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NEW PHOSPHENIUM C A T I O l l S  AND B I S  PHOSPHOCATIONS V I A  CONDENSA- 
T I O N  BETWEEN CHLOROPHOSPHINZS OR CHCCROPHOSPHENIUMS AND T R I -  
ME THY I S  I L Y C DER I VAT I VE S 

Michel  SANCHEZ, Qtarie-Ross MAZIZRES, Rai  ner  BARTSCH, 
Robert  UOLF and Jean-Pi e r r e  HAJORAL 
L a b o r a t o i r e  S y n t h h e ,  S t r u c t t r r e  e t  R e a c t i v i t e  de Molecules 
?hosphor@es, UA 454, Unive,>s i tG Paul Saba t ie r ,  118 Route de 
Narbonne 31062 Toulouse Cedex ( i r a n c e ) .  

A b s t r a c t  Mew phospheni um c a t i o n s  o f  genera l  f o r m u l a  
R N-P+-X,  w i t h  a v a r i e t y  o f  X group (-IJ=P+R2, 
-8=P83, - C 3 ,  -C=N=S, O R )  a r e  syn thes i zed  u s i n g  t r i -  
m e t h y l s i l y l  d e r i v a t i v e s  as reagen ts .  

I n t e r e s t  i n  two c o o r d i n a t e d  phosphorus c a t i o n s  - t h e  phosphe- 

n i u n  i o n s  -has grown s u b s t a n t i a l l y  i n  r e c e n t  y e a r s  ’. I J i t h  few 
except ions t h e  m a j o r i t y  o f  phosphenium i o n s  -P+ - has been prepared 

by phosphorus halogen bond h e t e r o l y s i s .  Because o f  t h e  g r e a t  ex- 
2 n d  o f  t h e  chemis t r y  o f  such spec ies  t h e r e  i s  a need t o  d i v e r s i f y  
t h e  s y n t h e t i c  approach i n  o r d e r  t o  i n c r e a s e  t h e  v a r i e t y  o f  e n v i r o n -  

ment around phosphorus. 
The r e a c t i o n  o f  condensat ion i n v o l v i n g  s i l i c o n - n i t r o g e n ,  

s i  l i con -oxygen  o r  s i  l i c o n - s u l f u r  d e r i v a t i v e s  w i t h  c o v a l e n t  h a l i d e s  
o f  boron, phosghorus and arseni.: has proved t o  be v e r y  u s e f u l  and 

i s  now a c l a s s i c a l  method. I n  a p a r t i c u l a r  case, we r e c e n t l y  de- 

monstrated 2’3 t h a t  

chlorophosphenium - 1 

+ -  

1 

[ 1 3 iPr2N-P-C1 

- 

a r e a c t i o n  o f  t h i s  t y p e  occurs between t h e  

and t r i m e t h y l s i l y l a z i d e  : 

-Me3Si N3 + 
AlC14 - iPr2N-P-N3  A l C 1 4  

2 - 

The az ido  phosphenium c a t i o n  - 2 has been w e l l  c h a r a c t e r i z e d  as 
an i n t e r m e d i a t e  (6 P = 280, a t  -30°C) ; i t  r e a c t s  on i t s e l f  o r  on 
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488 M. SANCHEZ and a l .  

the chlorophosphenium - 1 

i Pr2N-P-N=P 
\ N i  P r 2  

By add i t i on  o f  tri 
the  ohosDhenium azide 2 

t t,x 
leading t o  b i c a t i o n i c  species - 3a and - 3b. 

3a X = N3 
3b X = C1 

2AlC14 - 

n-butylphosphine we have t r i e d  t o  s tab i l i ze  
as t h e  adduct 4a ; i n  t h i s  case a Staudin- - - . I  

ger reac t i on  takes p lace a t  room temperature leading t o  the  new 
phospheni um ca t i on  - 5a w i t h  a tri b u t y l  phosphazenyl group. 

Tne ca t i on  5a can be obtained d i r e c t l y  by add i t i on  o f  t r ime-  - 
t h y l s i l y l  azide on the  chlorophosphenium adduct - 4b : 

i t N 3 S i  Me3 t 

[3 1 [n.Bu3P-P(C1 )NPr; ] n.Bu3P=N-P-NPr 2 + N2 
5a anion AlC14 
- 4b - 

Using t r i pheny l  phosphine ins tead o f  n.Bu3P, the  phosphenium 
t 

ca t ion  Ph3P=N-P-NPri - 5b has been prepared by reac t i on [3 ] .  Th is  re -  
ac t i on  i s  more complicated w i t ;  (ile2Nl3P ; howeiwc the  phosphenium 
ch t i on  - 5c has been prepared e a s i l y  by r e a c t i o n [ 4 ]  : 

t 
i -C 1 S i  Me3 i [ 4 ]  (Me2NI3P=N-SiMe3 t C1-P-NPr2 -_ (Me N )  P=N-P-NPr2 

t 

2 3  
5c anion AlC14 
- 

I n  connection w i t h  these phosphazenyl-phosphenium cat ions,  the  
l o c a l i s a t i o n  o f  t h e  p o s i t i v e  charge, deserves t o  be discussed. So, 
there  are a t  l e a s t  th ree  l i m i t i n g  s t ruc tu res  fo r  the  compounds 5 

i t i -4 i t 

R P = N - P - N P r R P - N = P - N P r R P = N = P - N P r 

( I )  (11) (111) 

4 
I n  view o f  t he  31P NMR paranletcrs t h e  s t r u c t u r e  (11) i s  t h e  

most l i k e l y .  But t he  non-observation o f  t he  we l l  known d imer izat ion 
of (11) suggests a s t rong p a r t i c i p a t i o n  o f  the  l i m i t i n g  form (111) 

w i t h  a p o s i t i v e  charge on the  d icoord inated n i t rogen  atom, 

I n c i d e n t a l l y  we have found one case where the  s t r u c t u r e  ( 1 I ) i s  
c l e a r l y  demonstrated from the  attempt t o  prepare t h e  chlocophosphe- 
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nium - 5d acco rd ing  scheme 151. 

