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MIXED-VALENCE DIPHOSPHORUS COMPOUNDS 

GERHARD BETTERMANN, HORST BUHL, REINHARD SCHMUTZLER*, 
DIETMAR SCHOMBURG, and ULRICH WERMUTH 
I n s t i t u t  fur Anorganische Chemie de r  Technischen U n i v e r s i t a t ,  
Pocke lss t rasse  4, 3300 Braunschweig, ALLEMAGNE 

We have r e p o r t e d  i n  1981/82 t h e  symmetr ic d i p h o s p h o r y l a t i o n  of 
N.N ' - d ime thy l  -N.N'  - b i s (  t r i m e t h y l s i  l y l  )u rea  , 1, w i t h  methy l  d i c h l o -  
rophosphine. D e c h l o r i n a t i o n  o f  t h e  r e s u l t i n g - p r o d u c t ,  2a, l e d  t o  
t h e  f o r m a t i o n  of a b r i d g e d  d iphosphine,  3a, which, i n  t u r n ,  s r v e d  

and Ph5P) diphosphorus compounds as a r e s u l t  o f  s e l e c t i v e  o x i -  
d a t i v e  a d d i t i o n  a t  one o f  t h e  two i3 phosphorus atoms which l eaves  
t h e  P - P  bond i n t a c t ,  

as a s r e c u r s o r  t o  t h e  s y n t h e s i s  o f  v a r i o u s  mixed va lence ( h  3 P i  e4 P 

F1 C1 (R)PN(Me)C( :O)N(Me)P( R)C1 

2a : R = Me 

2b : R = Ph 
- 

- 

3a : R = Me - I I 

R P- kR 3b : R = Ph - 

We have now prepared t h e  P.P ' -d iphenyl  analogue o f  2a, 2b by t h e  
r e a c t i o n  o f  1 w i t h  PhPC12. An a t tempt  a t  t h e  p r e p a r z i o n  o f  t h e  
N . N ' - d i m e t h y i  u rea -b r idged  d iphosphine,  3b, by t r e a t i n g  2b w i t h  a 
reagen t  newly i n t r o d u c e d  i n t o  phosphoruschemis t r y ,  o x a l z  a c i d  
b i  s (  tr ' m e t h y l s i  l y l  ) e s t e r  , s u r p r i s i n g l y  f u r n i s h e d  t h e  p r e v i o u s l y  
known ?3 A3Ph4P mixed va lence diphosphorus compound, 4, i n  one s t e p :  

0 
Me,N/ i! \N/ Me 

Php- i \ P h  

4 

I I  
- 2b + Me3SiOC( :O)C( :O)OSiMe3 ------+ 

-Me$ i C 1 

0 -co, co2 

The new s y n t h e s i s  i s  s u p e r i o r  t o  t h e  p r e v i o u s  one, p r o v i d i n g  4 i n  
good y i e l d  and h i g h  p u r i t y .  I t s  i d e n t i t  

x3 

has been con f i rmed  b y  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 tudy  Y . 

O x i d a t i v e  a d d i t i o n  o f  tetrachloro-o-benzoquinone (TOB) a t  t h e  
osphorus atom i n  4 was found t o  p r o v i d e  an easy access t o  a 

5PgQP diphosphorus compound, - 5. 
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0 

Several new classes of organophosphorus compounds involving a phos- 
phorus-phosphorus bond have become accessible via simple one-step 
syntheses by an extension of the phosphorylation of 1_, employing 
dialkyl-amino dichlorophosphines, R2NPC12.  The  overall  reaction 
proceeds i n  accord with eq. ( 2 1 ,  

0 

0 
- 6a: R = Me; - 6b:  R = E t ;  - 6c: R2 = ( C H 2 ) 4 ;  g: R2 = O ( C H 2 C H 2 ) 2  

While the mechanism of the formation of 6 has not been elucidated 
i t  must, c lear ly ,  involve a sequence of Ti-N cleavage react ions,  
as well as a scrambling reaction, producing ( R 2 N ) 2 P C 1 .  The f a c i l e  

formation o f  the P-P bond i n  6 may probably be rat ion l ized 
in terms of the ideas advanced by SiTler and his co-workers g. Com- 
pounds of type 6 involve an en t i re ly  novel s t ructural  element in 
phosphorus c h e d s t r y ,  v i z .  the d i r e c t  and s tab le  combination of 
a phosphonium (P') and a phosphoranide ( P - )  phosphorus a om. The 
ident i ty  of gppounds 6 i s  c lear ly  es  ablished by t h e i r  f H  and, 

For 6b  ( R  = E t )  a s ingle  crystal  X-ray d i f f rac t ion  study has been 
conducted which has revealed, for  the o l id  s t a t e ,  the presence 

of c orine-bridged dimersof  6b  in which the two phosphoranide 

-with bond angles near 90°. 
Chlorine-fluorine exchange i n  6 ,  using the simple reagent, 

sodium fluoride in a c e t o n i t r i l e ,  has furn is  ed a novel type  

f 1 uorophosphoranes , - 7 , 

especial ly ,  P n.m.r.-spectra (with f J(PP) of the order o f  160 Hz). 

