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Abstract 

Asymmetric alkene hydration provides direct access to enantiopure alcohols and has been 

extensively developed through ionic mechanisms. Radical pathways remain largely unexplored, 

despite their potential for late-stage functionalization and functional-group tolerance. In this 

context, the Drago-Mukaiyama hydration—which proceeds via a metal–hydride hydrogen atom 

transfer (MHAT) mechanism—has found numerous applications in total synthesis, yet 

achieving high stereocontrol remains challenging. Here we show that cytochrome P450BM3 can 

be repurposed as a radical hydratase that catalyzes the asymmetric radical hydration of both 

terminal and internal alkenes under aerobic conditions, affording a range of enantioenriched 

alcohols with up to 99% enantiomeric excess. Mechanistic investigations reveal a pathway 

initiated by metal–hydride hydrogen atom transfer (MHAT) and asymmetric intermolecular 

radical addition of dioxygen. A subsequent kinetic resolution of the hydroperoxide intermediate 

further upgrades the enantioselectivity of the alcohol product. This study highlights that radical 

alkene hydration can be catalyzed by haemoproteins, thus expanding the scope of challenging 

asymmetric reactions accessible to haemoproteins.  

 

Introduction 

Asymmetric alkene hydration offers a versatile means to synthesize value-added chiral alcohols 

from unfunctionalized alkenes1,2. In this context, several catalytic systems have been reported 

for the asymmetric hydration of alkenes. Achieving high stereocontrol relying on homogeneous 

catalysts remains challenging however1. Beyond small-molecule based catalysts, 

macromolecular systems have enabled asymmetric alkene hydration, including heterogeneous  

biopolymer-metal complexes3-5, and DNA-based catalysts for activated alkenes6. By leveraging 

molecular recognition and stereocontrol, enzymes offer a promising route to asymmetric alkene 

hydration. Native hydratases, such as fatty acid hydratases, catalyze highly substrate-specific 

and stereoselective alkene hydration7. Enzyme-repurposing and decoy-molecule strategies have 
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been developed to extend biocatalytic asymmetric hydration to non-native alkene substrates8-

13. Nonetheless, asymmetric alkene hydration remains dominated by ionic mechanisms, with 

radical pathways underexplored (Fig. 1a).   

The Drago-Mukaiyama hydration is a versatile radical alkene hydration reaction14-16, that has 

found broad applications in natural product synthesis (Fig. 1b)17-19. In 2014, Shenvi and 

coworkers were the first to explicitly connect the reaction mechanism to Halpern’s 

metal−hydride hydrogen atom transfer (MHAT) hypothesis20,21, a framework that has since 

been widely adopted to describe the Drago-Mukaiyama hydration process18. Here, an in situ 

generated metal−hydride moiety transfers an H-atom to the less-substituted carbon of the alkene, 

and the resulting carbon-centred radical then reacts with dioxygen to afford the Markovnikov 

hydration product. Stereocontrol in radical hydration remains elusive despite considerable 

effort, including chiral auxiliaries, leaving the asymmetric Drago-Mukaiyama hydration largely 

underdeveloped22,23. 

Enzymes, endowed with exquisitely well-structured secondary coordination spheres, catalyze 

challenging reactions with high stereocontrol24-26. Over the last two decades, the scope of 

enzymatic catalysis has expanded to include a range of new-to-nature transformations27-34, 

enabled by strategies such as artificial metalloenzymes and enzyme repurposing35-38. In 

particular, metal–hydride chemistry, including MHAT reactions, has been smoothy integrated 

into biocatalysis to enable a variety of abiological asymmetric transformations35,39-50. For 

example, a non-haem iron/2-oxoglutarate-dependent enzyme was reported to catalyze the 

Drago-Mukaiyama hydration, although no stereoselectivity was achieved39. Incorporation of a 

biotinylated [Co(Schiff-base)] cofactor into an engineered chimeric streptavidin yielded an 

artificial radical cyclase for the synthesis of enantioenriched bicyclic terpenoid scaffolds via an 

MHAT mechanism43. Cobalt-protoporphyrin-derived artificial metalloenzymes have also been 

developed to catalyze non-natural MHAT reactions48. Native haemoproteins have been 

repurposed to catalyze asymmetric MHAT-based radical cyclizations and hydrogenations, 

respectively46,47. Building on these advances, we report the repurposing of cytochrome P450BM3 

as a hydratase that catalyzes asymmetric radical hydration of both terminal and internal alkenes. 

