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The chemistry of the lower oxidation states of niobium and 
tantalum has undergone a renaissance in the past 3 years, high
lighted by new examples of (1) reactive metal-metal multiple 
bonds,3 (2) selective olefin polymerization catalysis,4 (3) ^-di-
nitrogen complexes,5 (4) carbon monoxide activation,6 (5) r;2-C02 

chemistry,7 and (6) zerovalent bis(arene) compounds.8 These 
are encouraging developments in a long neglected area,9 but there 
is still much to be learned about the synthesis, physiochemical 
properties, and reactivity of both mononuclear and polynuclear 
complexes in which the formal oxidation states of these metals 
range between - 3 1 0 and +4. The present work on the rare +2, 
+3, and +4 oxidation states of tantalum was undertaken with these 
objectives in mind. 

Reduction of tantalum pentachloride with 3 equiv of sodium 
amalgam in ether containing excess (6-8 equiv) trimethyl-
phosphine gave, after filtration, solvent removal, and recrystal-
lization from toluene (-40 0C), brown air-sensitive crystals11 of 
the paramagnetic12 tantalum(II) monomer TaCl2(PMe3)4,1, in 
60-70% yield (eq 1). A trans-octahedral geometry was tentatively 

OEt2 

TaCl5 + 3Na/Hg + PMe3(excess) • 
TaCl2(PMe3),, + 3NaCl (1) 

1 
assigned on the basis of a single broad (Av1^2 = 14 Hz) PMe3 

resonance at S 1.98 in the proton NMR spectrum of 1 (benzene-af6) 
and subsequently confirmed by X-ray crystallography.13 An 

(1) Presented, in part, at the 185th National Meeting of the American 
Chemical Society, Seattle, WA, Mar 1983. 

(2) (a) University of Michigan; (b) Indiana University. 
(3) (a) Sattelberger, A. P.; Wilson, R. B., Jr.; Huffman, J. C. J. Am. 

Chem. Soc. 1980, 102, 7111-7113. (b) Wilson, R. B., Jr.; Sattelberger, A. 
P.; Huffman, J. C. Ibid. 1982, 104, 858-860. (c) Cotton, F. A.; Hall, W. T.; 
Cann, K. J.; Karon, F. J. Macromolecules 1981, 14, 233-236. 

(4) Fellmann, J. D.; Schrock, R. R.; Rupprecht, G. A. J. Am. Chem. Soc. 
1981, 103, 5752-5758. 

(5) (a) Rocklage, S. M.; Schrock, R. R. J. Am. Chem. Soc. 1982, 104, 
3077-3081. (b) Rocklage, S. M.; Turner, H. W.; Fellmann, J. D.; Schrock, 
R. R. Organometallics 1982, 1, 703-707. 

(6) Bellmonte, P. A.; Schrock, R. R.; Churchill, M. R.; Youngs, W. J. J. 
Am. Chem. Soc. 1980, 102, 2858-2860. 

(7) Bristow, G. S.; Hitchcock, P. B.; Lappert, M. F. J. Chem. Soc, Chem. 
Commun. 1981, 1145-1146. 

(8) Cloke, F. G.; Green, M. L. H. J. Chem. Soc, Dalton Trans. 1981, 
1938-1943. 

(9) Cotton, F. A.; Wilkinson, G. "Advanced Inorganic Chemistry", 4th ed.; 
Wiley: New York, 1980; pp 839-844. 

(10) Warnock, G. F. P.; Sprague, J.; Fjare, K. L.; Ellis, J. E. J. Am. Chem. 
Soc 1983, 10S, 672. 

(11) Anal. Calcd for TaCl2(PMe3),, (TaCl2P4C12H36): C, 25.92; H, 6.52; 
Cl, 12.75. Found (Galbraith): C, 26.11; H, 6.65; Cl, 12.98. 

(12) (a) Magnetic moment121" (PhCH3 solution) nc!; (296 K) = 1.45 nB. 
(b) Determined by the Evans method (Evans, D. F. J. Chem. Soc. 1959, 
2003-2005) using Pascal's constants for estimating the diamagnetic correction 
(Jolly, W. L. "The Synthesis and Characterization of Inorganic Compounds"; 
Prentice-Hall: New Jersey, 1970; p 371.) (c) A solid-state measurement by 
the Guoy method gave essentially the same result for this d3 complex, i.e., 1.49 
MB- PhCH3 solutions of 1 are EPR-silent at room temperature. 

(13) (a) TaCl2(PMe3), crystallizes (from n-Bu,0, -40 0C) in the tetrag
onal space group /42m with a = b = 9.550 (3) A, c = 12.125 (5) A; V = 
1106.1 A3, and p(calcd) = 1.67 g cm-3 for M, 556.17 and z = 2. Diffraction 
data were collected at -160 0C by a 6-28 scan technique described else
where.,3b The structure was solved by trial and error and refined by full-
matrix least squares. Final discrepancy indices were Rr = 3.05% and R„F = 
2.59% for those 480 reflections with F0 > 2.33<r(F0). The limits of data 
collection were 6° < Id < 60° (Mo Ka). (b) Huffman, J. C; Lewis, L. N.; 
Caulton, K. G. Inorg. Chem. 1980, 19, 2755-2762. 