[ 5 ]  (Me2NI3P=N-PCl2 t A1C1,-[(Me2N),P=N-P-Cl 3 AlC1; 
t 

5d 
t 

1,- / P  (NMe2 1 
rj 

1 C1- P' 'P-Cl A l C 1 4 -  c- [(Me2N)3P-N=P-C1 1 AlC14- 
2 "'+ 

5 ' d  - 6 'P ( NMe2 1 - 
The s t r u c t u r e  o f  t h e  phosphenium c a t i o n  5d i s  t h a t  o f  t h e  pbs-  - 

phonium s a l t  - 5 ' d  which dirner izes,  as expected, i n t o  t h e  d i a z a d i -  
phosphe t id ine  5. 

i n v e s t i  gated : 

The p r e p a r a t i o n  o f  o t h e r  phosphenium c a t i o n s  (7, 11)  has been - -  

i t -C1SiMe3 t 
[ 6 ]  Pr2N-P-C1 AlC1; t Me3Si-X ,-m Pr2N-P-X AlC14 

I t  i s  o f  i n t e r e s t  t o  no te  t h a t  no r e a c t i o n  occurs when t h e  rMe3Si-X 
reagent  i s  added t o  t h e  s t a r t i n g  d ich lorophosphine,  iPr2N-PC12, 

under t h e  sairie c o n d i t i o n s ,  namely a t  ambient, i n  d ich loromethane.  
t t t 

iPr2N-P-Ni.ie2 P r 2 r l - P - c a  Pr2N-P-N=C=S 

9 - 8 - 7 - 

t Pr2N- i -O-Q Pr2N - P-0 -c H2Bu 
t i 

11 dPh2 
- 10 - 

The c a t i o n s ,  - 7 and - 8, have been i s o l a t e d ,  whereas - 9 and - l 0 , a r e  
ve ry  uns tab le  and were c h a r a c t e r i z e d  o n l y  i n  s o l u t i o n .  On t h e  other 
hand i n  s o l u t i o n , l l  - c o u l d  n o t  be syn thes i zed  u s i n g  r e a c t i o n  [ 6 ] :  
t h e  presence o f  t h e  d ipheny l  phospii ino group y i e l d s  t o  a compl ica-  
t e d  redox r e a c t i o n ,  s i m i l a r  t o  t h e  one observed b y  Schmidpeterand 
a1 '. Thus t h e  t r iphosphonium s a l t  (Ph2ArP-P-PArPh2It A l C l q  
(Ar  = Me3SiC! 0 ) i s  formed among o t h e r  products .  

F i n a l l y  t h e  ex'istence o f  t h e  b i s  (d imethy lamino)  phosphenium 
c a t i o n  w i t h  t h e  t r i f l i c  anion, Cr3SO; , encouraged us t o  use t h e  
" : r imethyl  s i l y l  t r i f l a t e  as reagent  i n  presence o f  t h e  b i s  ( d i a l -  

ky las i ino)  ch lorophosphine : 

-0 
6 -  
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490 M. SANCHEZ and a l .  

-C1 S i  He3 t 
[71 (R2NI2P-C1 t CF3S03SiMe3 - (R2NI2P CF3S03 

The ghosphenium ca t i ons  w i t h  R = E t ,  
been i s o l a t e d  and the  spectroscopic data are t h e  same as t he  cor -  

responding compounds w i t h  AlC1; anion. 
It i s  noteworthy t o  observe t h a t  t h e  a lky lamino dichlorophosphines 
R2N-PC12, do n o t  reac t  w i t h  CF3SC3Sibie3 even a t  h igh  temperature ; 
however a d d i t i o n  o f  Me3Si-C N i n  a CH2CI2  s o l u t i o n  conta in ing  bo th  
reagents Pr2rkPC12 and CF3-S03SiMe3, g ives  q u a n t i t a t i v e l y  t h e  
phosphenium c a t i o n  12 - which d i f f e r s  from - 8 on ly  by the  anion. 
I n t e r e s t i n g l y ,  a d d i t i o n  o f  ArPPh2 t o  a m ix tu re  o f  'Pr2N-PC12 and 
CF3S03Siile3 i n  CH2C12 so lu t ion ,  leads t o  a ry loxy  phosphonium- 

phosphine c a t i o n  L 13, w i t h  the  fo rmat ion  o f  a P-P bond. 

i P r y  Me-N-CH2-CH2-N-Me, have 

t N P r 2  i 
iPr2N-P-CzN CF3S03 K o ' P  \ +0 CF3S0j 

12 '(Ph2I 13 

Other examples o f  t h i s  new c lass  o f  ca t i ons  have been described '. 
I n  conclus ion we have shown t h a t  t he  use o f  s i l y l  d e r i v a t i v e s  

provides e f f i c i e n t  synthes is  o f  a g rea t  v a r i e t y  o f  o r i g i n a l  phos- 
phorus ca t ions  such as the  b i s  phosphocations (3a - -  and3b) the  phos- 
phazenyl?hosphenium ions  (5a - t o  - 5d) and phosphonium-phosphine s a l t  

(13) .  - 
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