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PHOSPHINO AND PHOSPHIDO LIGANDS IN MOLYBDENOCENE (AND 
TUNGSTENOCENE) CHEMISTRY 

CHRISTOPHE BARRE, MAREK M. KUBICKI AND CLAUDE MOISE 
Laboratoire de Synthese et d'Electrosynth&se Organo- 
metalliques, Facult6 des Sciences Gabriel, F21000 Dijon. 

Abstract Reactions of metallophosphines bearing bis- 
cyclopentadienylhydridomolybdenum unit with Me1 and 
metal carbonyls (Cr,Mo, W) and the chemical and spectro- 
scopic properties of their products are presented. Some 
tungstenocene derivatives are included. 

I" 

There is an increasing interest in transition-metal phos- 
phido compounds as appropriate materials for stereochemical 
studies1 and for synthesis of phosphido bridged bimetallic 
systems with potential catalytic activity.2-4 Recently we 
prepared diphenylmetallophosphines (Mo,W) starting from the 
corresponding biscyclopentadienyl dihydrides and PPh2C1.5-7 
This method is applied now for syntheses of new metallophos- 
phines with different substituents on phosphorus. 

RESULTS 

Reactions of Cp2MH2 with chlorophosphines PR1R2C1 (R1=R2= 
Ph,Me,NEt2; R1=Ph, R2=iPr,NEt2) give metallophosphonium chlo-, 
rides 1. Deprotonation of A by NaOH leads to the neutral 
complexes 2 or 9, depending on the nature of R1 and R2. , P R ~ R ~  

C1 1 CP~M 2 Cp2Mot- PR1R2H 9 
'H 

R1=Ph, R2=Ph, iPr R1=R2=Me, NEt2 
R1=Ph, R2=NEt2 

[601]/49 

P R ~ R ~ H  
CP2M 

'H 
M=Mo , W 
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R e a c t i o n s  of  Me1 w i t h  2 and 9 g i v e  phosphonium i o d i d e s  9 
and 5, r e s p e c t i v e l y  . 

d ~ ~ 1 ~ 2 ~  

I 4. [CP~MO,  M e  

Ac t ion  of  KH on complexes 5 w i t h  aminophosphines leads t o  
t h e  n e u t r a l  complexes 6 and 9. 

d Cp2Mo t P ( N E t 2 )  2H 9 
/ PPhNEt2 

CP2M0, 
M e  

E l e c t r o n i c  s t r u c t u r e s  of t h e s e  complexes may b e  checked by 
31P and I H  NMR s p e c t r o s c o p i e s .  Data f o r  t h e  compounds w i t h  

aminophosphines are  g i v e n  below ( i n  a c e t o n e ,  d6) as  example.  

631P 'JPH 6'H ( C p )  JPH 

[Cp2MoIV(H) (P  ( N E t 2 )  2 H l  C l  1 3 3 . 9  4 1 1  5 . 4 1  2 . 5  

[Cp2MoIV(Me) ( P  ( N E t 2 ) z H I C l  1 3 3 . 4  4 1 4  5 . 2 9  2 . 4  

Cp2MoII P ( N E t 2 )  2H 1 6 0 . 3  3 5 0  3 . 9 2  5 . 7  

[Cp2MoIV(Me) (PPhNEt2H) 3 C 1  1 0 5 . 0  400 5 . 4 3  2 . 6  

5 . 0 9  1 . 8  

Cp2MoIV ( M e )  (PPh ( N E t 2 )  1 0 2 . 3  - 4 . 6 9  1 . 4  

I H  chemical  s h i f t  v a l u e s  are u s e f u l  p robes  f o r  e l e c t r o n  buf-  
f e r i n g  a b i l i t i e s  of  t h e  Cp r i n g s .  The lowes t  f i e l d s  are ob- 
s e r v e d  f o r  c a t i o n i c  Mo(1V) complexes, f o l l o w e d  by t h e  n e u t r a l  
Mo(1V) complex and t h e  n e u t r a l  Mo(I1) one.  I n  t h i s  las t  pro- 
d u c t ,  t h e  Cp p r o t o n s  r e s o n a t e  a t  t h e  h i g h e s t  f i e l d  o b s e r v e d  
t o  day i n  b e n t  molybdenocenes. The l H  r e sonances  i n d i c a t e  
t h a t  t h e  p o s i t i v e  charge i n  c a t i o n i c  complexes i s  l o c a l i s e d  
r a t h e r  on t h e  Cp2Mo fragment  t h a n  on t h e  phosphorus atom. 

