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1. General Information: Commercial reagents were used as received, unless otherwise stated. 
1H and 13C NMR were recorded on 400 MHz spectrometer. Chemical shifts are reported in ppm 
from tetramethylsilane with the solvent resonance as the internal standard. The following 
abbreviations were used to designate chemical shift mutiplicities: s = singlet, d = doublet, t = 
triplet, q = quartet, m = multiplet. All first-order splitting patterns were assigned on the basis of 
the appearance of the multiplet. Splitting patterns that could not be easily interpreted are 
designated as multiplet (m). Mass spectra were obtained using electrospray ionization (ESI) mass 
spectrometer. 2-Substituted benzofuran-3(2H)-ones were synthesized according to the literature 
procedure. 1 Nitroolefins were synthesized according to the literature procedure. 2 
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2. General experimental Michael addition reaction procedure  
To a stirred solution of 2-substituted benzofuran-3(2H)-one 1 (0.1 mmol) and 5c (0.02 mmol) in 
dry CHCl3 (0.5 mL) at room temperature was added nitroolefin 2 (0.12 mmol, 1.2 equiv). The 
reactions were monitored by TLC. After 1 was consumed, the reaction solution was concentrated 
in vacuo and the crude was purified by flash chromatography eluting with (petroleum ether/ethyl 
acetate 10:1) to afford the products 3. The regioselectivity was determined by 1H NMR 
spectroscopy of crude product. The ee values were determined by chiral HPLC analysis. 
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3. Datas, NMR copies and HPLC copies 
Compound 3a: 2-(1-(4-methoxyphenyl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one 

O

O NO2

OMe3a  
Compound 3a: yellow solid, 90% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.73 – 6.59 (m, 8H), 4.68 (dd, J = 12.9, 11.3 Hz, 1H), 4.34 (dd, J = 12.8, 
4.2 Hz, 1H), 3.95 (dd, J = 11.3, 4.2 Hz, 1H), 3.78 (s, 2H), 3.65 (s, 1H), 1.51 (s, 1H), 1.25 (s, 2H). 
13C NMR (100 MHz, CDCl3) δ 202.67 , 171.32 , 159.69 , 139.03 , 130.51 , 126.36 , 124.92 , 122.70 , 
120.15 , 114.28 , 113.89 , 113.73 , 113.13 , 90.43 , 75.88 , 55.33 , 49.02 , 21.53 . 
 
HRMS (ESI) caled for C18H17NO5 (M+Na)+: 350.1004, found: 350.1000. 
 
HPLC The enantiomeric excess was determined by HPLC with an OD-H column at 210 nm 
(2-propanol: hexane=1:9), 1.0 mL/min; major isomer: t1 = 12.98 min, t2 = 17.94 min; minor isomer: t3 
= 16.61 min, t4= 20.68 min. 
 
[α]25

D -51.8 (c = 0.8, CHCl3).  
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NMR copies of major product of compound 3a 
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HPLC copies of compound 3a: 
rac iPrOH/Hex 1/9 OD-H 

 
3a iPrOH/Hex 1/9 OD-H 
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Compound 3b: 2-(1-(2,4-dimethoxyphenyl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one 

O

O NO2

OMe

3b
MeO

 

Compound 3b: yellow oil, 95% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.74 – 7.60 (m, 2H), 7.33 (d, J = 8.5 Hz, 1H), 7.11 (t, J = 7.5 Hz, 2H), 
6.56 – 6.40 (m, 2H), 4.67 (s, 2H), 4.40 (s, 1H), 3.80 (d, J = 6.1 Hz, 6H), 1.27 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 202.55 , 171.12 , 160.78 , 159.23 , 138.74 , 124.83 , 122.48 , 120.36 , 
115.25 , 113.65 , 104.96 , 98.84 , 90.65 , 75.27 , 55.79 , 55.42 , 20.83 . 
 
HRMS (ESI) caled for C19H19NO6 (M+Na)+: 380.1110, found: 380.1109. 
 
HPLC The enantiomeric excess was determined by HPLC with an IC column at 210 nm (2-propanol: 
hexane=1:9), 1.0 mL/min; major isomer: t1 = 23.96 min, t2 = 25.52 min; minor isomer: t3 = 19.65 min, 
t4= 20.57 min. 
 
