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The Chemistry of the Phosphoryl Linkage: Examples of PW -+ Pv and 
PI" + Pvl Transformation under Mild Conditions 

By MICHAEL GALLAGHER 
(The University of New South WaZes, P.O. Box 1, Kensington, New South Wales, Australia, 2033) 

and AURELIO MUNOZ,* GEORGES GENCE, and MAX KOENIG 
(E. R. d u  C.N.R.S. no 82, Laboratoire des He'tkrocycles d u  Phosphore et de Z'Azote, Universite' Paul Sabatier, 118 route de 

Narbonne, 31077 Toulouse, France) 

Summary Catechol and substituted catechols react with 
phosphonic acid or with phosphoryl chloride under mild 
conditions to give P-spirobis- (0-arylenedioxy) phosphor- 
anes; where the non-cyclic substituent a t  phosphorus is a 
catechol residue the phosphoranes are readily trans- 
formed by organic bases into corresponding tris- (o-aryl- 
enedioxy)phosphate anions. 

WITH very few exceptions1 reactions of the phosphoryl 
group are limited to reduction to the trivalent state and 
require powerful reagents and/or vigorous conditions. We 
report here reactions occurring with opening of the phos- 
phoryl linkage which proceed under mild conditions and 
give rise to an increase in the co-ordination number a t  
phosphorus. 

Phosphoranes are normally prepared from Pm starting 
materials. y3 However, addition of dicyclohexylcarbodi- 
imide (DCC; 2 mol. equiv.) to a solution of anhydrous 
phosphonic acid (1 mol. equiv.) and catechol (2 mol. 
equiv.) in dry dimethoxyethane results in an exothermic 
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reaction and the formation of the spirophosphorane (1) in 
good yield (70-80~0). No reaction occurs in the absence 
of DCC. When the catechol is replaced by [OH-2H]catechol, 
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< 5% (n.m.r. analysis) of the deuterium is incorporated in 
the final product. The most likely course of the reaction, 
therefore, is the formation of the diester followed by 
intramolecular attack on the phosphoryl bond by the 
phenolic hydroxy-group (Scheme 1). Any intermediate 
tautomerism of the type P(0)H +- P-OH should result in 
incorporation of a P-D bond in (1). 

An even simpler reaction occurs when equimolecular 
amounts of catechol or substituted catechols and phosphoryl 
chloride are boiled together in benzene. With catechol 
itself a crystalline precipitate of the pentaoxyphosphorane 
(2; R = H) is formed and may be isolated simply by 
filtration.* This compound is only sparingly soluble in 
non-basic solvents and in basic solvents is transformed 
completely into the tris- (o-pheny1enedioxy)phosphate anion 
(3), first obtained by Allcock et ~ 1 . ~  as its triethylammonium 
salt. When the starting catechol is substituted (3-hle or 
4-But) the intermediate phosphorane (2) is sufficiently 
soluble in non-basic solvents (benzene, acetonitrile) for 31P 
n.m.r. measurements and the characteristic high-field 
absorption is consistent with a five-co-ordinated organo- 
phosphorus compound [R = 3-Me; 6 (C,H,) -29.5 p.p.m.; 
R = But; 6 (MeCN) -28.5 p.p.m.t]. Addition of Et,N to 
these solutions causes conversion into the corresponding 
oxyphosphate anions (3) [6(31P) -83 and -84 p.p.m. 
respectively]. 

The importance of these observations lies in the fact that 
simple reagents and mild conditions can give good yields of 
products arising from reaction of the phosphoryl group. 
The only driving force seem to be the formation of a five- 
membered ring, a matter of great significance in view of the 
high reactivity and biological importance of naturally 
occurring 2,2-dioxo- 1,3,2-dioxaphospholans. These obser- 
vations lend strong support to the involvement of phos- 
phoranes in the chemistry of these substances6 and imply the 
possibility that such intermediate may have considerable 
lifetimes. In fact, there is no a priori reason why phos- 
phoranes or oxyphosphate anions should not occur in nature. 

SCHEME 2 (Received, 28th January 1976; Corn. 089.) 

Shifts upfield of 85% H,PO, (6 = 0 p.p.m.) are denoted negative (cf. G. Vael, 'Annual Reports on N.m.r. Spectroscopy,' ed. 
E. F. Mooney, Academic Press, New York, 1973). 
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