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Synthesis, Structure Analysis and Antifungal Activities of Hypervalent
Organobismuth(IIT) Compounds
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The biological activity of bismuth compounds has attracted considerable interest. Although inorganic
bismuth complexes have a long history in medicinal chemistry, the biological activity of organobismuth
compounds is not well understood because their chemistry has only been established over the last two decades.
We have previously reported that the hypervalent organobismuth(I1l) compounds comprised of a diphenyl
sulfone or acetophenone scaffold show high antifungal activities against the yeast Saccharomyces cerevisiae. It
is expected that the structural modification of these compounds gives this class of compounds the activities
that are comparable to or higher than the standard antifungal drug, nystatin. Hence, it is an important issue for
us to develop the strategy to design active antifungal organobismuth compounds. We revealed that the Lewis
acidy at the bismuth center is essential for generating the antifungal activity. On the other hand, we found that
several hypervalent organobismuth(I1T) compounds do not show any antifungal activities despite the presence
of the Lewis acidity at the bismuth atom. These conflicting results led the author to consider not only the
Lewis acidity but also other structural factors that affect their antifungal activities. Based on this idea, the
author has proposed the following two factors. Thus, one is ClogP, the commonly used measure of
lipophilicity. The other is the association energy in the exothermic association reaction that an intermediate ate
complex [Ar,BiXNu] is formed by the bismuthanes Ar,BiX undergoing addition at the bismuth atom with
biomolecules Nu such as methanethiolate anion.

In this thesis, the relationships between the ClogP and the antifungal activity and between the association
energy and the antifungal activity have been studied for the hypervalent organobismuth(IIT) compounds that
are stabilized by the intramolecular coordination of a sulfonyl or carbonyl group. The thesis consists of three
chapters. Chapter 1 is a general introduction to this thesis including the historical background of the bismuth
chemistry in both organic and inorganic sides and also in medicinal chemistry. Furthermore, hypervalent
organobismuth compounds, organometallic reagents such as organolithium and organozinc, ClogP and
association energy are also included.

Chapter 2 discloses the synthesis of heterocyclic iodobismuthanes [IBi(C¢H4-2-SO,CsH3N-17-)] derived
from phenyl pyridinyl sulfones and their antifungal activities against the yeast Saccharomyces cerevisiae
together with the X-ray structure analysis of the heterocyclic iodobismuthane. Their antifungal activities were
compared with those of halobismuthanes [ XBi(RC¢H3-2-SO,C¢Hy-1-)] (X=CIl, I, R=H) derived from diphenyl
sulfone derivatives to determine how the bioisosteric replacement of the benzene ring with the pyridine ring
affects their activities. The antifungal activities of the bismuthanes derived from phenyl pyridinyl sulfones
were higher or comparable to those of bismuthanes derived from diphenyl sulfones. Furthermore, the
application of the data on heterocyclic iodobismuthanes [IBi(CsHys-2-SO,CsH;N-17-)] to the plot of the
structure—activity relationship of [ XBi(RC¢H3-2-SO,C¢Hy-1"-)] improved the linearity of the correlation and a
good relationship was obtained between the ClogP and the antifungal activity. This indicates that the
structure—activity relationship can hold for the hydrophilic hypervalent organobismuth(IIT) compounds
possessing the lower ClogP values. The association energies estimated by the DFT calculations showed a good
correlation with the antifungal activities, suggesting that the generation of the antifungal activity of the
bismuthanes is well understood by the ate complex formation mechanism.

Chapter 3 describes the development of a convenient one-pot synthetic method for diaryl(iodo)bismuthanes




possessing a hypervalent C=OeesBi-I bond by using arylzinc reagents generated from o-carbonyl
iodobenzenes and zinc powder under ultrasound sonication. This method is quite superior to the conventional
synthetic methods using organolithium and Grignard reagents because the reaction conditions do not need low
temperature in generating the zinc reagents and formyl and acetyl substituents are not required for their
protection. Furthermore, the intermediacy of triarylbismuthane as a precursor for the carbonyl-functionalized
hypervalent iodobismuthanes is unnecessary. The formy-substituted iodobismuthanes showed lower ClogP
values than the acetyl-substituted and ester-substituted iodobismuthanes. Furthermore, the association energy
of the formyl-substituted iodobismuthanes had some of the most exothermic association reactions. Taking into
account the tendency in the previous sulfone system that the higher antifungal activities are obtained in the
halobismuthanes possessing both a lower ClogP value and a negatively higher association energy, it was
expected that the formyl-substituted iodobismuthanes showed the highest activities. On the contrary to our
expectation, their activities against the yeast Saccharomyces cerevisiae were much lower than those of the
bismuthanes bearing an acetyl-substituted iodobismuthanes. The acetyl-substitued iodobismuthanes were the
most active. The reason was attributed to the decomposition of the formyl-substituted iodobismuthanes by
hydrolysis or disproportionation. Hence, we designed wvarious acetyl-functionalized heteroaromatic
iodobismuthanes and estimated their ClogP values and association energies. All the heteroaromatic
iodobismuthanes showed both the lower ClogP values and the negatively higher association energies than the
parent acetophenone-based iodobismuthane. In future, the synthesis and antifungal assay of these
heteroaromatic iodobismuthanes is highly desired because new active compounds may be found from these
heteroaromatic derivatives. These compounds are easily available by applying the zincation developed by the
author. Furthermore, the study on the relationships between the ClogP and the antifungal activity and between
the association energy and the antifungal activity will provide important findings about the reliability of these

structural parameters.
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