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Total Synthesis and Biological Evaluation of Apratoxin E and its C30 Epimer: Configurational Reassignment of the Natural Product
Cai, W.; Chen, Q.-Y.; Luesch, H. ( Department of Medicinal Chemistry, University of Florida); Wu, P.; Xu, S.; Yin, R.; Li, Y. and Zhang,W. (Fudan University, Shanghai, China)
Introduction 

Apratoxin E provided the inspiration for the design of apratoxin A/E hybrids under preclinical development.[1] [2] Through total synthesis using two different strategies, it was determined that the originally proposed configuration of the thiazoline at C30 is opposite from that in apratoxin A, in contrast to previous assumptions on biosynthetic grounds. The epimer and true natural apratoxin E were synthesized, and the biological activities were evaluated.
Experimental


All reactions were carried out in oven- or flame-dried glassware. All commercial reagents were used without further puriﬁcation unless otherwise noted. Anhydrous CH2Cl2 (DCM), THF, Et2O, DMF, CH3CN, toluene and methanol were obtained by Solvent Purification System (PS-MD-5, Innovation Technology, USA). Reactions were magnetically stirred and monitored by thin layer chromatography (TLC) with silica gel plates (60F-254) with UV light, visualized phosphomolybdic acid/ethanol solution. Flash column chromatography was performed with silica gel (200-300 meshes) with the indicated solvent system and preparative thin layer chromatography was performed on silica gel F254 glass plates (layer thick 400 - 500 mm). Yields refer to chromatographically and spectroscopically pure compounds. 1H and 2D NMR spectra were recorded on Bruker Advance II 600 MHz spectrometer equipped with a 5 mm TXI cryogenic probe in Advanced Magnetic Resonance Imaging and Spectroscopy Facility in University of Florida. Antiproliferative activities were evaluated using MTT assay.
Results and Discussion
(30S)-apratoxin E and (30R)-apratoxin E were successfully synthesized. With these two isomers in hand, we were able to compare their spectroscopic data with those of natural apratoxin E and unambiguously confirmed that (30R)-apratoxin E is the natural product (and thus has the same configuration as apratoxin S9 [3]) and that (30S)-apratoxin E is actually 30-epi-apratoxin E Fig.1.[4] Both isomers were tested for their antiproliferative activities in HCT116 cells. In consistent with the reduced potency of natural apratoxin E compared with apratoxin A in various cancer cells, [1] (30R)-apratoxin E exhibits about 9-fold less activity (IC50 52.1 nM,) than apratoxin A (IC50 5.97 nM) in HCT116 cells. [2] While (30S)-apratoxin E showed 17-fold less activity with IC50 value of 100 nM, indicating the positive impact of 30R on activity. This trend is in concert with the SAR study of apratoxin S4 and S9. [3]
Conclusions
We accomplished the first total synthesis of apratoxin E and its C30 epimer, unambiguously assigning and correcting the originally proposed absolute configuration. This result indicates that apratoxin S9 is the truest apratoxin A/E hybrid with identical configurations of the stereocenters “taken” from the respective portions of the natural products.[3] The formal epimerization of C30 for apratoxin A versus apratoxin E also fuels the interest in the biosynthesis of these compounds.
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Fig.1 Structures of (30S)-apratoxin E and (30R)-apratoxin E 
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