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COPPER(1) COMPLEXES W I T H  ELECTRON DEFICIENT /u -PRR' 

PHOSPHIDO GROUPS I N  TRANSITION METAL CHEMISTRY 
B R I D G I N G  - A N O V E L  C O O R D I N A T I O N  MODE OF SEC~NDARY 

D .  J .  BRAUER, P. C. KNUPPEL and 0. STELZER 
Fachbe re i ch  9 ,  Anorg. Chemie, Be rg i sche  U n l v e r s i t a t -  
G H  Wupper ta l ,  GauRstraRe 20,  D-5600 Wupper ta l  1 

A b s t r a c t  Copper(1)  phosphido complexes c o n t a i n i n g  
e l e c t r o n  d e f i c i e n t  9 - P R R '  b r i d g e s  are formed by 
P-Si c l e a v a g e  react1 n s  i n  s i l y l p h o s  h i n e s  w i t h  CuCl 
or by d e p o l y m e r i z a t i o n  o f  po lymer i c  fCu( PPh2) In  w i t h  
PMe3 or PMe3/CuC1. 

I N T R O D U C T I O N  

Secondary  phosphido g roups  PRR' ( A )  w i t h  t h e i r  two l o n e  
e l e c t r o n  p a i r s  t y p i c a l l y  b i n d  two t r a n s i t i o n  metals v i a  
e l e c t r o n  precise M-P bonds. ' Metal-metal b r i d g i n g  may, 
however, a l s o  be a c h i e v e d  by l i g a n d s  X p r o v i d i n g  o n l y  one  
p a i r  o f  e l e c t r o n s  f o r  bonding w i t h i n  t h e  M-X-M u n i t s ,  t h e  
tetrameric coppe r (  I )  a l k y l s ,  e. g. [Cu(CH2-SiMe3) 
a n  example. The c o p p e r ( 1 )  phosphido s p e c i e s  PRR'Cu ( C )  

which are i s o e l e c t r o n i c  t o  CH2SiMe- ( B )  s h o u l d  have  t h e  
p o t e n t i a l  of b i n d i n g  two a d d i t i o n a l  Cu(1)  i o n s  t h u s  
forming e l e c t r o n  d e f i c i e n t  / ~ l  -PRR'Cu3 b r i d g e s  ( D ) .  

b e i n g  

3 

3 
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Format ion  of Copper(1)  Phosphido Complexes w i t h  -PRR' 
Br idges  
Copper(1)  complexes showing t h i s  new t y p e  of c o o r d i n a t i o n  
mode f o r  s econdary  phosphido g r o u p s  may be o b t a i n e d  by 
i )  c l e a v a g e  of t h e  P-Si bonds i n  s i l y l p h o s p h i n e s  w i t h  
c o p p e r ( 1 )  h a l i d e s  o r  i i )  d e p o l y m e r i z a t i o n  of po lymer i c  
c o p p e r ( 1 )  phosphides  by L e w i s  b a s e s  (e .g .  p y r i d i n e ,  PMe3). 
I n  p r e l i m i n a r y  work394  w e  w e r e  a b l e  t o  show v e r y  r e c e n t l y  

t h a t  c l e a v a g e  o f  t h e  P-Si bond i n  t h e  s i l y l p h o s p h i n e s  

." 3- 
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( iPr)2P-CH2-P( iPr)SiMe !I or Me3Si( iPr)P-CH2-P( iPr)SiMe3 5 
3 

with CuCl in presence of pyridine affords copper(1) 
phosphido complexes containing p3-P(iPr)(-CH2-)Cu3 units 
(eq. I ,  2; fig. I ,  2). 

A R  P' 

(1 1 R2P-CH2-P( R)SiMe3 Py . R2P 
+ - Me3SiC1 1 Cl-Cu/ *. I \cu- . c1 

4 CuCl cu CU' 
PY' \/ 'PY 

1 2  -' I R - iPr, tBu 
2 Me3Si(R)P P(R)SiMe3 py CH3CN 

A 

+ - 4 Me3SiC1 8 CuCl 

R I iPr, tBu, 
2,4,6-Me C H 3 6 2  

L, L' - Py, CH3CN 
n P 1 ,  2 

6 
I) 

3 )  
A 

HRP PRH + 8 CuCl 

c 
4 DBU/P~/CH~CN 

( - 4 DBU.HC1 

a In an alternative synthetic approach to the Cu 
clusters 2 - 2 disecondary methylenebisphosphines are em- 
ployed as a source of [RP- PRI2' bridging anions (eq. 3 ) .  

