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Various sized siloxides (CysSiO > BusSiO > 'Bu,PhSiO > Bu,MeSiO ~ Pr,'BuSIO > 'Pr;SiO > Bu,HSIO) were
used to make (R;R'SiO)sTaCl, (R = Bu, R" = H (1-H), Me (1-Me), Ph (1-Ph), Bu (1); R = Pr, R" = Bu (1-Pry);
R =R’ =Pr (1-Pr3); R = R" = °Hex (Cy)). Product analyses of sodium amalgam reductions of several dichlorides
suggest that [(R.R'SiO)sTa],(«-Cl), may be a common intermediate. When the siloxide is large (1-'Bu), formation
of the Ta(lll) species (‘BusSiO)sTa (6) occurs via disproportionation. When the siloxide is small, the Ta(IV) intermediate
is stable (e.g., [(PrsSiO)sTal,(u-Cl), (2)), and when intermediate sized siloxides are used, solvent bond activation
via unstable Ta(lll) tris-siloxides is proposed to occur. Under hydrogen, reductions of 1-Me and 1-Ph provide
Ta(IV) and Ta(V) hydrides [(‘Bu,MeSiO)sTal,(«-H), (4-Me) and (‘Bu,PhSiO)sTaH, (7-Ph), respectively.

Introduction study of this unusual complex, including recent calculations
testifying to the relatively low energy of its singlet ground
state’ an understanding of its synthesis and kinetic stability
is incomplete.

In a project originally designed to generate new metal
metal bonded derivatives of early transition metals, different
siloxides were used to tune the tris-siloxide metal steric
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The 'BusSiO ligand (silox} 3 has been used with great
success in the preparation of low coordinate, low valent, early
transition metal compounds? In particular, the generation
of (silox)sTa? has led to investigations of CO cleavégé
and a variety of other bond activatiohs® Despite extensive
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Results | | | RR'SIOH oo - R,R'SiONa )
Syntheses of RR'SiH, R;R'SiOH, and R,R'SiONa (R R ='Bu, R = H, Me, Ph;

=Bu, R' =H, Me, Ph,Bu; R = R’ =Pr). The syntheses R='Pr,R = 'Bu;

of the various silanols started from readily available precur- R=R ='Pr, Cy

sors: 'Bu,SiHCI, 'Bu,SiH,, 'PRLSIHCI, 'Pr;SiH, and CySiCl.

In a modification of a Doyle and West proceddfeher- The sodium siloxides ranged from an amorphous, colorless

molysis of 'Bu,SiHCI and methyllithium in B at 67°C solid (PrSiONa, 87%9 to white, crystalline materials

in a bomb reactor afforded the colorless &l,SiHMe in (Pr'BuSiONa (59%), CySiONa (>90%), andBu,RSiONa
94% vyield (eq 1). Treatment dPrLSiHCI with 1 equiv of (R = H (47%), Me (79%), Ph (69%)). Spectral data for the
‘BuLi in a 3:4 mixture of pentane/heptane atZ3generated  silanes, silanols, and sodium siloxides are compiled in Table
'Pr'BUSIH in 43% yield (eq 2) upon distillation. A lower 1. Recent crystal structures'8isSiONa andBu,PhSiONa-
boiling fraction accounted for 30% of the crude mass, and prepared via BO treatment of the respective sodium
spectroscopic analysis of this material failed to discern an silicides—reveal these species to be tetramers, with Na and
Si—H functionality. A pathway involving silylene formation o atoms occupying alternate corners of a cifb.related

via deprotonation may be operable, and the generation ofgtrycture ofBu,MeSiONa has also been determirtéd.
silylenes via electron transfer is also well documerifedl. Syntheses of (BR'SiO)sTaCl, (R = 'Bu, R = H, Me

related thermolysis dBu,SiH, and phenyllithium in heptane Ph, Bu: R = IPr,, R' = 'Bu; R = R' = iPr). The tris-

at 98 °C led to the elimination of LiH and the ultimate . . . . .
. . A . : siloxide tantalum dichlorides were synthesized via treatment
isolation of'Bu,SiHPh as a colorless oil (63%, eq'3). . . o ]

of TaCk with the sodium siloxides in benzene or toluene,

ELO0 typically under thermolysis conditions (eq 6).

'Bu,SIHCI + MeLi —-——='Bu,MeSiH + LiCl (1)

TaCk + 3R,R'SiONa— (R,R'SiO);TaCl, + 3NaCl (6)

'PLSIHCI + 'Buli ZoeMPMp BUSiH + LICI (2) R='Bu, R = H (1-H), Me (1-Me),
23°C,16h Ph (1'Ph),

R='Pr, R ='Bu (1-'Pr,)
R =R ='Pr (1-'Pr), Cy (1-Cy,)

heptane ¢

'Bu,SiH, + PhLi—o .~

Bu,PhSiH+ LiH  (3)

Exposure of the silanes to KOH/EtOH provided the

silanols'Bu;RSIOH (R= Me (84%)1° Ph (87%)) andPr,- Although formation of Bu;HSIO);TaCk (1-H, 55%)
RSIOH (R= 'Pr (98%),'Bu (75%)) in excellent yields (eq  occurred in benzene at 2 after ony 4 h of stirring,
4), (‘BuMeSiOxTaCk (1-Me, 63%) required 16 h at 5%, and
KO, EOH (‘BuPhSiO}TaCl, (1-Ph, 69%), Pr.'BuSiOxTaCh (1-'Pr,
R,R'SiH m R,R'SIOH 4) 51%), (Pr:SiO)xTaCk (1-'Prs, 42%), and (C¥SiO)TaCk (1-

R = 'Bu, R = Me, Ph; Cys) were prepared by refluxing the reagents in toluene
R='Pr,R ='Bu: (>110°C) for 20, 16, 12, and 20 h, respectively. (sikbgCh

R=R ='Pr (1) was also prepared in refluxing toluene during a 15 h

period® All of the dichlorides are white, crystalline com-
plexes, although-H is quite waxy.

Dichloride Reductions. 1. {PrsSiO);TaCl, (1-Pry).
Sodium amalgam reduction ofP§;SiO)kTaCh (1-'Pr) in
THF or DME resulted in a blue-purple solution whose color
faded over the course of 1 h. Amidst several products,
(PrSiO),TaO was tentatively identified on the basis of
spectral characteristics and comparison to related reactions,
Bu;SiH, and it is subsequently hydrolyzed with base. but i_sola_tion was not attempted. Ins_tead,_ Na/Hg reduction

A convenient preparation dBusSiONa involves ther-  Of 1-Prsin ERO afforded the Ta(lV) dimer fPr:SiOkTal-
molysis of the silanol with sodium met&and this method ~ ¢-Cl)2 (2, €q 7), and excess Riailed to further reduce the

‘Bu,PhSiOH, Pr,BuUSiOH, andP13SiOH are colorless ails,
but sublimedBu,MeSiOH is a waxy, crystalline, white solid.
‘Bu,HSIOH was prepared according to a literature proce-
dure?® utilizing KOH/EtOH treatment of the chlorid@u,-
SiHCI. A related literature method was used to synthesize
CysSiOH from CySiCl.?t Preparations’ of 'BusSiOH are
related to eqs 14, since 2 equiv ofBuLi reacts with'Bu,-
SiF, or 1 equiv oftBuLi reacts with'Bu,SiHF, to generate

was extended to the new species (eq 5). complex.

(16) Doyle, M. P.; West, C. TJ. Am. Chem. Sod975 97, 3777-3782. 'Pr.SiO).TaCl, N&/Hg.—2NaCl - ; ; )

(17) Driver, T. G.; Franz, A. |.; Woerpel, K. Al. Am. Chem. So2002 2 ( 3 i )3 12 Et,0, 36-48 h [( PI'3S|O)3Ta]2(‘u Cl)z (7)
124, 6524-6525. 1-Pr, 2

(18) Lerner, H. W.; Scholz, S.; Bolte, MZ. Anorg. Allg. Chem2001,
627, 1638-1642.

(19) Doyle, M. P.; West, C. TJ. Org. Chem1975 40, 3835-3838. (23) Banditelli, G.; Pizzotti, M.; Bandini, A. L.; Zucchi, Gnorg. Chim.

(20) Lickiss, P. D.; Lucas, Rl. Organomet. Chen1995 521, 229-234. Acta 2002 330, 72—81.

(21) Nebergall, W. H.; Johnson, O. Bl. Am. Chem. Sod949 71, 4022 (24) Lerner, H.-W.; Scholz, S.; Bolte, M0rganometallic2002 21, 3827
4024. 3830.

