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NEW ADVANCES I N  THE CHEMISTRY OF THE PHOSPHIRENE R I N G  

F. MATHEY 

L a b o r a t o i r e  CNRS-SNPE, 2-8 r u e  Henry Dunant,  94320 Thiais, 
F rance  

A b s t r a c t  : Sane r e c e n t  deve lopnen t s  of  t h e  c h e m i s t r y  of phos- 
p h i r e n e s  are  reviewed.  They i n c l u d e  two new s y n t h e s e s  of t h e  
r i n g ,  a p r e l i m i n a r y  i n v e s t i g a t i o n  on t h e  r e a c t i v i t y  of 1- 
ch lo rophosph i renes  and v a r i o u s  r i n g  expans ions .  

The phosph i rene  r i n g  o c c u p i e s  a ve ry  p e c u l i a r  p o s i t i o n  among 

phosphorus h e t e r o c y c l e s .  F i r s t l y ,  it i s  by f a r  t h e  most s t r a i n e d  

carbon-phosphorus h e t e r o c y c l e  eve r  d e s c r i b e d  i n  t h e  l i t e r a t u r e .  As 

a consequence,  i t s  i n t r a c y c l i c  P-C bonds are b e n t  and show anabnar- 

m a 1  r e a c t i v i t y .  Secondly,  it forms t h e  b a s i s  of a whole series of 

p o t e n t i a l l y  a r m a t i c  2n- and a n t i a r o m a t i c  47-systems c o n t a i n i n g  

phosphorus.  T h i r d l y ,  it i s  an i d e a l  synthon f o r  b u i l d i n g  l a r g e r  

h e t e r o c y c l e s .  Thus, s i n c e  i t s  d i s c o v e r y  i n  ou r  l a b o r a t o r y ' ,  w e  

have devoted a l o t  of e f f o r t s  t o  t h e  s t u d y  of  t h i s  r i n g  and w e  

wish t o  summarize h e r e  our  l a t e s t  r e s u l t s  i n  t h i s  f i e l d .  

The i n i t i a l  s y n t h e s i s  of t h i s  r i n g *  s t a r t e d  from phosphole  P- 

complexes and consequen t ly  w a s  r a t h e r  s o p h i s t i c a t e d .  S i n c e  t h e n  w e  

have dev i sed  an a l t e r n a t e  s y n t h e s i s  which u s e s  more c l a s s i c a l  

s t a r t i n g  p roduc t s2  : 

W e  t h i n k  t h a t  t.he f i r s t  s t e p  of t h e  mechanism of t h i s  s y n t h e s i s  

i nvo lves  t h e  a t t a c k  of  p o s i t i v e  bramine a t  a n i t r o g e n  l o n e  p a i r .  

Then, t h e  a b s t r a c t i o n  of a p r o t o n  by a - p i c o l i n e  l e a d s  t o  a termi- 
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214 F. MATHEY 

n a l  phosphinidene canplex which r e a c t s  as usua l  wi th  t h e  ace ty le -  

n i c  compound t o  g ive  a phosphirene : 

phosphirene 

More r e c e n t l y ,  w e  have found3 an even s m p l e r  syn thes i s  of t e rva -  

l e n t  phosphirenes which r e l i e s  on t h e  i n  s i t u  reduct ion  of t h e  
4 Hqeveen ' s  adducts : 

RPC12 + R ' C X R '  + AICIJ BujP *v' 
R.T. 

R 

This rou te  i s  obviously t h e  s h o r t e s t  one f o r  t h e  non f u n c t i o n a l  

compounds bu t  it does n o t  work when R = OR" , NR; , C1, e tc . .  . 
I n  order  t o  have an access  t o  p o t e n t i a l l y  a r a n a t i c  phosphire- 

nyl c a t i o n s ,  w e  needed t o  prepare  1-chlorophosphirenes.  Me have 

devised t w o  methods f o r  preparing t h e i r  tungs ten  canplexes.  The 

f i r s t  one re l ies  on t h e  H C 1  c leavage of t h e  P-N bond of l-amino- 

phosphirene complexes prepared a s  descr ibed here  before .  The second 

one s t a r t s  f r an  1-8-chloroethylphosphirene canplexes : 
5 

R 

I t  seems clear t h a t  t h e  d r iv ing  f o r c e  f o r  t h i s  abnormal loss of 

e thylene is t h e  " a r a n a t i c i t y "  of t h e  canplexed phosphirenyl cat ion.  

