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1. General Methods: 
1
H and 

13
C NMR spectra were recorded at 400 and 100 MHz or 300 and 

75 MHz by VARIAN, respectively. Low- and high-resolution mass spectra were recorded by 

EI, ESI or MALDI method. The used organic solvents were dried by standard methods if it 

was necessary. Optical rotations were determined at 589 nm (sodium D line) by using a 

Perkin-Elmer-341 MC digital polarimeter; []D-values are given in unit of 10 deg
-1

 cm
2
 g

-1
. 

Chiral HPLC was performed on a SHIMADZU SPD-10A vp series with chiral columns 

(Chiralpak AD-H, OD-H and IC-H columns 4.6 x 250 mm, (Daicel Chemical Ind., Ltd.)). 

Commercially obtained reagents were used without further purification. All these reactions 

were monitored by TLC with silica-gel-coated plates. Flash column chromatography was 

carried out by using silica gel at increased pressure.  

Chiral phosphine catalysts LB1-LB5 were synthesized according to our previous works.
1
 

All MBH carbonates 2a-2h,
2
 3-substituted benzofunan-2(3H)-ones 1a-1d

3
 and 3-substituted 

oxindoles 4a-4e
4
 were prepared according to the previously reported procedures.  
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2. General procedure for the synthesis of 3 (using 3a as an example) 

To a mixture of 1a (0.10 mmol, 21.0 mg), 2a (0.20 mmol, 58.0 mg) and LB1 (10.0 mg, 0.02 

mmol) was added 1.0 mL of toluene at 0 
o
C. The reaction solution was monitored by TLC. 

After the reaction complete, the solution was concentrated under reduced pressure and the 

residue was further purified by silica gel column chromatography (EtOAc/PE = 1/10) to give 

the target product 3a.  

 

3. General procedure for the synthesis of 5 (using 5a as an example) 

To a mixture of 4a (0.10 mmol, 31.0 mg), 2e (0.20 mmol, 67.0 mg) and LB1 (10.0 mg, 0.02 

mmol) was added 1.0 mL of toluene at roomtempreture. The reaction solution was monitored 

by TLC. After the reaction complete, the solution was concentrated under reduced pressure 

and the residue was further purified by silica gel column chromatography (EtOAc/PE = 1/10) 

to give the target product 5a.  
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4. Characterization and spectra charts containing HPLC traces for products 3a-q. 

 

 

Methyl 2-((2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)(phenyl)methyl)acrylate 3a 

A white solid, this is a known compound,
5
 95% yield, 36 mg (syn:anti = 67:33); [

20
D = 

-160.5 (c 0.5, CHCl3) for 94% ee (syn) and 91% ee (anti); Enantiomeric excess was 

determined by HPLC with a Chiralcel IC-H column, Hexane/
i
PrOH = 95/5, 0.5 mL/min, 230 

nm, for syn product tmajor = 27.323 min, tminor = 35.282 min; for anti product tmajor = 33.532 

min, tminor = 25.773 min; 
1
H NMR (400 MHz, CDCl3, TMS):  3.43 (s, 0.99H, CH3), 3.65 (s, 

2.01H, CH3), 5.38 (s, 0.67H, =CH2), 5.39 (s, 0.33H, =CH2), 5.57 (d, J = 1.2 Hz, 0.33H, =CH2), 

5.63 (s, 0.67H, =CH2), 6.27 (s, 0.33H, CH), 6.41 (s, 0.67H, CH), 6.79-6.82 (m, 1H, Ar), 

6.90-7.03 (m, 2H, Ar), 7.07-7.19 (m, 4H, Ar), 7.26-7.39 (m, 5H, Ar), 7.47-7.65 (m, 2H, Ar); 

MS (ESI) m/z 407.4 (M+Na
+
, 100). HRMS (MALDI) Calcd. for C25H20O4Na requires (M+Na

+
) 

407.1270, Found: 407.1254.  
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Enantiomeric excess was determined by HPLC with a Chiralcel IC-H column, Hexane/

i
PrOH 

= 95/5, 0.5 mL/min, 230 nm, for syn product tmajor = 27.323 min, tminor = 35.282 min; for anti 

product tmajor = 33.532 min, tminor = 25.773 min; 

 

 

Methyl 2-((5-chloro-2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)(phenyl)methyl)acrylate 3b  

A white solid, 93% yield, 38 mg, m.p. 105-108 
o
C, (syn:anti = 56:44); [

20
D = -148.1 (c 1.1, 

CHCl3) for 92% ee (syn) and 91% ee (anti); Enantiomeric excess was determined by HPLC 

with a Chiralcel AD-H column, Hexane/
i
PrOH = 95/5, 0.5 mL/min, 254 nm, for syn product 

tmajor = 13.377 min, tminor = 18.227 min; for anti product tmajor = 14.227 min, tminor = 16.927 

min. 
1
H NMR (400 MHz, CDCl3, TMS):  3.46 (s, 1.32H, CH3), 3.65 (s, 1.68H, CH3), 5.35 (s, 

0.56H, =CH2), 5.39 (s, 0.44H, =CH2), 5.55 (d, J = 1.2 Hz, 0.44H, =CH2), 5.70 (s, 0.56H, 

=CH2), 6.30 (s, 0.44H, CH), 6.43 (s, 0.56H, CH), 6.82-6.89 (m, 2H, Ar), 6.92-6.98 (m, 2H, 

Ar), 7.10-7.21 (m, 3H, Ar), 7.25-7.37 (m, 4H, Ar), 7.43-7.61 (m, 2H, Ar); 
13

C NMR (CDCl3, 

100 MHz):  52.07, 52.31, 53.05, 53.58, 59.84, 60.15, 111.96, 112.16, 126.67, 127.22, 
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127.36, 127.53, 127.86, 127.87, 128.17, 128.20, 128.25, 128.28, 128.40, 128.69, 128.90, 

