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1. General procedure for the 1-phenylethanol substrate scope

Magnetic stirrer bar was placed in a PDMS thimble, and then the PDMS thimble was placed in a 

round-bottomed flask. Dichloromethane solution of substituted rac-1-phenylethanol (rac-1, 1.00 

mmol in 4.0 mL) was added into the inside of PDMS thimble, and then Mn oxidant was also added 

to the inside of the PDMS thimble. The mixture was stirred for 24 hours at 25 °C. After the 

completion of the oxidation, i-PrOH (15 mL), phosphate buffer solution (15 mL, 50 mM, pH 7.0), 

and another magnetic stirrer bar were added to the exterior of the PDMS thimble. Then, NADP+ (15 

mg, 20 mol) and ADH from Lactobacillus kefir (LK-ADH, 500 U/mmol, 1400 U/mL) were added 

to the exterior and the reaction mixture was stirred for 24 hours at 25 °C. After the reaction, the 

PDMS thimble was removed from the flask, and then the aqueous phase in the flask was 

subsequently extracted with chloroform (10 mL × 3), the combined extracts were dried over sodium 

sulfate and concentrated in vacuum. To quantify and qualify the product in the interior the removed 

PDMS thimble with Mn oxidant debris was also washed with chloroform, and then filtered. The 

filtrate was concentrated in vacuum. The resulting products both from the interior and the exterior 

were quantified by 1H-NMR with t-BuOH as an internal standard. The enantiomeric excess was 

evaluated by chiral HPLC.

2. General procedure for the synthesis of racemic 1-phenylethanols rac-1

The corresponding acetophenone (5 mmol) was dissolved in 10 mL of methanol. Subsequently, 

sodium borohydride (7.53 mmol) was added at 0 °C and the solution was stirred over night at room 

temperature. After completion of the reaction, 10 mL of saturated ammonium chloride solution was 

added to the mixture. The desired compound was extracted with methylene chloride (3 x 10 mL) and 

the organic layer was evaporated to concentrate. The residue was purified by silica gel column 

chromatography to obtain the desired racemic (substituted) 1-phenylethanol.
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3. NMR spectra and chiral HPLC charts of chiral phenylethanols

Rac-1-(2-chlorophenyl)ethanol

According to the general procedure, 2-chloroacetophenone was used to yield the product rac-1-(2-

chlorophenyl)ethanol as colorless oil (619 mg, 3.9 mmol, 79%).
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13C NMR
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HPLC (YMC CHIRAL Cellulose-C 250 x 4.6 mmI.D. S-5 m, 1.5%IPA/hexane, flow 1.0 mL/min, 

254 nm, 40 °C): tR(S) 12.4 min, tR(R) 13.1 min.
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Rac-1-(3-chlorophenyl)ethanol

According to the general procedure, 3-chloroacetophenone was used to yield the product rac-1-(3-

chlorophenyl)ethanol as colorless oil (626 mg, 4.0 mmol, 80%).
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13C NMR
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HPLC (YMC CHIRAL Cellulose-C 250 x 4.6 mmI.D. S-5 m, 1.5%IPA/hexane, flow 1.0 mL/min, 

254 nm, 40 °C): tR(S) 15.6 min, tR(R) 16.4 min.
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Rac-1-(4-chlorophenyl)ethanol

According to the general procedure, 4-chloroacetophenone was used to yield the product rac-1-(4-

chlorophenyl)ethanol as colorless oil (665 mg, 4.2 mmol, 85%).
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13C NMR
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HPLC (DAICEL CHEMICAL IND., LTD. CHIRALCEL OD 250 x 4.6 mmI.D. S-10 m, 

2%IPA/hexane, flow 1.0 mL/min, 254 nm, 40 °C): tR(S) 13.6 min, tR(R) 14.9 min.
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Rac-1-(2-methylphenyl)ethanol

According to the general procedure, 2-methylacetophenone was used to yield the product rac-1-(2-

methylphenyl)ethanol as colorless oil (538 mg, 3.9 mmol, 79%).
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13C NMR
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HPLC (YMC CHIRAL Amylose-C 250 x 4.6 mmI.D. S-5 m, 1.5%IPA/hexane, flow 1.0 mL/min, 

254 nm, 40 °C): tR(S) 12.9 min, tR(R) 14.7 min.
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Rac-1-(3-methylphenyl)ethanol

According to the general procedure, 3-methylacetophenone was used to yield the product rac-1-(3-

methylphenyl)ethanol as colorless oil (538 mg, 3.9 mmol, 79%).
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13C NMR
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HPLC (DAICEL CHEMICAL IND., LTD. CHIRALCEL OD 250 x 4.6 mmI.D. S-10 m, 

