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Summary: The telluroformaldehyde complex Cp*zTa- 
(4-TeCH2)H has been prepared by the PMe3-catalyzed 
addition of Te  to the [Ta=CHJ double bond in Cp*2- 
Ta(CH2)H. Of the two limiting resonance structures, i.e. 
metal-telluroformaldehyde versus metallatellurirane, the 
Te-C band length of 2.21(2) A suggests that the 
tantalum( V) metallatellurirane formalism may be the 
more appropriate description for the [Ta(q2- TeCHz)] 
interaction. Cp*zTa(+- TeCH2)H is converted to its more 
stable telluride-methyl isomer Cp*zTa(Te)CH3 at 130 
"C. The ditellurido and tellurido-hydrido complexes 
Cp*2Ta(s2-Te2)H and Cp*zTa(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.13 
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(PMe3)4(Te)2.4 
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.596 In this paper we pursue 
our interest in multiple bonding of tellurium in relation 
to telluroformaldehyde (CHz=Te)  derivative^.^ Here we 
report (i) the first X-ray structure determination of a 
mononuclear telluroformaldehyde complex, namely Cp*z- 
Ta($-TeCHz)H (Cp* = v5-C5Me5), and (ii) the rearrange- 
ment of Cp*2Ta(q2-TeCH2)H to the more stable tellurido- 
methyl isomer, Cp*zTa(Te)CHs. 

Telluroformaldehyde was first stabilized by coordination 
to transition-metal centers in 1983, with independent 
reports by Roper [Os(q2-TeCH~)(PPh3)2(C0)2 and 0s(v2-  
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T~CHZ)(PP~~)~(NO)C~I,~~~ Werner [CpRh(PMe3)($- 
TeCHz) 1 ,lo and Herrmann [(CpMn(CO)z)z(cL-.rll:vz-Te- 
CH2)I." 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)(q2-TeCH~),12 Cp*Rh(CO)- 
(v2-TeCH2),12 and {Cp*Mn(C0)2~~(c~-vl:tl~-TeCHz).'~~~ 

Bercaw has demonstrated that the permethyltanta- 
locene moiety [Cp*zTa] provides an excellent framework 
for stabilizing formaldehyde and thioformaldehyde com- 
plexes. Specifically, the complexes Cp*zTa($-OCHz)H 
and Cp*2Ta(q2-SCH2)H have been obtained by the reac- 
tions of Cp*2Ta(CHz)H and Cp*zTa(CCH2)H with CH3- 
OH and CH3SH, respectively.l&l8 Although it may be 
anticipated that the telluroformaldehyde analogue Cp*2- 
Ta(q2-TeCHz)H could be synthesized by the reaction of 
Cp*zTa(CH2)H with CH3TeH, the instability of the latter 
reagent limits the applicability of such an approach.l9 
However, we have discovered that the telluroformaldehyde 
derivative Cp*2Ta(v2-TeCHz)H may be readily prepared 
by the addition of tellurium to the [Ta=CHzl double bond 
of Cp*zTa(CHz)H (Scheme 1 ) . 2 0 v 2 1  Such a reaction is 
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Scheme 1 
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particularly noteworthy, since the formaldehyde and 
thioformaldehyde complexes Cp*zTa(T2-OCHz)H and 
Cp*ZTa(q2-SCHz)H are not readily prepared by such a 
method.22 The reaction between Cp*zTa(CHz)H and Te 
is achieved by the use of PMe3 as a catalyst, so that the 
active tellurium transfer reagent is presumably Me3PTeS4 
The telluroformaldehyde moiety in Cp*zTa(.r12-TeCHz)H 
is characterized by lH, 13C, and 125Te NMR signals a t  6 
1.95 (d, 3 J ~ - ~  = 1.1 Hz), 6 27.4 (t, 'JCH = 143 Hz), and 
6 -80 ppm, respectively. 