A t  t h e  p re sen t  time, a t tempts  a t  decanplexinq these  ch lo ro  spec ie s  

have given unsa t i s f ac to ry  r e s u l t s .  The reduct ion  of t hese  canplexed 

chlorophosphirenes has been success fu l ly  achieved uskng magnesium 

and a source of proton i n  THF. The chemistry of t h e s e  P-unsubsti- 

t u t ed  spec ie s  i s  descr ibed elsewhere! Noteworthy i n  t h e  contex t  of 

t h i s  l e c t u r e  is t h e  f a c t  t h a t  t h e  complexed phosphirenyl anions 

seem t o  be highly uns tab le  ( t h e  opening of t h e  r i n g  t akes  p l ace  
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upon m e t a l a t i o n  by Z-BuLi a t  -7OOC). 

Mg, $. THF , 
:\ :\ ul t rasonic  i r r a d i a t i o n  

(oc)5w c1 (0C)gW H 

From a completely d i f f e r e n t  s t a n d p o i n t ,  v a r i o u s  r i n g  expans ions  

have been observed which can be r e l a t e d  t o  t h e  weakness o r  (and)  

t o  t h e  v-charac te r  of t h e  P-C i n t r a c y c l i c  bonds (for a t h e o r e t i c a l  

d i s c u s s i o n  on t h i s  t o p i c ,  see ref 7 ) .  The f i r s t  one w a s  observed 

when h e a t i n g  phosphirene m e t a l  c a r b o n y l  complexes f o r  long p e r i o d s  

of time : 
8 

R '  H M = Cr, Mo, W 
A , 160°C 

' 3 (8 t o  43%) 
100-120 h 

(OC)#  R 
Rv' - 

(OC)5 P R  

T h e  second one w a s  observed when h e a t i n g  1 - a l l y l p h o s p h i r e n e  can- 
9 

p l e x e s  : 

R '  R' v -  A 
110-160°C P, ,I 

(L-,r$. 
" C L J  - 14-23 h 

R '  

We b e l i e v e  t h a t  t h e s e  two r i n g  expansions have a canmon mechanism 

t r a n s i e n t l y  involv ing  a n  i n s e r t i o n  of t h e  metal i n t o  t h e  r i n g  : 

cY 
)c-C< \ 

Then, t h e  second step would be a c l a s s i c a l  i n s e r t i o n  of carbon mono- 

x i d e  o r  o l e f i n  i n t o  a t r a n s i t i o n  metal-carbon bond. I n  c o l l a b o r a -  

t i o n  w i t h  J . F .  Nixon, w e  have demonstrated t h a t  it is  indeed v e r y  

easy  t o  i n s e r t  a t r a n s i t i o n  metal such as plat inum i n t o  t h e  i n t e r -  
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216 F. MATHEY 

n a l  P-C bonds of phosphi renes lo :  

M = Pd. P t  

F i n a l l y ,  w e  have also been able t o  f o r m a l l y  i n s e r t  phosphinidenes 

i n t o  t h e  phosphirene r i n g  : 
11 

I n  such a way, w e  have a n  easy  and v e r s a t i l e  access t o  a wide 

range  of new 1 , 2-diphosphetenes . 

I t  seems q u i t e  obvious t h a t  numerous o t h e r  deve lopnents  of 

t h e  o r g a n i c  and c o o r d i n a t i o n  chemis t ry  of phosphi renes  w i l l  t a k e  

p l a c e  i n  t h e  near  f u t u r e .  
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