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PREPARATION, STRUCTURES , AND REACTIVITIES OF COMPOUNDS 
WITH DOUBLE BONDING BETWEEN THE HEAVIER GROUP 5 A  ELEMENTS 

* 
ALAN H.  COWLEY, JAN E.  KILDUFF, JONATHAN G.  LASCH, 
SUSHIL K.  MEHROTRA, NICHOLAS C.  NORMAN, MAREK PAKULSKI, AND 
CONSTANTINE A. STEWART 
Department of Chemistry,  U n i v e r s i t y  of Texas a t  Aus t in ,  
Aus t in ,  Texas 78712, U.S.A.  

A b s t r a c t  The s y n t h e s i s  of diphosphenes (RP=PR') , phospha- 
a r s e n e s  (RF=AsR' )  , phosphas t ibenes  (RP-SbR' ) , and d i a r s e n e s  
(RAs=AsR') i s  d i s c u s s e d .  X-ray c r y s t a l l o g r a p h i c  s t u d i e s  have 
been performed on r e p r e s e n t a t i v e  double-bonded compounds. The 
r e a c t i v i t i e s  and c o o r d i n a t i o n  chemis t ry  of s e l e c t e d  compounds 
have been explored .  

Diphosphenes (RP=PR) have been  recognized  as r e a c t i v e  i n t e r m e d i a t e s  

f o r  some time.' 

diphosphene, (2 ,4 ,6- (~-Bu)  C H ) P = P ( ~ , ~ , ~ - ( ~ - B U > ~ C ~ H ~ )  (lJ by 
3 

Y o s h i f u j i  e t  a l .  ,2 r e s e a r c h  i n  t h i s  area h a s  grown d r a m a t i c a l l y .  

Our own work focussed  i n i t i a l l y  on t h e  s t e r i c a l l y  p r o t e c t e d  a l k y l  

d e r i v a t i v e ,  (Me S i )  CP=PC(SiMe ) (a. X-ray c r y s t a l l o g r a p h i c  

s t u d i e s 4  y 5  y 6  reveal t h a t  2 adopts  a t r a n s  p l a n a r  s k e l e t a l  a r range-  

ment, and t h e  phosphorus-phosphorus bond l e n g t h  i s  c l o s e  t o  t h e  sum 

of P a u l i n g ' s  double-bond c o v a l e n t  r a d i i  (2.00 A ) . 7  
P-P-C bond a n g l e  i s  108.5(4) ' .  

However, fo l lowing  t h e  i s o l a t i o n  of t h e  s t a b l e  

3 6 2  

3 3  3 3  

The a v e r a g e  

The f a c t  that  2 is  n o t  a p a r t i c u l a r l y  r e a c t i v e  compound 

prompted o u r  s y n t h e s i s  of unsymmetrical  diphosphenes.  

s t r a t e g y  involved  cross -coupl ing  of t h e  a p p r o p r i a t e  d i c h l o r i d e s  

u s i n g  sodium n a p h t h a l e n i d e  and a f f o r d e d  20% y i e l d s  of (2 ,4 ,6-  

(t-Bu) C H )P=PC(SiMe3)3 (3.' A new approach i n v o l v i n g  t h e  base- 

promoted dehydrochlor fna t ion  of RPH /R'PC12 m i x t u r e s  r e s u l t e d  i n  

e x c e l l e n t  y i e l d s  of (2,4,6-(t-Bu) C H )P=PCH(SiMe,) (9. 

The i n i t i a l  

- 3 6 2  

9 2 

3 6 2 -  3 2  
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4 A.  H. COWLEY et a/ .  

R e a l i z i n g  t h a t  t h e  d e h y d r o c h l o r i n a t i o n  r o u t e  migh t  p r o v i d e  access 

t o  the f i r s t  phosphorus -a r sen ic  doub le  bond, (2,4,6-(t-Bu) C H )PH2 

was t r e a t e d  w i t h  ( M e  S i )  C H A s C l  and DBU (1,5-diazabicyclo[5.4.01 

undec-5-ene) i n  THF s o l u t i o n .  S t r u c t u r a l  d e t a i l s  f o r  t h e  r e s u l t i n g  

phospha-arsene,  - 5 ,  are summarized below: 

- 3 6 2  

3 2  2 

10 

A s i m i l a r  r e a c t i o n  w i t h  t h e  c o r r e s p o n d i n g  s t i b i n e ,  ( M e  Si)2CHSbC12, 

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

(t-Bu) C H )P=SbCH(SiMe3)2 (5). 