The molecular structure of Cp*ZTa($-TeCHz)H has 
been determined by X-ray diffraction, as shown in Figure 
1. A notable feature of this structure centers upon the 
orientation of the telluroformaldehyde ligand within the 
equatorial plane of the bent-sandwich moiety. Specifically, 
the tellurium atom is located in the central equatorial 
site, in contrast to the lateral location of the chalcogens 
in the formaldehyde and thioformaldehyde deriva- 
t i ve~ .17~~3*~~  The larger size of the tellurium atom is 
presumably one of the factors that favors its central versus 
lateral location in Cp*2Ta(qZ-TeCH2)H. The [Ta(s2- 
TeCHz)] moiety is defined by the structural parameters 
d(Ta-Te) = 2.790(1) A, d(Ta-C) = 2.27(1) A, and d(Te-C) 
= 2.21(2) A. In view of the limited structural data base 
available on compounds with multiple bonds to tellurium, 
it is difficult to comment definitively upon the relative 
importance of the tantalum(V) metallatellurirane and 
tantalum(II1) telluroformaldehyde resonance forms. How- 
ever, on the basis that single Te-C bond lengths are known 
to be in the range 2.025-2.298 8, in two-coordinate tellurium 
comp0unds,~5 a Te-C bond length of 2.21(2) A in Cp*z- 
Ta($-TeCHZ)H wouldsuggest that the tantalum(V) metal- 
latellurirane formalism may be the more appropriate 
description for the interaction in Cp*zTa(s2-TeCHz)H. 

(22) Thus, Cp*ZTa(CHz)H reacts with (i) elemental sulfur to give a 
mixture of, inter alia, Cp*,Ta(q2-SCH2)H and Cp*,Ta(S)CH3* and (ii) 
02 to give a mixture of Cp*~Ta($-02)CHa and C ~ * ~ T B ( O ) C H ~ . ~ ~ ~  (a) 
Shin, J. H.; Parkin, G. Unpublished results. (b) van Asselt, A.; Trimmer, 
M. S.; Henling, L. M.; Bercaw, J. E. J. Am.  Chem. SOC. 1988,110,8254- 
8255. 

(23) The chalcogen atoms in Cp*2Ta(q2-SCHCH2Ph)H and Cp*zTa- 
(q2-OCH2)H have been demonstrated by X-ray diffraction to be located 
in alateralposition. See ref 18and: Burger, B. J. Ph.D. Thesis, California 
Institute of Technology, Pasadena, CA, 1987. 

(24) However, it should be noted that the titanium and zirconium 
thioaldehyde complexes CbTi(q2-SCH2)(PMe3)W and CpzZr(qz-SCHMe)- 
(PMe3)ub" have been shown to have sulfur located in the central equatorial 
position. (a) Park, J. W.; Henling, L. M.; Schaefer, W. P.; Grubbs, R. H. 
Organometallics 1990,9,1650-1656. (b) Buchwald, S. L.; Nielsen, R. B. 
J. Am. Chem. SOC. 1988,110,3171-3175. (c) Buchwald, S. L.; Nielsen, 
R. B.; Dewan, J. C. J. Am. Chem. SOC. 1987,109, 1590-1591. 
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Cp*zTa(+-TeCHz)H is quantitatively converted to the 
more stable red-brown telluride-methyl isomer Cp*zTa- 
(Te)CH3 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*zTa(+ECHz)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 r e ~ e n t l y . ~ ~ ~ ~  

The permethyltantalocene moiety has also proved to 
be capable of stabilizing a mononuclear ditellurido deriva- 
tive, and yellow Cp*zTa($-Tez)H is readily obtained in 
ca. 70% yield by the direct reaction of Cp*zTaH3 with 
elemental Te at  80 "C (Scheme 1).21>28 The molecular 
structure of Cp*zTa(+Tez)H has been determined by 
X-ray diffra~tion,~9~30 and the two inequivalent tellurium 
sites are characterized by 125Te NMR signals at 6 -499 and 
-1088 ppm, with 'JT+T~ = 2180 Hz. 

The ditellurido complex Cp*zTa(+TeZ)H may be 
converted to the terminal tellurido-hydride derivative 
Cp*zTa(Te)H upon treatment with mercury in the pres- 
ence of PMe3 (Scheme l ) , 2 1 r 3 1  The terminal tellurido ligand 
in Cp*zTa(Te)H is characterized by (i) a lZ5Te NMRsignal 
at 6 3085 ppm and (ii) a Ta=Te bond length of 2.588(2) 

(25) Cambridge Crystallographic Database. For example the Te=C - Te--C+ bond length in (CMeNPr*)zC=Te is 2.087(4) A6b and the 
average Te-C bond length in CH2(C(0)CH2)2Te is 2.17 A: Raston, C. 
L.;Secomb, R. J.; White,A. H. J.  Chem. Soc.,Dalton Trans. 1976,2307- 
2310. 