(center), and TaClH2(PMe3),, (bottom). 

ORTEP drawing of 1 is shown in Figure 1 (top). 1 has crystallo-
graphically imposed Dld symmetry, and its PMe3 ligands are 
alternately puckered about the idealized equatorial plane by ca. 
±10°.14 The Ta-C12 and Ta-P3 distances are 2.464 (3) and 2.543 
(2) A, respectively. 1 is only the second reported complex of 
tantalum(II)15 and the first for which structural data have been 
obtained. 

Ether solutions of 1, preferably in the presence of free PMe3, 
react readily with dihydrogen (40 psi of H2, 25 0C, 4 h) to provide 
red, air-sensitive crystals of the paramagnetic tantaium(IV) 

(14) The structure of 1 is reminescent of W(=CH)Cl(PMe3)4. See: 
Churchill, M. R.; Rheingold, A. L.; Wasserman, H. J. Inorg. Chem. 1981, 
20, 3392-3399 and references therein. 

(15) Datta, S.; Wreford, S. S. Inorg. Chem. 1977, 16, 1134-1137. 
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monomer TaCl2H2(PMe3)4,16 2, in ca. 80% recrystallized 
(PhCH3/PMe3, -40 0C) yield (eq 2). The room-temperature 

OEt2 

TaCl2(PMe3)4 + H2 — — TaCl2H2(PMe3)4 (2) 
j PMe3 2 

1H NMR spectrum of 2 (toluene-rf8) shows a single, very broad 
(Av1Z2 = 160 Hz) PMe3 resonance at 5 -0.96. The latter does 
not split on cooling to -80 0C, and we were unable to locate the 
hydride resonance at either temperature. The IR spectrum of 2 
(Nujol) shows a strong terminal metal-hydride stretch at 1690 
cm"1, which shifts to 1212 cm"1 in the IR spectrum of 
TaCl2D2(PMe3)4. The ESR spectrum of the deuteride (PhCH3 

solution, 25 0C, 9.64 GHz) is an octet (181Ta, / = 7/2, 100% 
abundance) of quintets: (g) = 1.960, <a>Ta = 139.4 G, (a)? = 
33.8 G. Hydride coupling in the ESR spectrum of 2 was not 
resolved, but from the increase in line width we can estimate (a)H 

to be ca. 6-7 G. 
Reaction 2 is a rare example of an oxidative addition reaction 

connecting paramagnetic monomers17 and the only one we know 
of that involves dihydrogen. In addition to 2, the following isolable 
paramagnetic hydrides have been claimed: HFe(dppe)2,18 

[HFeCl(dppe)2]BF4,18 and HCoL4
+.19 None of these systems 

has been structurally characterized. 
An ORTEP drawing20 of 2 is shown in Figure 1 (center). The 

terminal hydride ligands were located directly from difference 
Fourier maps and were well behaved during least-squares re
finement: Ta-Hl , 1.94(ll);Ta-H2, 1.85 (11) A; Hl-Ta-H2, 
77 (6)°. The overall geometry is best described as dodecahedral 
with the chloride and hydride ligands in the sterically less de
manding "A" sites21 of the dodecahedron. Selected structural data 
are as follows: Ta-C12, 2.542 (5); Ta-C13, 2.563 (5); Ta-P4, 
2.633 (6); Ta-P5, 2.567 (5); Ta-P6, 2.559 (5); Ta-P7, 2.628 (6) 
A; C12-Ta-C13, 81.8 (1); P5-Ta-P6 123.6 (1); P4-Ta-P7, 158.9 
(D°-

The solution thermolysis of 2 (cyclohexane, 81 0C, 1 h) provides 
a single tantalum-containing product in quantitative yield (eq 3). 

TaCl2H2(PMe3), -£-~ 0.5[TaCl2(PMe3)2]2(M-H)4 + 2PMe3 

(3) 
The yellow-green product was identified as the quadruply hy
drogen-bridged tantalum(IV) dimer [TaCl2(PMe3)2]2(/i-H)4, 3, 
by spectral comparison (IR, 1H and 31P NMR) with an authentic 
sample prepared by an independent and more difficult route.3b-22 

The reduction of 2 with 1 equiv of sodium amalgam in ether 
containing free PMe3 gave, after workup and recrystallization 
(toluene/PMe3, -40 0C) green air-sensitive crystals of the dia-
magnetic tantalum(III) monomer TaClH2(PMe3)4,

23 4, in ca. 50% 
yield (eq 4). The IR spectrum (Nujol) of 4 shows a terminal 

OEt2 

TaCl2H2(PMe3), + Na/Hg • TaClH2(PMe3)4 + NaCl 
2 PMcs 4 

(4) 

(16) Anal. Calcd for TaCl2H2(PMe3)4 (TaCl2P4C12H38): C, 25.82; H, 
6.86. Found (Galbraith): C, 25.63; H, 6.68. Magnetic moment: HM (298 
K) = 1.74 MB (Guoy method). 

