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General Remarks. Melting points are uncorrected. 1H and 13C NMR spectra were recorded at 

300 and 75 MHz respectively. Mass and HRMS spectra were recorded by EI methods. Organic 

solvents used were dried by standard methods when necessary. Satisfactory CHN 

microanalyses were obtained with an analyzer. Commercially obtained reagents were used 

without further purification. All reactions were monitored by TLC with silica gel coated plates. 

Flash column chromatography was carried out using silica gel at increased pressure.  

 

General Procedure for the Reaction of 2-Phenyl-1-(1-phenylcyclopropyl)ethanone with 

Ethyl Buta-2,3-dienoate. 2-Phenyl-1-(1-phenylcyclopropyl)ethanone 1a (71 mg, 0.3 mmol), 

ethyl buta-2,3-dienoate (50.4 mg, 0.45 mmol), TMSOTf (54 µL, 0.3 mmol) and DCE (3.0 mL) 

were added into a Schlenk tube. The reaction mixture was stirred at 60 oC for 12 h. The 

solvent was removed under reduced pressure and then the residue was purified by a flash 

column chromatography (Table 1, entry 1).  

General Procedure for the Reaction of 1a with Ethyl Acetoacetate (Ethyl 

3-Oxobutanoate). 1-Cyclopropyl-2-phenylethanone 1i (48 mg, 0.3 mmol), ethyl acetoacetate 

(ethyl 3-oxobutanoate) (58.5 mg, 0.45 mmol), TMSOTf (54 µL, 0.3 mmol) and DCE (3.0 mL) 

were added into a Schlenk tube. The reaction mixture was stirred at 60 oC for 15 h. The 

solvent was removed under reduced pressure and then the residue was purified by a flash 

column chromatography (Table 5, entry 1). 

General Procedure for the Lewis Acid-Catalyzed Reaction of 

1-Cyclopropyl-2-arylethanone 1 with Methyl Acylate.

1-Cyclopropyl-2-phenylethanone 1i (48 mg, 0.3 mmol), methyl acylate (129 mg, 1.5 mmol), 

Bi(OTf)2Cl (162.6 mg, 0.3 mmol) and DCE (3.0 mL) were added into a Schlenk tube. The 

reaction mixture was stirred at 60 oC for 12 h. The solvent was removed under reduced 
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pressure and then the residue was purified by a flash column chromatography (Table 8, entry 

1). 



S-4 

The crystal data of 2c have been deposited in CCDC with number 678290. Empirical 

Formula: C22H20O2; Formula Weight: 316.38; Crystal size: 0.456 x 0.340 x 0.180; Crystal 

Color, Habit: colorless, prismatic; Crystal System: Triclinic; Lattice Type: Primitive; Lattice 

Parameters: a = 7.7748(12)Å, b = 12.836(2)Å, c = 17.963(3)Å, α = 97.147(3)o, β = 93.320(3)o,

γ = 100.103(3)o, V = 1745.3(5)Å3; Space group: P-1; Z = 4; Dcalc = 1.204 g/cm3; F000 = 672; 

R1 = 0.0664, wR2 = 0.1527. Diffractometer: Rigaku AFC7R.  

Although the X-ray crystal structure of 4a has been reported in our previous paper, which 

has been deposited in CCDC with number 609488 (R1 = 0.0855, wR2 = 0.2556),3b a more 

precise crystal structure was obtained from the reaction shown in Scheme 4 with R1 = 0.0605, 

wR2 = 0.1253. Therefore, this new crystal data of 4a have been again shown below.  

The crystal data of 4a have been deposited in CCDC with number 669369. Empirical Formula: 

C19H16O3; Formula Weight: 292.32; Crystal size: 0.428 x 0.327 x 0.119; Crystal Color, Habit: 

colorless, prismatic; Crystal System: Monoclinic; Lattice Type: Primitive; Lattice Parameters: 

a = 10.9030(18)Å, b = 16.171(3)Å, c = 8.8944(15)Å, α = 90o, β = 109.901(3)o, γ = 90o, V =

1474.6(4)Å3; Space group: P2(1)/c; Z = 4; Dcalc = 1.317 g/cm3; F000 = 616; R1 = 0.0605, wR2 

= 0.1253. Diffractometer: Rigaku AFC7R.  

