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Amide bonds are ubiquitous in small organic compounds, proteins, and engineering plastics 

such as nylons and aramids). In the latter two categories, catalytic hydrolysis represents an 

attractive approach for yielding their building blocks from the perspectives of biorefinery and 

chemical recycling of plastics. However, because the hydrolysis products contain amino and 

carboxylic acid functional groups, conventional strong acids and bases—typical catalysts for 

hydrolyzing chemical bonds—are readily deactivated through neutralization by acidic or basic 

products; consequently, neither strong acids nor strong bases function effectively as catalysts 

for hydrolyzing amide bonds. Therefore, the development of well-designed catalysts is required 

for the efficient hydrolysis of amide bonds in proteins and polyamides. 

In the hydrolysis of glycylglycine (Gly-Gly) as a model reaction, we found that monoclinic 

ZrO2 (m-ZrO2) functions as an efficient catalyst, producing glycine in up to 97% yield with 

only a small amount of glycine anhydride under optimized conditions.1) In stark contrast, 

conventional homogeneous acidic and basic catalysts, such as H2SO4 and NaOH, exhibited 

markedly inferior performance. NH3- and CO2-temperature-programmed desorption (TPD) 

measurements indicated that the acid-base bifunctionality of m-ZrO2 plays a crucial role in the 

Gly-Gly hydrolysis. Furthermore, the m-ZrO2 catalyst exhibited a broad substrate scope. 

Various dipeptides containing acidic or basic amino acid residue(s) were successfully 

hydrolyzed into their corresponding components at 373 K. In addition, nylon 6 was hydrolyzed 

into -caprolactam (81% yield) and -aminocaproic acid (13%) at 503 K, which is significantly 

lower than the temperatures previously reported for the hydrolysis of nylon 6 (≥573 K). 

 

 
 

Reference 1) S. Tomita, M. Yabushita, Y. Nakagawa, K. Tomishige, Catal. Sci. Technol. 14, 

3898–3908 (2024). 
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