The l i g a n d  behaves so as a normal phosphine bound t o  a metal 
Higher JPH(c~) c o u p l i n g  c o n s t a n t  i n  Mo(I1) complex t h a n  i n  

a l l  Mo(1V) complexes i s  due t o  a h i g h e r  e l e c t r o n  d e n s i t y  on 
t h e  r i n g s .  31P r e sonances  i n  complexes w i t h  P ( N E t 2 ) 2 H  g i v e  

impor t an t  i n f o r m a t i o n s  on t h e  n a t u r e  of the M o  - P bond ing .  
These r e sonances  are l i t t l e  o r  n o t  a f fec ted  by chang ing  t h e  
second <T l i g a n d  on Mo(1V) ( H  vs.Me) b u t  a d e s h i e l d i n g  by 2 7  
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p p m  i s  obse rved  i n  Mo(I1) complex. T h i s  c l e a r l y  i n d i c a t e s  
t h e  p r e s e n c e  of a r a t h e r  s t r o n g  metal t o  phosphorus n-back 

oonding.  The smaller v a l u e  of l J p ~  i n  M o ( I 1 )  t h a n  i n  M o ( 1 V )  

compounds agrees wi th  t h i s  d e s c r i p t i o n .  

Complexes 2 and 9 (R1=Ph, R2=Ph,iPr, R1=R2=Me) react wi th  
M' (CO) 5THF (M'=Cr,Mo,W) g i v i n g  phosphido b r i d g e d  complexes 1 
and 8.  

P R ~ R ~  
M'(co)4 8 

, P R ~ R ~  
/ 

CP2M0, L M ' ( C O ) 5  1 CP2M0, /7 
H H 

A d e s h i e l d i n g  o f  31P r e sonances  of b r i d g i n g  phosph ide  by 90 
t o  1 2 0  ppm i s  obse rved  i n  d i b r i d g e d  complexes 8, w i t h  
respect t o  t h e  monobridged ones  (2). Such a d e s h i e l d i n g  i s  a 

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

and may be due t o  t h e  p r e s e n c e  of m e t a l - m e t a l  i n t e r a c t i o n s .  

X-ray s t r u c t u r e  a n a l y s i s  of one r e p r e s e n t a t i v e  compound 
Cp2W (p-H,  PPh2) W (CO) 4 con f i rms  t h e  above c o n c l u s i o n .  The W-P- 

W a n g l e  of 81.6' i s  much more a c u t e  t h a n  i n  t h e  monobridged 
Cp2Mo ( H )  (p-PPh2) Mn (CO) 2Cp7 (124.5') and t h e  metal - m e t a l  

s e p a r a t i o n  of 3.271(1) A s h o r t e r  t h a n  i n  t h e  M o  - Mn complex 

(4.391(1) A ) .  D
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An opening of the hydrido bridge in 8 (R1=R2=Me) was ob- 
served upon the action of different phosphines (PPh3,PPh2HI 
PPh2MelPPhMe2,PPh2NEt2,PMe2Cl), diphosphines (dppm,dppp), 
phosphite (P (OMe) 3 )  and metallophosphines (Cp2Mo (PMezH) 9, 
Cp2Nb (PMe2) (CO)  , and Cp2T.a (PMe2) (CO) ) . Di-, tri- and tetra- 
nuclear complexes with cis or t r a n s  geometries on metal M' 
are formed in these reactions. 
Dinuclear : , PMe2 

MI (CO) 4 
I 

H L 
(phosphines, P (OMe) 3, dppm) CP2M7 

Trinuclear: 

(metallophosphines) CpzMo, Mo, (Nb,Ta) 
,d 

/ 
H (CO)4 H i  (CO) 

Tetranuclear: 
PMe2 

MOCP2 
/ \  

/ PMe2 
M' (CO) 4 M'(c0)q ~ 

H 
K /I 

H dPPP 
\ 

(dPPP 1 CP2MO 

These studies are currently in progress. 
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