129.15, 129.38, 129.55, 129.56, 129.63, 129.71, 130.70, 134.63, 135.85, 136.63, 137.19, 

138.37, 139.23, 150.98, 151.51, 166.74, 167.49, 175.75, 176.04; IR (neat)  2949, 1805, 1718, 

1466, 1262, 1132, 1065, 702 cm
-1

; MS (ESI) m/z 441.4 (M+Na
+
, 100). HRMS (ESI) Calcd. for 

C25H19ClO4Na requires (M+Na
+
) 441.0868, Found: 441.0864.  
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Methyl 2-((5-bromo-2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)(phenyl)methyl)acrylate 3c 

A white solid, 90% yield, 41 mg, m.p. 94-95 
o
C, (syn:anti = 71:29); [

20
D = -172.7 (c 0.6, 

CHCl3) for 97% ee (syn) and 92% ee (anti); Enantiomeric excess was determined by HPLC 

with a Chiralcel IC-H column, Hexane/
i
PrOH = 98/2, 0.7 mL/min, 230 nm, for syn product 

tmajor = 19.027 min, tminor = 23.527 min; for anti product tmajor = 21.727 min, tminor = 16.977 

min. 
1
H NMR (400 MHz, CDCl3, TMS):  3.47 (s, 0.87H, CH3), 3.66 (s, 2.13H, CH3), 5.35 (s, 

0.71H, =CH2), 5.38 (s, 0.29H, =CH2), 5.55 (s, 0.29H, =CH2), 5.70 (s, 0.71H, =CH2), 6.30 (s, 

0.29H, CH), 6.43 (s, 0.71H, CH), 6.81-7.01 (m, 4H, Ar), 7.13-7.22 (m, 3H, Ar), 7.31-7.36 (m, 

3H, Ar), 7.42-7.74 (m, 3H, Ar); 
13

C NMR (CDCl3, 100 MHz):  52.10, 52.32, 53.11, 53.58, 

59.81, 60.12, 112.44, 112.64, 116.43, 125.28, 127.24, 127.54, 127.88, 128.21, 128.22, 128.30, 

128.72, 128.93, 129.01, 129.54, 129.59, 129.74, 130.10, 130.18, 132.29, 132.56, 134.65, 

135.89, 137.22, 138.39, 139.29, 151.50, 152.02, 166.77, 167.50, 175.62, 175.92; IR (neat)  
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2916, 1806, 1719, 1466, 1234, 1135, 1065, 701 cm
-1

; MS (ESI) m/z 485.3 (M+Na
+
, 100). 

HRMS (ESI) Calcd. for C25H19BrO4Na requires (M+Na
+
) 485.0366, Found: 485.0359. 
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Methyl 2-((5-(tert-butyl)-2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)(phenyl)methyl)acrylate 

3d 

A colorless oil, 91% yield, 40 mg (syn:anti = 63:37); [
20

D = -134.6 (c 2.0, CHCl3) for 90% 

ee (syn) and 88% ee (anti); Enantiomeric excess was determined by HPLC with a Chiralcel 

IC-H column, Hexane/
i
PrOH = 93/7, 0.5 mL/min, 230 nm, for syn product tmajor = 19.627 min, 

tminor = 26.327 min; for anti product tmajor = 18.077 min, tminor = 15.177 min. 
1
H NMR (400 

MHz, CDCl3, TMS):  1.25 (s, 5.67H, 
t
Bu), 1.38 (s, 3.33H, 

t
Bu), 3.44 (s, 1.11H, CH3), 3.66 (s, 

1.89H, CH3), 5.38 (s, 0.37H, =CH2), 5.40 (s, 0.63H, =CH2), 5.41 (s, 0.67H, =CH2), 5.58 (d, J 

= 1.2 Hz, 0.33H, =CH2), 6.29 (s, 0.33H, CH), 6.39 (s, 0.67H, CH), 6.76-6.78 (m, 2H, Ar), 

6.89-6.98 (m, 2H, Ar), 7.06-7.20 (m, 3H, Ar), 7.25-7.36 (m, 4H, Ar), 7.49-7.63 (m, 2H, Ar); 

13
C NMR (CDCl3, 100 MHz):  31.39, 31.52, 34.64, 34.71, 51.97, 52.26, 53.00, 53.39, 

59.45, 59.67, 110.06, 110.09, 124.59, 125.98, 126.04, 127.29, 127.30, 127.58, 127.64, 127.66, 

127.80, 127.90, 127.92, 128.01, 128.44, 128.60, 128.99, 129.61, 129.88, 135.12, 136.69, 

137.77, 139.05, 139.78, 146.77, 146.84, 150.68, 150.86, 166.79, 167.71, 176.87, 177.17; IR 

(neat)  2957, 1801, 1720, 1488, 1264, 1145, 1065, 704, 702 cm
-1

; MS (ESI) m/z 463.5 

(M+Na
+
, 100). HRMS (ESI) Calcd. for C29H28O4Na requires (M+Na

+
) 463.1889, Found: 

463.1880. 
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Methyl 2-((3-chlorophenyl)(2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3e 

A white solid, this is a know compound,
5
 99% yield, 41 mg (syn:anti = 56:44); [

20
D = -189.6 

(c 2.2, CHCl3) for 94% ee (syn) and 90% ee (anti); Enantiomeric excess was determined by 

HPLC with a Chiralcel REGIS-H column, Hexane/
i
PrOH = 100/0.5, 0.5 mL/min, 230 nm, for 

syn product tmajor = 93.710 min, tminor = 68.245 min; for anti product tmajor = 71.377 min, tminor 

= 86.127 min; 
1
H NMR (400 MHz, CDCl3, TMS):  3.46 (s, 1.32H, CH3), 3.67 (s, 1.68H, 

