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GAS-PHASE PYROLYSIS OF TERVALENT PHOSPHORUS-OXY AND -THIA 
HETEROCYCLES: A NEW APPROACH TO SHORT-LIVED PENTAVALENT 
PHOSPHORUS COMPOUNDS HAVING CO-ORDINATION NUMBER 3 

J . I. G . CADOGAN 
BP Research Centre, Chertsey Road, Sunbury-on-Thames, 
Middlesex TW16, 7LN, England. 
SIMON BRACHER, IAN GOSNEY and SALIH YASLAK 
Department of Chemistry, University of Edinburgh, West 
Mains Road, Edinburgh EH9 3 5 5 ,  Scotland. 

Abstract Generation of short-lived metaphosphonates by 
thermal fragmentation of cyclic phosphonites and their 
thia-analogues in the gas phase is described, including 
an elaboration of the method whereby a monomeric 
phosphonobenzene is detected unambiguously for the first 
time by an intra-molecular trapping reaction which also 
illustrates the considerable potential of such species in 
the synthesis of phosphorus heterocycles. 

Although short-lived pentavalent phosphorus compounds with co- 
ordination number 3 have commanded a fair amount of attention 
in the past few years1, 
aryldioxophosphoranes ('metaphosphonates'). This neglect stems 
largely from the ease of  their trimerisation and polymerisation 
which not only makes them difficult to detect, but hitherto has 
precluded their use in preparative chemistry. 

The parent phenyldioxophosphorane ('phosphonobenzene') (1) 
was first reported in 1882 by Michaelis and Rothe2 who believed 
it to have been formed in the reaction of benzenephosphonic 
acid with benzenephosphonic dichloride, but almost eighty years 
later it was shown3 that the product was the trimer of (1) 
rather than (1) itself. I n  1921 Conant and Pollack4 observed 
the spontaneous decomposition of the phosphinate anion (2) in 
aqueous solution, but only now with the advantage of hindsight 

little information is available concerning 
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does the question arise of whether this reaction proceeds by way 
of phosphonobenzene (1). 
that photolysis of the 1,2 h5-oxaphosphetane ( 3 )  in methanol 
produces the 1,3-diene ( 4 )  and the mono-methyl ester ( 5 )  and 
suggested that (5) arose via the monomeric phosphonobenzene (1) 

More recently, Regitz and Eckes5 showed 
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which is trapped by methanol, but the evidence is tenuous since 
spontaneously formed oligomers of (1) also react with methanol 
to give (513. We now describe (i) a genuinely simple and novel 
way of generating highly reactive metaphosphonate intermediates 
by thermal fragmentation of  cyclic phosphonites and their thia- 
analogues in the gas phase, and (ii) an elaboration of this method 
whereby a monomeric phosphonobenzene is detected unambiguously 
for the first time by an intramolecular trapping reaction. 
Sigal and Loew6 have tried to prepare phosphonomesitylene by the 
pyrolysis of the corresponding phosphinate, but the only products 
obtained were polymer and mesitylenephosphonic acid. 

vacuum pyrolysis (FVP) of cyclic phosphonites (6: n = 3 or 4 )  
yields the corresponding phosphinic acid ( 7 )  which rearranges 

The origin of this work lies in our observation that flash 

( 7 )  (8 )  
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at higher temperatures to a phostone (8)". FVP of the five- 
membered analogue (9) under similar conditions (80OoC and 
0.01 mmHg), resulted in l o s s  of ethylene and the almost quanti- 
tive formation of trimeric phosphonobenzene (10) which could also 
be obtained by thermal elimination of 1,3-butadiene from 
2-phenyl-5,6-dehydro-l,3,2-dioxaphosphepane (11) at 5OO0C. 

The identity of trimer (10) was confirmed by analytical and [FABJ 
mass spectral data, and in particular, by comparison of its complex 
31P-n.m.r. spectrum with that of an authentic sample prepared from 
the reaction of benzenephosphonic acid with benzenephosphonic 
dichloride2. 

Expected trapping of the highly reactive monomer (1) by 
introduction of suitable cycloaddends, e.g. dimethyl acetylenedi- 
carboxylate, tetracyanoethylene, etc. within the pyrolysis zone 
failed to occur, but indirect evidence for its intermediacy in 
these reactions was obtained by thermal fragmentation of 
Z(o-biphenylyl)-1,3,2-dioxaphospholane (12) in the gas-phase at 
6CO-800°C in the usual way8. Under these conditions, pyrolysis 
resulted in the almost quantitative formation of 5-hydroxydi- 
benzophosphole 5-oxide (14; m.p. 252-255OC; lit.9 253-257OC) 
which is the anticipated trapping product of monomeric (13) by 
the adjacent phenyl ring. Since insertion into an aromatic ring 
requires the intervention of a powerful electrophilic species, 
we believe the formation of  (14) from ( 1 2 )  constitutes the first 
reliable evidence for the existence of a phosphonobenzene as a 
true intermediate. w o o w  

"Mathey and Thavard7 have shown that 2-phenyl-1,3,2-dioxa- 
phosphorinane (6; n = 3) undergoes the same rearrangement 
upon heating in toluene at 25OoC for 24h. 
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We have also shown that short-lived three-co-ordinate 
P ( V )  compounds possessing a P=S or P=N bond are also accessible 
by the same method, e.g. the dimer (16) of p-methoxyphenyl- 
thionophosphine sulphide, otherwise known as Lawesson’s reagent, 
in 80% yield. The thiation properties of (16) are well knownlO, 

(15) (16) 

but its mode of  formation from anisole and P4S10 appears not to 
be generalll. 
of  (16) by changing the nature of the aryl group. 

leads to insertion of the PO2 moiety into a neighbouring methyl 
group to give the cyclic product (18; 100%). 

Work is now in hand to moderate the reactivity 

Finally, we report that FVP o f  the tri-t-butyl analogue (17p2 
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