3 

10 
3 6 2  

I n  o r d e r  t o  s y n t h e s i z e  a d i a r s e n e ,  a r o u t e  t o  t h e  a r s i n e ,  

(2 ,4 ,6-( t -Bu)  C H )AsH2 (7) had t o  b e  found. 

p r e p a r e d  by L i A l H  

t r e a t m e n t  of 7 w i t h  
11 

r e s u l t e d  i n  t h e  d i a r s e n e ,  (2 ,4 ,6-( t -Bu)  C H )As=AsCH(SiMe ) (E). 
An X-ray s t u d y  of 8 r e v e a l e d  t h a t ,  as f o r  2 and 5,  t h e  c e n t r a l  bond 

l e n g t h  (2.224(2)  A) i s  c l o s e  t o  t h e  sum o f  t h e  double-bond c o v a l e n t  

r a d i i ,  and t h e  confo rma t ion  i s  t r a n s  p l a n a r .  The As-As-C a n g l e s  

are 93.6(3)  and 99.9(3) " .  

Compound 7- w a s  - 3 6 2  
r e d u c t i o n  o f  ( 2 , 4 , 6 - ( ~ - B u )  C H )AsF2,  and i n  t u r n ,  4 3 6 2  

( M e  Si)2CHAsC12 i n  t h e  p r e s e n c e  of DBU 

- 3 6 2  3 2  

3 

To d a t e ,  r e a c t i v i t y  s t u d i e s  have focussed  on e l e c t r o p h i l e s .  

For  example, t r e a t m e n t  o f  2 w i t h  a s t o i c h i o m e t r i c  q u a n t i t y  o f  H C 1  

a t  -78'C r e s u l t s  i n  (Me Si)3CP(H)P(C1)C(SiMe ) 

i n t e r e s t i n g  p a r a l l e l  w i t h  a l k e n e  c h e m i ~ t r y . ~  
1 2  

are summarized below: 

t h u s  a f f o r d i n g  a n  
3 3 3 '  

Some r e a c t i o n s  o f  1 
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DOUBLE BONDING BETWEEN THE HEAVIER GROUP 5A ELEMENTS 5 

The c o o r d i n a t i o n  b e h a v i o r  of diphosphenes,  phospha-arsenes,  

and d i a r s e n e s  depends c r i t i c a l l y  on t h e  s t e r i c  demands of b o t h  t h e  

l i g a n d  and t h e  o r g a n o m e t a l l i c  f ragment .  Thus ?_ - f a i l s  t o  r e a c t  w i t h  

Mi(C0)4, Fe2(C0)9 o r  Cr(C0)5(THF). O n  t h e  o t h e r  hand,  l=, f e a t u r i n g  

a somewhat s m a l l e r  l i g a n d ,  r e a c t s  w i t h  Ni(C0) o r  Fe (CO) b u t  n o t  

C r  (CO) (THF) , Spect roscopic  evidence i n d i c a t e s  t h a t  one N i  (CO) O K  

Fe (CO) ~! moiety i s  a t t a c h e d  t o  t h e  diphosphene , t h u s  r e p r e s e n t i n g  a 

new mode of c o o r d i n a t i o n  f o r  t h i s  t y p e  of l i g a n d .  X-ray c r y s t a l l o -  

p a p h i c  d a t a  have  been o b t a i n e d  f o r  t h e  i r o n  complex and a re  

summarized below : 

4 2 9 ’  

3 

13 

The unsymmetrical  diphosphene, - k, and t h e  phospha-arsene,  ~- 5 ,  - 

a l s o  r e a c t  w i t h  Fe2 (CO) 

bound Fe(C0) complexes?13 I n  o r d e r  t o  accomodate t h e  l a r g e r  

Cr(C0) 

l o n g e r  a r s e n i c - a r s e n i c  double  bond. 

t o  a f f o r d  t h e  cor responding  (Ne S i )  2CHP- 
3 

4 
moiety,  w e  have found i t  n e c e s s a r y  t o  t a k e  advantage of t h e  5 

Thus,  8 - reacts r e a d i l y  w i t h  
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6 A.  H.COWLEY et al. 

Cr(C0)5(THF) t o  a f f o r d  t h e  diarsene-Cr(C0)5 complex, X-ray d a t a  f o r  

which a re  summarized below: 1 4  

116.3(2)  

1 0 4 . 0 ( 1 ) 0  138 .48 (3 ) "  
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