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We present a comparative study on the application of reinforcement learning (RL) 
algorithms for de novo drug design. Using a custom molecular environment, we 
benchmarked five RL methods, DQN, PPO, A2C, REINFORCE, and DoubleDQN, for 
their ability to generate small, drug-like molecules from atomic building blocks. The 
models were evaluated based on chemical validity, drug-likeness (QED), molecular 
complexity, compliance with Lipinski’s Rule of Five, and structural similarity to known 
pharmaceuticals such as Aspirin and Ibuprofen. Among the tested algorithms, 
REINFORCE and PPO outperformed others by generating chemically diverse and 
pharmacologically relevant compounds, achieving the highest QED scores and 
producing molecules with complex ring structures and higher scaffold novelty. All 
models successfully generated fully Lipinski compliant molecules, demonstrating 
their utility in producing viable drug candidates. This work offers insights into the 
performance dynamics of RL models in chemical space and provides a foundation 
for developing AI-driven pipelines for accelerated drug discovery. This study 
highlights the benchmarking gap in RL-based molecule generation and 
systematically evaluates five algorithms under identical conditions to identify 
strengths and trade-offs. 