[α]25

D -291.0 (c = 0.7, CHCl3).  
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NMR copies of major product of compound 3b: 
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HPLC copies of compound 3b: 
rac iPrOH/Hex 1/9 IC 

 

3b iPrOH/Hex 1/9 IC 
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Compound 3c: 2-(1-([1,1'-biphenyl]-4-yl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one 

O

O NO2

3c  

Compound 3c: white solid, 78% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.76 – 7.29 (m, 11H), 7.24 – 6.89 (m, 2H), 4.77 (dd, J = 13.1, 11.2 
Hz, 1H), 4.41 (dd, J = 13.1, 4.1 Hz, 1H), 4.07 (dd, J = 11.2, 4.1 Hz, 1H), 1.56 (s, 1H), 1.31 (s, 
2H). 
13C NMR (100 MHz, CDCl3) δ 202.54, 171.36, 141.46, 140.47, 139.11, 138.57, 133.51, 129.85, 
129.59, 128.95, 128.83, 127.67, 127.61, 127.20, 127.07, 125.01, 122.81, 120.16, 113.78, 90.24, 
77.48, 77.16, 76.84, 75.69, 49.37, 21.66. 
 
HRMS (ESI) caled for C23H19NO4 (M+Na)+: 396.1212, found: 396.1208. 
 
HPLC The enantiomeric excess was determined by HPLC with an IC column at 210 nm 
(2-propanol: hexane=1:19), 1.0 mL/min; major isomer: t1 = 23.64 min, t2 = 34.19 min; minor 
isomer: t3 = 29.29 min, t4= 31.99 min). 
 
[α]25

D -112.4 (c = 0.9, CHCl3).  
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NMR copies of major product of compound 3c:  
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HPLC copies of compound 3c: 

rac iPrOH/Hex 1/19 IC 

 

3c iPrOH/Hex 1/19 IC 
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Compound 3d: 2-methyl-2-(2-nitro-1-phenylethyl)benzofuran-3(2H)-one 

O

O NO2

3d  
Compound 3d: light yellow oil, 99% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.75 – 7.64 (m, 2H), 7.44 – 7.28 (m, 5H), 7.19 – 7.10 (m, 2H), 4.74 (dd, 
J = 13.1, 11.1 Hz, 1H), 4.38 (dd, J = 13.0, 4.2 Hz, 1H), 4.01 (dd, J = 11.1, 4.2 Hz, 1H), 1.26 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 202.57, 171.35, 139.08, 134.53, 129.43, 129.19, 128.93, 128.65, 
128.51, 124.98, 122.77, 120.15, 113.75, 90.21, 75.72, 49.68, 21.59. 
 
HRMS (ESI) caled for C17H15NO4 (M+Na)+: 320.0899, found: 320.0898. 
 
HPLC The enantiomeric excess was determined by HPLC with an IC column at 210 nm (2-propanol: 
hexane=1:9), 1.0 mL/min; major isomer: t1 = 12.40 min, t2 = 17.99 min; minor isomer: t3 = 13.80 min, 
t4= 14.97 min). 
 
[α]25

D -267.7 (c = 0.9, CHCl3). 
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NMR copies of major product of compound 3d:  
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HPLC copies of compound 3d: 
rac iPrOH/Hex 1/9 IC 

 

3d iPrOH/Hex 1/9 IC 
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Compound 3e: 2-(1-(2-bromophenyl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one  

O

O NO2

3e
Br

 
Compound 3e: yellow oil, 96% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ7.74 – 7.57 (m, 4H), 7.36 (td, J = 7.6, 1.3 Hz, 1H), 7.22 – 7.12 (m, 3H), 
4.88 (dd, J = 11.1, 4.2 Hz, 1H), 4.72 (dd, J = 13.2, 11.1 Hz, 1H), 4.41 (dd, J = 13.2, 4.2 Hz, 1H), 1.30 
(s, 3H). 
13C NMR (100 MHz, CDCl3) δ201.84 , 171.11 , 139.10 , 134.42 , 133.68 , 129.94 , 128.90 , 128.07 , 
127.23 , 125.08 , 122.87 , 120.07 , 113.69 , 90.16 , 75.17 , 46.98 , 20.92 . 
 
HRMS (ESI) caled for C17H14BrNO4 (M+Na)+: 398.0004, found: 398.0004. 
 
