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ABSTRACT

The chemistry of transition metal silyl complexes still remains relatively undeveloped

despite the recent advances that have been made in this area. This thesis describes the synthesis

andreactivity of new ruthenium and osmium silyl complexes.

A general survey on the bonding, preparation and reactivity of transition metal silyl

complexes is given in chapter ons as an introduction to the chemisry discussed in the following

chapters. Several reviews relating to transition metal-silicon chemisnry have been published,l'S

and therefore only the major features and more recent developments are highlighted in this

overview. Emphasis has been placed on those aspects not previously reviewed.

Coordinatively unsaturated transition metal silyl complexes are uncommon and the

chemistry of these complexes has been virtually unexplored. The synthesis of the novel

coordinatively unsaturated ruthenium and osmium silyl complexes, M(SiR3)Cl(CO)(PPh3)2 (M

= Ru, Os; R = Cl, alkyl group, alkoxy group), is described in chapter two. The reaction of

M(Ph)CI(COXPPh3)2 (M = Ru, Os) with a silane, in some instances, provided a facile, high

yield route to complexes of the type M(SiR3)Cl(COXPPhs)z (M = Ru; SiR3 = SiMe3, SiEt3,

SiCl3, SiMe2Cl; M = Os; SiR3 = SiCl3, SiMe2Cl). The chlorosilyl complexes were also

prepared by treatment of MHCI(COXPPh:)r (M = Ru, Os) with HSiCl3 and HSiMe2Cl. X-ray

crystal sructures were obtained of Ru(SiEtl)Cl(COXPPhI)z and os(SiCt3)cl(Coxpph3)2.

Complexes containing chlorosilyl ligands proved synrherically useful, undergoing a

variety of nucleophilic substitution reactions at silicon with retention of the transition

metal-silicon bond. New complexes synthesized by this method included

RulSi(OEt)3lCl(COXPPh3)2 and Os(SiMe:)Cl(COXPPh3)2. X-ray crystal sructures of these

two compounds were also obtained. These exchange reactions illustrate a route to new

transition metal silyl compounds that has rarely been utilised.
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Also described in chapter two is the unprecedented formation of the novel compound
r-

Os(SiMe2C6H4PPht(C6H4PPht(COXPPh3), resulting from phenylation at silicon. The

structure of this complex was determined by X-ray crystallography.

In chapter three, addition of the Lewis bases CO and CN(p-tolyl) to coordinatively

unsaturated silyl complexes, M(SiR:)Cl(CO)(PPh:)z (M = Ru, Os), is described. The

coordinatively saturated osmium silyl complexes Os(SiR3)Cl(CO)L(PPh3)2 (SiR: = SiCl:,

SiMe2Cl, SiMe2OEt, SiMe3; L = CO, CNR) were generated in rhis way. Similarly, addition of

4,4'-dimethyl-Z,2'-bipyridine to Ru(SiErt)Cl(CO)(pph:)2 afforded

Ru(siEtr)cl(dimethylbipy)(Co)(PPh:). The six-coordinare complex

Ru(SiEts)(rl2-SzCNMezXCOXPPh3)2 was synthesized by displacement of the labile chloride

ligand from Ru(SiEt3)Cl(COXPPh:)z by the dimethyldithiocarbamare anion. Characterization

of Ru(SiEt3Xn2-SzCNMed(CO)(PPh:)z included an X-ray crystallographic analysis. The

exchange of silyl groups at the metal was also observed in several reactions. For example,

heating Ru(SiMe3)Cl(CO)(PPhg)z in the presence of excess HSiEt: yielded

Ru(SiEts)Cl(COXPPh3)2. These reactions illustrate aspecrs of the chemistry that can occur ar

the metal centre of coordinatively unsaturated transition metal silyl complexes.

Another route to coordinatively saturated osmium silyl complexes was via oxidative

addition of a silane to Os(CO)2(PPh3)3, which yielded Os(SiR:)H(CO)z(pph3)z (SiRr =

SiMe3, SiEt3, SiPh3, SiPh2H). The synthesis of these complexes is also discussed in chapter

three. An X-ray crystal structure determination of Os(SiEtg)H(CO)z(PPhl)z confirmed the

presence of mutually trans cubonyl ligands.