The crystal data of 5c have been deposited in CCDC with number 635461. Empirical 

Formula: C14H14BrO2.5; Formula Weight: 302.16; Crystal size: 0.503 x 0.483 x 0.437; Crystal 

Color, Habit: colorless, prismatic; Crystal System: Orthorhombic; Lattice Type: Primitive; 

Lattice Parameters: a = 45.814(7)Å, b = 9.4317(13)Å, c = 11.6643(16)Å, α = 90o, β = 90o, γ =

90o, V = 5040.2(12)Å3; Space group: Fdd2; Z = 16; Dcalc = 1.593 g/cm3; F000 = 2448; R1 = 

0.0469, wR2 = 0.0979. Diffractometer: Rigaku AFC7R.  
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O
Ph

1a

2-Phenyl-1-(1-phenylcyclopropyl)-ethanone (1e). This is a known compound.1 1H NMR 

(300 MHz, CDCl3, TMS): δ 1.16-1.19 (m, 2H), 1.61-1.65 (m, 2H), 3.61 (s, 2H), 6.91-6.94 (m, 

2H), 7.19-7.23 (m, 3H), 7.31-7.33 (m, 5H); Its spectroscopic data are consistent with those 

reported in the literature.  
 

O
Ph

Cl
2-(4-Chlorophenyl)-1-(1-phenylcyclopropyl)ethanone 1b. A yellow liquid. 1H NMR 

(CDCl3, 300 MHz, TMS) δ 1.20 (dd, J = 7.2 Hz, J = 3.6 Hz, 2H), 1.63 (dd, J = 7.2 Hz, J = 3.6

Hz, 2H), 3.58 (s, 2H), 6.86 (d, J = 8.1 Hz, 2H), 7.19 (d, J = 8.1 Hz, 2H), 7.28-7.40 (m, 5H); 

IR (CH2Cl2): ν 3083, 3026, 2360, 1689, 1600, 1492, 1322, 1059, 1015, 702 cm-1; MS (EI) 

m/z (%): 270 [M+] (1.8), 145 (44.7), 125 (9.3), 118 (11.4), 117 (100), 115 (42.3), 91 (18.2), 89 

(12.4), 77 (8.3); HRMS (EI) Calcd. for C17H15OCl (M+) requires 270.0811, Found: 270.0818. 

O
Ph
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1-(1-Phenylcyclopropyl)-2-p-tolylethanone 1c. A yellow liquid. 1H NMR (CDCl3, 300 MHz, 

TMS) δ 1.17 (dd, J = 6.9 Hz, J = 3.6 Hz, 2H), 1.62 (dd, J = 6.9 Hz, J = 3.6 Hz, 2H), 3.57 (s, 

2H), 6.83 (d, J = 8.4 Hz, 2H), 7.03 (d, J = 8.4 Hz, 2H), 7.28-7.35 (m, 5H); IR (CH2Cl2): ν

3084, 3024, 2235, 1698, 1601, 1496, 1324, 1059, 1022, 701 cm-1; MS (EI) m/z (%): 250 [M+]

(1.8), 145 (27.9), 119 (40.0), 117 (88.1), 115 (43.5), 105 (100), 91 (42.6), 77 (26.4), 57 (34.3), 

43 (39.7); HRMS (EI) Calcd. for C18H18O (M+) requires 250.1358, Found: 250.1367. 

O
Ph

Br
2-(4-Bromophenyl)-1-(1-phenylcyclopropyl)ethanone 1d. A yellow liquid. 1H NMR 

(CDCl3, 300 MHz, TMS) δ 1.19 (dd, J = 6.9 Hz, J = 3.6 Hz, 2H), 1.62 (dd, J = 6.9 Hz, J = 3.6

Hz, 2H), 3.55 (s, 2H), 6.89 (d, J = 8.4 Hz, 2H), 7.27-7.37 (m, 7H); IR (CH2Cl2): ν 3083, 3026,

2234, 1698, 1601, 1488, 1323, 1059, 1023, 702 cm-1; MS (EI) m/z (%): 314 [M+] (2.5), 145 

(48.7), 118 (10.9), 117 (100), 115 (36.4), 91 (18.0), 90 (15.2), 89 (18.9), 63 (9.7); HRMS (EI) 

Calcd. for C17H15OBr (M+) requires 314.0306, Found: 314.0292. 
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O
Ph

