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COMPLEXES OF 1P.IDIUM AND PLATINUM C O N T A I N I N G  5-COORDINATED 
PHOSPHORUS 

ALEXANDER J .  BLAKE, RUSSELL W. C O C K M ,  E.A.V.  EBSWORTH, 
STEPHEN G.D.  HENDERSON, JOHN H. HOLLObJAY*, NICHOLAS J. 
PILKINGTON AND DAVID W.H. R A N K I N  
Department of Chemis t ry ,  Edinburgh U n i v e r s i t y ,  West I l a ins  
Road, Ed inbur th ,  EH9 355, S c o t l a n d .  
*Department of Chemistry,  The U n i v e r s i t y ,  Leicester ,  LE1 7RH. 

A b s t r a c t  
h i g h  y i e l d  from Ir(CO)C12(PEt3)2(P 'F2)  and $eF2, h a s  been 
c h a r a c t e r i s e d  by nmr s p e c t r o s c o p y ,  by a n a l y s i s  and by X-ray 
c r y s t a l l o g r a p h y .  I n  t h e  c r y s t a l ,  P' i s  t r a n s  t o  C 1 ,  and i s  
t r i g o n a l - b i p y r a m i d a l ,  w i t h  Ir i n  a n  e q u a t o r i a l  p o s i t i o n  and 
t h e  P 'F  bonds s t a g g e r e d  w i t h  r e s p e c t  t o  t h e  o c t a h e d r a l  
c o o r d i n a t i o n  round I r .  I n  s o l u t i o n ,  t h e  f l u x i o n a l  b e h a v i o u r  
of P '  i s  o n l y  slowed enough t o  r e s o l v e  d i s t i n c t  F r e s o n a n c e s  
a t  135 K .  NMR e v i d e n c e s  i n d i c a t e s  t h a t  XeF2 reacts  a t  150 K 
w i t h  Ir (CO)BrH(PEt3)2(P'H ) t o  g i v e  Ir (CO)BrH(PEt ),(P'F2H2), 
which i s  u n s t a b l e  a t  210 t?. XeF a l s o  reacts  w i t ?  
P tC l (PEt  ) (P'C12) t o  g i v e  PtC12?PEt3)2(P 'F4) ,  n o t  y e t  
i s o l a t e d ;  ?n t h i s  complex P '  i s  f l u x i o n a l  a t  250 K b u t  
d i s t i n c t  F r e sonances  a re  obse rved  a t  180 K.  

The complex Ir(CO)C12(PEt3)2(P 'F ) , p r e p a r e d  i n  

Very many complexes of t r a n s i t i o n  metals c o n t a i n i n g  4 -coord ina ted  

phosphorus are known, and t h o s e  of 3 -coord ina ted  phosphorus are  

now f a m i l i a r ,  b u t  metal complexes c o n t a i n i n g  5 -coord ina ted  

phosphorus a r e  unusua l .  Here w e  d e s c r i b e  t h e  s y n t h e s i s ,  s t r u c t u r e  

and some chemical p r o p e r t i e s  of I r (CO>C12(PEt3)2(P 'F4) ,  ( I ) ,  and 

i n c l u d e  some i n f o r m a t i o n  abou t  t h e  r e l a t e d  s p e c i e s  

Ir(CO)BrH(PEt3)2(P'F2H2), (11) , and P t C l  (PE t3 )2 (P 'F4) .  

p r e l i m i n a r y  accoun t  of some of t h e s e  r e s u l t s  h a s  a p p e a r e d .  

A 
1 

We have  p r e p a r e d 2  Ir(CO)C12(PEt3)2(P 'F2) ,  (111) i n  h i g h  y i e l d  

by o x i d a t i v e  a d d i t i o n  of PP2C1 t o  Ir(CO)C1)PEt3)2,  ( I V ) ,  i n  

CH2C12.  

l i g a n d s  bound t o  Ir by s imi la r  o x i d a t i v e  a d d i t i o n  of PF4H o r  

PF C 1  t o  ( I V ) ,  b u t  w e  were n o t  s u c c e s s f u l .  I n  each case r e a c t i o n  

We hoped t o  b e  a b l e  t o  o b t a i n  complexes c o n t a i n i n g  P'F4 
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144 E.A.V. EBSWORTH ET A L .  

occur red  a t  180 K t o  g i v e  one main p r o d u c t ,  b u t  i n  b o t h  systems 

t h e  P-IH) s p e c t r a  showed a wide q u a r t e t  of t r i p l e t s  i n  t h e  P '  

r e g i o n ,  [ J ( P ' F )  ca. 1270 Hz], which e s t a b l i s h e s  t h a t  t h e  P' 

l i g a n d s  are  P 'F3 and n o t  P'F 

t i o n  between (111) and a ha l f -mola r  p r o p o r t i o n  of C 1 2  we obse rved  

a wide q u i n t e t  of t r i p l e t s  [ J(P'F) = 1062 Hz] ,  and t h i s  l e d  u s  t o  

b e l i e v e  t h a t  (I) might b e  s t a b l e  i f  w e  p repa red  it i n  t h e  absence  

of any F- a c c e p t o r .  