We surmise that an active-site Fe–H species reacts with an olefin via hydrogen-atom transfer, 

followed by intermolecular radical trapping with dioxygen to generate a peroxide intermediate, 

which subsequently undergoes an in situ reduction to afford enantioenriched alcohols (Fig. 1c). 

Taken together, these findings establish a biocatalytic platform for asymmetric radical alkene 

hydration and expand the scope of enzymatic metal–hydride chemistry. 
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Fig. 1 | Asymmetric alkene hydration. a) Asymmetric alkene hydration proceeds 

predominantly through an ionic mechanism, while the alternative radical pathway remains 

largely underexplored. b) The Drago-Mukaiyama hydration⎯a radical alkene hydration 

reaction⎯has been applied in natural product synthesis. c) Our approach: repurposing 

cytochrome P450BM3 as a radical hydratase for the asymmetric radical hydration of alkenes.  

Results and discussion 

Development of a radical hydratase. Asymmetric alkene hydration reactions target primarily 

open-chain secondary alcohols, while cyclic tertiary alcohols such as tetralol 2 remain largely 

unexplored3-6,8,10-13,22. We therefore selected the alkene 1 for our preliminary studies, which 

features a bromide substituent for downstream synthetic manipulation. We envisioned that an 

H atom transfer (HAT) at the less-substituted olefinic carbon, followed by the radical addition 

of dioxygen within an enzyme’s active site, should afford the enantioenriched tetralol 2 bearing 

a quaternary stereocenter. Inspired by our recent MHATase studies43,46, we tested the reductase-

deleted cytochrome P450BM3 for the radical hydration of alkene 1 in the presence of PhSiH3 as 

hydride source and TPGS-750-M as surfactant. Sodium dithionite (Na2S2O4) was included in 

the workup to reduce any unreacted peroxide intermediate to the corresponding alcohol 2 (Fig. 
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1c). The truncated P450BM3_WT outperformed free haemin chloride for the radical hydration 

of alkene 1, highlighting the beneficial effect of the hydrophobic environment provided by the 

metalloenzyme (Fig. 2a and Supplementary Table 1). Very modest enantioselectivity was 

observed for tetralol 2, prompting us to apply directed evolution to optimize the performance 

of P450BM3 as a radical hydratase.  

Guided by the X-ray crystal structure of the P450BM3 and the abundant evolutionary information 

reported for this enzyme51, we applied iterative saturation mutagenesis, targeting amino acids 

lining the active site around the haem moiety (Fig. 2b).  The mutant libraries were screened 

using E. coli whole cells, and the beneficial mutations were validated using purified P450BM3 

samples. A single mutation at position T268 (P450BM3_T268G) led to the opposite enantiomer 

of tetralol 2:  the enantiomeric excess (e.e.) of tetralol 2 from 16% e.e. in favor of (S)-2 using 

P450BM3_WT, and 26% e.e. for (R)-2 with P450BM3_T268G. A second round of saturation 

mutagenesis at position F87 afforded a double mutant, P450BM3_F87T-T268G, delivering (S)-

2 in 88% e.e. A third round of saturation mutagenesis yielded a triple mutant, P450BM3_A74Q-

F87T-T268G (P450BM3_QTG hereafter), affording (S)-2 in 93% e.e. and 23% yield 

(Supplementary Table 1). Mutations of the axial C400-residue led to poor catalytic performance, 

suggesting that the cysteine ligation is critical for the asymmetric radical alkene hydration 

(Supplementary Table 2).  

Following whole-cell screening, we optimized key reaction parameters—using purified enzyme 

samples—to further improve the catalytic performance of the evolved radical hydratase, 

including the hydride source, enzyme loading, surfactant, and reaction time. A range of hydride 

sources were evaluated, including diverse silanes: PhSiMeH2 performed best in terms of 

yield⎯particularly at lower loadings⎯while the e.e. remained unaffected (Supplementary 

Table 3). We surmise that this may be traced back to the improved water stability of PhSiMeH2 

compared to PhSiH3
44,48,52. Fine-tuning the PhSiMeH2 concentration led to additional 

improvements in yield (Supplementary Table 4). Among various commercially-available non-

ionic surfactants, TPGS-750-M afforded the best catalytic performance both in terms of activity 

and selectivity, and adjusting its concentration further improved the yield (Supplementary 

