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THREE-MEMBERED PHOSPHORUS HETEROCYCLES BY 
PHOSPHANEDIYL TRANSFER-REACTIONS 

RAINER STREUBEL 
Ecole Polytechnique, DCPH 
91128 Palaiseau Cedex, France 

EDGAR NIECKE and MARTIN NIEGER 
Anorganisch-Chemisches Institut der Universitat 
Gerhard-Domagk-Str. 1, 5300 Bonn 1, FRG 

Abstract Reactions of the chloro (trimethylsilyl) phos- 
phane iPr2NP (SiMe3) C1 with Cl-P=C (SiMe3) 2, Et3CP=NtBu, 
P=CN (SiMe3) iPr, tBuBzNtBu, as well as an intramolecular 
reaction of C1 (Me3Si) P-P=C (SiMe3) have been carried out. 
We obtained in every reaction the corresponding [2+11- 
cycloadducts with the iPr2NP-unit except the latter case, 
there we obtained a dimer of a 3H-diphosphirene. 
The products have been characterized by means of 31P- and 
13C-NMR, as well as single crystal X-ray crystallography. 

I" 
S e v e r a l m e t h o d s h a v e b e e n r e p o r t e d i n t h e l i t e r a t u r e w h i c h g i v e  
access to three-membered h -phosphorus heterocycles') . 
The usefulness ofphosphanediyl-complex transfer as a newme- 
thodhas been demonstrated, withthe synthesis ofthe first 1H- 
phosphirene, by Mathey and coworkers2) . 
Duringthe following years the trapping of electron-deficient 
species, such as substituted-silanediy13) and -methanediy14) , 
by multiple bond systems became a well established synthetic 
method.In this work we report on the syntheses of a variety of 
phosphorus heterocycles according to a general route starting 
from substituted chloro(trimethylsily1)phosphanes 
R-P (SiMe3) C15) , which serve as a synthon of phosphanediyl frag- 
ments {R-PI, and multiple bond systems. 
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REACTIONS A ND PRODUCTS 

The chloro(trimethylsily1)phosphanes have been ob ta inedby  an 
exchange r e a c t i o n  of  t h e  corresponding b i s ( t r i m e t h y 1 s i -  
l y l )  phosphanes wi th  hexachloroethane6)  . 

Most of  them a r e  pale yel low o i l s  and t he i r  31P-NMR s h i f t s  a r e  
found t o  be i n  t h e  range 80  - 1 4 0  ppm. 
A s  a good case i n  p o i n t  w e  have used i P r 2 N P  (SiMe3) C 1  f o r  a l l  
f u r t h e r  r e a c t i o n s  w i t h  m u l t i p l e  bond systems.  They have been 
c a r r i e d o u t w i t h a  s l i g h t  excess  o f t h e t r a p p i n g  r eagen t ,  small  
amounts o f  HMPTI and without  any s o l v e n t  a t  20°C. 

A l l  r i n g  products  e x h i b i t s  t y p i c a l l y  31P-NMR s h i f t s  and coup- 
l i n g  c o n s t a n t s .  
WhenClP=C(SiMe3)2wastreatedwith iPrzNP(SiMe3)Clthe follo- 
wing r e a c t i o n  occured: 

iPr2N 

/p\ 
iPr2NP(SiMe3)Cf + CIP= C(SiMe3)2 - ClP-C(SiMeg)2 + QSiMeg (2) 

The r e a c t i o n  i s  obviouslymore complicated,  because i n  another  
case6)  a compound C1 (R)  P-P=C (SiMe3) 2 w a s  observed a s  interme- 
d i a t e  a t  l o w  tempera ture  by  31P-NMR spectrum. 
The c h l o r i n e  atom i n t h e  d iphosphi rane  has  been s u b s t i t u t e d b y  
v a r i o u s  nuc leoph i l e s  as w e l l  as hydrogen7) . 

