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1. General Details 
All air- and moisture-sensitive manipulations were carried out under a nitrogen 

atmosphere. The solvents used in the reactions were distilled under nitrogen after dehydration. 
All other chemicals and solvents were purchased from commercial company and used as 
received. The NMR spectra were recorded on a Varian MERCURY plus-400 (400 MHz, 1H; 
100 MHz, 13C; 162 MHz, 31P; 376 MHz, 19F) spectrometer with chemical shifts reported in 
ppm relative to the residual deuterated solvents or the internal standard tetramethylsilane. 
Infrared spectra were recorded on a PerkinElmer Spectrum 100 FTIR. Mass spectrometry 
analysis was carried out using an electrospray spectrometer Waters Micromass Q-TOF 
Premier Mass Spectrometer. Melting points were measured with SGW X-4 micro melting 
point apparatus. Optical rotations were measured on a Rudolph Research Analytical Autopol 
VI automatic polarimeter using a 50 mm path-length cell at 589 nm. Chiral HPLC analyses 
were performed using a Shimadzu LC-10Avp system using isopropanol-hexane mobile phase 
and UV detection. 
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2. Preparation of Catalysts 
N

N
OAc

(R)-2a  
(R)-6,7-Dihydro-5H-pyrrolo[1,2-a]imidazol-7-yl acetate ((R)-2a) 

To a dried 25 mL two-necked bottle was added (R)-1 (41.5 mg, 0.33 mmol), Et3N (0.10 
mL, 0.72 mmol, 2.2 eq) and DCM (3 mL). AcCl (0.04 mL, 0.57 mmol, 1.7 eq) was added 
dropwise at rt and stirred for 2 h. The reaction mixture was extracted by DCM (15 mL × 3) 
and the combined organic phase was dried over Na2SO4. After filtration and removal of DCM, 
the residue was purified by chromatography (EtOAc/MeOH = 70/1, Rf = 0.38) to give (R)-2a 
(48.5 mg, Yield = 88%) as pale yellow oil. [α]D

20 = 39 (c 0.129, MeOH). 1H NMR (CDCl3, 
400 MHz): δ 7.19 (s, 1H, Imi-H), 6.97 (s, 1H, Imi-H), 5.99 (dd, J = 7.2 Hz, 2.4 Hz, 1H, 
OCH), 4.22-4.11 (m, 1H, NCH2), 4.05-3.95 (m, 1H, NCH2), 3.14-3.01 (m, 1H, CH2), 
2.61-2.49 (m, 1H, CH2), 2.11 (s, 3H, CH3). 13C NMR (CDCl3, 100 MHz): δ 169.8, 150.5, 
134.0, 115.2, 66.6, 42.4, 34.3, 20.5. IR (thin film): ν 3433, 2974, 1736, 1523, 1372, 1238 
cm-1. HRMS (ESI): calcd. for C8H11N2O2 (M+H)+ 167.0821, found 167.0832. 
 

N

N
OCOiPr

(R)-2b  
(R)-6,7-Dihydro-5H-pyrrolo[1,2-a]imidazol-7-yl isobutyrate ((R)-2b) 

To a dried 25 mL two-necked bottle was added (R)-1 (80.0 mg, 0.64 mmol), Et3N (0.13 
mL, 0.97 mmol, 1.5 eq) and DCM (3 mL). (iPrCO)2O (0.128 mL, 0.77 mmol, 1.2 eq) was 
added dropwise at rt and stirred for 2 h. The reaction mixture was extracted with DCM (15 
mL × 3) and the combined organic phase was dried over Na2SO4. After filtration and removal 
of DCM, the residue was purified by chromatography (EtOAc/ Petroleum ether = 10/1, Rf = 
0.38) to give (R)-2b (123.1  mg, Yield = 99%) as pale yellow oil. [α]D

20 = 40 (c 0.381, 
MeOH). 1H NMR (CDCl3, 400 MHz): δ 7.19 (s, 1H, Imi-H), 6.96 (s, 1H, Imi-H), 5.98 (dd, J 
= 8.0 Hz, 2.4 Hz, 1H, OCH), 4.19-4.12 (m, 1H, NCH2), 4.02-3.96 (m, 1H, NCH2), 3.13-3.04 
(m, 1H, CH(CH3)2), 2.61-2.58 (m, 1H, CH2), 2.54-2.47 (m, 1H, CH2), 1.18 (d, J = 1.6 Hz, 
CH(CH3)2), 1.16 (d, J = 2.4 Hz, CH(CH3)2). 13C NMR (CDCl3, 100 MHz): δ 176.8, 151.4, 
135.0, 115.7, 67.1, 43.1, 35.2, 34.0, 19.2, 18.9. IR (thin film): ν 3421, 2976, 1734, 1527, 
1388, 1270 cm-1. HRMS (ESI): calcd. for C8H15N2O2 [M+H]+ 195.1134, found 195.1139. 
 

N

N
OCOPh

(R)-2c
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(R)-6,7-Dihydro-5H-pyrrolo[1,2-a]imidazol-7-yl benzoate ((R)-2c) 
To a dried 25 mL two-necked bottle was added (R)-1 (80.0 mg, 0.64 mmol), Et3N (0.13 

mL, 0.97 mmol, 1.5 eq) and DCM (3 mL). BzCl (0.11 mL, 0.96 mmol, 1.5 eq) was added 
dropwise at rt and stirred for 2 h. The reaction mixture was extracted with DCM (15 mL × 3) 
and the combined organic phase was dried over Na2SO4. After filtration and removal of DCM, 
the residue was purified by chromatography (EtOAc/Petroleum ether = 10/1, Rf = 0.34) to 
give (R)-2c (144.6 mg, Yield = 99%) as pale yellow oil. [α]D

20 = 11 (c 0.243, MeOH). 1H 
NMR (CDCl3, 400 MHz): δ 8.05-8.02 (m, 2H, Ar-H), 7.57-7.53 (m, 1H, Ar-H), 7.43-7.39 (m, 
2H, Ar-H), 7.23 (s, 1H, Imi-H), 7.00 (s, 1H, Imi-H), 6.22 (dd, J = 5.6 Hz, 2.8 Hz, 1H, OCH), 
4.26-4.19 (m, 1H, NCH2), 4.08-4.02 (m, 1H, NCH2), 3.24-3.16 (m, 1H, CH2), 2.74-2.67 (m, 
1H, CH2). 13C NMR (CDCl3, 100 MHz): δ 166.3, 151.3, 135.1, 133.4, 130.1, 129.8, 128.5, 
115.8, 68.0, 43.2, 35.3. IR (thin film): ν 2948, 1717, 1525, 1451, 1343, 1269 cm-1. HRMS 
(ESI): calcd. for C13H13N2O2 [M+H]+ 229.0977, found 229.0975. 
 