HPLC The enantiomeric excess was determined by HPLC with an AD-H column at 210 nm 
(2-propanol: hexane=1:9), 1.0 mL/min; major isomer: t1 = 10.21 min, t2 = 12.27 min; minor isomer: t3 
= 9.79 min, t4= 11.48 min). 
 
[α]25

D -232.9 (c = 0.9, CHCl3) 
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NMR copies of major product of compound 3e:  
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HPLC copies of compound 3e: 
rac iPrOH/Hex 1/9 AD-H 

 

3e iPrOH/Hex 1/9 AD-H 
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Compound 3f: 2-(1-(3-bromophenyl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one 

O

O NO2

3f

Br

 

Compound 3f: yellow oil, 77% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.73 – 6.95 (m, 8H), 4.69 (dd, J = 13.3, 11.2 Hz, 1H), 4.36 (dd, J = 13.3, 
4.1 Hz, 1H), 3.98 (dd, J = 11.3, 4.1 Hz, 1H), 1.27 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 202.07 , 171.24 , 139.21 , 136.96 , 132.33 , 131.87 , 131.54 , 130.46 , 
128.16 , 125.00 , 122.93 , 120.00 , 113.79 , 89.77 , 75.41 , 49.25 , 21.57. 
 
HRMS (ESI) caled for C17H14BrNO4 (M+Na)+: 398.0004, found: 398.0001. 
 
HPLC The enantiomeric excess was determined by HPLC with an AD-H column at 210 nm 
(2-propanol: hexane=1:9), 1.0 mL/min; major isomer: t1 = 8.78 min, t2 = 14.94 min; minor isomer: t3 = 
9.79 min, t4= 11.86 min).  
 
[α]25

D -245.8 (c = 0.9, CHCl3) 
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NMR copies of major product of compound 3f:  
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HPLC copies of compound 3f: 
rac iPrOH/Hex 1/9 AD-H 

 
3f iPrOH/Hex 1/9 AD-H 

 

 

22 
 



 
Compound 3g: 2-(1-(4-bromophenyl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one  

O

O NO2

3g
Br

 
Compound 3g: yellow oil, 96% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ7.71 – 7.28 (m, 5H), 7.26 – 6.94 (m, 3H), 4.69 (dd, J = 13.1, 11.3 Hz, 
1H), 4.38 (dd, J = 13.1, 4.1 Hz, 1H), 3.98 (dd, J = 11.1, 4.0 Hz, 1H), 1.52 (s, 1H), 1.26 (s, 2H). 
13C NMR (100 MHz, CDCl3) δ 202.16 , 171.23 , 139.21 , 133.60 , 132.13 , 131.72 , 131.08 , 130.81 , 
125.00 , 122.92 , 122.57 , 120.00 , 113.74 , 89.74 , 75.44 , 49.14 , 21.55. 
 
HRMS (ESI) caled for C17H14BrNO4 (M+Na)+: 398.0004, found: 398.0002. 
 
HPLC The enantiomeric excess was determined by HPLC with an IC column at 210 nm (2-propanol: 
hexane=1:9), 1.0 mL/min; major isomer: t1 = 11.81 min, t2 = 16.91 min; minor isomer: t3 = 13.11 min, 
t4= 13.68 min).  
 
[α]25

D -124.4 (c = 0.9, CHCl3) 
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NMR copies of major product of compound 3g:  
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HPLC copies of compound 3g: 
rac iPrOH/Hex 1/9 IC 

 

3g iPrOH/Hex 1/9 IC 
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Compound 3h: 2-(1-(2-chlorophenyl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one  

O

O NO2

3h
Cl

 
Compound 3h: yellow oil, 87% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.69 (dd, J = 17.9, 7.4 Hz, 2H), 7.59 (dd, J = 7.7, 1.8 Hz, 1H), 7.44 (dd, 
J = 7.8, 1.6 Hz, 1H), 7.29 (dd, J = 14.7, 1.7 Hz, 2H), 7.18 – 7.12 (m, 2H), 4.89 (dd, J = 11.2, 4.2 Hz, 
1H), 4.72 (dd, J = 13.3, 11.2 Hz, 1H), 4.42 (dd, J = 13.3, 4.2 Hz, 1H), 1.29 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ201.88 , 171.14 , 139.11 , 136.24 , 132.68 , 130.27 , 129.68 , 128.82 , 
127.43 , 125.08 , 122.87 , 120.10 , 113.70 , 90.13 , 75.03 , 44.18 , 20.86. 
 
