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THE QUEST FOR METAPHOSPHATE SPECIES. PHOSPHORIC 

CHLORIDES AND ANHYDRIDES AS REACTIVE PRECURSORS 

S. Cocks, J.  Symes and T.A. Modro 
Department of Organic Chemistry, Un ive r s i ty  of  
Cape Town, South Afr ica  

Abs t rac t  (8-Arylethy1)phosphorochloridates decompose 
e a s i l y  y i e ld ing  1-chloro-2-arylethanes v ia  t h e  concerted 
P-C1 f i s s i o n  and the  expuls ion  of metaphosphate spec ie s .  
Mixed anhydrides der ived from carboxyl ic  and amidophosphoric 
ac ids  undergo unimolecular f ragmentat ion t o  carboxyamides 
and metaphosphate esters.  

1 - 
The metaphosphate ion ,  PO3 

as a r e a c t i v e  in te rmedia te  involved i n  the  hydro lys is  of 

phosphate monoesters,  and i t s  ex i s t ence  i n  the  monomeric form 

i n  the  gas phase has r e c e n t l y  been demonstrated by N I C I  mass 

spectrometry.2 P a r t i c i p a t i o n  of t h e  metaphosphate type spec ie s  

a t t r a c t s  unceasing a t t e n t i ~ n , ~  and r ecen t  r e p o r t s 4  show t h a t  

a v a r i e t y  of n e u t r a l ,  phosphorus-containing systems can func t ion  

as  p recu r so r s  f o r  t h e  metaphosphate d e r i v a t i v e s  of t h e  genera l  

formula X-PO2. Theore t ica l  c a l c u l a t i o n s  suggest' t h a t  it i s  not  

t he  i n t r i n s i c  i n s t a b i l i t y  but  r a t h e r  h igh  e l e c t r o p h i l i c i t y  of 

t he  metaphosphate monomer t h a t  makes it  such an  e l u s i v e  r e a c t i o n  

in te rmedia te .  

was pos tu l a t ed  t h i r t y  years  ago 

We r e p o r t  here  on two organophosphorus systems which can be 

considered as  d e r i v a t i v e s  of t h e  metaphosphate XPO 

i n t o  the  molecular framework, and which undergo f a c i l e  fragmen - 
t a t i o n  r e l e a s i n g  the  metaphosphate spec ie s  and forming simple 

phosphorus-free products .  

" inser ted"  2 '  
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PHOSPHOR0 CHLORIDATE S 

We have found 

highly uns tab le  and a r e  e a s i l y  converted i n t o  t h e  corresponding 

1-chloro-2-arylethanes (2) - . 

6 t h a t  (2-arylethyl)phosphorochloridates (1) a r e  

A r 2 / O - P  (O)(X)Cl - A r Z / C l  + X-PO2 (1)  

2 - 1 ,  X = OR, C 1  - 

Reaction (1) i s  a s p e c i f i c  example of t he  co l l apse  of a phosphate 

RO-P(0) ( X ) Y  proceeding wi th  expuls ion of t h e  metaphosphate XP02 

and wi th  formation of an a l k y l  d e r i v a t i v e  R-Y. Our r e s u l t s  show 

t h a t  such a co l lapse  i s  s t rong ly  f a c i l i t a t e d  by the  8-aryl 

s u b s t i t u e n t  i n  t h e  ester group (and by t h e  e l ec t ron - re l eas ing  

subs t i t uen t s  i n  the  a r y l  group),  and hence i n d i c a t e  t h e  par t ic i -  

pa t ion  of t h e  benzenonium in te rmedia te  (2). 

Experiments with s u b s t r a t e s  conta in ing  poorer leav ing  groups 

a t  phosphorus ( e . g .  p-nitrophenoxy) c a r r i e d  out  under s o l v o l y t i c  

condi t ions  demonstrated t h a t  the  f i s s i o n  of t h e  0-P and t h e  P-C1 

bonds occurs i n  a synchronous manner and t h a t  t h e  d r i v i n g  fo rce  

f o r  t he  expuls ion of  t h e  metaphosphate i s  t h e  nuc leoph i l i c  

a s s i s t ance  by t h e  B-aryl group, coupled toge the r  wi th  t h e  

depar ture  of t h e  good leaving  group from t h e  phosphoryl cen te r .  

MIXED ANHYDRIDES 

Upon gent le  hea t ing  (o r  at  room temperature)  mixed anhydrides  

(i) derived from carboxyl ic  and amidophosphoric ac ids  undergo 
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7 fragmentation yielding carboxyamides and metaphosphate e s t e r s .  

(RO) (R;N)P (O)OC(O)R" a- R;N-C(O)R" + RO-PO2 (3) 
4 - 

Reaction (3) is highly s e l e c t i v e  i n  terms of the group migrating 

from phosphorus t o  carbon, i.e. no carboxylic esters (products 

of the RO group migration) were observed i n  fragmentations of 

substrates  - 4 .  The k ine t i c s ,  solvent e f f e c t s  and ac t iva t ion  

parameters, as well as subs t i t uen t  e f f e c t s  determined f o r  

react ion (3 )  demonstrated tha t  the fragmentation i s  a unimole- 

cular process with l i t t l e  bf any) charge development i n  t h e  

t r a n s i t i o n  s ta te  : 

The e f f e c t s  of solvents and L e w i s  acids on the r eac t ion  rate 

and on the ac t iva t ion  parameters can be explained best  by 

postulat ing s t a b i l i z i n g  in t e rac t ions  with e i t h e r  carboxyamide 

o r  metaphosphate fragments being formed i n  the course of the 

react  ion. 

Current MO calculations8 confirm the concerted nature  of 

the fragmentation and explain the observed s e l e c t i v i t y  i n  terms 

of s tereoelectronic  e f f e c t s  , 
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