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Drug development is being pursued through computer-aided design, synthesis, and assaying. The design begins with use of the BOMB program, which rapidly constructs combinatorial libraries given the structure of the target protein and a selected core and substituents. BOMB grows the analogs inside the protein's binding site, performs a thorough conformational search, and estimates the analog's binding affinity or activity using scoring functions. The QikProp program is applied to filter all designed molecules to insure that they have drug-like properties including solubility and cell permeability. Monte Carlo/free-energy perturbation (MC/FEP) simulations are then executed to refine the predictions for the best scoring leads including ca. 1000 explicit water molecules and extensive sampling for the protein and ligand. Performance of standard series of FEP calculations for optimization of substituents on an aromatic ring and for choice of heterocycles is now routine. Recent methodological advances and representative applications will be presented with emphasis on inhibitor development for HIV reverse transcriptase. Micromolar leads have been rapidly advanced to extraordinarily potent anti-HIV agents.
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