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Non-covalent intermolecular interactions polarize a drug molecule in the biological environment to prepare it for the recognition and
binding process with a related enzyme. In a crystal structure of the same drug molecule, the crystal packing is defined by the same
kind of non-covalent interactions. This means that in both a biological as well as a crystalline environment, the small molecule will
conformationally adapt its shape to the prevailing intermolecular binding forces, so that the resulting bound state reflects both its
inherent flexibility and the environment. Electrostatic complementarity between an enzyme binding site and an active molecule is an
aspect that goes beyond geometry and molecular conformation since the electrostatic potential is inherently related to the electron
density distribution. We ask to which extent small-molecule crystal structures can be used to predict the conformation and interaction
density of the same molecule in the enzyme.

The first compound class investigated is related to loxistatin acid E64c. These compounds are cysteine protease inhibitors, and the
active site is an electrophilic epoxide ring.[1] It took us many years to solve the small-molecule crystal structure of E64c¢,[2] and
experimental electron-density studies were only possible for related model compounds.[3] Recently, however, we were able to
perform a full quantum-crystallographic, molecular-dynamics and QM/MM study of the active site of E64c co-crystallizing in a
system that closely resembles the binding situation of E64c¢ in the cysteine protease cathepsin B.[4]

The second compound class investigated refers to ibuprofen derivatives. We used the umpolung principle to tune the properties of
ibuprofen by carbon-silicon exchange, which in turn impacts on the electrostatic complementarity relationships when ibuprofen binds
to cyclooxygenases.[5] Again, we investigated the enzyme and crystal environmental effects on ibuprofen and sila-ibuprofen by
quantum crystallography, molecular dynamics and QM/MM calculations.[6]

Every low-temperature high-resolution single-crystal X-ray diffraction experiment utilized in this study was conducted at a
synchrotron beamline at either DESY, APS or SPring-8. Without access to large infrastructure, such studies on weakly scattering
pharmaceutically active compounds would not be possible. I will therefore not only report the biochemically relevant results, but also
the importance of synchrotron experiments for our field.
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