N

N
O

(R)-2d

O

CF3  
(R)-6,7-Dihydro-5H-pyrrolo[1,2-a]imidazol-7-yl 4-(trifluoromethyl)benzoate ((R)-2d) 

To a dried 25 mL two-necked bottle was added (R)-1 (62.1 mg, 0.50 mmol), Et3N (84.0 
μL, 0.60 mmol, 1.2 eq) and DCM (5 mL). 4-(trifluoromethyl)benzoyl chloride (89.0 μL, 0.60 
mmol, 1.2 eq) was added dropwise at rt and stirred for 2 h. The reaction mixture was 
extracted with DCM (15 mL × 3) and the combined organic phase was dried over Na2SO4. 
After filtration and removal of DCM, the residue was purified by chromatography 
(EtOAc/Petroleum ether = 10/1, Rf = 0.35) to give (R)-2d (131.8 mg, Yield = 89%) as pale 
yellow oil. [α]D

20 = 10 (c 0.262, MeOH). 1H NMR (CDCl3, 400 MHz): δ 8.18-8.13 (m, 2H, 
Ar-H), 7.70-7.66 (m, 2H, Ar-H), 7.25 (d, J = 0.8 Hz, 1H, Imi-H), 7.03 (d, J = 0.8 Hz, 1H, 
Imi-H), 6.26 (dd, J = 7.2 Hz, 2.4 Hz, 1H, OCH), 4.30-4.21 (m, 1H, NCH2), 4.12-4.05 (m, 1H, 
NCH2), 3.28-3.17 (m, 1H, CH2), 2.77-2.68 (m, 1H, CH2). 13C NMR (CDCl3, 100 MHz): δ 
165.0, 150.9, 135.3, 134.9 (q, J = 32.5 Hz), 133.1, 130.5, 125.5 (q, J = 3.9 Hz), 123.8 (q, J = 
270.9 Hz), 115.9, 68.5, 43.2, 35.2. 19F NMR (CDCl3, 376 MHz): 10.4. IR (thin film): ν 
2948, 1717, 1525, 1451, 1343, 1269 cm-1. HRMS (ESI): calcd. for C14H12F3N2O2 [M+H]+ 
297.0851, found 297.0830. 
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N

N
O

(R)-2e

O

OMe
 

(R)-6,7-Dihydro-5H-pyrrolo[1,2-a]imidazol-7-yl 4-methoxybenzoate ((R)-2e) 
To a dried 25 mL two-necked bottle was added (R)-1 (62.1 mg, 0.50 mmol), Et3N (84.0 

μL, 0.60 mmol, 1.2 eq) and DCM (5 mL). 4-methoxybenzoyl chloride (89.0 μL, 0.60 mmol, 
1.2 eq) was added dropwise at rt and stirred for 2 h. The reaction mixture was extracted with 
DCM (15 mL × 3) and the combined organic phase was dried over Na2SO4. After filtration 
and removal of DCM, the residue was purified by chromatography (EtOAc/Petroleum ether = 
10/1, Rf = 0.35) to give (R)-2e (118.8 mg, Yield = 92%) as pale yellow oil. [α]D

20 = -5 (c 
0.225, MeOH). 1H NMR (CDCl3, 400 MHz): δ 8.01-7.96 (m, 2H, Ar-H), 7.22 (s, 1H, Imi-H), 
7.00 (d, J = 1.2 Hz, 1H, Imi-H), 6.90-6.86 (m, 2H, Ar-H), 6.19 (dd, J = 7.2 Hz, 2.4 Hz, 1H, 
OCH), 4.26-4.17 (m, 1H, NCH2), 4.08-4.00 (m, 1H, NCH2), 3.84 (s, 3H), 3.23-3.11 (m, 1H, 
CH2), 2.73-2.64 (m, 1H, CH2). 13C NMR (CDCl3, 100 MHz): δ 165.9, 163.7, 151.4, 134.8, 
132.1, 122.1, 115.8, 113.7, 67.6, 55.6, 43.2, 35.2. IR (thin film): ν 2948, 1717, 1525, 1451, 
1343, 1269 cm-1. HRMS (ESI): calcd. for C14H15N2O3 [M+H]+ 259.1083, found 259.1088. 
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3. Preparation of Substrates1-3 

General procedure: 
To a solution of Et3N and benzofuran-2(3H)-one in THF was added chloroformate. The 

reaction mixture was stirred for approximately 3 h until the starting material disappeared 
according to TLC. After the reaction was completed, THF was evaporated under reduced 
pressure and the reaction mixture was extracted with EtOAc (15 mL × 3) and the combined 
organic phase were dried over Na2SO4. After filtration and removal of EtOAc, the residue 
was purified by chromatography (petroleum: ethyl acetate) to give the corresponding product. 

 

O
O

Me O
OPh

3a   
3-Methylbenzofuran-2-yl phenyl carbonate (3a)1 

Following the general procedure, Et3N (0.88 mL, 6.9 mmol), 
3-methylbenzofuran-2(3H)-one (602 mg, 4.1 mmol), and phenyl chloroformate (0.764 mL, 
6.9 mmol) in 20 mL THF gave 3-methylbenzofuran-2-yl phenyl carbonate 773 mg (72% yield) 
as a colorless oil. 1H NMR (CDCl3, 400 MHz): δ 2.19 (s, 3H, CH3), 7.25-7.32 (m, 5H, 
Ar-H), 7.40-7.49 (m, 4H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 6.9, 99.0, 111.3, 119.7, 
120.9, 123.2, 124.4, 127.0, 129.6, 130.0, 149.3, 149.8, 150.4, 151.0. 
 

O
O

Me
OBn

O

3b   

Benzyl 3-methylbenzofuran-2-yl carbonate (3b) 
Following the general procedure, Et3N (0.55 mL, 3.75 mmol), 

3-methylbenzofuran-2(3H)-one (371 mg, 2.5 mmol), and benzyl chloroformate (0.54 mL, 
3.75 mmol) in 20 mL THF gave benzyl 3-methylbenzofuran-2-yl carbonate 565 mg (80% 
yield) as a white solid. M.p.: 43-45 °C. 1H NMR (CDCl3, 400 MHz): δ 2.11 (s, 3H, CH3), 
5.32 (s, 2H, CH2), 7.21-7.29 (m, 2H, Ar-H), 7.36-7.47 (m, 7H, Ar-H). 13C NMR (CDCl3, 
100 MHz): δ 6.8, 71.7, 98.7, 111.2, 119.6, 123.1, 124.3, 128.9, 129.0, 129.3, 129.6, 134.2, 
149.6, 149.7, 152.0. IR (thin film): ν 2926, 1771, 1669, 1457, 1384, 1240, 1108, 920, 745 
cm-1. HRMS (ESI): calcd. for C17H14NaO4 (M+Na)+ 305.0790, found 305.0820. 
 

O
O

Me

O
O NO2

3c   
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3-Methylbenzofuran-2-yl 3-(4-nitrophenyl)propanoate (3c) 
Following the general procedure, Et3N (0.56 mL, 4.0 mmol), 

3-methylbenzofuran-2(3H)-one (445 mg, 3 mmol), and 4-nitrobenzyl carbonochloridate (776 
mg, 3.6 mmol) in 20 mL THF gave 3-methylbenzofuran-2-yl 3-(4-nitrophenyl)propanoate 752 
mg (77% yield) as a yellow solid. M.p.: 83-85 °C. 1H NMR (CDCl3, 400 MHz): δ 2.13 (s, 
3H, CH3), 5.42 (s, 2H, CH2), 7.25-7.29 (m, 2H, Ar-H), 7.37-7.46 (m, 2H, Ar-H), 7.61 (d, J = 
9.2 Hz, 2H, Ar-H), 8.27-8.30 (m, 2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 6.7, 69.8, 98.9, 
111.2, 119.7, 123.3, 124.1, 124.5, 128.8, 129.5, 141.3, 148.3, 149.3, 149.7, 151.8. IR (thin 
film): ν 2930, 1782, 1659, 1545, 1441, 1354, 1354, 1198, 1089, 880 cm-1. HRMS (ESI): 
calcd. for C17H13NNaO6 (M+Na)+ 350.0641, found 350.0649. 
 