Compounds i - i  were characterized by molecular 
weight determinations, 31P { HI-NMR spectra and conductivi- 
ty measurements indicating a monomeric and nonionic 
structure in solution. 

1 

The x-ray structural analysis of revealed that the 
R2P-CH2-PR unit ligates each copper atom and established 
p3-bridging of the P(iPr)4H2 phosphido group (fig. 1 ) .  

In the solid state 1 exists as an infinite polymer through 
Cu-C1-Cu bridging of the monomers. The coordination geome- 
try at PI is distorted trigonal bipyramidal with PI, Cu2, 
C1, C4 forming the equatorial plane, the "axial" copper 
atoms Cul and Cu3 being inclined by 67.4' (Cu2-PI -Cul ) 
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COPPER( I )  COMPLEXES W I T H  JA3-PRR' B R I D G E S  45 1 

and 70.4O (Cu3-PI-Cu2) towards  t h i s  p l ane .  

1 
I 

F I G U R E  1 FIGURE 2 

I n  t h e  c l u s t e r  t ype  compound 2 ( R  - i P r )  f o u r  
CuC1(Py)n g roups  ( n -  1 ,  2 ) a r e  bound t o  t h e  C U ~ ( R P C H ~ P R ) ~  
c o r e  v i a  Cu-C1-Cu and Cu-P-Cu b r i d g e s .  As a r e s u l t  f o u r  
e l e c t r o n  d e f i c i e n t  -PR(CH2)Cu u n i t s  w i t h  d i s t o r t e d  tri- 
g o n a l  b ipy ramida l  c o o r d i n a t i o n  geometry  a t  P are formed. 

Depo lymer i za t ion  of  po lymer i c  c o p p e r ( 1 )  phosphido 

3 3 

complexes t u r n e d  o u t  t o  be a n  a l t e r n a t i v e  s y n t h e t i c  pro-  
cedure  f o r  t h e  p r e p a r a t i o n  of  n o v e l  c o p p e r ( 1 )  phosphido  
complexes w i t h  -PR2 b r i d g e s .  Thus r e a c t i o n  o f  
[Cu(PPh2)In6 w i t h  PMe 
complexes (1, i )  c o n t a i n i n g  p2-PPh2 and /u -PPh2 i n  t h e  
same molecule  ( eq .  4 ,  5 ) .  

3 
o r  PMe /CuC1 y i e l d e d  phosphido  3 3 

3 

4 PMe, 

m - 3  

7 Ph2P PPh2 
I 

L = PMe3 
PPh2 

L-cu ' \Cu-L 

( 5 )  

PPh2 
a C U L 2  I 
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The x-ray s t r u c t u r a l  a n a l y s i s  o f  ( f i g .  3 ,  4 )  shows 

a n  a lmos t  p l a n a r  six-membered Cu P r i n g  sys t em t o  which 3 3  
one CuCl a c c e p t o r  u n i t  i s  added,  t h u s  forming  two 
p3-PPh2Cu3 u n i t s  w i t h  d i s t o r t e d  t r i g o n a l  b ipy ramida l  
c o o r d i n a t i o n  a t  phosphorus.  

FIGURE 4 

F I G U R E  3 

The atoms Cu l ,  P2, C 1 9 ,  Cl3  o r  Cu l ,  P3, C25, C 3 1  
d e f i n e  t h e  e q u a t o r i a l  p l a n e s ,  Cu3 and Cu4 o r  Cu2 and  Cu4 
occupy t h e  "axial" p o s i t i o n s .  The p o s i t i o n  o f  t h e  CuCl 
a c c e p t o r  and t h e  geometry o f  t h e  six-membered Cu P r i n g  
sys tem is  shown i n  f i g .  4. The a v e r a g e  v a l u e s  of  
Cu-P(p2-PPh2) (229.5 pm) and Cu-P(p3-PPh2) 239.0 ( e q )  o r  
246.5 ppm ( a x ) )  are i n  agreement  w i t h  t h e  e l e c t r o n  
d e f i c i e n t  n a t u r e  of  Cu-P bonding i n  t h e r  -PPh2Cu u n i t s .  

3 3  

3 
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