(22) Covert, K. J.; Wolczanski, P. T.; Hill, S. A.; Krusic, P.Idorg. Chem. (25) Schutte, S.; Freire-Erdbruegger, C.; Kingebiel, U.; Sheldrick, G. M.
1992 31, 66—78. Phosphorus, Sulfur Silicon Relat. Elef®93 78, 75—-81.
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The Course of (BRR'SiOxTaCl, Reduction

Table 1. 'H and3C{'H} NMR Spectral Assignmerigor R,R'SiX (X = H, OH, or ONa), (RR'SiOxTaCk, and Its Reduction Products

H NMR (0 (J, Hz), assignt)

BC{*H} NMR (9, assignt)

compound ‘Bu R/R/other SiCMg, SiC(CH3)3 R/R/other
Bu,MeSiH 0.99 —0.01 (d, 4), Me
‘BuPhSiH 1.02 3.63(q, 4), SiH
PrBuSiH 1.02 1.11 (d, 7.5), Me
1.13(d, 7.5), Me
3.54, SiH
‘Bu,MeSiOH 0.97 —0.03, Me
‘Bu,PhSiOH 1.02 7.21(dd, 2, 5);Ph 21.14, 30.09 128.31, Ph
7.44 (dd, 2, 8.5 m-Ph 133.94, Ph
7.64 (m, 2),0-Ph 144.28, Ph
PrBuSiOH! 0.99 1. 7(d,56)
IPrSIOH! 1.03(d, 7.5), Me 12.15, CH
3.5 (q 2), OH 18.28, Me
‘Bu,HSiONa 1.03 4.37 (SiH)
‘Bu,MeSiONa 1.02 —0.06, Me
‘Bu,PhSiONa 1.11 7.11 (m, 4.8)3Ph
7.71 (dd, 1.6)p,p-Ph
PrLBuSiONa 1.06 1.14 (d, 7), Me
1.15(d, 7), Me
PrSiONa 1.08 (d, 7), Me
0.91 (sep, 7), CH
(‘BuHSiO)TaCk (1-H)
(‘BBu,MeSiO)TaCk (1-Me) 1.15 0.31, Me 21.54,27.86 —7.07, Me
(‘BuPhSiO}TaCk (1-Ph) 131 7.19 (m, 2, 8)n-Ph 22.60, 28.70 127.87, Ph
8.03 (m, 7),0/p-Ph 129.85, Ph
133.80, Ph
135.30, Ph
(PrBuSiO)xTaCk (1-'Pr) 1.22 1.26 (d, 8), Me 22.00, 28.21 14.20, CH
1.29 (d, 8), Me 18.89, Me
1.40 (m, 8), CH
(Pr:SiO)%TaCl (1-Prs) 1.22 (d, 5.6) 13.29, CH
7.95, Me
(CysSiO)TaCk (1-Cys) 1.25 (dt, 2, 13) 25.75
1.36 (q, 8. 5) 27.49
1.61(q, 12.5) 28.07
1.76 (brs) 28.85
1.86 (d, 10.5)
2.07 (d, 13.5
[(PrSiOxTal(u-Cl), (2) (23°C) 1.26 (brm, 7.2), CH 15.15, CH
1.36 (brd, 6.8), Me 15.23, CH
18.82, Me
19.19, Me
(70°C) 1.29 (brs), Me
1.42 (br m), CH
[(‘BuMeSiO)Tal(u-O). (3-Me) 1.22 0.35
[(PrBuSiO)xTal(u-O), (3-Pr) 1.26 1.31(d, 7.2), Me
1.32(d, 6.8), Me
1.38 (sep, 7.6), CH
[(‘BuMeSiO)xTal(u-H). (4-Me) 1.21 0.47, Me
8.54, TaH
[(Pr'BuSIiOYTal(u-H), (4-Pry) 1.24 1.32 (d, 7.2), Me
1.33(d, 7.2), Me
1.43 (sep, 7.6), CH
7.73, TaH
[(‘BuMeSiO)xTaHL(u-O) (5-Me) 1.22 0.36, Me
10.97, TaH
[(PrBuSiO)TaHL(u-0) (5-'Pr)d 1.26 1.14 (d, 11.2), Me
1.22 (d, 9.6), Me
(‘BuPhSiO}TaH, (7-Ph) 1.20 7.11 (m, 5.7p/p-Ph
7.90 (dd, 1.8,5.7m-Ph
22.72, TaH
(‘BuPhSiO}Ta@;-C:Ha) (8-Ph) 1.15 2.61, ¢H,
7.20 (m, 5.5)p/p-Ph
7.84 (m, 7)m-Ph
(‘BuMeSiO)TaCH,(CH,).CH, (9-Me) 1.11 0.22, Me
2.13(q, 3), (CH),
o _ 2.83 (g, 3), (CH,
(PrSiO)TaCHy(CH,),CH, (9-Pr;)¢ 1.17,(d, 3
212, (m, 1. 5) (CIQDQ
2.84,(m, 2.5), (CH),
(‘BuMeSiO)xTa(-C,Me,) (10-Me) 1.09 0.21, SiMe
2.58, GMe,
(‘BuPhSiO}Ta(;-C.Me;,) (10-Ph) 1.17 2.59, Me,
7.21(m, 1.2, 4.8)0/p-Ph
7.87 (m, 2)m-Ph
(PrSiOxTa(-C:Me;) (10-Pry)d 1.17 (d, 3), Me
2.60, GMe,
(‘Bu,PhSiO}TaMe, (11-Ph) 1.21 1.48, TaMe

7.19 (m, 3),0/p-Ph
7.92 (m, 1.5)m-Ph

aBenzeneds unless otherwise noted Reference 16° Reference 184 Methine is obscured Reference 19.
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Table 2. Crystallographic Data for [PrsSiO)%Tal2(u-Cl)2 (2) and
[(‘BuMeSiO)Talx(u-H)- (4-Me)

2 4-Me
formula GaH126Clz OgSisTap Cs4H12606 SisTap
fw 1472.89 1401.99
space group C2lc P1

4 2
a A 13.9922(8) 12.9177(16)
b, A 25.2621(14) 13.4760(17)
c, A 21.2191(11) 23.148(3)
a, deg 920 82.096(3)
B, deg 101.9680(10) 74.402(3
y, deg 90 64.714(3)
vV, A3 7337.3(7) 3508.2(8)
Pcale, grcm™3 1.333 1.327
u, mmt 3.190 3.258
temp, K 173(2) 173(2)
A 0.71073 0.71073
Rindices | > 20(1)]2P Ry = 0.0402 Ry = 0.0577
wR,= 0.0740 wWR, = 0.1570
Rindices (all date)® R; = 0.0680 R; = 0.0829
wR, = 0.0810 WR, = 0.1689
GOF 1.020 1.146

aRy = §|Fo| — [F||/SIFl. bWR, = [>W(|Fol — |Fc|)2/zWFOZ]1/2- ¢ GOF
(all data)= [SW(|Fo] — |Fc)¥(n — p)]¥24 n = number of independent
reflections,p = number of parameters.

The dimer was obtained as purple crystals from pentane
in 40% vyield. At 23°C, the'H NMR spectrum ¢Dg of 2

consists of three broad asymmetric resonances in the meth FilOXideS are elongatedi(Ta—
' yme ! Yio the basal ligandsi(Ta—01) =

region that overlap with a very broad feature whose integra-
tion is roughly consistent with the methine protons. At 70
°C, the spectrum simplifies immensely and the signals
coalesce to a broad singletdaf..29 accompanied by a broad
multiplet atd 1.42 corresponding to a single isopropyl group;
the original spectrum was reconstituted upon cooling. Further
heating &70 °C) induced decomposition and a change in
color from purple to brown.

2. Structure of [(PrsSiO)s;Ta]x(u-Cl)2 (2). A single crystal
X-ray diffraction study of [(PrSiO)Tal(«-Cl), (2) con-
firmed its dimeric nature and permitted rationalization of the
aforementionedH NMR spectrum. The crystallographic
information is given in Table 2, pertinent geometric data are
presented in Table 3, and a molecular view is presented in
Figure 1. The tantalum atoms are bridged by two chlorides,
and the compound possesges symmetry, which distin-
guishes each of théPrSiO ligands on one metal. A
somewhat long TaTa single bongf33 of 2.9773 A is
present, presumably because th€l ligands must adopt a

(26) (a) Sattelberger, A. P.; Wilson, R. B., Jr.; Huffman, JJCAm. Chem.
So0c.198Q 102 7113-7114. (b) Scioly, A. J.; Luetkens, M. L., Jr.;
Wilson, R. B., Jr.; Huffman, J. C.; Sattelberger, A. Folyhedron
1987 741-757.

(27) (a) Belmonte, P. A.; Schrock, R. R.; Day, C.J5.Am. Chem. Soc.
1982 104, 3082-3089. (b) Churchill, M. R.; Wasserman, H. J.;
Belmonte, P. A.; Schrock, R. Rorganometallics1982 1, 559-561.
(c) Belmonte, P. A.; Cloke, F. G. N.; Schrock, R. R.Am. Chem.
S0c.1983 105 2643-2650. (d) Churchill, M. R.; Wasserman, H. J.
Inorg. Chem.1982 21, 226-230.