Tables 5-6). The biocatalyst loading of P450BM3_QTG could be decreased to 0.2 mol% without 

compromising the yield and e.e. of tetralol 2 (Supplementary Tables 7-8).  Based on these 

findings, the standard reaction was defined as follows: purified P450BM3_QTG (0.2 mol %), 

PhSiMeH2 (6 equiv. vs. alkene 1) and TPGS-750-M (0.4 wt. %). Under these conditions, tetralol 

(S)-2 was formed in 66% yield and 92% e.e., as quantified by SFC (Fig. 2c, entry 1). Both the 

absence of TPGS-750-M and the use of PhSiH3 instead of PhSiMeH2 negatively affected the 
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yield (Fig. 2c, entries 2-3). No tetralol 2 was detected in the absence of P450BM3_QTG, 

supporting the hypothesis that the repurposed P450BM3 indeed catalyzes the radical alkene 

hydration (entry 4). Moreover, no tetralol 2 was formed in the absence of PhSiMeH2, consistent 

with the silane serving as the hydride source (entry 5). To unambiguously assign the absolute 

configuration of the tetralol 2, we synthesized an enantiopure (R)-2 sample via a reported 

sequence based on a Sharpless asymmetric dihydroxylation to access enantiopure (R)-2 

(Supplementary Figs. 1-2)53,54.  

 

Fig. 2 | Directed evolution of a P450BM3 radical hydratase for the asymmetric radical 

hydration of alkene 1 to enantioenriched tetralol 2. a) Initial investigation of free haemin 

chloride and P450BM3_WT for the radical hydration of alkene 1. b) Evolutionary trajectory of 

P450BM3 radical hydratase for the asymmetric alkene hydration of alkene 1, with beneficial 

amino acid positions highlighted in the crystal structure of P450BM3_WT (haem domain, PDB: 

2IJ2). Unless otherwise stated, the reaction conditions are: alkene 1 (1.0 mM), purified P450BM3 

variant (1 μM, 0.1 mol % catalyst loading), KPi buffer (50 mM, pH 7.0), PhSiH3 (2 μL of 50 % 

v/v in DMSO, 20 equiv. compared with alkene 1), TPGS-750-M (40 μL, from 2 wt. % in H2O 
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stock solution), Vtot 400 μL, 25 °C in air for 24 h; workup by adding aq. Na2S2O4 (10 μL, from 

0.5 M in H2O stock solution). Yield and e.e. were determined by SFC. Reactions were 

performed in duplicate. c) Reaction optimization with P450BM3_A74Q-F87T-I268G 

(P450BM3_QTG). The standard conditions are: alkene 1 (0.5 mM), purified P450BM3_QTG (2 

μM, 0.2 mol % catalytic loading), KPi buffer (50 mM, pH 7.0), PhSiMeH2 (2 μL of 25 % v/v 

in DMSO, 6 equiv. compared with alkene 1), TPGS-750-M (40 μL, from 4 wt. % in H2O stock 

solution), Vtot 400 μL, 25 °C in air for 12 h; workup by adding aq. Na2S2O4 (10 μL, from 0.5 M 

in H2O stock solution). Yield and e.e. were determined by SFC. Reactions were performed in 

duplicates (for standard deviations, see Supplementary Table 9). a Milli-Q water (40 μL) was 

used instead of surfactant. bPhSiH3 (2 μL of 15 % v/v in DMSO, 6 equiv. compared with alkene 

1) instead of PhSiMeH2. 
cNo P450BM3_QTG added. dNo PhSiMeH2 added. 

Substrate Scope. Next, we evaluated the substrate scope of the evolved P450BM3_QTG variant 

under standard reaction conditions using 0.2 mol% biocatalyst loading (Fig. 3). Substrates 

bearing substituents at the C6, C7 or C8 positions were all well tolerated, affording a diverse 

array of functionalized tetralols 2-9 with a quaternary stereocenter in good to high e.e. Both 

electron-withdrawing and electron-donating substituents on the aromatic ring were compatible 

with the radical alkene hydration. The tetralols 10 and 11, bearing two substituents on the 

phenyl ring, were obtained in good enantioselectivity. Beyond the tetralin motif, 

enantioenriched indanols 12 and 13 were also obtained: the bromoindanol 12 with a 99% e.e. 

