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            Abstract
Chiral compounds exist as enantiomers that are non-superimposable mirror images of each other. Owing to the importance of enantiomerically pure chiral compounds1—for example, as active pharmaceutical ingredients—separation of racemates (1:1 mixtures of enantiomers) is extensively performed2. Frequently, however, only a single enantiomeric form of a chiral compound is required, which raises the question of how a racemate can be selectively converted into a single enantiomer. Such a deracemization3 process is entropically disfavoured and cannot be performed by a conventional catalyst in solution. Here we show that it is possible to photochemically deracemize chiral compounds with high enantioselectivity using irradiation with visible light (wavelength of 420 nanometres) in the presence of catalytic quantities (2.5 mole per cent) of a chiral sensitizer. We converted an array of 17 chiral racemic allenes into the respective single enantiomers with 89 to 97 per cent enantiomeric excess. The sensitizer is postulated to operate by triplet energy transfer to the allene, with different energy-transfer efficiencies for the two enantiomers. It thus serves as a unidirectional catalyst that converts one enantiomer but not the other, and the decrease in entropy is compensated by light energy. Photochemical deracemization enables the direct formation of enantiopure materials from a racemic mixture of the same compound, providing a novel approach to the challenge of creating asymmetry.
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                    Fig. 1: Reactions of generic chiral compound A and ent-A and structures of compounds 1, ent-1a and 2.


Fig. 2: Optimization of reaction conditions.


Fig. 3: Deracemization of chiral allenes rac-1 by sensitized irradiation with visible light (λ = 420 nm).


Fig. 4: Mechanistic description of deracemization on the basis of DFT calculations, association constants and quantum yields.



                


                
                    
                
            

            
                Data availability

              
              The findings of this study are available within the paper and its Supplementary Information.
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