O
O

Et O
OPh

3d   
3-Ethylbenzofuran-2-yl phenyl carbonate (3d)1 

Following the general procedure, Et3N (0.88 mL, 6.9 mmol), 
3-ethylbenzofuran-2(3H)-one (601.6 mg, 4.1 mmol), and phenyl chloroformate (0.764 mL, 
6.9 mmol) in 20 mL THF gave 3-ethylbenzofuran-2-yl phenyl carbonate 856.5 mg (74% yield) 
as a colorless oil. 1H NMR (CDCl3, 400 MHz): δ 1.32 (t, J = 7.6 Hz, 3H, CH2CH3), 2.68 (q, 
J = 7.2 Hz, 2H, CH2CH3), 7.25-7.32 (m, 4H, Ar-H), 7.40-7.45 (m, 3H, Ar-H), 7.51-7.52(m, 
2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 13.4, 16.0, 104.8, 111.4, 119.9, 120.8, 123.1, 
124.3, 126.9, 128.8, 129.9, 148.7, 149.9, 150.6, 151.0. 

 

O
O

OPh
OBn

3e   
3-Benzylbenzofuran-2-yl phenyl carbonate (3e)1,2 

Following the general procedure, Et3N (0.88 mL, 6.9 mmol), 
3-benzylbenzofuran-2(3H)-one (897 mg, 4.0 mmol), and phenyl chloroformate (0.764 mL, 
6.9 mmol) in 20 mL THF gave 3-benzylbenzofuran-2-yl phenyl carbonate 1005 mg (73% 
yield) as a colorless oil. 1H NMR (CDCl3, 400 MHz): δ 4.01 (s, 2H, CH2), 7.16-7.19 (m, 
1H, , Ar-H), 7.22-7.30 (m, 10H, Ar-H), 7.39-7.44 (m, 3H, Ar-H). 13C NMR (CDCl3, 100 
MHz): δ 28.8, 102.4, 111.4, 120.3, 120.8, 121.2, 123.4, 124.5, 126.5, 126.8, 127.0, 128.7, 
128.8, 128.9, 129.8, 129.9, 138.4, 149.8, 150.0, 150.4, 151.0. 
 

O
O

OPh
Oi-Pr

3f  
3-Isopropylbenzofuran-2-yl phenyl carbonate (3f)2 
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Following the general procedure, Et3N (0.88 mL, 6.9 mmol), 
3-isopropylbenzofuran-2(3H)-one (723 mg, 4.1 mmol), and phenyl chloroformate (0.764 mL, 
6.9 mmol) in 20 mL THF gave 3-isopropylbenzofuran-2-yl phenyl carbonate 842 mg (71% 
yield) as a colorless oil. 1H NMR (CDCl3, 400 MHz): δ 1.43 (d, J = 7.2 Hz, 6H, CH(CH3)2), 
3.10-3.18 (m, 1H, CH(CH3)2), 7.25-7.33 (m, 5H, Ar-H), 7.42-7.44 (m, 3H, Ar-H), 7.59-7.62 
(m, 1H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 21.9, 24.4, 108.8, 111.5, 120.6, 120.8, 123.0, 
124.2, 127.0, 128.1, 130.0, 148.0, 150.0, 150.7, 151.1. 
 

O
O

OPh
OPh

3g  
Phenyl 3-phenylbenzofuran-2-yl carbonate (3g)1 

Following the general procedure, Et3N (0.16 mL, 1.1 mmol), 
3-phenylbenzofuran-2(3H)-one (150 mg, 0.7 mmol), and phenyl chloroformate (0.13 mL, 
1.06 mmol) in 8 mL THF gave phenyl 3-phenylbenzofuran-2-yl carbonate 183 mg (79% yield) 
as a light orange oil. 1H NMR (CDCl3, 400 MHz): δ 7.20-7.22 (m, 2H, Ar-H), 7.25-7.36 (m, 
4H, Ar-H), 7.38-7.42 (m, 3H, Ar-H), 7.49-7.53 (m, 3H, Ar-H), 7.65-7.75 (m, 1H, Ar-H). 13C 
NMR (CDCl3, 100 MHz): δ 105.2, 111.7, 120.6, 120.8, 121.2, 124.0, 125.0, 126.6, 127.0, 
127.8, 128.0, 128.5, 129.3, 129.9, 130.0, 130.3, 149.0, 150.1, 150.3, 151.1, 151.3. 
 

O
O

Me
Me

OPh
O

3h   
3,5-Dimethyl-2,3-dihydrobenzofuran-2-yl phenyl carbonate (3h) 

Following the general procedure, Et3N (0.43 mL, 3.0 mmol), 
3,5-dimethylbenzofuran-2(3H)-one (408 mg, 2.5 mmol), and phenyl chloroformate (0.38 mL, 
3.0 mmol) in 10 mL THF gave 3,5-dimethyl-2,3-dihydrobenzofuran-2-yl phenyl carbonate 
600 mg (85% yield) as a white solid. M.p.: 57-59 °C. 1H NMR (400 MHz, CDCl3): δ 2.17 (s, 
3H, CH3), 2.45 (s, 3H, Ar-CH3), 7.08-7.10 (m, 1H, Ar-H), 7.25-7.32 (m, 5H, Ar-H), 7.41-7.45 
(t, J = 8.0 Hz, 2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 6.9, 21.7, 98.7, 110.8, 119.6, 
120.9, 125.5, 127.0, 129.6, 130.0, 132.7, 148.1, 149.4, 150.5, 151.1. IR (thin film): ν 3044, 
2916, 1782, 1660, 1593, 1495, 1458, 1239, 1069, 870, 823 cm-1. HRMS (ESI): calcd. for 
C17H14O4Na (M+Na)+ 305.0790, found 305.0804. 

 

O
O

Et
Me

OPh
O

3i   
5-Ethyl-3-methyl-2,3-dihydrobenzofuran-2-yl phenyl carbonate (3i) 
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Following the general procedure, Et3N (1.04 mL, 7.2 mmol), 
5-ethyl-3-methylbenzofuran-2(3H)-one (1057 mg, 6 mmol), phenyl chloroformate (0.91 mL, 
7.2 mmol) in 20 mL THF gave 5-ethyl-3-methyl-2,3-dihydrobenzofuran-2-yl phenyl 
carbonate 1438 mg (81% yield) as a white solid. M.p.: 28-29 °C. 1H NMR (CDCl3, 400 
MHz): δ 1.28 (t, J = 7.6 Hz, 3H, CH2CH3), 2.17 (s, 3H, CH3), 2.73 (q, J = 7.2 Hz, 2H, 
CH2CH3), 7.10-7.14 (m, 1H, Ar-H), 7.27-7.33 (m, 5H, Ar-H), 7.39-7.45 (m, 2H, Ar-H). 13C 
NMR (CDCl3, 100 MHz): δ 6.9, 16.6, 29.2, 98.9, 110.9, 118.4, 120.9, 124.5, 126.9, 129.6, 
129.9, 139.4, 148.3, 149.4, 150.5, 151.0. IR (thin film): ν 3024, 2965, 2929, 1785, 1660, 
1593, 1493, 1455, 1211, 867, 734 cm-1. HRMS (ESI): calcd. for C18H17O4 (M+H)+ 297.1127, 
found 297.1131. 

