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1. General Information

The racemic alcohols were purchased from Sigma (Shanghai, China), J&K Chemical Ltd (Shang-
hai, China) and Alfa Aesar (Tianjin, China). The '"H NMR spectra were recorded on a Bruker
spectrometer (400 MHz) and the *C NMR spectra were recorded on a Bruker spectrometer (100
MHz). Optical rotations were measured on a Polarimat (Rudolph Research Autopol I). Mass spec-
tra were recorded on a QP2010 SE GC-MS device (electron impact, 70 eV, Shimadzu, Japan).
Column chromatography was performed using silica gel (300—400 mesh).

2. General Protocol for Synthesis of Substrates 1-18

A 30 mmol solution of the alcohol (1.0 equiv.) in dry toluene (20 mL) and sodium acetate (0.05
equiv.) were sequentially added to a solution of acetic anhydride (1.2 equiv.) in toluene (30 mL),
and sodium acetate (0.05 equiv.), and the resultant mixture was refluxed until the alcohol was
completely consumed (as monitored by thin layer chromatography). The product was extracted
into ethyl acetate (3 x 50 mL) and washed with an aqueous solution of saturated sodium bicar-
bonate (3 x 20 mL). The organic layer was dried over anhydrous Na,SO4 and the solvent was re-
moved under reduced pressure.
(R/S)-1-Phenylethyl acetate (1):"!

oj\éua Yield: 95% (4.68 g). '"H NMR (400 MHz, CDCls): d (ppm) 7.36-7.25 (m, 5H,

Loy ArH), 588 (g, 1,/ = 6.4 Hz, H4),2.07 (5, 3H, H1), 1.53 (4, 3H,/ = 6.8 Hz, HS);
3
5 MS (EI): m/z = 164 (M), 122, 104, 77, 43.

(R/S)-1-Phenylpropyl acetate (2):"
oj\éu Yield: 92% (4.92 g). 'H NMR (400 MHz, CDCl3): & (ppm) 7.36-7.25 (m, SH,
cn, Ar-H), 5.66 (t, 1H, J = 7.2 Hz, H4), 2.07 (s, 3H, H1), 1.96-1.70 (m, 2H, H5), 0.88
6§ (1, 3H,J=7.2 Hz, H6); MS (E): m/z = 178 (M"), 136, 118, 43.

(R/S)-2-Chloro-1-phenylethyl acetate (3):"!
011 Yield: 95% (5.30 g). '"H NMR (400 MHz, CDCl;): 6 (ppm) 7.40-7.32 (m, 5H,
¢l Ar-H), 596 (dd, J= 8.4 Hz, 1H, J = 4.8 Hz, H4), 3.82-3.70 (m, 2H, HS), 2.14 (s,
m 3H, HI).

(R/S)-1-(2-Chlorophenyl)ethyl acetate (4):'
JQU Yield: 94% (5.60 g). '"H NMR (400 MHz, CDCl5): 6 (ppm) 7.45 (dd, 1H, J=7.6
0~ “CH,

10 L Hz,J =12 Ha, H7), 7.35 (4, 1H, J = 8 Hz, H10), 7.30-7.19 (m, 2H, H7+HS)
9 4~C
s @Qé * 622(q, 1H, J = 6.4 Hz, H4), 2.10 (s, 3H, H1), 1.52 (d, 3H, J = 6.8 Hz, H5); MS
7

(ED): m/z= 198 (M"), 163, 121, 103, 43.
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(R/S)-1-(2-Fluorophenyl)ethyl acetate (5):
11 Yield: 85% (4.65 g). '"H NMR (400 MHz, CDCls): d (ppm) 7.39 (m, 1H, Ar-H),
0 CHs 7.30-7.23 (m, 1H, Ar-H), 7.13 (m, 1H, Ar-H), 7.03 (m, 1H, Ar-H), 6.14 (q, IH, J
(jﬁ:\c“s = 6.8 Hz, H4), 2.08 (s, 3H, H1), 1.55 (d, 3H, J = 6.8 Hz, H5); °C NMR (100
MHz, CDCl3): 6 (ppm) 170.11, 159.76 (d, Jcr = 245.9 Hz), 129.37 (d, Jcr= 8.3
Hz), 128.99 (d, Jcrp = 13.7 Hz), 127.17 (d, Jcr = 4.5 Hz), 124.27 (d, Jcr = 3.8 Hz), 115.61 (d, Jcr=
21.3 Hz), 66.71 (t, Jor= 2.3 Hz), 25.95, 21.27 (t, Jcp= 1.5 Hz); MS (EI): m/z = 182 (M"), 140,
122, 43.

