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Proposed criteria for drug-like cyclic peptides

I Abstract Dprug discovery by small molecules accelerated after the emergence of the Rule of 5, a
guideline defined by factors governing drug-likeness, such as membrane permeability and metabolic stability.
To expand the drug discovery field to tough targets such as intracellular protein-protein interactions, it is critical Number of
to utilize compounds of molecular weight larger than 500 g/mol. One possible approach is to utilize cyclic residues
peptides. However, outside the scope of the Rule of 5, general guidelines akin to the Rule of 5 have not been

Number of
N-alkyl Amino acids
amino acids

Cyclization

elucidated. In this study, we identified several governing factors needed for cyclic peptides to acquire drug- Amide

likeness—here defined as the compatibility of membrane permeability and metabolic stability—outside the cyclization

scope of the Rule of 5.

To find a drug-likeness area and to determine the particular structural features that grant peptides drug- ° 2 0\1 Membrane permeable/metabolically
likeness, we evaluated the membrane permeability and metabolic stability of more than 700 cyclic peptides. ° R_;/[ Ry 9to 11 26 212.9 stable amino acids (No polar amino
The results suggest that a drug-likeness area can be defined by cyclic peptides, having about 11 residues, 7 o acids such as Lys, Asp, etc.)

more than half of N-alkyl amino acids, and calculated logP (ClogP) of 12.9 or more. It is noteworthy that 11- e Uy O

residue peptides showed better possibility to be drug-like than peptides with fewer residues. This observation *1.1;”-% »

could be explained by the following hypothesis. Because 11-residue peptides like Cyclosporin A are structurally
more flexible, a more lipophilic conformation could be feasible in the lipophilic membrane, while oxidative metabolism could be suppressed by a more hydrophilic conformation in water. Furthermore, an effect caused by
differences in N-alkyl patterns on membrane permeability could be recognizable. The effect can be due to the ease of taking the lipophilic structure in the membrane. Moreover, we confirmed that it is preferable not to contain
lonic functional groups. The number and types of acceptable polar functional groups would be more restricted compared to those of small molecules. Finally, the oral absorption of our drug-like cyclic peptides was validated by
pharmacokinetic studies in several animal species.
The proposed criteria for drug-like cyclic peptides could be utilized both to design libraries for obtaining drug-like hits against intracellular targets and to facilitate optimization of them to a clinical compound.

[1] Ohta, A. et al. J. Am. Chem. Soc. 2023, 145, 24035-24051. [2] Tanada, M. et al. J. Am. Chem. Soc. 2023, 145, 16610-16620.
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Peptide Design for Drug-likeness Study as 1st campaign than peptides with fewer residues
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Conclusion

By comprehensively investigating the individual membrane permeability or metabolic stability of more than 700 cyclic peptides, this study

revealed several key tendencies and proposed criteria for drug-like cyclic peptides
v around 11-residues, the number of N-alkyls 2 6, ClogP 2 12.9, and restricted polar functional groups
v The effect on the permeability by specific differences in N-alkyl patterns
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