 

O
O

i-Pr
Me

OPh
O

3j   
5-Isopropyl-3-methyl-2,3-dihydrobenzofuran-2-yl phenyl carbonate (3j)  

Following the general procedure, Et3N (1.04 mL, 7.2 mmol), 
5-isopropyl-3-methylbenzofuran-2(3H)-one (1140 mg, 6 mmol), phenyl chloroformate (0.91 
mL, 7.2 mmol) in 20 mL THF gave 5-isopropyl-3-methyl-2,3-dihydrobenzofuran-2-yl phenyl 
carbonate 1489 mg (80% yield) as a white solid. M.p.: 30-31 °C. 1H NMR (CDCl3, 400 
MHz): δ 1.29 (d, J = 7.6 Hz, 6H, CH(CH3)2), 2.18 (s, 3H, CH3), 2.90-3.05 (m, 1H, 
CH(CH3)2 ), 7.14-7.17 (m, 1H, Ar-H ), 7.24-7.33 (m, 5H, Ar-H), 7.40-7.45 (m, 2H, 
Ar-H). 13C NMR (CDCl3, 100 MHz): δ 6.9, 24.8, 34.5, 98.9, 110.9, 116.9, 120.9, 123.2, 
126.9, 129.5, 129.9, 144.1, 148.3, 149.4, 150.5, 151.0. IR (thin film): ν 3023, 2962, 2927, 
2870, 1797, 1664, 1592, 1493, 1458, 1224, 1122, 876, 734 cm-1. HRMS (ESI): calcd. for 
C19H19O4 (M+H)+ 311.1283, found 311.1280. 
 

O
O

t-Bu
Me

OPh
O

3k   
5-tert-Butyl-3-methylbenzofuran-2-yl phenyl carbonate (3k) 

Following the general procedure, Et3N (0.87 mL, 6 mmol), 
5-tert-butyl-3-methylbenzofuran-2(3H)-one (1021 mg, 5 mmol), phenyl chloroformate (0.76 
mL, 6 mmol) in 20 mL THF gave 5-tert-butyl-3-methylbenzofuran-2-yl phenyl carbonate 
1281 mg (79% yield) as a white solid. M.p.: 83-85 °C. 1H NMR (CDCl3, 400 MHz): δ 1.38 
(s, 9H, C(CH3)3), 2.20 (s, 3H, CH3), 7.27-7.37 (m, 5H, Ar-H), 7.40-7.48 (m, 3H, Ar-H).  13C 
NMR (CDCl3, 100 MHz): δ 6.9, 32.1, 35.0, 99.1, 110.6, 115.9, 120.9, 122.3, 127.0, 129.1, 
130.0, 146.3, 148.0, 149.4, 150.5, 151.0. IR (thin film): ν 3068, 2959, 1797, 1664, 1591, 
1494, 1458, 1393, 1366, 1224, 1125, 885, 730 cm-1. HRMS (ESI): calcd. for C20H21O4 
(M+H)+ 325.1440, found 305.1431. 
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O
O

MeO
Me

OPh
O

3l  
5-Methoxy-3-methylbenzofuran-2-yl phenyl carbonate (3l) 

Following the general procedure, Et3N (0.87 mL, 6 mmol), 
5-methoxy-3-methylbenzofuran-2(3H)-one (890.9 mg, 5 mmol), phenyl chloroformate (0.76 
mL, 6 mmol) in 20 mL THF gave 5-methoxy-3-methylbenzofuran-2-yl phenyl carbonate 1163 
mg (78% yield) as a white solid. M.p.: 78-80 °C. 1H NMR (CDCl3, 400 MHz): δ 2.17 (s, 3H, 
CH3), 3.86 (s, 3H, OCH3), 6.86-6.94 (m, 2H, Ar-H), 7.30 (d, J = 9.2 Hz, 4H, Ar-H), 7.44 (t, J 
= 7.6 Hz, 2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 6.9, 56.1, 99.2, 102.7, 111.9, 112.6, 
120.8, 127.0, 129.9, 135.2, 144.5, 149.7, 150.4, 151.0, 156.3. IR (thin film): ν 3070, 2966, 
2913, 1779, 1658, 1595, 1497, 1457, 1247, 1174, 879, 728 cm-1. HRMS (ESI): calcd. for 
C17H15O5 (M+H)+ 299.0919, found 299.0902. 
 

O
O

Me
OPh

O

Me
3m  

3,6-Dimethylbenzofuran-2-yl phenyl carbonate (3m) 
Following the general procedure, Et3N (1.34 mL, 9.6 mmol), 

3,6-dimethylbenzofuran-2(3H)-one (1300 mg, 8 mmol), phenyl chloroformate (1.21 mL, 8 
mmol) in 30 mL THF gave 3,6-dimethylbenzofuran-2-yl phenyl carbonate 1827 mg (81% 
yield) as a white solid. M.p.: 76-78 °C. 1H NMR (CDCl3, 400 MHz): δ 2.17 (s, 3H, CH3), 
2.46 (s, 3H, Ar-CH3), 7.07-7.09 (m, 1H, Ar-H), 7.21-7.32 (m, 4H, Ar-H), 7.35 (d, J = 8.4 Hz, 
1H, Ar-H), 7.41-7.46 (m, 2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 6.9, 21.9, 98.8, 111.6, 
119.2, 120.9, 121.2, 124.5, 127.0, 129.9, 134.7, 148.9, 150.1, 150.6, 151.1. IR (thin film): ν 
3064, 2938, 1815, 1762, 1495, 1452, 1138, 1071, 815, 744 cm-1. HRMS (ESI): calcd. for 
C17H14NaO4 (M+Na)+ 305.0790, found 305.0815. 

 

O
O

Me
OPh

O

Me 3n
  

3,7-Dimethylbenzofuran-2-yl phenyl carbonate (3n) 
Following the general procedure, Et3N (1.34 mL, 9.6 mmol), 

3,7-dimethylbenzofuran-2(3H)-one (1300 mg, 8 mmol), phenyl chloroformate (1.21 mL, 8 
mmol) in 30 mL THF gave 3,7-dimethylbenzofuran-2-yl phenyl carbonate 1895 mg (84% 
yield) as a white solid. M.p.: 67-68 °C. 1H NMR (CDCl3, 400 MHz): δ 2.18 (s, 3H, CH3), 
2.49 (s, 3H, Ar-CH3), 7.08-7.10 (m, 1H, Ar-H), 7.17 (t, J = 7.2 Hz, 1H, Ar-H), 7.26-7.46 (m, 
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6H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 7.0, 15.1, 99.2, 117.1, 120.9, 121.5, 123.3, 125.6, 
126.9, 129.1, 130.0, 148.8, 149.2, 150.5, 151.0. IR (thin film): ν 3065, 2937, 1813, 1762, 
1492, 1456, 1189, 1095, 874, 746 cm-1. HRMS (ESI): calcd. for C17H15O4 (M+H)+ 283.0970, 
found 283.0977. 
 

O
O

Me
OPh

O

Me

Me

3o   
Phenyl 3,4,6-trimethylbenzofuran-2-yl carbonate (3o) 

Following the general procedure, Et3N (1.04 mL, 7.2 mmol), 
3,4,6-trimethylbenzofuran-2(3H)-one (1057 mg, 6 mmol), phenyl chloroformate (0.91 mL, 
7.2 mmol) in 20 mL THF gave phenyl 3,4,6-trimethylbenzofuran-2-yl carbonate 1367 mg 
(77% yield) as a white solid. M.p.: 55-57 °C. 1H NMR (CDCl3, 400 MHz): δ 2.31 (s, 3H, 
CH3), 2.40 (s, 3H, Ar-CH3), 2.58 (s, 3H, Ar-CH3), 6.81 (s, 1H, Ar-H), 7.04 (s, 1H, Ar-H), 
7.29-7.31 (m, 3H, Ar-H), 7.41-7.44 (m, 2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 9.3, 19.0, 
21.8, 99.5, 109.3, 120.9, 125.0, 126.1, 126.9, 129.9, 131.5, 134.4, 148.7, 150.3, 150.7, 151.0. 
IR (thin film): ν 3076, 2917, 1786, 1665, 1590, 1496, 1458, 1261, 1066, 850, 768 cm-1. 
HRMS (ESI): calcd. for C18H17O4 (M+H)+ 297.1127, found 297.1128. 