CH3), 5.33 (s, 0.63H, =CH2), 5.37 (s, 0.37H, =CH2), 5.58 (s, 0.40H, =CH2), 5.60 (s, 0.60H, 

=CH2), 6.31 (s, 0.36H, CH), 6.44 (s, 0.64H, CH), 6.67-6.74 (m, 1H, Ar), 6.90 (d, J = 6.8 Hz, 

1H, Ar), 7.01-7.18 (m, 4H, Ar), 7.27-7.39 (m, 5H, Ar), 7.47-7.51 (m, 2H, Ar).  
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Methyl 2-((3-cyanophenyl)(2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3f 

A white solid, 84% yield, 34 mg, m.p. 124-126 
o
C, (syn:anti = 56:44); [

20
D = -254.8 (c 1.8, 

CHCl3) for 90% ee (syn) and 88% ee (anti); Enantiomeric excess was determined by HPLC 

with a Chiralcel IC-H column, Hexane/
i
PrOH = 93/7, 0.5 mL/min, 230 nm, for syn product 

tmajor = 55.027 min, tminor = 61.327 min; for anti product tmajor = 45.677 min, tminor = 50.477 

min; 
1
H NMR (400 MHz, CDCl3, TMS):  3.49 (s, 1.32H, CH3), 3.67 (s, 1.68H, CH3), 5.37 (s, 

0.56H, =CH2), 5.41 (s, 0.44H, =CH2), 5.63 (d, J = 1.2 Hz, 0.44H, =CH2), 5.71 (s, 0.56H, 

=CH2), 6.35 (s, 0.44H, CH), 6.48 (s, 0.56H, CH), 6.88-7.08 (m, 2H, Ar), 7.13-7.38 (m, 8H, 

Ar), 7.40-7.63 (m, 3H, Ar); 
13

C NMR (CDCl3, 100 MHz):   52.20, 52.41, 52.62, 53.05, 

59.24, 59.30, 111.22, 111.85, 111.96, 118.36, 124.17, 124.24, 126.11, 126.79, 127.22, 127.39, 

128.06, 128.16, 128.29, 128.33, 128.58, 128.74, 128.77, 128.80, 128.96, 129.37, 129.82, 

129.93, 131.00, 131.33, 133.20, 133.23, 134.13, 134.38, 136.03, 137.05, 137.13, 137.59, 

138.32, 138.61, 152.52, 152.77, 166.43, 166.95, 176.06, 176.13; IR (neat)  2952, 2230, 1800, 

1719, 1462, 1271, 1066, 753, 699 cm
-1

; MS (ESI) m/z 432.3 (M+Na
+
, 100). HRMS (ESI) 

Calcd. for C26H19NO4Na requires (M+Na
+
) 432.1216, Found: 432.1206. 
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Methyl 2-((4-fluorophenyl)(2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3g 

A white solid, this is a known compound,
5
 93% yield, 37 mg (syn:anti = 64:36); [

20
D = 

-228.7 (c 1.85, CHCl3) for 92% ee (syn) and 89% ee (anti); Enantiomeric excess was 

determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH = 97/3, 0.5 mL/min, 210 

nm, for syn product tmajor = 17.460 min, tminor = 31.167 min; for anti product tmajor = 26.322 

min, tminor = 43.432 min; 
1
H NMR (400 MHz, CDCl3, TMS):  3.46 (s, 1.08H, CH3), 3.66 (s, 

1.92H, CH3), 5.34 (s, 0.64H, =CH2), 5.38 (s, 0.36H, =CH2), 5.57 (d, J = 1.2 Hz, 0.36H, =CH2), 

5.65 (s, 0.64H, =CH2), 6.27 (s, 0.36H, CH), 6.40 (s, 0.64H, CH), 6.76-6.80 (m, 3H, Ar), 

6.92-6.96 (m, 1H, Ar), 6.99-7.16 (m, 2H, Ar), 7.23-7.35 (m, 5H, Ar), 7.46-7.51 (m, 2H, Ar); 

19
F NMR (CDCl3, 376 MHz, CFCl3):  -114.83, -114.69. 
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Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH 

= 97/3, 0.5 mL/min, 210 nm, for syn product tmajor = 17.460 min, tminor = 31.167 min; for anti 

product tmajor = 26.322 min, tminor = 43.432 min; 

 

 

Methyl 2-((4-nitrophenyl)(2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3h 

A white solid, this is a known compound,
5
 98% yield, 42 mg (syn:anti = 58:42); [

20
D = 

-171.4 (c 2.8, CHCl3) for 95% ee (syn) and 92% ee (anti); Enantiomeric excess was 

determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH = 90/10, 1.0 mL/min, 

210 nm, for syn product tmajor = 22.917 min, tminor = 28.935 min; for anti product tmajor = 

51.235 min, tminor = 44.657 min; 
1
H NMR (400 MHz, CDCl3, TMS):  3.49 (s, 1.26H, CH3), 

3.66 (s, 1.74H, CH3), 5.45 (s, 0.58H, =CH2), 5.52 (s, 0.42H, =CH2), 5.65 (d, J = 1.2 Hz, 0.42H, 
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=CH2), 5.75 (s, 0.58H, =CH2), 6.37 (s, 0.42H, CH), 6.49 (s, 0.58H, CH), 6.95-7.05 (m, 3H, 

Ar), 7.15-7.19 (m, 1H, Ar), 7.22-7.25 (m, 1H, Ar), 7.29-7.38 (m, 4H, Ar), 7.44-7.49 (m, 2H, 

Ar), 7.95-7.97 (m, 2H, Ar).  
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Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH 

= 90/10, 1.0 mL/min, 210 nm, for syn product tmajor = 22.917 min, tminor = 28.935 min; for anti 

product tmajor = 51.235 min, tminor = 44.657 min 

 

