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Amino acid sequence of ketoreductases used in this study 

 

KRED-01 

MSFHQQFFTLNNGNKIPAIAIIGTGTRWYKNEETDATFSNSLVEQIVYALKLPGIIHIDA

AEIYRTYPEVGKALSLTEKPRNAIFLTDKYSPQIKMSDSPADGLDLALKKMGTDYVDL

YLLHSPFVSKEVNGLSLEEAWKDMEQLYKSGKAKNIGVSNFAVEDLQRILKVAEVKP

QVNQIEFSPFLQNQTPGIYKFCQEHDILVEAYSPLGPLQKKTAQDDSQPFFEYVKELSE

KYIKSEAQIILRWVTKRGVLPVTTSSKPQRISDAQNLFSFDLTAEEVDKITELGLEHEPL

RLYWNKLYGKYNYAAQKV 

 

KRED-02 

MSVFVSGANGFIAQHIVDLLLKEDYKVIGSARSQEKAENLTEAFGNNPKFSMEVVPDI

SKLDAFDHVFQKHGKDIKIVLHTASPFCFDITDSERDLLIPAVNGVKGILHSIKKYAAD

SVERVVLTSSYAAVFDMAKENDKSLTFNEESWNPATWESCQSDPVNAYCGSKKFAEK

AAWEFLEENRDSVKFELTAVNPVYVFGPQMFDKDVKKHLNTSCELVNSLMHLSPEDK

IPELFGGYIDVRDVAKAHLVAFQKRETIGQRLIVSEARFTMQDVLDILNEDFPVLKGNI

PVGKPGSGATHNTLGATLDNKKSKKLLGFKFRNLKETIDDTASQILKFEGRI 

 

KRED-03 

MPATLKNSSATLKLNTGASIPVLGFGTWRSVDNNGYHSVIAALKAGYRHIDAAAIYL

NEEEVGRAIKDSGVPREEIFITTKLWGTEQRDPEAALNKSLKRLGLDYVDLYLMHWP

VPLKTDRVTDGNVLCIPTLEDGTVDIDTKEWNFIKTWELMQELPKTGKTKAVGVSNF

SINNIKELLESPNNKVVPATNQIEIHPLLPQDELIAFCKEKGIVVEAYSPFGSANAPLLKE

QAIIDMAKKHGVEPAQLIISWSIQRGYVVLAKSVNPERIVSNFKIFTLPEDDFKTISNLS

KVHGTKRVVDMKWGSFPIFQ 

 

KRED-04 

MKYTVITGASSGIGYETAKLLAGKGKSLVLVARRTSELEKLRDEVKQISPDSDVILKSV

DLADNQNVHDLYEGLKELDIETWINNAGFGDFDLVQDIELGKIEKMLRLNIEALTILSS

LFVRDHHDIEGTTLVNISSAGGYRIVPNAVTYCATKFYVSAYTEGLAQELQKGGAKLR

AKVLAPAATETEFADRSRGEAGFDYSKNVKKYHTAAEMAGFLHQLIESDAIVGIVDG

ETYEFELRGPLFNYAG 

 

KRED-05 

MNFTDKNVIITGGSAGIGLATAKKFIAKEANVLVTGRNTESLDKASVTINSPKFKTLAS

DISKLADIAALEKEVSESGKKVDVLVLNAGIAKQFSIEETTEEVFDDLFNINVKGLFFT

LQKLIPHLAEGASIILISSGVSVSGYAQMGAYAATKSAVDAIARTAAIELADRKIRVNTV

APGLTDTPMNQQTPEDIKNAIAAAVPLKRIGEAEEIANAIVFFASSEASYISGSYLSVDG

GVTIRR 

 

KRED-06 

MTDRLKGKVAIVTGGTLGIGLAIADKFVEEGAKVVITGRRADVGERAAKSIGGTDVI

RFIQHDASDEAGWTKLFDTTEEAFGPVTTVVNNAGIDVVKSVEDTTTEEWHKLLSVN

LDGVFFGTRLGIQRMKNKGLGASIINMSSIFGMVGDPTVGAYNASKGAVRIMSKSAA
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LDCALKDYDVRVNTVHPGPIKTPMLDDVEGAEEMWSQRTKTPMGHIGEPNDIAWVC

VYLASGESKFATGAEFVIDGGWTAQ 

 

KRED-07 

MTYVVVTGASGYLAQHVIKQLLERNYKVIGTVRNQQKAEDIAKLFQNDNLTLELVP

DLLQADVFDDLFLKYTGQIKHVIHTASPCRFDTTEYENEMLLPAINGTKRVLESIKKYA

SETVETVVYTSSVSALANPAGILDSNLTLTEESWNPDSFEDGKKDVFSAYYVSKTFAE

RTAWDFWKENKDQVKFQLTTICPSYIFGPQAFEENAKGTLNFSTEIVNKILHSKPGDEL

DKNFAGAFVDVRDVARAHVLALEKPELKSKRLVLLNDVYALQDVADYINKHFPELR

GKIATGVPGEGKEIVKHIAHYDNSKTKKLLGFEFISFGQAITDTVAQILKANN 

 

KRED-08 

MKEYKYTVITGASSGIGYEAAKAFAKRGKNLIIIARRREKLEELKKEILHYNRSLKVIV

KSIDLSITSNVYSLYDELKNYNIETLVNNAGFGDYSKVNNQNLEKVESMLSLNIEALVI

LSSLFVRDYEKIEGTQLINISSAGGYTIVPNAVIYCATKFFVSSFTEGLARELIEAKSNLK

AKVLAPAATETEFGKVASDVKEYDYQEKFHKYHTSKQMAEFLIKLYDNDYIVGKVD

RNSFKFTLQNPIFDYA 

 