 

O
O

Me
OPh

O

t-Bu
3p   

6-tert-Butyl-3-methylbenzofuran-2-yl phenyl carbonate (3p) 
Following the general procedure, Et3N (0.84 mL, 6.0 mmol), 

6-tert-butyl-3-methylbenzofuran-2(3H)-one (1200 mg, 5 mmol), phenyl chloroformate (0.70 
mL, 6.0 mmol) in 20 mL THF gave 6-tert-butyl-3-methylbenzofuran-2-yl phenyl carbonate 
1257 mg (77% yield) as a white solid. M.p.: 75-77 °C. 1H NMR (CDCl3, 400 MHz): δ 1.37 
(s, 9H, C(CH3)3), 2.18 (s, 3H, CH3), 7.27-7.35 (m, 4H, Ar-H), 7.38-7.46 (m, 4H, Ar-H). 13C 
NMR (CDCl3, 100 MHz): δ 6.9, 31.9, 35.3, 98.8, 108.1, 119.1, 120.9, 121.0, 126.6, 127.0, 
130.0, 148.5, 149.2, 150.2, 150.6, 151.1. IR (thin film): ν 3057, 2962, 1794, 1666, 1591, 
1492, 1459, 1228, 1145, 876, 738 cm-1. HRMS (ESI): calcd. for C20H20NaO4 (M+Na)+ 
347.1259, found 347.1235. 
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O

OMe

OPh
O

3q  
3-Methylnaphtho[1,2-b]furan-2-yl phenyl carbonate (3q) 

Following the general procedure, Et3N (0.59 mL, 4.2 mmol), 
3-methylnaphtho[1,2-b]furan-2(3H)-one (694 mg, 3.5 mmol), phenyl chloroformate (0.53 mL, 
4.2 mmol) in 10 mL THF gave 3-methylnaphtho[1,2-b]furan-2-yl phenyl carbonate 858 mg 
(77% yield) as a white solid. M.p.: 94-96 °C. 1H NMR (CDCl3, 400 MHz): δ 2.28 (s, 3H, 
CH3), 7.29-7.36 (m, 3H, Ar-H), 7.43-7.49 (m, 3H, Ar-H), 7.56-7.59 (m, 2H, Ar-H), 7.71 (d, J 
= 8.4 Hz, 1H, Ar-H), 7.92 (d, J = 8.4Hz, 1H, Ar-H), 8.23 (d, J = 8.0 Hz, 1H, Ar-H). 13C NMR 
(CDCl3, 100 MHz): δ 7.2, 100.4, 118.2, 119.9, 120.9, 121.2, 123.9, 125.3, 126.8, 127.1, 
128.8, 129.9, 130.0, 131.6, 144.8, 148.7, 150.8, 151.2. IR (thin film): ν 3061, 2954, 1779, 
1660, 1591, 1240, 1066, 805, 726 cm-1. HRMS (ESI): calcd. for C20H15O4 (M+H)+ 319.0970, 
found 319.0981. 
 

O

O
OPh

O
Me

3r   
1-Methylnaphtho[2,1-b]furan-2-yl phenyl carbonate (3r) 

Following the general procedure, Et3N (0.59 mL, 4.2 mmol), 
3-methylnaphtho[1,2-b]furan-2(3H)-one (694 mg, 3.5 mmol), phenyl chloroformate (0.53 mL, 
4.2 mmol) in 10 mL THF gave 3-methylnaphtho[1,2-b]furan-2-yl phenyl carbonate 880 mg 
(79% yield) as a white solid. M.p.: 84-85 °C. 1H NMR (CDCl3, 400 MHz): δ 2.58 (s, 3H, 
CH3), 7.28-7.34 (m, 3H, Ar-H), 7.43-7.57 (m, 5H, Ar-H), 7.59 (d, J = 4.8 Hz, 1H, Ar-H), 
7.95 (d, J = 9.6 Hz, 1H, Ar-H), 8.33 (d, J = 8.8 Hz, 1H, Ar-H). 13C NMR (CDCl3, 100 MHz): 
δ 10.0, 101.2, 112.3, 120.9, 122.8, 123.2, 124.7, 125.4, 126.5, 127.0, 129.1, 129.4, 130.0, 
131.0, 147.0, 148.9, 150.8, 151.1. IR (thin film): ν 3031, 2961, 1781, 1648, 1582, 1239, 1068, 
789, 683 cm-1. HRMS (ESI): calcd. for C20H15O4 (M+H)+ 319.0970, found 319.0977. 
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4. Catalytic Enantioselective Rearrangements 
General procedure: 

The substrate (0.075 mmol) was dissolved in tert-amyl alcohol (1 mL) and cooled to 
0 °C. The catalyst (R)-2a (0.10 eq) in tert-amyl alcohol (0.5 mL) was added and the vial was 
sealed with a septum. The reaction mixture was stirred at 0 °C for 36 h. The conversion 
(product relative to SM) was calculated from 1H NMR spectra. The ee value was determined 
by chiral HPLC analysis after purification by column chromatography (petroleum ether: ethyl 
acetate). The absolute configuration of 4a, 4d, 4e, 4f and 4g was assigned by comparing the 
HPLC retention times with the literature data.1 The absolute configuration of other products 
were considered to be the same as 4a. 
 
Table S1. Initial attempts using Alkoxy-DPI (R = H, Ph) as catalysts 

O

Me

O
OPh

O

O
OToluene, 4Å MS, 20 oC, 24 h

Alkoxy-DPI (10 mol %)
Me

OPh

O

N

N

OCH2R

3a 4a Alkoxy-DPI
 

entry Alkoxy-DPI solvent conv. (%)b ee (%)c 

1 R = H Toluene 99 43 
2 R = Ph Toluene 97 46 

a Conditions: 3a (0.05 mol/L), (R)-2 (10 mol%), Toluene (1.0 mL), 20 °C, 24 h; 
b Conversions were determined by 1H NMR; 
c Ees were determined by HPLC with chiral columns. 
 

O
O

Me
OPh

O

4a  
(R)-Phenyl 3-methyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4a)1 

Following the general procedure, enol carbonate (20.12 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 87% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. HPLC analysis: 81% ee [Daicel CHIRALPAK OJ 
column; solvent system: 10% isopropanol/90% hexanes; 1.0 mL/min; retention times: 17.0 
min (major), 19.0 min (minor)]. 1H NMR (CDCl3, 400 MHz): δ 1.89 (s, 3H, CH3), 6.96-6.98 
(m, 2H, Ar-H), 7.20-7.26 (m, 3H, Ar-H), 7.31-7.35 (m, 2H, Ar-H), 7.38-7.42 (m, 2H, Ar-H). 
13C NMR (CDCl3, 100 MHz): δ 20.8, 54.2, 111.6, 121.1, 123.6, 125.1, 126.6, 128.4, 129.6, 
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130.5, 150.4, 153.6, 167.0, 173.9. 
 

