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Abstract - As a first step in examining the effectiveness of metal-ligand
fragments such as M(C0)2(PPh3); and MC1(CO)(PPh3)y (M = Ru or 0s) in
stabilising unsaturated silicon ligands (silylenes or silanediyls, SiRj),
synthetic routes have been developed to various likely precursors. These
are ruthenium-silicon and osmium-silicon bonded compounds which have either
suitably functionalised silyl groups or are coordinatively unsaturated.
Reaction between MPhC1(CO)(PPh3); and silanes, R3SiH, results in
elimination of CgHg and formation of M(SiR3)C1(CO)(PPh3)z. In this way
Ru(S1Et3)C1(CO)(PPh3)2, Ru(SiC1l3)C1(CO)(PPh3)y, and 0s(SiC1l3)C1(CO)(PPhj3);
have been prepared. The SiClj-ligand can be substituted at Si without
rupture of the metal=-Si bond and compounds derived include
Ru[S1(0Et)3]CL(CO)(PPh3); and Os(SiMe3)CL(CO)(PPh3);. The five coordinate
compounds are all coloured yellow to orange and X-ray crystal structure
determinations of Ru(SiEt3)C1(CO)(PPh3)z, Rul[Si(0Et)3]1C1(CO)(PPh3); and
0s(SiMe3)C1(CO)(PPh3); reveal an approximately square pyramidal geometry
with the Si-ligand apical and the triphenylphosphine ligands arranged
mutually trans. Reaction between Hg(SiMej); and OsHC1(CO)(PPh3)3 produces
a mixture of products, one of which is 0s(SiMe3)C1(CO)(PPh3);. Another is

6s(SiMe2C5H4§Ph2)(66H4§Ph2)(00)(PPh3). The formation of this compound may
involve an electrophilic silylene complex as an intermediate.

INTRODUCTION

Despite much recent activity, which has seen the synthesis of well-defined complexes in
which divalent derivatives of germanium, tin, and lead function as ligands (ref. 1), the
corresponding silicon compounds remain elusive. However, several 'base-stabilised" silylene
complexes are known including [Cp(PMe3)oRuSiPhy.CH3CN]BPh, (ref. 2),
(CO)4Fe[S1i(Ot-Bu);] .HMPT (ref. 3) (HMPT = hexamethylphosphorictriamide) and the "internally-

| e ———— ]
stabilised" example Cp*(CO)Fe(SiMej(OMe)SiMe(OMe)] (ref. 4). The present lack of "base-
free" examples indicates that silylene ligands will be very electrophilic, a comnclusion
supported by ab initio calculations (ref. 5), and suggests interesting reactivity for
silylene complexes similar perhaps to that exhibited by Fischer-type carbene complexes.

Triphenylphosphine-substituted metal-ligand fragments of ruthenium and osmium have proved
useful in identifying stable complexes of the ligands CHy; (ref. 6), CFy (ref. 7), and CClp
(ref. 8). The reasons for the effectiveness of these fragments include: good m-donor
properties, steric protection of metal-ligand multiple bonds by the bulky triphenylphosphine
ligands, and the kinetic inertness of five coordinate d8 and six coordinate db complexes.
This study was initiated to examine the possibility of stabilising silylenes at ruthenium
and osmium centres and to explore the reactions of any transient silylene complexes which
might be produced. Pollowing the successful strategies for the generation of dihalocarbene
complexes (ref. 9) our approach has been as follows:

LpM-SiRpX > [LnM=S:LR2]+ + X~ (1)
18e

LpM-8iRyX > LXM=SiR, (2)
l6e

In equation (1) a saturated complex with a suitably functionalised silyl ligand is trans-
formed into a silylene complex by removal of X~. A recent related example involves a
germanium derivative (ref. 10) and an equilibrium between germyl and germylene where LM is
the good T-donor, [Cp*Re(NO)(PPh3)]*, and X is triflate. In equation (2), involving a coord-
inatively unsaturated metal centre, a migration of X from Si to M takes place. A good
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example of this type of process for the production of a carbene complex is the following
(ref. 1l1): A
Ir(COCcml)(CO)z(PPh3)2 W> Ir(CFzCl) (CO)(PPh3)2

> Ir(=CF3)CL(CO)(PPh3),

To pursue these approaches attention was directed towards the synthesis of coordinatively
unsaturated ruthenium and osmium silyl complexes.

