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Molecular generative design is crucial for identifying and developing novel molecules with targeted 
physicochemical and biological properties [1]. Despite recent progress facilitated by advancements in 
generative artificial intelligence, translating computationally designed molecules into experimentally 
viable candidates remains challenging [2]. A critical bottleneck in the validation process is the requirement 
to synthesize these computationally proposed molecular structures in laboratory settings. Current 
generative models often overlook synthetic feasibility, resulting in molecules that, while theoretically 
promising, present substantial practical difficulties in experimental synthesis [3]. In this work, we 
introduce a generative molecular design framework that allows selective and granular control over 
multiple elements in the predicted synthetic routes of the generated molecules [4]. By combining a 
pretrained language model with a policy gradient optimization algorithm coupled to a retrosynthesis 
model, the model learns to enforce the presence of pre-defined reactions and/or building blocks, or to 
avoid the inclusion of selected transformations in the generated molecule's final synthetic route. The 
steerable control over the synthetic parameters allows high flexibility and is more amenable to 
experimental validation. Overall, this method opens a new capability for accelerating the discovery of 
promising molecules with tailored properties 
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