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摘要 

 

I 
 

摘 要 

 

本论文以生物质衍生化合物羟基丙酮的选择性氧化酯化制备高附加值丙酮

酸甲酯为目标，围绕醇氧化酯化制备酯类化合物的过程展开讨论，针对选择性氧

化酯化反应中催化剂酸碱性的影响进行研究，寻求能有效催化羟基丙酮转化制备

丙酮酸甲酯的多功能催化剂。 

本文比较了具有不同载体的负载型金催化剂催化反应性能，并用 Hammett

指示剂法对各个载体酸碱度进行测定，结果表明，酸碱两性催化剂催化性能优于

单一酸碱性催化剂，以具有适宜酸碱两性的 HAP 载体上负载 Au 得到的 Au/HAP

催化剂表现出相对 佳催化活性。 

为了进一步明确催化剂酸碱度的作用并由此研制丙酮酸甲酯合成的高效催

化剂，本文制备了不同 Ca/P 比即具有一定酸碱度差异的 Au/HAP 系列催化剂。

结合催化剂的 TEM、ICP-OES、NH3/CO2-TPD 等表征结果与反应性能测试结果

发现，不同 Ca/P 比的 Au/HAP 系列催化剂上 Au 含量和 Au 粒径基本一致，而催

化剂的酸碱度是影响该系列催化剂催化性能的重要因素。具有适宜酸碱度的

Au/HAP1.62 催化剂表现出 佳性能，催化反应可得羟基丙酮转化率为 62%，丙酮

酸甲酯选择性为 87%。该催化剂稳定性良好，经 5 次循环使用，催化性能仍与初

次反应性能维持一致。 

通过对反应中间体和产物的研究发现，由羟基丙酮制备丙酮酸甲酯的反应经

历半缩醛中间体而非丙酮酸中间体，具体过程为：羟基丙酮先脱氢氧化生成丙酮

醛，丙酮醛与甲醇缩合形成半缩醛，半缩醛进一步氧化生成丙酮酸甲酯。在反应

过程中，缩酮产物 2，2-二甲氧基丙酸甲酯由半缩酮与溶剂甲醇缩合生成，该缩

酮产物可作为中间产物进一步氧化生成丙酮酸甲酯。 

 

关键词：羟基丙酮；丙酮酸甲酯；酸碱性；羟基磷酸钙；金 
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Abstract 

 

II 
 

Abstract 

 

To develop an efficient process for the synthesis of methyl pyruvate from 

biomass-derived acetol, this dissertation has focused on the study of the effect of 

acid-base nature on the catalytic performances of supported Au catalyst and the 

reaction mechanisms involved. 

Au-based catalysts using different supports were investigated for the oxidative 

esterification of acetol to methyl pyruvate. The results showed that the amphoteric 

catalysts are superior compared to other catalysts, especially HAP with appropriate 

acid-base nature exhibiting the best performances. 

 The acid/base properties of HAP-based catalysts can be regulated by adjusting the 

Ca/P molar ratio. Au/HAP1.62, possessing optimum acid and base sites, was identified 

as an optimum catalyst exhibiting 62% conversion of acetol and 87% selectivity to 

methyl pyruvate. The results reconfirmed the key role of acid-base sites in the 

oxidative esterification of acetol to methyl pyruvate.  

In order to understand the reaction network involved in acetol oxidative 

esterification to methyl pyruvate, we have carried out time course studies using acetol 

as well as the possible intermediates as the substrate. The oxidative esterification of 

acetol to methyl pyruvate was found to proceed via a hemiacetal intermediate arising 

from the condensation of pyruvic aldehyde and methanol, which is subsequently 

oxidized to the methyl pyruvate. The ketal is formed via the condensation of 

hemiketal and methanol, and is converted into desired methyl pyruvate. 

 

Key words: Acetol; Methyl pyruvate; Acid-base properties; Hydroxyapatites; Gold. 
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