b o t h  of molecules of type 6b  ( r ( h  4 (  P +'hP(-) 2 
( A  4 P r-1 ) phosphorus atoms and tE chlorine atoms form a planar ring 

mixed valence diphosphorus compound, v i z .  A 9 P-substituted ( h  8 P I -  

2.195(1) A ) ,  as well as 

f 

Q 
Me,N,C, /Me Y 
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T h i s  c l a s s  o f  compounds a l t h o u g h  evidence f o r  i t s  t r a n s i e n t  e x i s t -  
ence has been o b t a i n e d  6 ,  has r e s i s t e d  a l l  p r e v i o u s  a t tempts  a t  i t s  
i s o l a t i o n  and complete c h a r a c t e r i z a t i o n  7. A number o f  f l u o r o p h o s -  
phoranes o f  t y p e  7 have now been ob ta ined .  The c r y s t a l  s t r u c t u r e  o f  
- 7 ( R  = E t )  has been determined, and has revea led  a b u t t e r f l y - t y p e  
arrangement o f  t h e  h3P[(Me)NC( :O)N(Me)l2 group a t  l a r g  l y  t r i g o n a l -  

one a x i a l  p o s i t i o n  each. 
The l o w e r - v a l e n t  phosphorus atom i n  compounds o f  t y p e  6 was 

found t o  d i s p l a y  c h a r a c t e r i s t i c  r e a c t i v i t y ,  e.g. i n  t h e  r e a c t i o n  
of - 6b w i t h  TOB which l e d  t o  a p roduc t  o f  o x i d a t i v e  a d d i t i o n ,  - 8: 

b ipy ramida l  , pen ta -coo rd ina te  phosphorus , w i t h  F and A 5 P occupying 

!! Me 
9 

Me\N/ \” 

N N  
Me’ ‘C’ ‘Me 

1; 8 

C h l o r i n e - f l u o r i n e  exchange i n  8 w i t h  AsF 
has f u r n i s h e d  ano the r  
p h o s p h o r u s  c o m p o u n d  , 2 which has been c h a r a c t e r i z e d  by 
I 9 F  and 31P n.m.r. spect roscop . 
pound, 10, f rom - 7b by a d d i t i o n  o f  e lementa l  s u l f u r  a t  A P i s  a l s o  
n o t e w o r S y  , 

( b u t  n o t  w i t h  NaF/MeCN) 
new t y p e  o f  z w i l t e r i o n i c  

9 The p r e p a r a t i o n  of a A 5 Y  P A  P mixed va lence d iphosph r u s  com- 

Me\N/C\N,Me 
I 1 me1 t 

I 125O/20 m i  n.’ 
J- y (F ) (NEt2 )  + 8 s 8  

/“Me 

7b - 
F 
0 

4 
The i d e n t i t y  of  10, as a nove l ,  h P - s u b s t i t u t e d  
rane, has been e z a b l i s h e d  on t h e  b a s i s  o f  i t s  18F and j l P  n.m.r. 
spec t ra .  

phosphorus atom by a l o w e r - v a l e n t  phosphorus s u b s t i  t u e n t  has been 
achieved, i n  t h e  r e a c t i o n  o f  t h e  spiro-monochlorophosphorane, - 11, 
w i t h  {h2PSiMe3, p roduc ing  a h3P-subst i  t u t e d  s p i  rophosphorane, 12: 

O=C<!>b<>C=O + Ph2PSiMe3 - O=C, ,P, ,C=O ( 6 )  - 

Ae he - 1 1  Me Me - 1 2  

o n o f l u  rophospho- 

F i n a l l y ,  a f i r s t  s u b s t i t u t i o n  r e a c t i o n  a t  a f i v e - c o o r d i n a t e  

M,e P P t - p  

-Me3SiC1 Y Y 
MN.‘ A, Me c1 Ye 
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1 C h a r a c t e r i z a t i o n  o f  12,  a s i d e  f rom n.m.r. ( J(PP) 269 Hz) and mass 
spect rometry ,  was b y T 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  g.  

As has p r e v i o u s l y  been noted by W e f e r l i n g  l o ,  t h e  P-P bond i n  
a l l  ou r  mixed va lence diphosphorus compounds i s  o f  s t r i k i n g l y  con- 
s t a n t  l eng th ,  rega rd less  o f  t h e  o x i d a t i o n  s t a t e  and/or coo rd ina -  
t i o n  number o f  t h e  two phosphorus atoms. Four new values o f  rpp,  
ob ta ined  i n  t h e  course o f  t h e  p resen t  work ( f o r  compounds 4 ,  
6b, 7 (R = E t ) ,  and 2 f u r t h e r  se rve  t o  i l l u s t r a t e  t h i s  p o i n t ,  
G t h - o n l y  t h e  number f o r  t h e  A3P-subst i  t u t e d  f luorophosphorane,  

l i g h t  d e v i a t i o n  f rom t h e  "s tandard "  va lue,  o f  t h e  

Acknowledgements: Thanks a r e  due t o  Bayer AG, Hoechst AG, and 
S t a u f f e r  Chemical Co. f o r  g i f t s  o f  chemicals .  A lso,  suppor t  by 
Fonds de r  Chemischen I n d u s t r i e ,  F r a n k f u r t  am Main, i s  g r a t e f u l l y  
ac know1 edged. 
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