9

8
7

(R/S)-1-(3-Chlorophenyl)ethyl acetate (6):"'
J@U Yield: 93% (5.54 g). 'H NMR (400 MHz, CDCl3): & (ppm) 7.34 (s, 1H, H6),
0~ ~CH
10 * 7.28-7.20 (m, 3H, H8-10), 5.83 (q, 1H, J = 6.8 Hz, H4), 2.00 (s, 3H, H1), 1.52 (d,

9 4~CH;
8 6 ¥ 3H, J = 6.8 Hz, H5); MS (EI): m/z =198 (M), 156, 138, 43.

(R/S)-1-(4-Chlorophenyl)ethyl acetate (7):'°
on Yield: 90% (5.36 g). '"H NMR (400 MHz, CDCl5): 6 (ppm) 7.33-7.20 (m, 4H,
10 o Ar-H), 5.84 (q, IH, J = 6.8 Hz, H4), 2.07 (s, 3H, H1), 1.51 (d, 3H, J = 6.8 Hz,
9 4
6|/©§\5 ’ H5); MS (ED): m/z =198 (M), 156, 138, 43.
7
(R/S)-1-(4-Nitrophenyl)ethyl acetate (8):'°
oj\éu Yield: 85% (5.33 g). '"H NMR (400 MHz, CDCls): § (ppm) 8.22 (d, 2H, J =
10 * 8.8 Hz, H7+H9), ,7.51 (d, 2H, J = 8.8 Hz, H6+H10), 5.92 (q, 1H, J = 6.8 Hz,
9
Qﬁ\é H4), 2.11 (s, 3H, H1), 1.56 (d, 3H, J = 6.8 Hz, H5); MS (EI): m/z = 209 (M"),

O:N
7 167, 43.

(R/S)-1-(4-Methoxyphenyl)ethyl acetate (9):'°
ofU Yield: 96% (5.59 g). '"H NMR (400 MHz, CDCl3): J (ppm) 7.29 (d, 2H, J =

0§ ™ 8.8 Hz H6+HIO), 6.88 (d, 2H, J = 8.4 Hz, H7+H9), 5.92 (q, 1H, J = 6.8 Hz,

12 9 4°CH
HiC 6 * H4),3.80 (s, 3H, H12), 2.05 (s, 3H, H1), 1.52 (d, 3H, J = 7.2 Hz, H5); MS

~0
7 (ED): m/z =194 (M"), 152, 134, 43.

(R/S)-2,3-Dihydro-1H-inden-1-yl acetate (10):'°
4 Yield: 91% (4.81 g). '"H NMR (400 MHz, CDCls): d (ppm) 7.41 (d, 1H, J = 7.6
5 g,,,g Hz, Ar-H), 7.32-7.20 (m, 3H, Ar-H), 6.20 (dd, 1H, J= 7.2, 4.0 Hz , H4), 3.16-3.07
(m, 1H, H6), 2.92-2.84 (m, 1H, H6), 2.55-2.45 (m, 1H, H5), 2.14-2.07 (m, 1H,
HS5), 2.06 (s, 3H, H1); MS (EI): m/z= 176 (M"), 133, 116, 43.
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(R/S)-1,2,3,4-Tetrahydronaphthalen-yl acetate (11):'
£, Yield: 82% (4.68 @) 'H NMR (400 MHz, CDCLy): 6 (ppm) 7.28-7.11 (m, 4H,
Q"M Ar-H), 6.00 (t, 1H, J = 4.0 Hz, H4), 2.90-2.84 (m, 1H, H7), 2.79-2.70 (m, 1H, H7),
O‘ : 2.08 (s, 3H, HI), 2.02-1.78 (m, 4H, H5+H6): MS (EI): m/z= 190(M"), 148, 130,
7 43,