The first thiocarbonyl-containing transition metal silyl complexes,

M(siMe2cl)cl(csxPPhs)z (M = Ru, os), were prepared by rreating M(ph)cl(cSXpphr)z or

MHCI(CS)(PPh:): with HSiMe2Cl. The Si-Cl bond in these compounds reacted readily with

nucleophiles, yielding M(SiMezOR)Cl(CS)(PPhg)z (OR = OEr, OMe, OH). In conrrasr ro rhe

addition of CO to Os(SiR3)Cl(CoXPPh:)2, addition of CO ro Ru(SiMe2R)Cl(CS)(pphs)z G =
Cl, OEt, OMe, OH) and to Os(SiMezOEt)C1(CS)(PPh3)2 afforded dihapto-thioacyl complexes,

Mlq2-C(S)SiMezRlCI(COXPPh3)2, via a migratory insertion reaction involving the silyl group

and the thiocarbonyl ligand. This reaction represents the first formal inserrion of CS into a
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obtained by X-ray crystallography and confirmed that bonding of the thioacyl ligand occurred in

a ditnpto fashion. These reactions are described in chapter four.

When Os(Ph)Cl(COXPPh:)z was reacted with HSiMe3, the formally osmium(IV) silyl

complex Os(SiMe:)Hg(CO)(PPh3)2 was produced. Few compounds of this type are known.

The synthesis, characterization and reactivity of Os(SiMer)H3(COXPPh3)2 are discussed in

chapter five. The crystal strucrure of Os(SiMer)Hr(CO)(PPhg)z is also depicted. In solution,

Os(SMel)Hg(COXPPh3)2 appeared to be in equilibrium with the highly reactive, coordinatively

unsaturated species OsHz(CO)(PPh:)2. The reaction of Os(SiMel)H:(CO)(PPh:)z with HSiR3

(R = Et, Ph), HSn(p-tolyl[ and HCzPh was carried out, using Os(SiMer)Ht(CO)(PPh3)2 as

an in situ source of OsH2(COXPPh3)2. These reactions afforded Os(SiRr)Hl(COXPPhT)z (R

= Et, Ph), Os[Sn(p-tolyl):]zHz(CO)(PPht)z and OsH(CzPhXCOXPPh3)3 respectively, most

likely via a series of oxidative addition-reductive elimination reactions involving

OsHz(CO)(PPhr)2.

Transition metal hydroxysilyl complexes are extremely rare. Only three systems have

been reported containing a hydroxysilyl group bonded to a transition metal.6'7'8 Chapter six

deals with the formation of compounds of this type. Hydroxysilyl-containing complexes of

rurhenium and osmium were obrained via the hydrolysis of M(SiMezCl)Cl(COXPPhT)z and

M(SiCl:)Cl(CO)(PPh:)2. The complexes M[Si(OH)g]Cl(CO)(PPhg)z are the first

trihydroxysilyl-containing transition metal complexes and therefore represent a new class of

transition metal silyl compounds. Characterization of Os[Si(OH)3]Cl(COXPPh:)z included an

X-ray crystal structure which showed that, remarkably, no inter- or intra-molecular hydrogen

bonding of the type O(FI)...O or O(H)'..CI was associated with the Si(OH)3 group. In contrast,

intermolecular hydrogen bonding was found by X-ray crystallography for the dicarbonyl

derivative, OsISi(OHh]Cl(CO)e(PPhs)2. Subsequent reactions involving

OslSi(OH)glCl(CO)(PPhl)z led to the synthesis of the diosmium terrahydroxydisiloxane

complex, [OsCI(CO)(PPh3)2Si(OH)z-]zO. For example, [OsCl(COXPPht)zSi(OH)z-]zO was

isolated after Os(SiCle)Cl(CO)(PPhg)z was added to a dichloromethane solution of

Os[Si(OH)l]Cl(COXPPh:)2. Formation of this tetrahydroxydisiloxane compound is significant
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arid models tl'rc frrst condensation reaction generating a Si€-Si ltnkage in the bydrolysis of

org4rrcchlorcsila,nes to Bolysiloxan-es. The Si-O-Si linkage was clearly visibte in rhe X-ray

erystalstructoroof [OsC(CO)(PPhs)aSi(OH)a:JaO.

Chapter seven pnovides a shon c-oncl,rs,ioni highligtr.ting rhe importanr f,eatures of the

work disctrssetl in tris thesis and idontifres ar€as for future inv,estigatio-n.
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