KRED-09 

MTDLFKPLPEPPTELGRLRVLSKTAGIRVSPLILGGASIGDAWSGFMGSMNKEQAFELL

DAFYEAGGNCIDTANSYQNEESEIWIGEWMASRKLRDQIVIATKFTGDYKKYEVGGG

KSANYCGNHKRSLHVSVRDSLRKLQTDWIDILYIHWWDYMSSIEEVMDSLHILVQQG

KVLYLGVSDTPAWVVSAANYYATSHGKTPFSVYQGKWNVLNRDFERDIIPMARHFG

MALAPWDVMGGGRFQSKKAMEERKKNGEGLRTFVGGPEQTELEVKISEALTKIAEE

HGTESVTAIAIAYVRSKAKNVFPLIGGRKIEHLKQNIEALSIKLTPEQIEYLESIVPFDVG

FPKSLIGDDPAVTKKLSPLTSMSARIAFDN 

 

KRED-10 

MYRLLNKTAVITGGNSGIGLATAKRFVAEGAYVFIVGRRRKELEQAAAEIGRNVTAVK

ADVTKLEDLDRLYAIVREQRGSIDVLFANSGAIEQKTLEEITPEHYDRTFDVNVRGLIF

TVQKALPLLRDGGSVILTSSVAGVLGLQAHDTYSAAKAAVRSLARTWTTELKGRSIRV

NAVSPGAIDTPIIENQVSTQEEADELRAKFAAATPLGRVGRPEELAAAVLFLASDDSSY

VAGIELFVDGGLTQV 

 

KRED-11 

MTTLPTVLITGASSGIGATYAERFARRGHDLVLVARDKVRLDALAARLRDESGVAVEA

LQADLTRPADLAAVEIRLREDARIGILINNAGMAQSGGFVQQTAEGIERLITLNTTALT

RLAAAVAPRFVQSGTGAIVNIGSVVGFAPEFGMSIYGATKAFVLFLSQGLNLELSPSGI

YVQAVLPAATRTEIWGRAGIDVNTLPEVMEVDELVDAALVGFDRRELVTIPPLHVAAR

WDALDGARQGLMSDIRQAQAADRYRPEA 
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Figure S1. SDS-PAGE analysis of cell free lysate (crude enzyme extracts) of KREDs. 

Coomassie staining. M: RealBand 3-color Regular Range Protein Marker (Sangon Biotech, 

China). Lane 1: KRED-08. Lane 2: KRED-10. Lane 3: KRED-07. Lane 4: KRED-05. Lane 5: 

KRED-09. Lane 6: KRED-04. Lane 7: KRED-11. Lane 8: KRED-02. 

 

 

 

Figure S2. SDS-PAGE analysis of cell free lysate (crude enzyme extracts) of KREDs and 

LkADH. Coomassie staining. M: RealBand 3-color Regular Range Protein Marker (Sangon 

Biotech, China). Lane 1: KRED-06. Lane 2: KRED-03. Lane 3: KRED-01. Lane 4: LkADH. 
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Figure S3. SDS-PAGE analysis of cell free lysate (crude enzyme extracts) of GDH. 

Coomassie staining. M: RealBand 3-color Regular Range Protein Marker (Sangon Biotech, 

China). Lane 1: GDH. 
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General procedure for the synthesis of ketone Substrates 

Method A 

 

Scheme S1. General procedure for the synthesis of ketone substrates using method A.[1] 

 

To an ice-cooled stirred solution of zinc powder (4.87 g, 75 mmol) and allylic bromide (7.26 g, 

60 mmol) in anhydrous THF (21 mL) was dropwise added tert-butyl cyanoacetate (7.00 g, 50 

mmol). The resulting mixture was warmed to room temperature and then stirred vigorously at 

room temperature for 1 h. The resulting mixture was then cooled in an ice-water bath, and 

aqueous HCl (4 M, 30 mL) was added dropwise. After stirring at room temperature for 30 

minutes, the solution was extracted with EtOAc (120 mL). The organic phase was washed with 

brine, dried over anhydrous Na2SO4, and concentrated to give a yellow oil which was purified 

by vacuum distillation to yield colorless oil 1a (7.76 g). 

 

Method B 

 

Scheme S2. General procedure for the synthesis of ketone precursors using method B.[2-3] 

 

To a stirred solution of 1-tert-butoxy-2,3-epoxypropane (3.9 g, 30 mmol) and copper (I) iodide 

(0.57 g, 3 mmol) in Et2O (100 mL) at -40 ℃ under N2 was added vinyl magnesium bromide 

(45 mL of 1 M solution in THF, 45 mmol). After stirring at room temperature for 4 h, the 

reaction mixture was quenched with a solution of saturated aqueous ammonium chloride (100 

ml). The resulting mixture was extracted with Et2O (3 × 50 mL). The combined organic layers 

were dried over Na2SO4 and concentrated in vacuo to give the corresponding homoallylic 

alcohol without further purification. To a DCM solution (20 mL) containing the above 

homoallylic alcohol (30 mmol) at 0 ℃ was added Dess-Martin periodinane (DMP, 13.99 g, 33 

mmol). The resulting mixture was warmed to room temperature and then stirred at room 

temperature for 4 h. The mixture was concentrated in vacuo and purified via column 

chromatography on silica gel (eluent: petroleum ether/ethyl ether = 30/1) to give the product 1l 

(3.82 g) in 75% yield over 2 steps. 

 

Tert-butyl 3-oxohex-5-enoate (1a): synthesized by method A. 

Colorless oil; actual mass 7.76 g, 85%. 1H NMR (400 MHz, CDCl3): δ 

6.16 (m, 1H), 5.44 (m, 2H), 3.63 (s, 2H), 3.55 (d, J = 6.9 Hz, 2H), 1.71 

(s, 9H). 13C{1H} NMR (101 MHz, CDCl3) δ 201.2, 166.3, 129.8, 119.5, 

82.0, 50.0, 47.5, 27.96. HRMS(ESI) m/z [M+Na]+ calcd for C10H16O3Na 207.0992, found 

207.0982. 