(28) Profilet, R. D.; Fanwick, P. E.; Rothwell, I. Polyhedron1992 11,
1559-1561.

(29) (a) Fryzuk, M. D.; Johnson, S. A.; Rettig, SQlganometallic2000
19, 3931-3941. (b) Fryzuk, M. D.; McConville, D. Hinorg. Chem.
1989 28, 1613-1614.

(30) Burckhardt, U.; Casty, G. L.; Tilley, T. D.; Woo, T. K.; Rothlisberger,
U. Organometallic200Q 19, 3830-3841.

(31) Lee, T.Y.; Messerle, LJ. Organomet. Chenl.998 553 397-403.
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Figure 1. Molecular view of [(PrsSiO)sTalz(u-Cl)2 (2).

severe angle[{Ta—Cl1—Ta= 70.47(2)) to accommodate

the metat-metal interaction. The overall geometry is best

described as two edge-shared square pyramids, whose apical
02) = 1.989(2) A) relative
1.864(2) A,d(Ta—03) =
1.859(2) A). The basal siloxides are splayétOl—Ta—
03 =98.81(11), 0O1-Ta—CI1 = 89.46(8}, IO3—Ta—
CI1A = 88.17(8Y) relative to theu-chlorides (JClI1-Ta—
CI1A = 80.62(3y, OCI-Ta—03 = 164.80(9y, OCI1A—
Ta—01 = 163.18(9}), but the sum of the basal angles is
357.2; hence, there is only minor deviation from the plane,
and it is steric in origin. The apicabasal angles({O1—
Ta—02=107.63(11), 103—Ta—02=105.79(11), OCI—
Ta—02 = 83.54(8}, OCI1LA—Ta—02 = 84.87(8}) are a
testament to the regular nature of the square pyramids and
the interplay of the sterically encumber&:SiO ligands.
The C, symmetry of the dimer is a consequence of a subtle
twist of the siloxide groups to minimize steric interactions
between the ligands on adjacent metals.

3. Reductions of (RR'SiO);TaCl, (R = 'Bu, R" = H
(1-H), Me, (1-Me); R =Pr, R’ = 'Bu (1-Pr;)). Reduction
of (‘Bu,HSiOxTaCk (1-H) led to intractable material, and
evidence of C-O bond activation was obtained whéBu,-
MeSiO)xTaCk (1-Me) was reduced with Na/Hg in ethereal
solvents. In THF, Na/Hg reductions led to numerous products
according to'H NMR spectral analysis, including ‘{u.-
MeSiO)kTal,(u-O), (3-Me) and species containing reso-
nances consistent withO(CH,)CH,— fragment<:° In Et,O,
after ~24 h, 1-Me was converted (Na/Hg or KL to a
roughly 1:1 mixture of3-Me and [(Bu,MeSiO)xTal,(u-H)
(4-Me), as indicated in Scheme 1. The compounds cocrys-
tallize as a dark red-brown material. A single crystal X-ray

(32) (a) Cotton, F. A.; Daniels, L. M.; Murillo, C. A.; Wang, X. forg.
Chem.1997 36, 896-901. (b) Babaiankibala, E.; Cotton, F. lorg.
Chim. Actal991, 182 77—82. (c) Babaiankibala, E.; Cotton, F. A.;
Kibala, P. A.Inorg. Chem.199Q 29, 4002-4005.

(33) Bott, S. G.; Sullivan, A. CJ. Chem. Soc., Chem. Commu988
1577-1578.



The Course of (BRR'SiOxTaCl, Reduction

Table 3. Bond Distances (A) and Angles (deg) itH6SIO)sTal(u-Cl)2 (2)

Ta—Ta 2.9773(3) TaOl

Ta—03 1.859(2) TaCll

Sil-01 1.670(3) Si202

Si—Cay 1.877(7) C-Cay
01-Ta-02 107.63(11) 01Ta-03
Ol1-Ta—Cl1 89.46(8) Ot Ta—CI1A
02-Ta—CI1A 84.87(8) 0O3-Ta—Cl1
Cl1-Ta—CI1A 80.62(3) TaCll-Ta
02-Ta-Ta 123.21(8) O3Ta—Ta
Cl1A-Ta—Ta 55.09(2) TaO1-Sil
Ta—03-Si3 164.14(18) OSi—Cay
Si—C—Cayy 114.0(19) C-C—Cqu

Scheme 1

1.864(2) Ta02 1.989(2)
2.5907(8) TaCI1A 2.5702(9)
1.657(3) Si3-03 1.675 (3)
1.536(11)

98.81(11) 02Ta—03 105.79(11)
163.18(9) 02Ta-Cl1 83.54(8)
164.80(9) 03 Ta—CI1A 88.17(8)

70.47(2) OtTa-Ta 108.09(9)
110.57(8) CliTa-Ta 54.45(2)
169.74(16) Ta02-Si2 171.35(18)
105.9(15) C-Si—Cay 112.8(14)
110.4(8)

structure determination of a representative crystal generatedsignals. These gradually dissipated over 2 weeks, and
geometric parameters and electron densities inconsistent withresonances attributable t6B@,MeSiO)xTal,(«-O), (3-Me)

a single compound. Spectroscopic investigations and frac-

tional crystallizations led to partial and then eventual
separation of the yellow diox@{Me) and black dihydride
(4-Me) dimers. Assignment &3-Me as a dimer is based on
the cocrystallization wittd-Me, its yellow color in com-
parison to monomeric, colorless (silgkaO8 and solubility
properties.

Dihydride 4-Me was more conveniently prepared via Na/
Hg reduction in E{O under 1 atm of dihydrogen and isolated
from pentane as black crystals in 52% yield. A diagnostic
resonance al 8.54 that is absent id-Me-d, is attributed to
the bridging hydrides, but IR spectra are less informative.
A shoulder present id-Me at ~1350 cn? is lost upon
deuteration, but the expected position960 cmt) of the
corresponding TaD absorption ird-Me-d, is obscured by

grew in concomitantly with the evolution of Hwhich was
observed ab 4.46. Thermolysis at 10TC for 4 h completed
the conversion. Apparently, nitrous oxide oxidized Ta(lV)
to Ta(V), formulated as Bu,MeSiO)xTaH],(«-O) (5-Me),
and then formally oxidized hydride to dihydrogen&de
was generated.

The reduction chemistry of RL'BuSiOkTaClk (1-'Pr)
paralleled that of'Bu,MeSiO)xTaCk (1-Me), but it was not
pursued in detail because of the difficult isolations of the
silane and silanol. However, a small scale reduction of
1-'Pr, under dihydrogen in ED afforded [(PrBuSiO)%Tal,-
(u-H)2 (4-'Pry) on the basis of its black appearance and a
hydride resonance &t 7.73 that integrates properly versus
the siloxide ligands. Addition of 2 equiv of X to 4-Pr,
generated a new hydride resonancé @t77, and thermolysis

ligand vibrations. Since the hydrides were not observed at 160 °C (24 h) produced K and, presumably, dioxo

crystallographically (vide infra), additional evidence for the
Ta(lV) formulation was obtained via treatment with excess

[(PrBuUSiIO)Tal(u-O), (3-'Pr). The hydride resonance of
the intermediate suggests that it belongs'RrRBuSiO%TaH]-

HCI. Toepler pump measurements of the gas evolved (u-O), (5'Pr), given the related chemistry &tMe.

indicated 2.8 equiv per dimer, consistent with a Ta(lV)
dihydride; two hydrides are protonated to give 2 equiv of
H,, and 2 equiv of HCI oxidizes two Ta(IV) centers to Ta-
(V), releasing 1 equiv of k

When [(Bu,MeSiO)Tal,(u-H). (4-Me) was exposed to
excess MO in GDg, a new set of hydride resonances were
observed to grow in ad 10.97 along with new siloxide

4. Structure of [(‘BuMeSiO)sTa]x(u-H). (4-Me). A
single crystal X-ray structure determination ofBjf,-
MeSiO)kTalx(u-H). (4-Me) was conducted, and the crystal-
lographic data (Table 2) and geometric features (Table 4)
are independently tabulated. Figure 2 illustrates the pseudo-
Dsq symmetry that describes the dimer, whose hydrides were
not located. Thed(Ta—Ta) value is 2.8713(4) A, which is
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Table 4. Bond Distances (A) and Angles (deg) inH(;MeSiOxTa]x(u-H), (4-Me)

Ta—Ta

Tal-03
Ta2—06
03-Si3
06-Si6

01-Tal-02
04-Ta2-05
Ol1-Tal-Ta2
O4—Ta2-Tal
Tal-01-Si1
Ta2-04-Si4
O—-Si—Cay
C—C—Cyu

Figure 2. Molecular views of [Bu,MeSiO}Talx(u-H). (4-Me): (a) from

2.8710(5)
1.934(7)
1.929(8)
1.653(7)
1.657(8)