REACTION BETWEEN MPhCI(CO}{PPh;), AND SILANES

Silyl groups have been introduced into ruthenium and osmium complexes via the oxidative-
addition of silanes either to M(CO)s5 (ref. 12) or to Cp*(PMe3),Ru(CHySiMe3) (ref. 2). The
availability of five coordinate complexes of formula, MRC1(CO)(PPh3); (ref. 13) suggested
that reaction with silanes might proceed via oxidative addition followed by reductive
elimination effecting an overall exchange of R-groups for silyl-groups. The electrophilic
cleavage of R-groups from other osmium(IIl) complexes has been demonstrated to proceed by this
this mechanism (ref. 14), This reaction, as illustrated in equation (3), gives good yields
at least for some silanes. The reaction is complete in times varying from minutes at room
temperature for HSiCl; to hours at 80 °C for Et3SiH.

MPhC1(CO)(PPh3), + R3SiH > M(SiR3)C1(CO)(PPh3)y; + CgHg (3)
A selection of new compounds prepared by this method together with characterizing data is
presented in Table I. The reaction was unsuccessful for Ph3SiH and with Me3SiSiMesH gave
0sHPh(CO)(PPh3)3 as product. All of the five coordinate silyl complexes are coloured yellow
to orange. 0s(SiCl3)CL(CO)(PPh3); when treated with MeLi underwent substitution at silicon
yielding, finally, 0s(SiMe3)C1(CO)(PPhj3);. The retention of the Os-Si bond during this
reaction augers well for the further elaboration of the silyl ligand. In a similar manner
Ru(81C13)CL(CO)(PPh3), was converted to Ru[Si(0Et)3]C1(CO)(PPh3); on treatment with EtOH.

To ascertain the geometry of these five coordinate complexes, and the metal-silicon bond
distance dependence on the substituents at silicon, single crystal X-ray crystal structure
determinations of Ru(SiEt3)C1(CO)(PPh3); and Ru[Si(0Et)3]C1(CO)(PPh3); were undertaken.

The structures are depicted in Figs 1 and 2, respectively, and in addition Fig. 3 depicts
0s(SiMe3)CL(CO)(PPh3)y. In each case the geometry is approximately square pyramidal with
the triphenylphosphine ligands mutually trans and the silyl ligand apica}. Replacement of
Et-groups on Si by QEt-groups shortens the Ru-Si distance by almost 0.1 A. Remarkably,

the presence of OEt-groups also shortens the Ru-P distances and the Ru-Cl distance.
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Fig. 1. Structure of Ru(SiEt3)C1(CO)(PPhj3), Fig. 2. Structure of Ru[Si(0Et)3]C1(CO)(PPh3);,
(Phenyl rings omitted) (Phenyl rings omitted)

REACTION BETWEEN MHCI(CO)(PPh3)s AND Hg(SiMes).

Mercury silyl compounds have been used previously to introduce silyl ligands (ref. 15). The
"expected" product from reaction between OsHC1(CO)(PPh3); and Hg(SiMes3), is
0s(SiMe3)CL(CO)(PPh3)y. However, this is produced in very low yield. An unusual product,

F— 1
in good yield, is Os(SiMeZC6H4§Ph2)(C6H4PPh2)(CO)(PPh3). This product, the structure of
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3. Structure of 0s(SiMe3)CL(CO)(PPh3); Fig. 4. OE(SiMe206H4PPh2)(06H4PPh2)(CO)(PPh3)
(Phenyl rings omitted) (Some phenyl rings omitted)

which is depicted in Fig. 4 could arise from an intermediate silylene complex
"0sHC1(=SiMe)(CO)(PPh3)2". A parallel reaction occurs for the chlorocarbene complex,

[0sC1(=CHC1)(CO)2(PPh3)1*, which forms Os(CHClC6H4§Ph2)Cl(CO)Z(PPh3)2 (ref. 16). The
postulated silylene complex could be formed in a reaction which again has parallels in
transition metal carbene chemistry, the formation of Ru(=CFy)(C0)(PPh3); from
Ru(CF3)(CdCF3)(CO)7(PPh3) by elimination of CF3CdF (ref. 7).

13,

16.
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