 

https://www.reaxys.com/#/results/substances/1/RX001_1146721201086970541/UlgwMDE9Uw==/list/60d8ab36-839d-4f13-ad4c-7a7ffac7bfc4/1/asc/IDE.PID///javascript:
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Iso-butyl 3-oxohex-5-enoate (1b): synthesized by method A.  

Colorless oil; actual mass 7.50 g, 82%. 1H NMR (400 MHz, CDCl3): 

δ 5.90-5.77 (m, 1H), 5.17-5.06 (m, 2H), 3.84 (d, 2H), 3.42 (s, 2H), 

3.29- 3.19 (d, 2H), 1.92-1.82 (m, 1H), 0.85 (d, J = 4.6 Hz, 6H). 13C{1H} 

NMR (101 MHz, CDCl3) δ 200.6, 167.0, 129.6, 119.5, 71.3, 48.5, 47.6, 27.5, 18.9. HRMS(ESI) 

m/z [M+Na]+ calcd for C10H16O3Na 207.0992, found 207.0993. 

 

Butyl 3-oxohex-5-enoate (1c): synthesized by method A. Colorless 

oil; actual mass 6.39 g, 70%. 1H NMR (400 MHz, CDCl3): δ 6.22-6.10 

(m, 1H), 5.50-5.41 (m, 2H), 4.39 (t, J = 6.7 Hz, 2H), 3.74 (s, 2H), 3.57 

(d, J = 6.9 Hz, 2H), 1.91-1.86 (m, 2H), 1.64 (dd, J = 14.9, 7.5 Hz, 2H), 

1.19 (t, J = 7.3 Hz, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 200.6, 167.1, 129.6, 119.5, 48.5, 

47.5, 30.6, 30.4, 18.9, 13.5. HRMS(ESI) m/z [M+Na]+ calcd for C10H16O3Na 207.0992, found 

207.0985. 

 

Propyl 3-oxohex-5-enoate (1d): synthesized by method A. Colorless 

oil; actual mass 6.80 g, 80%. 1H NMR (400 MHz, CDCl3): δ 5.94-5.79 

(m, 1H), 5.17 (dd, J = 19.9, 13.9 Hz, 2H), 4.06 (t, J = 6.7 Hz, 2H), 3.45 

(s, 2H), 3.28 (d, J = 6.8 Hz, 2H), 1.64 (dd, J = 14.2, 7.1 Hz, 2H), 0.91 

(t, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 201.2, 167.6, 130.1, 120.1, 67.4, 49.1, 48.1, 22.3, 

10.7. HRMS(ESI) m/z [M+Na]+ calcd for C9H14O3Na 193.0835, found 193.0834. 

 

       

Methyl 3-oxohex-5-enoate (1e): synthesized by method A. Known 

compound.[4] Colorless oil; actual mass 6.39 g, 90%. 

 

 

    

Ethyl 3-oxohex-5-enoate (1f): synthesized by method A. Known 

compound.[5] Colorless oil; actual mass 7.17 g, 92%. 

 

 

Allyl 3-oxohex-5-enoate (1g): synthesized by method A. 

Colorless oil; actual mass 7.30 g, 87%. 1H NMR (400 MHz, 

CDCl3): δ 5.90 (m, 2H), 5.39-5.14 (m, 4H), 4.63 (d, J = 5.8 Hz, 

2H), 3.51 (s, 2H), 3.31 (d, J = 6.9 Hz, 2H). 13C{1H} NMR (101 

MHz, CDCl3) δ 200.6, 166.7, 131.5, 129.5, 119.8, 118.9, 66.0, 48.5, 47.7. HRMS(ESI) m/z 

[M+Na]+ calcd for C9H12O3Na 191.0679, found 191.0675.  

 

 

 

1-Chloro-4-penten-2-one (1h): synthesized by method A. Known 

compound.[6] Colorless oil; actual mass 2.12 g, 60%. 

 

https://www.reaxys.com/#/results/substances/1/RX001_1146721201086970541/UlgwMDE9Uw==/list/60d8ab36-839d-4f13-ad4c-7a7ffac7bfc4/1/asc/IDE.PID///javascript:
https://www.reaxys.com/#/results/substances/1/RX001_1146721201086970541/UlgwMDE9Uw==/list/60d8ab36-839d-4f13-ad4c-7a7ffac7bfc4/1/asc/IDE.PID///javascript:
https://www.reaxys.com/#/results/substances/1/RX001_1146721201086970541/UlgwMDE9Uw==/list/60d8ab36-839d-4f13-ad4c-7a7ffac7bfc4/1/asc/IDE.PID///javascript:
https://www.reaxys.com/#/results/substances/1/RX001_1146721201086970541/UlgwMDE9Uw==/list/60d8ab36-839d-4f13-ad4c-7a7ffac7bfc4/1/asc/IDE.PID///javascript:
https://www.reaxys.com/#/results/substances/1/RX001_1146721201086970541/UlgwMDE9Uw==/list/60d8ab36-839d-4f13-ad4c-7a7ffac7bfc4/1/asc/IDE.PID///javascript:
https://www.reaxys.com/#/results/substances/1/RX001_1146721201086970541/UlgwMDE9Uw==/list/60d8ab36-839d-4f13-ad4c-7a7ffac7bfc4/1/asc/IDE.PID///javascript:
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3-Oxo-hex-5-enenitrile (1i): synthesized by method B. Known 

compound.[7] Colorless oil; actual mass 2.35 g, 72%. 

 

 

  

1-(Benzyloxy)pent-4-en-2-one (1j): synthesized by method B. Known 

compound.[8] Colorless oil; actual mass 4.73 g, 83%. 

 

 

1-(tert-Butyldimethylsilyloxy)pent-4-en-2-one (1k): synthesized by 

method B. Colorless oil; actual mass 3.85 g, 60%. 1H NMR (400 MHz, 

CDCl3) δ 5.96 (dd, J = 9.2, 7.3 Hz, 1H), 5.19 (dd, J = 28.2, 8.9 Hz, 2H), 

4.22 (s, 2H), 3.33 (d, 2H), 0.96 (s, 9H), 0.13 (s, 6H). 13C{1H} NMR (101 

MHz, CDCl3) δ 209.0, 130.5, 119.3, 69.3, 43.8, 26.2, 18.7, -5.0. HRMS(ESI) m/z [M+Na]+ 

calcd for C11H22O2SiNa 237.1281, found 237.1278. 