102.9(4)
105.0(4)
113.0(3)
113.5(3)
175.6(6)
175.4(6)
108.2(14)
108.2(8)

TatO1
Taz204
0OtSil
04Si4
Si-Cav

0%+ Tal-03

04 Ta2-06

O2Tal-Ta2
O5Taz2-Tal
Tat02-Si2

Taz205-Si5
C-Si—Cauy

the side (hydrides not located) and (b) down the-Ta axis.

shorter than that of [PrzSiO)Ta]x(u-Cl), (2) but longer than
the sum of covalent radii and longer than that of the
unbridged Ta(lV) dimers (e.qg., [(silox)aH,],, d(Ta—Ta)=

3426 Inorganic Chemistry, Vol. 43, No. 11, 2004

1.894(8) Tat02 1.898(8)
1.910(8) Ta205 1.917(8)
1.663(8) 02Ssi2 1.669(8)
1.649(8) 05Si5 1.648(8)
1.894(17) C-Cay 1.540(10)
106.5(3) 02Tal-03 104.5(4)
104.5(4) 05 Ta2-06 103.8(4)
112.5(3) 03Tal-Ta2 116.1(3)
112.2(3) 06 Ta2-Tal 116.7(2)
166.6(6) Ta+03-Si3 173.8(6)
168.3(6) Ta206-Si6 171.3(5)
110.7(30) S-C—Cay 110.7(23)

2.720(4) A)926-3% Two tantalum oxygen distances are
marginally longer §(Tal—03) = 1.926(4) A,d(Ta2—06)
= 1.924(4) A) than the remaining foud(Ta—0)a, = 1.901-
(7) A). The O-Ta—0 angles are statistically the san&g—
Ta—0O, = 104.4(103), but OTal-Ta2—06 (116.55(12)
and 0Ta2—-Tal—-03 (116.18(13)) were marginally larger
than the remaining TaTa—O angles (113.1(8) (av)).
Perhaps the hydrides are more oriented toward O3 and O6,
but the deviations about the ditantalum unit are so minimal
that it is difficult to assign their positions with any
confidence.

5. Reductions of Bu,R'SiO);TaCl, (R' = Ph, 1-Ph;'Bu,
1). The Na/Hg reduction of (siloxTaCk (1) has previously
been reported to afford (siloxja (6).2 Reduction in the
presence of K or simple exposure o6 to dihydrogen
provides (siloxjTaH, (7, 6(TaH) 21.99) By comparison,
reduction of BuPhSiO}TaCk (1-Ph) afforded a multitude
of products that constituted a tan oil; identification proved
unfeasible, but cyclometalation to various Ta(V) isomers is
likely. In the presence of dihydrogen, reduction provided the
dihydride (Bu,PhSiO}TaH, (7-Ph) in 80% yield as a
colorless oil (eq 8).

; . Na/Hg,—2NaCl, H, (1 atm) " .
(‘Bu,PhSiO)TaCl, o (‘Bu,PhSiO)TaH,
1-Ph 7-Ph

(8)

The 'H NMR spectrum of7-Ph, whose Taklresonance
is observed at 22.72, is diagnostic for a terminal dihy-
dride??” and its IR spectrum contains a peak at a frequency
of v(TaH(D)) = 1751(1262) cm! and a corresponding wag
(6(TaHx(Dy)) at 783(533) cm'.° Cundari has calculated that
the lowest energy structure of (H&pH, (7') is a trigonal
bipyramid with diequatorial hydrides; an isomer with axial
and equatorial hydrides is a few kilocalories per mole higher,
and the diaxial dihydride is not a minimum energy config-
uration3>3¢The infrared spectrum is also consistent with the
predicted diequatorial hydride structure.

Further Probes of Siloxide Steric Environment. It
appears that the size of the siloxide significantly affects the

(34) Hoskin, A. J.; Stephan, D. WCoord. Chem. Re 2002 233-234,
107-129.

(35) Cundari, T. R. University of North Texas. Unpublished results.

(36) (a) Ward, T. R.; Burgi, H. B.; Gilardoni, P.; Weber,JJ.Am. Chem.
Soc. 1997 119 11974-11985. (b) Bayse, C. A.; Hall, M. B.
Organometallicsl998 17, 4861-4868. (c) Firman, T. K.; Landis, C.
R.J. Am. Chem. So@001, 123 11728-11742.



The Course of (BRR'SiOxTaCl, Reduction

reduction chemistry of the various dichlorides. To help fashion, treatment d with 1 equiv of 2-butyne again gave
provide further evidence of the size order in the siloxides, the dichloridel-'Pr; concomitantly with the alkyne adduct
small scale reactions were used to probe the formation of (PrSiOxTa@-C:Me,) (10-'Pr, eq 13).

olefin adducts versus metalacycles derived from ethylene and
2-butyneH NMR spectroscopic assays of the crude reaction
mixture were used to ascertain the major product composi-
tion, but no purification or isolation was attempted. Examples

[(PrSiO);Tal,(u-Cl), + 2CH, h
2

of metalacyclopentane&-®” and ethylene and 2-butyne

adduct$'in these systems are documented. For the cases of

(‘BusSiO)Ta (6) and the reduction ofBu,PhSiO}TaCl, (1-
Ph), only the olefin adduct$Bu;SiO)xTa(y-CoH,) (8-'Bu)tt
and (Bu,PhSiO}Ta(;-C,H4) (8-Ph) were obtained (eq 9),
but for (Bu,MeSiOxTaCk (1-Me) and (PrSiO)xTaCl (1-
iPrs), metalacyclesBu,MeSiOxTa(—CHx(CH,),CHx—) (9-
Me) and {Pr;SiO)Ta(—CHx(CH,).CH,—) (9-'Pr) were the

observed products (eq 10). Reductions in the presence of
2-butyne led to the monoadducts in all cases (eq 11), just as

exposure of6 to 2-butyne afforded (silox)a(-C.Me,)
(10).11

Na/Hg,—2NaCl, GH, (1 atm)

t .
( BuzPhlil)Oh);TaCI2 Eo
(Bu,PhSiO)Ta(;-C,H,) (9)
8-Ph
(R,R'SiO)TaCl, Na/Hg, —2NaCl, GH, (1 atm)

R ='Bu, R = Me (1-Me);
R=R ='Pr(-'Pr)
(R,R'SiO),Ta(—CH,(CH,),CH,—) (10)
R ='Bu, R = Me (9-Me);
R=R ='Pr(©-Pr)

(R,R'SiO),TaCl,
R ='Bu, R = Ph (1-Ph);
R ='Bu, R = Me (1-Me);
R=R ='Pr(1-'Pr)

Na/Hg,—2NaCl, CMe, (1 atm)

(R,R'SiO),Ta(;-C,Me,)
R ='Bu, R = Ph (10-Ph);
R ='Bu, R = Me (10-Me);
R=R ='Pr(10-'Pr)

(11)

Additional NMR tube and small scale experiments were
also informative. Treatment of the Ta(IV) dichloride dimer
[(PrzSiO)xTal(u-Cl), (2) with 1 equiv of ethylene swiftly
afforded the metalacycléRzSiOxTa(—CHy(CH,),CH,—)
(9-'Pr;) and the Ta(V) dichloride'Pr:SiO);TaCk (1-'Pr);

some starting material remained, and thus, the reaction can
be taken as a simple disproportionation (eq 12). In analogous

(37) (a) Lee, J.; Fanwick, P. E.; Rothwell, . ®rganometallic2003 22,
1546-1549. (b) Waratuke, S. A.; Thorn, M. G.; Fanwick, P. E.;
Rothwell, A. P.; Rothwell, I. PJ. Am. Chem. S0d999 121, 9111-
9119. (c) Thorn, M. G.; Hill, J. E.; Waratuke, S. A.; Johnson, E. S;
Fanwick, P. E.; Rothwell, I. R1. Am. Chem. S0d.997 119 8630~
8641. (d) Johnson, E. S.; Balaich, G. J.; Rothwell, IJPAm. Chem.
Soc.1997, 119 7685-7693. (e) Balaich, G. J.; Hill, J. E.; Waratuke,
S. A.; Fanwick, P. E.; Rothwell, I. ®OrganometallicsL995 14, 656—
665. (f) Hill, J. E.; Balaich, G.; Fanwick, P. E.; Rothwell, I. P.
Organometallics1993 12, 2911-2924.

(Pr,SiO);Ta(—CH,(CH,),CH,—) + (Pr,SiO),TaCl, (12)
9-'Pr, 1-'Pr,

. C.D,
[(Pr,SiO),Tal,(u-Cl), + C,;Me, —
2

(Pr,SiO)Ta(y-C,Me,) + (Pr,SiO)TaCl, (13)
10-'Pr, 1-'Pr,

Addition of 2 equiv of MeMgBr to Bu,PhSiO}TaCl, (1-
Ph) in EtO provided the dimethyl derivative'Bu,-
PhSiO}TaMe, (11-Ph) as a colorless, crystalline solid (eq
14).