HRMS (ESI) caled for C17H14ClNO4 (M+Na)+: 354.0509, found: 354.0507. 
 
HPLC The enantiomeric excess was determined by HPLC with an IC column at 210 nm (2-propanol: 
hexane=1:9), 1.0 mL/min; major isomer: t1 = 15.22 min, t2 = 16.05 min; minor isomer: t3 = 13.55 min, 
t4= 21.25 min).  
 
[α]25

D -276.7 (c = 0.8, CHCl3) 
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NMR copies of major product of compound 3h:  
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HPLC copies of compound 3h: 

rac iPrOH/Hex 1/9 IC 

 

3h iPrOH/Hex 1/9 IC 
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Compound 3i: 2-(1-(3-chlorophenyl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one 

O

O NO2

3i

Cl

 
Compound 3i: Colorless oil, 84% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ7.76 – 7.28 (m,5H), 7.22 – 6.94 (m, 3H), 4.69 (dd, J = 13.2, 11.2 Hz, 
1H), 4.36 (dd, J = 13.3, 4.1 Hz, 1H), 3.99 (dd, J = 11.2, 4.1 Hz, 1H), 1.27 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 202.12, 171.29, 139.23, 136.70, 130.21, 129.77, 129.47, 128.98, 
127.77, 125.04, 122.95, 120.04, 113.80, 89.81, 75.46, 49.33, 21.59. 
 
HRMS (ESI) caled for C17H14ClNO4 (M+Na)+: 354.0509, found: 354.0508. 
 
HPLC The enantiomeric excess was determined by HPLC with an IC column at 210 nm (2-propanol: 
hexane=2:98), 1.0 mL/min; major isomer: t1 = 22.85 min, t2 = 32.95 min; minor isomer: t3 = 29.24 min, 
t4= 31.03 min).. 
 
[α]25

D -293.3 (c = 0.6, CHCl3) 
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HPLC copies of compound 3i: 

rac iPrOH/Hex 2/98 IC 

 

3i iPrOH/Hex 2/98 IC 
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Compound 3j: 2-(1-(4-chlorophenyl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one 

O

O NO2

3j
Cl

 
Compound 3j: yellow oil, 96% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.74 – 7.53 (m, 2H), 7.35 (d, J = 6.2 Hz, 3H), 7.17 – 6.94 (m, 3H), 4.69 
(dd, J = 13.1, 11.3 Hz, 1H), 4.38 (dd, J = 13.1, 4.1 Hz, 1H), 4.00 (dd, J = 11.4, 4.1 Hz, 1H), 1.53 (s, 
1H), 1.26 (s, 2H). 
13C NMR (100 MHz, CDCl3) δ 202.20 , 171.25 , 139.21 , 134.69 , 133.07 , 130.77 , 130.51 , 129.18 , 
128.78 , 125.01 , 122.92 , 120.04 , 113.74 , 89.83 , 75.52 , 49.10 , 21.56. 
 
HRMS (ESI) caled for C17H14ClNO4 (M+Na)+: 354.0509, found: 354.0508. 
 
HPLC The enantiomeric excess was determined by HPLC with an IC column at 210 nm (2-propanol: 
hexane=1:19), 1.0 mL/min; major isomer: t1 = 16.01 min, t2 = 23.56 min; minor isomer: t3 = 18.33 min, 
t4= 19.32 min).. 
 
[α]25

D -70.1 (c = 0.9, CHCl3) 
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NMR copies of major product of compound 3j:  
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HPLC copies of compound 3j: 

rac iPrOH/Hex 1/19 IC 

 

3j iPrOH/Hex 1/19 IC 
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Compound 3k: 2-(1-(4-fluorophenyl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one  

O

O NO2

3k
F

 
Compound 3k: Colorless oil, 99% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.71 – 6.76 (m, 8H), 4.70 (dd, J = 13.0, 11.3 Hz, 1H), 4.39 (dd, J = 13.1, 
4.2 Hz, 1H), 4.01 (dd, J = 11.3, 4.3 Hz, 1H), 1.53 (s, 1H), 1.27 (s, 2H). 
13C NMR (100 MHz, CDCl3) δ 202.32 , 171.25 , 164.04 , 139.16 , 131.14 , 131.06 , 124.97 , 122.86 , 
120.08 , 116.04 , 115.82 , 113.71 , 113.11 , 89.97 , 75.68 , 48.99 , 21.52 
 
HRMS (ESI) caled for C17H14FNO4 (M+Na)+: 338.0805, found: 338.0802. 
 