(17) (a) There are several examples in vanadocene chemistry, e.g., Cp2V 
+ Ph2S2 — Cp2V(SPh)2.

17" (b) Muller, E. G.; Watkins, S. F.; Dahl, L. F. 
J. Organomet. Chem. 1976, 111, 73-79. 

(18) Gargano, M.; Giannoccaro, P.; Rossi, M.; Vasapollo, G. Sacco, A. J. 
Chem. Soc., Dallon Trans. 1975, 9-12. 

(19) Sander, J. R. J. Chem. Soc, Dalton Trans., 1973, 748-749. 
(20) TaCl2H2(PMe3)4 crystallizes (from PhCH3, -40 0C) in the acentric 

monocline space group Cc with a = 15.127 (3) A, b = 12.005 (3) A, c = 
12.410(2) A, 0 = 92.49 (I)0; V= 2251.59 A3, and p(calcd) = 1.647 gem"3 

for M, 558.18 and z = 4. Diffraction data were collected at -160 °C,,3b and 
the structure was solved by direct methods (MULTAN), difference Fourier 
syntheses, and full-matrix least-squares refinement. Final discrepancy indices 
were RF = 2.85% and RwF = 2.93% for those 2418 reflections with F0 > 
2.33(T(F0). The limits of data collection were 6° < 28 < 45° (Mo Ka). 

(21) Hoard, J. L.; Silverthorn, J. V. Inorg. Chem. 1963, 2, 235-243. 
(22) The solution thermolyses of complexes 1 and 4 are considerably more 

complex than that of 2. Both reactions provide multiple products and are still 
under investigation. 

(23) Anal. Calcd for TaClH2(PMe3)4 (TaClP4C12H38): C, 27.57; H, 7.33; 
Cl. 6.78. Found (Schwartzkopf): C, 27.63; H, 7.28; Cl, 6.77. 

metal-hydride stretch at 1662 cm"1, which shifts to 1191 cm"1 

in the deuterium analogue. The proton NMR of 4 (benzene-d6) 
shows two resonances at 8 1.46 (36 H) and 0.23 (2 H).24 The 
latter disappears in the proton NMR spectrum of TaClD2(PMe3)4. 

An ORTEP drawing of 425 is shown in Figure 1 (bottom). 
Unfortunately, the hydride ligands were not located by difference 
Fourier methods, but they must be located in the cavity above 
the four PMe3 ligands. Selected structural data are as follows: 
Ta-C12, 2.472 (4); Ta-P3, 2.490 (4); Ta-P4, 2.555 (4); Ta-P5, 
2.545 (4); Ta-P6, 2.479 (4) A; P3-Ta-P6, 140.8 (1); P4-Ta-P5, 
157.8 (I) 0 . Several other monomeric tantalum(III) hydride 
complexes are known26,27 in addition to 4, but only one has been 
structurally characterized, i.e., pentagonal-bipyramidal TaH-
(PPh2)2(dmpe)2.27 

Other aspects of the chemistry of 1, 2, and 4 are currently under 
investigation as well as an attempt to develop niobium chemistry 
along similar lines. 
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(24) Variable-temperature 1H and 31P(1HI NMR studies are currently in 
progress and will be reported in detail elsewhere. 

(25) TaOH2(PMe3)4 crystallizes (from PhCH3, -40 "C), in the monoclinic 
space group FlxJa with a = 18.617 (5) A, * = 9.428 (2) A, c = 12.528 (3) 
A, 0 = 97.92 (I)0; V = 2178.04 A3, and p(calcd) = 1.594 g cm"3 for M, 
522.73 and z = 4. Diffraction data were collected at -160 °C.13b The 
structure was solved by Patterson and Fourier techniques and refined by 
full-matrix least squares. Final discrepancy indices were RF = 5.70% and R„F 
= 5.47; for those 2232 reflections with F0 > 2.33<r(F0). The limits of data 
collection were 6° < 26 < 45° (Mo Ka). 

(26) Mayer, J. E.; Bercaw, J. E. J. Am. Chem. Soc. 1982,104, 2157-2165. 
(27) Domaille, P. J.; Foxman, B. M.; McNeese, T. J.; Wreford, S. S. J. 

Am. Chem. Soc. 1980, 102, 4114-4120. 
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In 1966 Kuivila and Walsh reported that when an acid chloride 
was mixed at room temperature with tri-«-butyltin hydride, there 
was frequently an exothermic reaction.4 The major products were 
the corresponding aldehyde and ester, the relative yields of which 
depended on both the nature of the acyl moiety and the experi
mental conditions (eq 1). Kuivila and Walsh carried out a rather 

* To whom correspondence should be addressed at the National Research 
Council of Canada. 
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