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            Abstract
Many natural products that contain basic nitrogen atomsâ€”for example alkaloids like morphine and quinineâ€”have the potential to treat a broad range of human diseases. However, the presence of a nitrogen atom in a target molecule can complicate its chemical synthesis because of the basicity of nitrogen atoms and their susceptibility to oxidation. Obtaining such compounds by chemical synthesis can be further complicated by the presence of multiple nitrogen atoms, but it can be done by the selective introduction and removal of functional groups that mitigate basicity. Here we use such a strategy to complete the chemical syntheses of citrinalinâ€‰B and cyclopiamineâ€‰B. The chemical connections that have been realized as a result of these syntheses, in addition to the isolation of both 17-hydroxycitrinalinâ€‰B and citrinalinâ€‰C (which contains a bicyclo[2.2.2]diazaoctane structural unit) through carbon-13 feeding studies, support the existence of a common bicyclo[2.2.2]diazaoctane-containing biogenetic precursor to these compounds, as has been proposed previously. 
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                    Figure 1: Selected prenylated indole alkaloids.[image: ]


Figure 2: Retrosynthetic analysis plan for cyclopiamineâ€‰B and citrinalinâ€‰B.[image: ]


Figure 3: Preparation of fused hexacycle 25.[image: ]


Figure 4: Face-selective oxygenation of fused hexacycle 25.[image: ]


Figure 5: Completion of the syntheses of ent-citrinalinâ€‰B and cyclopiamineâ€‰B.[image: ]


Figure 6: Isolation of two new citrinalins and 13C labelling studies.[image: ]


Figure 7: Biosynthetic proposal for citrinalins.[image: ]
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                Data deposits

                A sample of the P. citrinum strain F53 is deposited at the Brazilian Collection of Environmental and Industrial Microorganisms under the accession code CBMAIâ€‰1186. Crystallographic data for crystal structures ent-2â€¢HCl, 6, 27 and 36 have been deposited at the Cambridge Crystallographic Data Centre (http://www.ccdc.cam.ac.uk) under accession codes CCDCâ€‰984477, CCDCâ€‰984478, CCDCâ€‰984480 and CCDCâ€‰984479, respectively.
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This paper reports the first syntheses of the natural products citrinalin B and cyclopiamine B. And as a by-product of this work, the authors propose a revision of the structure initially assigned to citrinalin B. The presence of nitrogen atoms in a target molecule can complicate its synthesis because of nitrogen's basicity and susceptibility to oxidation. This can be circumvented by the selective introduction and removal of functional groups that mitigate basicity. The prenylated indole alkaloids citrinalin B and cyclopiamine B were produced using a refinement of the technique, opening up a class of compounds that includes therapeutics such as quinine and morphine to synthetic chemistry.
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