Br

2-(2-Bromophenyl)-1-(1-phenylcyclopropyl)ethanone 1e. A yellow liquid. 1H NMR (CDCl3,

300 MHz, TMS) δ 1.22 (dd, J = 7.2 Hz, J = 3.3 Hz, 2H), 1.68 (dd, J = 7.2 Hz, J = 3.3 Hz, 2H), 

3.72 (s, 2H), 7.00-7.08 (m, 2H), 7.16-7.21 (m, 1H), 7.28-7.40 (m, 3H), 7.45-7.48 (m, 3H); IR 

(CH2Cl2): ν 3058, 3024, 1701, 1600, 1495, 1471, 1323, 1059, 1026, 702 cm-1; MS (EI) m/z 

(%): 314 [M+] (1.9), 145 (40.6), 118 (12.7), 117 (100), 115 (37.7), 91 (20.3), 90 (14.4), 89 

(18.4), 63 (10.2); HRMS (EI) Calcd. for C17H15OBr (M+) requires 314.0306, Found: 

314.0312.  
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O
Ph

F
2-(4-Fluorophenyl)-1-(1-phenylcyclopropyl)ethanone 1f. A yellow liquid. 1H NMR (CDCl3,

300 MHz, TMS) δ 1.03 (dd, J = 7.2 Hz, J = 3.6 Hz, 2H), 1.50 (dd, J = 7.2 Hz, J = 3.6 Hz, 2H), 

3.44 (s, 2H), 6.74 (d, J = 7.8 Hz, 4H), 7.17-7.19 (m, 5H); IR (CH2Cl2): ν 3059, 3026, 1698, 

1602, 1509, 1323, 1060, 1023, 702 cm-1; MS (EI) m/z (%): 254 [M+] (4.6), 146 (6.4), 145 

(50.4), 118 (11.6), 117 (100), 115 (40.1), 109 (22.3), 91 (16.9), 83 (9.1); HRMS (EI) Calcd. 

for C17H15OF (M+) requires 254.1107, Found: 254.1113. 
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O
Ph

F

2-(3-Fluorophenyl)-1-(1-phenylcyclopropyl)ethanone 1g. A yellow liquid. 1H NMR (CDCl3,

300 MHz, TMS) δ 1.18 (dd, J = 6.6 Hz, J = 3.6 Hz, 2H), 1.63 (dd, J = 6.6 Hz, J = 3.6 Hz, 2H), 

3.59 (s, 2H), 6.62-6.71 (m, 2H), 6.82-6.89 (m, 1H), 7.11-7.24 (m, 1H), 7.28-7.31 (m, 5H); IR 

(CH2Cl2): ν 3082, 3026, 1700, 1590, 1488, 1323, 1107, 1023, 702 cm-1; MS (EI) m/z (%): 

254 [M+] (5.2), 146 (7.7), 145 (60.7), 118 (10.8), 117 (100), 115 (41.7), 109 (17.8), 91 (15.8), 

83 (7.2); HRMS (EI) Calcd. for C17H15OF (M+) requires 254.1107, Found: 254.1112. 

O
Ph

Cl

2-(2-Chlorophenyl)-1-(1-phenylcyclopropyl)ethanone 1h. A yellow liquid. 1H NMR 

(CDCl3, 300 MHz, TMS) δ 1.28 (dd, J = 7.2 Hz, J = 3.6 Hz, 2H), 1.66 (dd, J = 7.2 Hz, J = 3.6

Hz, 2H), 3.68 (s, 2H), 7.08-7.11 (m, 2H), 7.21-7.34 (m, 5H), 7.41-7.44 (m, 2H); IR (CH2Cl2): 

ν 3059, 3025, 1701, 1601, 1495, 1475, 1324, 1060, 1022, 703 cm-1; MS (EI) m/z (%): 270 

[M+] (6.6), 146 (6.8), 145 (67.4), 125 (10.1), 118 (9.1), 117 (100), 115 (23.1), 91 (8.1); HRMS 

(EI) Calcd. for C17H15OBr (M+) requires 270.0811, Found: 270.0811. 
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O

O
Ph

2a  
6-Methyl-3a,7-diphenyl-3,3a-dihydrobenzofuran-4(2H)-one 2a. A yellow oil. 1H NMR 