Et,0

(tBuquSIiDOh);TaCIZ + MeMgBr — -,
(‘Bu,PhSiO)}TaMe, + MgBrCl (14)

11-Ph

No reaction was observed when derivatization of (s#ox)
TaCk (1) was attempted with a variety of methyl anion
equivalents. DimethylL1-Ph was thermolyzed for several
hours at 180 C without noticeable decomposition.

Discussion

Background. Although the objective of creating metal
metal bonded species without bridging ligands has yet to be
realized, this initial foray into attenuating the steric bulk of
(silox)sTa (6) has provided valuable insights into the reduc-
tion chemistry of (RR'SiO)TaCk. With the aid of calcula-
tions on the model (HQTa (6),” the stability of6, which
has pseud®3, symmetry, is now better understood. Ifs,’
ground state reflects a £f configuration that is~14 kcal/
mol below that of the’E" state, which is the lowest lying
triplet state. The pair of electrons in the drbital serves as
a potent repulsive interaction to any approaching ligahds;
hence, the UV-vis spectrum of is unchanged in nonpolar
media like hexane versus polar media containing moderately
strong donors for early metals such as THF. The pocket of
three (BusSiO) groups restricts the approach of any donor
to be along the axis and greatly hampers attack at the empty
dy; and gy (€") orbitals. It is the combination of sterics and
electronics that enablesto exist. Calculations reveal that
“(silox)sNb” also possesses a singlet ground state, but its
lowest triplet state is only~2 kcal/mol away. The triplet
state is not repulsive to incoming ligands; hence, (sildk)
has never been directly observed, and it binds L in cases
where6 does not (e.g., PMe When generated in the absence

S
of L, cyclometalation to (siloxHNbOSIBu,CMe,CH; is
swift. The corresponding cyclometalation®has a barrier
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Scheme 2

of AG* = 24.5 (30) kcal/md® because the pair of electrons etane to give (siloxJaO(CH).CH=CH and (silox}TaOCH:-
in the dz orbital prevents binding of a-€H bond of a'Bu CMe,CH,, respectively?

“arm” prior to activation. Under dihydrogen, reductions ofB(;,MeSiO%TaCb
Reduction Paradigm. Previously, theE®rq at —1.90 V (1-Me) and {PrBuSiO)TaCh (2-'Bu) may be construed
(vs n(_)rmal hydrogen electrode_ (NHE)) for (S|I@Ya_1CI2 (1_) as paralleling those of (siloxjaCh (1-Bu) and [Bu-
to [(silox)sTaCl]~ was determined to be reversiSl&€vi-  ppgio)yTacl, (1-Ph) to afford the tris-siloxide dihydrides,
dence of further reduction at more negative potentials was , ; these species are not stable. Either the Ta(V) dihydrides
not observed, _and itis plausmle t_hat, under Na/Hg co_ndltlons, undergo a dinuclear reductive elimination to produé@
dlregt generauorj of (siloxJa _(6) is npt thermodyna_mlcal_ly MeSiOgTal(u-H)z (4-Me) and [(PrBUSIO):Tal(u-H)s (4-
feasible. Assuming that all tris-siloxide tqntalum dlchlor|Qes iPr,) or the Ta(V) dihydrides scavenge the tris-siloxide Ta(lll)
WOUld behave similarly, the product; dgrwed from.reductlon species faster than dihydrogen. In either instance, the
fit the pattern based on siloxide sterics illustrated in Schemedifference in products relative to (silafakh (7) and (Bu
. . . . . 2=
2. Reduction of the Ta(V) dichlorides affords the bridging PhSIO)Tak, (7-Ph) stems from the smaller size of the
dichloride Ta(lV) dimer, which is stable when the smallest . . . . . .
siloxides, which permits formation of the dinuclear Ta(IV)

iloxide is utili that is, | iOxT -Ch); (2). F "
siloxide is utiized, that is, [PrSiOkTak(u-Cl); (2). For complexes. It should be noted that no conditions have been

all other cases, significant steric interactions of the adjacentf q | | Talv
metal centers encourage disproportionation to the respectiveOun to convert [(siloxjTaty], to @ mononuclear Ta(V)

Ta(V) dichlorides and tris-siloxide tantalum species. Note hydride complex; he_nce_' there is precedenF for tantalam
that even2 disproportionates when ethylene or 2-butyne is tantalum bond creation in preference to additional TaH bond
present (egs 11 and 12). Use of the most sterically encum—format'on_' _ _ _
bered siloxide!BusSiO, leads to the stable three coordinate ~ Reduction of Bu,MeSiOkxTaCk (1-Me) in ethers provided
complex (silox}Ta (6), but this species gradually cyclom- evidence of C-O bond scission, and in the case of diethyl
) 1 ) ether, the bigt-oxo [(BuMeSiO)Tal(u-O), (3-Me) and the
eia'ates to (S"O&):Taos\‘/'iﬁzc'\"l?z(ﬁg' ?Vef "; P%”Odo‘l)f ‘?:ay_sd bis-hydrido [(Bu,MeSiO)Tal(u-H), (4-Me) are the prod-
%J;:rgigm&ir?eir;hs;oﬁ ; Is?pecyiezsiss r:rc])t esrt(:;blzl O;Lde' ucts. The fate of the ethyl groups has not been determined,
S T ' but no (Bu,MeSiOxTaCH,(CH,).CH, (9-Me), which would
e i e ey a2 e expected product fom s s Tal) spece
In the presence of lthe Ta(lll) intermediate is trapped to . and ethylene, was detected. If dlsproportlgqatlon from the
afford (Bu PhSiO);T,aHz (7-Ph), just as the addition ofH bis-u-chloride dimer affords'Bu,MeSiO}Ta, it is proposed
2 ; ’ . X that the smaller siloxide allows access to the ahd d,
to 6 provides (siloxjTaH, (7). In neither case is ether . .
cleavage noted, although, upon standing in THF, trace orbitals by the nucleophilic oxygen of an ether molecule.
' ' : This juxtaposition of electrophilic (emptyxdand d,) and

amounts of (siloxJTaO are produced & cyclometalates. R . .
Whether the origin of the oxo-ligand is THF has not been nucleophilic (filled @) orbitals has previously been proposed
as the key element in-€0, N—H, C—N, and C-H bond

determined, bué has been shown to deoxygenate epoxides > ™'~ ) 15 . .
and oxidatively add 2,3-dihydrofuran and 3,3-dimethylox- activations by (siloxjra (6),*"* which can activate certain
ethers, as mentioned aboVdn the formation of3-Me and

(38) Veige, A. S. Ph.D. Thesis, Cornell University, 2002. 4-Me, C—0 bond cleavage to yieldRu,MeSiOxEtTaOEt
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is a logical start to numerous mechanisms; various binuclearphenyllithium (1.9 M, 48.3 mL, 91.8 mmol). The solution was
scenarios involving €0 bond activation are also reasonable. allowed to warm to 23°C and brought to reflux. After 14 h,
While the reaction is clearly reproducible, the yields and the Precipitation of LiH from the red-purple solution was noted. It was

corresponding amount of byproduct do not foment optimism first cooled to 23°C and subsequently cooled to°C prior to
for further mechanistic evaluation. dropwise addition of 2-propanol, which led to vigorous bubbling

S . . . . H th luti f heat. A h lid h issipat
Siloxide Steric Order. From the preceding discussion, (H) and the evolution of heat. After the solid had dissipated and

L . . ¢ . no further gas evolved, the amber solution was transferred to a
the rough order of siloxide size iBusSiO > ‘Bu,PhSiO> separatory funnel and washed (3 100 mL) with water. The

‘BuzMeSiO~ 'Pr;BuSIiO > 'Pr5SiO. Not enough information  aqueous residues were then extracted once with 100 mL of hexanes.
was obtained for'BuHSIO to accurately order it, but  The combined organic layers were dried with MgS@nd the
previous estimates of silicon steric factors indicate it as the solvent was removed via rotary evaporation to provide an amber
smallest of this grouping’ Similarly, solubility difficulties oil, from which was subsequently distilled & 60—90 °C, 10
pertaining to the chemistry of G8iO species precluded its  Torr) 16.7 g of a clear, colorless oil (85% yield).

inclusion in this paper, and the same estimates show it as 2. ‘BuPhSiOH. Into a 100 mL three-neck flask charged with
the larges®® The ability to alkylate Bu,PhSiO}TaCl, (1- an ethanolic solution 0Bu,PhSiH (3.00 g, 13.1 mmol, 0.33 M in'
Ph) under conditions that failed for (sileXpCh (1-Bu) ethanol) was transferred KOH (3.00 g, 53.6 mmol). The rgactlon
supports its ordering. SindePh is the only dichloride other was brought to reflux for 36.h‘ coole_d to 2€, and neutralized
than 1-Bu to give an ethylene adduct when reduced in the with NH4ClI (satd). The resulting solution was then extracteck (3

f . inl . h bulk 40 mL) with hexanes, and the combined organic layers were washed
p_resgncg 0 Q__"" It certainly contains the next most bulky once with brine (40 mL), dried over MgS©Qand concentrated to
siloxide investigated.

