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Base-promoted diethyl phosphite method for synthesis of
triethyl phosphonoacetate
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Abstract : [ Objective] Conventional methods for accessing triethyl phosphonoacetate suffer from the disadvantages of requiring high
temperature, long reaction time, and environmental pollution of by-product chloroethane. To address these issues, the synthesis
conditions of triethyl phosphonoacetate were optimized using diethyl phosphite as the raw material. [ Methods ] Triethyl
phosphonoacetate was synthesized from diethyl phosphite and ethyl chloroacetate. 50 ml solvent, 0. 10 mol (13. 81 g) diethyl
phosphite,and 0. 10 mol base was added to a 250 mL three necked round bottom flask equipped with a thermometer and a spherical
condenser. After magnetic stirring for 30 min, a certain amount of ethyl chloroacetate was added dropwise, and the mixture was
heated to 70 °C. The reaction was maintained for a certain period of time, then quenched with added 50 ml. water, extracted with
ethyl acetate (30 mL X 3 times) , combined the organic phases,and then dried with anhydrous sodium sulfate. After filtration and
vacuum concentration to remove the solvent, vacuum distillation was carried out to collect the 140 -160 “C fraction, resulting in a
colorless or slightly yellow transparent oil. The content and structure of the product were detected by gas chromatography-mass
spectrometry (GC-MS) and nuclear magnetic resonance (NMR) spectroscopy. The base type (sodium carbonate, triethylamine,
sodium hydroxide, potassium hydroxide, sodium ethoxide), base dosage (0.10-0.20 mol), solvent type (toluene, N, N-

dimethylformamide, dimethyl sulfoxide, 1, 2-dichloroethane, acetonitrile, ethyl acetate, cyclohexane, tetra-hydrofuran), reaction
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temperature (25— 90 ‘C),reaction time (0.5 — 6 h),and the feeding ratio of diethyl phosphite and ethyl chloroacetate (1.5 : 1. 0 —
1.0t 1.5) were optimized based on the target product yield. The reaction mechanism was also explored. [ Results] When using
sodium ethoxide as the base, the yield of triethyl phosphonoacetate was significantly higher than other bases. As the amount of
sodium ethoxide increased, the yield first increased and then decreased. At 0. 12 mol sodium ethoxide, the yield reached 74%. The
highest yield of triethyl phosphonoacetate was obtained when using acetonitrile as solvent. As the reaction temperature increased and
the reaction time prolonged,the yield showed a downward trend. An excess of diethyl phosphite caused a slight decrease in yield,
while an excess of ethyl chloroacetate caused a significant decrease in yield. The optimal reaction conditions were obtained as follows:
n(diethyl phosphite) : n(ethyl chloroacetate) # n(sodium ethoxide)=1.0 : 1.0 : 1. 2, with acetonitrile as solvent,and reaction at 25
°C for 1 h. Based on these experimental results, a possible mechanism is proposed for the substitution reaction. Firstly, proton
abstraction with sodium ethoxide from diethyl phosphite in situ forms a crucial active intermediate. Next, phosphorus anion undergoes
nucleophilic attack and further loses one molecule of NaCl and EtOH to furnish the corresponding product. [ Conclusion] In this
study ,diethyl phosphite and ethyl chloroacetate were used as reaction materials to synthesize high-purity triethyl phosphonoacetate in
the presence of sodium ethoxide at 25 “C for 1 h,achieving a yield up to 90%. Compared with the traditional synthesis method of
triethyl phosphonoacetate (reaction at 140 °C for 7 h), this reaction has the advantages of simpler operation, shorter reaction time,
milder reaction conditions, and comparable yield. It also provides new insights for the industrial production of triethyl
phosphonoacetate and expands the applications of diethyl phosphite,
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Fig. 1 Synthetic route of triethyl phosphonoacetate
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Tab. 1 Influences of types and dosages of alkali on the

yields of triethyl phosphonoacetate
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L 0.12 74
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Tab. 2 Effect of feeding ratio of diethyl phosphite and ethyl

chloroacetate on the yield of triethyl phosphonoacetate
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