 

Ethyl 2-((2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)(p-tolyl)methyl)acrylate 3i 

A colorless oil, 85% yield, 35 mg (syn:anti = 56:44); [
20

D = -187.7 (c 1.2, CHCl3) for 95% 

ee (syn) and 92% ee (anti); Enantiomeric excess was determined by HPLC with a Chiralcel 

OD-H column, Hexane/
i
PrOH = 98/2, 1.0 mL/min, 210 nm, for syn product tmajor = 14.540 

min, tminor = 29.405 min; for anti product tmajor = 33.103 min, tminor = 42.455 min; 
1
H NMR 

(400 MHz, CDCl3, TMS): δ 1.07 (t, J = 9.6 Hz, 1.32H, CH3), 1.18 (t, J = 9.6 Hz, 1.68H, CH3), 

2.20 (s, 1.32H, CH3), 2.24 (s, 1.68H, CH3), 3.75-3.96 (m, 0.88H, CH2), 4.00-4.17 (m, 1.12H, 
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CH2), 5.35 (s, 0.56H, =CH2), 5.37 (s, 0.44H, =CH2), 5.55 (s, 0.44H, =CH2), 5.56 (s, 0.56H, 

=CH2), 6.25 (s, 0.44H, CH), 6.38 (s, 0.56H, CH), 6.67-6.84 (m, 2H, Ar), 6.88-7.04 (m, 3H, 

Ar), 7.23-7.37 (m, 5H, Ar), 7.48-7.66 (m, 2H, Ar); 
13

C NMR (CDCl3, 100 MHz):   13.86, 

13.95, 20.99, 21.43, 52.65, 53.21, 59.51, 59.59, 60.95, 61.09, 110.84, 111.00, 123.67, 123.72, 

125.26, 126.85, 127.41, 127.47, 127.54, 127.71, 127.83, 127.96, 128.19, 128.36, 128.48, 

128.61, 128.73, 128.99, 129.23, 129.45, 129.50, 129.71, 132.06, 133.99, 136.64, 136.90, 

137.15, 137.91, 139.13, 139.92, 152.69, 153.17, 166.39, 167.35, 176.50, 176.79; IR (neat)  

2980, 1796, 1712, 1460, 1232, 1127, 1061, 734, 696 cm
-1

; MS (ESI) m/z 413.1 (M+H
+
, 100). 

HRMS (ESI) Calcd. for C27H25O4 requires (M+H
+
) 413.1675, Found: 413.1738. 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 

 S27 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 

 S28 

 

Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, Hexane/
i
PrOH 

= 98/2, 1.0 mL/min, 210 nm, for syn product tmajor = 14.540 min, tminor = 29.405 min; for anti 

product tmajor = 33.103 min, tminor = 42.455 min 

 

 

Ethyl 2-((4-nitrophenyl)(2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3j 

A yellowish solid, 95% yield, 42 mg, m.p. 65-67 
o
C, (syn:anti = 55:45); [

20
D = -229.1 (c 2.0, 

CHCl3) for 93% (syn) and 88% (anti) ee; Enantiomeric excess was determined by HPLC with 

a Chiralcel AD-H column, Hexane/
i
PrOH = 95/5, 0.8 mL/min, 230 nm, for syn product tmajor = 

15.727 min, tminor = 19.227 min; for anti product tmajor = 34.527 min, tminor = 31.077 min; 
1
H 

NMR (400 MHz, CDCl3, TMS):  1.08 (t, J = 6.8 Hz, 1.35H, CH3), 1.18 (t, J = 6.8 Hz, 1.65H, 

CH3), 3.86-4.00 (m, 0.90H, CH2), 4.03-4.17 (m, 1.10H, CH2), 5.45 (s, 0.55H, =CH2), 5.53 (s, 

0.45H, =CH2), 5.65 (d, J = 1.2 Hz, 0.45H, =CH2), 5.72 (s, 0.55H, =CH2), 6.37 (s, 0.45H, CH), 
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6.49 (s, 0.55H, CH), 6.95-7.06 (m, 3H, Ar), 7.15-7.37 (m, 6H, Ar), 7.43-7.49 (m, 2H, Ar), 

7.61-7.97 (m, 2H,Ar); 
13

C NMR (CDCl3, 100 MHz):   13.88, 13.93, 52.87, 52.91, 59.25, 

59.45, 61.34, 61.43, 111.26, 111.28, 122.78, 123.01, 124.15, 124.27, 126.19, 126.79, 127.23, 

127.30, 128.10, 128.31, 128.33, 128.88, 129.00, 129.12, 129.83, 129.93, 130.71, 130.75, 

136.29, 137.06, 137.93, 138.54, 143.34, 144.99, 146.90, 147.27, 152.53, 152.75, 165.95, 

176.13; IR (neat)  2981, 1800, 1716, 1597, 1521, 1347, 1065, 757, 699 cm
-1

; MS (ESI) m/z 

466.4 (M+Na
+
, 100). HRMS (ESI) Calcd. for C26H21NO6Na requires (M+Na

+
) 466.1268, 

Found: 466.1261. 
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Tert-butyl 2-((4-nitrophenyl)(2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3k 

A white solid, 87% yield, 41 mg, m.p. 147-149 
o
C, (syn:anti = 54:46); [

20
D = -119.7 (c 1.8, 

CHCl3) for 91% ee (syn) and 85% ee (anti); Enantiomeric excess was determined by HPLC 

with a Chiralcel AD-H column, Hexane/
i
PrOH = 93/7, 0.5 mL/min, 230 nm, for syn product 

tmajor = 17.477 min, tminor = 14.977 min; for anti product tmajor = 19.777 min, tminor = 16.177 

min; 
1
H NMR (400 MHz, CDCl3, TMS):  1.22 (s, 4.14H, 

t
Bu), 1.34 (s, 4.86H, 

t
Bu), 5.41 (s, 

0.54H, =CH2), 5.52 (s, 0.46H, =CH2), 5.55 (s, 0.54H, =CH2), 5.61 (s, 0.46H, =CH2), 6.33 (s, 

