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SYNTHESES , STRUCTURE AND REACTIVITY OF l')' ,l')3-1-PHOSPHAALLYL- 
IRON COMPLEXES 

F. MERCIER and F. MATHEY 

L a b o r a t o i r e  CNRS-SNPE, 2-8 r u e  H .  Dunant, 94320 T h i a i s  k a n c e )  

A b s t r a c t  : Syntheses,  s t r u c t u r e  and r e a c t i v i t y  of T)' ,n3-phos- 
p h a a l l y l i r o n  ccmplexes [l')'P- (n3-RP-CH=CHR' ) F e  (CO) (Cp)] W (CO)5. 

Although t h e  u b i q u i t o u s  q 3 - a l l y l  l i g a n d  h a s  been shown t o  p l a y  

a n  i m p o r t a n t  r o l e  i n  many t r a n s i t i o n  metal mediated r e a c t i o n s  , 
l i t t l e  i s  known abou t  t h e  chemis t ry  of ~ ~ - h e t e r o a l l y l  canp lexes  : 

/p 4-I+ 61% fp 
M M M n 

d a - C - b - - 
I f  w e  e x c e p t  t h r e e  h e t e r o a l l y l  s p e c i e s  c o n t a i n i n g  n i t r o g e n s  ( 1 )  

which have been s y n t h e t i z e d  b u t  n o t  s t r u c t u r a l l y  c h a r a c t e r i z e d ,  two 

such canpounds have been unambiguously c h a r a c t e r i z e d  v e r y  r e c e n t l y .  

One i s  t h e  r)3-l-azaallylmolybdenum complex ( 2 )  and t h e  o t h e r  

i s  a t r i c a r b o n y l ( 1  , 3-d iphosphaa l ly l )  c o b a l t  complex ( 3 )  : 

F H 

it-+,-, R - 2.4.6-tri-tert- 
butylphenyl 

R = Ph. 

j W 0 ) p  CO(CO)3 4-C6H4-Me 

CP 

W e  wish t o  r e p o r t  h e r e a f t e r  on t h e  s y n t h e s i s  of q1,q3-l-phos-  

p h a a l l y l i r o n  complexes belonging t o  t h e  5 t y p e  : 

H 

Such complexes could be formed from secondary v i n y l p h o s p h i n e s .  

However t h e s e  molecules  are p a r t i c u l a r l y  u n s t a b l e  because o f  t h e  

tendency of t h e  P-H bond t o  add t o  t h e  v i n y l  bond t o  g i v e  polyme- 

r i z e d  by-products .  On t h e  o t h e r  hand, w e  have shown i n  p reced inq  
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218 F. MERCIER AND F. MATHEY 

papers  (4 )  t h a t  P-cmplexat ion wi th  W ( C O ) 5  is a very  powerful t o o l  

f o r  s t a b i l i z i n g  canpounds with P-H bonds. W e  a r e  no t  q u i t e  s u r e  of 

t h e  reasons of t h i s  s t a b i l i z i n g  e f f e c t  i n  t h e  coord ina t ion  sphere 

of tungsten but  it could be due t o  an enhancement of t h e  P-H bond 

s t r eng th  d is favor ing  h m o l y t i c  cleavage. Therefore  q u i t e  s t a b l e  and 

v e r s a t i l e  v i n y l  cmplexes  were prepared success fu l ly  i n  3 s t e p s  

from t h e  corresponding vinyldiethylaminophosphines 2. 
R THF 

'P-Cl + BrF19CH.CH-R' 
Et2N' -7O'C t o  R.T. 

1 - 
W(C0)5.THF R, ,CH-CHR' R =  

25°C ' Et,N/'\W(CO), R ' =  
3 - 

'>-CH=CHR' 

2 
Et2N 

- 
Me. Ph  

H, Ph 

3 -  HCl gas R,(;C;;R' LiAlH4 excess '>c' 25 t o  80% from 3 
- C6H6. 25OC C l /  E t20 ,  25.C ( O C ) 5 W  

4 - 

A s imi l a r  scheme was used f o r  t h e  syn thes i s  of stable divinylphos-  

phines 4 (R=CH=CHR') from 1 (R=C1) and two equiva len ts  of  v i n y l  

magnesium branide.  

Having i n  our hands s t a b l e  complexes of secondary vinylphos- 

phines ,  w e  then centered our e f f o r t s  on t h e  prepara t ion  of q3-phos- 

phaa l ly l i ron  cmplexes .  The r e a c t i o n  of cmplexes - 4 with [CpFeCD;]2 

i n  bo i l ing  xylene afforded t h e  rll ,n3 -phosphaal lyl i ron c m p l e x e s  

- 6 and - 7 among o the r  products .  
R '  

- 5 (20-30%) 6 (10-25%) ( 3 4 % )  

The products  d i s t r i b u t i o n  was found t o  depend c r i t i c a l l y  on t h e  

temperature condi t ions  and s u b s t i t u e n t s  used. Thus , when R = Ph, Me 

R ' =  H ,  w e  noted t h e  formation of s a tu ra t ed  complexes 

[CpFe ('20) 21 [P ( R )  (E t ) ]  [W (CO) 
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PHOSPHAALLYL-IRON COMPLEXES 219 

t h e  p r o p o r t i o n s  o f  which i n c r e a s e d  when i n c r e a s i n g  t h e  t e m p e r a t u r e  

up  t o  130OC. C o m p l e x  - 5 h a s  the classical  3 - e l e c t r o n  p-phosphido  

s t r u c t u r e .  I t  c a n  be s e e n  as a q1 ( u ) h e t e r o a l l y l  complex in t e rme-  

d i a t e  wh ich  c a n  t h e n  t h e r m a l l y  g i v e  t h e  q 3 - h e t e r o a l l y l i r o n  c a n p l e x  

a f t e r  l o s i n g  CO. T h i s  CO d i s p l a c e m e n t  r e a c t i o n  c a n  a l s o  be a c h i e v e d  

by a b r i e f  i r r a d i a t i o n  i n  CH C 1  s o l u t i o n  t o  g i v e  a 80% overall  

y i e l d  o f  a m i x t u r e  o f  6 and - 7 ( r a t i o  1 / 3 ) .  
2 2  

The q 3  - h e t e r o a l l y l  

s t r u c t u r e  o f  complexes  5 
(R = R ' =  Ph) w a s  demons- 

t r a t e d  by a s i n g l e  c r y s -  

t a l  X-ray d i f f r a c t i o n  

s t u d y .  The r e s u l t s  are  

i l l u s t r a t e d  i n  F i g .  1 .  

