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Summary: The telluroformaldehyde complex Cp*;Ta-
(n?-TeCH3)H has been prepared by the PMes-catalyzed
addition of Te to the [Ta=CHj] double bond in Cp*s-
Ta(CHo)H. Of the two limiting resonance structures, i.e.
metal-telluroformaldehydeversus metallatellurirane, the
Te—C bond length of 2.21(2) A suggests that the
tantalum(V) metallatellurirane formalism may be the
more appropriate description for the [Ta(y?-TeCH3)]
interaction. Cp*;Ta(n?-TeCHg)H is convertedtoits more
stable tellurido-methyl isomer Cp*;Ta(Te)CH; at 130
°C. The ditellurido and tellurido-hydrido complexes
Cp*sTa(n?-Tez)H and Cp*;Ta(Te)H have also been
prepared.

The chemistry of tellurium is dominated by its pro-
pensity to form single bonds, in contrast to its lightest
congener, oxygen, for which multiple bonding is common.1-3
As such, complexes that exhibit multiple bonding to
tellurium are of intrinsic interest, and we have recently
described the synthesis of the first complex with a terminal
metal-tellurium double bond, namely W(PMej;)4(Te)s.
However, simple telluroaldehydes and telluroketones with
carbon—-tellurium double bonds have yet to be isolated
and structurally characterized, even though such com-
pounds have recently been generated and trapped in situ
by dienes and other substrates.®8 Inthis paper we pursue
our interest in multiple bonding of tellurium in relation
to telluroformaldehyde (CHy;="Te) derivatives.” Here we
report (i) the first X-ray structure determination of a
mononuclear telluroformaldehyde complex, namely Cp*s-
Ta(n?*-TeCH)H (Cp* = n5-CsMes), and (ii) the rearrange-
ment of Cp*;Ta(n2-TeCHjy)H to the more stable tellurido~
methyl isomer, Cp*;Ta(Te)CHs.

Telluroformaldehyde was first stabilized by coordination
to transition-metal centers in 1983, with independent
reports by Roper [Os(72-TeCHjz) (PPh3)2(CO); and Os(n?-
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TeCHy)(PPhs):(NO)C1]1,8% Werner [CpRh(PMejs)(n2-
TeCHj)],'® and Herrmann [{CpMn(CO)g}a(u-ntin®-Te-
CHy)].1* However, in the 10 years following these seminal
discoveries, there have been relatively few advances, and
the only other telluroformaldehyde complexes of which
we are aware are CpRh(PPri3) (92-TeCHy),12 Cp*Rh(CO)-
(n%-TeCHy),'2 and {Cp*Mn(CO)a}s(u-n':n2-TeCHy).13-16
Bercaw has demonstrated that the permethyltanta-
locene moiety [Cp*;Ta] provides an excellent framework
for stabilizing formaldehyde and thioformaldehyde com-
plexes. Specifically, the complexes Cp*;Ta(n*-OCH;)H
and Cp*;Ta(»2-SCHj3)H have been obtained by the reac-
tions of Cp*;Ta(CHg)H and Cp*;Ta(CCH2)H with CH;-
OH and CH;3SH, respectively.1¢-18 Although it may be
anticipated that the telluroformaldehyde analogue Cp*,-
Ta(n2-TeCHy)H could be synthesized by the reaction of
Cp*;Ta(CHy)H with CHsTeH, the instability of the latter
reagent limits the applicability of such an approach.!®
However, we have discovered that the telluroformaldehyde
derivative Cp*;Ta(n2-TeCHs)H may be readily prepared
by the addition of tellurium to the [Ta=CH2] double bond
of Cp*;Ta(CHz)H (Scheme 1).2021 Such a reaction is
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particularly noteworthy, since the formaldehyde and
thioformaldehyde complexes Cp*;Ta(n?>-OCHyH and
Cp*;Ta(n?-SCH,)H are not readily prepared by such a
method.?2 The reaction between Cp*;Ta(CHy)H and Te
is achieved by the use of PMej as a catalyst, so that the
active tellurium transfer reagent is presumably MezPTe.*
The telluroformaldehyde moiety in Cp*;Ta(2-TeCHg)H
is characterized by 'H, 13C, and 25Te NMR signals at &
1.95 (d, 3Jy-x = 1.1 Hz), 6 27.4 (t, 1Jcy = 143 Hz), and
6 —80 ppm, respectively.

