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High-resolution single-crystal X-ray measurements of the monoclinic poly-
morph of bicalutamide and the aspherical atom databank approach have served
as a basis for a reconstruction of the charge density distribution of the drug and
its androgen receptor (AR) and albumin complexes. The contributions of
various types of intermolecular interactions to the total crystal energy or
ligand:AR energy were estimated. The cyan and amide groups secured the
ligand placement in the albumin (Lys-137) and the AR binding pocket (Leu-704,
Asn-705, Arg-752), and also determined the packing of the small-molecule
crystals. The total electrostatic interaction energy on average was
~230 kT mol™ %, comparable with the electrostatic lattice energy of the
monoclinic bicalutamide polymorph. This is the result of similar distributions
of electropositive and electronegative regions on the experimental and
theoretical molecular electrostatic potential maps despite differences in
molecular conformations. In general, bicalutamide interacted with the studied
proteins with similar electrostatic interaction energies and adjusted its
conformation and electrostatic potential to fit the binding pocket in such a
way as to enhance the interactions, e.g. hydrogen bonds and 7- - -7 stacking.

1. Introduction

One of the most challenging problems in molecular biology is
the search for the mechanism of the agonistic or antagonistic
activities of genes related to the growth of tumour tissue. For
example, in prostate cancer, many tumours are hormone-
dependent, meaning that drugs that can block or inhibit
androgen receptors might have potential as chemotherapies.
These potential drugs can be divided into two groups: ster-
oidal (those that contain steroid fragments) and non-steroidal.
Herein, we present the results of charge density studies of the
compound most commonly used to treat prostate cancer:
racemic monoclinic bicalutamide (Bic), commercially avail-
able as Casodex (Scheme 1). Bic is a non-steroidal drug that
possesses low solubility in water (Smgl™', according to .
https://www.drugbank.ca/drugs/DB01128) and demonstrates
antiandrogen activity and is a selective antagonist of the
androgen receptor (AR). Antiandrogens are AR ligands that
antagonize the actions of androgens by competing for AR
binding sites. Antiandrogens can be both steroidal and non-
steroidal drugs. Toluidide derivatives such as Bic are anti-
androgens without themselves having androgenic properties;
this lack of androgenic properties makes them suitable for use
in the treatment of prostate cancer (Tan et al, 2012).
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Figure 10 .
Electrostoatic potential (e A™") mapped onto the density isosurface
(0.067 ¢ A7) for (4) AR and (b) the binding site of AR, (¢) ESP scale for
all figures. The ESP of AR was calculated without the ligand in the
binding pocket. Ligands are shown in stick representation to orient the
binding pocket.

This similarity can also be observed in the total E.. The
electrostatic lattice energy calculated by the EP/MM method
based on the experimental charge density was calculated to be
—210.5 kJ mol™!, which is very close to the averaged electro-
static interaction energy in the AR binding pocket,
—198.9 kY mol™'. However, the total lattice energy of the
monoclinic polymorph based on periodic DFT calculations is
—498.5 kJ mol ™!, highlighting the importance of dispersive
interactions in the crystal structure that play an important role
in the binding interactions. The lattice energy for the triclinic
polymorphs is —497.8 kJ mol !, Nevertheless, the role of
electrostatic interactions in the stabilization of crystal packing
and the ligand-receptor complex can be suitably investigated
using EP/MM, QTAIM and NCI methods.

4. Conclusions

The non-steroidal drug bicalutamide is on the World Health
Organization’s List of Essential Medicines. Crystal structures
of two polymorphs, several co-crystals and the Bie protein
complexes showed vast molecular flexibility, confirmed by
quantum chemical calculations and MD simulations. Although
the formally single bonds connect two phenyl rings in the
molecule, their conformation is rather rigid. The lowest energy
conformation of the drug with two intramolecular hydrogen
bonds was found in the complex with albumin. In different
environments the orientation of the phenyl-CF; ring changes
and behaves like a canopy, whereas the other phenyl ring has
two possible orientations. Here, we present an experimental
study of the electron-density distribution of Bic in its mono-
clinic polymorph and protein-bound conformation which
reveal the conserved nature of the molecular electrostatic
potential and intermolecular bonding based on their propen-
sities and energies. For instance, while bicalutamide bound to
the AR exhibits different spatial arrangements, the MEP
distribution is unchanged compared with the lowest energy
state. The orientation of the hydrogen bond donors and
acceptors differ, which allows the formation of the most
favourable interactions. This conformation complements the

MEDP of the binding pocket in a constructive way. In terms of
hydrogen bonding propensity, the most likely interaction, the
hydroxyl-amide pair, was also found to be the strongest of all
the intermolecular interactions found in the monoclinic
structure and in the AR complexes. The conformational angle
of the nitrile group of the drug molecule causes the formation
of numerous C—H- - .-N==C interactions in the crystal struc-
ture, and its interaction with Arg-752 is part of the strongest
set of interactions in AR complexes. Although numerous, the
role of water molecules in the direct stabilization of the drug
molecule in the binding pocket was found to be negligible.
While these interactions can be classically described as
hydrophobic, interactions with Met-749 and Met-895 have
significant electrostatic energy values that are probably addi-
tionally stabilized by dispersive forces.

Hydrogen bonds and stacking interactions were found to
play a crucial role in the formation of the polymorphs and
protein complexes. However, we showed that the description
of charge density in terms of QTAIM cannot provide all the
information that is necessary to describe intermolecular
bonding due to their non-directional character. Therefore, this
study based on the NCI approach plays a crucial role in
understanding the different binding modes of Bic.
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