The s h o r t  P-C ( v i n y l )  bond 

of - 6 ( 1 . 7 6 1 ( 5 )  i) is 

q u i t e  similar t o  t h o s e  

found i n  v a r i o u s  n5-phos- 

t? 

p h a p e n t a d i e n y l  complexes ( 5 ) .  and i n  t h e  r e c e n t l y  described 1 , 3 - d i -  

p h o s p h a a l l y l c o b a l t  c a n p l e x  ' ( 2 )  . 
Canplex 6 (R = Ph,  R ' =  H) was a l s o  a n a l y z e d  by c r y s t a l  X-ray 

d i f f r a c t i o n  b u t  w e  were u n a b l e  t o  g e t  qocd enough c r y s t a l s  t.o 

o b t a i n  r e l i a b l e  bond d i s t a n c e s  and a n g l e s .  N e v e r t h e l e s s ,  t h e  col- 

l e c t e d  d a t a  g a v e  u s  v a l u a b l e  i n f o r m a t i o n s  c o n c e r n i n g  t h e  stereo- 

chemist .ry o f  t h e  canpound.  The o v e r a l l  s t r u c t u r e  i s  s i m i l a r  t o  t h a t  

of 6 ( R  = R ' =  Ph) where t h e  W a t m  and Hc a r e  s y n  (PI-P-C-Hc d i h e -  

d r a l  a n q l e  6 . 6 O )  and Fe-CO u n i t  i s  p o i n t . i n q  towards  t h e  opposite 

d i r e c t i o n  t o  C-Hc. 

- 

On t h e  b a s i s a o f  lH NMR spectra ,  w e  p o s t u l a t e  t h a t  i n  c a n p l e x e s  

7 Hc i s  p r o b a b l y  a n t i  t o  W and l o c a t e d  c lose t o  t h e  Fe-CO u n i t .  

This s t e r e o c h e m i s t r y  e x p l a i n s  why Hc r e s o n a t e s  a t  lower f i e l d  t h a n  

i n  6 and why no c o u p l i n q  i s  obse rved  bet-ween H, and P .  

Ot-her complexes were c a n p l e t e l y  c h a r a c t e r i z e d  by e l e m e n t a l  

- 
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220 F. MERCIER AND F. MATHEY 

a n a l y s e s ,  NMR, I R  and mass spec t roscopy.  

A t  roan temperature  i n  s o l u t i o n ,  a n  e q u i l i b r i u m  between 6 and - 
- 7 appears  t o  t a k e  place f a v o r i n g  t h e  format ion  of 6 (which is t h e  

thermodynamic p r o d u c t ) .  O f  c o u r s e  t h e r e  is a n  impor tan t  q u e s t i o n  

concerning how does i n t e r c o n v e r s i o n ,  between 6 and - 7 , t a k e  p l a c e  

and i f  t h e  mechanism is involv ing  or  n o t  an  r l ' - h e t e r o a l l y l  i n t e r -  

mediate .  Our f i r s t  approach t o  t h i s  problan  w a s  t o  s t u d y  t h e  reac- 

t i v i t y  of t h e  q 3  s p e c i e s .  Indeed,  i f  t h e  5 * 7  - e q u i l i b r a t i o n  invol -  

v e s  an  q3+r11 a l l y 1  conversion w i t h  t h e  release of a f r e e  coordina-  

t i o n  s i t e  on t h e  metal, t h i s  one could be occupied by an e x t e r n a l  

l igand .  

- 

We have t h e r e f o r e  begun t o  i n v e s t i g a t e  t h e  r e a c t i o n  of t h e s e  

complexes w i t h  v a r i o u s  r e a g e n t s .  By t h e r m o l y s i s  o r  p h o t o l y s i s  of 

t h e  syn i s a n e r  6 ,  w e  d o  n o t  observed any new canplexes  w i t h  weak 

two-electron donors  ( , PhCH=CHPh, THF.. . )  . When using s t rong  

donors l i k e  PR2 (R = OMe, P h ) ,  t h e  r e a c t i o n s  proceed and g i v e  new 

canpounds such as [CpFe ( C o l d  [ P (R)  (CH=CHR' 4 [W (CO)4 (PR:)] . But. 

t h e s e  compounds do  n o t  r e s u l t  from an i n t e r m o l e c u l a r  d i sp lacement  

of t h e  v i n y l  u n i t  by t h e  phosphane. They r e s u l t  from an a d d i t i o n  

2 0 
3 

of t h e  phosphane t o  an u n s t a b l e  complex 

which i s  i n t e r m e d i a t e l y  formed. This  

l a t t e r  canplex ,  which is  b r i e f l y  observed 

dur ing  t h e  p h o t o l y s i s  of - 5 ,  is  similar t o  
(CO)#  - Fe(CO)(Cp) 

'G' 
t h e  complexes descr ibed  r e c e n t l y  by King ( 6 ) .  II 
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