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ABSTRACT 

This  t h e s i s  d e a l s  w i t h  th ioca rbony l  complexes o f  ruthenium 

and osmium [L~M-CS] . 

I n  c h a p t e r  1 a comprehensive review o f  a l l  t r a n s i t i o n  m e t a l  

th iocarbonyl  complexes i s  p resen ted .  Unlike carbon monoxide, 

carbon monosulphide i s  a h i g h l y  r e a c t i v e  molecule which does  n o t  

e x i s t  under normal l a b o r a t o r y  cond i t i ons .  However, t r a n s i t i o n  

metal  complexes o f  t h i s  r e a c t i v e  i n t e r m e d i a t e  a r e  t y p i c a l l y  s t a b l e  

compounds of  which t h e r e  a r e  now approximately two hundred r e p o r t e d  

examples. T h i s  sma l l  number h a s  made a complete review p o s s i b l e .  

Slow spasmodic growth h a s  accompanied t r a n s i t i o n  meta l  t h ioca rbony l  

chemistry s i n c e  t h e  p ro to type  complex was d iscovered  i n  1966 and 

chapter  1 d i s c u s s e s  t h e  s y n t h e t i c  r ea sons  f o r  t h i s ,  d e s c r i b e s  

c r i t i c a l l y  t h e  c u r r e n t  bonding models,  and p r e s e n t s  t h e  r e a c t i o n s  

o f  t h ioca rbony l  complexes. The ve ry  new f i e l d  o f  t h e  chemis t ry  

o f  se lenocarbonyl  complexes [L M-CS~]  i s  inc luded  and comparison 
n 

wi th  t h i s  and wi th  t h e  well-documented chemis t ry  o f  carbonyl  

complexes a l l ows  f o r  a n  a n a l y s i s  o f  p e r i o d i c  changes. 

The review i n d i c a t e s  t h a t  CS l i g a n d  r e a c t i o n s  had r e c e i v e d  

l i t t l e  a t t e n t i o n  a t  t h e  o u t s e t  o f  t h i s  p r o j e c t .  I n t e r l i g a n d  

r e a c t i o n s  i n v o l v i n g  CS were unknown p r i m a r i l y  because th ioca rbony l  

complexes c o n t a i n i n g  l i g a n d s  s u i t a b l e  f o r  i n v e s t i g a t i n g  r e a c t i o n s  

of  t h i s  type  had n o t  been s y n t h e s i s e d .  In  p a r t i c u l a r ,  t r a n s f e r  

of  hydrido o r  a r y l  l i gand  t o  CS had n o t  been observed. Such 



- - 

ii. 

r e a c t i o n s  are t h e  s u b j e c t s  o f  c h a p t e r s  3 and 6 .  The i n v e s t i g a t i o n  

o f  t h e s e  t r a n s f e r  r e a c t i o n s  n e c e s s i t a t e d  t h e  p r i o r  p r e p a r a t i o n  o f  

complexes con ta in ing  hydr ido  o r  a r y l  l i g a n d s  cis t o  t h e  t h i o -  

carbonyl  l i gand .  S u i t a b l e  complexes were s y n t h e s i s e d  from t h e  

v e r y  v e r s a t i l e  s y n t h e t i c  i n t e r m e d i a t e  O s C l  (CS) (pph3) [chapter  31, 
2 

which was d iscovered  a f t e r  cons ide rab le  e f f o r t  had been devoted t o  

f i n d i n g  h igh  y i e l d  r o u t e s  f o r  i n t roduc ing  t h e  CS l i g a n d  i n t o  t h e  

coo rd ina t ion  sphere o f  ruthenium and osmium [chap te r  21. 

Chapter  3 i s  concerned w i t h  hydr ide  t r a n s f e r  t o  t h e  CS l i gand .  

The th io fo rmyl  l i g a n d  [OS-C<~I r e s u l t s  from t h e  t r a n s f e r  o f  one ' s 

hydr ido  l i g a n d  to  CS and  subsequent  r e a c t i o n s ,  which a r e  a l s o  

probably  hydr ide  t r a n s f e r s ,  pro-duce t h e  thioformaldehyde 

H, H 
[ O s ~ y  1 and rne thy l th io l a to  [OS-SCH~] i i g a n d s .  The p o s s i b l e  ' s 

r e l evance  o f  t h e s e  l i g a n d s  as models f o r  p o s t u l a t e d  i n t e r m e d i a t e s  

i n  t h e  Fischer-Tropsch s y n t h e s i s  i s  noted.  The th ioformyl  and 

thioformaldehyde l i g a n d s  were h i t h e r t o  unknown and t h e  formula t ions  

have been a d d i t i o n a l l y  v e r i f i e d  by i n v e s t i g a t i n g  t h e  r e a c t i v i t y  o f  

t h e s e  novel  l i g a n d s  and c h a r a c t e r i s i n g  t h e  d e r i v a t i v e s  obta ined .  

