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Polymorphism, the existence of different crystalline
forms of the same molecule, represents a major challenge
to the pharmaceutical industry. Different polymorphic
forms of the same drug substance may significantly
impact solubility, dissolution rate, bioavailability,
chemical potential and physical/chemical stability.
Differences in these properties may be especially
pronounced in the case of conformational polymorphs
where different molecular conformations of the same
chemical species are arranged in the polymorphic lattices.
Our aim is to uncover the molecular mechanisms that
govern conformational polymorphism of pharmaceutical
molecules in order to highlight the risk of polymorphism
during drug development and to guide the solvent
selection in experimental crystallisation screens.

Here we focus on the conformational changes of the
molecule going from the gas to solution phase and
ultimately to the crystal phase. The questions of interest
to us include what conformational energy penalties are
compensated by crystal forces? How is the gas-phase
conformational population distribution altered when
entering the solution phase? And how is the
minimum-energy conformer in a given crystallisation
solvent related to the crystal structure?

To tackle these questions we use quantum-chemistry
tools and the continuum solvation model COSMO and its
extension for real solvents. In COSMO-RS, the pairwise
interaction energy between the ideally screened surface
patches of contacting molecules is computed within a
statistical thermodynamics framework. This framework
allows the population prediction of relevant molecule
conformations in solvents of interest. We present for the
first time a conformation generation and filtering
workflow to identify the relevant conformers to be used
in the COSMO-RS calculations with an extraordinary
example of polymorphism, ritonavir. The weighted
conformers in selected solvents are compared to the
respective ritonavir polymorphs and its gas-phase
conformers.
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