r e a c t i o n  between (111) and an  equimolar  p r o p o r t i o n  of XeF2 i n  

CH2C12 ,  and i s o l a t e d  it as  a w h i t e  c r y s t a l l i n e  s o l i d ;  i t  has been 

c h a r a c t e r i s e d  by a n a l y s i s ,  by n.m.r.  s p e c t r o s c o p y  and by X-ray 

c r y s t a l l o g r a p h y .  

1 

g roups .  4 
However, i n  the P-(H) spectrum of t h e  p r o d u c t s  of t h e  reac- 

1 

We o b t a i n e d  ( I )  i n  h i g h  y i e l d  from the 

The compound i s  v e r y  s e n s i t i v e  t o  m o i s t u r e ,  b u t  we were a b l e  

t o  o b t a i n  a s i n g l e  c r y s t a l  s u i t a b l e  f o r  X-ray work u s i n g  Kel-F 

equipment.  The i r i d i u m  c e n t r e  i s  6 -coord ina ted ,  w i t h  P '  t r a n s  t o  

C 1 ;  P '  i s  a t  t h e  c e n t r e  of a t r i g o n a l  b ipy ramid ,  w i t h  t h e  metal i n  

an  e q u a t o r i a l  p o s i t i o n .  There i s  a s i g n i f i c a n t  d i f f e r e n c e  between 

t h e  l e n g t h s  of a x i a l  and e q u a t o r i a l  PI-F bonds ( s e e  Table  below).  

TABLE Some s t r u c t u r a l  pa rame te r s  

Ir(CO)C12 (PEt3) 2(P'F4) Ir ( C 0) C 1 (PE t ) ( P ' F 0 )  

r (Ir-P) /pm 239 ( 1 ) r(1r-P)/pm 241(1) 

r ( I r -P '  )/pm 229 ( 1 ) r ( I r -P  '1 /pm 225(1) 

r (Ir-C1) /pm 236 (1 ) , 242( 1 )  r ( I r - C l )  /pm 237( I ) ,  242( 1) 

r(P(-Fa)/pm 169(1) ,  164(11) r ( I r -F)/pm 156(2 ) ,  153(3) 

r(P'-Fe)/pm 156(2 ) ,  152(2)  

I n  each s t r u c t u r e  t h e  f i r s t  C 1  i s  t r a n s  t o  CO.  

The I r -P (  bond i s  s h o r t e r  t han  t h e  Ir-PEt3 bonds b u t  much t h e  same 

l e n g t h 2  as  t h e  I r -P '  bond i n  Ir(CO)C12(PEt3)2(P'F20); t h e  l e n g t h s  

of t h e  Ir-C1 bonds t r a n s  t o  P' i n  t h e  P'F20 and t h e  P'F4 complexes 
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are  s imilar ,  and so w e  conc lude  t h a t  P'F20 and P'F 

i c a l l y  v e r y  s imi la r  as l i g a n d s .  

a r e  e l e c t r o n -  4 

The e q u a t o r i a l  p l a n e  round P'  i s  t w i s t e d  by a b o u t  4 5 "  r e l a t i v e  

3 t o  t h e  p l a n e  c o n t a i n i n g  t h e  two PEt -phosphorus atoms,  P' and t h e  

i r i d i u m  atom. This means t h a t  a l l  f o u r  F atoms a r e  i n  d i f f e r e n t  

environments .  

t empera tu res  above 200 K c o o r d i n a t i o n  round P'  is f l u x i o n a l :  a l l  

f o u r  F n u c l e i  behave a s  i f  t hey  were e q u i v a l e n t ,  showing a s i n g l e  

chemical  s h i f t  and t h e  same set  of c o u p l i n g s  t o  31P  n u c l e i .  A t  

180 K t h e  l i n e s  i n  t h e  F spectrum become b r o a d .  By u s i n g  a 1 : l  

m ix tu re  of E t 2 0  and CH C 1  

n.m.r.  s p e c t r a  down t o  120 K ,  and a t  130 K t h e  F spec t rum s p l i t  

i n t o  t h r e e  broad doublei-s w i t h  rough r e l a t i v e  i n t e n s i t i e s  1:1:2 

[ J ( P ' F )  = 922,  975, 1088 Hz]. This p a t t e r n  would b e  c o n s i s t e n t  

w i th  a s t a t i c  s t r u c t u r e  i n  which t h e  e q u a t o r i a l  p l a n e  of P'  and 

t h e  P21rP'  p l a n e  c o i n c i d e d ;  t h e  s t r o n g e s t  d o u b l e t ,  a s s i g n e d  t o  

e q u a t o r i a l  f l u o r i n e s ,  i s  a s s o c i a t e d  w i t h  t h e  l a r g e s t  v a l u e  of 