(R/S)-2-Phenylbut-3-yn-2-yl acetate (12):"'
. f'\éu Yield: 78% (4.68 g). "H NMR (400 MHz, CDCl3): d (ppm) 7.57 (d, 2H, J = 7.6 Hz,
s Ar-H), 7.38-7.28 (m, 3H, Ar-H), 2.81 (s, 1H, H8), 2.08 (s, 3H, H1), 1.89 (s, 3H,
\f”’ H5); MS (EI): m/z= 188(M"), 145, 43.
8
(R/S)-1,1,1-Trifluoro-2-phenylpropan-2-yl acetate (13):
1, Yield: 75% (5.22 g). 'H NMR (400 MHz, CDCls): 6 (ppm) 7.41-7.36 (m, 5H,
FaC °\g * ArH), 2.16 (s, 3H, H5), 2.12 (s, 3H, H1); *C NMR (100 MHz, CDCls) 5 (ppm)
©)%H 168.20, 135.41, 128.99, 128.45, 126.49, 125.60, 122.78, 81.68 (d, Jcr = 28.8 Hz),
21.89, 18.58 (q, Jcr = 1.6 Hz); MS (EI): m/z= 232 (M), 190, 121, 109, 77.

(R/S)-1-(3-Fluorophenyl)ethyl acetate (14):
j\1 Yield: 95% (5.19 g). '"H NMR (400 MHz, CDCls): 6 (ppm) 7.33-7.27 (m, 1H,
o 10 : CI::HS Ar-H), 7.12-7.04 (m, 2H, Ar-H), 6.97 (dt, 1H, J= 8.0, 2.0 Hz , Ar-H), 5.86 (q, 1H,
8 6 ¥ J = 6.4 Hz, H4), 2.00 (s, 3H, H1), 1.52 (d, 3H, J = 6.8 Hz, H5); °C NMR (100
MHz, CDCl3) 6 (ppm) 170.27, 162.95 (d, Jcr = 245.2 Hz), 144.39 (d, Jcr= 6.8
Hz), 130.13 (d, Jcr = 8.3 Hz), 121.24 (d, Jcr = 3.0 Hz), 114.77 (d, Jcr = 21.3 Hz), 113.30 (d, Jcr =

22.0 Hz), 71.63 (d, Jcr = 1.5 Hz), 22.30, 21.34; MS (EID): m/z = 182(M"), 140, 122, 43.

(R/S)-1-(3-Nitrophenyl)ethyl acetate (15):"*
11 Yield: 86% (5.40 g). '"H NMR (400 MHz, CDCl5):  (ppm) 8.23 (s, 1H, H6), 8.16
10 0” “CHs (d, 1H, J = 8 Hz, HS8), 7.67 (d, 1H, J = 7.6 Hz, H10), 7.531 (t, 1H, J = 8.0 Hz,
9 4 gH, H9), 5.94 (q, 1H, J= 6.8 Hz, H4), 2.11 (s, 3H, H1), 1.58 (d, 3H, J = 6.4 Hz, HS);
° of MS (EI): m/z =209 (M), 167, 43.

(R/S)-1-(3-Methoxyphenyl)ethyl acetate (16):"”!

© . Yield: 92% (5.36 g). 'H NMR (400 MHz, CDCl3): 8 (ppm) 7.26 (t, 1H, J = 8.0

10§ ™ Wz HY), 6.93 (d, 1H, J= 8.0 Hz, H10), 6.90 (d, 1H, J = 2.0 Hz, H6), 6.83 (dd,
9 4~CH
§° 1H,J=8.0,2.4 Hz, HS), 5.85 (q, |H, J = 6.4 Hz, H4), 3.81 (s, 3H, H12), 2.07 (s,
Wz 3H, H1), 1.52 (d, 3H, J = 6.4 Hz, H5); MS (EI): m/z = 194 (M), 152, 134, 43.
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(R/S)-1-(3-(Trifluoromethyl)phenyl)ethyl acetate @a7:""
(<] , Yield: 87% (6.06 g). '"H NMR (400 MHz, CDCl;): § (ppm) 7.61-7.45 (m, 4H,
16 0” “CHs Ar-H), 591 (q, 1H, J = 6.8 Hz, H4), 2.09 (s, 3H, H1), 1.55 (d, 3H, J = 6.8 Hz,

Z ; CHs {4y MS (ED): m/z =232 (M), 190, 172, 43.

F3
(R/S)-1-(3-Methylphenyl)ethyl acetate (18):""!
j\ , Yield: 91% (4.86 o) '"H NMR (400 MHz, CDCls): 6 (ppm) 7.24-7.09 (m, 4H,
9 O M AeH),5.85(q, IH, J = 6.4 Hz, H4), 2.36 (s, 3H, H11), 2.07 (s, 3H, HI1), 1.52 (d,
9 ¢ 31, = 6.8 Hz, H5); MS (EI): m/z= 178 (M"), 136, 118, 43.

