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            Abstract
From menthol to cholesterol to Taxol, terpenes are a ubiquitous group of molecules (over 55,000 members isolated so far) that have long provided humans with flavours, fragrances, hormones, medicines and even commercial products such as rubber1. Although they possess a seemingly endless variety of architectural complexities, the biosynthesis of terpenes often occurs in a unified fashion as a ‘two-phase’ process2,3. In the first phase (the cyclase phase), simple linear hydrocarbon phosphate building blocks are stitched together by means of ‘prenyl coupling’, followed by enzymatically controlled molecular cyclizations and rearrangements. In the second phase (the oxidase phase), oxidation of alkenes and carbon–hydrogen bonds results in a large array of structural diversity. Although organic chemists have made great progress in developing the logic3,4,5 needed for the cyclase phase of terpene synthesis, particularly in the area of polyene cyclizations6, much remains to be learned if the oxidase phase is to be mimicked in the laboratory. Here we show how the logic of terpene biosynthesis has inspired the highly efficient and stereocontrolled syntheses of five oxidized members of the eudesmane family of terpenes in a modicum of steps by a series of simple carbocycle-forming reactions followed by multiple site-selective inter- and intramolecular carbon–hydrogen oxidations. This work establishes an intellectual framework in which to conceive the laboratory synthesis of other complex terpenes using a ‘two-phase’ approach.
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                    Figure 1: 
                        Outline of the ‘two-phase’ approach to terpene total synthesis.
                      


Figure 2: 
                        Simple, enantioselective total synthesis of dihydrojunenol (4).
                      


Figure 3: 
                        Total syntheses of 4-epiajanol (5) and dihydroxyeudesmane (6) through site-specific C–H oxidations of dihydrojunenol (4).
                      


Figure 4: 
                        Total syntheses of pygmol (7) and eudesmantetraol (8) through site-specific C–H oxidations of 16.
                      


Figure 5: 
                        Pyramid diagram for the retrosynthetic planning of terpene synthesis using a ‘two-phase’ approach.
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        Editorial Summary
Eudesmane terpenes: a model synthesis
Organic chemists occasionally devise synthetic routes for naturally occurring molecules — called natural products — by mimicking how the molecule is synthesized by the organism that produces it. Generally, such syntheses target individual compounds, but Ke Chen and Phil Baran now report a general strategy that targets a family of structurally related compounds. Their approach mimics the 'two-phase' process observed during the biosynthesis of these terpenes — natural products that are used as flavours, fragrances, and hormones. In the first phase of the strategy, the linear hydrocarbon skeletons of the compounds are assembled and cyclized. The cyclic compounds are then subjected to a series of site-selective oxidation reactions, generating five compounds from the eudesmane family of terpenes. Adaptations of this two-phase procedure should prove effective for the synthesis of other complex terpenes.
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