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Multiple bonding of the transition metals is under intense
scrutiny.1,2 To date, however, most of these studies have been
concerned with transition metal complexes exhibiting multiple
bonds to the second-row groups 14-16 elements: carbon,
nitrogen, and oxygen. By comparison, relatively few reports
describe multiple bonding to the heavier congeners of these
elements. We have a particular interest in multiple bonding of
transition metals to the heavier chalcogens (especially tel-
lurium),3,4 and, with this paper, we extend our investigations to
titanium and vanadium. These studies include the first structural
characterization of multiply bonded titanium and vanadium
terminal tellurido complexes.
As with multiply bonded chalcogenido complexes of the

transition metals in general, the vast majority of studies
concerned with titanium and vanadium have centered on oxo
and sulfido derivatives.5 Terminal tellurido complexes of these
elements are particularly elusive. For example, Piers and Ziegler
recently described several attempts to prepare the titanium
tellurido complex Cp*2Ti(Te)(NC5H5);6 rather than yielding a
terminal tellurido complex, however, only the bridging tellurido
and ditellurido complexes [Cp*2Ti] 2(µ-Te) and Cp*2Ti(η2-Te2)
were isolated. The inability to isolate the titanium tellurido
complex Cp*2Ti(Te)(NC5H5) is especially significant in light
of the fact that both the zirconium and hafnium tellurido
analogues Cp*2M(Te)(NC5H5) (M ) Zr, Hf)3a,band the titanium
oxo and sulfido complexes, Cp*2Ti(O)(NC5H5)7 and Cp*2Ti-
(S)(NC5H5),8 are known.9 The synthesis of a complex contain-
ing a multiply bonded [TidTe] moiety, therefore, presented a
challenge. Since macrocyclic ligands (e.g., porphyrin, pthalo-
cyanine, and tetraazaannulene) have proven to be most effective
for the isolation of terminal titanium oxo complexes,10 it was

rationalized that such a ligand system could likewise support a
[TidTe] moiety, in a manner similar to our previously reported
use of the octamethyldibenzotetraaza[14]annulene dianion to
stabilize the group 14 terminal tellurido counterpart [η4-Me8-
taa]GeTe.11-13

Indeed, the titanium tellurido complex [η4-Me8taa]TidTe is
readily synthesized by the reaction of [η4-Me8taa]TiCl214 with
(ButMe2Si)2Te15,16(Scheme 1). The molecular structure of [η4-
Me8taa]TidTe has been determined by X-ray diffraction,17 as
illustrated in Figure 1, thereby providing evidence for the
monomeric nature of the complex and the presence of a terminal
tellurido ligand. Of most relevance, the TidTe bond length of
2.484(2) Å in [η4-Me8taa]TidTe is significantly shorter than
all other TisTe interactions that have been reported, clearly
attesting to the multiply bonded nature of the interaction.
Specifically, TisTe single bonds are known to span the range
2.62-2.91 Å, with a mean of 2.78 Å.18

As would be expected, the multiply bonded [TidTe] moiety
is reactive and [η4-Me8taa]TidTe is readily converted to the
oxo derivative [η4-Me8taa]TidO12d upon treatment with either
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Figure 1. Molecular structure of [η4-Me8taa]TidTe.
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O2 or N2O at room temperature (Scheme 1). Furthermore, [η4-
Me8taa]TidTe reacts with excess Me3SiCl at room temperature
to regenerate [η4-Me8taa]TiCl2 (Scheme 1).19

The methodology used to synthesize [η4-Me8taa]TidTe is
also applicable to its vanadium counterpart [η4-Me8taa]VdTe
(Scheme 1). Unlike Schrock’s [η4-N(CH2CH2NSiMe3)3]VdTe,20

which is the only other example of a terminal vanadium tellurido
complex, [η4-Me8taa]VdTe is sufficiently stable to permit
characterization by X-ray diffraction.21 Consistent with the
presence of a multiple bond, the VdTe bond lengths in the two
crystallographically independent molecules [2.433(1) and 2.435-
(1) Å] are shorter than those in the bridging vanadium tellurido
complex [V(CO)3(dppe)]2(µ2-Te) [2.514(3) and 2.522(3) Å].22,23
In addition to the terminal tellurido complexes [η4-Me8-

taa]MdTe (M ) Ti, V), both the titanium and vanadium
selenido analogues have been synthesizedVia reactions of [η4-
Me8taa]MCl2 with (ButMe2Si)2Se.24 Notably, these complexes
are also obtained by the reactions of the oxo derivatives [η4-

Me8taa]TidO12dand [η4-Me8taa]VdO14with (ButMe2Si)2Se (eq
1). The structures of the selenido complexes [η4-Me8taa]-

TidSe25 and [η4-Me8taa]VdSe26 have been determined by
X-ray diffraction and are characterized by TidSe and VdSe
bond lengths of 2.269(2) and 2.210(2) Å, respectively, values
that are substantially shorter than their corresponding MsE
single bond lengths.27,28 As with their tellurido counterparts,
terminal selenido complexes of titanium29 and vanadium20,23b,30-32

are rare, with only the latter having been structurally character-
ized by X-ray diffraction,e.g., [(Me3Si)2N]2[(Me3Si)3SiSe]VdSe
[2.1754(9) Å]23b and [Et4N]2[(η2-SCH2CH2S)2VdSe] [2.196-
(3) Å].32,33

With regard to reactivity, the titanium selenido complex
behaves similarly to the tellurido derivative [η4-Me8taa]TidTe
upon treatment with O2, N2O, and Me3SiCl (Scheme 1); in
addition, it also reacts with elemental selenium to give the
diselenido complex [η4-Me8taa]Ti(η2-Se2)34 (Scheme 1).
In summary, the macrocyclic octamethyldibenzotetraaza[14]-

annulene dianion has proved to be an effective ligand for
supporting terminal selenido and tellurido complexes of both
vanadium and titanium. Furthermore, although sufficiently
stable to permit isolation, the MdE bonds in these complexes
are reactive, as illustrated by conversions to [η4-Me8taa]TidO,
[η4-Me8taa]TiCl2, and [η4-Me8taa]Ti(η2-Se2).
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Scheme 1

[η4-Me8taa]MdO98
(ButMe2Si)2Se

(M ) Ti, V)
[η4-Me8taa]MdSe (1)
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