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Phosphate esters and anhydrides are central to life, known for their unique combination of reactivity and 

stability, powering key biological processes. Acyl and phosphoryl transfer reactions in particular, underpin 
essential functions in metabolism, signaling and molecular construction. However, outside of biology, 

coupling of acyl phosphates with selective processes such as acyl and phosphoryl transfer remain 

challenging. Here, we explore the potential of amino acyl phosphate esters as structural intermediates in 

abiotic peptide assembly. By systematically varying the phosphate leaving group ethyl, phenyl, naphthyl, 
or dodecyl, while keeping the amino acid residue constant, we demonstrate how subtle structural differences 

dictate divergent supramolecular outcomes and guide distinct reaction pathways. Ethyl and phenyl 

substitution resulted in soluble phosphate esters while naphthyl and dodecyl formed compartments. Each 
amino acyl phosphate reacts with amino acid nucleophiles to yield an identical covalent product, yet their 

assemblies differ profoundly. The self-assemblies of the formed dipeptides depend on the followed pathway 

(Figure 1). This approach also enables selective acyl transfer reactions for peptide coupling tailored to the 

reactivity profiles of specific phosphate esters in competitive experiments. We also harnessed these amino 
acyl phosphate esters for phosphoryl transfer reactions using different phosphoryl agents such as adenosine 

monophosphate, orthophosphoric acid, and pyrophosphoric acid to investigate their influence on peptide 

oligomerization, owing to variations in reactivity.1,2 

 
 

Figure 1. Tailored Phosphate Leaving Groups Direct Pathway-Dependent Self-Assembly. 
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