Next, we evaluated structurally-diverse substrates to afford acyclic alcohol 14, pyrrolidinol 15 

and aliphatic secondary alcohols 16 and 17. These products were formed with moderate to good 

enantioselectivity, although additional rounds of mutagenesis and reaction optimization were 

required to improve the catalytic performance to access alcohols 16 and 17.   

In addition to terminal alkenes, we tested internal alkenes for the asymmetric radical alkene 

hydration using P450BM3_QTG as radical hydratase. A 1,2-disubstituted alkene was readily 

converted to tetralol 18 with good enantioselectivity. A range of trisubstituted alkenes were also 

smoothly converted, affording the tertiary alcohols 2-5, 9, 12 and 19-20 in good to high 

enantioselectivity. Importantly, the internal alkenes displayed the identical e.e. as the 

corresponding terminal alkenes (e.g. tetralols 2-5, 9 and indanol 12), consistent with a radical 

mechanism. In addition to endocyclic alkenes, trisubstituted exocyclic alkenes were converted 

to the corresponding tetralols 19 and 20 with good enantioselectivity. The more sterically-

demanding tetrasubstituted alkene was also converted to tetralol 21 with excellent 

enantioselectivity, albeit with low diastereoselectivity. Finally, treatment of 1,4-
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dihydronaphthalene 22 under standard catalytic conditions afforded two tetralols, 23 and 24, 

with moderate to good enantioselectivity. The formation of tetralol 24 likely proceeds via a 

one-pot process in which hydrogen-atom transfer to the alkene generates a radical that 

subsequently migrates to a more stable benzylic position, followed by asymmetric radical 

addition of dioxygen.  

 

Fig. 3 | Substrate scope for the asymmetric radical alkene hydration catalyzed by the 
evolved P450BM3. General procedure, unless otherwise stated: alkene substrate (1.0 mM), 

purified P450BM3_QTG (2 μM, 0.2 mol % catalytic loading), KPi buffer (50 mM, pH 7.0), 

PhSiMeH2 (2 μL of 25 % v/v in DMSO, 6 equiv. compared to the alkene substrate), TPGS-750-

M (40 μL, from 4 wt. % in H2O stock solution), Vtot 400 μL, 25 °C in air for 12 h; workup by 

adding aq. Na2S2O4 (10 μL, from 0.5 M in H2O stock solution). Yield and e.e. were determined 

by SFC, using 1,3,5-trimethoxylbenzene as internal standard (see the supplementary 

information for details). Reactions were performed in duplicate (for standard deviations, see 

Supplementary Fig. 3). aalkene substrate (1.25 mM), purified P450BM3_QTG (12.5 μM, 1 mol % 

catalytic loading), PhSiH3 (2 μL of 50 % v/v in DMSO, 16 equiv. compared with alkene 
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substrate), TPGS-1000-M (40 μL, from 2 wt. % in H2O stock solution), 25 °C in air for 24 h. 
balkene substrate (0.625 mM), purified P450BM3_QTG (5 μM, 0.8 mol % catalytic loading), 

PhSiH3 (2 μL of 50 % v/v in DMSO, 32 equiv. compared with alkene substrate), TPGS-1000-

M (40 μL, from 2 wt. % in H2O stock solution), 25 °C in air for 24 h. All alkenes used in the 

study are collected in Supplementary Fig. 36. 

Mechanistic investigations. Motivated by the promising catalytic performance of the evolved 

radical hydratase, we set out to scrutinize the mechanism of the asymmetric radical hydration. 

We first carried out deuterium-labeling experiments to identify the source of the hydrogen atom 

added to the less-substituted alkene position in the hydration product (Fig. 4a). In the presence 

of PhSiD₃, the biocatalytic hydration of terminal alkene 1 and internal alkene 26 afforded 

tetralols 25 and 27, respectively, with excellent enantioselectivity (Supplementary Figs. 4-8). 

In both cases, a single deuterium atom was incorporated exclusively at the less-substituted 

olefinic carbon, confirming that the silane serves as the hydrogen-atom source in the HAT 

pathway. This site-specific deuterium incorporation rules out an alkene isomerization prior to 

the radical hydration.  