afford a yellow oil. From the crude yellow oil was distilled (60
70°C, 10 Torr) 2.8 g of a clear, colorless oil (87% vyield).
3. 'Bu,PhSiONa. Into a 50 mL flask containingBu,PhSiOH

The paradigm for the reduction of (siloxid&@aCl, satis- (2.00 g, 8.18 mmol) and sodium metal (339 mg, 14.7 mmol) was

factorily explains the experiments on this project to date and distilled 25 mL of toluene. The vessel was filled with an Ar

aids in rationalizing 20 years of observations pertaining to f':\tmosphere and brought to reflux for 24 h. The toluene was removed

(silox)sTa (6). Now that the sterics of the siloxides have been in vacuo to afford a yellow solid and residual sodium metal. The

2 . . resulting mixture was filtered through a glass frit and then extracted
assessed, it is hoped that the designed s.ynth(.a3|s of UNSUgye times with hexanes. The hexane filtrate was slowly concentrated
ported metatmetal bonded complexes will ultimately be il precipitation began. This volume was then gently heated with
realized through the extension of this chemistry to other early 3 warm water bath while stirring to resolubilize the material. The

Conclusions

metals. solution was then allowed to stand at room temperaturd fio to
_ _ initiate crystallization, subsequently cooled+@8 °C for 2 h, and
Experimental Section then filtered to collect 1.5 g of a white, crystalline solid (69% yield).

4. (BuyPhSiO)TaCl;, (1-Ph). To a 50 mL flask charged with
TaCk (1.50 g, 4.18 mmol) antBu,PhSiONa (3.24 g, 12.5 mmol)
was distilled 20 mL of benzene. The resulting solution was brought
to reflux for 20 h. The amber slurry was cooled to €3, and the
solvent was removed in vacuo to yield a tan solid. Pentane was
added, and the resulting suspension was filtered. The salt cake was
extracted (3x 10 mL) with pentane, and the filtrate was then
concentrated to 3 mL. The concentrate was then coolet/®°C
for 4 h and filtered to yield 3.10 g of colorless crystals (78% yield).
Anal. Calcd for GoHggO3SisCloTa: C, 52.65; H, 7.26. Found: C,
52.25; H, 7.40.

General Considerations. All manipulations were performed
using either glovebox or high vacuum line techniques. Hydrocarbon
solvents, containing 12 mL of added tetraglyme, and ethereal
solvents were distilled under nitrogen from purple benzophenone
ketyl and vacuum transferred from the same. All glassware was
oven dried prior to use. NMR tubes and glassware that was used
in reductions were additionally flame dried under active vacuum
prior to use. Gaseous reagents (Matheson) and P(Cambridge
Isotope Laboratories) were slowly passed through a 77 K trap prior
to use; NO and ethylene (Matheson) were passed througt7@
°C trap prior to use. Tag(99.9%, Strem) was sublimed (126, i .
104 Torr) prior to use. Unless otherwise specified, all reagents - (BU2PhSiO)xTaH; (7-Ph). To a 25 mL flask charged with
were purchased from AldrictBu,SiH, was purchased from FMc ~ 1-Ph (1.00 g, 1.04 mmol) and 2.2 equiv of Na/Hg (5.86 g, 2.29
Lithium and used as received. difi1)3SiX (X = CI)2! and Bu,- mmol, 0.9% N8&) was distilled 15 mL of ether. Wh|.le the ether
Si(H)OHR° were prepared via literature methods. was kept frozen at 77 K, excess Mas slowly admitted to the

NMR spectra were obtained using Varian XL-400, INOVA-400 reaction vessel until the pressure was 1 atm. The ether was allowed
and Unity-500 spectromenters. Chemical shifts are reported relativeto tha_lw, an_d the rt_ee_lctlon Wa§ §t|rred for 16 h, resulting in a COIOHPTSS
to benzenads (*H, s 7.15;%%C, t 128.0). Infrared spectra were solution with a visible precipitate. The solvent was removed in

recorded on a Nicolet Impact 410 spectrophotometer interfaced 1o Vacuo, and the fes“'_““g mixture was tr|turat¢d>(35 mL) with .
a Gateway PC. Elemental analyses were performed by Orleidapentane, suspended in 5 mL of pentane, and filtered through Celite.

Research Services, Whitesboro, NY, or Robertson Microlit Labo- The solven_t was removed in vacuo to afford 800 mg of a clear,
ratories. Madison. NJ. colorless oil (87% yield).
Procedures. 1.'Bu,PhSiH. Into a 500 mL three-neck flask 6. ‘Bu,MeSiH. Into a 100 mL bomb reactor charged wiBL-

charged wittBu,SiHs (12.60 g, 87.4 mmol) and 200 mL of heptane SiHCI (10.00 g, 46.9 mmol) was syringe-transferred (under Ar

at —78 °C was syringe-transferred (under Ar purge) 1.05 equiv of purge_) methyll_lthlum (1.5 Min O, 50 mL, 49.2 mmol). The
resulting solution was degassed, and the vessel was sealed and

(39) Hwu, R. J-R.; Tsay, S-C.. Cheng, B.-L. he Chemistry of heatgd to 67°C for 20 h, resulting in a whlt.e .preC|p|tate. The
Organosilicon Compound®Rappoport, Z., Apeloig, Y., Eds.; Wiley ~ Solution was cooled, and the excess methyllithium was quenched
& Sons: New York, 1934; Vol. 2, pp 431494, by slow addition of 20 mL of 2-propanol. The contents were then
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transferred to a separatory funnel and washec (B0 mL) with solvent was removed by rotary evaporation. The white solid was
distilled water. The organic layer was separated, and the aqueousdissolved in 100 mL of boiling hexanes and cooled-@8 °C to
residues were extracted three times with hexanes. The combinedafford 13.5 g of colorless crystals that were collected in three crops
organic layers were then dried over MgsS&hd concentrated to a  (85% vyield).
yellow oil, and distillation (9C°C, 100 Torr) afforded 7.00 g of a 12. (GsH11)3SiONa. To a 250 mL flask charged with ¢Hl;1)s-
clear, colorless oil (94% yield). SiOH (9.2 g, 31.0 mmol) and sodium metal (1.30 g, 56 mmol)
7.'Bu,MeSiOH. Into a 100 mL three-neck flask charged with was distilled 100 mL of toluene. The resulting suspension was
40 mL of an ethanolic solution éBu,MeSiH (13.50 g, 85.3 mmol, brought to reflux and the silanol dissolved. Heating¥d resulted
2.1 M) was transferred, under ambient conditions, KOH (19.1 g, in the formation of a white precipitate. The reflux was continued
0.341 mol). The reaction was brought to reflux for 20 h, then cooled for an additional 12 h, and the toluene was removed in vacuo. The
to room temperature, and neutralized with a saturated solution of resulting white powder was washed 55 mL) with toluene and
NH4CI. The resulting solution was then extracted X320 mL) used without further purification (8.41 g, 90% yield). NMR spectral
with hexanes, and the combined organic layers were washed oncecharacterization was not possible due to low solubility.
with brine (30 mL), dried over MgSg and then concentrated to 13. ((CeH11)3SiO):TaCl, (1-Cys). To a 100 mL flask charged
afford a yellow, waxy solid. Sublimation (8, 10 Torr) yielded with (CgH11)3SiONa (4.00 g, 13.3 mmol) and TaGlL.59 g, 4.44
12.5 g of white crystals (84%). mmol) was distilled 45 mL of toluene. The resulting suspension
8. ‘BuMeSiONa. Into a 250 mL flask containinBu,MeSiOH was refluxed for 12 h, and the solvent was removed in vacuo. The
(12.30 g, 70.6 mmol) and sodium metal (1.95 g, 84.7 mmol) was resulting white powder was suspended in toluene and filtered. The
distilled 125 mL of toluene. The vessel was placed under an Ar insoluble solid was extracted (18 20 mL) with toluene. The
atmosphere and brought to reflux for 24 h. The toluene was removedextracts were concentrated to 10 mL, cooled-8 °C for 4 h,
in vacuo to afford a white solid amidst the residual sodium. A 50 and filtered to afford clear, colorless crystals (2.61 g, 52% yield).
mL portion of hexanes was added, the resulting mixture was filtered, Anal. Calcd for GsHggO3SisCl,Ta: C, 57.27; H, 8.81. Found: C,
and the insoluble material was extracted(% mL) with hexanes. 57.02; H, 9.01.
The hexane filtrate was concentrated until precipitation began, 14.'Pr3SiOH. Into a 500 mL flask charged with 200 mL of an
cooled to—78°C for 2 h, and filtered to collect 11.0 g of a white,  ethanolic solution ofPrSiH (50.0 g, 0.316 mol, 1.58 M) was added
crystalline solid (79% vyield). KOH (71.0 g, 1.26 mol). The solution was brought to reflux for 24
9. (Bu,CH3SiO);TaCl;, (1-Me). To a 50 mL flask charged with h and cooled to 23C. To the solution was added aqueous HCI (1
‘Bu,MeSiONa (2.00 g, 10.2 mmol) and TaQL.22 g, 3.40 mmol) M) until it was neutral by pH paper. The solution was extracted (3
was distilled 25 mL of benzene. The resulting solution was stirred x 50 mL) with hexanes. The combined extracts were concentrated
at 55°C for 16 h, and the solvent was removed in vacuo. The in vacuo to afford a yellow oil. Distillation (110C, 50 Torr)
resulting solid was triturated (8 10 mL) with pentane, suspended afforded 54.0 g of a clear, colorless oil (98% yield).
in pentane, and filtered. The salt cake was extracted with pentane 15.'Pr3SiONa. Into a 100 mL flask charged witfPr;SiOH (9.65
(3 x 5 mL), and the combined filtrate was concentrated to 3 mL. g, 55.4 mmol) and sodium metal (2.3 g, 99.6 mmol) was distilled
The concentrate was then cooled+@8 °C for 4 h and filtered to 50 mL of toluene. The resulting solution was brought to reflux for
yield 1.60 g of off-white microcrystals (63% yield). Anal. Calcd 12 h, and the solvent was removed in vacuo. The resulting material
for C,7Hes03SisCloTa: C, 42.01; H, 8.23. Found: C, 42.00; H, 8.39. was triturated (3x 10 mL) with hexanes, dissolved in 20 mL of
10. [(Bu,MeSiO);TaH], (4-Me). a. SynthesisInto a 50 mL hexanes, and filtered. The solvent was removed to yield 9.5 g of a
flask charged witi-Me (1.00 g, 1.30 mmol) and 2.1 equiv of Na/  clear, colorless, amorphous solid (87% yield).
Hg (6.95 g, 0.9% N3 was distilled 25 mL of diethyl ether. At 77 16. (Pr3SiO)sTacCl, (1-Prs). Into a 100 mL flask charged with
K, excess H (1 atm) was slowly added, after passing it first through PSiONa (4.00 g, 20.4 mmol) and TaGP.23 g, 6.79 mmol) was
a liquid nitrogen trap. The ether was allowed to thaw, and the distilled 50 mL of toluene. The resulting solution was brought to
solution was stirred under 1 atm of,Hor 20 h, resulting in an reflux for 12 h, after which time the solvent was removed in vacuo,
black mixture with visible precipitate. The solvent was removed and the resulting material was triturated three times with 10 mL
in vacuo, and the resulting black solid was suspended in 10 mL of portions of hexanes, dissolved in 10 mL of hexanes, and filtered.
pentane and filtered. The insoluble material was extracted with The filtrate was concentrated to 5 mL, cooled+@8 °C for 2 h,
pentane (3x 10 mL), and the extracts were condensed to 5 mL and filtered to collect 2.20 g of an off-white, microcrystalline solid

