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PHOSPHINOMETHYL COMPOUNDS: VERSATILE TOOLS I N  
ORGANOMF,TALLIC CHEMISTRY 

HANS H. KARSCH and ARMIN APPELT 
Anorganisch-chemisches I n s t i t u t  d e r  Technischen 
Un ive r s i t a t  Miinchen, Lich tenbergs t r .  4, 
8046 Garching , We st-Germany 

Abstract  The prepara t ion  and p r o p e r t i e s  of  some 
main group and t r a n s i t i o n  element compounds (Al, 
S i ,  Sn, P,  Zr, Fe, Co, N i ) ,  containing phosphino- 
methyl s u b s t i t u e n t s ,  a r e  described. 

INTRODUCTION 

The r e a c t i v i t y  and ambidentate na ture  of  phosphino- 
methanides, i.e. [ (R2P)nCH(3-n) 1- has  a t t r a c t e d  our 
a t t e n t i o n  i n  t h e  p a s t ,  e.g. Eq. (I) . I 

8 9 
ICH2-PR2 CH2=PR2 

+ E' I 

Thus phosphinomethyl s u b s t i t u t e d  phosphines have been 
obtained according t o  Eq. (2)2. 

NEW RESULTS 

We have now extended our  s t u d i e s  t o  va r ious  o t h e r  kinds 
o f  e l ec t roph i l e s .  Thus a simple access  t o  novel mono- 
t o  t e t r a d e n t a t e  phosphine l i gands  i s  ava i l ab le ,  Eq. ( 3 >  
Methyl s u b s t i t u e n t s  a t  t h e  phosphorus atom and hetero-  
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element br idges  d i s t i n g u i s h  these  co lou r l e s s ,  a i r  sen- 
s i t i v e  and d i s t i l l a b l e  l i q u i d s .  

The same type of r e a c t i o n  i s  also observed i n  t h e  
analogous organoaluminum system, thus  combining e lec-  
t r o p h i l i c  and nuc leoph i l i c  c e n t e r s  i n  one molecule 
(“amphoteric l i g a n d ” )  , Eq. (4). 

A1C13 + 3 LiCH2PMe2 - “A1(CH2PMe2)3 

1 + 2 A1Me3 (4) 

3 “Me2A1CH2PMe2“ 

The co lou r l e s s  c r y s t a l s  obtained,  by means of spec- 
t ro scop ic  and cryoscopic evidence, conta in  dimeric ,  
six membered r i n g  molecules. No monomeric adducts may 
be i s o l a t e d  on t h e  add i t ion  of Lewis bases ,  e.g. PMe3 
o r  THF, whereas on t h e  add i t ion  o f  LiCH2PMe2 alu-  
minate ions  a r e  formed, i . e .  Li[Me2A1(CH2PMe2)21 and 

Li[A1(CH$Me2)41 . 
The new diphosphines a c t  as  s i x  r i n g  c h e l a t e  

l i gands  i n  t r a n s i t i o n  metal complexes, Eq. (5).  

(C0D)p i  + 2 E(CH2PMe2)2 

[ E  = PMe, SiMe21 

I n  t h e  phosphine/iron(O) 

PMe CH / (VMe2,  / 2 2, 
-E Ni E (5)  

\ / \  / 
CH2PMe2 PMe 2CH 

complex system3, cyclometal- 
a t i o n  occurs a t  t h e  methylene carbon atom and novel 
f e r r a b i c y c l i c  complexes a r e  formed, i.e. - 

CE(CH$’Me2)21 (H)l?ewHECH$Me21 (I3 = H2C, Me2C, 
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Me2Si, Me2Sn, MeP), React ions with CO, and ( i n  t h e  
case  of E = CH2) with N 2 ,  C02 and PR y i e l d  pentaco- 
o rd ina ted  i r o n ( 0 )  complexes and t h u s  demonstrate t h e  
ex is tence  o f  a r e v e r s i b l e  equi l ibr ium with t h e  i r o n ( 0 )  
isomers [E(CH2PMe2)21 2Fe. 

The s t r u c t u r a l  u n i t  of a -phosphinomethanide 
l i gand ,  i , e ,  t h e  t h r e e  membered r i n g  & - seems t o  
account f o r  t h e  s t a b i l i t y  o f  t hese  complexes. 

3 

2 

This  s t r u c t u r a l  f e a t u r e  i s  a l s o  dominant i n  o t h e r  
phosphinomethyl s u b s t i t u t e d  t r a n s i t i o n  metal  complexes, 
obtained by a s i m i l i a r  rou te  t o  Eqs. (21, (3 )  and (41, 
i .e.  Eq. (6).  

/CH2 @-Cl + LiCH2PMe2 - @ 1 
'PMe2 

I n  c o n t r a s t  t o  t h i s ,  t h e  phosphinomethyl group 
n 

I binds  t o  e a r l y  t r a n s i t i o n  metals  i n  a 7 - manner, 

Eq.  (714. 

The bis(phosphinomethy1) d e r i v a t i v e  may act as a 
c h e l a t i n g  diphosphine l igand ,  e,g, according t o  Eq, ( 5 )  
[E = cp2Zr], t h u s  combining e l e c t r o n  r i c h  C N i ( O ) ,  d 1 
and e l e c t r o n  d e f i c i e n t  [Zr(IV),  d 1 metal c e n t e r s  by 
phosphinomethyl br idges.  This  h a s  remarkable conse- 
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quences f o r  t h e  p r o p e r t i e s  o f  t h e  r e s u l t i n g  complex: 
it f o r m s  dark green s o l u t i o n s ,  from which black 
c r y s t a l s  may be obtained (THF). 

groups i s  a l s o  respons ib le  f o r  t h e  r e a c t i o n  course 
according t o  Eq. (8), whereby a novel "heterodiene" 
complex i s  obtained. 

The presence of two nuc leoph i l i c  phosphinomethyl 

cp2Zr(CH2PMe2)2 + CO - cp2Zr-' C-CH2PMe2 (8) 

From t hese  and o t h e r  f ind ings ,  we conclude, t h a t  
t h e  in t roduct ion  of t h e  phosphinomethyl group i n  
organometall ic systems, which i s  e a s i l y  achieved by 
means of phosphinomethanides, may p lay  an important 
and growing r o l e  both i n  organophosphorus and i n  o r -  
ganometall ic chemistry i n  t h e  f u t u r e .  
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