To further probe the mechanism of the biocatalytic alkene hydration, we carried out a radical-

clock experiment using the cyclopropyl alkene substrate 28 and PhSiMeH2 in the presence of 

P450BM3_QTG (Fig. 4b). Under these conditions, the benzylic alcohol 29, arising from 

cyclopropane ring opening of alkene 28, was detected in 9% yield and 43% ee (Supplementary 

Figs. 9–10). This outcome is consistent with the reaction being initiated by hydrogen-atom 

transfer to the terminal alkene, generating the radical intermediate Int-30, which undergoes 

homolytic cyclopropane ring opening to form the benzylic radical Int-31 prior to dioxygen 

addition. This proposed mechanism aligns with the radical MHAT pathway observed in our 

recent P450BM3 MHATase study46.  

To determine the source of the oxygen atom in the hydration product, we performed 18O-

labeling experiments on alkene 1 using 18OH2 (Fig. 4c, and Supplementary Figs. 11-17). Under 

aerobic conditions, tetralol 2 was obtained in 43% yield and 89% e.e. with no detectable 18O- 

incorporation. Under anaerobic conditions, the combination of PhSiMeH2 and P450BM3_QTG 

did not afford any hydration product. These observations indicate that dioxygen serves as 

oxygen atom source in the biocatalytic asymmetric radical alkene hydration. Using K3[Fe(CN)6] 

as an external oxidant under anaerobic conditions, tetralol 2 was obtained in 31% yield with 

incorporation of 18O but with negligible enantioselectivity.  We surmise that this outcome arises 

from oxidation of the carbon-centered radical intermediate to the corresponding cationic 
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intermediate by K₃[Fe(CN)₆]. This is consistent with the redox potentials of the benzylic radical 

and ferricyanide couples55,56, followed by nucleophilic attack by 18OH2 outside the enzyme’s 

active site. Importantly, exposure of (rac)-epoxide 33 to the standard reaction condition with 

PhSiMeH2 and P450BM3_QTG afforded no alcohol 2, thus ruling out a reductive epoxide 

opening as an alternative pathway to produce tetralol 2 (Supplementary Figs. 18-19).  

Next, we monitored the conversion of alkene 1 to tetralol 2 over time under our standard 

reaction conditions using PhSiMeH₂ and P450BM3_QTG (Fig. 4d, and Supplementary Table 

10). The yield of tetralol 2 increased steadily and reached a plateau after approximately 12 h, 

closely mirroring the consumption of alkene 1. However, the overall mass balance, calculated 

as the sum of tetralol 2 and recovered alkene 1, gradually eroded before stabilizing after ~24 h. 

Over the same period, the enantioselectivity of tetralol 2 increased from 68% to 92% e.e. Taken 

together, these observations suggest that the observed enantioselectivity does not arise solely 

from the initial C–O bond-forming step, and that the erosion in mass balance may reflect a 

concomitant kinetic resolution that preferentially consumes the minor enantiomer of tetralol 234.  

The observed decrease in mass balance prompted us to examine the presence of byproducts 

formed during the biocatalytic radical hydration of alkene 1 (Fig. 4e, and Supplementary Figs. 

20-26). Gas chromatography-mass spectrometry (GC-MS) analysis revealed the formation of a 

bis-hydroxylated product derived from alkene 1. A preparative-scale reaction with alkene 1 

afforded diol 34 in 28% yield with a diastereomeric ratio of 1.5:1 (58% e.e. for the major 

diastereomer and 81% e.e. for the minor diastereomer); its retention time matched that of the 

previously detected species in the GC-MS analysis. NMR characterization of diol 34 revealed 

the presence of an additional hydroxy-group at the benzylic C4-position relative to tetralol 2. 

The identity of diol 34 was further confirmed by comparison with an independently-synthesized 

authentic sample. Accounting for the amount of diol 34 formed over the course of the reaction 

resulted in an excellent mass balance, confirming that diol 34 is the major byproduct formed 

under the reaction conditions. 

Next, we set out to investigate the pathway leading to formation of diol 34 during the 

biotransformation (Fig. 4e). When (rac)-tetralol 2 was subjected to standard reaction conditions, 

no diol 34 was observed: only tetralol 2 was recovered. This suggests that diol 34 is not formed 

directly from the hydration product 2 (Supplementary Fig. 27). Importantly, when a lower 

P450BM3_QTG-enzyme loading was used, and without addition of Na2S2O4 prior to workup, 

the hydroperoxide intermediate 35 was detected by high-performance liquid chromatography 
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(HPLC) in high e.e. but low yield (Fig. 4f, and Supplementary Figs. 28-30). The retention time 

and corresponding UV-Vis trace of the hydroperoxide 35 matched that of an independently-

synthesized hydroperoxide sample57. The high e.e. of the hydroperoxide 35 prompted us to 

examine whether it participates in the kinetic resolution to afford the diol 34 side-product 

