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Early-transition-metal silyl chemistry is of great current 
interest. Such chemistry has been concentrated mostly on silyl 
complexes containing cyclopentadienyl (Cp) or analogous anionic 
T-ligands as stabilizing groups.2 Berry and co-workers observed 
a thermally labile silyl alkylidene complex Cp2Ta(=CH2)-
(SiHBuy in situ at -70 0C through photolysis of Cp2Ta(PMe3)-
(SiHBu'2) in the presence of Me3P=CH2.

20 Early-transition-
metal silyl chemistry free from anionic ir-bondings, however, is 
a relatively young area.3 We report here the synthesis of a new 
family of silyl complexes Np3ZrSi(SiMe3)3 (1), Np2Ta(^CHBu')-
[Si(SiMe3)3] (2), and Np2W(=CBu<) [Si(SiMe3J3] (4; Np = 
neopentyl, Bu1CH2). These three complexes represent, to our 
knowledge, the first silyl alkyl, stable alkylidene, and alkylidyne 
compounds of early transition metals. 

The syntheses of these complexes in either hexanes or toluene 
are summarized in Scheme 1.4 Workup (i.e., filtration, removal 
of solvents, extraction with hexanes, and crystallization) yielded 
crystals of 1, 2, and 4. In the formation of 2 monitored by 1H 
NMR, 1 equiv of HSi(SiMe3J3 was produced. Neither ClSi-
(SiMc3J3 nor CMc4 was observed in the reaction mixture. To 
our knowledge, such alkylidene bond formation by preferential 
elimination of a silane through a-hydrogen abstraction is 
unprecedented.3 
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" R = SiMe3. (i) LiSiR3 exists as Li(THF)3SiR3;* (ii) -3THF, -LiCl, 
(iii) -6THF, -2LiCl; (iv) +HCl/EtjO. 

Spectroscopic properties [1H, 13C(1H), 'H-gated-decoupled 13C, 
and 29Si(1H) NMR] of 1,2, and 4 are consistent with the structure 
assignments. In (ButCH2)2Ta(=CHBut)[Si(SiMe3)3] (2) and 
(BU4CH2J2W(SBCBUO [Si(SiMe3)3] (4), there are large chemical 
shift differences between diastereotopic H1 and Hb atoms of the 
Bu1CH1Hb groups (1.96 ppm for 2 and 4.56 ppm for 4). The 
a-carbon resonance of the neopentyl ligands of 2 in the • H-gated-
decoupled 13C NMR at 23 8C and -70 0C appears as a triplet. 
The presence of an agostic CH1-Ta interaction is essentially ruled 
out by the equality of 1ZcH, and '7cHb coupling constants. The 
chemical shift differences in 2 and 4 are probably the result of 
diamagnetic anisotropy of the metal-carbon multiple bonds. 

The molecular structure of 2 is shown in Figure I.8 A 
crystallographically imposed 3-fold rotation axis containing the 
Si(I)—Ta(I) bond results in a disorder between the Bu1CH"= 
and the two Bu1CH2 ligands. The average Ta—C bond length 
is 1.97(3) A. In comparison, the T a - C and Ta=C bond lengths 
in [Ta(=CHBuO(CH2Bu')(PMe3)2]2(/*-N2) are 2.285(10) and 

(4) (a) Data for 1: >H NMR (benzene-*, 250.1 MHz) i 1.59 (6H, 
Me3CCW2-), 1.19(27H1Me3CCHr), 0.40(27H1SiMe3, Vsm = 4.1 Hz); "C 
(benzene-*, 62.9 MHz) i 127.4 (Me3CCH2-, VC-H - 102.2 Hz), 37.9 
(Me3CCHr), 34.7 (Me3CCHr), 4.2 (SiMe3, V&w: - 40.6 Hz); »Si{>H} NMR 
(benzene-*, 79.5 MHz) t -7.64 (WMe3), -85.77 (5/SiMe3). (b) DaU for 
2: 1H NMR (benzene-*,250.1 MHz, 23 0C) 11.65 (IH, -CH), 1.52 (2H, 
CH1W4, V H -H - 12.2 Hz), 1.50 (9H1-CHCMe3), 1.16 (I8H, CH2CMe3), 
0.41 (27H, SiMe3), -0.44 (2H, CW.Hb);