5%IPA/hexane, flow 1.0 mL/min, 254 nm, 40 °C): tR(S) 7.1 min, tR(R) 8.1 min.
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Rac-1-(4-methylphenyl)ethanol

According to the general procedure, 3-methylacetophenone was used to yield the product rac-1-(3-

methylphenyl)ethanol as colorless oil (538 mg, 3.9 mmol, 79%).
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13C NMR
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HPLC (YMC CHIRAL Amylose-C 250 x 4.6 mmI.D. S-5 m, 5%IPA/hexane, flow 1.0 mL/min, 

254 nm, 40 °C): tR(S) 14.2 min, tR(R) 15.2 min.
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4. Figures

Figure S1 The effect of Mn oxidizer on the enzyme activity.
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4-1. Barrier property of PDMS thimble

To prevent the deactivation of exterior enzyme by Mn-oxide, the permeability of Mn species through 

PDMS thimble was evaluated by monitoring Mn species in exterior chamber. Suspension of Mn 

oxidant in DCM was poured into the interior of PDMS thimble, and the exterior was filled with 

IPA/water. After 24 hours, the concentration of Mn species in the exterior was evaluated by ICP-AES. 

The detected concentration was below 100 ppb at any amount of Mn oxidant from 0.5 g to 3 g (Figure 

S2); there was no correlation between the added and the detected level. Mn species were turned out to 

be perfectly isolated by PDMS membrane as the same extent was detected from the blank sample.

Figure S2 Mn isolation in the interior of PDMS thimble.
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4-2 Detailed Mn oxidant preparation and the oxidation product

KMnO4 and MnO2 (1/3 w/w, for example 0.5 g and 1.5 g, respectively) was ground with agate 

mortar for up to 5 min until they became powder. The mortar was placed in an oven and dried at 210 

°C for 24 hours. After cool in desiccator, the Mn oxidant was used for the oxidation.

Racemic 1-phenylethanol was oxidized, and the product was evaluated by 1H-NMR. In the reaction, 

only acetophenone was formed and no aldehydes or carboxylic acids (8-12 ppm) were observed 

(Figure S3). NMR chart of the expected byproducts (products of Wacker oxidation) is shown in 

Figure S4 as a reference.

Figure S3 1H NMR chart of Mn oxidation product.
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Figure S4 1H NMR chart of expected byproducts.
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5. HPLC Charts of products shown in Table 5 (main manuscript)

2-Cl (1b)

HPLC (YMC CHIRAL Cellulose-C 250 x 4.6 mmI.D. S-5 m, 1.5%IPA/hexane, flow 1.0 mL/min, 

254 nm, 40 °C): tR(S) 12.4 min, tR(R) 13.1 min.

Detector A (254 nm)
Retention time (min) Area Area% Height%Height
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3-Cl (1c)

HPLC (YMC CHIRAL Cellulose-C 250 x 4.6 mmI.D. S-5 m, 1.5%IPA/hexane, flow 1.0 mL/min, 

254 nm, 40 °C): tR(S) 15.6 min, tR(R) 16.4 min.

4-Cl (1d)

HPLC (DAICEL CHEMICAL IND., LTD. CHIRALCEL OD 250 x 4.6 mmI.D. S-10 m, 

2%IPA/hexane, flow 1.0 mL/min, 254 nm, 40 °C): tR(S) 13.6 min, tR(R) 14.9 min.

Detector A (254 nm)
Retention time (min) Area Area% Height%Height

Detector A (254 nm)
Retention time (min) Area Area% Height%Height
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2-Me (1e)

HPLC (YMC CHIRAL Amylose-C 250 x 4.6 mmI.D. S-5 m, 1.5%IPA/hexane, flow 1.0 mL/min, 

254 nm, 40 °C): tR(S) 12.9 min, tR(R) 14.7 min.

3-Me (1f)

HPLC (YMC CHIRAL Amylose-C 250 x 4.6 mmI.D. S-5 m, 5%IPA/hexane, flow 1.0 mL/min, 

254 nm, 40 °C): tR(S) 7.1 min, tR(R) 8.1 min.

Detector A (254 nm)
Retention time (min) Area Area% Height%Height

Detector A (254 nm)
Retention time (min) Area Area% Height%Height
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4-Me (1g)

HPLC (YMC CHIRAL Amylose-C 250 x 4.6 mmI.D. S-5 m, 5%IPA/hexane, flow 1.0 mL/min, 

254 nm, 40 °C): tR(S) 14.2 min, tR(R) 15.2 min.

Detector A (254 nm)
Retention time (min) Area Area% Height%Height


