Abstract

Natural biopolymers, such as proteins, can self-assemble into complex forms, with their
primary sequence determining the resulting spatial motifs and properties. The order of amino
acids within the chain plays a key role in defining proteins' structure and function of proteins.
Consequently, one promising strategy for tailoring polymer properties involves precise control
over the composition and sequence of monomers in macromolecules. Recently, methods have
been developed for synthesizing polymers with uniform structures and well-defined monomer
sequences, primarily through iterative synthesis in solution or on solid supports. However, both
approaches present limitations, and the full potential of sequence and stereochemical control in
abiotic macromolecules remains an open question.

In this study, a scalable and optimized solution-phase protocol for the synthesis of
sequence-defined oligourethanes was developed. This method enables the preparation of high-
purity oligourethanes in good yields. Oligourethane sequences composed of four and eight
monomer units were synthesized as model systems to investigate the influence of sequence and
stereocontrol on their thermal properties. The results of the studies showed that modifying the
oligourethane structure by changing the sequence of mers and the arrangement of stereogenic
centers in the chain significantly affects their characteristics as a function of temperature, i.e.,
melting temperature, glass transition temperature, degradation temperature and its mechanism.
Stereocontrol was also shown to influence functional behavior, including the strength and
selectivity of ligand binding. As part of the study, a library of sequence-defined diastereomers
was evaluated for their ability to interact specifically with bisphenol A. A combination of
experimental techniques revealed that variations in stereogenic sequence significantly affect
the structure of the resulting complexes and the strength of oligomer—ligand interactions. The
consistency between computational predictions and experimental data further validated the
effectiveness of the developed approach. Overall, the studied oligomers demonstrate strong

potential as a platform for designing synthetic receptors for sensing applications.



