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Abstract: This paper describes a concise and effective synthesis of methyl a- 
phosphonoaryl acetates, effected by reacting a-phosphono carbanions with methyl 
chloroformate. Yields are high, and the purification of the products is readily achieved 
with column chromatography. 

a-Phosphono esters are widely employed substrates in olefln synthesis via the Homer-Wadsworth- 

Emmons (HWE) reactiont A significant limitation to this reaction constitutes the preparation of the a- 

phosphono esters and substantial effort is currently being made towards the development of a general synthesis 

of 8-keto phosphonates and a-phosphono esters. 2-8 In the context of recent work on the photoisomerization 

of methyl a-arylcinnamates, we required a series of a-phosphono esters 1 in considerable amount for use in 

the HWE reaction.9 

Known synthetic procedures with either nucleophilic phosphoryl reagents like trimethyl phosphite or 

dimethyl phosphite anion3 or electrophilic phosphoryl reagents like dimethyl chlorophosphate4 or dimethyl 

phosphorochloridite.5 were disappointing with regard to yields or preparative ease. 

A different approach to the synthesis of I is to introduce the methoxycarbonyl group in the last step by 

reacting an a-phosphono carhanion with a suitable reagent like methyl chloroformate or dimetbyl carbonate.6 

Suchlike approaches have appeared sporadically in the literature,7 and in this report we describe an effective 

synthesis of 1 in a procedure which is based on such an approach (Scheme 1). 
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Scheme 1 

As outlined in Scheme 1, methyl chloroformate was reacted with an a-phosphono carbanion, which 

could be genemted with a variety of bases. It is essential to use 2 mol equiv of base and the optimized reaction 

conditions to make use of a base which did not react with methyl chloroformate or 1. The beat combination of 

yield and preparative ease was to use diethyl ether as the solvent. 
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As tacitly indicated above, we explored a variety of reaction conditions and conclude that in addition to 

the choice of base and solvent, the reaction is also very sensitive to the reaction temperature: Conducting the 

reaction at temperatures above -78 “C always resulted in considerably diminished yields. This is concordant 

with remarks on the instability of a-phosphoio cad&ions at temperatures above -65 OC.8 

The results in Table 1 demonstrate that the synthetic sequence allows some structural variation with 

regard to activating and deactivating substituents on the aromatic ring. 

Table 1. Formation of a-Phosphono Esters 1. 

Prod- Ar 
uct y??ld 

‘H NMR Prod- Ar 
6 (nom): la-H. dl 

Y$ld ’ H NMR 
uct 6 (oprn): la-H. dl 

la ‘gHS 80 4.28 (JHp=23.5 Hz) 75 4.16 (J,,p=23.4 Hz) 
lb 4-C1C6H4 

le 4-MeC,H, 
61 4.19 (JHp=23.8 Hz) 

lc 2,4-CI,C6H3 72 4.96 (J~p=25.0 Hz) 
1 f 2,4,6-Me$,H, TX 4.60 (J,,=28.6 Hz) 
1 g 4-MeoC6H4 4.23 (J~p=23.5 Hz) 

ld 2,6-Cl&H, 70 5.13 (JHp=27.4 Hz) 

The availability of starting materials and the preparative ease of this proccdum should make it attractive. 

Finally, it is worthy of note that the procedure has been scaled up to produce 5 - 15 g of phosphonates 1. 
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Typical experimental procedure: 2.05 mol cquiv of n-BuLi (2.5 M in hexane) were added via syringe to a solution of I mol 
equlv of triphenylmethane in dry ether, previously cooled to -78°C. ARer stirring this mixture at -78T for IO min, an 

etheral solution of 2 was added dropwise and the resulting mixture stirred for I hr before the methyl chloroformate was added 

dropwise and stirring continued for further 3-4 hrs at -78% The reaction was quenched at -78°C with aqueous HCI. and the 

dried ether phase concentrated in wzcuo. The residue was purified by column chromatography on silica gel using CH2C12 to 

elude triphenylmethane. Subsequent elusion with methanol afforded ,l in high yields. If the product was contaminated with 

2. the two phosphonates were easily separated on a preparative HPLC instrument with ethyl acetate as the mobile phase. 
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