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STERICALLY PROTECTED UNUSUAL PHOSPHORUS COMPOUNDS I N  LOWER 
C O O R D I N A T I O N  STATES: DIPHOSPHENES, PHOSPHAETHYLENES, AND 
1-PHOSPHA- AND 1,3-DIPHOSPHAALLENES 

MASAAKI YOSHIFUJI," KOZO TOYOTA, KATSUHIRO SHIBAYAMA, 
TAKASHI HASHIDA, and N A O K I  I N A M O T O  
Department of Chemis t ry ,  F a c u l t y  of S c i e n c e ,  
The U n i v e r s i t y  o f  Tokyo, Hongo, Tokyo 113, Japan 

A b s t r a c t  Physicochemical  p r o p e r t i e s  and c h e m i c a l  r e a c t i v i -  
t i e s  of some s t e r i c a l l y  p r o t e c t e d  unusua l  phosphorus com- 
pounds i n  l o w e r  c o o r d i n a t i o n  s t a t e s  are d i s c u s s e d  such as 
diphosphenes,  phosphae thy lenes ,  and 1-phospha- and 1,3-di-  
phosphaa l l enes .  

We have r e p o r t e d  t h e  p r e p a r a t i o n  and c h a r a c t e r i z a t i o n  o f  s e v e r a l  

d i p h o s p h e n e s  s u c h  as 1 a n d  2 as s t a b l e  compounds by u t i l i z i n g  

2 ,4 ,6 - t r i - t -bu ty lpheny l  moie ty  as a p r o t e c t i n g  group. 

P=P 
Ar\ 

ArPC12 t Mg - 
\ A r  

DBU A r  
A r P H 2  t MesPC12 - 'P-P 

\Mes 
(Ar=2,4 ,6-But3C6H2; Mes=2,4 ,6-Me3C6H2) 2 

At tempts  t o  p r e p a r e  a P -coord ina ted  chromium complex o f  1 f a i l e d  

p r o b a b l y  b e c a u s e  t h e  a r y l  g r o u p s  a r e  t o o  b u l k y  t o  p e r m i t  t h e  

r e a c t i o n  of 1 w i t h  (THF)Cr(C0)5. On t h e  o t h e r  hand, t h e  t h e r m a l  

r e a c t i o n  of 1 w i t h  hexacarbonylchromium(0) gave mono- ( 3 )  and b i s -  

(4) a r e n e  metal complexes.  

1 t C r ( C O ) 6  - ( A r P = P A r ) C r ( C 0 ) 3  t ( A r P = P A r )  [ C r ( C O ) 3 ] 2  
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I n d e e d ,  when t h e  l e s s  b u l k y  d i p h o s p h e n e  ( 2 )  was e m p l o y e d ,  t h e  

c o r r e s p o n d i n g  !-coordinated complex  (5: M = C r )  was o b t a i n e d .  

S i m i l a r l y  molybdenum and t u n g s t e n  complexes a t  t h e  phosphorus were 

prepared.  

Ar /M(CO)5 
2 t (THF)M(CO)5 - 'P-P 

'Me s 
( M = C r ,  Mo, W) 5 

The complexes 5 were a l s o  p repa red  by an a l t e r n a t i v e  method from 

(ArPH2)pentacarbonylmetals(O) ( 6 )  o f  Group V I  a n d  m e s i t y l p h o s -  

phonous d i c h l o r i d e  i n  t h e  p re sence  of a base  as fo l lows .  

DBU 
(ArPH2)M(C0)5 t MesPC12 - 5 

6 

I n t e r e s t i n g l y ,  t h e  complexes 5, were photo- isomerized t o  t h e  cor- 

responding (Z-diphosphene)-transition metal complexes (7). 

h v  A r  ,Me s 
5 'P=P 1 

co 15 
7 

S i m i l a r  i s o m e r i z a t i o n  r e a c t i o n  of benzyl idenephosphine 9 i t s e l f  t o  

9' ( t h e  phosphaethylene 9 was prepa red  from s i l y l p h o s p h i d e  8 and 

b e n z a l d e h y d e )  was o b s e r v e d  on  i r r a d i a t i o n .  The p h o s p h i d e  8 

r e a c t e d  w i t h  s t y r e n e  ox ide  t o  a f f o r d  phosph i ranes  (10 and lo')? 

and  w i t h  d i p h e n y l k e t e n e  t o  g i v e  1 - p h o s p h a a l l e n e  11.' More 

i n t e r e s t i n g l y ,  8 r e a c t e d  w i t h  c a r b o n  d i o x i d e ,  f o l l o w e d  by t h e  

a d d i t i o n  of  b u t y l l i t h i u m  t o  12, t o  a f f o r d  1,3-diphosphaal lene 13, 

probably via a phosphaketene ( A r P = C = O ) .  

The r e a c t i o n s  of  9, 9 ' ,  11, and 13 i n c l u d i n g  s u l f u r i z a t i o n ,  reduc-  

t i o n ,  t h e r m o l y s i s ,  and c o o r d i n a t i o n  w i t h  Group V I  metal pen taca r -  

b o w l s  h a v e  b e e n  s t u d i e d .  The s t r u c t u r e s  i n  s o l u t i o n  a n d  i n  

s o l i d  h a v e  b e e n  d i s c u s s e d  i n  t e rms  o f  3 l P - N M R  d a t a  a n d  X-ray 

ana lyses .  We have a l s o  found a good c o r r e l a t i o n  among t h e  3 l P -  

N M R  c h e m i c a l  s h i f t s  o f  t h e  t r a n s i t i o n  metal  c o m p l e x e s  and  t h e  
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A r P  ( L i  ) S iMe2Bu 

8 

A r  ,H A l ,  = C/Ph 
H \ 

h v  

9 9’ 
‘Ph -c 

\P=C 

Ar’ 
P h C H-C H 2 t t- 10 10’ 

/Ph Ph2C=C=O A r  -P = C =C 
‘Ph . 11 

c o o r d i n a t i o n  s i t e s  have  been a s s i g n e d  f r o m  t h e  NMR d a t a .  l o  

F u r t h e r m o r e ,  p h o t o i s o m e r i z a t i o n  r e a c t i o n  o f  13 was m o n i t o r e d  by a 

method u s i n g  a c h i r a l  HPLC column,  (t)-PTrMA. 

F i n a l l y ,  we have  c o n f i r m e d  t h a t  t h e  s t e r i c  p r o t e c t i o n  p l a y s  a n  

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

phosphorus  a t o m s  i n  l o w e r  c o o r d i n a t i o n  s ta tes  by a b  i n i t i o  c a l c u -  

l a t i o n .  l 1  
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