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The n?-coordination ofo bonds to transition metals is an
intense area of research in coordination chemistry. Furthermore
reactivity studies of the resulting complexes have intensified
over the past few yeafs However, complexes accommodating
more than one& bond are rare: a few bis-agostic compounds
are knowr? and to date only two examples of thermally stable
bis(dihydrogen) complexes have been isolated, Rdb).-
(PCys)2 (1) and Tp*RuH(H)22 Whereas several transition
metal complexes in which a simple silane, H iR 72 -
coordinated to the metal center have been repdrted,
mononuclear complexes containing two-\{}2-Si—H) bonds
have been isolated so far. The mononuclear complex{IrH
(7%-HSIE)2(PPh),][SbFs] obtained by addition of 2 equiv of
EtsSiH to [IrH2(THF)(PPhR),][SbFs] was only characterized in
solution by*H NMR.> Some dinuclear-silyl) complexes
{[Cp*Ru(u-7?>-HSIRR)]2(u-H)H} &7 have been reported, and,
in the case of R= Et, an X-ray structure determination proved
the existence of two Ru(72-H—Si) bonds! The synthesis and
the X-ray structure of the diiron complex [(C§eb(u-n?-
HSiPh) have been recently reported, and the two agostie Fe
H—Si bonds are characterized by NMR byja s; of 23 Hz8

We have previously shown that one dihydrogen ligand from
the bis(dihydrogen) complex RubH2)2(PCys), (1) is easily
substituted by HERPhE = Si, Ge) leading to the formation of
RuH(H2)(HEPH)(PCys),.°  Subsequently, we have demon-
strated thatl is an efficient catalyst precursor for the selective
dehydrogenative silylation of ethylene into the vinylsilane
CH,=CHSIE%.1° Thus, the extension of this system provides
a potential entry into a method for preparing vinylsiloxane
compounds which are of great interest for the manufacture of
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silicones!! We report here the reaction bfwith the bis(silane)
compounds, 1,2-bis(dimethylsilyl)benzene and 1,1,3,3-tetra-
methyldisiloxane, which leads to the first two examples of a
transition metal bis(silane) complex, where the tweo$i bonds
aren?-coordinated to the metal.

Addition of (Me;SiH),(CsH4) or (Me;SiH),0 to 1 suspended
in pentane leads to an immediate dissolution and reprecipitation
of a white powder, isolated and characterized as [R@H-
HSiMe,)2X} (PCys)2] (X = (CeHy), (2); X = O, (3)) in ca.90%
yield. These complexes result from the substitution of the two
dihydrogen ligands ot by the bis(silane) (see eq 1@ and3

PCys
H HOH
H | wH+ (MeySiH)X MeaSi7( 3 (PCys
Ho 1IN 2 L R @
| H 2 Mesil, Y, POV
PCys H
1 X = CeHg, (2); X =0, (3)

have been characterized by elemental analysis and by multi-
nuclear NMR and IR spectroscopies, and the structugehafs
been determined by X-ray crystallograpiy3 TheH NMR
spectrum oR shows at 296 K in the hydride region a triplet at
0 —7.74 with Jp_y = 13 Hz and an AAXX' multiplet at¢o
—12.03. These two signals observed in a 1:1 integration ratio
are respectively attributed to the twd-bound Si-H protons
and the two hydrides. On warming, these two signals coalesce
at 355 K, leading to one broad signakat-9.9. This exchange

is characterized by a 64.5 kJ/mol barrier; fieasurements on
the hydride resonances give a minimum value of 155 ms at
243 K and 250 MHz (no significant difference is observed for
the Si-H and hydride signals). This rules out the presence of
any (7%-H,) ligand in2. The31P{1H} spectrum shows at 296

K a single resonance at51. The?°Si{3P} INEPT H spectrum

at 288 K shows a doublet at4.8 with aJsi—y value of 63 Hz.
This value falls in the upper limit of the known range {2000

Hz) of Jsi-y values for ¢2-Si—H) bonds?81416 The IR
spectrum (Nujol mulls) displays one broad-Rd stretch at 1969
cm~1and an Ru-(2-H—Si) band is observed at 1778 chi”’
This value together with thési—y value are in agreement with
the coordination of tworf2-Si—H) bonds. This is corroborated
by an X-ray diffraction study® The molecular structure &
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Figure 1. CAMERON view of [RuH{ (-HSiMe)2(CsHa)} (PCys)]
(2). Selected bond lengths (A): R#¥P(1), 2.482(1); RuP(2),
2.469(1); RuSi(1), 2.425(1); RuSi(2), 2.429(1); Si(LyH(1),
1.88(3); Si(2y-H(2), 1.83(3); Ru-H(1), 1.65(3); Ru-H(2), 1.63(3);
Ru—H(3), 1.67(3); Ru-H(4), 1.60(3). Selected bond angles (deg):
P(1y-Ru—P(2), 109.06(4); P()Ru—H(3), 168.3(11); P(2yRu—H(4),
168.6(12); H(1)}Ru—H(2), 171.9(17); Re-H(1)—Si(1), 86.6(15);
Ru—H(2)—Si(2), 88.8(16); Si(1}Ru—Si(2), 87.65(4); P(YyRu—
Si(1), 112.17(4); P(HyRu-Si(2), 120.17(4); P(2yRu-Si(1),
117.65(4); P(2}Ru—Si(2), 109.23(4).