HPLC The enantiomeric excess was determined by HPLC with an IC column at 210 nm (2-propanol: 
hexane=1:9), 1.0 mL/min; major isomer: t1 = 10.76 min, t2 = 14.91 min; minor isomer: t3 = 11.63 min, 
t4= 11.93 min).  
 
[α]25

D -43.3 (c = 0.8, CHCl3) 
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NMR copies of major product of compound 3k:  
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HPLC copies of compound 3k: 

rac iPrOH/Hex 1/9 IC 

 
3k iPrOH/Hex 1/9 IC 
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Compound 3l: 2-(1-(2,6-dichlorophenyl)-2-nitroethyl)-2-methylbenzofuran-3(2H)-one 

3l

O

O
NO2

Cl

Cl

 
Compound 3l: light yellow oil, 87% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.76 – 7.54 (m, 2H), 7.37 (ddd, J = 42.5, 8.2, 1.3 Hz, 2H), 7.24 – 7.04 
(m, 3H), 5.40 – 5.26 (m, 2H), 4.65 (dd, J = 12.6, 3.4 Hz, 1H), 1.63 (s, 1H), 1.37 (s, 2H). 
13C NMR (100 MHz, CDCl3) δ 201.92 , 171.17 , 138.93 , 138.57 , 135.28 , 130.86 , 130.67 , 130.03 , 
129.24 , 125.13 , 122.73 , 119.69 , 113.66 , 89.72 , 73.03 , 45.43 , 21.38 
 
HRMS (ESI) caled for C17H13Cl2NO4 (M+Na)+: 388.0119, found: 388.0118. 
 
HPLC The enantiomeric excess was determined by HPLC with an IC column at 210 nm (2-propanol: 
hexane=1:9), 1.0 mL/min; major isomer: t1 = 17.65 min, t2 = 18.64 min; minor isomer: t3 = 14.30 min, 
t4= 15.36 min)  
 
[α]25

D -31.3 (c = 0.5, CHCl3) 
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NMR copies of major product of compound 3l:  
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HPLC copies of compound 3l: 

rac iPrOH/Hex 1/9 IC 

 

3l iPrOH/Hex 1/9 IC 
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Compound 3m: 2-methyl-2-(1-(naphthalen-2-yl)-2-nitroethyl)benzofuran-3(2H)-one 

O

O NO2

3m  
Compound 3m: light yellow soild, 86% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.86 (s, 3H), 7.70 (dd, J = 21.3, 7.9 Hz, 2H), 7.61 (dd, J = 8.5, 1.8 Hz, 
1H), 7.55 – 7.30 (m, 3H), 7.24 – 6.82 (m, 2H), 5.13 (s, 1H), 4.44 (dd, J = 13.0, 4.0 Hz, 1H), 4.20 (dd, J 
= 10.6, 3.4 Hz, 1H), 1.58 (s, 1H), 1.28 (s, 2H). 
13C NMR (100 MHz, CDCl3) δ 202.56 , 171.37 , 139.12 , 138.52 , 133.27 , 133.24 , 132.05 , 129.23 , 
128.84 , 128.16 , 127.78 , 127.54 , 126.59, 125.00 , 122.82 , 120.09 , 113.79 , 90.37 , 75.80 , 49.85 , 
21.71 
 
HRMS (ESI) caled for C21H17NO4 (M+Na)+: 370.1055, found: 370.1055. 
 
HPLC The enantiomeric excess was determined by HPLC with an AD-H column at 210 nm 
(2-propanol: hexane=1:19), 1.0 mL/min; major isomer: t1 = 15.71 min, t2 = 25.99 min; minor isomer: t3 
= 17.92 min, t4= 27.53 min).  
 
