Is Ti(n8-pentalene), a 20-electron complex? A theoretical investigation of a

pseudo electron-rich molecule
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DFT calculations confirm the D,; conformation of the title
compound proposed by Jonas et al; only 9 of the 10
combinations of the n-type ligand orbitals interact with the
metal atom: the remaining one, of a, symmetry, does not
match with any metal orbital and therefore the title
compound is not a 20-electron system, but a regular
18-electron complex; calculations predict that the 18-elec-
tron [Ti(n#-pentalene),]?+ cation should also be attainable.

Jonas and coworkers recently synthesised and characterised a
very interesting series of transition metal complexesof V, Ti, Zr
and Hf which exhibit a new type of coordination mode of
pentalene (CgHg).13 In these compounds, exemplified below
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by CpV(CgHg) 1 and Ti(CgHe)2 2, the pentalene ligand isfolded
in such away that al its carbon atoms are bonded to the metal.
Considering the m8-bonded pentalene ligand in 1 as being
formally a dianion, it is expected to provide the metal centre
withits 10 t electrons, leading to a V' 18-electron complex. A
similar reasoning leads to the surprising count of 20 electronsin
the case of 2. Such an electron-rich situation generally
corresponds to a Jahn-Teller instability due to the presence of
two electrons in one (or two) antibonding orbital(s). Unlike 1
and other CpV systems, there is no X-ray characterisation
published so far for 2 or related complexes. Its Dq conforma:
tion was established on the basis of NMR data2 Simple
symmetry considerations are fully consistent with the 18-elec-
tron count of 1. Indeed, thereisa perfect match between thefive
empty frontier orbitals of the CpV fragment (four of d-type and
one sp-type hybrid)4 and the five occupied mt-type orbitals of
(CgHg)2—,5 leaving two electronsin ado non-bonding level. On
the other hand, of the ten occupied mt-type combinations of the
two (CgHe)2— ligands in the D,y complex 2, only nine have the
correct symmetry to match with the nine vacant orbitals of the
Ti'v atom. The remaining one, being of a, symmetry, cannot
overlap with the metal and should remain non-bonding. Thus,
symmetry and frontier orbital theory predict an 18-electron
count for the D,y conformation of 2.

Our current interest in transition metal sandwich complexes
which do not obey the 18-electron rule® as well as in the
coordination variability of pentalene with respect to electron
count> prompted us to perform density functional theory (DFT)
calculations” on 2, in order to predict its structure (Doq Or less
symmetrical), rationalise its electron count and understand its
bonding. A full geometry optimisation carried out without any
symmetry constraint confirmed the Dog structure (see Fig. 1).
The pentalene optimised folding angle is 149°, a value larger
than that reported in 1 and related V and Ti complexes
(119-127°).1.2 Asaconsequence, the Ti—C(pental ene) distances
are somewhat larger than those reported for the CpTi (pentalene)
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Fig. 1 DFT optimised molecular structure of 2 and 22*. The values in
parentheses correspond to 22+,

derivatives.12 The MO diagram of 2 is shown in Fig. 2, based
on the interaction of the (CgHg)2— ligands with the Ti'V center.
With an & HOMO deriving from the m-type orbitals of
pentalene, it shows clearly that the symmetry-based predictions
are correct.’ The significant HOMO-LUMO gap computed
agrees with the stability of these diamagnetic species. The
existence of an even larger energy gap below the HOMO
suggest that 22+ or isoelectronic species should also be stable
diamagnetic compounds.12 The optimised geometry of 22+, for
whichaHOMO-LUMO gap of 1.93 eV was computed, is very
similar to that of 2. The major metrical dataare givenin Fig. 1.
Thefolding angle of pentaleneisalso 149°. Sincethea, HOMO
of 2 has no metal participation, its depopulation in 22+ has no
effect on the Ti—C separations. Sincethis &, orbital derivesfrom
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Fig. 2 MO interaction diagram of 2
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the C—C non-bonding 1a, HOMO of (CgHg)2— (Fig. 2), thereis
alsolittle difference between the ligand geometries of 2 and 22+
The shortening by ca. 0.02 A of the centra C-C bond upon
oxidation is probably due to the o/ mixing within the non-
planar ligands. The smaller folding of pentalenein 2 and 22+, as
compared to 1, is consistent with the fact that in the bis-
pentalene systems each ligand [(CgHg)2— in 2 and (CgHe)— in
22+] isa9-electron donor whereasin 1 (CgHg)2— isa10-electron
donor.

In order to check the possibility of extending the peculiar
bonding mode of pentalene in 2 to other ligands, we are
currently investigating the electronic structure of hypothetical
sandwich complexes of fused conjugated rings such asindacene
and naphthalene.
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