0.46H, CH), 6.40 (s, 0.54H, CH), 6.90-7.07 (m, 3H, Ar), 7.15-7.49 (m, 8H, Ar), 7.96 (d, J = 

7.2 Hz, 2H, Ar); 
13

C NMR (CDCl3, 100 MHz):  27.64, 27.78, 52.41, 52.79, 59.00, 59.71, 

81.69, 81.77, 111.18, 111.27, 122.68, 122.90, 124.04, 124.29, 126.33, 126.83, 127.16, 127.31, 

127.85, 128.13, 128.25, 128.32, 128.45, 128.93, 129.77, 129.87, 130.66, 130.73, 136.58, 

137.04, 139.21, 139.50, 143.72, 145.52, 146.72, 147.14, 152.58, 152.69, 165.00, 165.51, 

176.10, 176.29; IR (neat)  2978, 1801, 1709, 1604, 1524, 1347, 1146, 1065, 757 cm
-1

; MS 

(ESI) m/z 494.5 (M+Na
+
, 100). HRMS (MALDI) Calcd. for C28H25NO6Na requires (M+Na

+
) 

494.1579, Found: 494.1574. 
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5. Characterization and spectra charts containing HPLC traces for products 5a-k. 

 

 

Tert-butyl 

3-(2-(methoxycarbonyl)-1-(4-nitrophenyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5a 

A white solid, 91% yield, 48 mg, m.p. 90-92 
o
C, (anti:syn = 67:33); [

20
D = -200.0 (c 0.1, 

CHCl3) for 98% ee (anti) and 89% ee (syn); Enantiomeric excess was determined by HPLC 

with a Chiralcel AD-H column, Hexane/
i
PrOH = 80/20, 0.7 mL/min, 230 nm, for anti product 

tmajor = 7.057 min, tminor = 8.517 min; for syn product tmajor = 9.900 min, tminor = 17.785 min; 
1
H 

NMR (400 MHz, CDCl3, TMS): δ 1.56 (s, 9.00H, for syn and anti, Boc), 3.48 (s, 0.99H, CH3), 

3.64 (s, 2.01H, CH3), 5.40 (s, 0.67H, =CH2), 5.53 (s, 0.33H, =CH2), 5.59 (s, 0.33H, =CH2), 

5.97 (s, 0.67H, =CH2), 6.32 (s, 0.33H, CH), 6.49 (s, 0.67H, CH), 6.99 (d, J = 8.8 Hz, 2H, Ar), 

7.13-7.21 (m, 1H, Ar), 7.25-7.35 (m, 5H, Ar), 7.39-7.44 (m, 2H, Ar), 7.60-7.66 (m, 1H, Ar), 

7.91 (d, J = 8.8 Hz, 2H, Ar); 
13

C NMR (100 MHz, CDCl3): δ 27.88, 28.03, 52.15, 52.31, 53.17, 

53.26, 60.15, 60.28, 84.76, 115.05, 115.19, 122.54, 122.72, 124.17, 124.27, 125.53, 126.60, 

127.57, 127.80, 127.86, 127.96, 128.60, 128.80, 128.95, 129.03, 129.20, 130.70, 130.82, 

136.95, 137.36, 137.99, 138.74, 138.94, 139.60, 143.88, 145.37, 146.75, 147.09, 148.40, 

166.75, 167.25, 175.19, 175.43; IR (neat)  2982, 1793, 1762, 1719, 1604, 1522, 1251, 1147, 

738 cm
-1

; MS (ESI) m/z 551.4 (M+Na
+
, 100). HRMS (ESI) Calcd. for C30H28N2O7Na requires 

(M+Na
+
) 551.1797, Found: 551.1789.  
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Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH 

= 80/20, 0.7 mL/min, 230 nm, for anti product tmajor = 7.057 min, tminor = 8.517 min; for syn 

product tmajor = 9.900 min, tminor = 17.785 min 

 

 

Tert-butyl 

3-(1-(3-cyanophenyl)-2-(methoxycarbonyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5b 

A white solid, this is a known compound.
6
 86% yield, 43 mg (anti:syn = 62:38); [

20
D = -98.0 

(c 0.15, CHCl3) for 94% ee (anti) and 80% ee (syn); Enantiomeric excess was determined by 

HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH = 90/10, 1.0 mL/min, 254 nm, for anti 

product tmajor = 5.607 min, tminor = 6.290 min; for syn product tmajor = 7.147 min, tminor = 8.542 
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min; 
1
H NMR (400 MHz, CDCl3, TMS): δ 1.57 (s, 3.42H, Boc), 1.59 (s, 5.58H, Boc), 3.49 (s, 

1.14H, CH3), 3.65 (s, 1.86H, CH3), 5.32 (s, 0.62H, =CH2), 5.43 (s, 0.38H, =CH2), 5.59 (d, J = 

1.6 Hz, 0.38H, =CH2), 5.98 (s, 0.62H, =CH2), 6.32 (s, 0.38H, CH), 6.48 (s, 0.62H, CH), 

6.95-7.03 (m, 1H, Ar), 7.10-7.17 (m, 2H, Ar), 7.22-7.45 (m, 9H, Ar), 7.59-7.71 (m, 1H, Ar). 
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Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH 

= 90/10, 1.0 mL/min, 254 nm, for anti product tmajor = 5.607 min, tminor = 6.290 min; for syn 

product tmajor = 7.147 min, tminor = 8.542 min 

 

 

Tert-butyl 

3-(1-(3-chlorophenyl)-2-(methoxycarbonyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5c 

