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INTRODUCTION 

Many k inds  of complexes w i t h  phosphine o r  M-P (OR) 
II 

phosph i t e  which bonds d a t i v e l y  t o  a t r a n s i t i o n -  0 

metal through i t s  lone-pa i r  have been r epor t ed .  phosphonate 
I n  c o n t r a s t ,  t h e  chemistry of complexes w i t h  complex 

cova len t  bond between t r ans i t i on -me ta l  and phosphorus, such as 
1 phosphonate complexes, has  n o t  been w e l l  e s t a b l i s h e d .  

t h e  s t r u c t u r a l  i n fo rma t ion  of [Cp(CO) 2FeP(0) ( O E t )  1 i n  s i n g l e  

c r y s t a l  and i n  s o l u t i o n ,  where Cp s t a n d s  f o r  cyc lopen tad ieny l  

group. 

We r e p o r t  

2 

CRYSTAL STRUCTURE OF [Cp (CO) 2FeP (0) (OEt) 2l 

The complex, [Cp(C0)2FeP(0) (OEt l2I ,  was prepared  from [Cp(CO) FeCl] 

and P(0Et) accord ing  t o  t h e  literaimre method w i t h  some modifi- 

c a t i o n .  The s i n g l e  c r y s t a l s  w e r e  ob ta ined  from t h e  hexane 

s o l u t i o n .  The X-ray d i f f r a c t i o n  d a t a  were c o l l e c t e d  on a Rigaku 

AFC-5 automated f o u r - c i r c l e  d i f f r a c t o m e t e r  by t h e  use of a n  w-28 

scan  method. The f i n a l  R i ndex  w a s  0.063. The molecular  s t r u c t u r e ,  

t o g e t h e r  w i t h  t h e  s e l e c t e d  bond d i s t a n c e s ,  i s  shown i n  F igure  1. 

2 2 
3 

The X-ray a n a l y s i s  r e v e a l s  two i n t e r e s t i n g  f e a t u r e s .  The 

f i r s t  p o i n t  no ted  i s  t h a t  one of t h e  carbonyl  groups (C1 and O l ) ,  

Fe atom, and phosphoryl group (P and 03) a r e  s i t u a t e d  almost on 
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FIGURE 1 
selected bond d i s t ances .  
P-Fe bond. 

( a )  ORTEP drawing of [Cp(C0)2FeP(0) (OEt)2] showing 
(b) Newman p r o j e c t i o n  along t h e  

t h e  s a m e  plane.  I n  o t h e r  words, one carbonyl  group ( C 1  and 01) 

i s  t r a n s  and t h e  o t h e r  one (C2 and 02) i s  gauche t o  t h e  P=O bond. 

The second p o i n t  noted i s  t h a t  t h e  Fe-CO bond l eng ths  f o r  t h e  two 

carbonyls  a r e  d i f f e r e n t  and t h e  FeC-0 bond d i s t a n c e s  a r e  a l s o  

d i f f e r e n t .  Comparison with t h e  r e s u l t s  of t h e  X-ray ana lyses  

of t h e  r e l a t e d  i r o n  c o m p l e ~ e s , ~  [Cp(C0)2FeP(0) (CF3)2] and 

[Cp(C0)2FeP(CF3)2] , revealed t h a t  t h e  Fe-CO bond d i s t a n c e  i s  

s h o r t e r  in t h e  t r a n s  CO than in t he  gauche CO, and t h e  FeC-0 bond 

l e n g t h  i s  longer  i n  t h e  t r a n s  CO than  i n  the  gauche CO. Since t h e  

i n c r e a s e  of t h e  back donation from a c e n t r a l  metal  atom t o  a 

carbonyl  group causes  a shor t en ing  of t h e  Fe-CO bond and a length- 

en ing  of t he  FeC-0 bond, i t  can be considered t h a t  t h e  phosphoryl 

group promotes a back donation from t h e  i r o n  atom t o  t h e  carbonyl  

group t r a n s  t o  t h e  P=O, and does n o t  a f f e c t  t h e  carbonyl group 

gauche t o  the  P=O. 
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1 

STRUCTURE IN SOLUTION 

I n  o rde r  t o  examine whether t h e  e f f e c t  of  t h e  phosphoryl group 

i s  observed even i n  

measured i n  CDC13. 

c o n s i s t s  of a doublet  a t  16.63ppm (J=6.7Hz) due t o  t h e  methyl 

groups,  a doublet  a t  59.85ppm (J=8.5Hz) due t o  t h e  methylene 

groups, a s i n g l e t  a t  85.82ppm due t o  t h e  cyclopentadienyl  group, 

and a doublet  a t  211.47ppm (J=40.9Hz) due t o  t h e  carbonyl  groups. 

The obse rva t ion  i n d i c a t e s  t h a t  t h e  two carbonyl groups are magnet- 

i c a l l y  equa l ,  t h a t  i s ,  the  phosphonate group r o t a t e s  f r e e l y  along 

t h e  Fe-P bond i n  s o l u t i o n  a t  room temperature on t h e  NMR t i m e  

scale. s o l u t i o n  w a s  measured 

a t  s e v e r a l  temperatures  from 25OC t o  -8SoC, which showed no s i g n i f -  

i c a n t  s i g n a l  changes. Therefore ,  t he  r o t a t i o n  b a r r i e r  a long t h e  

Fe-P bond i n  s o l u t i o n  can be considered t o  be very low. 

s o l u t i o n  o r  n o t ,  t he  1 3 C  NMR spectrum w a s  

The observed spectrum shown i n  Figure 2 

The 13C NMR s p e c t r a  of t h e  CD C 1  2 2  
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