and cooled to-78 °C for 2 h, after which 0.92 g of black crystals
were collected by filtration (52% yield). Anal. Calcd fop£16403-
SizTa: C, 46.20; H, 9.19. Found: C, 46.27; H, 8.&81.Toepler
Pump Analysis. Into a 25 mL flask containingl-Me (118 mg,
0.0839 mmol) was added10 mL of EtO at 77 K. Excess HCI
(202 Torr, 3.02 mmol) was admitted via a gas bulb. Gas evolved
while the solution was allowed to warm to 2€ (20 min), and the
black solution turned colorless. After the solution was stirred for 1

(42% yield). Anal. Calcd for gHg305SisCl;Ta: C, 42.01; H, 8.23.
Found: C, 40.72; H, 7.96.

17. [(PrsSiO)sTaCl], (2). Into a 50 mL flask charged with
1-Prz (250 mg, 0.32 mmol) and Na/Hg (1.74 g of 0.9% Na/Hg,
0.68 mmol of N&) was distilled 20 mL of ether. The solution took
on a faint pink color after stirring for 45 min and then became
purple over 12 h as a precipitate formed. The solution was stirred
for 38 h, and the solvent was removed. The residual amalgam was

h, the gases were passed through a series of three liquid nitrogerdecanted, and the remaining solid was suspended in pentane and
traps and collected via a Toepler pump (0.240 mmol). The collected filtered. The insoluble material was washed with X310 mL)

hydrogen was converted to water by cycling over CuO (300
and the remaining volatiles were re-collected (0.0199 mmol, 0.238
equiv). By difference, 0.220 mmol of Hvas produced (2.62 equiv
with respect tod-Me, 87% of that expected).

11. (GH11)3SIOH. To a boiling ethanolic solution of (¢El11)s-
SiCl (3.0 g, 9.6 mmol, 0.19 M) and trace phenylphthalein was added
dropwise 10% aqueous KOH until the pink color persisted. The
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pentane, and the filtrate was allowed to evaporate 2 °C in a
nitrogen atmosphere. After 24 h, the soluble material was removed
by pipet and 200 mg of purple crystals were collected (40% yield).
Anal. Calcd for G;Hgz05SisClTa: C, 44.04; H, 8.62. Found: C,
43.84; H, 8.84.

18.'Pr,'BuSiH. Into a 100 mL flask charged witPr,SiHCI was
distilled 40 mL of heptane. The resulting solution was cooled to



The Course of (BRR'SiOxTaCl, Reduction

—78 °C, and'BuLi (26 mL, 0.043 mol, 1.7 M in pentane) was

syringe-transferred. A white precipitate formed while the solution
was allowed to warm while stirring. The solution was stirred for
12 h, cooled to £C, and quenched by dropwise addition of 10
mL of 2-propanol. The resulting mixture was added to 40 mL of

complete conversion t8-Me and observation of Hd 4.46 ppm).
25. [(Pr,'BuSiO)sTaH], (4-Pr,) with N,O. Procedure 24 was used
with 29 mg (0.020 mmol) of-Pr, and 0.041 mmol+2.1 equiv)
of N,O. After 12 h at 23°C, the!H NMR spectrum displayed
resonances tentatively assigned toPHBuSiOxTaH](u-O)

water. The organic layer was separated, washed once with 20 mL(5-Pr,) and [(Pr'BuSiO%kTaO}L (3-'Pr). Thermolysis (160C, 24

of distilled water, and dried over MgSOIt was filtered and
concentrated to afford a yellow oil. Distillation (680 °C, ~10~*
Torr) afforded 2.7 g of a clear, colorless oil (43% vyield).

19.'Pr,'BuSIiOH. Into a 100 mL three-neck flask charged with
20 mL of an ethanolic solution dPRL'BuSiH (2.70 g, 15.7 mmol,
0.78 M in ethanol) was transferred KOH (3.50 g, 62.6 mmol). The
reaction was brought to reflux for 22 h, cooled to 23, and
neutralized with NHCI (satd). The resulting solution was then
extracted (3x 40 mL) with hexanes. The resulting organic layer
was washed once with brine (40 mL), dried over MgsS@nd
concentrated to afford a yellow oil. From the crude yellow oil was
distilled (115-130 °C, 10 Torr) 2.2 g of a clear, colorless oil
(75% yield).

20.'Pr,'BuSiONa. Into a 50 mL flask charged witfPr,'BuSiOH
(1.97 g, 10.5 mmol) and sodium metal (0.480 g, 99.6 mmol) was
distilled 30 mL of toluene. The resulting solution was refluxed for
21 h and cooled to 23C, and the solvent was removed in vacuo.
The resulting solid was triturated with pentane 35 mL),
dissolved in 10 mL of hexanes, and filtered. Residual insoluble
material was extracted (8 5 mL) with hexanes, and the combined
extracts were concentrated to 5 mL, cooled-i68 °C for 2 h, and
filtered to provide 1.30 g of white crystals (59% yield).

21. (PryBuSiO);TaCl; (1-Pry). Into a 50 mL flask charged with
Pr,'BuSiONa (1.27 g, 6.04 mmol) and Ta0.720 g, 2.01 mmol)
was distilled 25 mL of toluene. The solution was brought to reflux
for 16 h, and the solvent was removed in vacuo. The resulting solid
was triturated (3x 10 mL) with pentane, suspended in 30 mL of
pentane, and filtered. The salt cake was extracted §3mL) with
pentane, and the combined filtrates were concentrated to 3 mL.
Upon cooling to—78°C for 4 h, 748 mg of off-white microcrystals
(51% yield) was isolated by filtration. Anal. Calcd for¢ElsgOs-
SisCl,Ta: C, 44.27; H, 8.54. Found: C, 43.82; H, 8.69.