A white solid, this is a known compound.
6
 93% yield, 48 mg (anti:syn = 51:49); [

20
D = 

-254.6 (c 1.85, CHCl3) for 92% ee (anti) and 87% ee (syn); Enantiomeric excess was 
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determined by HPLC with a Chiralcel OD-H column, Hexane/
i
PrOH = 95/5, 0.9 mL/min, 254 

nm, for anti product tmajor = 4.915 min, tminor = 14.830 min; for syn product tmajor = 5.487 min, 

tminor = 16.798 min; 
1
H NMR (400 MHz, CDCl3, TMS): δ 1.55 (s, 4.41H, Boc), 1.58 (s, 4.78H, 

Boc), 3.46 (s, 1.47H, CH3), 3.65 (s, 1.53H, CH3), 5.29 (s, 0.51H, =CH2), 5.39 (s, 0.49H, 

=CH2), 5.54 (d, J = 1.2 Hz, 0.49H, =CH2), 5.88 (s, 0.51H, =CH2), 6.26 (s, 0.49H, CH), 6.43 (s, 

0.51H, CH), 6.64-6.82 (m, 1H, Ar), 6.94-7.15 (m, 4H, Ar), 7.23-7.36 (m, 5H, Ar), 7.42-7.46 

(m, 2H, Ar), 7.59-7.74 (m, 1H, Ar).  
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Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, Hexane/
i
PrOH 

= 95/5, 0.9 mL/min, 254 nm, for anti product tmajor = 4.915 min, tminor = 14.830 min; for syn 

product tmajor = 5.487 min, tminor = 16.798 min 

 

 

Tert-butyl 

3-(1-(4-chlorophenyl)-2-(methoxycarbonyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5d 

A white solid, this is a known compound.
6
 92% yield, 47 mg, m.p. 134-136 

o
C, (anti:syn = 

59:41); [
20

D = -203.0 (c 0.1, CHCl3) for 93% ee (anti) and 88% ee (syn); Enantiomeric 

excess was determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH = 90/10, 0.7 

mL/min, 230 nm, for anti product tmajor = 6.652 min, tminor = 7.385 min; for syn product tmajor = 
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7.985 min, tminor = 13.052 min; 
1
H NMR (400 MHz, CDCl3, TMS): δ 1.54 (s, 3.69H, Boc), 

1.57 (s, 5.31H, Boc), 3.44 (s, 1.23H, CH3), 3.64 (s, 1.77H, CH3), 5.28 (s, 0.59H, =CH2), 5.39 

(s, 0.41H, =CH2), 5.51 (d, J = 1.2 Hz, 0.41H, =CH2), 5.88 (s, 0.59H, =CH2), 6.22 (s, 0.41H, 

CH), 6.41 (s, 0.59H, CH), 6.72-6.89 (m, 2H, Ar), 6.98-7.14 (m, 3H, Ar), 7.22-7.37 (m, 5H, Ar), 

7.42-7.46 (m, 2H, Ar), 7.59-7.73 (m, 1H, Ar); 
13

C NMR (100 MHz, CDCl3): δ 27.94, 27.98, 

51.96, 52.19, 52.88, 53.09, 60.25, 60.48, 84.37, 84.45, 114.93, 115.14, 123.85, 124.06, 125.74, 

126.99, 127.65, 127.70, 127.77, 127.83, 127.91, 128.07, 128.37, 128.61, 128.69, 128.96, 

131.12, 131.20, 132.94, 133.28, 134.34, 135.87, 137.10, 138.08, 138.51, 139.07, 139.66, 

140.00, 148.55, 148.61, 167.03, 167.82, 175.32, 175.83; IR (neat)  2927, 1793, 1762, 1735, 

1491, 1368, 1287, 1148, 738 cm
-1

; MS (ESI) m/z 494.5 (M+Na
+
, 100). HRMS (ESI) Calcd. for 

C30H28ClNO5Na requires (M+Na
+
) 540.1563, Found: 540.1548. 
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Tert-butyl 

3-(1-(4-fluorophenyl)-2-(methoxycarbonyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5e 

A white solid, this is a known compound.
6
 86% yield, 43 mg (anti:syn = 58:42); [

20
D = 

-236.0 (c 1.9, CHCl3) for 93% ee (anti) and 85% ee (syn); Enantiomeric excess was 

determined by HPLC with a Chiralcel OD-H column, Hexane/
i
PrOH = 99/1, 1.0 mL/min, 254 

nm, for anti product tmajor = 6.793 min, tminor = 35.273 min; for syn product tmajor = 8.958 min, 

tminor = 52.310 min; 
1
H NMR (400MHz, CDCl3, TMS)  1.54 (s, 3.78H, Boc), 1.57 (s, 5.22H, 
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Boc), 3.44 (s, 1.26H, CH3), 3.64 (s, 1.74H, CH3), 5.30 (s, 0.58H, =CH2), 5.40 (s, 0.42H, 

=CH2), 5.52 (d, J = 1.2 Hz, 0.42H, =CH2), 5.90 (s, 0.58H, =CH2), 6.21 (s, 0.42H, CH), 6.40 (s, 

0.58H, CH), 6.71-6.79 (m, 3H, Ar), 6.88-7.14 (m, 2H, Ar), 7.22-7.36 (m, 5H, Ar), 7.42-7.47 

(m, 2H, Ar), 7.61-7.72 (m, 1H, Ar).  
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Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, Hexane/
i
PrOH 

= 99/1, 1.0 mL/min, 254 nm, for anti product tmajor = 6.793 min, tminor = 35.273 min; for syn 

product tmajor = 8.958 min, tminor = 52.310 min 

 

 

Tert-butyl 3-(2-(methoxycarbonyl)-1-(p-tolyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5f 

