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Total Synthesis of the Potent Marine-Derived Elastase Inhibitor Lyngbyastatin 7 and In Vitro Biological Evaluation in Model Systems for Pulmonary Diseases
Luo, D. (University of Florida); Chen, Q.-Y. (University of Florida) and Luesch, H. (University of Florida)
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Introduction

Lyngbyastatin 7 is a marine cyanobacteria-derived lariat-type cyclic depsipeptide bearing a featured 3-amino-6-hydroxy-2-piperidone (Ahp) moiety. In regard with bioactivity, lyngbyastatin 7 displayed great potency and selectivity against human neutrophil elastase, an enzyme involved in the pathogenesis of various pulmonary diseases. As lyngbyastatin 7 displayed great potential in developing as a therapeutic, the minute quantities isolated from the natural source hindered its further exploration, and therefore justifies the development of a total synthesis methodology for this promising compound.
Experimental 

The total synthesis of lyngbyastatin 7 was performed by first generating all the required four building blocks and then assembling all the fragments together. Conditions of several crucial steps were optimized to ensure smooth operations. 1H and 13C for the final product and several key intermediate were required in DMSO-d6 on an Agilent 600 MHz administrated by AMRIS equipped with 1.5 mm HTS probe. In vitro biological evaluations were carried out at enzyme, cellular and transcriptional level to evaluate the performance of lyngbyastatin 7 in comparison with sivelestat, the only approved small molecule targeting elastase.
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Results and Discussion


The first total synthesis of lyngbyastatin 7 was successfully established via 31 steps. Comparing with the naturally occurring lyngbyastatin 7, the synthetic compound displayed identical NMR spectra (Fig.1), comparable optical rotation value and same retention time on HPLC. According to the extensive in vitro biological evaluation, lyngbyastatin 7 displayed low nanomolar IC50 in blocking elastase activity, strong ability in protecting bronchial epithelial cells against elastase-induced antiproliferation and abrogating the elastase-triggered induction of pro-inflammatory cytokine expression. Its overall performance was superior over sivelestat, indicating its potential in developing as a pharmacotherapeutic against elastase-mediated pathologies. 
Conclusions

The success in total synthesis, designed with a novel convergent strategy, not only overcame the supply issue for thorough preclinical studies, but also paved the way for convenient synthesis of analogues with improved potency and drug-like properties. Additional research is warranted to provide deeper insights into the SAR and explore the lyngbyastatin 7 scaffold systematically to develop effective cyanobacterial natural product-based therapeutics for elastase-mediated pathologies.
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Fig.1 Comparison of 1H spectrum of natural lyngbyastatin 7 and synthetic lyngbyastatin 7.









