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This thesis is entitled "Expansion of drug targets by carborane-based molecular design " and
consists of seven chapters as follows.

In chapter 1, protein-protein interactions (PPIs) have been attracted attention as new targets
for small molecule drugs, and the chemical space that can adapt to their broad and shallow
interaction surfaces different from the conventional drug targets such as enzymes have not
been satisfied. Secondly, intentional protein degradation by small molecules such as
PROteolysis TArgeting Chimeras (PROTACs) and hydrophobic tagging (HyT) system are
promising strategies, however the degradation mechanism of HyT system has not been
clarified. On the other hand, carborane, an icosahedral hydrophobic cluster has recently been
used as a hydrophobic pharmacophore for drug design.

In chapter 2, structure-based drug design using docking simulations with Autodock Vina was
achieved to develop novel NAMPT inhibitors containing carborane as a hydrophobic
pharmacophore.

In chapter 3, based on hydrophobicity of carborane, a new molecular design that utilizes
carborane as a hydrophobic tag for proteolytic inducers was demonstrated and the structural
changes of the HyT tagged protein were confirmed by carborane-conjugated bovine serum
albumins.

In chapter 4, synthesis of bis(carboranyl)amides 1,1’-p-(CH2NH(O)C(CH2)n-1,2-C2B1oH11)2
(n = 0,1) and an attempt to synthesize gadolinium bis(dicarbollide) for nuclear magnetic
resonance imaging (MRI) was described.

In chapter 5, Structure-activity relationship (SAR) Matrix, a new molecular design method
based on comprehensive analysis of SAR was demonstrated in experiments to create MMP-1
inhibitors by predicting activity cliffs in the ChEMBL database.

In chapter 6, the concept of a new molecular design strategy that "covers all the space in
chemical space by introducing substituents at any three locations from the 12 vertices of
carborane” was proposed by combining the knowledges, the strict substituent arrangement
using isomers of carborane in Chapter 2 and the comprehensive SAR analysis method in
Chapter 5. Also, proof of this concept was achieved by the synthesis of five types of
trisubstituted carboranes that fill all directions in 3D chemical space and the discovery of 27
bioactive compounds among these compounds.

In chapter 7, the results described in this thesis were summarized.
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