A white solid, 81% yield, 39 mg, m.p. 82-84 
o
C, (anti:syn = 60:40); [

20
D = -89.5 (c 1.2, 

CHCl3) for 95% ee (anti) and 91% ee (syn); Enantiomeric excess was determined by HPLC 

with a Chiralcel IC-H column, Hexane/
i
PrOH = 90/10, 0.7 mL/min, 214 nm, for anti product 

tmajor = 11.627 min, tminor = 25.043 min; for syn product tmajor = 15.877 min, tminor = 22.543 min; 

1
H NMR (300 MHz, CDCl3, TMS): δ 1.52 (s, 3.60H, Boc), 1.57 (s, 5.40H, Boc), 2.19 (s, 
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1.20H, CH3), 2.22 (s, 1.80H, CH3), 3.42 (s, 1.20H, CH3), 3.64 (s, 1.80H, CH3), 5.31 (s, 0.60H, 

=CH2), 5.38 (s, 0.40H, =CH2), 5.51 (s, 0.40H, =CH2), 5.79 (s, 0.60H, =CH2), 6.18 (s, 0.37H, 

CH), 6.38 (s, 0.63H, CH), 6.66-6.79 (m, 2H, Ar), 6.84-7.14 (m, 3H, Ar), 7.25-7.34 (m, 5H, Ar), 

7.35-7.51 (m, 2H, Ar), 7.62-7.74 (m, 1H, Ar); 
13

C NMR (CDCl3, 75 MHz):   20.97, 27.93, 

27.99, 51.89, 52.15, 53.02, 53.51, 60.33, 60.57, 84.03, 84.17, 114.82, 115.06, 123.65, 123.84, 

126.13, 127.24, 127.42, 127.55, 127.63, 127.86, 128.22, 128.46, 128.72, 129.60, 129.69, 

132.44, 134.05, 136.54, 136.79, 137.27, 138.67, 138.84, 139.18, 140.18, 140.26, 148.74, 

167.21, 168.24, 175.43, 176.05; IR (neat)  2981, 1759, 1724, 1463, 1345, 1287, 1146, 1098, 

734, 697 cm
-1

; MS (ESI) m/z 520.2 (M+Na
+
, 100). HRMS (ESI) Calcd. for C31H31O5Na 

requires (M+Na
+
) 520.2202, Found: 520.2086. 
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Tert-butyl 3-(2-(methoxycarbonyl)-1-phenylallyl)-2-oxo-3-phenylindoline-1-carboxylate 5g 

A white solid, this is a known compound.
6
 89% yield, 42 mg (anti:syn = 57:43); [

20
D = 

-196.0 (c 0.1, CHCl3) for 93% ee (anti) and 89% ee (syn); Enantiomeric excess was 

determined by HPLC with a Chiralcel OD-H column, Hexane/
i
PrOH = 95/5, 0.9 mL/min, 254 

nm, for anti product tmajor = 6.295 min, tminor = 12.578 min; for syn product tmajor = 8.940 min, 

tminor = 18.340 min; 
1
H NMR (400 MHz, CDCl3, TMS):  1.52 (s, 3.87H, Boc), 1.57 (s, 5.13H, 

Boc), 3.43 (s, 1.29H, CH3), 3.63 (s, 1.71H, CH3), 5.34 (s, 0.57H, =CH2), 5.42 (s, 0.43H, 

=CH2), 5.53 (d, J = 0.8 Hz, 0.43H, =CH2), 5.85 (s, 0.57H, =CH2), 6.22 (s, 0.43H, CH), 6.40 (s, 
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0.57H, CH), 6.79-6.92 (m, 2H, Ar), 6.95-7.12 (m, 4H, Ar), 7.24-7.33 (m, 5H, Ar), 7.44-7.50 

(m, 2H, Ar), 7.61-7.72 (m, 1H, Ar). 
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Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, Hexane/
i
PrOH 

= 95/5, 0.9 mL/min, 254 nm, for anti product tmajor = 6.295 min, tminor = 12.578 min; for syn 

product tmajor = 8.940 min, tminor = 18.340 min 

 

 

Tert-butyl 

3-(4-fluorophenyl)-3-(2-(methoxycarbonyl)-1-phenylallyl)-2-oxoindoline-1-carboxylate 5h 

A white solid, this is a known compound.
6
 82% yield, 41 mg (anti:syn = 60:40); [

20
D = 

-147.7 (c 1.1, CHCl3) for 92% ee (anti) and 89% ee (syn); Enantiomeric excess was 

determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH = 95/5, 1.0 mL/min, 254 

nm, for anti product tmajor = 5.468 min, tminor = 7.813 min; for syn product tmajor = 5.998 min, 
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tminor = 8.328 min; 
1
H NMR (400 MHz, CDCl3, TMS): δ 1.52 (s, 3.38H, Boc), 1.57 (s, 5.62H, 

Boc), 3.46 (s, 1.20H, CH3), 3.64 (s, 1.80H, CH3), 5.30 (s, 0.60H, =CH2), 5.35 (s, 0.40H, 

=CH2), 5.52 (s, 0.40H, =CH2), 5.72 (s, 0.60H, =CH2), 6.22 (s, 0.40H, CH), 6.39 (s, 0.60H, 

CH), 6.78-6.89 (m, 3H, Ar), 6.94-7.14 (m, 5H, Ar), 7.25-7.37 (m, 2H, Ar), 7.41-7.49 (m, 2H, 

Ar), 7.59-7.73 (m, 1H, Ar). 
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Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH 

= 95/5, 1.0 mL/min, 254 nm, for anti product tmajor = 5.468 min, tminor = 7.813 min; for syn 

product tmajor = 5.998 min, tminor = 8.328 min 

 

 

Tert-butyl 3-(2-(methoxycarbonyl)-1-phenylallyl)-2-oxo-3-(p-tolyl)indoline-1-carboxylate 5i 

