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Development of Small-Molecule Drug Discovery Technologies Enabling the Exploration of a Potential
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Research and Development

Achievements and Their Significance

In small-molecule drug discovery, the theoretically possible chemical space is extremely large, whereas practical screening is
often limited to existing compound libraries or structures close to known compounds. Expanding search targets beyond
existing libraries may broaden the potential of small-molecule drug discovery, but it remains challenging to generate such
structures and to determine whether virtual screening can be applied effectively to them. This project started from the basic
question of whether a vast potential chemical space, estimated to contain as many as 10°60 possible compounds, can be
represented and utilized for drug discovery. We aimed to generate candidate structures that may lie outside existing chemical
space and to connect them to in silico evaluation, synthetic feasibility assessment, and experimental validation.

To address this question, we developed a translation-based chemical language model for generating candidate structures
that are not restricted to the immediate neighborhood of existing compound libraries. The generated compounds were
evaluated in terms of chemical validity, structural diversity, relationship to existing chemical space, and drug-likeness. The
model generated compound sets containing structural regions different from those obtained by conventional searches based
mainly on existing compounds. In particular, in an index evaluating the ability to generate compounds with scaffolds not
observed in the training data, the model showed markedly higher values than the existing models. This result supports the
central aim of this project: to include chemical structures outside existing compound space as possible search targets.

We then examined whether virtual screening of the generated candidates could function as a practical drug discovery
workflow. The screening process consisted of an initial evaluation based on toxicity- and drug-likeness-related criteria,
followed by a secondary evaluation that considered substructures and interactions with a representative drug discovery target.
Selected candidates were further examined through synthesis, in vitro assays, molecular docking, and molecular dynamics
simulations. Through this process, we connected the generation of candidate structures outside existing libraries to
computational filtering and experimental evaluation, thereby translating a basic question about potential chemical space into
practical steps required for drug discovery.

The implementation clarified several challenges in exploring chemical structures outside existing compound space. The
performance of a virtual screening system cannot be fully evaluated using a single metric; the ability to retain known positive
controls and the ability to identify new promising candidates with sufficient sensitivity must be distinguished. The screening
system constructed in this project showed a certain ability to retain known promising compounds, but further improvement
was needed to identify new candidates with high sensitivity. The time and cost required for synthesis and in vitro testing also
strongly limited the speed of the evaluation and improvement cycle. Molecular dynamics simulations may help examine
docking results and exclude some candidates, but further development of evaluation metrics and decision criteria is required
before they can be used for positive selection.

The significance of this project lies in both the development of a model for generating chemical structures outside
existing libraries and the practical examination of how such structures can be connected to virtual screening and
experimental evaluation. In parallel, we clarified important conditions for using chemical language models, including the
effects of chirality recognition and SMILES notation inconsistency on model performance. We also explored a
supplementary evaluation axis using the time course of patent information to assess the relationship between generated
compounds and existing chemical space. Together, these findings provide a foundation for a more practical workflow that
combines potential chemical space exploration, large-scale synthesizable compound spaces, experimental platforms,

molecular simulation, and expert medicinal chemistry judgment.