O
O

Me
OBn

O

4b  
(R)-Benzyl 3-methyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4b) 

Following the general procedure, enol carbonate (21.20 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 14% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. M.p.: 43-44 °C. HPLC analysis: 87% ee [Daicel 
CHIRALPAK OJ column; solvent system: 10% isopropanol/90% hexanes; 1.0 mL/min; 
retention times: 23.3 min (minor), 27.1 min (major)]. 1H NMR (CDCl3, 400 MHz): δ 1.79 (s, 
3H, CH3), 5.14 (dd, J = 12.4 Hz, 6 Hz, 2H, CH2), 7.12-7.17 (m, 4H, Ar-H), 7.22-7.30 (m, 4H, 
Ar-H), 7.32-7.38 (m, 1H, Ar-H). 13C NMR (CDCl3, 100 MHz, quantitative): δ 20.7, 54.1, 
68.0, 111.4, 123.7, 124.9, 127.7 (2C), 128.6 (2C), 128.8 (2C), 130.3, 135.1, 153.4, 168.1, 
174.3. IR (thin film): ν 3058, 2931, 1822, 1760, 1479, 1148, 1066, 771, 715 cm-1. HRMS 
(ESI): calcd. for C17H15O4 (M+H)+ 283.0970, found 383.0989. 
 

O
O

Me
O

O

NO2

4c   

(R)-4-Nitrobenzyl 3-methyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4c) 
Following the general procedure, enol carbonate (24.50 mg, 0.075 mmol), catalyst 

(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 20 °C for 36 
h. The conversion (product relative to SM) of 97% was calculated from 1H NMR 
spectroscopy of the crude product. The product was isolated by column chromatography 
(petroleum ether: ethyl acetate = 40 : 1) as a white solid. M.p.: 85-87 °C. HPLC analysis: 
80% ee [Daicel CHIRALPAK OJ column; solvent system: 10% isopropanol/90% hexanes; 
1.0 mL/min; retention times: 62.7 min (minor), 68.3 min (major)]. 1H NMR (CDCl3, 400 
MHz): δ 1.80 (s, 3H, CH3), 5.22 (dd, J = 20.4, 14.0 Hz, 2H, CH2), 7.16-7.18 (m, 2H, Ar-H), 
7.19-7.29 (m, 3H, Ar-H), 7.37-7.42 (m, 1H, Ar-H), 8.41 (m, 2H, Ar-H). 13C NMR (CDCl3, 
100 MHz): δ 20.6, 53.9, 66.4, 111.5, 123.6, 124.1, 125.0, 127.9, 128.2, 130.5, 142.2, 147.9, 
153.4, 167.9, 174.1. IR (thin film): ν 3069, 2928, 1813, 1761, 1545, 1493, 1168, 1059, 779, 
720. HRMS (ESI): calcd. for C17H14NO6 (M+H)+ 328.0821, found 328.0815. 
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O
O

Et
OPh

O

4d  
(R)-Phenyl 3-ethyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4d)1 

Following the general procedure, enol carbonate (21.17 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 88% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. HPLC analysis: 81% ee [Daicel CHIRALPAK OJ 
column; solvent system: 10% isopropanol/90% hexanes; 0.5 mL/min; retention times: 44.1 
min (major), 59.5 min (minor)]. 1H NMR (CDCl3, 400 MHz): δ 0.93 (t, J = 7.2 Hz, 3H, 
CH2CH3), 2.27-2.52 (m, 2H, CH2CH3), 6.98-7.00 (m, 2H, Ar-H ), 7.20-7.27 (m, 3H, Ar-H), 
7.32-7.36 (m, 2H, Ar-H), 7.38-7.44 (m, 2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 8.6, 28.4, 
59.5, 111.4, 121.2, 124.0, 125.0, 126.3, 126.6, 129.7, 130.5, 150.4, 154.0, 166.7, 173.1. 
 

O
O

Bn
OPh

O

4e  
(R)-Phenyl 3-benzyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4e)1,2 

Following the general procedure, enol carbonate (25.83 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 89% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. HPLC analysis: 80% ee [Daicel CHIRALPAK OJ 
column; solvent system: 10% isopropanol/90% hexanes; 1.0 mL/min; retention times: 33.7 
min (major), 46.2 min (minor)]. 1H NMR (CDCl3, 400 MHz): δ 3.70 (s, 2H, CH2), 6.94-7.02 
(m, 5H, Ar-H), 7.10-7.14 (m, 3H, Ar-H), 7.20-7.24 (m, 2H, Ar-H), 7.30-7.38 (m, 3H, Ar-H), 
7.43-7.47 (m, 1H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 40.5, 60.5, 111.4, 121.3, 124.5, 
124.8, 125.9, 126.8, 127.7, 128.5, 129.8, 130.3, 130.6, 133.5, 150.4, 153.8, 166.6, 172.6. 
 

O
O

i-Pr
OPh

O

4f   
(R)-Phenyl 3-isopropyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4f)1,2 

Following the general procedure, enol carbonate (22.22 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
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The conversion (product relative to SM) of 21% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. HPLC analysis: 54% ee [Daicel CHIRALPAK OJ 
column; solvent system: 10% isopropanol/90% hexanes; 0.5 mL/min; retention times: 44.8 
min (major), 61.7 min (minor)]. 1H NMR (CDCl3, 400 MHz): δ 0.95 (d, J = 6.8 Hz, 3H, 
CH(CH3)2), 1.22 (d, J = 6.8 Hz, 3H, CH(CH3)2), 2.87-2.98 (m, 1H, CH(CH3)2), 7.01-7.04 (m, 
2 H, ArH), 7.16-7.26 (m, 3H, Ar-H), 7.33-7.42 (m, 3H, Ar-H), 7.45-7.48 (m, 1H, Ar-H). 13C 
NMR (CDCl3, 100 MHz, read by NUTS software): δ 16.8, 16.9, 29.3, 35.2, 110.5, 120.7, 
124.1, 124.2, 125.4, 126.0, 129.1, 129.7, 149.9, 153.2, 165.9, 171.1. 
 

O
O

Ph
OPh

O

4g   
(R)-Phenyl 2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-carboxylate (4g)1 

Following the general procedure, enol carbonate (24.77 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 29% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. HPLC analysis: 70% ee [Daicel CHIRALPAK OJ 
column; solvent system: 10% isopropanol/90% hexanes; 1.0 mL/min; retention times: 47.5 
min (minor), 50.6 min (major)]. 1H NMR (CDCl3, 400 MHz): δ 1.89 (s, 3H, CH3), 6.95-7.42 
(m, 14H, Ar-H). 13C NMR (CDCl3, 100 MHz, quantitative): δ 63.1, 111.9, 121.2(2C), 125.3, 
125.4, 126.7, 126.9, 128.0(2C), 129.4(3C), 129.9(2C), 131.4, 134.5, 150.6, 154.1, 166.5, 
171.5. 
 

O
O

Me
Me

OPh

O

4h  
(R)-Phenyl 3,5-dimethyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4h) 

Following the general procedure, enol carbonate (21.20 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 88% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. M.p.: 69-72 °C. HPLC analysis: 79% ee [Daicel 
CHIRALPAK IE column; solvent system: 8% isopropanol / 92% hexane; 0.5 mL/min; 
retention times: 45.7 min (minor), 50.2 min (major)]. [α]25

D = –48 (c 0.10, CH2Cl2). 1H 
NMR (CDCl3, 400 MHz): δ 1.86 (s, 3H, CH3), 2.39 (s, 3H, Ar-CH3), 6.97-7.00 (m, 2H, 
Ar-H), 7.07-7.10 (m, 1H, Ar-H), 7.18-7.24 (m, 3H, Ar-H), 7.31-7.36 (m, 2H, Ar-H). 13C 
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NMR (CDCl3, 100 MHz): δ 20.8, 21.4, 54.3, 111.2, 121.2, 124.0, 126.7, 128.2, 129.7, 130.9, 
134.9, 150.4, 151.4, 167.2, 174.3. IR (KBr, thin film): ν 3066, 2938, 1821, 1776, 1486, 1451, 
1186, 1096, 886, 748 cm-1. HRMS (ESI): calcd. for C17H14NaO4 (M+Na)+ 305.0790, found 
305.0780. 
 