 

1-tert-Butoxypent-4-en-2-one (1l): synthesized by method B. Colorless 

oil; actual mass 3.82 g, 75%. 1H NMR (400 MHz, CDCl3) δ 5.87 (m, 1H), 

5.09 (dd, J = 21.3, 5.5 Hz, 2H), 3.91 (s, 2H), 3.24 (d, J = 6.9 Hz, 2H), 

1.16 (s, 9H). 13C{1H} NMR (101 MHz, CDCl3) δ 208.5, 130.6, 119.3, 

74.5, 68.4, 44.5, 27.7. HRMS(ESI) m/z [M+Na]+ calcd for C9H16O2Na 179.1043, found 

179.1042.  

 

 

1-(Benzyloxy)hex-5-en-3-one (1m): synthesized by method A. Known 

compound.[9] Colorless oil; actual mass 6.83 g, 67%. 

 

 

 

1-Phenylpent-4-en-2-one (1n): synthesized by method A. Known 

compound.[10] Colorless oil; actual mass 6.48 g, 81%. 

 

 

1-(4-Fluorophenyl)pent-4-en-2-one (1o): synthesized by method 

A. Colorless oil; actual mass 8.1 g, 91%. 1H NMR (400 MHz, CDCl3) 

δ 7.18 (t, J = 5.5 Hz, 2H), 7.04 (t, J = 7.8 Hz, 2H), 6.00-5.86 (m, 1H), 

5.18 (dd, J = 27.2, 13.7 Hz, 2H), 3.72 (s, 2H), 3.24 (d, J = 6.7 Hz, 2H). 13C{1H} 

NMR (101 MHz, CDCl3) δ 205.8, 162.0 (d, J = 245.4 Hz), 131.1 (d, J = 8.0 Hz), 130.3, 129.7 

(d, J = 3.2 Hz), 119.2, 115.6 (d, J = 21.4 Hz), 48.4, 46.9. HRMS(ESI) m/z [M+Na]+ calcd for 

C11H11FONa 201.0686, found 201.0680. 
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3-p-Methoxy-phenyl-acetyl-thiopropen (1p): synthesized by 

method A. Known compound.[11] Colorless oil; actual mass 8.83 

g, 93% 

 

 

 

1-Phenylbut-3-en-1-one (1q): synthesized by method A. Known 

compound.[12] Colorless oil; actual mass 6.50 g, 89%. 

 

 

  

1-Thiophen-2-yl-but-3-en-1-one (1r): synthesized by method A. Known 

compound.[13] Colorless oil; actual mass 6.41 g, 85%. 
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Optimization of biocatalytic process 

 

Screening of ketoreductases 

A reaction solution (9 mL) of 1a (10 g/L), glucose (19.6 g/L), NADP+ (0.0125 g/L), KRED (2.7 

g/L), and GDH (1 g/L) in KPi buffer (100 mM, pH 7.0) was shaking at 200 rpm and 25 ℃ for 

90 min. The reaction mixture was extracted with EtOAc (5 mL), and an aliquot of the organic 

layer was taken for determining the reaction conversion by GC-MS analysis. The rest of the 

organic layer was concentrated in vacuo, and purified via column chromatography on silica gel 

(eluent: petroleum ether/ethyl ether = 10/1) to give the product. The product was benzoylated 

and its enantiomeric excess was determined by chiral HPLC analysis. The absolute 

configuration of the enzymatic product was assigned by comparing its optical rotation data to 

that of the literature data. 

 

Effect of substrate concentration 

A reaction solution (0.8 mL) of 1a (25-200 g/L), IPA (2 equiv. relative to 1a), NADP+ (0.0125 

g/L), KRED-06 (5 g/L), and LkADH (2.5 g/L) in KPi buffer (100 mM, pH 7.0) was shaking at 

200 rpm and 25 ℃ for 12 h. The reaction mixture was extracted with EtOAc (1 mL), and an 

aliquot of the organic layer was taken for determining the reaction conversion by GC-MS 

analysis. Each concentration point was assayed three times. 

 

Effect of IPA concentration 

A reaction solution (0.8 mL) of 1a (125 g/L), IPA (1.0-4.0 equiv. relative to 1a), NADP+ (0.0125 

g/L), KRED-06 (5 g/L), and LkADH (2.5 g/L) in KPi buffer (100 mM, pH 7.0) was shaking at 

200 rpm and 25 ℃ for 12 h. The reaction mixture was extracted with EtOAc (1 mL), and an 

aliquot of the organic layer was taken for determining the reaction conversion by GC-MS 

analysis. Each concentration point was assayed three times. 

 

Effect of temperature 

A reaction solution (0.8 mL) of 1a (125 g/L), IPA (2.5 equiv. relative to 1a), NADP+ (0.0125 

g/L), KRED-06 (5 g/L), and LkADH (2.5 g/L) in KPi buffer (100 mM, pH 7.0) was shaking at 

200 rpm and different temperatures (25-50 ℃) for 12 h. The reaction mixture was extracted 

with EtOAc (1 mL), and an aliquot of the organic layer was taken for determining the reaction 

conversion by GC-MS analysis. Each temperature point was assayed three times. 

 

Effect of thermal treatment 

The crude enzyme extracts of KRED-06 and LkADH were incubated at temperatures of 25, 30, 

35, 40 ℃ for different periods. Then, a reaction solution (0.8 mL) of 1a (125 g/L), IPA (2.5 

equiv. relative to 1a), NADP+ (0.0125 g/L), thermal treated KRED-06 (5 g/L), and thermal 

treated LkADH (2.5 g/L) in KPi buffer (100 mM, pH 7.0) was shaking at 200 rpm and different 

temperatures 30 ℃ for 2 h. The reaction mixture was extracted with EtOAc (1 mL), and an 

aliquot of the organic layer was taken for determining the reaction conversion by GC-MS 

analysis. The initial enzymatic activity without thermal treatment was defined as 100%. 