A white solid, this is a known compound.
6
 76% yield, 38 mg (anti:syn = 61:39); [

20
D = 

-177.8 (c 1.85, CHCl3) for 92% ee (anti) and 88% ee (syn); Enantiomeric excess was 

determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH = 95/5, 0.8 mL/min, 254 
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nm, for anti product tmajor = 6.902 min, tminor = 8.437 min; for syn product tmajor = 7.322 min, 

tminor = 18.025 min; 
1
H NMR (400 MHz, CDCl3, TMS): δ 1.51 (s, 3.51H, Boc), 1.56 (s, 5.49H, 

Boc), 2.29 (s, 1.13H, CH3), 2.31 (s, 1.87H, CH3), 3.43 (s, 1.17H, CH3), 3.63 (s, 1.83H, CH3), 

5.31 (s, 0.61H, =CH2), 5.39 (s, 0.39H, =CH2), 5.54 (d, J = 1.2 Hz, 0.39H, =CH2), 5.86 (s, 

0.61H, =CH2), 6.22 (s, 0.39H, CH), 6.40 (s, 0.61H, CH), 6.81 (d, J = 7.2 Hz, 1H, Ar), 6.92 (t, 

J = 8.4 Hz, 1H, Ar), 7.01-7.14 (m, 6H, Ar), 7.22-7.36 (m, 4H, Ar), 7.60-7.71 (m, 1H, Ar). 
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Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH 

= 95/5, 0.8 mL/min, 254 nm, for anti product tmajor = 6.902 min, tminor = 8.437 min; for syn 

product tmajor = 7.322 min, tminor = 18.025 min 

 

 

Tert-butyl 

5-fluoro-3-(2-(methoxycarbonyl)-1-phenylallyl)-2-oxo-3-phenylindoline-1-carboxylate 5j 

A white solid, this is a known compound.
6
 82% yield, 41 mg (anti:syn = 56:44); [

20
D = 

-155.0 (c 0.25, CHCl3) for 97% ee (anti) and 84% ee (syn); Enantiomeric excess was 

determined by HPLC with a Chiralcel OD-H column, Hexane/
i
PrOH = 95/5, 0.9 mL/min, 254 

nm, for anti product tmajor = 5.585 min, tminor = 12.665 min; for syn product tmajor = 6.605 min, 

tminor = 9.740 min; 
1
H NMR (400 MHz, CDCl3, TMS): δ 1.52 (s, 3.96H, Boc), 1.56 (s, 5.04H, 

Boc), 3.44 (s, 1.32H, CH3), 3.64 (s, 1.68H, CH3), 5.31 (s, 0.56H, =CH2), 5.41 (s, 0.44H, 
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=CH2), 5.49 (d, J = 1.6 Hz, 0.44H, =CH2), 5.87 (s, 0.56H, =CH2), 6.23 (s, 0.44H, CH), 6.41 (s, 

0.56H, CH), 6.67-6.83 (m, 2H, Ar), 6.91-6.96 (m, 1H, Ar), 7.04-7.12 (m, 3H, Ar), 7.28-7.38 

(m, 4H, Ar), 7.41-7.47 (m, 2H, Ar), 7.62-7.72 (m, 1H, Ar).  
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Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, Hexane/
i
PrOH 

= 95/5, 0.9 mL/min, 254 nm, for anti product tmajor = 5.585 min, tminor = 12.665 min; for syn 

product tmajor = 6.605 min, tminor = 9.740 min 

 

 

Tert-butyl 

3-(2-(methoxycarbonyl)-1-phenylallyl)-5-methyl-2-oxo-3-phenylindoline-1-carboxylate 

5k 

A colorless oil, this is a known compound.
6
 78% yield, 38 mg (anti:syn = 64:36); [

20
D = 

-32.7 (c 0.25, CHCl3) for 96% ee (anti) and 94% ee (syn); Enantiomeric excess was 

determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH = 95/5, 1.0 mL/min, 254 

nm, for anti product tmajor = 7.887 min, tminor = 11.732 min; for syn product tmajor = 9.095 min, 

tminor = 13.745 min; 
1
H NMR (400 MHz, CDCl3, TMS): δ 1.51 (s, 3.24H, Boc), 1.55 (s, 5.78H, 

Boc), 2.29 (s, 1.92H, CH3), 2.42 (s, 1.08H, CH3), 3.44 (s, 1.08H, CH3), 3.64 (s, 1.92H, CH3), 

5.31 (s, 0.64H, =CH2), 5.40 (s, 0.36H, =CH2), 5.53 (d, J = 1.2 Hz, 0.36H, =CH2), 5.90 (s, 

0.64H, =CH2), 6.22 (s, 0.36H, CH), 6.40 (s, 0.64H, CH), 6.73-6.93 (m, 2H, Ar), 7.03-7.14 (m, 

4H, Ar), 7.24-7.33 (m, 4H, Ar), 7.40-7.59 (m, 3H, Ar). 
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Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/
i
PrOH 

= 95/5, 1.0 mL/min, 254 nm, for anti product tmajor = 7.887 min, tminor = 11.732 min; for syn 

product tmajor = 9.095 min, tminor = 13.745 min 
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6. A plausible reaction mechanism 

 

 

Scheme SI-1 

 

A plausible mechanism for this asymmetric reaction is outlined in Scheme SI-1. As proposed by Krische,
7
 

the treatment of MBH carbonate with LB1 produces an electrophile-nucleophile ion pair A stabilized by an 

intramolecular H-bonding, which reacts with the 3-substituted benzofunan or oxindole anion generated 

from BocO
-
 and 3-substituted benzofunan or oxindole to give intermediate B. Intermediate B is favored 

through intermolecular hydrogen-bonding, providing the addition product 3 or 5 from both Re-face or 

Si-face attacking via the transition state TS shown in Scheme SI-1. 
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