(Supplementary Figs. 31-35). Independent experiment using (rac)-hydroperoxide 35 as 

substrate in the presence of PhSiMeH2 and P450BM3_QTG revealed the formation of diol 34 in 

34% yield. In this reaction, the hydroperoxide 35 was recovered in 37% yield with 88% e.e., 

confirming a kinetic resolution process leading to the enrichment of the major enantiomer of 

(S)-2. Notably, in the absence of PhSiMeH2, conversion of hydroperoxide 35 to diol 34 still 

proceeded, suggesting that the Fe−H species is not involved in this process. Cytochrome P450 

enzymes have been reported to react with hydroperoxides in the absence of reductant, 

catalyzing intramolecular oxygen-transfer reaction via a ferryl moiety58-60. Accordingly, we 

hypothesize that P450BM3_QTG functions as an intramolecular peroxygenase with 

hydroperoxide 35 functioning both as hydroperoxide source and substrate, catalyzing 

intramolecular hydroxylation at the benzylic C4 position to generate diol 34. The selectivity 

factor for this kinetic resolution with P450BM3_QTG alone was determined as s = 45, favoring 

the reaction of (R)-35 and thus affording the enantioenriched (S)-35 (Supplementary Table 11). 

Taken together, these results reveal a kinetic resolution of the hydroperoxide intermediate 

formed in the radical hydration process, thus contributing to upgrade the e.e. of tetralol 2. The 

evolved P450BM3_QTG thus functions as a bifunctional enzyme in the asymmetric radical 

hydration, acting both as a radical hydratase featuring an Fe−H species and as a peroxygenase 

involving an Fe=O ferryl species (Supplementary Fig. 35) 
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Fig. 4 | Mechanistic studies of the P450BM3_QTG-catalyzed radical alkene hydration. a) 

Deuterium-labeling studies of terminal alkene 1 and internal alkene 26 using PhSiD₃.  b) Radical-clock 

experiment with cyclopropyl alkene 28 in the presence of P450BM3_QTG and PhSiMeH₂, supporting a 

radical pathway. c) Origin of the incorporated oxygen atom probed by ¹⁸O-labeling and epoxide-opening 

experiments.  d) Time-course analysis of the conversion of alkene 1 to tetralol 2, highlighting the yield 

of 2 (blue), e.e. of 2 (red), recovery of 1 (black), and mass balance (green).  e) Analysis of the reaction 

mixture revealing formation of diol 34 as the major byproduct. f) Detection of hydroperoxide 35 as 

substrate for the formation of diol 34 (see the proposed mechanism in Supplementary Fig. 35).  

 

Conclusion  

Radical alkene hydration, epitomized by the Drago-Mukaiyama hydration, remains 

underexplored in asymmetric catalysis. Haemoproteins have emerged as a versatile catalytic 

platform for various new-to-nature transformations, including radical MHAT catalysis, offering 

excellent stereocontrol in challenging bond-forming process27,28,34,36,44,46,47. Herein, we 
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repurposed cytochrome P450BM3 as a radical hydratase that catalyzes asymmetric alkene 

hydration via an MHAT-initiated radical pathway. Through three rounds of directed evolution, 

we identified an optimal variant, P450BM3_QTG, which catalyzes the asymmetric radical 

hydration of a range of terminal and internal alkenes under aerobic conditions in the presence 

of PhSiMeH2. This biotransformation provides access to diverse enantioenriched cyclic tertiary 

alcohols bearing a quaternary stereocenter, a class of products that is less-developed in current 

asymmetric alkene hydration. Mechanistic studies support an MHAT radical mechanism in 

which the silane serves as the hydrogen atom donor and dioxygen as the oxygen atom source. 

We further uncovered a kinetic resolution pathway of the hydroperoxide intermediate formed 

during the hydration process⎯in which the minor enantiomer is preferably converted into a 

diol byproduct through biocatalytic intramolecular hydroxylation⎯thereby upgrading the 

enantioselectivity of the final alcohol. These findings expand the landscape of asymmetric 

alkene hydration and abiological radical biocatalysis, opening fascinating perspectives for the 

biocatalytic production of diverse enantioenriched fine chemicals.  
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