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Synthesis of Piperazine Derivatives via 1,2-Cyclic Sulfamidate and Their Application to
I E4: | Biologically Active Compounds

MXHEOES

Piperazine, which consists of a six-membered ring containing two nitrogens at the 1,4-position, has a feature
of various binding mode, and the piperazine derivatives could have a broad spectrum of biological activity such
as antibacterial, antiprotozoal, anticancer and anthelmintic activities. Many pharmaceutical and agricultural
chemicals on the market thus possess the piperazine moiety, and novel synthetic methods for preparation of
complex piperazine have ganed extensive attention from organic chemists, In this study, novel synthetic routes
for complex piperazine derivatives were established by utilizing cyclic sulfamidates, which have been recently
reported as a useful precursor for substituted heterocycles. The newly developed methods for piperazine
synthesis were then applied to drug lead and natural product syntheses. Firstly, as a drug lead synthesis, an
inhibitor of apoptosis (IAP) protein inhibitor was generated. Hexahydropyrazino{1,2-g]indole derivatives were
synthesized by using a cyclic sulfamidate, and their biological activities were evaluated. As a result, the
designed hexahydropyrazino[1,2-alindole derivatives showed potent IAP inhibitory activities and also
improved characteristics of lower extracellular efflux mediated by multidrug resistance 1 (MDR1), which was
an issue in developing the lead compound. On the other hand, as piperazine contained natural product
syntheses, the total syntheses of longamide B, longamide B methyl ester and hanishin via cyclic sulfamidate
were accomplished. The reaction of the appropriate cyclic sulfamidate with methyl 2-pyrrole carboxylate gave
the pyrrolopiperazinone scaffold in the longamides. With utilizing this intermediate, the target bromopyrrole
alkaloids were obtained in relatively shorter synthetic route, which was also suitable for divergent synthesis.
Since there is structural similarity between longamide B and known indoleamine 2,3-dioxygenase 1 (IDO1)
inhibitors, and the docking study of longamide B with IDO1 indicated a reasonable binding mode, the IDO1
inhibitory activity of longamide B was presumed. Hence, longamide B analogues were synthesized by the
divergent synthetic methods, and IDO1 inhibitors were developed. As a result, a weak but definite IDOI
inhibitory activity of longamide B was confirmed, and the 4-phenylamide derivative and thioamide derivative
of longamide B showed higher potency than longamide B. Especially, thicamide derivative showed equivalent
potency to the one of the representative IDO1 inhibitor, 1-methyl-L-tryptophan. According to the docking study
of the thicamide derivative, several interactions were suggested; The sulfur atom of thioamide interacted with
heme iron and amide proton of Ala264, and one of the bromine atoms interacted with amide proton of Gly262
of IDO1. In summary, we established several novel synthetic routes for complex piperazine scaffolds and
applied the methods to drug lead compound synthesis and natural product synthesis.
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