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Summary: The substituent R plays a crucial role in the reaction Scheme 1
of [7]51O-MEZC(C5H4)(CzBloH10)]RU(NCCl‘h)z with MQ:,SICE Me;Si
CR. If R= Me;Si, this reaction led to the isolation of the first .
mononuclear bis(nylidene)metal complex. If R= H, a ui- Me_ ﬁ /‘S'M%
nylvinylidenemetal complex was generated. Me/c Ru

It has become apparent that transition-metal-catalyzed organic @ \/SIMGS
transformation of alkynes often involves vinylidene intermedi- Me;Si
ates! Vinylidene complexes, which can be mono-, di-, or 2

polynuclear, are known for most transition metals and may be
prepared by a variety of methodJhe most pertinent route to

R = Me3Si
Me3SiC=CSiMe;

mononuclear vinylidenes involves the reaction of an alkyne with Me ﬁ NCCH Ve g SiMe;
a transition-metal substrate. The alkynes can be terminal or \C R MesSIC=CR_ |\ "Ru ==<
internal with alkyl/aryl/silyl substituentsAlthough the chem- me \NCCH3 e R
istry of (vinylidene)metal complexes has been extensively %§ % %
investigated, mononuclear bis(vinylidene) complexes remain ]

unknown!—2 A mononuclear bis(vinylidene) species was pro- R=H
posed as a reactive intermediate in the formation of tetrakis- SiMes JM%S'C:CH
(trimethylsilyl)butatriene in 1979.We have isolated an un- SiMes
precedented ruthenium bis(vinylidene) complex from the reaction Me\ " 3 Me\ ﬂ

of [17%:.0-MeC(CsHa)(C2B1oH10)]RU(NCCHg), (1)° with silyla- /C Ru _ — Ru

Ikyne. This finding is reported in this communication. Me @ SiMes Me @ SiMes
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Figure 1. Molecular structure of>.0-Me;C(CsH4)(C2B10H10)]-
Ru[=C=C(SiMey),], (2). Selected distances (A) and angles (deg):
Ru—C2 = 2.105(4), Ru-C14 = 2.280(4), Ru-C15 = 2.273(4),
Ru—C16 = 2.252(4), Ru-C17 = 2.253(4), Ru-C18 = 2.283(4),
Ru—C21 = 1.888(4), Ru-C31 = 1.903(4), C2+C22 = 1.289-
(5), C31-C32=1.267(5); Ru-C21-C22= 168.6(3), Ru-C31-
C32 = 177.1(3), C2+Ru—C31 = 90.1(1), Sit-C22-Si2 =
120.1(2), Si3-C32-Si4 = 119.0(2), C14C11-C1 = 108.4(3).

confirmed by single-crystal X-ray analygesd shown in Figure

1. Complex2 has a three-legged piano-stool geometry with the
two vinylidene groups in cis positions. The average-Rg ring
distance of 2.268(4) A and RtC(cage) distance of 2.105(4)
A are similar to the corresponding values observedsihof
MeC(CsHa4)(C2B1oH10)]RU(X2) (X2 = Lewis base) complexés.
The Ru=C distances of 1.888(4)/1.903(4) A, the=C distances

of 1.289(5)/1.267(5) A, and the R«C=C angles of 168.6(3)/
177.1(3} are close to those observed in other vinylideneruthe-

(6) Preparation of: a toluene solution (5 mL) ofif:0-Me;C(CsHa)-
(CoB1oH10)]JRU(NCCHs),2 (1; 86 mg, 0.2 mmol) and bis(trimethylsilyl)-
acetylene (102 mg, 0.6 mmol) was stirred at room temperature for 24 h.
Removal of the solvent gave a yellow solid. Recrystallization frehexane
afforded2 as yellow crystals (89 mg, 60%), mp 12324 °C. IH NMR
(CsDe): 0 4.90 (m, 2H, GHa4), 4.62 (m, 2H, GHa4), 1.29 (s, 6H, C(El3)2),
0.30 (s, 36H, Si(€l3)3). 13C{*H} NMR (CeDg): 6 310.7 (Re=C), 112.0
(Ru=C=C), 89.0, 84.0 CsHa), 40.6 C(CHs)2), 31.4 (CCHs3)2), 3.0 (Si-
(CHg)3). 1'B{*H} NMR (CgDg): 0 —1.8 (2B),—4.5 (2B),—6.1 (2B),—7.8
(4B). IR (KBr, cnr1): v 2553 (vs) (BH), 1631 (m) (&C). Anal. Calcd
for CogHseB1oRUSKH: C, 45.24; H, 8.18. Found: C, 45.40; H, 8.60. a
toluene solution (5 mL) of (86 mg, 0.2 mmol) and ethynyltrimethylsilane
(59 mg, 0.6 mmol) was stirred at room temperature for 24 h. Removal of
the solvent gave a green solid. Recrystallization from toluene aff@ded
green crystals (102 mg, 57%), mp 16566 °C. *H NMR (CD.Cl): ¢
5.53 (M, 1H, GHa), 5.24 (m, 2H, GH4), 4.98 (d,3) = 10.8 Hz, 1H, &),
4.97 (m, 1H, GHa), 4.59 (m, 2H, GH.), 4.27 (m, 1H, GHa), 4.18 (m, 1H,
CsHa), 1.71 (s, 3H, @), 1.59 (s, 3H, Ei3), 1.50 (s, 3H, El3), 1.48 (s,
3H, CHg), 0.55 (d,3) = 10.8 Hz, 1H, &), 0.40 (s, 9H, Si(€l3)3), 0.14 (s,
9H, Si(CHa)3), —8.88 (q br,Jgn = 81 Hz, 1H, B-H—Ru). 13C{1H} NMR
(CD.Clp): 6 320.8 (Ra=C), 136.8, 132.9CHcdbd=CH), 113.9 (Ra=C—=
C), 93.2, 85.4, 81.4, 80.1, 79.6, 78.0, 68GHl4), 42.3, 41.4 C(CHs)y),
32.6, 32.5, 32.4, 31.3 (CH3)), 1.61, 0.28 (SiCHa3)3). *'B{*H} NMR (CD»-
Cly): 6 —2.7 (3B),—4.7 (3B),—6.2 (2B),—7.8 (4B),—9.1 (4B),—10.1
(4B). IR (KBr, cn1): v 2588 (vs) (BH), 1620 (m) (&C). Anal. Calcd
for CaoHeoB20RWSI: C, 40.24; H, 6.75. Found: C, 40.51; H, 6.92.