The molecular structure of Cp*;Ta(n?-TeCHy)H has
been determined by X-ray diffraction, as shown in Figure
1. A notable feature of this structure centers upon the
orientation of the telluroformaldehyde ligand within the
equatorial plane of the bent-sandwich moiety. Specifically,
the tellurium atom is located in the central equatorial
site, in contrast to the lateral location of the chalcogens
in the formaldehyde and thioformaldehyde deriva-
tives.!7232¢ The larger size of the tellurium atom is
presumably one of the factors that favorsits central versus
lateral location in Cp*;Ta(n2-TeCHg)H. The [Ta(n?
TeCHy;)] moiety is defined by the structural parameters
d(Ta-Te) =2.790(1) &, d(Ta-C) = 2.27(1) A, and d(Te-C)
= 2.21(2) A. In view of the limited structural data base
available on compounds with multiple bonds to tellurium,
it is difficult to comment definitively upon the relative
importance of the tantalum(V) metallatellurirane and
tantalum(I1I) telluroformaldehyde resonance forms. How-
ever, on the basis that single Te-C bond lengths are known
tobein therange 2.025-2.298 A in two-coordinate tellurium
compounds,2 a Te-C bond length of 2.21(2) A in Cp*,-
Ta(n?-TeCHy)H would suggest that the tantalum(V) metal-
latellurirane formalism may be the more appropriate
description for the interaction in Cp*;Ta(n%-TeCHg)H.
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Cp*eTa(n2-TeCH,)H is quantitatively converted to the
more stable red-brown tellurido-methyl isomer Cp*,Ta-
(Te)CHj in solution at 130 °C (Scheme 1).21.26 Although
the formation of a tellurido complex bears a close relation
to the chemistry of Cp*;Ta(n?-ECH)H (E = 0, S), it should
be noted that, in contrast to oxo and sulfido derivatives,
terminal tellurido complexes are particularly scarce and
have only been synthesized recently.427

The permethyltantalocene moiety has also proved to
be capable of stabilizing a mononuclear ditellurido deriva-
tive, and yellow Cp*;Ta(n2-Teg)H is readily obtained in
ca. 70% yield by the direct reaction of Cp*;TaH3 with
elemental Te at 80 °C (Scheme 1).21.28 The molecular
structure of Cp*;Ta(n?-Tes)H has been determined by
X-ray diffraction, 230 and the two inequivalent tellurium
sites are characterized by 125Te NMR signals at 6 -499 and
-1088 ppm, with lJt.1. = 2180 Hz.

The ditellurido complex Cp*;Ta(n>-Te)H may be
converted to the terminal tellurido-hydride derivative
Cp*sTa(Te)H upon treatment with mercury in the pres-
ence of PMe; (Scheme 1).2131 The terminal telluridoligand
in Cp*;Ta(Te)H is characterized by (i) a 125Te NMR signal
at 6 3085 ppm and (ii) a Ta=Te bond length of 2.588(2)
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Figure 1. Molecular structure of Cp*;Ta(n2-TeCHy)H.

A, which is similar to that in [{Me;Si)NCH,CH,}sN1TaTe
(2.568(1) A)27d but substantially shorter than the Ta—Te
single-bond lengths in both Cp*;Ta(n2-TeCHo)H (2.790(1)
A) and Cp*;Ta(n2-Tex)H (2.855(1) A).

(31) A mixture of Cp*;Ta(n?-Te)H (0.5 g, 0.71 mmol) and Hg (1 mL)
in toluene (30 mL) was treated with PMe; (ca. 0.5 mL) at -78 °C. The
mixture was stirred at room temperature for 1 day and filtered. The
volatile components were removed in vacuo, and the product was washed
with pentane at -78 °C, giving Cp*;Ta(Te)H as a yellow-green solid (0.37
g 90%).
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In summary, Cp*;Ta(»?-TeCHy)H, the first telluro-
formaldehyde complex of tantalum, has been prepared by
the addition of Te to the [Ta=CH;] double bond of Cp*,-
Ta(CHg)H. Although stable at room temperature, the
telluroformaldehyde complex Cp*;Ta(n2-TeCHy)H is
readily converted to its tellurido-methyl isomer Cp*;Ta-
(Te)CH3 at 130 °C.
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