A s y n t h e t i c  r o u t e  t o  secondary carbene complexes and t o  n i t r o g e n  

/H and oxygen e q u i v a l e n t s  o f  t h e  th ioformyl  l i g a n d  [ o s - c , ~ ~ ~  and 

.H 
0s-C, ] is  demonstrated. 

'0 

The review i n  c h a p t e r  1 a l s o  r ecoun t s  how obse rva t ion  h a s  shown 

t h a t  s t r o n g  Q-donor and s t r o n g  T-acceptor  p r o p e r t i e s  o f  t h e  CS 

l i g a n d  e x e r t  a profound e f f e c t  upon t h e  r e a c t i v i t y  o f  CS complexes. 

I n  p a r t i c u l a r ,  s t r o n g  T-acceptor  p r o p e r t i e s  mark t h e  CS l i g a n d  a s  

a n  i d e a l  cand ida t e  f o r  s t a b i l i s i n g  ve ry  e l e c t r o n - r i c h  meta l  c e n t r e s  



iii. 

such a s  dB ruthenium(0)  o r  osmium(0) . I n  c h a p t e r  4 h i q h  y i e l d  

r o u t e s  t o  ze rova len t  osmium th ioca rbony l  complexes a r e  d e t a i l e d  

and t h e  r e a c t i v i t y  o f  t h e s e  complexes i s  e x p l o i t e d  t o  a f f o r d  t h e  

first h igh  y i e l d  syn theses  of  d i t h i o c a r b o n y l  complexes. 

The th ioca rbony l  l i g a n d  is a l s o  viewed, from t h e  c o l l e c t e d  

information i n  c h a p t e r  1, a s  be ing  more r e spons ive  t o  the 

coord ina t ive  environment t h a n  t h e  better-known carbonyl  l i gand .  

Thus, while  CS can  remove more e l e c t r o n - d e n s i t y  from b a s i c  meta l  

c e n t r e s  than  CO, CS can  a l s o  donate  more e l e c t r o n - d e n s i t y  t han  

CO when coord ina t ed  t o  v e r y  e l ec t ron -poor  meta l  c e n t r e s .  

Consequently,  it is n o t  s u r p r i s i n g  t h a t  r e a c t i o n s  which have been 

regarded i n  a c l a s s i c a l  s ense  as e l e c t r o p h i l i c  o r  n u c l e o p h i l i c  

a t t a c k  a t  CO a r e  a l s o  found f o r  CS. I n  c h a p t e r  5 s e v e r a l  novel  

r e a c t i o n s  which can b e  desc r ibed  a s  n u c l e o p h i l i c  a t t a c k  a t  t h e  

CS carbon atom are r e p o r t e d  f o r  b o t h  n e u t r a l  and c a t i o n i c  complexes. 

One such r e a c t i o n  is an  i n t e r l i g a n d  r e a c t i o n  o f  cis thiocarboxamido 

and th ioca rbony l  l i g a n d s  which a f f o r d s  a four-membered osmium me ta l locyc le .  

Chapter 6 d e s c r i b e s  how c o o r d i n a t i v e l y  unsa tu ra t ed  a r y l -  

th iocarbonyl -conta in ing  complexes r e a c t  w i th  p o t e n t i a l l y  b i d e n t a t e  

a n i o n i c  l i g a n d s  t o  produce c o o r d i n a t i v e l y  s a t u r a t e d  complexes. 

Coordinat ive s a t u r a t i o n  a l s o  o c c u r s  wi th  carbon monoxide o r  i socyan ide  

and t h e s e  l a t t e r  compounds undergo a rearrangement  r e a c t i o n  which 

involves  t h e  th ioca rbony l  l i g a n d .  Ava i l ab l e  ev idence ,  which i n c l u d e s  

t h e  r e s u l t s  o f  an incomplete  X-ray c r y s t a l  s t r u c t u r e  de t e rmina t ion ,  

sugges ts  t h a t  a b i d e n t a t e  t h i o a c y l  l i g a n d  [OS: ] is produced by 

t r a n s f e r  o f  t h e  a r y l  l i g a n d  t o  CS wi th  r ing-c losure .  Some f u r t h e r  

r e a c t i o n s  o f  t h i s  novel  l i g a n d  are a l s o  d iscussed .  



In conclusion, the work reported here extends this research 

group's interest in the chemistry of low valent transition metal 

compounds and the ligands which stabilise such compounds to 

thiocarbonyl complexes of ruthenium and osmium. The present status 

of the chemistry of transition metal thiocarbonyl complexes has been 

examined and the work presented in the experimental chapters 

contributes to this small area of chemistry by examining, for the 

first time, interliqand reactions which involve CS, by providing 

synthetic routes to CS complexes of osmium(O), and by beginning to 

examine the synthetic potential of the novel compounds and ligands 

obtained. 
















