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Summary

 Design, synthesis and pharmacological evaluation of non-

peptidergic ligands for the human CXCR3 receptor

The CXCR3 receptor belongs to the class of chemokine receptors, themselves the 

endogenous receptors for chemokine proteins and part of the superfamily of G protein-

coupled receptors (GPCRs). CXCR3 is thought to be involved in various diseases. Based 

on expression studies or knock-out models, CXCR3 has been shown to play a role in 

many inflammatory conditions, such as multiple sclerosis, rheumatoid arthritis and 

psoriasis. Much attention was also devoted to CXCR3 as a key factor in the rejection of 

donor organs after transplantation, although some controversy has emerged here in the 

last few years. Furthermore, CXCR3 appears to be involved in metastasis of melanoma 

and colon cancer cells to the lymph nodes and in metastasis of breast cancer cells to the 

lung. All this has led to CXCR3 being recognized as an interesting pharmacological target 

with potential therapeutic relevance. Toward this end, CXCR3 antagonists are believed to 

represent a means to capitalize on this therapeutic promise. 

The goal of the research described in this thesis was the development of various types of 

CXCR3 antagonists and the identification of structural requirements for antagonism at the 

human CXCR3 receptor. The thesis focuses on the design, synthesis and pharmacological 

evaluation of small non-peptidergic ligands for CXCR3.  

A review on small non-peptidergic CXCR3 ligands is presented in Chapter 1, in which the 

status concerning the medicinal chemistry on CXCR3 is described. It is shown how 

publications on CXCR3 antagonists did not start to emerge until �2006. The current set of 

CXCR3 antagonist classes display high chemical variability. However, only one compound 

(AMG 487) is known to have progressed to Phase II clinical trials where it showed a lack 

of efficacy, probably due to pharmacokinetic problems. 

The aim of the thesis is described in Chapter 2. The synthesis and pharmacological 

evaluation of novel ligands for CXCR3 can provide key information for better 

understanding the molecular features necessary for affinity and activity on CXCR3. This 

in turn will lead to a better understanding of ligand-receptor interactions and therefore to 
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new insights and ideas for the generation of novel classes of CXCR3 ligands. This overall 

goal was pursued using medicinal chemistry approaches iniated from various angles. 

These are addressed in the different chapters. 

In Chapter 3, the synthesis and structure-activity relationships of a series of 3-phenyl-

3H-quinazolin-4-one derivatives are described. In this work, a compound reported in a 

patent was selected and SAR explorations involved removing the decanoyl chain and 

inspecting different 4-phenyl ring substituents. This approach enabled the identification 

of a compound (VUF 5834) which showed submicromolar affinity for CXCR3. Moreover, 

this compound effectively inhibits CXCR3-mediated IP3 production and calcium 

mobilization in cells expressing the human CXCR3. It also abrogates CXCR3-mediated 

actin polymerization and chemotaxis of human T cells. Therefore, it represents a valuable 

tool for future lead optimization programs. 

Deeper inspection of the active ligand described in Chapter 3 (VUF 5834) was pursued. 

Chapter 4 provides a detailed SAR-study of the 3H-quinazolin-4-one and 3H-pyrido[2,3-

d]pyrimidin-4-one series of CXCR3 antagonists, which allows linking VUF 5834 to the 

known AMG 487 antagonist. These studies revealed the importance of the (4-fluoro-3-

(trifluoromethyl)phenyl)acetyl and the 3-methylene-pyridine moieties in achieving high 

affinity. The superior affinities of AMG 487 and NBI-74330 were confirmed to be in the 

nanomolar range, therefore reinstating these compounds as valuable tools for targeting 

CXCR3 in various therapeutic areas. 
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Chapter 5 presents the results of a search for novel scaffolds using a pharmacophore 

model. Based on this model, the in-house database was screened. Unfortunately this 

approach did not identify any compound with encougaring affinity. However, a close 

inspection of the compounds possessing some affinity allowed the identification of the 

imidazole core as a common feature. The similarity of these imidazole compounds to 

some imidazolium derivatives from a patent application by Smithkline Beecham was 

observed. Based on this, the two compound classes were merged which led to a series of 

new imidazolium derivatives with CXCR3 affinity. The best compound of this series 

showed a submicromolar affinity for CXCR3 and bore an interesting dichloroaniline-unit. 

The molecular mechanism of action of diverse small molecule antagonists at the CXCR3 

receptor is addressed in Chapter 6. Five different non-peptidergic molecules, belonging to 

three different chemical classes including the ones described in Chapters 3-5, were used. 

The ligands were tested at rat and mouse CXCR3 as well as at CXCR3 from rhesus 

macaque. Except for TAK-779, all compounds display slightly lower affinity for rodent 

CXCR3 than for primate CXCR3. Additionally, the molecular mechanism of action of the 

various antagonists at the human CXCR3 receptor has been characterized, revealing that 

all tested compounds act as noncompetitive antagonists at CXCR3. Moreover, all 

compounds except one (TAK-779) showed inverse agonistic properties at a constitutively 

active mutant of CXCR3. This suggests a different mode of interaction at CXCR3 for some 

classes of compounds. 
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Chapter 7 deals with the first studies on “bivalent ligands” for CXCR3. This approach is 

based on linking two CXCR3 pharmacophores with the goal of targeting putative CXCR3 

dimers. This has the potential to afford more efficacious and selective ligands. Using the 

3H-quinazolin-4-one and 3H-pyrido[2,3-d]pyrimidin-4-one scaffolds described in 

Chapters 3 and 4, bivalent counterparts with amido-alkyl spacers were synthesized. This 

resulted in two bivalent molecules displaying micromolar affinity and antagonistic activity 

toward the CXCR3 receptor. The compounds in this chapter can be used as tools for 

further investigations into possible CXCR3 dimers. 

Taken together, this thesis describes the design and synthesis of small non-peptidergic 

ligands for CXCR3 by means of several conceptually different approaches, such as lead 

optimization, library screening, molecular design techniques and the use of ‘bivalent 

ligands’. The obtained ligands have provided more insights in the structural requirements 

that are important for binding and functional activity at CXCR3. Ultimately this knowledge 

will be helpful to develop compounds with an improved activity and selectivity profile at 

CXCR3. 


