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ABS T%CT 

Molecules containing t r a n s i t i o n  metal-carbon mul t ip le  bonds have been 

r e c q n i s e d  a s  a c t i v e  species  i n  c a t a l y t i c  r eac t ions  and key in termedia tes  i n  

s to ichiometr ic  reac t ions .  I t  is therefore  important  t o  ga in  an understanding 

of t3e  r e a c t i v i t y  of these  func t iona l  groups. 

The metal-carbon double bond i s  introduced i n  Chapter 1 with a  

l i t e r a t u r e  review and the  following two chapters  a r e  concerned wi th  t h e  

synt3es is  and p roper t i e s  of a  new c l a s s  of  Group V I I I  metal  carbene complexes 

conmining the  prototype carbene l igand,  =CH2. The syn the t i c  rou te  t o  t h e  

f i r s t  of these complexes involves a  new low-valent osmium complex 

OsCl(h'0) (PPh3I3. The synthes is  of t h i s  complex from a  reformulated complex 

containing the  novel peroxycarbonyl l igand is  discussed i n  Chapter 2,  

followed by simple r eac t ions  including t h e  syn thes i s  of  a  range of ace ty lene ,  

a l l e n e  and heteroal lene  T-adducts. The reac t ions  e s t a b l i s h  t h a t  

OsCl(N0) (PPh r e a c t s  a s  the  osmium analogue of IrC;(CO) (PPh3I2- 3  3  

The methylene-ligand syn thes i s  involves t h e  add i t ion  of diazomethane t o  

O s C 1  (NO) (PPh3) t o  give t h e  s t r u c t u r a l l y  cha rac te r i sed  0 s  (CH2) C 1  (NO) (PPh3) - 
The reac t ion  has been extended t o  g ive  t h e  f i r s t  i s o l a b l e  ruthenium and 

ir idium methylene complexes. The reac t ions  of these  complexes e s t a b l i s h  t h e  

nucleophi l ic i ty  of the  double bond and two ~ e w i s  ac id  adducts ,  - 
0s  (CH2AuI) C 1  (NO) (PPh3) and [ds ( C H ~ S  (0)  6) C 1  (NO) ( P P ~ ~ )  2] C1O4. have been 

s t r u c t u r a l l y  charac ter ised .  The reac t ion  with CO and isocyanides t o  form 

ketene and ketenimine l igands  i l l u s t r a t e s  a  d i f f e r e n t  mode of r e a c t i o n  t h a t  is 

in te rp re ted  i n  terms of t h e  non-innocent p a r t i c i p a t i o n  of  the  n i t r o s y l  l igand.  

The change from nuc leoph i l i c i ty  t o  e l e c t r o p h i l i c i t y  of t h e  double bond 

with a reduction of metal e l ec t ron  dens i ty  i s  i l l u s t r a t e d  by reac t ions  of 



+ 
0s (CH2C1) c12 (NO) (pph3) which implicate [OS (CH2) C12 (NO) ( P P ~ ~ )  2l as an 

intermediate. Os(CH2Cl)Cl2(NO) (PPh3)2 is formed by addition of C12 to 

0s (CH2) c1 (NO) (pph3) i' 

In Chapter 4 a different type of metal-carbon double bond is discussed. 

The complexes contain the relatively uncommon dichlorocarbene ligand and the 

synthesis of the first such iridium complex, Ir(CC12)C13(~~h3)2 is described. 

The utility of the dichlorocarbene ligand in the synthesis of a range of 

carbene ligands including monochlorocarbene complexes is illustrated. 

The most useful single reaction of the dichlorocarbene complexes is 

that forming a metal-carbon triple bond. A review of the literature con- 

cerning carbyne complexes is presented in Chapter 5 and the synthesis and 

reactions of a number of carbyne complexes is discussed in Chapter 6. 

Like the methylene complexes, the carbyne complexes such as 

OS(CP~)C~(CO)(PP~~)~ contain nucleophilic metal-carbon bonds and 

OS(CHP~)C~~(CO) (PPh3)2 resulting from HC1 addition has been structurally 

characterised. However, just as the reactivity can be changed with the 

methylene complexes, the reduction of metal electron density in complexes 

such as [Os(CR)c12 (CNR') ( P P ~ ~ )  2] C104 (R = C H -4-NMe2, R' = C H -4-Me) makes 
6 4 6 4 

the triple bond electrophilic. TWO methods for synthesising these octahedral 

carbyne complexes are described. One, involving a reaction of complexes such 

as Os(CPh)cl(c~)(PPh~)~ with oxygen and the formation of another peroxycarbonyl 

ligand, the other a reaction with iodine to give complexes such as 

RU(CP~)C~I~(PP~~)~. Reactions with chlorine by contrast lead to a group of 

reactive chlorophenyl carbene complexes. 

Where appropriate, the reactivity of the complexes described is 

interpreted in terms of frontier-orbital and charge controlled reactions using 

the current models for the carbene and carbyne complexes. 


