O
O

Et
Me

OPh

O

4i   

(R)-Phenyl 5-ethyl-3-methyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4i) 
Following the general procedure, enol carbonate (22.22 mg, 0.075 mmol), catalyst 

(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 99% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a yellow oil. HPLC analysis: 81% ee [Daicel CHIRALPAK IE 
column; solvent system: 8% isopropanol/92% hexanes; 0.5 mL/min; retention times: 13.5 min 
(major), 16.5 min (minor)]. [α]20

D = –12 (c 0.40, CH2Cl2). 1H NMR (CDCl3, 400 MHz): δ 
1.25 (t, J = 8.0 Hz, 3H, CH2CH3), 1.87 (s, 3H, CH3), 2.68 (q, J = 4.0 Hz, 2H, CH2CH3), 6.97 
(d, J = 8.0 Hz, 2H, Ar-H), 7.11 (d, J = 7.6 Hz，1H, Ar-H), 7.19-7.25 (m, 3H, Ar-H), 7.31-7.35 
(m, 2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 16.1, 20.8, 28.8, 54.4, 111.3, 121.2, 122.9, 
126.7, 128.3, 129.7, 129.9, 141.5, 150.4, 151.6, 167.2, 174.4. IR (thin film): ν 3066, 2968, 
2937, 1812, 1761, 1486, 1467, 1190, 1040, 826, 745 cm-1. HRMS (ESI): calcd. for 
C18H16NaO4 (M+Na)+ 297.1127, found 297.1140. 

 

O
O

i-Pr
Me

OPh

O

4j   
(R)-Phenyl 5-isopropyl-3-methyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4j) 

Following the general procedure, enol carbonate (23.28 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 99% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. M.p.: 70-72 °C. HPLC analysis: 86% ee [Daicel 
CHIRALPAK OJ column; solvent system: 10% isopropanol/90% hexanes; 0.5 mL/min; 
retention times: 18.2 min (minor), 19.0 min (major)]. [α]20

D = –19 (c 0.40, CH2Cl2). 1H NMR 
(CDCl3, 400 MHz): δ 1.26 (d, J = 7.2 Hz, 6H, CH(CH3)2), 1.88 (s, 3H, CH3), 2.90-3.00 (m, 
1H, CH(CH3)2), 6.96-6.98 (m, 2H, Ar-H), 7.12 (d, J = 8.8 Hz, 1H, Ar-H), 7.20-7.27 (m, 3H, 
Ar-H), 7.31-7.36 (m, 2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 17.6, 19.2, 21.9, 54.4, 
109.7, 121.3, 123.6, 126.6, 127.6, 129.7, 134.9, 140.6, 150.4, 153.9, 166.9, 174.6. IR (thin 
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film): ν 3069, 2964, 2938, 2873, 1807, 1758, 1483, 1459, 1191, 1040, 823, 742 cm-1. HRMS 
(ESI): calcd. for C19H19O4 (M+H)+ 311.1283, found 311.1280. 

 

O
O

t-Bu
Me

OPh

O

4k   
(R)-Phenyl 5-tert-butyl-3-methyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4k) 

Following the general procedure, enol carbonate (24.33 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 80% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a light yellow solid. M.p.: 87-88 °C. HPLC analysis: 88% ee 
[Daicel CHIRALPAK OD column; solvent system: 1% isopropanol/99% hexanes; 0.3 
mL/min; retention times: 21.4 min (major), 27.5 min (minor)]. [α]20

D = –8 (c 0.20, CH2Cl2). 
1H NMR (CDCl3, 400 MHz): δ 1.34 ( s, 9H, (CH3)3), 1.89 ( s, 3H, CH3), 6.97 (d, J = 8.8 Hz, 
2H, Ar-H), 7.12 (d, J = 8.8 Hz, 1H, Ar-H), 7.22-7.36 (m, 3H, Ar-H), 7.38-7.44 (m, 2H, 
Ar-H). 13C NMR (CDCl3, 100 MHz): δ 20.9, 31.8, 35.1, 54.5, 110.9, 120.4, 121.2, 126.7, 
127.4, 127.9, 129.7, 148.6, 150.4, 151.3, 167.3, 174.4. IR (thin film): ν 3065, 2964, 1812, 
1760, 1487, 1458, 1193, 1040, 819, 745 cm-1. HRMS (ESI): calcd. for C20H21O4 (M+H)+ 
325.1440, found 325.1435. 
 

O
O

Me
OPh

O

MeO

4l   
(R)-Phenyl 5-methoxy-3-methyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4l) 

Following the general procedure, enol carbonate (22.37 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 76% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a light yellow solid. M.p.: 69-71 °C. HPLC analysis: 73% ee 
[Daicel CHIRALPAK OJ column; solvent system: 7% isopropanol/93% hexanes; 1.0 mL/min; 
retention times: 30.1 min (minor), 39.0 min (major)]. [α]20

D = –13 (c 0.20, CH2Cl2). 1H 
NMR (CDCl3, 400 MHz): δ 1.86 (s, 3H, CH3), 3.81 (s, 3H, OCH3), 6.89-6.93 (m, 1H, Ar-H), 
6.98 (d, J = 8.8 Hz, 1H, Ar-H), 7.11 (d, J = 8.2 Hz, 2H, Ar-H), 7.17-7.26 (m, 1H, Ar-H)，
7.31(q, J = 5.6 Hz, 3H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 20.8, 54.8, 56.2, 109.4, 112.1, 
115.5, 121.2, 126.7, 129.1, 129.7, 147.2, 150.4, 157.3, 167.1, 174.4. IR (thin film): ν 3072, 
2940, 1810, 1760, 1487, 1457, 1190, 809, 745 cm-1. HRMS (ESI): calcd. for C17H15O5 
(M+H)+ 299.0919, found 299.0928. 
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O
O

Me
OPh

O

Me
4m   

(R)-Phenyl 3,6-dimethyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4m) 
Following the general procedure, enol carbonate (21.20 mg, 0.075 mmol), catalyst 

(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 85% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as colorless oil. HPLC analysis: 79% ee [Daicel CHIRALPAK OD 
column; solvent system: 5% isopropanol/95% hexanes; 0.5 mL/min; retention times: 12.5 min 
(major), 14.1 min (minor)]. [α]25

D = –70 (c 0.30, CH2Cl2). 1H NMR (CDCl3, 400 MHz): δ 
1.86 (s, 3H, CH3), 2.42 (s, 3H, Ar-CH3), 6.95-7.05 (m, 4H, Ar-H), 7.21-7.27 (m, 2H, Ar-H), 
7.33 (t, J = 8.0 Hz, 2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 20.8, 22.1, 54.1, 112.2, 121.2, 
123.2, 125.4, 125.8, 126.7, 129.7, 141.3, 150.4, 153.6, 167.3, 174.4. IR (thin film): ν 3064, 
2938, 1815, 1762, 1495, 1452, 1138, 1071, 815, 744 cm-1. HRMS (ESI): calcd. for 
C17H14NaO4 (M+Na)+ 305.0790, found 305.0775. 