 

Effect of pH 
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A reaction solution (0.8 mL) of 1a (125 g/L), IPA (2.5 equiv. relative to 1a), NADP+ (0.0125 

g/L), KRED-06 (5 g/L), and LkADH (2.5 g/L) in different buffer solutions was shaking at 200 

rpm and 30 ℃ for 12 h. The tested buffer solutions include 100 mM sodium citrate buffer (pH 

5.0 or 6.0), 100 mM KPi buffer (pH 7.0 or 8.0), and 100 mM glycine buffer (pH 9.0). The 

reaction mixture was extracted with EtOAc (1 mL), and an aliquot of the organic layer was 

taken for determining the reaction conversion by GC-MS analysis. Each pH point was assayed 

three times. 

 

Effect of biocatalyst loading 

A reaction solution (0.8 mL) of 1a (125 g/L), IPA (2.5 equiv. relative to 1a), NADP+ (0.0125 

g/L), KRED-06 (1-6 g/L), and LkADH (50% w/w relative to KRED-06) in KPi buffer (100 mM, 

pH 7.0) was shaking at 200 rpm and 30 ℃ for 12 h. The reaction mixture was extracted with 

EtOAc (1 mL), and an aliquot of the organic layer was taken for determining the reaction 

conversion by GC-MS analysis. Each concentration point was assayed three times. 

 

Effect of NADP+ loading 

A reaction solution (0.8 mL) of 1a (125 g/L), IPA (2.5 equiv. relative to 1a), NADP+ (0-0.0125 

g/L), KRED-06 (4 g/L), and LkADH (2 g/L) in KPi buffer (100 mM, pH 7.0) was shaking at 

200 rpm and 30 ℃ for 1-17 h. The reaction mixture was extracted with EtOAc (1 mL), and an 

aliquot of the organic layer was taken for determining the reaction conversion by GC-MS 

analysis. 
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General procedure for KRED-06-catalyzed synthesis of chiral homoallylic alcohols 2 

 

A reaction solution (3.2 mL) of 1 (125 g/L), IPA (2.5 equiv. relative to 1), NADP+ (0.0125 g/L), 

KRED-06 (5 g/L), and LkADH (2.5 g/L) in KPi buffer (100 mM, pH 7.0) was shaking at 200 

rpm and 30 ℃. After certain amounts of time, the reaction mixture was extracted with EtOAc 

(5 mL) and the organic layer was concentrated in vacuo and the desired product was purified 

via column chromatography on silica gel (eluent: petroleum ether/ethyl ether = 10/1).  

 

 

(R)-iso-Butyl 3-hydroxyhex-5-enoate (2b)[14]: Colorless oil; actual 

mass 322 mg, 80%. 1H NMR (400 MHz, CDCl3) δ 5.95-5.69 (m, 1H), 

5.12 (d, J = 6.1 Hz, 1H), 5.08 (s, 1H), 4.07 (d, J = 2.8 Hz, 1H), 3.87 (d, 

J = 6.6 Hz, 2H), 3.00 (s, 1H), 2.47 (dd, J = 19.6, 6.1 Hz, 2H), 2.26 (dd, 

J = 11.9, 6.2 Hz, 2H), 1.91 (td, J = 13.3, 6.7 Hz, 1H), 0.91 (d, J = 6.7 Hz, 6H). 13C{1H} NMR 

(101 MHz, CDCl3) δ 172.8, 134.01, 118.1, 70.8, 67.3, 40.9, 40.6, 27.6, 19.0. HRMS(ESI) m/z 

[M+Na]+ calcd for C10H18O3Na 209.1148, found 209.1145. [α]20
D -11.21 (c 0.96, CHCl3). lit. 

[α]25
D − 17.6 (c 0.70, CH2Cl2).[14] HPLC (Chiracel® IC, Hexane : Isopropanol = 90 : 10, Flow 

rate = 1.0 mL/min, λ = 254 nm, 25 ℃) : t1 = 8.3 min (major enantiomer), t2 = 12.0 min. (82.1% 

ee)  

 

(R)-Butyl 3-hydroxyhex-5-enoate (2c) [1]: Colorless oil; actual mass 

351 mg, 87%. 1H NMR (400 MHz, CDCl3) δ 5.79 (dd, J = 9.0, 7.5 Hz, 

1H), 5.12 (d, J = 5.3 Hz, 1H), 5.08 (s, 1H), 4.09 (m, 2H), 4.05 (dd, J 

= 6.0, 3.2 Hz, 1H), 3.03 (s, 1H), 2.45 (m, 2H), 2.26 (m, 2H), 1.65-1.55 

(m, 2H), 1.40-1.32 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 172.9, 

134.0, 118.1, 67.3, 64.6, 40.9, 40.6, 30.5, 19.1, 13.6. HRMS(ESI) m/z [M+Na]+ calcd for 

C10H18O3Na 209.1148, found 209.1146. [α]20
D -13.41 (c 1.07, CHCl3). lit. [α]20

D -10.4 (c 0.9, 

CHCl3).[1] HPLC (Chiracel® IC, Hexane : Isopropanol = 90 : 10, Flow rate = 1.0 mL/min, λ = 

254 nm, 25 ℃) : t1 = 6.2 min (major enantiomer), t2 = 8.6 min. (98.1% ee)  

 

 

Enantioenriched Propyl 3-hydroxyhex-5-enoate (2d): Colorless oil; 

actual mass 310 mg, 83%. 1H NMR (400 MHz, CDCl3) δ 5.87-5.75 (m, 

1H), 5.13 (d, J = 5.4 Hz, 1H), 5.09 (s, 1H), 4.10-3.98 (m, 3H), 3.00 (s, 

1H), 2.54-2.48 (m, 1H), 2.46-2.36 (m, 1H), 2.27 (m, 2H), 1.64 (m, 2H), 

0.93 (t, J = 7.4 Hz, 3H). 13C{1H} NMR (101 MHz, CDCl3) δ 172.9, 134.0, 118.1, 67.3, 66.3, 

40.9, 40.6, 21.9, 10.3. HRMS(ESI) m/z [M+Na]+ calcd for C9H16O3Na 195.0992, found 

195.0987. [α]20
D -13.34 (c 1.0, CHCl3). HPLC (Chiracel® IC, Hexane : Isopropanol = 90 : 10, 

Flow rate = 1.0 mL/min, λ = 254 nm, 25 ℃) : t1 = 5.1 min (major enantiomer), t2 = 6.9 min. 

