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SHIGERU SASAKI, DAISUKE SHIOMI, TAKASHI NIITSU, 

and  N A O K I  I N A M O T O  

D e p a r t m e n t  of  C h e m i s t r y ,  F a c u l t y  o f  S i c e n c e ,  
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A b s t r a c t  S t e r i c a l l y  s t a b i l i z e d  d i p h o s p h e n e s  and  1 ,3 -  
d i p h o s p h a a l l e n e s  by  2 , 4 - d i - t - b u t y l p h e n y l  o r  2 , 4 , 6 - t r i -  
t - p e n t y l p h e n y l  g r o u p s  were p r e p a r e d .  

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

2 , 4 , 6 - T r i - t - b u t y l p h e n y l  ( A r )  g r o u p  i s  o n e  o f  t h e  m o s t  

u s e f u l  p r o t e c t i v e  g r o u p s  f o r  s t a b i l i z i n g  l o w  c o o r d i n a t e d  

p h o s p h o r u s  compounds of  c u r r e n t  i n t e r e s t .  F o r  e x a m p l e ,  

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

(la; 31P N M R ,  6p  490 .3) l  and  1 , 3 - d i p h o s p h a a l l e n e  ( 2 a ;  6 p  

1 4 1 . 7 ) 2  h a v e  b e e n  p r e p a r e d  a n d  i s o l a t e d  a s  s t a b l e  com-  

pounds .  

A r  

P = P  \ 

A r  
\ 

A r  

P=C = P- A r  \ 
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326 M .  YOSHIFUJI e t  aZ. 

We were i n t e r e s t e d  i n  some o t h e r  s t e r i c a l l y  b u l k y  g r o u p s  

t h a n  A r  which migh t  s e r v e  a s  a l t e r n a t i v e  p r o t e c t i v e  g r o u p s  

f o r  k i n e t i c a l l y  s t a b i l i z e d  m u l t i p l e  b o n d e d  c o m p o u n d s  

i n v o l v i n g  h e a v i e r  main g r o u p  e l e m e n t s .  

PREPARATION - OF 2,6-DI-t-BUTYLBROMOBENZENE 

A t t e m p t s  w e r e  made t o  r e m o v e  t h e  p - t - b u t y l  g r o u p  f r o m  

2,4,6-tri-t-butylbromobenzene ( 3 a ) .  Fuming n i t r i c  a c i d  
i n  a c e t i c  a c i d  was a l l o w e d  t o  r e a c t  w i t h  ( 3 a )  r e s u l t i n g  i n  
t h e  i p s 0  n i t r a t i o n  a t  t h e  p - p o s i t i o n  t o  g i v e  2 , 6 - d i - t -  

butyl-4-nitrobromobenzene, which  was r e d u c e d  t o  t h e  c o r -  

r e s p o n d i n g  a n i l i n e .  The a n i l i n e  was d e a m i n a t e d  t o  a f f o r d  

2,6-di-t-butylbromobenzene ( 3 b )  (AxBr;  x s t a n d s  f o r  

x y l y l )  . 3  

2 ,6 -Di - t -bu ty lpheny lph  

B r  

t -Bu 

sphonous d i  h l  

t -Pn  

t - P n a B r  

t -Pn  

i d e  ( 4 b ;  6p 148.9) 

was  p r e p a r e d  s t a r t i n g  f r o m  (3b) by t h e  l i t h i u m - h a l o g e n  

e x c h a n g e  f o l l o w e d  by q u e n c h i n g  w i t h  p h o s p h o r u s  t r i -  
c h l o r i d e .  

: C C 1 2  clCcl  MeLi 
/ \  B u L i  PCl3 Mg 

R B r  - R L i  R P C 1 2  -RP=PR - RP-PR -RP=C=PR 

( 3 )  ( 4 )  (1) ( 6 )  ( 2 )  
a : R = 2 , 4 ,  6-But 3CgH2, b:R=2, 6-But 2CgH3, c : R = 2 , 4 ,  6-Pnt 3C6H2 

When t h e  d i c h l o r i d e  ( 4 b )  was a l l o w e d  t o  r e a c t  w i t h  mag- 

nesium m e t a l ,  t h e  d iphosphene  ( l b ;  6p 488.7) was o b t a i n e d  

a s  a s t a b l e  P = P  compound. The d i p h o s p h e n e  (lb) was t h e n  

a l l o w e d  t o  r e a c t  w i t h  d i c h l o r o c a r b e n e  t o  g i v e  t h e  c o r r e -  

spond ing  d i p h o s p h i r a n e  ( 6 b ;  6 p  -67.11, wh ich  was c o n v e r t e d  
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by m e t h y l l i t h i u m 4  t o  1,3-bis(2,6-di-t-butylphenyl)-l,3- 
d i p h o s p h a a l l e n e  (2b; 6p 142.4) .  The 2 , 6 - d i - t - b u t y l p h e n y l  

m o i e t y  i s  more s i m p l i f i e d  p r o t e c t i v e  g r o u p  t h a n  2 , 4 , 6 - t r i -  

t - b u t y l p h e n y l  and shows t h a t  o - t - b u t y l s  a r e  e s s e n t i a l  t o  

f u n c t i o n  l a r g e l y  i n  s t a b i l i z i n g  m u l t i p l e  b o n d s  i n v o l v i n g  

low c o o r d i n a t e d  p h o s p h o r u s  a t o m s .  