22.'Bu,HSIONa. Into a 50 mL flask charged wittBu,HSiOH
(2.00 g, 12.5 mmol) and sodium metal (516 mg, 22.5 mmol) was
distilled 30 mL of toluene. The resulting mixture was stirred for 4
h at 23°C, and the solvent was removed in vacuo. The resulting
white solid was triturated (X 5 mL) with pentane, taken up in 25
mL of pentane, and filtered to remove residual sodium. The filtrate
was concentrated, cooled 678 °C for 2 h, and filtered to collect
980 mg of white crystals (47% vyield).

23. (BuyHSIO)sTaCl, (1-H). Into a 25 mL flask charged with
Bu,HSIONa (200 mg, 1.20 mmol) and TaG144 mg, 0.402 mmol)
was distilled 10 mL of benzene. The resulting solution was stirred
for 4 h at 23°C, and the solvent was removed in vacuo. The
resulting material was triturated (8 5 mL) with pentane, dissolved
in 5 mL of pentane, and filtered. The solvent was removed in vacuo
to afford 150 mg of a waxy, white solid (55% yield).

NMR Tube Reactions. 24. [[Bu,MeSiO);TaH], (4-Me) with
N2O. To a flame dried NMR tube equipped with a £§6int was
added4-Me (30 mg, 0.021 mmol) and 0.6 mL o§0s. The solution
was then degassed, andN(0.044 mmol~2.1 equiv) was added
via a gas bulb. The NMR tube was then flame sealed, and the
reaction was monitored b¥H NMR spectroscopy. After 15 h at
23 °C, resonances tentatively assigned tByiMeSiOxTaH]»(u-

0) (5-Me) and those belonging to'Bu,MeSiOkTal,(u-0), (3-
Me) were observed and continued to grow in over 48 h. Prolonged
reaction times (1 week) or thermolysis (160, 2 h) resulted in

h) resulted in complete conversion36Pr, and observation of i

Small Pot Reactions. Dichloride Reductions in the Presence
of Ethylene. 26. From {Bu,CH3SiO);TaCl, (1-Me). Into a 100
mL flask containingl-Me (400 mg, 0.518 mmol) and 2.1 equiv of
Na/Hg (2.8 g, 0.9% N was distilled 30 mL of 1,2-dimethoxy-
ethane (DME). Ethylene (1 atm), which was passed througfi&
°C bath, was admitted to the flask. After stirring o h at 23°C,
the solvent was removed and the residual solid was triturated three
times with 5 mL of hexanes. A 15 mL portion of hexanes was
added, and the solution was filtered and evaporated to dryness to
afford 411 mg of Bu,MeSiO)xTaCH,(CH,),CH, (9-Me). A H
NMR spectral assay indicated 85% pury.. From (PrsSiO)sTaCl,
(1-Pr3). Into a 50 mL flask charged with 200 mg (0.26 mmol) of
1-Pr; and 1.4 g of Na/Hg (2.1 equiv, 0.9% Nawas distilled 20
mL of THF. Procedure 26 was followed to afford a colorless
material assayed byH NMR spectroscopy to be 80%Pfs-
SiO)TaCHy(CH,),CH, (9-'Pr3). 28. From (Bu,PhSiO)TaCl, (1-

Ph). Into a 50 mL flask charged witth-Ph (250 mg, 0.26 mmol)
and 1.4 g of Na/Hg (2.1 equiv, 0.9% Nawas distilled 20 mL of
THF. Procedure 26 was followed except that the reaction was stirred
for 2 h, during which time a color change from green to bright
orange was noted. The final orange material was assayé# by
NMR spectroscopy to be 759%B,PhSiO}Ta(y-C,H4) (8-Ph).

29. Reaction of [(PrzSiO)sTaCl]» (2) with C,Hy4. A 25 mL flask
equipped with a gas bulb was charged v#tf100 mg, 0.068 mmol)
and 5 mL of diethyl ether. Into the 77 K reaction mixture was
condensed ethylene (0.075 mmol, 1.1 equiv) after passing through
a —78 °C trap. The purple color of the solution faded over 24 h
and became yellow after 48 h. The solvent was removed, and the
products were determined Bi1 NMR spectroscopy to be a 1:1
mixture of 9-Pr; and 1-Prs.

Dichloride Reductions in the Presence of 2-Butyne. 30. From
(‘Bu,CH3SiO)sTaCl, (1-Me). To a 25 mL flask charged with 275
mg of 1-Me (0.356 mmol) and 1.91 g of Na/Hg (2.1 equiv, 0.9%
N&P) was distilled 10 mL of THF at 77 K. To the frozen mixture
was distilled 2-butyne (0.56 mL, 0.39 g, 7.1 mmol, 20 equiv). The
reaction was allowed to stir f® h at 23°C, and the solvent was
removed. Pentane (10 mL) was added, the mixture was filtered,
and the solvent was removed.’™ NMR assay of the colorless
material indicated '‘Bu,MeSiO)Ta(y-C,Me;) (10-Me) in 90%
purity. 31. From (Bu,PhSiO)%TaCl, (1-Ph). To a 25 mL flask
charged with 250 mg of-Ph (0.261 mmol) and 1.4 g of Na/Hg
(2.1 equiv, 0.9% N3 was distilled 6 mL of B{O at 77 K. Procedure
30 was followed, and'Bu,PhSiO}Ta(-C.Me,) (10-Ph) was
assayed byH NMR spectroscopy as the product in 90% purity.
32. From (PrsSiO)sTaCl, (1-Prs). Into a 25 mL flask charged
with 400 mg of1-Pr; (0.518 mmol) and 2.74 g of Na/Hg (0.68
mmol of 0.9% N4, 2.1 equiv) was distilled 10 mL of &D at 77
K. Procedure 30 was followed except the reaction was allowed to
stir for 24 h at 23C. A *H NMR assay confirmed the presence of
(PrSiOxTa(-CoMe,) (10- IPr) in the colorless oil in 80% purity.

33. Reaction of [{PrsSiO)sTaCl], (2) with 2-Butyne. A 25 mL
flask was charged wité (100 mg, 0.068 mmol) and 5 mL of £2.

Into the 77 K reaction mixture was condensed 2-butyne (0.075
mmol, 1.1 equiv) via a gas bulb. The reaction was allowed to stir
for 24 h, culminating in a clear, yellow solution. The solvent was
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removed, and the products were determinedthyNMR spectral and refined anisotropically and hydrogen atoms were treated as
assay to be a 1:1 mixture Gf'Pr; and10- 'Prs. idealized contributions.
34. Attempted Reduction of {BuCH3SiO);TaCl (1-Me) in 36. [((Bu,MeSiO);TaH], (4-Me). Dark brown-black crystals of

Et20. To a 50 mL flask charged witi-Me (1.00 g, 1.3 mmol)  4-Me were grown by evaporating a concentrated hexane solution.
and K/G (0.7 g, 5.2 mmol of R 4 equiv) was distilled EO. The Upon isolation, a suitable crystal (0.400.20 x 0.15 mn?) was
reaction immediately became olive green in color and then faded jj;ymersed in polyisobutylene and placed under a 173,ktkeam
to brown over the coursefd h at 23°C. After 2 h, the solvent on the goniometer head of a Siemens P4 SMART CCD area
was remOVed and the Cl’ude brOWn Solid was taken Up and ﬁltered detector System (graphite_monochromated '\mmd|at|on) Mod_
in hexanes. After concentration of the filtrate, 750 mg of brown est quality data was indicated by high mosaicity and somewhat
solid was collected. ThéH NMR spectrum for this material  giffuse reflections. Absorption corrections were performed using

revealed a 1:1 mixture of u,MeSiOxTaH] (4-Me) and [{Bu,- the SADABS program, and the structure was solved by direct
MeSiOjTal(u-0), (3-Me). methods (SHELXS), completed by subsequent difference Fourier
Single-Crystal X-ray Diffraction Studies. 35. [(PrsSiO)sTaCl], syntheses, and refined by full-matrix least-squares procedures
(2). Purple crystals o2 were grown by evaporating a concentrated (SHELXL).%° After an initial refinement, all non-hydrogen atoms
pentane solution. Upon isolation, a suitable crystal (62020 x were treated and refined anisotropically and hydrogen atoms were

0.20 mnd) was immersed in polyisobutylene and placed under a {reated as idealized contributions. The tantalum hydrides were not
173 KN, stream on the goniometer head of a Siemens P4 SMART |ocated but assigned bridging positions based on their chemical
CCD area detector system (graphite-monochromated Mo K gpjfts in the!H NMR spectrum and the absence of terminal hydride
radiation). Absorption corrections were performed using the SAD- absorptions in the infrared spectrum.

ABS program, and the structure was solved by direct methods

(SHELXS), completed by subsequent difference Fourier syntheses,  Acknowledgment. We thank the National Science Foun-

and refined by full-matrix least-squares procedures (SHELRL).  dation (CHE-0212147) and Cornell University for support
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