[α]25

D -331.4 (c = 0.6, CHCl3) 
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NMR copies of major product of compound 3m:  
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HPLC copies of compound 3m: 

rac iPrOH/Hex 1/19 AD-H 

 

3m iPrOH/Hex 1/19 AD-H 
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Compound 3n: 2-methyl-2-(2-nitro-1-(thiophen-2-yl)ethyl)benzofuran-3(2H)-one  

O

O NO2

3n

S

 
Compound 3n: brown oil, 92% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.71 – 7.27 (m, 3H), 7.22 – 7.03 (m, 3H), 6.97 (dd, J = 5.1, 3.5 Hz, 1H), 
4.63 (dd, J = 13.5, 11.8 Hz, 1H), 4.42 – 4.38 (m, 1H), 4.38 – 4.33 (m, 1H), 1.55 (s, 1H), 1.36 (s, 2H). 
13C NMR (100 MHz, CDCl3) δ 201.99 , 171.35 , 139.15 , 136.05 , 128.79 , 127.01 , 126.49 , 126.21 , 
124.99 , 122.88 , 120.20 , 89.71 , 76.55 , 45.38 , 21.33 
 
HRMS (ESI) caled for C15H13NO4S (M+Na)+: 326.0463, found: 326.0460. 
 
HPLC The enantiomeric excess was determined by HPLC with an AD-H column at 210 nm 
(2-propanol: hexane=1:19), 1.0 mL/min; major isomer: t1 = 12.03 min, t2 = 14.82 min; minor isomer: t3 
= 14.13 min, t4= 16.14 min).  
 
[α]25

D -60.0 (c = 0.6, CHCl3) 
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NMR copies of major product of compound 3n:  
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HPLC copies of compound 3n: 

rac iPrOH/Hex 1/19 AD-H 

 
3n iPrOH/Hex 1/19 AD-H 
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Compound 3o: 2-ethyl-2-(2-nitro-1-phenylethyl)benzofuran-3(2H)-one 

O

O NO2

3o  
Compound 3o: Colorless oil, 99% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.74 – 7.28 (m, 6H), 7.20 – 6.90 (m, 3H), 4.74 (dd, J = 13.0, 11.3 Hz, 
1H), 4.39 (dd, J = 13.0, 4.1 Hz, 1H), 4.03 (dd, J = 11.3, 4.1 Hz, 1H), 2.05 – 1.60 (m, 2H), 0.72 (dt, J = 
47.8, 7.4 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 202.77 , 172.30 , 139.05 , 134.59 , 129.46 , 129.36 , 128.84 , 128.58 , 
128.45 , 124.36 , 122.58 , 121.83 , 113.30 , 93.10 , 75.81 , 49.55 , 28.90 , 7.00 . 
 
HRMS (ESI) caled for C18H17NO4 (M+Na)+: 334.1055, found: 334.1052. 
 
HPLC The enantiomeric excess was determined by HPLC with an AD-H column at 210 nm 
(2-propanol: hexane=1:19), 1.0 mL/min; major isomer: t1 = 11.87 min, t2 = 15.49 min; minor isomer: t3 
= 11.25 min, t4= 14.10 min).  
 
[α]25

D -170.8 (c = 0.9, CHCl3) 
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NMR copies of major product of compound 3o:  
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HPLC copies of compound 3o: 

rac iPrOH/Hex 1/9 IC 

 
3o iPrOH/Hex 1/9 IC 
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Compound 3p: 2-(1-(2-bromophenyl)-2-nitroethyl)-2-ethylbenzofuran-3(2H)-one 

3p

O

O
NO2

Br

 

Compound 3p: yellow oil, 95% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.71 – 7.08 (m, 8H), 4.91 – 4.84 (m, 1H), 4.72 (t, J = 12.2 Hz, 1H), 4.44 
(dd, J = 13.1, 3.8 Hz, 1H), 2.03 (dd, J = 14.3, 7.2 Hz, 1H), 1.61 (dd, J = 14.3, 7.2 Hz, 1H), 0.63 (t, J = 
7.3 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 202.24 , 172.18 , 139.13 , 134.48 , 133.60 , 129.83 , 128.84 , 127.96 , 
127.22 , 124.36 , 122.66 , 121.76 , 113.16 , 93.20 , 75.25 , 47.08 , 28.19 , 7.01 
 
HRMS (ESI) caled for C18H16BrNO4 (M+Na)+: 412.0160, found: 412.0155. 
 
HPLC The enantiomeric excess was determined by HPLC with an OD-H column at 210 nm 
(2-propanol: hexane=1:9), 1.0 mL/min; major isomer: t1 = 10.05 min, t2 = 13.79 min; minor isomer: t3 
= 12.15 min, t4= 12.48 min).  
 