(97.3% ee)  
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(R)-Methyl 3-hydroxyhex-5-enoate (2e)[15]: Colorless oil; actual mass 

230 mg, 74%. 1H NMR (400 MHz, CDCl3) δ 5.81 (m, 1H), 5.14 (d, J 

= 4.6 Hz, 1H), 5.10 (s, 1H), 4.16-4.03 (m, 1H), 3.70 (s, 3H), 2.90 (s, 

1H), 2.48 (m, 2H), 2.31-2.24 (m, 2H). 13C{1H} NMR (101 MHz, CDCl3) 

δ 173.2, 133.9, 118.2, 67.3, 51.8, 40.9, 40.4. HRMS(ESI) m/z [M+Na]+ calcd for C7H12O3Na 

167.0679, found 167.0676. [α]20
D -12.23 ( c 1.13, CHCl3). lit. [α]r.t.

D -12.55 (c 1.3, CHCl3).[15] 

HPLC (Chiracel® IC, Hexane : Isopropanol = 90 : 10, Flow rate = 1.0 mL/min, λ = 254 nm, 

25 ℃) : t1 = 7.4 min (major enantiomer), t2 = 10.3 min. (97.5% ee) 

 

(R)-Ethyl 3-hydroxyhex-5-enoate (2f)[16]: Colorless oil; actual mass 

278 mg, 81%. 1H NMR (400 MHz, CDCl3) δ 5.89-5.73 (m, 1H), 5.13 (d, 

J = 6.0 Hz, 1H), 5.09 (s, 1H), 4.16 (q, J = 7.1 Hz, 2H), 4.12-4.03 (m, 

1H), 3.05 (s, 1H), 2.46 (m, 2H), 2.27 (m, 2H), 1.26 (t, J = 7.1 Hz, 3H). 
13C{1H} NMR (101 MHz, CDCl3) δ 172.8, 134.0, 118.2, 67.3, 60.7, 40.9, 40.6, 14.1. 

HRMS(ESI) m/z [M+Na]+ calcd for C8H14O3Na 181.0835, found 181.0827. [α]20
D -12.94 (c 1.08, 

CHCl3). lit. [α]24
D -14.8 (c 1.1, CHCl3).[16] HPLC (Chiracel® IC, Hexane : Isopropanol = 90 : 

10, Flow rate = 1.0 mL/min, λ = 254 nm, 25 ℃) : t1 = 6.7 min (major enantiomer), t2 = 9.7 min. 

(>99.9% ee)  

 

Enantioenriched Allyl 3-hydroxyhex-5-enoate (2g): Colorless 

oil; actual mass 284 mg, 77%. 1H NMR (400 MHz, CDCl3) δ 6.08-

5.76 (m, 2H), 5.30 (ddd, J = 14.8, 11.4, 0.9 Hz, 2H), 5.15 (dd, J = 

9.9, 6.3 Hz, 2H), 4.74-4.54 (m, 2H), 4.19-4.03 (m, 1H), 2.97 (s, 

1H), 2.61-2.45 (m, 2H), 2.30 (d, J = 2.5 Hz, 2H). 13C{1H} NMR (101 MHz, CDCl3) δ 172.3, 

133.9, 131.8, 118.5, 118.2, 67.3, 65.3, 40.9, 40.6. HRMS(ESI) m/z [M+Na]+ calcd for 

C9H14O3Na 193.0835, found 193.0835. [α]25
D -26.2 (c 1.13, CHCl3). HPLC (Chiracel® IC, 

Hexane : Isopropanol = 90 : 10, Flow rate = 0.5 mL/min, λ = 254 nm, 25 ℃) : t1 = 8.6 min, t2 

= 12.9 min (major enantiomer). (99.7% ee) 

 

(R)-1-Chloropent-4-en-2-ol (2h)[17]: Colorless oil; actual mass 135 mg, 

52%. 1H NMR (400 MHz, CDCl3) δ 5.95-5.71 (m, 1H), 5.27-5.04 (m, 2H), 

3.90 (s, 1H), 3.57 (ddd, J = 11.0, 8.7, 4.5 Hz, 2H), 2.54-2.28 (m, 3H). 13C{1H} 

NMR (101 MHz, CDCl3) δ 133.3, 118.6, 70.6, 49.4, 38.7. [α]20
D -4.3 (c 1.05, 

CHCl3). lit. [α]23
D -4.8 (c 1.0, CHCl3).[17] HPLC (Chiracel® AD, Hexane : Isopropanol = 98 : 2, 

Flow rate = 0.3 mL/min, λ = 254 nm, 25 ℃) : t1 = 18.6 min, t2 = 19.6 min (major enantiomer). 