(7) Crystal data foR (CeHs6B10RUSK; fw = 690.2): monoclinic, space
group P2y/n, a = 9.413(1) A,b = 32.694(7) A,c = 13.215(3) A8 =
110.86(3), V = 3800.3(1) B, T= 293 K,Z = 4, dcaca= 1.206 g/cr, R1
= 0.051 ( > 20(1)), wR2(F?) = 0.132. Crystal data foB (CsoHsoB20R -
Sip, fw = 895.3): monoclinic, space gro2y/n, a = 18.257(1) Ab =
10.553(1) Ac = 22.748(1) A,p = 90.27(1}, V = 4382.4(4) R, T = 293
K, Z= 4, dcaica= 1.357 g/cm, R1=0.028 ( > 20(l)), wR2(F?) = 0.070.

(8) Sun, Y.; Chan, H.-S.; Dixneuf, P. H.; Xie, Drganometallic2004
23, 5864.
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Figure 2. Molecular structure of#j5:0-Me;C(CsH4)(C2B1oH10)]-
RY u-n*[=C=C(SiMe;) CH=CH(SiMey)]} Ru[1%:0-Me;C(CsHa)-
(C3B1gH10)] (3). Selected distances (A) and angles (deg): Rul
C2=2.116(1), Ru+C14= 2.221(1), Ru+C15= 2.196(1), Rut
C16 = 2.260(1), Ru+C17 = 2.287(1), Ru+C18 = 2.270(1),
Rul-B31=2.345(1), Rut+C44=1.890(1), C44C45=1.387-
(2), C45-C46 = 1.443(2), C46-C47 = 1.395(2), Ru2-C22 =
2.132(1), Ru2C34=2.217(1), Ru2C35= 2.234(1), Ru2C36
= 2.220(1), Ru2-C37= 2.217(1), Ru2C38= 2.216(1), Ruz-
C44 = 2.163(1), Ru2C45 = 2.188(1), Ruz2-C46 = 2.154(1),
Ru2—C47 = 2.265(1); RutC44—C45 = 150.0(1), C44-C45-
C46 = 113.9(1), C44C45-Sil = 126.6(1), C46-C45-Sil =
119.5(1), C45C46-C47 = 121.9(1), C46-C47-Si2 = 121.0-
).

nium complexes, for example, 1.845(4) A, 1.301(5) A, and
177.2(3} in RuCh{=C=C(SiMe;)Ph} (dcpmp)% 1.850(3) A,
1.289(5) A, and 171.6(3)n [Cp*Ru=C=CHSiMey(PMéP™)]-
[B{3,5-GH3-(CFs)2}4],%° and 1.85(2) A, 1.29(2) A, and 173-
(1)° in Cp*RuUCI=C=C)(PPh).* The C(21)-Ru—C(31) angle

of 90.1(1y falls in the range 8396° found in [%0-Me,C-
(CsHa)(CoB1oH19]RU(X2) (X = P(OEty, NCCHs, NHPIM)
complexes.

