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CYCLIC ELIMINATION AND INTRAMOLECULAR INSERTION REACTIONS OF 
THERMALLY -GENERATED ClONOMERIC >IETAPHOSPHORIC ESTERS (META- 
PHOSPHATES) 

J.I.G.CADOGAN 
B.P.Research Centre, Chertsey Road, 
! l iddl esex TW16 7LN, England 

I A N  GOSNEY AND PETER M.WRIGHT 
Department o f  Chemistry, U n i v e r s i t y  
Road, Edinburgh EH9 355, Scotland 

Sun b u ry - on - T h ame s , 

o f  Ed nburgh, West Mains 

2-Aryl-l,3,2-dioxaphospho anes ary loxyphosphi tes)  
decompose thermal ly  i n  the  gas phas w i t h  l oss  o f  e thy lene 
t o  generate a r y l  metaphosphates which c y c l  i s e  by in t ramole-  
c u l a r  i n s e r t i o n  (phosphonylat ion) o r  abs t rac t  a B-hydrogen 
t o  form a te rmina l  alkene by l oss  o f  HP03. 

I n  the  course of t he  c u r r e n t l y  in tense i n t e r e s t  i n  s h o r t - l i v e d  
unusually co-ordinated phosphorus species, we found t h a t  thernioly- 
s i s  o f  c y c l i c  phosphonites i n  t h e  gas-phase under f l a s h  vacuuni 
cond i t ions  provides a new and p repara t i ve l y  use fu l  method f o r  
generating h i g h l y  reac t i ve  metaphosphonate species [ArPX ; X=O,S,  
o r  N A r 3 . l  Evidence as t o  the  intermediacy o f  such specie$ i n  these 
react ions came from the  p y r o l y s i s  (60O-80O0C/3 t o r r )  o f  t he  
phosphonite (1  ) which i s  transformed almost q u a n t i t a t i v e l y  i n t o  
5-hydroxydibenzophosphole-5-oxide (3 ) ,  t he  a n t i c i p a t e d  product o f  
in t ramolecu la r  t rapp ing  o f  t h e  nionomeric metaphosphonate ( 2 )  by t h e  
adjacent phcnyl group. We have now extended t h e  scope of t h i s  

(1) ( 2 )  ( 3 )  

approach t o  the  generat ion o f  monomeric metaphosphoric es te rs  
(r,ietaphosphates) f o r  which comparatively 1 i t t l e  i s  known apar t  
from the  growing evidence o f  t h e i r  a b i l i t y  t o  func t i on  as powerful 
e l e c t r o p h i l i c  s u b s t i t u t i o n  agents. 

Thus, py ro l ys i s  o f  t he  ary loxyphosphi te  ( 4 )  a t  700°C gave t h e  
c y c l i c  phosphonic monoester ( 6 )  i n  74% y i e l d  as a co lour less  s o l i d  
(r~i.p.203-204~C; lit.4 200-203”C, 31P6 6.04) by l oss  o f  ethylene. 
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0 
0-p( ) t 0 

I 

( 6 )  

Sim i la r  py ro l ys i s  o f  ( 7 )  resu l ted  i n  the  i s o l a t i o n  o f  e s t e r  (8 )  
(m.p.211-215"C, 31P6 8.40, 45%). 13C-n.m.r. spectroscopy f u l l y  
supported the  s t ruc tu res ,  i n  p a r t i c u l a r  by showing s igna l  s p l i t t i n g  
f o r  the  d i r e c t  attachment o f  P t o  C C5175.4 and 174.OHz, respec- 
t i v e l y ,  c f .  5183.2Hz for PhP(O)(OH) 1 Formation o f  (6 )  and ( 8 )  
by i n s e r t i o n  o f  phosphorus i n t o  an gromatic C-H bond c o n s t i t u t e s  
conipell ing evidence f o r  t h e  intermediacy o f  a monomeric a r y l  meta- 
phosphate (ArOP02) moiety, e.g. (5 )  i n  these react ions.  

0 
\ 

( 7 )  

Besides demonstrating t h e  p r a c t i c a l  advantages t o  be der ived  
from the h igh  e l e c t r o p h i l i c i t y  o f  monomeric metaphosphates, these 
novel observations adumbrate a new method f o r  t he  normal ly  d i f f i -  
c u l t  process o f  phosphonylation o f  an aromatic nucleus. For 
example, t he  same reac t i on  sequence f o r  ary loxyphosphi te  (10) 
a f fo rded the  e s t e r  (11) i n  51% y i e l d .  
w i t h  saturated aqueous NaHC03 s o l u t i o n  gave a v i r t u a l l y  quant i  t a -  
t i v e  y i e l d  o f  t he  a c i d  (12) (m.p.242-246"C; 31P6 19.07) which i s  
the  product o f  formal phosphonylation o f  t h e  s t a r t i n g  subs t ra te  
naphth-1-01 (9 )  i n  the  pe r i -pos i t i on .  

Hydro lys is  o f  t h e  l a t t e r  
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(121 (11) 

A somewhat different result akin t o  the Chugaev reaction i s  
observed when the aryloxyphosphi t e  contains an abstractable B- 
hydrogen, e . g .  (13 ) .  Ethylene i s  extruded, b u t  the metaphosphate 
intermediate (15) rearranges with loss of HP03 t o  give a terminal 
alkene (14)  in good yield. 
the concomitant formation of a transluscent glassy solid with the 
properties o f  polymeric metaphosphoric acid. 

This mechanism i s  fully supported by 

8- elimination via metophosphate 

I ( 1 5 1  I 
In the case of the neopentoxy compound (16)  pyrolysis yields 

a mixture of 2-methyl but -1-  and -2-enes i n  the r a t i o  of 2.57:l. 
A t  th is  stage, the mechanism of the reaction i s  not  c lear ,  b u t  a 
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pathway i s  envisaged whereby the metaphosphate intermediate ( 17) 
col 1 apses t o  products via 1 , I  -diniethyl cyclopropane which i s  formed 
e i t h e r  d i r ec t ly ,  or from t-butylcarbene as evidenced previously by 
us5 upon pyrolysis of the tosylhydrazone s a l t  (18). An a l t e r n a t -  
ive mechanisni involving cleavage of (16) t o  produce a neopentyl 
radical can be ruled out s ince generation o f  the l a t t e r  by 
pyrolysis o f  bis-neopentyl oxalate Fives rise t o  2-methyl b u t - l -  
ene and 1-methyl propene as the only products. 

2.57 : 1 
(161 

vio r n o r o p h o ~ p h d ~  

x 
&+ )- J 

(18) 
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