3. General Protocol for BsE-catalyzed Hydrolysis Reactions on an
Analytic Scale

To a stirred solution of substrate (50 mM) in phosphate buffer (100 mM, pH 8.0) with 10% (v/v)
of EtOH as a cosolvent in a total volume of 10 mL, was added 120 U the crude esterase. The reac-
tion mixture was then stirred magnetically at 30°C. The samples were extracted with ethyl acetate
and dried over anhydrous sodium sulfate. Enantioselectivity and conversion were calculated ac-
cording to the method reported by Chen et al."*!

4. General Protocol for BsE-catalyzed Hydrolysis Reactions on
Preparative Scale

To a stirred solution of substrate (10 mmol) in phosphate buffer (100 mM, pH 8.0) with 10% (v/v)
of EtOH as a co-solvent in a total volume of 10 mL was added the esterase BSE (200 mg crude
enzyme powder, 470 kU), and the resulting reaction mixture was stirred magnetically at 30°C. The
pH of the mixture was then automatically adjusted to 8.0 by titrating 2 M NaOH. Following the
removal of the enzyme from the reaction mixture by filtration, the filtrate was extracted three
times with ethyl acetate. The organic layers were combined and dried over anhydrous Na,SOj.
The solvent was removed under reduced pressure. Purification was performed by column chro-
matography on silica gel using petroleum ether and ethyl acetate as the eluent.

(R)-1-(3-Chlorophenyl)ethanol (6a):'"""!
g,  Yield: 42% (0.328 g). el +43.9 (¢ 1.00, CHCl3), 98% ee; "H NMR (400 MHz,
[ H

4N78H, CDCly): 5 (ppm) 7.36 (s, 1H, H2), 7.29-7.21 (m, 3H, H3-5), 4.88-4.82 (m, 1H, H7),
32 2.10 (d, 1H, J= 3.2 Hz, H9), 1.47 (d, J = 6.0 Hz, 3H, HS).
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(R)-1-(3-Fluorophenyl)ethanol (14a): "'*!
y  Yield: 45% (0.63 g); el +38.0 (¢ 1.03, CHCl3), 98% ee; 'H NMR (400 MHz,

s, CDCls): 6 (ppm) 7.25-7.18 (m, 1H), 7.06-7.00 (m, 2H), 6.87 (dt, J = 8.4 Hz, 2.4
3Y 2 Hz, 1H), 4.81(q, J = 6.4 Hz, 1H), 2.69 (s,1H), 1.40 (d, J= 6.4 Hz, 3H).

(R)-1-(3-Nitrophenyl)ethanol (15a): '"*!

g,  Yield: 40% (0.67 g); [k’ +30.5 (¢ 1.00, CHCI3), 99% ee; 'H NMR (400 MHz,

(o]
§ tg
4©/'7\0H3 CDCls): 0 (ppm) 8.25 (s, 1H, H2), 8.23 (dd, 1H, J= 8.4, 0.6 Hz, H3), 7.72 (d, 1H, J
3 2

NO,

= 7.2 Hz, H5), 7.52 (t, 1H, J = 8.0 Hz, H4), 5.04-5.01(m, 1H, H7), 2.13 (d, 1H, J =
3.2 Hz, H9), 1.54 (d, 3H, J = 6.4 Hz, HY).

(R)-1-(3-Methoxyphenyl)ethanol (16a): ''°

9 Yield: 38% (0.58 g); [#I>: +42.6 (¢ 1.03, CHCl3), 99% ee; 'H NMR (400 MHz,

4 C6H; CDCls): & (ppm) 7.26 (t, 1H, J = 8.0 Hz, H4), 6.95-6.93 (m, 2H, H3+HS5),
QE 6.83-6.79 (m, 1H, H2),4.88-4.85(m, 1H, H7), 3.83 (s, 3H, H11), 1.82 (s, 1H, H9),

1 1.54 (d, 3H, J = 6.4 Hz, H8).

(R)-l-(3-(Triﬂuoromethyl)phenyl)ethanol (17a): "7
Yield: 36% (0.68 g); [“I>: +25.6 (¢ 1.02, CHCI3), 96% ee; 'H NMR (400 MHz,

&, CDCl;): J (ppm) 7.65 (s, 1H, H2), 7.57-7.44 (m, 3H, H3-5), 4.96 (q, 1H, J= 6.4 Hz,
H7), 1.99 (s, 1H, H9), 1.51 (d, 3H, J = 6.4 Hz, HS).