is shown in Figure 1. The ruthenium atom is in a roughly
octahedral environment if the chelating bis(silane) ligand is

Communications to the Editor

hydrides § —9.9) and the twoy>-H—Si (6 —8.5) is character-
ized by aAG* of 47.5 kJ/mol, thus much lower than that for
219 The fluxionality of 2—3 might involve complexatior
decomplexation of the Si-H bonds to the ruthenium center, a
process much easier in the case dfas evidenced by the
substitution reactions (vide infra). TH&SI{3P} INEPT H
spectrum at 213 K shows a doubletiat-5.7 (79.5 MHz, GDg)

with aJsi—n value of 22 Hz. This value falls now in the lower
limit of the range of values (20100 Hz) found for knowny?-
silane complexe$81416 The IR spectrum (Nujol mulls)
displays two Ru-H stretches at 2045 and 1969 chindicative

of a cis dihydride structure, and the existence of the-Ry?-
H—Si) bonds is confirmed by the presence of a broad band at
1699 cntL.” This value together with the very smali—y
value are in agreement with the coordination of stretchgd (
Si—H) bonds. It is of interest to note that lgPPh), reacts
with (PrzSiH),0 to give a classical dihydride bis(silyl) complex
IrH3(disil)(PPh), (disil = (IPrSi),0)2° Classical bis(silyl)
complexes [(COfeb(n: n-R.SIOSIR,) are also obtained by
reaction of (RHSi),O with Fe(CO}.2

Substitution of the #2-HSiMe,),0 ligand in 3 is easily
achieved by bubbling Hor CO or by addingBuNC. In all
cases, free disiloxane is recovered (G.C. HHdNMR) and1,
RUH,(CO)(PCyw),, or RuH('BUNC),(PCys), are, respectively,
isolated in quantitative yielét These reactions confirm that
in 3 the disiloxane ligand is weakly bonded to the ruthenium.
Thus, the chelate effect of the bis(silane) ligand has allowed
the stabilization oR and3, but steric effects may account for
their different reactivity. In particular, the less rigid disiloxane
ligand may allow the decoordination of only ong?{H—Si)
bond, hence favoring substitution reactions.

In summary, we were able to isolate the first mononuclear
complexes containing two Ru?-H—Si) bonds. The bis-
(silane) compounds act as chelating ligands, this chelating effect
being responsible for the stabilization»&nd3. Spectroscopic

considered to occupy two coordination sites with the hydrogens data and preliminary reactivity studies indicate different stretch-

being in the axial positions. The chelating bis(silane) plane is

ing of the Ru-(2-H—Si) bonds in2 and 3. In addition to

nearly coplanar with the ruthenium atom. The phosphines are catalytic investigationd? future efforts will be directed toward
unusual in being cis, not trans, as normally observed in most synthesizing such species and correlating the stretching of the

of the [Ru](PCy), complexes. The four hydrogen atoms were

located in difference Fourier map, and their coordinates were

refined with an equivalent isotropic thermal parameter. As
expected the Si(HH(1) and Si(2y-H(2) bond lengths
(1.88(3) and 1.83(3) A, respectively) indicate significantBi
bond lengthening which suggests substantial Rt) (d Si—H

(0*) back-donation. The four RuH bond lengths are equal
within experimental error (1.60(3) to 1.67(3) A). The-Rd—

Si angles are close to 87and the average RtSi bond lengths

Ru—(n?-H—Si) bonds to the reactivity of the complexes.
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are 2.427 A in the range observed for ruthenium silyl compounds JA963933X

(2.34-2.51 A)!8 The bis(silane) ligand is rather strongly
bonded to the ruthenium as evidenced by preliminary reactivity
studies. For example, no substitution of the bis(silane) ligand
could be achieved when bubbling ldr CO to2.

The IH NMR spectra of3 are also temperature dependent
(178-296 K, GDg, 250 MHz). But, as opposed & at 296
K, 3is fluxional and presents only one broad singlet at9.4.
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