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Highlights

In vitro ADME: two derivatives showed >200 min half-life and clearance <14 uL/min/mg in mouse liver microsomes. In
vivo assay: low mortality in mice infected with malaria parasite and treated with 2.
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Figure 1. Graphical Abstract

This study represents a hit-to-lead optimization effort, where we explored the structure-activity relationship of
pyridylpiperazine derivatives by synthesizing 22 compounds based on the initial hit (1), with modifications in the tolyl
fragment (Figure 1). We identified ten pyridylpiperazine derivatives with ICso values below 5 uM against Plasmodium
falciparum chloroquine-resistant (Dd2) and sensitive (3D7) strains, along with four early-optimized analogs. Most of
the compounds exhibited low level of cytotoxicity against HepG2 cell with CCso >100. The in vitro ADME profile of
these compounds revealed robust permeability (PAMPA values >3.28 x 107® cm/s), indicating strong passive diffusion
potential essential for oral absorption. Most compounds demonstrated excellent kinetic solubility (>42 uM) at pH 2.0
and 7.4, except for two derivatives at pH 7.4 (26.02 pM and 8.32 pM). The eLogD values at pH 7.4 were generally
favorable, indicating an appropriate lipophilic profile for most compounds, with emphasis on two derivatives with
values of 2.3 and 2.5, which are significantly improved compared to initial hit with an eLogD of 4.1. The metabolic
stability of the compounds was assessed in mouse and human liver microsomes, yielding notable results. In human
liver microsomes, four derivatives exhibited half-life greater than 100 minutes and clearance between 25 and 27
pL/min/mg, a significant improvement compared to the initial hit. These results indicate low hepatic metabolic rates
and, consequently, the potential for prolonged duration of action in vivo. The results in mouse liver microsomes were
even more impressive. One of the derivatives demonstrated a half-life exceeding 200 minutes and a clearance of 13.6
pL/min/mg, while other exhibited a half-life greater than 600 minutes and a clearance below 12 pL/min/mg, making
this derivative a highly promising candidate for in vivo evaluation. These compounds demonstrated robust ADME
profiles, excellent metabolic stability, promising antimalarial activity, and low cytotoxicity. Based on these attributes,
pyrazinylpiperazine derivatives (2) were selected for in vivo evaluation. Preliminary results revealed low mortality rates
in mice infected with parasite and treated with 2, compared to the untreated infected control group. These ongoing
studies will provide additional critical data to support the potential of these compounds as promising candidates for the
development of new antimalarial treatments.
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