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Chapter 2 
 

Scope and aim of this thesis 

Optimization of physicochemical properties 

As outlined in the introduction medicinal chemistry research needs a strong awareness of 
the importance of good physicochemical properties. Properties like molecular weight 
(MW) and lipophilicity are directly related to lot of ADMET related properties (like 
absorption1, solubility1, bioavailability1, off target binding2 and toxicity3) and need to be 
carefully controlled during the drug discovery process. Ligand efficiency scores2,4,5 that 
combine affinity with MW and/or lipophilicity are proposed as a better score than affinity 
on its own to select compounds with a balanced affinity-physicochemical property 
profile.6-8 To avoid so-called molecular obesity fragment-based drug discovery (FBDD) 
may provide advantages.9 Small hydrophilic and efficient binders can be selected form 
the beginning on and physiochemical properties can be controlled during the whole 
growing process for affinity optimization. Lead compounds from FBDD projects therefore 
usually have a better affinity-physicochemical property profile than lead compounds 
derived from high throughput screenings.8,10 

Both MW and lipophilicity can be relatively good optimized by medicinal chemists during 
the drug discovery process. A lot of tools that can predict logP are described11-13 and 
medicinal chemists are aware about the structural requirements to reduce logP (for 
example by introducing polar groups). Other properties like solubility are more difficult to 
predict.14 Solubility is related to the bioavailability of a drug which is one major aspect for 
oral administered drugs. It is therefore of high interest for medicinal chemists to 
understand factors that influence solubility. It is known that a low logP is favorable for 
good solubility but beside that also other factors like melting point have an influence.15,16 
Knowledge of the factors that influence the melting point is therefore of interest for the 
aspect of solubility optimization. Quantitative structure property relationship (QSPR) is an 
ongoing field of high interest. There are a lot of methods to predict properties of interest.17 
However as addressed in the introduction for medicinal chemist it is important that factors 
that are related with the property of interest can be related to structural features. At the 
beginning of this study a lot of models for melting point predictions were available14,18-26 
but these models were not or only hardly suitable for medicinal chemists for drug design. 
It is therefore an important issue to identify factors that have an influence on ADMET 
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related properties, like the melting point, that can be related to structural features. Such 
ligand-based structural features are important to consider during drug design and affinity 
optimization process. 

GPCR modeling and drug discovery 

As outlined in the introduction only for a few G-protein-coupled receptors (GPCRs) the 
protein structure has been solved experimentally. If an experimental structure is not 
available ligand-based virtual screening (LBVS) methods provide computational 
opportunities for hit finding. LBVS uses the molecular similarity principle and requires 
information from at least one known active ligand.27,28 There are a lot of issues for LBVS. 
The similarity to known actives may provide challenges in order to enrich active 
compounds that are dissimilar to the reference active(s).29 The huge amount of available 
similarity methods provides a lot of possibilities to choose for an appropriate method (or 
combination of methods). The applicability of these different screening methods for 
GPCR ligand screening are important to address before a large scale LBVS is started.  

In order to enable improvement of existing ligands and to enable a rational design of new 
ligands, high quality structural models and also knowledge of the binding mode of high 
affinity and selective compounds is of clear advantage. For targets where crystal 
structures of close homologues are available suitable models can be built. The interest in 
this thesis was particular on histamine H4 receptor (H4R) as this is a promising new 
GPCR drug target. At the beginning of this study the structure of the adrenergic-beta-2 
receptor (ADRB2R)30 was available as the closest homologous structure to H4R. During 
this research the crystal structures of the related H1R31 was elucidated. This structure 
provided new possibilities for homology modeling and binding mode investigations. Site 
directed mutagenesis studies had already identified key interaction residues, and ligand 
specific residues for H4R binding.32-36 Based on this knowledge a pharmacophore model 
had been built showing that there is a symmetric distribution of acid residues and a 
symmetric distribution of hydrophobic pockets.37 This provides challenges to study 
protein-ligand interactions in H4R, which is demonstrated by the fact that for the 
prominent H4R ligand JNJ 1207777 several different binging modes have been 
published.34,38,39 To overcome these challenges computational studies in combination 
with experimental data have to be applied. Additionally, the consideration of the dynamic 
behavior of receptor protein ligand complexes allows monitoring important protein-ligand 
interactions over time. The detailed understanding of the protein ligand binding 
determinates is useful to rationalize observed protein and ligand structure-activity 
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relationship (SAR) data and to enable the discovery and design of improved and new H4R 
ligands.40-43  

Aim of this thesis 

The primary aim of the research described in this thesis was to show how computational 
medicinal chemistry methods can be developed and used to: 

1) improve our understanding of physicochemical properties that are important in the 
development of biologically active molecules towards drug lead compounds. 

2) improve our understanding of the chemical properties and molecular pharmacophore 
features that determine the biological activity of small molecules. 

3) obtain insights in the molecular determinants and binding modes of small molecule 
ligands to pharmaceutically relevant protein targets. 

My work particularly focused on: Ι) The definition of ligand efficiency scores as guidelines 
to control the size and lipophilicity of biologically active molecules during drug 

development, ΙΙ) The identification of simple descriptors that are related to the melting 

point of drug-like compounds, ΙΙΙ) The evaluation and combination of ligand-based virtual 
screening (LBVS) approaches for the identification of fragment-like bioactive molecules 
and IV) Structure-based modeling studies to elucidate ligand binding modes in the 
histamine H4 receptor (H4R). 

Outline 

The thesis describes several computational methods that can be included in different 
stages during the drug research process (see Figure 1). The first part (Chapter 3 and 4) 
of the thesis focuses on physicochemical properties that are important for drug design. In 
this context strategies for hit selection and drug optimization are presented and 
descriptors that are related with the melting point are investigated. The obtained insights 
are useful to include in the affinity optimization process. The second part of the thesis 
describes modeling strategies for GPCRs (Chapter 5, 6 and 7). It includes a 
retrospective study of LBVS tools for identification of fragments hits in the absence of 
structural information. The focus was on fragments as the affinity of fragments hits can be 
optimized, while improving or maintaining good physiochemical properties.9,10 Further 
strategies to identify important binding determinants for the promising drug target, the 
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H4R receptor, are described. The experimental structures of close homologues, 
ADRB2R30 and H1R31, enabled the building of reliable models. These models allow to 
identify binding modes, binding interactions, protonation states and conformations that 
are useful to rationalize protein and ligand SAR data. 

 
Figure 1. Roadmap of computational tools that are described in the different chapters within this 
thesis. The tools have a different level of complexity and can be applied in the different stages during 
drug discovery 

Chapter 3 gives and overview about ligand efficiency indices and how these have been 
applied to guide the selection and optimization of fragment hits. Chapter 4 describes a 
matched molecular pairs analysis to study influence of simple descriptors on the melting 
point. In Chapter 5 LBVS utilizing different consensus scoring approaches to combine the 
similarity scores of several actives compounds and of all combinations of different 
similarity methods to enrich fragment-like compounds were tested. Chapter 6 describes a 
combination of docking, molecular dynamic simulations and site-directed mutagenesis 
study for investigation of the binding modes and protonation states of H4R ligands upon 
binding to H4R. Chapter 7 presents an approach that combines SAR and pKa 
measurements of a H4R ligand series bearing flexible side side-chains with quantum 
chemical calculation to determine conformation and protonation state upon binding which 
could rationalize the observed SAR. The final Chapter 8 summarizes the overall 
conclusions of the investigations in this thesis and provides an outlook of further 
investigations. 
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