addud@® showing 30%

7® to the metal center throughout the course of the reaction. In Probability thermal ellipsoids. Hydrogen atoms on-€78 and C2%+
our studies of titanocene-mediated organic reactions, we haveC23 were omitted for clarity.

found that a titanium-boung®-Cp ligand can be remarkably
reactive. Herein we describe the ready participation of a
titanocene;®-Cp ligand in a sequence of carbecarbon bond
forming reactions that completely removes the Cp ligand from
the titanium coordination sphere.

We recently reported that-butyrolactones can be prepared

from tethered enals or enones via the reaction sequence of

reductive couplind, carbonylation, and reductive elimination
(eq 1)?2 The carbonylation step in this sequence is slow, taking

4—12 h at room temperature. We reasoned that replacing CO

with an isoelectronic, but more Lewis-basic, isonitrile ligand
might result in a more facile insertion reaction proceeding
through the lower energy reactive intermedidte(eq 2)3
Consistent with this hypothesis, metallacy8lesacted rapidly
with t-BuNC, but the product obtained was not the expected
metallacycle7. Obtained instead was a compleg, (70%
yield),* where one of the>-Cp ligands is converted to a group
possessing five inequivalent proton$H( NMR) and five
inequivalent carbong{C NMR). It appeared that one Cp ligand
had adopted a lower hapticity binding mode.
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X-ray quality crystals of the isonitrile insertion produgt
could be obtained by slow recrystallization from a cold toluene
solution (2d,—33°C). The molecular structure, established by
single-crystal X-ray analysis, is shown in Figure 1. Complex
8 possesses a singlg-Cp ligand and am*-azadiene ligand
linked to an alkoxide. The unusual azadiene ligand is derived
from the coupling of the incomingBuNC ligand to both the
metallacycle ring and one of the Cp ligands3f The long-
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short-long alternation of bond lengths in the bound-Q—
C—C unit suggests that the azadiene is best describeds a
donor ligand bound to &di(IV) center. The short TN bond
distance (1.886(5) A) and the planar nitrogen geometry (sum
of subtended angles 359.2(7)) suggest significant p-d,
donation from the nitrogen lone pair making the azadiene a 6e
donor ligand and a 16e complex. Bonding of the azadiene
ligand to the metal center is best described by resonance
structure8b.

We briefly examined the reaction chemistry of comp&x
Our preliminary findings are summarized in Scheme 1. Acid-
mediated hydrolysis o8 produced lacto in 81% yield* (8:1
mixture of diastereomer§)and air oxidation of8 produced
fulvene 10 in 23% yield* Complex 8 reacted cleanly with
acetone to give the insertion produkt in 74% yield4

The molecular structure of the acetone insertion proddgct
established by single-crystal X-ray analysis, is shown in Figure
2. Complexl1possesses a singjé-Cp ligand and an enamide
ligand linked to two alkoxides. The FtCyo interatomic
distance of 3.149 A indicates ast bonding mode for the Fi
enamide moiety; the close “TiCy contact of 2.568(5) A
suggests, however, that there may be a weak interaction between
the metal center and the enamide olefin. The shortNrbond
distance (1.914(4) A) and the planar nitrogen geometry (sum
of subtended angles 360.0(6)) suggest significant ,p-d,
donation from the nitrogen lone pair making the enamide
nitrogen a 3e donor antll a 14e complex (resonance structure
11b).

Reaction of metallacycl@ with the smaller isonitrile--BuNC
proceeded along a different pathway than that of the corre-
sponding t-BuNC reaction described above (eq 3). Three
equivalents oh-BuNC were required for complete conversion
of 3. Although the organometallic product(s) could not be
isolated or positively identified in this case, treatment of the

(6) Major isomer stereochemistry (shown) was established by X-ray
crystallography.
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metallocene alkyls with isonitriles has not been extensively
studied, in the cases where it has been examined it proceeds
uneventfully without cyclopentadienyl participation. For ex-
ample, titanocene complex&d—16 react cleanly witht-BuNC

to afford the expected iminoacyl produéfs:!
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Although lower hapticity Cp binding modes can form via
ring slippagé? to #3- or 1-CsRs or reductive eliminatiot? to
n*-CsRs, such reactions are usually reversible with equilibrium

Figure 2. ORTEP drawing of acetone insertion addddtshowing strongly favoring they® binding mode. Irreversible ring slippage
30% probability thermal ellipsoids. Hydrogen atoms on-CB, C21- of #5-Cp ligands ton® and #* binding modes has been
C23, and C25C26 were omitted for clarity. documented and sevengi- andzn’-CsRs complexes have been
structurally characterizett:'> Complexes possessing thyé-
Scheme 2 CsRs ligand have also been structurally characterized, but we
o, cp k_now of no gorevic_)us examples of irreversible reductiye elimina-
4 ON-R_ @; reductve_| o T—O' tion of an#>-Cp ligand. The results reported here illustrate a
alimination N w uniqgue mode of reactivity for titanocene complexes and
RO 1 demonstrate once again thgCp ligands are not always the
7 benign spectators they are often assumed t¥ be.
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