 

O
O

OPh

O
Me

Me 4n  
(R)-Phenyl 3,7-dimethyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4n) 

Following the general procedure, enol carbonate (21.20 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 78% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a light yellow oil. HPLC analysis: 67% ee [Daicel CHIRALPAK 
OD column; solvent system: 1% isopropanol/99% hexanes; 1.0 mL/min; retention times: 7.0 
min (minor), 9.0 min (major)]. [α]25

D = –81 (c 0.20, CH2Cl2). 1H NMR (CDCl3, 400 MHz): 
δ 1.87 ( s, 3H, CH3 ), 2.38 ( s, 3H, Ar-CH3 ), 6.96-6.99 (m, 2H, Ar-H), 7.13-7.24 (m, 4H, 
Ar-H), 7.31-7.36 (m, 2H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 15.4, 20.9, 54.6, 120.8, 
121.3, 121.9, 124.9, 126.7, 127.9, 129.7, 132.0, 150.4, 152.1, 167.2, 174.2. IR (thin film): ν 
3065, 2937, 1813, 1762, 1492, 1456, 1189, 1095, 874, 746 cm-1. HRMS (ESI): calcd. for 
C17H14NaO4 (M+Na)+ 305.0790, found 305.0779. 
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O
O

Me

Me Me
OPh

O

4o   
(R)-Phenyl 3,4,6-trimethyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4o) 

Following the general procedure, enol carbonate (22.22 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 50% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. M.p.: 52-54 °C. HPLC analysis: 78% ee [Daicel 
CHIRALPAK OJ column; solvent system: 10% isopropanol/90% hexanes; 0.5 mL/min; 
retention times: 21.1 min (major), 32.5 min (minor)]. [α]20

D = –45 (c 0.30, CH2Cl2). 1H 
NMR (CDCl3, 400 MHz): δ 1.87 (s, 3H, CH3), 2.32 (s, 3H, Ar-CH3), 2.36 (s, 3H, Ar-CH3), 
6.85 (d, J = 15.6 Hz, 2H, Ar-H), 6.96-6.99 (m, 2H, Ar-H), 7.20-7.36 (m, 3H, Ar-H). 13C 
NMR (CDCl3, 100 MHz): δ 20.9, 24.4, 34.2, 54.4, 111.2, 121.2, 121.4, 126.7, 128.2, 128.5, 
129.7, 146.2, 150.4, 151.6, 167.3, 174.4. IR (thin film): ν 3054, 2939, 1810, 1761, 1484, 
1457, 1185, 1098, 850, 747 cm-1. HRMS (ESI): calcd. for C18H16NaO4 (M+Na)+ 319.0940, 
found 319.0943. 
 

O
O

Me
OPh

O

t-Bu
4p   

(R)-Phenyl 6-tert-butyl-3-methyl-2-oxo-2,3-dihydrobenzofuran-3-carboxylate (4p) 
Following the general procedure, enol carbonate (24.30 mg, 0.075 mmol), catalyst 

(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 99% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. M.p.: 70-73 °C. HPLC analysis: 75% ee [Daicel 
CHIRALPAK OD column; solvent system: 10% isopropanol/90% hexanes; 0.5 mL/min; 
retention times: 9.4 min (major), 10.2 min (minor)]. [α]20

D = –68 (c 0.20, CH2Cl2). 1H NMR 
(CDCl3, 400 MHz): δ 1.35 (s, 9H, C(CH3)3), 1.87 (s, 3H, CH3), 6.99 (m, 2H, Ar-H), 
7.20-7.46 (m, 6H, Ar-H). 13C NMR ( CDCl3, 100 MHz): δ 20.9, 31.5, 35.5, 54.2, 108.8, 
121.3, 122.0, 123.1, 125.3, 126.6, 129.7, 150.5, 153.7, 154.8, 167.2, 174.4. IR (thin film): ν 
3065, 2965, 1815, 1760, 1494, 1185, 1062, 821, 746 cm-1. HRMS (ESI): calcd. for 
C20H20NaO4 (M+Na)+ 347.1259, found 347.1257. 
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O
O

Me
O

OPh

4q  

(R)-Phenyl 3-methyl-2-oxo-2,3-dihydronaphtho[1,2-b]furan-3-carboxylate (4q) 
Following the general procedure, enol carbonate (23.90 mg, 0.075 mmol), catalyst 

(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 82% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a white solid. M.p.: 101-104 °C. HPLC analysis: 74% ee [Daicel 
CHIRALPAK OD column; solvent system: 1% isopropanol/99% hexanes; 1.0 mL/min; 
retention times: 11.1 min (major), 14.1 min (minor)]. [α]25

D = –132 (c 0.30, CH2Cl2). 1H 
NMR (CDCl3, 400 MHz): δ 1.97 (s, 3H, CH3), 6.96 (d, J = 8.8 Hz, 2H, Ar-H), 7.20-7.34 (m, 
2H, Ar-H), 7.46-7.63 (m, 4H, Ar-H), 7.75 (d, J = 8.4 Hz, 1H, Ar-H), 7.92 (d, J = 7.6 Hz, 2H, 
Ar-H). 13C NMR (CDCl3, 100 MHz): δ 20.8, 55.3, 119.6, 120.1, 121.3, 121.6, 122.6, 125.3, 
126.7, 127.5, 127.7, 128.6, 129.7, 134.8, 149.5, 150.4, 167.2, 174.6. IR (thin film): ν 3060, 
2937, 1812, 1760, 1483, 1459, 1184, 1041, 814, 753 cm-1. HRMS (ESI): calcd. for C20H15O4 
(M+H)+ 319.0970, found 319.0978. 
 

O
O

Me
OPh

O

4r  
(R)-Phenyl 1-methyl-2-oxo-1,2-dihydronaphtho[2,1-b]furan-1-carboxylate (4r) 

Following the general procedure, enol carbonate (23.90 mg, 0.075 mmol), catalyst 
(R)-2a (1.25 mg, 0.0075 mmol), and tert-amyl alcohol (1.5 mL) were reacted at 0 °C for 36 h. 
The conversion (product relative to SM) of 50% was calculated from 1H NMR spectroscopy 
of the crude product. The product was isolated by column chromatography (petroleum ether: 
ethyl acetate = 40 : 1) as a colorless oil. HPLC analysis: 58% ee [Daicel CHIRALPAK OD 
column; solvent system: 10% isopropanol/90% hexanes; 0.5 mL/min; retention times: 13.8 
min (minor), 15.5 min (major)]. [α]25

D = 16 (c 0.30, CH2Cl2). 1H NMR (CDCl3, 400 MHz): 
δ 2.07 (s, 3H, CH3), 6.86-6.88 (m, 2H, Ar-H), 7.16-7.29 (m, 3H, Ar-H), 7.43-7.53 (m, 2H, 
Ar-H), 7.59-7.64 (m, 1H, Ar-H), 7.88-7.97 (m, 3H, Ar-H). 13C NMR (CDCl3, 100 MHz): δ 
20.5, 55.2, 111.9, 120.9, 121.3, 121.9, 125.5, 126.7, 128.7, 128.9, 129.7, 130.0, 131.5, 131.7, 
150.4, 151.7, 167.5, 174.9. IR (thin film): ν 3065, 2939, 1811, 1759, 1492, 1189, 1068, 813, 
745 cm-1. HRMS (ESI): calcd. for C20H14NaO4 (M+Na)+ 341.0790, found 341.0799. 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2014



S22 

 

5. Reference 
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3 3-substituted benzofuran-2(3H)-ones (the starting materials for 3a-3g) were synthesized 
according to the method described in references 1 and 2. Others (the starting materials for 
3h-3r) were synthesized according to the method described in following literature: A. 
Citterio, M. Gandolfi, O. Piccolo, L. Filippini, L. Tinucci, E. Valoti, Synthesis, 1984, 760. 
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6. NMR Spectra 
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