[α]25

D -216.2 (c = 1.0, CHCl3) 
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NMR copies of major product of compound 3p:  
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HPLC copies of compound 3p: 

rac iPrOH/Hex 1/9 OD-H 

 

3p iPrOH/Hex 1/9 OD-H 
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Compound 3q: 2-(1-(3-bromophenyl)-2-nitroethyl)-2-ethylbenzofuran-3(2H)-one 

O

O NO2

3q

Br

 
Compound 3q: yellow soild, 62% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.72 – 7.30 (m, 5H), 7.24 – 6.92 (m, 3H), 4.70 (dd, J = 13.0, 11.3, 1.4 
Hz, 1H), 4.43 – 4.34 (m, 1H), 3.99 (dd, J = 11.2, 4.0 Hz, 1H), 2.10 – 1.56 (m, 2H), 0.84 – 0.62 (m, 
3H). 
13C NMR (100 MHz, CDCl3) δ 202.31 , 172.21 , 139.21 , 136.97 , 132.39 , 131.81 , 130.36 , 128.16 , 
124.40 , 122.91 , 122.76 , 121.67 , 113.34 , 92.67 , 75.48 , 49.11 , 28.89 , 6.98. 
 
HRMS (ESI) caled for C18H16BrNO4 (M+Na)+: 412.0160, found: 412.0157. 
 
HPLC The enantiomeric excess was determined by HPLC with an IC column at 210 nm (2-propanol: 
hexane=1:9), 1.0 mL/min; major isomer: t1 = 9.91 min, t2 = 13.07 min; minor isomer: t3 = 11.14 min, 
t4= 12.30 min).  
 
[α]25

D -96.9 (c = 0.2, CHCl3) 
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NMR copies of major product of compound 3q:  
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HPLC copies of compound 3q: 

rac iPrOH/Hex 1/9 IC 

 

3q iPrOH/Hex 1/9 IC 
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Compound 3r: 2-(1-(4-bromophenyl)-2-nitroethyl)-2-ethylbenzofuran-3(2H)-one 

O

O NO2

3r
Br

 
Compound 3r: Colorless oil, 92% isolated yield. 
 
1H NMR (400 MHz, CDCl3) δ 7.73 – 7.27 (m, 5H), 7.26 – 6.93 (m, 3H), 4.69 (dd, J = 13.1, 11.4 Hz, 
1H), 4.38 (dd, J = 13.1, 4.1 Hz, 1H), 4.00 (dd, J = 11.5, 4.0 Hz, 1H), 2.11 – 1.61 (m, 2H), 0.66 (t, J = 
7.4 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 202.42 , 172.19 , 139.22 , 138.72 , 133.63 , 132.74 , 132.06 , 131.11 , 
130.97 , 124.43 , 122.77 , 121.67 , 113.31 , 92.67 , 75.54 , 48.96 , 28.89 , 6.98 . 
 
HRMS (ESI) caled for C18H16BrNO4 (M+Na)+: 412.0160, found: 412.0159. 
 
HPLC The enantiomeric excess was determined by HPLC with an OD-H column at 210 nm 
(2-propanol: hexane=1:9), 1.0 mL/min; major isomer: t1 = 11.25 min, t2 = 16.48 min; minor isomer: t3 
= 13.78 min, t4= 15.54 min).  
 
[α]25

D -232.3 (c = 1.0, CHCl3) 
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NMR copies of major product of compound 3r:  
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HPLC copies of compound 3r: 

rac iPrOH/Hex 1/9 OD-H 

 

3r iPrOH/Hex 1/9 OD-H 
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Details for the transformation of the conjugate adduct: 

