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SOME REACTIONS OF DIPHOSPHENES AND RELATED SPECIES 

MASAAKI YOSHIFUJI,* KATSUHIRO SHIBAYAMA, I C H I R O  SHIMA, AND 
NAOKI INAMOTO 
Department of Chemistry,  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  
of Tokyo, Hongo, Tokyo 113, Japan  

A b s t r a c t  Some r e a c t i o n s  of d iphosphenes  and the r e l a t e d  
s p e c i e s  i n v o l v i n g  o x i d a t i o n ,  r e d u c t i o n ,  a l k y l a t i o n ,  s u l -  
f u r i z a t i o n ,  and q - c o o r d i n a t i o n  are d e s c r i b e d .  

INTRODUCTION 

Phosphorus ( I I1 )  compounds w i t h  a p -p bonding have  been of i n t e r -  

est because  of t h e i r  u n u s u a l  chemica l  and p h y s i c a l  n a t u r e . '  By in -  

t r o d u c i n g  a n  ex t r eme ly  bulky g roup ,  2,4,6-tri-tert-butylphenyl 
t ( h e r e a f t e r ,  Ar s t a n d s  f o r  2,4,6-Bu3C6H2), w e  have  been s u c c e s s f u l  

i n  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  of some u n u s u a l  phosphorus com- 

pounds. 

T r r r  

PREPARATION OF SOME UNSYMMETRICAL DIPHOSPHENES 

We 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  of a symmetrical 

diphosphene (la> - via t h e  d e c h l o r i n a t i o n  of t h e  c o r r e s p o n d i n g  phos- 

phonous d i c h l o r i d e  (2a) __ w i t h  magnesium m e t a l Y 3  6 492.4 ppm. 
P 

A r P C 1 2  + Mg - ArP= PAr 

(2& (&I 
A l t e r n a t i v e l y ,  t h e  symmetrical la - and unsymmet r i ca l  d iphosphenes  (& 
b-d) - were p r e p a r e d  by t h e  d e h y d r o c h l o r i n a t i o n  r e a c t i o n  of t h e  phos- 
ph ine  (3 - w i t h  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 s  (2a-d) ___ i n  

t h e  p r e s e n c e  of a b a s e  such  as 1,8-diazabicyclo[5.4.O]undec-7-ene 
t t (DBU) o r  t r i e t h y l a m i n e  (a: A r t =  A r =  2,4,6-Bu3C,jH2; b: - A r t =  2,4-Bu2- 

6-MeC6H2; c: - A r t =  2,4,6-Me3CbH2; 6: - A r t =  CsH5). 4 

b a s e  
ArPH2 + A r  'PC12 * ArP= PAr' 
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31P NMR s p e c t r a  o f  LaA were reco rded  t o  show t h a t  t h e  chemica l  

s h i f t s  of t h e  d iphosphenes  are e x t r e m e l y  low (6 
l a r g e  sp in - sp in  c o u p l i n g  c o n s t a n t s  ' Jpp (550-  585 Hz f o r  - 1L-a i n d i -  

eating a v e r y  s t r o n g  i n t e r a c t i o n  between t h e  a d j a c e n t  phosphorus 

atoms.  

__ 

450-  550 ppm) w i t h  
P 

Raman and I R  s p e c t r a  o f  k d  showed a band a t  620-  610 cm- '  
~ 

t e n t a t i v e l y  a s s i g n a b l e  t o  v 

t h a t  t h e  phosphorus 2p b i n d i n g  ene rgy  E (P ) i s  t h e  l o w e s t  among 

t h o s e  f o r  t h e  common organophosphorus compounds (130 .4  eV). ab ini- 
tio C a l c u l a t i o n  o f  HP= PH (44-316") w i t h  p o l a r i z a t i o n  f u n c t i o n  i n d i -  

c a t e d  t h a t  t h e  P-P bond h a s  normal d o u b l e  bond c h a r a c t e r 4  and t h e  

energy-opt imized geometry ag reed  w i t h  t h e  obse rved  X-ray s t r u c t u r e  

of (r = 2 .03  i). 

The ESCA spec t rum5 of la - i n d i c a t e d  
P=P' 

b 2P 

PP -_  

REACTION OF DIPHOSPHENES AND RELATED SPECIES 

The phosphono th io i c  d i c h l o r i d e  6 w a s  a l lowed  t o  react w i t h  magnesium 

unexpec ted ly  t o  g i v e  a t h i a d i p h o s p h i r a n e  9, which i s  e x t r a o r d i n a r i -  

l y  s t a b l e  t o  a i r ,  l i g h t ,  and h e a t .  The s t r u c t u r e  of k w a s  -. confirmed 

by an  X-ray a n a l y s i s  (r 
0 0 

6 = 2.25 A ,  r 
PP PS 

= 2 .10  A ) ,  6, -65.1 ppm. 

