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Reliable yet fast prediction of physicochemical properties of drug-like compounds requires prop-
er theories, as for instance provided by the integral equation approach to fluid phase thermody-
namics [1]. Such a method allows for efficient calculations of free energies of solvation or parti-
tion coefficients between immiscible or partly miscible phases like water and cyclohexane. To
accurately model the solvation of small molecules we here combine such a statistical-mechanical
description of the solvent with a quantum-level description of the solute in the form of the “em-
bedded cluster reference interaction site model” (EC-RISM). This combination, optimized with
respect to quantitative accuracy, takes both the electronic relaxation and the excess chemical po-
tential governing the insertion into a solvent into account for predicting the free energy of solva-
tion [2]. It is therefore possible to address challenging problems related to drug discovery.

The partition coefficients of drug-like molecules are difficult to predict since these species often
contain functional groups and scaffolds that can result in more than one tautomeric and ionization
state at physiological pH. Furthermore, the molecules’ conformational ensembles must be con-
sidered for each solvent. To capture the state of such compounds in solution we exhaustively
sample their conformational, tautomeric, and ionization states followed by calculating their free
energies of solvation. This allows for the accurate prediction of both, partition coefficients (log P)
and the pH-dependent distribution coefficients for ionizable compounds (log D), as demonstrated
for the dataset of the SAMPLS5 blind prediction challenge [3]. The compounds cover a wide range
of chemistries, therefore offering a realistic testbed for a methodology that has not been para-
metrized using the target properties.
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