PREPARATION - OF 2,4,6-TRI-t-PENTYLBROMOBENZENE 

1,3,5-Tri-t-pentylbenzene was p r e p a r e d  by t h e  c o n v e n t i o n a l  

F r i e d e l - C r a f t s  r e a c t i o n  of  b e n z e n e  w i t h  t - p e n t y l  c h l o r i d e  

c a t a l y z e d  by a luminum c h l o r i d e  and  t h e  b r o m i d e  (3c) (AaBr; 

a s t a n d s  f o r  a m y l )  was o b t a i n e d  by t h e  b r o m i n a t i o n  of t h e  

benzene  w i t h  b r o m i n e  u s i n g  t r i m e t h y l  p h o s p h a t e  a s  a sol- 
v e n t .  The c o r r e s p o n d i n g  phosphonous  d i c h l o r i d e  (4c; 6p  

149.3)  was  p r e p a r e d  i n  a s i m i l a r  manner  d e s c r i b e d  above .  

The d i c h l o r i d e  (4c) g a v e  t h e  d i p h o s p h e n e  (lc; 6p 490.8) a s  

a v e r y  s t a b l e  d i p h o s p h e n e .  The  d i p h o s p h i r a n e  (6c; 6p 

-69.0) was  s i m i l a r l y  o b t a i n e d  by  t h e  r e a c t i o n  o f  (lc) w i t h  

d i c h l o r o c a r b e n e  a n d  w a s  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  

d i p h o s p h a a l l e n e  (2c; 6p 1 4 2 . 2 )  s t a b i l i z e d  b y  t h e  2 , 4 , 6 -  

t r i - t - p e n t y l p h e n y l  g r o u p .  The  r e a c t i o n  o f  (lc) w i t h  

d i c h l o r c a r b e n e  was r e l u c t a n t  compared  w i t h  t h a t  o f  (la) 
i n d i c a t i n g  t h a t  Aa i s  more s t e r i c a l l y  b u l k y  t h a n  A r  f r o m  a 

p o i n t  o f  v i e w  o f  r e a c t i v i t y  a s  w e l l  a s  m o l e c u l a r  m o d e l  

c o n s i d e r a t i o n .  

UNSYMMETRICAL DIPHOSPHENE AND DIPHOSPHAALLENE 

The u n s y m m e t r i c a l  d i p h o s p h e n e  b e a r i n g  A r  and  Aa g r o u p s  was  

p r e p a r e d  b y  t h e  r e a c t i o n  o f  a m i x t u r e  o f  (4a) a n d  (4c) 
w i t h  magnesium t o g e t h e r  w i t h  s y m m e t r i c a l  d i p h o s p h e n e s  (la) 
a n d  (lc). T h o s e  t h r e e  d i p h o s p h e n e s  t h u s  o b t a i n e d  were 
s e p a r a t e d  t h r o u g h  co lumn c h r o m a t o g r a p h y  o v e r  s i l i g a  g e l  

u s i n g  p e n t a n e  a s  a n  e l u e n t .  
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328 M .  YOSHIFUJI etaZ. 

(4a) + (4c) + 2Mg *-, (8) + (la) + (lc) 

The u n s y m m e t r i c a l  d iphosphene  ( 8 ;  6p 491.2, 489.9 l J  582.9 

Hz) was t h e n  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  d i p h o s p h i r a n e  

( 9 ;  6p -67.8,  -68.4,  l J  137.7 Hz) ,  w h i c h  a f f o r d e d  t h e  

u n s y m m e t r i c a l  1 , 3 - d i p h o s p h a a l l e n e  (10; 6p 142.5, 142.4, 2 J  
18.5 Hz) by t h e  r e a c t i o n  w i t h  m e t h y l l i t h i u m .  The 

c o u p l i n g  c o n s t a n t  2 J p , c , p  f o r  1 , 3 - d i p h o s p h a a l l e n e  w a s  

obse rved  f o r  t h e  f i r s t  t i m e .  

C O N C L U S I O N  

The d i p h o s p h e n e s  and 1 , 3 - d i p h o o p h a a l l e n e s  w i t h  Aa  o r  Ax 
t h u s  o b t a i n e d  were s t a b l e  enough t o  p e r m i t  i s o l a t i o n  and 

were f u l l y  s p e c t r o s c o p i c a l l y  c h a r a c t e r i z e d .  Both Ax and 

Aa g roups  have t u r n e d  o u t  t o  be a l s o  u s e f u l  and p r o m i s i n g  

a s  w e l l  a s  A r  f o r  t h e  f u r t h e r  s t u d i e s  o f  c h e m i s t r y  o n  

m u l t i p l e  bonding i n v o l v i n g  h e a v i e r  main g r o u p  e l e m e n t s  of 

c u r r e n t  i n t e r e s t .  
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