O

O CO2Me

Br
O

O

Br

NO2
NaNO2, AcOH

DMSO O

O COOH

Br

TMSCHN2

3e 4 5, 75% yield, 7:1 dr

MeOH

 
3e (1.0 mmol) was dissolved in DMSO (2.5 mL) at room temperature, NaNO2 (3 equiv.) was 
added, followed by the addition of acetic acid (10 equiv.). The resulting mixture was heated to 40 
oC and then stirred at that temperature for 16 h. Aqueous HCl solution (1N, 10 mL) was added to 
the mixture, and the resulting mixture was extracted with ethyl acetate (30 mL x 3). The combined 
organic phases were washed with brine, dried over anhydrous Na2SO4, concentrated and purified 
by column chromatography (hexane/ethyl acetate = 2:1) to afford acid 4 as a light yellow oil (70% 
yield). 4 (0.23 mmol) was dissolved in MeOH (2 mL) and the resulting solution was cooled down 
to 0 oC. Then TMSCHN2 (1.15 mL, 2M solution in hexane, 10 equiv.) was added in portions (100 
μL every 15 min, 12 times). The reaction mixture was diluted with ethyl acetate (10 mL) and 
water (10 mL). The organic layer was separated and the aqueous layer was extracted with ethyl 
acetate (10 mL x 2). The combined organic phases were washed with brine and dried over 
anhydrous Na2SO4, filtered and concentrated. And the residue was purified by column 
chromatography (hexane/ethylacetate = 6:1) to afford the methyl ester 5 as a light yellow oil (75% 
yield, 7:1 dr). 
 
Compound 5: methyl 2-(2-bromophenyl)-2-(2-methyl-3-oxo-2,3-dihydrobenzofuran-2-yl)acetate 

O

O CO2Me

Br
5  

1H NMR (400 MHz, CDCl3) δ 7.77 (dd, J = 7.7, 0.8 Hz, 2H), 7.68 – 7.59 (m, 2H), 7.40 (d, J = 1.3 Hz, 
1H), 7.23 (dd, J = 1.7, 0.7 Hz, 1H), 7.16 – 7.08 (m, 2H), 5.05 (d, J = 29.0 Hz, 1H), 3.43 (s, 3H), 1.20 (s, 
3H). 
13C NMR (100 MHz, CDCl3) δ 202.62, 170.88, 169.98, 137.68, 134.31, 133.11, 131.63, 129.76, 
127.85, 126.55, 124.77, 122.08, 120.99, 113.35, 88.97, 54.97, 52.44, 21.09. 
 
HRMS (ESI) caled for C18H15BrO4 (M+H)+: 375.0220, found: 375.0226. 
 
[α]25

D +13.6 (c = 0.8, CHCl3). 
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4. X-ray crystallography data of 3p. 

 

Figure S1 X-ray crystallography data of 3q. 
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     Table 1.  Crystal data and structure refinement for shelxl.  
      Identification code               shelxl  
      Empirical formula                 C18 H16 Br N O4  
      Formula weight                    390.23  
      Temperature                       113(2) K  
      Wavelength                        0.71075 A  
      Crystal system, space group       Monoclinic,  P2(1)  
      Unit cell dimensions              a = 9.528(3) A   alpha = 90 deg.  
                                        b = 7.509(2) A    beta = 99.729(7) deg.  
                                        c = 11.706(4) A   gamma = 90 deg.  
      Volume                            825.5(4) A^3  
      Z, Calculated density             2,  1.570 Mg/m^3  
      Absorption coefficient            2.512 mm^-1  
      F(000)                            396  
      Crystal size                      0.220 x 0.200 x 0.160 mm  
      Theta range for data collection   1.765 to 28.754 deg.  
      Limiting indices                  -11<=h<=12, -10<=k<=10, -15<=l<=15  
      Reflections collected / unique    11465 / 4145 [R(int) = 0.0246]  
      Completeness to theta = 25.242    99.9 %  
      Absorption correction             Semi-empirical from equivalents  
      Max. and min. transmission        0.668 and 0.564  
      Refinement method                 Full-matrix least-squares on F^2  
      Data / restraints / parameters    4145 / 1 / 218  
      Goodness-of-fit on F^2            0.874  
      Final R indices [I>2sigma(I)]     R1 = 0.0197, wR2 = 0.0366  
      R indices (all data)              R1 = 0.0225, wR2 = 0.0368  
      Absolute structure parameter      -0.002(3)  
      Extinction coefficient            n/a  
      Largest diff. peak and hole       0.581 and -0.360 e.A^-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

62 
 



5. Reference 
1. (a) C. –Y. Lee, E. –H. Chew, M. –L.  Go, Eur. J. Med. Chem. 2010, 45, 2957; (b) M. 
Morimoto, H. Fukumoto, T. Nozoe, A. Hagiwara and K. Komai, J. Agric. Food Chem., 2007, 55, 
700.  
2. X. Li, X.-S. Xue, C. Liu, B. Wang, B.-X. Tan, J.-L. Jin, Y.-Y. Zhang, N. Dong and J.-P. Cheng, 
Org. Biomol. Chem., 2012, 10, 413. 
 

63 
 