(95.3% ee)  

 

(R)-3-Hydroxyhex-5-enenitrile (2i)[18]: Colorless oil; actual mass 213 mg, 

64%. 1H NMR (400 MHz, CDCl3) δ 5.75 (m, 1H), 5.24-5.08 (m, 2H), 3.96 

(m, 1H), 3.42 (s, 1H), 2.56 (dd, J = 16.8, 4.8 Hz, 1H), 2.47 (dd, J = 16.7, 

6.4 Hz, 1H), 2.32 (t, J = 6.6 Hz, 2H). 13C{1H} NMR (101 MHz, CDCl3) δ 

132.8, 119.2, 117.9, 66.6, 40.7, 25.1. HRMS(ESI) m/z [M+Na]+ calcd for C6H9NONa 134.0576, 

found 134.0579. [α]20
D -7.0 (c 1.13, CHCl3). lit. [α]21

D -6.8 (c 0.8, CHCl3).[18] HPLC (Chiracel® 

AD, Hexane : Isopropanol = 99 : 1, Flow rate = 1.0 mL/min, λ = 254 nm, 25 ℃) : t1 = 6.5 min, 
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t2 = 7.2 min (major enantiomer). (91.3% ee)  

 

(R)-1-(Benzyloxy)pent-4-en-2-ol (2j)[19]: Colorless oil; actual mass 259 

mg, 62%. 1H NMR (400 MHz, CDCl3) δ 7.38-7.31 (m, 5H), 5.91-5.77 (m, 

1H), 5.11 (dd, J = 12.1, 10.8 Hz, 2H), 4.56 (s, 2H), 3.89 (s, 1H), 3.52 (dd, 

J = 9.5, 3.3 Hz, 1H), 3.38 (dd, J = 9.3, 7.6 Hz, 1H), 2.43 (d, J = 2.2 Hz, 

1H), 2.27 (t, J = 6.7 Hz, 2H). 13C{1H} NMR (101 MHz, CDCl3) δ 137.9, 134.2, 128.5, 127.8, 

127.7, 117.7, 73.9, 73.4, 69.7, 37.9. HRMS(ESI) m/z [M+Na]+ calcd for C12H16O2Na 215.1043, 

found 215.1034. [α]20
D -4.5 (c 1.0, CHCl3). lit. [α]25

D -3.8 (c 1.37, CHCl3).[19] HPLC (Chiracel® 

OJ, Hexane : Isopropanol = 96 : 4, Flow rate = 1.0 mL/min, λ = 230 nm, 25 ℃) : t1 = 12.9 min 

(major enantiomer), t2 = 15.0 min. (>99.9 % ee) 

 

(R)-1-((tert-Butyldimethylsilyl)oxy)pent-4-en-2-ol (2k)[1]: Colorless 

oil; actual mass 394 mg, 85%. 1H NMR (400 MHz, CDCl3) δ 5.91-5.76 

(m, 1H), 5.08 (m, 2H), 3.69 (dt, J = 10.1, 4.9 Hz, 1H), 3.62 (dd, J = 9.9, 

3.5 Hz, 1H), 3.45 (m, 1H), 2.44 (s, 1H), 2.23 (t, J = 6.3 Hz, 2H), 0.90 (s, 

9H), 0.06 (s, 6H). 13C{1H} NMR (101 MHz, CDCl3) δ 134.4, 117.3, 71.1, 66.5, 37.6, 25.8, 18.2, 

-5.3, -5.4. HRMS(ESI) m/z [M+Na]+ calcd for C11H24O2SiNa 239.1438, found 239.1432. [α]20
D 

-3.5 (c 1.1, CHCl3). lit. [α]20
D -3.7 (c 1.0, CHCl3).[1] HPLC (Chiracel® AD, Hexane : Isopropanol 

= 99 : 1, Flow rate = 1.0 mL/min, λ = 254 nm, 25 ℃) : t1 = 5.7 min, t2 = 6.7 min (major 

enantiomer). (97.9 % ee)  

 

Enantioenriched 1-(tert-Butoxy)pent-4-en-2-ol (2l): Colorless oil; 

actual mass 312 mg, 91%. 1H NMR (400 MHz, CDCl3) δ 5.87 (m, 1H), 

5.18-5.08 (m, 2H), 3.78 (d, J = 2.7 Hz, 1H), 3.41 (dd, J = 8.9, 3.4 Hz, 

1H), 3.23 (dd, J = 8.8, 7.7 Hz, 1H), 2.51 (s, 1H), 2.28 (t, J = 6.7 Hz, 2H), 

1.22 (s, 9H). 13C{1H} NMR (101 MHz, CDCl3) δ 134.6, 117.2, 73.1, 70.0, 65.3, 37.9, 27.5. 

HRMS(ESI) m/z [M+Na]+ calcd for C9H18O2Na 181.1199, found 181.1199. [α]20
D -5.3 (c 1.1, 

CHCl3). HPLC (Chiracel® AD, Hexane : Isopropanol = 98 : 2, Flow rate = 1.0 mL/min, λ = 254 

nm, 25 ℃) : t1 = 4.6 min, tR = 5.0 min (major enantiomer). (99.3 % ee)  

 

(R)-1-(Benzyloxy)hex-5-en-3-ol (2m)[20]: Colorless oil; actual mass 

150 mg, 45%. 1H NMR (400 MHz, CDCl3) δ 7.34 (m, 5H), 5.86 (m, 

1H), 5.27-5.06 (m, 2H), 4.55 (s, 2H), 4.01-3.85 (m, 1H), 3.78-3.63 (m, 

2H), 3.07 (s, 1H), 2.28 (m, 2H), 1.84 -1.76 (m, 2H). 13C{1H} NMR (101 

MHz, CDCl3) δ 137.9, 134.9, 128.5, 127.8, 127.7, 117.6, 73.3, 70.3, 68.9, 41.9, 35.9. 

HRMS(ESI) m/z [M+Na]+ calcd for C13H18O2Na 229.1199, found 229.1197. [α]25
D -2.51 (c 0.53, 

CHCl3). lit. [α]25
D -3.33 (c 0.6, CHCl3).[20] HPLC (Chiracel® OD, Hexane : Isopropanol = 97 : 

3, Flow rate = 0.5 mL/min, λ = 254 nm, 25 ℃) : tR = 22.7 min, tR = 23.8 min (major enantiomer). 

