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Figure 1. Solid-state structure of. Additional bond distances: Fi

Many important developments have recently taken place i
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transition-metal centers, perhaps most notable being the discovery
of complexes containing Has an intact ligand. Of course, CeHs SiMe,
analogous achievements for-C bonds would be of particular
importance. However, while a number of examples efCbond HsCq ~ CeHs
activation reactions have recently been repoftedch reactions
remain very uncommon. In addition, to our knowledge there are
no reported complexes in which a transition-metal center has been
found interacting with saturated carbecarbon bonds. Such Me;Si
species could provide important insight into the pathways by Q
which C-C bonds may be selectively activated and functionalized 1
by transition-metal centers. Herein, we report a reaction that
generates an apparent electrophilic 14-electron titanium centergy that a Ti-C single bond remained involving the final,
in an environment which is shielded sterically from bothk i€ uncoupled dienyl carbon atom (C8). The resulting THE-
bonds and extemal coordinating agents, such that thg metal Car(diene)(R) complex has a formal 14-electron count, Ti being too
only make additional contacts with the accompanying @ distant from the remaining olefin (C13,14) and any & bonds.
single-bonded framework. This situation has resulted in two However, close contacts of 2.579(7) and 2.293(7) A are made
remarkably short F+C(sp) contacts-one even shorter than some it the saturated atoms C(2) and CfIhe latter value being
clearly bonding T+C interactions. With the aid of theoretical  gporter than those for the bound C(4,5) or even any of tié;C
studies, this has.provide;d an opportunity to assess the extent ang.5,pon atomg! To deny the presence of a bonding interaction
nature of these interactions. _ would thus require having a nonbonding contact shorter than a
The reaction of Ti(€Hs)(CsH11)(PE%) (CeH1y = cyclooctadi- bonded one, clearly undermining the fundamental concepts of
enyl) with excess §HsC,SiMe; led to the incorporation of 3equiv  ponded and nonbonded radii; furthermore, the bonding parameters
of the alkyne, in contrast to a related reaction for the 2,4- 44 ot reveal any indication of severe strain in the arrangement.
dimethylpentadienyl analogue, for which only two alkyne equiva- ynger these circumstances, one must consider the possibility that
lents were taken uff. The somewhat air-sensitive produd) (5 ponding interaction could occur between the titanium and
has been routinely characterized, and its structure revealed by asatrated carbon atoms. In fact, in a complex containing an
low-temperature X-ray diffraction study (Figure *L)The forma- agostic (C-Si)—Ti interaction, a Ti-C distance of 2.52 A was
tion of complex1 seems straightforwardly to have resulted from observed, and a theoretical study indicated that an analogets (C
one alkyne first coupling between the dienyl ends, C(1,9). cy-Tjinteraction, although weaker, would be possibl&iven
Subse'quently, the other two .allkynes coupled, phe.n.yl-substitutedthe presence of a long (1.596(8) A) €67 bond in the present
ends first, to two of the remaining three dienyl positions, C(2,7), case, there would be reason to suspect similar interactions here
T University of Utah. particularly since in icomplexes a wide range of+H distances
*Universita Heidelberg. has been observéd.
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Table 1. Comparison of3C—*3C Couplings with Theoretical these interactions are analogous to theHC counterparts in
Results agostic M—CHsz; complexes.
donor NBO decrease of AE;; Jsc—13C) Somewhat weaker interactions are found with threeHC
coupling occupancy irla (kcal/mol) (Hz) bonds, one in the normal “agostic” mode (below, left), while in
Cc6-C7 0.035 20.2 179 the other two the metal interacts with the-8 bonding orbital
C3-C2 0.028 14.3 24.8 fr_om th_e opposite side (belpyv, righd).As a res_ult of the various
c7-C8 0.021 12.2 21.4 Ti—C interactions, a significant overlap-weighted NAO bond
c7-C2 0.014 10.3 20.6 order is observed for FC7 (0.168, cf., 0.1820.209 for Cp’s,
C7—H3 0.037 6.2 C4 and C5), while that for FC2 is half as large (0.082).
C8—H4 0.012 51
C2—H2 0.009 3.9

S
3LYP®) have been carried out with extended all-electron basis
sets of triple¢ quality® for a simplified version ofl containing
Ti, CsHs, and a GHg ligand. The GHg fragment is composed of M \
the 5-methylene-1,3-cyclohexadiene ani@) (lerived from the M
C(Z_S) fragment by replacement of all _other non-hydrqggn The encapsulation of an electrophilic, formally 14-electron
substituents by hydrogen atoms. To delineate the stabilizing jtaniym center in an environment isolated from all other likely

donors but saturated carbon atoms has provided an opportunity

to examine potential nonclassical-AC interactions. The pres-
_ ence of surprisingly short metal-to-saturated carbon atom contacts,
2 CH, accompanied by substantial orbital overlap, electron transfer, bond

enthalpy, and supporting spectroscopic data testify strongly for
| agostic (C-C)—Ti bonding. Notably, other coupling reactions
have led to further related species, suggesting that such species
might be not uncommo#. In any event, the presence of these
M—C interactions could well explain the facile—<C bond
activation reactions that some coupling products undé&rg
Additional studies are underway to achieve a better understanding
of these systems. Of course, it can be expected that zirconium
analogues should lead to even stronger interactibasd efforts
to exploit this are underway.

interactions, a set of natural atomic orbitals (NAOs) and natural

bond orbitals has been constructédJpon joining the Ti(GHs)*

and GHy~ fragments, one does observe significant occupancy

decreases of four-€C and three €H bonds (Table 1). Notably,

the greatest decreases are observed for theH37and the long

C6—C7 bond, and the second-order perturbative estimate of the

stabilizing energy,AE;, for the donor-acceptor interactions

between the four €C bonds and Ti, 57 kcal/mol, appears

remarkablé. Although this value is not a quantitative determi-
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