(R)-1-(3-Methylphenyl)ethanol (18a): (3]
g,  Yield: 41% (0.56 g); [“b': +62.0 (c 1.00, CHCI;), 94% ee; 'H NMR (400 MHz,

&, CDCl3): § (ppm) 7.25-7.15(m, 3H, Ar-H), 7.09 (d, 1H, J = 7.2Hz, Ar-H), 4.86(q,
1H, J=6.4 Hz, H7), 2.36 (s, 3H, H10), 1.82 (s, 1H, H9), 1.48 (d, 3H, J = 6.8 Hz,

5. Enzyme Activity Assays

The enzymatic activity of BSE was assayed as described previously in the literature. I"*!
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6. Chiral GC or HPLC Analyses

The ee of substrates 1-2 and 4—18, and products 1a—2a and 4a—18a were determined using a
GC-14 gas chromatography (Shimadzu, Kyoto, Japan) equipped with different chiral columns
(Alpha: Alpha DEX™120 chiral column (Supelco, 30 m x 0.25 mm x 0.25 pm); Beta: Beta DEX-
™120 chiral column (Supelco, 30 m x 0.25 mm x 0.25 um); CP: CP-Chirasil-DEX CB (Varian,
30 m x 0.25 mm % 0.25 um). Details have been given in Table 1.

For compounds 3 and 3a, the ee values were determined by HPLC (Agilent 6890, USA) using a
chiral column (Chiralcel OD, 25 cm X @ 0.46 cm, Daicel Co., Japan), with hexane/2-propanol
(94:6, v/v, 1.0 ml min"") as the mobile phase and monitored with a UV detector at 254 nm.
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Table 1. Details of chiral GC analyses

Compound T cotumn [°C] Column Retention time [min]

1 120 Beta 11.0 (S) 11.5 (R)
1a 120 Beta 16.8 (R) 17.5 (S)
2 120 Beta 15.2 (S) 15.5 (R)
2a 120 Beta 16.9 (R) 17.6 (S)
4 p1l CP 36. 0 (S) 36.6 (R)
4a p1t CP 41.3 (R) 41.8 (S)
5 120 CP 5.3 () 5.5 (R)
5a 120 CP 9.2 (R) 10.2 (S)
6 140 CP 6.0 (S) 6.6 (R)
6a 140 CP 10.5 (R) 11.7 (S)
7 130 Beta 20.5 (S) 21.4 (R)
Ta 130 Beta 23.3(R) 25.1(S)
8 160 Beta 27.4 (S) 27.9 (R)
8a 160 Beta 38.6 (R) 41.4 (S)
9 130 CP 28.4 (S) 29.1 (R)
9a 130 CP 36.4 (R) 36.9 (S)
10 120 Alpha 24.7 (S) 26.1 (R)
10a 120 Alpha 32.3 (R) 32.9 (S)
11 130 CP 18.4 (R) 19.3 (S)
11a 130 CP 24.8 (S) 25.8 (R)
12 110 CP 16.9 (S) 18.0 (R)
12a 110 CP 26.3 (R) 27.2 (S)
13 110 CP 5.7(S) 6.6 (R)
13a 110 CP 14.1 (R) 14.7 (S)
14 140 CP 3.2(S) 3.5(R)
14a 140 CP 4.7 (R) 5.1(5)
15 p2l! CP 8.9 (S) 9.4 (R)
15a p2l! CP 18.6 (R) 19.0 (S)
16 140 CP 7.8 (S) 8.3 (R)
16a 140 CP 11.1 (R) 11.8 (S)
17 140 CP 3.0 (S) 3.2 (R)
17a 140 CP 4.6 (R) 4.9 (S)
18 140 CP 4.3 (S) 45 (R)
18a 140 CP 5.7 (R) 5.9 (S)

[@p1: temperature program: 80 °C for 20 min, 3 °C min"' to 130 °C for 2 min, and then 20 °C
min ! to 180 °C for 5 min;

[blp). temperature program: 160 °C for 18 min, 20 °C min "' to 200 °C for 2 min.
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8. 1H NMR Copies of Compounds 1 to 18.
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"H NMR spectra of compound 3
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'"H NMR spectra of compound 5
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'"H NMR spectra of compound 7
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"H NMR spectra of compound 9
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"H NMR spectra of compound 11
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"H NMR spectra of compound 13
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"H NMR spectra of compound 15
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"H NMR spectra of compound 17
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