(26) lH NMR data (Cas):  6 1.87 [s, 30 H, 2 Cp*l, -1.83 [s, 3 H, 
Ta-CHq1. l2STe NMR data (CnDd: d 2753. . 1 I, 

(27) Oyher examples of terminal tellurido complexes include W(PMe3)2- 
(Te)2(q2-OCHR),27a(dmpe)2M(TeR)z(Te) (M = Zr, Hf;R = Si(SiMe&),m 
Cp*Nb(PMes)(NAr)(Te) (Ar = 2,6-C6H3Priz),27e [((Me3Si)NCHzCH2)3- 
NlTaTe,?7d and [((MesSi)NCH2CH2hN]VTe:me (a) Rabinovich, D.; 
Parkin, G. J. Am. %hem. SOC. 1993,115, 9822-9823. (b) Christou, V.; 
Arnold, J. J. Am. Chem. SOC. 1992, 114, 6240-6242. (c) Siemeling, U.; 
Gibson, V. C. J .  Chem. SOC., Chem. Commun. 1992, 1670-1671. (d) 
Christou, V.; Arnold, J. Angew. Chem., Int. Ed. Engl. 1993, 32, 1450- 
1452. (e) Cummins, C. C.; Schrock, R. R.; Davis, W. M. Znorg. Chem. 
1994,33, 1448-1457, 

(28) A mixture of Cp*ZTaHs (1.0 g, 2.20 mmol) and Te (0.62 g, 4.84 
mmol) in toluene (40 mL) was heated at  80 "C for 3 days. The mixture 
was filtered, and the volatile components were removed in vacuo. The 
product was washed with pentane at -78 OC, giving Cp*2Ta(q2-Te2)H as 
a yellow solid (1.1 g, 71%). 

(29) Cp*ZTa(qz-Tez)H resides on a crystallographic 2-fold axis which 
bisects the Ta-Te and Ta-Te' bonds. Since the complex itself does not 
possess a molecular Cp axis, the structure is necessarily disordered. 

(30) Mononuclear ditellurido derivatives M[+-Tezl are also rare, and 
the only gtructurally characterized examples of which we are aware are 
W ( P M ~ ~ ) ( C N B U ~ ) ~ ( ~ ~ - T ~ ~ ) Z T .  and L3Ni(q2-Te2) (La = $-PhP(CHzCH2- 
PPh2)2, q3-MeC(CH2PPh2)3): Di Vaira, M.; Peruzzini, M.; Stoppioni, P. 
Angew. Chem., Znt. Ed. Engl. 1987,26, 916-917. 
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In summary, Cp*2Ta(q2-TeCH2)H, the first telluro- 
formaldehyde complex of tantalum, has been prepared by 
the addition of Te to the [Ta=CHzl double bond of Cp*2- 
Ta(CH2)H. Although stable a t  room temperature, the 
telluroformaldehyde complex Cp*2Ta(v2-TeCH2)H is 
readily converted to its tellurido-methyl isomer Cp*zTa- 
(Te)CH3 a t  130 "C. 

Te 

Figure 1. Molecular structure of Cp*zTa(+-TeCHz)H. 

A, which is similar to that in [(Me3Si)NCH2CH2]3NlTaTe 
(2.568(1) A)27d but substantially shorter than the Ta-Te 
single-bond lengths in both Cp*2Ta(q2-TeCHz)H (2.790(1) 
A) and Cp*zTa(q2-Tez)H (2.855(1) A). 

(31) A mixture of Cp*zTa(+Tez)H (0.5 g, 0.71 mmol) and Hg (1 mL) 
in toluene (30 mL) was treated with PMes (ca. 0.5 mL) a t  -78 O C .  The 
mixture was etirred at room temperature for 1 day and filtered. The 
volatile components were removed in uacuo, and the product waa washed 
with pentane a t  -78 "C, giving Cp*zTa(Te)H as a yellow-green solid (0.37 
g, 90% ). 
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