(CDCl3, 300 MHz, TMS) δ 1.85 (d, 3H, J = 0.9 Hz), 2.56-2.61 (m, 2H), 3.96 (dd, 1H, J = 15.8

Hz, J = 9.0 Hz), 4.34-4.40 (m, 1H), 5.58 (d, 1H, J = 0.9 Hz), 7.34-7.47 (m, 8H), 7.62 (dd, 2H, 

J = 8.0 Hz, J = 1.7 Hz); 13C NMR (CDCl3, 75 MHz, TMS) δ 22.4, 35.4, 63.2, 70.9, 110.5, 

117.3, 126.4, 127.4, 128.3, 128.4, 128.9, 130.2, 134.4, 137.0, 159.0, 166.4, 199.5; IR 

(CH2Cl2): ν 3057, 2924, 2851, 1674, 1537, 1492, 1380, 1265, 991 cm-1; MS (EI) m/z (%): 

302 [M+] (100), 303 (26.9), 274 (23.3), 259 (21.0), 231 (32.0), 129 (28.8), 128 (24.0), 115 

(33.5); HRMS (EI) Calcd. for C21H18O2 (M+) requires 302.1307, Found: 302.1306. 



S-12 

O

O
Ph

2b
Cl

5-(4-Chlorophenyl)-6-methyl-3a-phenyl-3,3a-dihydrobenzofuran-4(2H)-one 2b. A yellow 

oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.84 (d, J = 0.9 Hz, 3H), 2.56-2.61 (m, 2H), 3.97 (dd, 

J = 17.7 Hz, J = 9.0 Hz, 1H), 4.34-4.40 (m, 1H), 5.57 (d, J = 0.9 Hz, 1H), 7.28 (dd, J = 7.8 Hz, 

J = 1.8 Hz, 2H), 7.36-7.43 (m, 5H), 7.58 (dd, J = 7.8 Hz, J = 1.8 Hz, 2H); 13C NMR (CDCl3,

75 MHz, TMS) δ 22.3, 35.3, 63.2, 71.1, 109.4, 117.6, 126.4, 128.5, 128.6, 129.0, 131.6, 132.8, 

133.3, 136.8, 158.1, 166.7, 199.2; IR (CH2Cl2): ν 3473, 3060, 2926, 2853, 1734, 1541, 1493, 

1380, 1265, 1091 cm-1; MS (EI) m/z (%): 336 [M+] (100), 338 (31.4), 374 (25.1), 308 (21.0), 

139 (23.7), 128 (18.9), 115 (37.4), 44 (21.3); HRMS (EI) Calcd. for C21H17O2Cl (M+) requires 

336.0917, Found: 336.0929. 
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O

O
Ph

2c  
6-Methyl-3a-phenyl-7-p-tolyl-3,3a-dihydrobenzofuran-4(2H)-one 2c. A yellow solid. m.p. 

158-160 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.85 (d, 3H, J = 0.9 Hz), 2.40 (s, 3H), 

2.55-2.60 (m, 2H), 3.95 (dd, 1H, J = 15.2 Hz, J = 8.7 Hz), 4.33-4.39 (m, 1H), 5.56 (d, 1H, J =

0.9 Hz), 7.21-7.27 (m, 4H), 7.31-7.41 (m, 3H), 7.61 (dd, 2H, J = 7.8 Hz, J = 1.8 Hz); 13C

NMR (CDCl3, 75 MHz, TMS) δ 21.3, 22.4, 35.4, 63.1, 70.9, 110.4, 117.2, 126.5, 128.4, 128.9, 

129.1, 130.0, 131.3, 137.1, 137.2, 159.2, 166.3, 199.5; IR (CH2Cl2): ν 3023, 2923, 2853, 1721, 
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1671, 1512, 1380, 1266, 1030 cm-1; MS (EI) m/z (%): 316 [M+] (100), 317 (23.1), 288 (19.6), 

273 (20.6), 245 (19.4), 128 (15.2), 115 (20.7), 91 (15.3); HRMS (EI) Calcd. for C22H20O2 (M+)

requires 316.1463, Found: 316.1474. 