When t h e  diphosphene w a s  a l l owed  t o  react w i t h  e l e m e n t a l  

s u l f u r  i n  t r i e t h y l a m i n e ,  a ye l low i n t e r m e d i a t e  5a - w a s  o b t a i n e d  which 

i somer i zed  t o  &g ~~ by h e a t  o r  l i g h t .  The s t r u c t u r e  o f  - 5 a  w a s  ana lyzed  

by means of NMR, I R ,  U V ,  and f i n a l l y  by X-ray a n a l y s i s ,  6p 255 .8PPm 

and 247.8 ppm w i t h  'JPp= 629 .9  Hz; r 
The monosu l f ide  5a _ ~ _  r e a c t e d  w i t h  hexamethylphosphorous t r i a m i d e  t o  

g i v e  la, __ whereas  4a - r e s i s t e d  t h e  d e s u l f u r i z a t i o n  r e a c t i o n .  

s i m i l a r l y ,  some unsymmetr ical  t h i a d i p h o s p h i r a n e s  were p r e p a r e d  

from t h e  c o r r e s p o n d i n g  unsymmetr ical  d iphosphenes  _- Ib,c via 5b,c. ' 

= 2.05 i and r 
PP PS 

= 1.93  i.7 

Very 
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SOME REACTIONS OF DIPHOSPHENES AND RELATED SPECIES 13 

4b,c: 6, - 6 7 -  -82 ppm w i t h  = 2 3 3 -  245 Hz; w: 6 2 5 0 -  2 2 8  ppm, __ JPP - I ?  
= 6 0 4 -  625 Hz.  

JPP 
The diphosphene & w a s  - a l lowed  t o  react w i t h  m-chloroperben- 

z o i c  a c i d  t o  g i v e  3 - and a mixed a n h y d r i d e  which i n d i c a t e d  t h e  i n t e r -  

mediacy o f  a diphosphene 1-oxide 7. - A l t e r n a t i v e l y  t h e  phosphonic  

d i c h l o r i d e  8 - w a s  a l lowed  t o  react w i t h  magnesium t o  g i v e  a n  o r a n g e  

c r y s t a l ,  - t h e  s t r u c t u r e  of which w a s  i d e n t i f i e d  by s p e c t r o s c o p i c  

a n a l y s e s ,  6 206.5 and 69.8  ppm w i t h  'JPp= 683.6  Hz. The o x i d e  - 7 
P 

w a s  v e r y  s e n s i t i v e  t o  m o i s t u r e  g i v i n g  

i c  a c i d  10. - 

t h e  phosphine 2 - and phosphon- 

ArP (OH) ArPH2 
II 
S 

IJ 
0 

The phosphine 2, - which w a s  a l t e r n a t i v e l y  and more conven ien t -  

l y  p r e p a r e d  from t h e  r e a c t i o n  of - w i t h  LiAlHQ, r e a c t e d  w i t h  one 

e q u i v a l e n t  of H 2 0 2  t o  g i v e  t h e  c o r r e s p o n d i n g  p r imary  phosph ine  

oxide?,  6, -10.0 ppm,' = 490.7 Hz. 
- JPH 

S i m i l a r l y  t h e  phosphine 1 -. r e a c t e d  w i t h  e l e m e n t a l  s u l f u r ' '  t o  

g i v e  t h e  c o r r e s p o n d i n g  p r imary  phosphine s u l f i d e  - 11 as  t h e  f i r s t  

s t a b l e  pr imary phosph ine  s u l f i d e ,  6 -24.7 ppm w i t h  lc7 
P PH 

= 4 6 6 . 3  Hz. 

The diphosphene - r e a c t e d  w i t h  l i t h i u m  aluminum h y d r i d e  o r  

V i t r i d e  t o  g i v e  d i a s t e r e o m e r i c  m i x t u r e  of d iphosphanes  12A,B, dZ as  

major  and meso as minor ,  which were analyzed by t h e  c o u p l i n g  con- 

s t a n t s  i n  NMR and t h e  hype r  f i n e  s p l i t t i n g  c o n s t a n t s  o f  ESR s i g n a l s  

obse rved  d u r i n g  t h e  r e a c t i o n  i n  t e r m s  of a n g u l a r  i n t e r a c t i o n s  of 

t h e  confo rmers  > 
ArPBuPRAr ( ArP = PAr) (Cr  (CO) .,) n ArPHPHAr ArPBuP (R) A r  

II 
S 

( 1 2 A . B )  (13) (14) ( l5 ,n=  1; Id6,n= 2 )  - - 

The diphosphene - r e a c t e d  w i t h  b u t y l l i t h i u m  t o  g i v e  a phos- 

phinophosphide which a f f o r d e d  d i a l k y l a t e d  d iphosphanes  13 - a f t e r  
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quenching t h e  phosphide w i t h  v a r i o u s  a l k y l  h a l i d e s  and 13 were mono- 

s u l f u r i z e d  w i t h  s u l f u r  t o  g i v e  
- 

- 
The diphosphene la - r e a c t e d  w i t h  hexacarbonylchromium(0) i n  

- % r e f l u x i n g  d ioxane  t o  g i v e  t h e  mono r16-Cr(CO)3 complex (15), 
503.2 ppm and 475.6 ppm w i t h  'JPp= 590.8 Hz and t h e  b i s  q6-Cr(C0)3 
complex (21, 6p 499.7 ppm. 1 3  
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