iPr 2N 

/-& H-P / - p\ C(SiM%) + nBugSnC1 (3) 
nBugnH 

iPr 2N 

/p\ iPr 2N - /p\ i- MCl (4) 
CI-P - C(SiMe3) 2 

Nu-P - C(SiMe3) 2 
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The r e a c t i o n  wi th  Et$P=NtBu a f f o r d e d u n d e r v e r y m i l d c o n d i t i -  
ons t h e  corresponding azadiphosphi r id ine8)  . 

iPr 2N 

/p\ 
iPr2NP(SiMe3)Cl + Et3CP = NtBu Et3CP - NtBu + ClSiMeg (5 )  

There i s  evidence f o r  a 1 , l - o x i d a t i o n  o f t h e  phosphorus a tomin  
the  iminophosphane i n  the f i r s t  step8) . This  product  would then 
i somer ize  t o  form t h e  azad iphosph i r id ine .  
The f i r s t  1H-diphosphirene') was a c c e s s i b l e  by t r e a t i n g  t h e  
phosphaalkynePzCN (SiMe3) i P r  wi th  t h e  ch lo ro  ( s i l y l )  phosphane. 

iPr2N 
n 

/r\ 
iPr2NP(SiMe3)C1 + P CN(SiMeg)iPr + P = CN(SiMeg)iPr + CISiMeg (6) 

Theproductwas  confirmedbyx-ray s t r u c t u r e  a n a l y s i s .  Thebon- 
dingisinterestingbecausethealmostplanararrangementofthe 
P (1) -C (1) -N (1) - S i  (1) atoms ( d i h e d r a l  angle  177.6 '  ) enab les  a 
s i g n i f i c a n t K - d o n a t i o n o f t h e a m i n o n i t r o q e n a t o m a n d t h i s i n d i -  
c a t e s  a s u b s t a n t i a l  p a r t i c i p a t i o n  of resonance s t r u c t u r e  B a s  
w e l l a s t h a t o f r e s o n a n c e s t r u c t u r e A i n t h e g r o u n d s t a t e  o f t h i s  
d iphosphi rene .  

I n t e r e s t i n g l y  iPr2NP(SiMe3)ClandtBuBsNtBualso r e a c t t o g i v e  
t h e  a z  apho sphabor i r  i d i n e  8, . 

iPr 2N 
/p\ 

Pr2NP(SiMe3)C1 + tBuB=NtBu + tBuB =NtBu + ClSiMeg 0 

Treatmentofthepersilylated1,2-diphospha-2-propenewithhe- 
xachloroe thane  under m i l d c o n d i t i o n s  a f f o r d e d a  t r ans -1 ,2 ,4 ,5 -  
tetraphosphatricyclo[3.1.0.02*41 hexane. 
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The format ion  can be e x p l a i n e d  by two d i f f e r e n t  r e a c t i o n  
pathwayslo)  v ia  a d i p h o s p h i r a n e  o r  a diphospha-analogue of  a di -  
azoa lkane  l e a d i n g ,  however, t o  a 3H-phosphirene,whichdimeri-  

z e s  spontaneous ly .  
Theconformationofthedimerwas c o n f i r m e d b y a n x - r a y s t r u c t u -  
r e  a n a l y s i s .  
The bonding i n  t h e  d i p h o s p h i r a n e  framework e x h i b i t s  an  i n t e r -  
p l a n a r a n g l e 0 f 1 0 5 ~  w i t h r e s p e c t t o t h e p l a n a r P 4 f r a m e w o r k . T h e  
twoP-P-dis tances  (220.4 (1) and224.5  (1) ppm) a r e s i g n i f i c a n t l y  
d i f f e r e n t ;  t h e  l o n g e r  d i s t a n c e  p o i n t s  t o t h e  format ion  o f t h e  
cyc loadduct  from two molecules  of  t h e  3H-diphosphirene.  
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