2d
O

O
Ph

Br

7-(4-Bromophenyl)-6-methyl-3a-phenyl-3,3a-dihydrobenzofuran-4(2H)-one 2d. A yellow 

oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.84 (d, 3H, J = 0.9 Hz), 2.56-2.61 (m, 2H), 3.98 (dd, 
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1H, J = 16.5 Hz, J = 9.0 Hz), 4.34-4.40 (m, 1H), 5.57 (d, 1H, J = 0.9 Hz), 7.23 (d, 2H, J = 8.1 

Hz), 7.33-7.41 (m, 4H), 7.56 (d, 2H, J = 8.1 Hz), 7.55-7.59 (m, 1H); 13C NMR (CDCl3, 75

MHz, TMS) δ 22.2, 35.3, 63.2, 71.1, 109.4, 117.6, 121.5, 126.4, 128.5, 129.0, 131.6, 131.9, 

133.3, 136.7, 157.9, 166.6, 199.1; IR (CH2Cl2): ν 3058, 2924, 2854, 1729, 1672, 1488, 1379, 

1265, 1070 cm-1; MS (EI) m/z (%): 380 [M+] (100), 382 (95.2), 381 (30.6), 352 (30.5), 215 

(31.9), 128 (33.9), 115 (51.6), 91 (29.0); HRMS (EI) Calcd. for C21H17O2Br (M+) requires 

380.0412, Found: 380.0426.  
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O
Ph

Br

2e  
7-(2-Bromophenyl)-6-methyl-3a-phenyl-3,3a-dihydrobenzofuran-4(2H)-one 2e. A yellow 

solid. m.p. 160-162 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.80 (s, 3H), 2.58-2.63 (m, 2H), 

3.98 (dd, 1H, J = 17.1 Hz, J = 8.7 Hz), 4.35-4.41 (m, 1H), 5.58 (s, 1H), 7.18-7.25 (m, 2H), 

7.33-7.40 (m, 4H), 7.72 (d, J = 7.8 Hz, 1H), 7.81 (dd, J = 7.8 Hz, J = 2.1 Hz, 2H); 13C NMR 

(CDCl3, 75 MHz, TMS) δ 21.6, 35.8, 63.3, 71.1, 110.0, 116.9, 125.8, 127.1, 127.6, 128.4, 

128.8, 129.5, 132.1, 133.0, 135.7, 136.5, 158.5, 167.1, 199.6; IR (CH2Cl2): ν 3058, 2924,

2853, 1731, 1675, 1492, 1380, 1255, 1071, 762 cm-1; MS (EI) m/z (%): 380 [M+] (92.3), 382 

(89.5), 301 (66.3), 273 (100), 245 (61.8), 215 (57.7), 202 (49.0), 115 (58.8); HRMS (EI) 

Calcd. for C21H17O2Br (M+) requires 380.0412, Found: 380.0417. 
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2f

O

O
Ph

F

7-(4-Fluorophenyl)-6-methyl-3a-phenyl-3,3a-dihydrobenzofuran-4(2H)-one 2f. A yellow 

oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.83 (d, 3H, J = 0.9 Hz), 2.56-2.61 (m, 2H), 3.96 (dd, 

1H, J = 17.8 Hz, J = 9.3 Hz), 4.34-4.40 (m, 1H), 5.57 (d, 1H, J = 0.9 Hz), 7.13 (dd, J = 8.7 Hz, 

J = 8.7 Hz, 2H), 7.29-7.41 (m, 5H), 7.59 (dd, J = 7.5 Hz, J = 1.8 Hz, 2H); 13C NMR (CDCl3,

75 MHz, TMS) δ 22.3, 35.3, 63.2, 71.0, 109.5, 115.4 (d, JC-F = 21.8 Hz), 117.4, 126.4, 128.5, 

128.9, 130.2 (d, JC-F = 3.5 Hz), 131.9 (d, JC-F = 8.0 Hz), 136.9, 158.4, 160.4, 165.2 (d, JC-F = 

220.4 Hz), 199.2; IR (CH2Cl2): ν 3060, 2962, 2902, 1722, 1671, 1538, 1380, 1266, 1028 cm-1;

MS (EI) m/z (%): 320 [M+] (47.3), 192 (32.6), 145 (55.2), 123 (35.1), 117 (100), 115 (45.3), 

109 (26.6), 91 (25.8); HRMS (EI) Calcd. for C21H17O2F (M+) requires 320.1213, Found: 

