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Convenient starting materials for the synthesis of phosphorus-containing podands are 
mono-a-phosphinylalkylated pyrocatechols [1-4], including derivatives of a-(o-oxyphenoxy)- 
alkylphosphonic acids [4]. The latter are also interesting as complexing agents for metal 
cations, in particular, rare earth elements [5]. 

In this work, a method for synthesis of alkyl- and aryl(o-oxyphenoxymethyl)phosphinic 
acids (III), having two phosphorus-carbon bonds, is described. Cleavage of 2-oxo-2-chloro- 
methyl-l,3,2-benzodioxaphosphole by Grignard reagents (instead of NaOH [4]) with subsequent 
neutralization of HCI leads to o-oxyphenyl esters (la-e), which upon boiling in toluene in 
the presence of triethylamine cyclize with formation of 2-oxo-2-R-3H-l,4,2-benzodioxaphos- 
phorines (lia-e) 
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R = E~ (a), Bu (b) C~H17 ~c), Ph (d), C,H4M~p (e). 

It should be mentioned that the Mg salt which is formed upon reaction of the Grignard 
reagent does not undergo intramolecular alkylation. Thus, for example, after boiling the 
reaction product of the starting phosphole with PhMgBr in toluene (~2 h) and subsequent acidi- 
fication, only the ester (Id) (70%) was isolated. Apparently, the intermediate which arises 
(up to neutralization of HC1) is analogous to the product which is formed upon reaction of 
2-oxo-2-phenyl-l,3,2-dioxaphospholane with PhMgBr [6], in which the Mg atom is bonded not to 
the phenol 0 atom but to the phosphoryl group. 

The cyclic esters (lla-e) are very easily hydrolyzed to the phosphinic acids (Ilia-e). 
Cleavage of the phosphorine ring is observed even in air and upon column chromatography of 
the esters (II). The compounds (III) as well as the a-(o-oxyphenoxy)alkylphosphonic acids 
[4] are able to eliminate water on boiling in xylene, quantitatively reverting to the phos- 
phorines (II). 

EXPERIMENTAL 

NMR spectra were recorded on a Bruker CXP-200 instrument. Chemical shifts of ~H and S~p 
were determined relative to TMS and 85% H3PO~. Melting points were measured on a Boetius- 
PHMK instrument. Column chromatography used silica gel L 100-250 ~m, and TLC, Silufol (eluting 
system of methylethylketone:heptane, i:i). Yields, constants, and elemental analysis of the 
compounds produced are given in Table I, NMR data, in Table 2. 

o-Oxyphenylesters of Alkyl- and Aryl(chloromethyl)phosphinic Acids (la-e). Grignard re- 
agent (from 94 mmoles alkyl- or arylbromide and 120 mg.at Mg in 60 ml ether) was added drop- 
wise with stirring to 75 mmoles 2-oxo-2-chloromethyl-l,3,2-benzoxaphosphole [4] in 50 ml an- 
hydrous THF at --15~ The mixture was stirred for 3 h at 20~ After addition of i00 ml 
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CHCI3, it was decomposed with I00 ml 5% HCI. The organic layer was dried with Na2S0~ and 
evaporated in vacuum. Recrystal!ization of the residue from toluene gave the esters (Id, e). 
Compounds (Ia-c) were isolated by column chromatography; eluent for (Ia), toluene:acetone, 
i0:I; for (Ib), toluene:acetone, 20:1; and for (Ic), toluene. 

2-Oxo-2-alkyl(aryl)-3H-l,4,2-benzodioxaphosphorines (Ila, c , d). A mixture of 30 mmoles 
ester (I) and 30 mmoles NEt~ in 50 ml toluene was boiled with stirring for 5 h, cooled, the 
precipitate filtered, and the solution evaporated in vacuum. Phosphorine (IIa) was obtained 
by recrystallization of the residue from benzene. Compound (IIc) was isolated by column 
chromatography (eluent, benzene). (IId) was obtained by distillation. (IIb, e), and also 
(IIc, d), underwent hydrolysis without isolation (see below). 

Alkyl- and Aryl(0-oxyphenoxymethyl)phosphinic Acids (Ilia-e). Phosphorine (Ilia, 80m moles) 
was dissolved in a mixture of benzene-CHCl3, l:i, and left in air for 3 days. The precipitate 
which formed was separated and recrystallized. Acids (ll!b-e) were obtained analogously from 
reactions of compounds (lib-e). 

Cyclization of Acids (lllb, e) into Phosphorines (lib, e). A suspension of 30 mmoles 
acids (lllb, e) in 50 ml xylene was boiled for 4 h with a DeanCStark trap (until cessation of 
water evolution). The solution obtained was evaporated in vacuum, and the residue recrystal- 
lized (lib) or distilled (lie). 

CONCLUSIONS 

Cleavage of 2-oxo-2-chioromethyl-l,3,2-benzodioxaphosphole by Grignard reagents produced 
pyrocatechol esters of alkyl- and aryl(chloromethyi)phosphinic acids, cyclization of which and 
subsequent hydrolysis lead to alkyl- and aryl(o-oxyphenoxymethyl)phosphinic acids. 

i. 

2. 
3. 
4. 
5. 
6. 
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SYNTHESIS OF P, B-CONTAINING HETEROCYCLES BASED 

ON BIS(~,2-DIHYDROXYBENZYL)PHENYLPHOSPHINE 

G. No Nikonov, A. A. Karasik, 
O. A. Erastov,* and B. A. Arbuzov 

UDC 542.91:547.1'127'118:547.89 

Reaction of bis- and tris(~-hydroxyalkyl)phosphines and their derivatives with esters or 
anhydrides of boric acids in the presence of amines is a promising method for the synthesis 
of P,B-containing heterocycles with four-coordinate boron atoms. Using this route, 4,6-di- 
substituted ammonium 1,3,2,5-dioxaborataphosphorinanes and their derivatives [1-3] as well as 
pyridinium •-pheny•-3,5,8-tris(trich••r•methy•)-•-b•rata-2,6,7-tri•xa-4-ph•sphabicyc••[2•2~ 
octane [4] have been obtained. The products were isolated in complex or salt form [i-4]. Use 
of aromatic o-hydroxyaldehydes opens new synthetic possibilities. This was shown in [5], 
where triethylammonium 1,4-diphenyl-3-(o-hydroxyphenyl)-2,8,9-trioxa-l-borata-4-phospha-6,7- 
benzobicyclo[3.3.1]non-6-ene (i) was obtained from phenylphosphine, salicylaldehyde, the an- 
hydride of phenylboric acid, and triethylamine. The structure of this compound was found by 

*Deceased. 
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