' J ( P ' F ) ,  The low t empera tu re  n.m.r.  spectrum can b e  r e c o n c i l e d  

wi th  t h e  c r y s t a l  s t r u c t u r e  i f  w e  suppose t h a t  r o c k i n g  a b o u t  t h e  

I r - P '  bond i s  r a p i d  enough on t h e  n.m.r.  timescale a t  130 K t o  

make t h e  two e q u a t o r i a l  F n u c l e i  appea r  e q u i v a l e n t .  

The 19F and 31P n.m.r.  s p e c t r a  show t h a t  a t  

a s  s o l v e n t ,  w e  were a b l e  t o  o b s e r v e  2 2  

1 

The complex h y d r o l y s e s  t o  g i v e  Ir(C0)C1,(PEt3),(P'F2O). 

Addi t ion  of F- l e a d s  t o  c l e a v a g e  of t h e  Ir -P '  bond w i t h  f o r m a t i o n  

of PF;. 

BF3, a t y p i c a l  F- a c c e p t o r ,  t h e  s a l t  Dr(CO)C12(PEt3)2(P'F3)] [BF4]- 

i s  formed. 

compl i ca t ed ,  and no ev idence  of t h e  f o r m a t i o n  of Ir  complexes 

c o n t a i n i n g  P'F H l i g a n d s  was obse rved .  However, we have  

o b t a i n e d  ev idence  f o r  t h e  f o r m a t i o n  of Ir(C0)BrH(PEt3),(P'F2H2) , 
(11) , i n  t h e  r e a c t i o n  between XeF2 and Ir(CO)BrH(PEt3)2(P'H2),  (V). 

I f  a n  equimolar  m i x t u r e  of (V) and  XeF2 i s  h e l d  a t  190 K f o r  

s e v e r a l  h o u r s ,  s u b s t a n t i a l  amounts ( c a .  70% of P -con ta in ing  

m a t e r i a l )  of (V) are  formed; t h i s  was i d e n t i f i e d  by i t s  n.m.r.  

Reac t ion  w i t h  a m o n i a  a l s o  b r e a k s  t h e  Ir-P '  bond. With 
+ 

Reac t ions  w i t h  Me3SiH and Me3SnH are  s low and 

n 4-n 
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spec t r a .  

i s  a wide t r i p l e t  of narrow t r i p l e t s ,  due t o  coupl ing t o  two 

directly-bound F ' s  and two remote P n u c l e i .  With H coupl ing 

r e s t o r e d ,  t h e r e  a r e  a d d i t i o n a l  wide t r i p l e t  [ J(P 'H)]  and narrow 

The 3'P{H) resonance a t  180 K due t o  P '  (6=-72 p.p.m.) 

1 

1 

doublet  [LJ(P 'H)]  coupl ings.  

confirm t h i s  assignment.  The va lue  f o r  ' J (P 'F)  (310 Hz) i s  very 

much smaller  than expected. This complex decomposes a t  tempera- 

t u r e s  above 210 K.  

The F, PH - and I r H  - resonances 

We have f a i l e d  t o  ob ta in  the  rhodium analogue of (I). We 

cannot prepare PtC1(PEt3)2(P'F4) us ing  a method analogous t o  t h a t  

g iv ing  (I) ,  because the  monomeric s t a r t i ng -ma te r i a l  PtCl (PEt2 (P'FJ 

i s  no t  known. The 3'P-{H) spectrum of the  products  of t h e r e a c t i o n  
3 

PtCl(PEt ) (P'C12) with XeF2 showed t h a t  a s u b s t a n t i a l  component 3 2  
had been formed g iv ing  a P '  resonance [ ' J (P 'F)  = 1050 Hz] with P t  

s a t e l l i t e s .  

bound t o  P t  with two E t  P-ligands,  formulated a s  PtC1(PEt3)2(P'F4). 

The 19F resonance a t  280 K c o n s i s t s  of a doublet  with P t  s a t e l l i t e s ,  

t he  doublet  coupling matching t h e  q u i n t e t  coupl ing in  t h e  P' 

resonance; a t  240 K t h i s  resonance broadens and a t  180 K i t  h a s  

s p l i t  i n t o  two double ts  of equal  i n t e n s i t y ,  each with P t  

s a t e l l i t e s ;  hence P '  i n  t h i s  complex i s  f l u x i o n a l  a t  280 K ,  bu t  

t he  r a t e  of in te rconvers ion  i s  slow on the  n.m.r. t imasca le  a t  

180 K.  

This shows t h a t  t h e  spec ie s  formed con ta ins  P'F4 

3 

- 
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