320.1221. 
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O

O
Ph

2g

F

7-(3-Fluorophenyl)-6-methyl-3a-phenyl-3,3a-dihydrobenzofuran-4(2H)-one 2g. A yellow 

oil. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.85 (d, 3H, J = 1.2 Hz), 2.57-2.62 (m, 2H), 3.97 (dd, 

1H, J = 15.7 Hz, J = 8.4 Hz), 4.38-4.40 (m, 1H), 5.58 (d, 1H, J = 1.2 Hz), 7.05-7.14 (m, 3H), 

7.35-7.42 (m, 4H), 7.58 (dd, J = 7.8 Hz, J = 1.7 Hz, 2H); 13C NMR (CDCl3, 75 MHz, TMS) δ

22.3, 35.3, 63.2, 71.1, 109.5, 114.4 (d, JC-F = 20.6 Hz), 117.3 (d, JC-F = 20.6 Hz), 117.6, 126.0 

(d, JC-F = 2.9 Hz), 126.4, 128.5, 129.0, 129.8 (d, JC-F = 8.6 Hz), 136.6 (d, JC-F = 8.0 Hz), 136.8, 



S-19 

158.0, 163.0 (d, JC-F = 245.0 Hz), 166.7, 199.2; IR (CH2Cl2): ν 3061, 2962, 2924, 1723, 1670, 

1539, 1377, 1265, 1031 cm-1; MS (EI) m/z (%): 320 [M+] (100), 192 (60.3), 123 (75.7), 105 

(45.4), 95 (34.5), 77 (41.7), 44 (33.5), 43 (38.6); HRMS (EI) Calcd. for C21H17O2F (M+)

requires 320.1213, Found: 320.1226.  

O

O
Ph

2h

Cl

7-(2-Chlorophenyl)-6-methyl-3a-phenyl-3,3a-dihydrobenzofuran-4(2H)-one 2h. A yellow 
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solid. m.p. 166-168 oC. 1H NMR (CDCl3, 300 MHz, TMS) δ 1.79 (d, J = 1.5 Hz, 3H), 

2.58-2.64 (m, 2H), 3.96 (dd, 1H, J = 17.1 Hz, J = 8.7 Hz), 4.35-4.41 (m, 1H), 5.57 (d, J = 1.5 

Hz, 1H), 7.19-7.22 (m, 1H), 7.31-7.39 (m, 5H), 7.57-7.55 (m, 1H), 7.77 (dd, J = 7.8 Hz, J =

2.1 Hz, 2H); 13C NMR (CDCl3, 75 MHz, TMS) δ 21.6, 35.7, 63.5, 71.1, 108.2, 116.9, 126.9, 

128.4, 128.8, 129.0, 129.3, 129.7, 132.0, 133.5, 135.3, 136.5, 158.6, 167.1, 199.6; IR 

(CH2Cl2): ν 3058, 2924, 2853, 1731, 1675, 1492, 1380, 1255, 1071, 762 cm-1; MS (EI) m/z 

(%): 380 [M+] (92.3), 382 (89.5), 301 (66.3), 273 (100), 245 (61.8), 215 (57.7), 202 (49.0), 

115 (58.8); HRMS (EI) Calcd. for C21H17O2Br (M+) requires 380.0412, Found: 380.0417. 
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OHO

6-Methyl-7-phenyl-2,3-dihydrobenzofuran-4-ol (3a). A yellow liquid. 1H NMR (300 MHz, 

CDCl3, TMS): δ 2.11 (s, 3H), 3.17 (t, J = 8.6 Hz, 2H), 4.56 (t, J = 8.6 Hz, 2H), 4.92 (s, 1H), 

6.28 (s, 1H), 7.26-7.33 (m, 3H), 7.38-7.43 (m, 2H); 13C NMR (75 MHz, CDCl3, TMS): δ 20.0,

27.0, 71.7, 109.3, 109.7, 117.4, 126.8, 128.1, 130.2, 136.4, 137.3, 151.0, 159.4; IR (CH2Cl2): 

ν 3411, 2957, 2856, 1706, 1619, 1453, 1421, 1306, 1126, 1048, 702 cm-1; MS (EI) m/z (%): 

226 (100) [M+], 225 (32.2), 211 (26.5), 227 (17.6), 197 (14.9), 165 (10.8), 183 (10.4), 115 

(10.2); HRMS (EI) Calcd. for C15H14O2 (M+) requires 226.0994, Found: 306.0996.  
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O OH

Cl

7-(4-Chlorophenyl)-6-methyl-2,3-dihydrobenzofuran-4-ol (3b). A yellow solid. m.p. 