Complex2 is thermally stable, even in refluxing toluene, and
did not show any activity toward internal alkynes, due most
likely to steric reasons. The impact of the sterically demanding
MesSi groups in the formation o2 was further demonstrated
in the following experiment. Reaction df with excess Mg
SIC=CH in toluene afforded the green (vinylvinylidene)-
ruthenium complex 1§5:0-Me;C(CsHa)(CoB1oH10)RU{ -4
[=C=C(SiMes) CH=CH(SiMe3)]} Ru[r®:0-Me,C(CsHa)-
(CoB1oH10)] (3) in 57% isolated yield (Scheme $)Complex3
is air- and moisture-sensitive but remains intact under an inert
atmosphere. It is soluble in polar solvents such as THF;-CH
Cl, and toluene but is insoluble mhexane. Comple8 was
fully characterized by various spectroscopic techniques and
elemental analysés.The characteristic RaC carbon was
observed at 320.8 ppm in tHéC NMR spectrum. The unique
B—H—Ru proton was found at8.88 ppm as a broad quartet
with Jgy = 81 Hz in thelH NMR spectrumt® A single-crystal
X-ray diffraction study revealed tha8 is a dinuclear complex
consisting of the vinylvinylideneruthenium moiety?[o-Me,C-

(9) (a) Katayama, H.; Wada, C.; Taniguchi, K.; OzawaOFganome-
tallics 2002 21, 3285. (b) Aneetha, H.; Jimez-Tenorio, M.; Puerta, M.
C.; Valerga, P.; Mereiter, KOrganometallics2003 22, 2001. (c) Bruce,
M. I.; Hall, B. C.; Zaitseva, N. N.; Skelton, B. W.; White, A. H. Chem.
Soc, Dalton Trans.1998 1793. (d) Le Lagadec, R.; Roman, E.; Toupet,
L.; Miller, U.; Dixneuf, P. H.Organometallics1994 13, 5030.
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(CsH4)(C2B10H10)JRU[=C=C(SiMe3)CH=CH(SiMey)] and the
[17%:0-MezC(CsH4)(C2B1oH10)]RU fragment, as shown in Figure
2. One Ru atom ig*-bound to the two &C double bonds of

Organometallics, Vol. 25, No. 11, 20@821

The formation of2 and3 may involve the common mono-
(vinylidene)ruthenium intermediatg¥o-Me,C(CsH4)(CoB1dH10)]-
Ru=C=C(SiM&)R]. If R is a bulky M&Si group, the second

the vinylvinylidene group, and the other one is coordinated to equivalent of Mg@SIC=CSiMe; approaches the metal center to
the B—H bond of the cage. Both Ru atoms adopt a three-legged form the bis(vinylidene) comple2.92 If R is H, the second

piano-stool geometry if each=€C is viewed as one coordination
site. The average Ru(&Cs ring distance of 2.247(1) A and

equivalent of MgSiC=CH reacts with the reactive vinylideneru-
thenium intermediate via [2 2] cycloaddition and ring-opening

Ru(1)-C(cage) distance of 2.116(1) A are very close to the reactions to generate the vinylvinylidene comp®3? These

Ru(2)—Cs ring distance of 2.221(1) A and Ru(2f(cage)

distance of 2.132(1) A and to those of 2.268(4) and 2.105(4) A
in 2. The Ru(13=C(44) distance of 1.890(1) A is almost identical

with those of 1.888(4) and 1.903(4) A th The Ru(2)-C(44—

transformations are shown in Scheme 1.

In conclusion, a mononuclear bis(vinylidene)metal complex
was prepared and structurally characterized for the first time.
A sterically demanding ancillary ligand and bulky alkynes are

47) distances range from 2.154(1) to 2.256(1) A with an average poth important components to stabilize bis(vinylidene)metal
value of 2.193(1) A, which is quite comparable to that of 2.176- complexes.

(5) A in Ru(acac)(2,3-dimethyl-1,3-butadien&f and 2.221-
(3) A in [CPRUY #*-CaH3(CH;)3-PPh-!N-NPH ][PFg]. 1> The

Ru(1)-B(31) distance of 2.345(1) A is almost the same as that th

of 2.34(1) A in Ru(u-0:775-7,8-Me-7,8-G:BgHg) (CO)(PMe-
Php'%a and 2.360(5) A in Re(u-H)(CO)(5-7-CByoH11).1P
The Ru(1)-C(44)-C(45) angle of 150.0(2)is significantly
smaller than that of 163.6(7)n [TpRuU=C=C(COOMe)CH=
CHCOOMe(PE),|[BPhy],122 172(1) in [Cp*Ru{=C=CHC-
(CH)PH (PER)2][BPhy],*2° and 176.2(4) in [(15-CoH7)RU{=
C=C(Me)(1-cyclohexeny}(PPh)][PFe],*2¢due probably to the

coordination of the vinylvinylidene moiety to the Ru(2) atom.

(10) The chemical shift of the BH—Ru proton was reported at10.08
ppm with Jgy = 70 Hz in Ru(u-0:57°-7,8-Me-7,8-GBgHg)(CO)(PMex-
Ph) and at—10.31 ppm withJgy = 56 Hz in Ru(u-H)(CO)g(17>-7-CBigH11);

see: (@) Liao, Y.-H.; Mullica, D. F.; Sappenfield, E. L.; Stone, F. G. A.

Organometallics1996 15, 5102. (b) Ellis, D. D.; Franken, A.; Stone, F.
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