(60.3% ee)  
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(R)-1-Phenylpent-4-en-2-ol (2n)[21]: Colorless oil; actual mass 270 mg, 

76%. 1H NMR (400 MHz, CDCl3) δ 7.31 (m, 5H), 5.90 (dq, J = 10.8, 

7.3 Hz, 1H), 5.22 (d, J = 5.3 Hz, 1H), 5.18 (s, 1H), 3.92 (s, 1H), 2.86 

(dd, J = 13.6, 4.9 Hz, 1H), 2.77 (dd, J = 13.6, 8.0 Hz, 1H), 2.43-2.33 (m, 

1H), 2.31-2.21 (m, 1H), 1.82 (s, 1H). 13C{1H} NMR (101 MHz, CDCl3) δ 138.4, 134.7, 129.5, 

128.6, 126.54 118.2, 71.7, 43.3, 41.2. [α]25
D -17.3 (c 0.64, CHCl3). lit. for (S)-enantiomer, [α]25

D 

+13.6 (c 1.0, benzene).[21] HPLC (Chiracel® OD-H, Hexane : Isopropanol = 97 : 3, Flow rate = 

0.5 mL/min, λ = 254 nm, 25 ℃) : t1 =16.8 min, t2 =20.4 min (major enantiomer). (99.0 % ee) 

 

Enantioenriched 1-(4-Fluorophenyl)pent-4-en-2-ol (2o)[22] 

Colorless oil; actual mass 181 mg, 62%. 1H NMR (400 MHz, CDCl3) 

δ 7.17 (m, 2H), 6.99 (m, 2H), 5.94-5.75 (m, 1H), 5.22 -5.01 (m, 2H), 

3.83 (s, 1H), 2.73 (m, 2H), 2.35-2.15 (m, 2H), 1.80 (d, J = 13.7 Hz, 

1H). 13C{1H} NMR (101 MHz, CDCl3) δ 161.7 (d, J = 244.3 Hz), 

134.6, 134.1 (d, J = 3.2 Hz), 130.9 (d, J = 7.8 Hz), 118.4, 115.3 (d, J = 21.1 Hz), 71.6, 42.4, 

41.2. [α]25
D -15.15 (c 0.62, CHCl3). HPLC (Chiracel® OD, Hexane : Isopropanol = 98 : 2, Flow 

rate =0.5 mL/min, λ = 254 nm, 25 ℃) : t1 = 16.2 min, t2 = 17.9 min (major enantiomer). (88 % 

ee)  

 

Enantioenriched 1-(4-Methoxyphenyl)pent-4-en-2-ol (2p): 

Colorless oil; actual mass 234 mg, 75%. 1H NMR (400 MHz, 

CDCl3) δ 7.17 (d, J = 8.4 Hz, 2H), 6.87 (t, J = 8.3 Hz, 2H), 5.98-

5.82 (m, 1H), 5.25-5.13 (m, 2H), 3.86 (s, 1H), 3.82 (s, 3H), 2.79 

(dd, J = 13.7, 4.9 Hz, 1H), 2.69 (dd, J = 13.7, 7.9 Hz, 1H), 2.39-

2.31 (m, 1H), 2.28-2.19 (m, 1H), 1.80 (d, J = 10.6 Hz, 1H). 13C{1H} NMR (101 MHz, CDCl3) 

δ 158.3, 134.8, 130.4, 130.3, 118.0, 113.9, 71.8, 55.2, 42.3, 41.1. HRMS(ESI) m/z [M+Na]+ 

calcd for C12H16O2Na 215.1043, found 215.1038. [α]25
D -12.1 (c 1.03, CHCl3). HPLC 

(Chiracel® OD, Hexane : Isopropanol = 98 : 2, Flow rate =0.5 mL/min, λ = 254 nm, 25 ℃) : t1 

= 22.2 min, tR = 23.9 min (major enantiomer). (>99.9 % ee)  

 

1-Phenylbut-3-en-1-ol (2q): Colorless oil; actual mass 162 mg, 51%. 1H NMR 

(400 MHz, CDCl3) δ 7.34 (m, 4H), 7.31-7.24 (m, 1H), 5.81 (dq, J = 10.1, 7.4 

Hz, 1H), 5.20-5.10 (m, 2H), 4.76-4.68 (m, 1H), 2.56-2.46 (m, 2H), 2.10 (s, 1H). 
13C{1H} NMR (101 MHz, CDCl3) δ 144.2, 134.8, 128.7, 127.9, 126.1, 118.8, 

73.6, 44.1. HRMS(ESI) m/z [M+Na]+ calcd for C10H12ONa 171.0780, found 171.0777. HPLC 

(Chiracel® OJ, Hexane : Isopropanol = 96 : 4, Flow rate = 1.0 mL/min, λ = 230 nm, 25 ℃) : t1 

= 13.1 min, t2 = 15.2 min. (0% ee) 

 

1-(Thiphen-3-yl)but-3-en-1-ol (2r): Colorless oil; actual mass 100 mg, 

30%. 1H NMR (400 MHz, CDCl3) δ 7.26 (dd, J = 4.2, 1.6 Hz, 1H), 6.98 (d, 

J = 4.1 Hz, 2H), 5.92-5.77 (m, 1H), 5.19 (dd, J = 20.6, 4.9 Hz, 2H), 4.98 (t, 

J = 6.4 Hz, 1H), 3.73 (s, 1H), 2.63 (t, J = 6.6 Hz, 2H). 13C{1H} NMR (101 

MHz, CDCl3) δ 148.2, 134.2, 126.9, 124.8, 124.0, 119.0, 69.7, 44.1. 

HRMS(ESI) m/z [M+Na]+ calcd for C8H10OS 177.0345, found 177.0337. HPLC (Chiracel® OJ, 
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Hexane : Isopropanol = 96 : 4, Flow rate = 1.0 mL/min, λ = 230 nm, 25 ℃) : t1 = 12.7 min, t2 

= 14.7 min. (0% ee) 
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The top spectrum is the chiral HPLC analysis of the racemic synthetic standard. The bottom  

spectrum is the chiral HPLC analysis of KRED-06-catalyzed biotransformation. 

*Peak labeled with asterisk is impurity generated in the bioreduction or derivatization.  
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