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Drug discovery remains a long, expensive, and resource-intensive process, with many candidate compounds failing during
the early stages of development. A major challenge is the efficient identification of chemically valid and pharmacologically
relevant molecules within a vast chemical space, especially for cancer-targeted and disease-relevant therapeutic
applications. To address this challenge, this work presents an artificial intelligence framework for de novo molecular design
using deep reinforcement learning, specifically a Deep Q-Network (DQN) model, as published in our 2025 conference
paper [1]. The framework uses molecular descriptors derived from the ZINC dataset, allowing the agent to iteratively
explore chemical space through sequential decision-making. By enlarging the action space, the model improves its ability
to generate novel molecular structures while optimizing drug-likeness properties. The resulting compounds exhibit
favorable physicochemical characteristics, including balanced LogP values, suitable molecular weight, and acceptable
hydrogen-bonding profiles. Importantly, the framework achieves 100% chemical validity for the generated molecules.
Compared with existing methods, the proposed approach delivers competitive performance while retaining a simpler and
more interpretable architecture. These contributions also align with broader applications of artificial intelligence and
reinforcement learning in biomedical and health sciences, including oncology, disease detection, and treatment
optimization [2]-[4].
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