 1K NMR (benzene-*, 62.9 MHz, 
23 0C) S 263.1 (=CH, V0-H = 80.5 Hz), 144.8 (CH2, V0-H - 101.9 Hz), 
48.6 (-CHCMe3), 38.1 (CH2CMe3), 35.1 (CH2CMe3), 34.7 (-CHCMe3), 
4.0 (SiMe3); »Si{<H} NMR (benzene-*, 79.5 MHz, 23 0C) S -5.30 (5/Me3), 
-53.47 (SZSiMe3); MW (cryoscopic in cyclohexane) 637 (calcd 641.0). (c) 
Data for 4: 'H NMR (benzene-*, 250.1 MHz) i 2.70 (2H, CH1Wj, V H -H 
= 11.1 Hz; VW_H -11.4 Hz), 1.66 (9H, -CCMe3), 1.16 (18H, CH1H11CMe3), 
0.39 (27H, SiMe3, VSWJ = 6.3 Hz), -1.86 (2H, CW.Hb); "C NMR (benzene-
* , 62.9 MHz) i 321.3 (BBCCMe3, VW-c - 216.7 Hz), 134.9 (CH2, V0-H -
104.7 Hz, Vw-c = 84.0 Hz), 53.7 (-CCMe3, VW-c - 45.6 Hz), 38.5 
(CH2CMe3), 34.4 (CH2CMe3), 33.1 ("CCMe3), 3.7 (SiMe3); »Si{'H| 
(benzene-*, 79.5 MHz) 8 -5.75 (SZMe3), -46.05 (S(SiMe3). Anal. Calcd 
for C24Hj3SUW1: C, 44.84; H1 9.09. Found: C, 44.66; H, 9.09. 
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(C5Me3)Ta(SiMe3)Me3: Arnold, J.; Shina. D. N.; Tilley, T. D.; Arif, A. M. 
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reported3* by cleavage of M—Si bonds in anionic silyl complexes through 
1,2-elimination of halosilanes. 
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(7) 3 was used in situ for the next step synthesis. Data for 3: 1H NMR 
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(9H1 -CCMe3) , 1.11 (18H1 CH2CMe3), 0.98 (2H, CW.HbCMe3). 
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Figure 1. Molecular structure and labeling scheme for 2. Selective bond 
lengths (A) and angles (deg): Ta(I)-Si(I) - 2.680(15), Ta(I)-C(I) = 
1.97(5), Si(I)-Ta(I)-C(I) = 105.4(12), Ta(I)-Si(I)-Si(Il) = 111.0-
(4), C(I)-Ta-C(IA) = 113.2(12), Ta-C(l)-C(2) = 149(3). 

1.932(9) A, respectively." The -Si(SiMe3)3 and Np2(Bu1CH=)-
Ta- moieties are arranged in a staggered conformation, which 
has similarly been observed in (BulO)3Zr-Si(SiMe3)3.

3* Both 
moieties present pseudotetrahedral geometries with bond angles 
rangingfrom 105.4(12)to 113.2(14)°. TheTa(IHSi(I)distance 
of 2.680(15) A is comparable to 2.624(2)-2.633(2) A found in 
Cp2Ta(H)(SiMe2H)2,

9112.669(4) A in (C5Me5)Ta(SiMe3)Cl3,
5* 

and 2.651(4) A in Cp2Ta(H)2SiPhMe2.'
0 Molecular weight 

determination by cryoscopy in cyclohexane indicates that 2 exists 
as a monomer in solution.45 

Complex 2 was found to react with 1 equiv of HCl in ethyl 
ether at -78 0C to form an unstable purple complex with an 
NMR spectrum consistent with the formula Np3Ta(Cl)[Si-
(SiMe3)3] (5).10 This complex decomposed slowly at -90 0C to 
HSi(SiMe3J3 and yet unknown species. Neither ClSi(SiMe3J3 
nor CMe4 was found in the decomposition process as analyzed 
by 1H NMR (toluene-dg)- In comparison, Schrockand Fellmann 
reported that Np4TaCl began to decompose above about -10 0C 
to give CMe4, Np3TaCl2, Np3Ta=CHBu', and other unidentified 
products.6b 

(8) Crystal data for 2: trigonal, P3 (No. 143), a = 16.292(2) A, c = 
11.373(2) A, V " 2614.4(7) A \ Z - 3, R (Rw) = 6.31 (7.90)% with 1822 
unique reflections with F > 4.Oa(F), GOF = 1.37, number of parameters 
refined = 182, data-to-parameter ratio = 10.0:1. The tantalum, silicon, and 
eight of the nine carbon atoms in the three -SiMe3 groups were anisotropically 
refined. No attempt was made to locate or calculate the hydrogen atoms. 

(9) (a) Churchill, M. R.; Wasserman, H. J. Inorg. Chem. 1981,20,2899. 
Turner, H. W.; Fellmann, J. D.; Rocklage, S. M.; Schrock, R. R.; Churchill, 
M. R.; Wasserman, H. J. / . Am. Chem. Soc. 1980,102,7809. (b) Jiang, Q.; 
Carroll, P. J.; Berry, D. H. Organometallics 1991,10, 3648. (c) Curtis, M. 
D.; Bell, L. G.; Butler, W. M. Organometallics 1985, 4, 701. 

(10) 'H NMR (toluene-</8, 400 MHz, -90 0C) of 5: S 2.32 (CH2), 1.22 
(CMe3), 0.41 (SiMe3). In comparison, the 1H NMR (toluene-</8, -10 "C) 
for the unstable Np4TaCl:*" S 2.1 (CH2), 1.25 (CWe3). 
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In the synthesis of 2 (Scheme 1), the bulkiness of LiSi(SiMe3)3-
(THF)3 seems to rule out its direct attack on an a-hydrogen atom 
in Np3TaCl2 to form a Ta=CHBu' moiety. The preferential 
elimination of HSi(SiMe3)3 in the decomposition of 5 at -90 °C 
and the rapid formation of 2 at 23 0C suggest that there is a 
low-energy route for HSi(SiMe3)3 elimination from 5. The 
elimination is perhaps driven by steric repulsion in the penta-
coordinated 5 since tetracoordinated Np3ZrSi(SiMe3J3 (1), Np2-
Ta(=CHBu') [Si(SiMe3)3] (2), and Np2VvX=CBu') [Si(SiMe3)3] 
(4) are stable at 23 0C. A mechanism involving an intermediate 
"Np2Ta(=CHBu')Cl" (6) is proposed for the formation of 2 
(Scheme 2). 
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