194-196 °C. 1H NMR (300 MHz, CDCl3, TMS): δ 2.09 (s, 3H), 3.17 (t, J = 8.7 Hz, 2H), 4.56 

(t, J = 8.7 Hz, 2H), 4.94 (s, 1H), 6.27 (s, 1H), 7.22 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 8.1 Hz, 

2H); 13C NMR (75 MHz, CDCl3, TMS): δ 20.0, 27.0, 71.8, 109.4, 109.8, 116.1, 128.3, 131.6, 

132.7, 134.8, 137.2, 151.3, 159.4; IR (CH2Cl2): ν 3391, 2969, 2919, 2856, 1619, 1474, 1419, 

1311, 1128, 1037, 822 cm-1; MS (EI) m/z (%): 260 (100) [M+], 262 (32.3), 225 (30.0), 261 

(18.2), 197 (11.7), 76 (10.1), 224 (8.6), 245 (7.8); HRMS (EI) Calcd. for C15H13ClO2 (M+)

requires 260.0604, 260.0626, Found: 260.0613.  



S-23 

O OH

Br

7-(4-Bromophenyl)-6-methyl-2,3-dihydrobenzofuran-4-ol (3c). A yellow solid. m.p. 



S-24 

178-180 °C. 1H NMR (300 MHz, CDCl3, TMS): δ 2.10 (s, 3H), 3.18 (t, J = 8.7 Hz, 2H), 4.56 

(t, J = 8.7 Hz, 2H), 4.93 (s, 1H), 6.28 (s, 1H), 7.16 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.4 Hz, 

2H); 13C NMR (75 MHz, CDCl3, TMS): δ 20.0, 26.9, 71.8, 109.4, 109.8, 116.0, 120.9, 131.3, 

131.9, 135.3, 137.1, 151.3, 159.3; IR (CH2Cl2): ν 3403, 2957, 2925, 2855, 1708, 1618, 1481, 

1453, 1308, 1126, 1048, 818 cm-1; MS (EI) m/z (%): 306 (100) [M+2], 304 (98.3) [M+], 225 

(33.8), 149 (47.9), 71 (26.1), 57 (37.8), 43 (40.8), 41 (27.8); HRMS (EI) Calcd. for 

C15H13BrO2 (M+) requires 304.0099, Found: 304.0106.  



S-25 

OHO

Br

7-(3-Bromophenyl)-6-methyl-2,3-dihydrobenzofuran-4-ol (3d). A yellow solid. m.p. 

164-166 °C. 1H NMR (300 MHz, CDCl3, TMS): δ 2.10 (s, 3H), 3.17 (t, J = 8.7 Hz, 2H), 4.57 

(t, J = 8.7 Hz, 2H), 5.05 (s, 1H), 6.25 (s, 1H), 7.23-7.25 (m, 2H), 7.42-7.44 (m, 2H); 13C

NMR (75 MHz, CDCl3, TMS): δ 20.0, 26.9, 71.9, 109.4, 109.8, 116.0 122.1, 128.9, 129.6, 

129.8, 133.2, 137.2, 138.6, 151.4, 159.3; IR (CH2Cl2): ν 3397, 2955, 2924, 2855, 1620, 1453, 

1308, 1127, 1024, 784, 692 cm-1; MS (EI) m/z (%): 57 (100), 43 (94.9), 306 (74.0), 304 (73.6) 

[M+], 41 (68.5), 55 (68.1), 71 (65.2), 69 (57.2); HRMS (EI) Calcd. for C15H13BrO2 (M+)

requires 304.0099, Found: 304.0102.  



S-26 

OHO

F

7-(3-Fluorophenyl)-6-methyl-2,3-dihydrobenzofuran-4-ol (3e). A yellow solid. m.p. 

124-126 °C. 1H NMR (300 MHz, CDCl3, TMS): δ 2.10 (s, 3H), 3.17 (t, J = 8.7 Hz, 2H), 4.56 

(t, J = 8.7 Hz, 2H), 4.99 (s, 1H), 6.26 (s, 1H), 6.97-7.07 (m, 3H) 7.25-7.37 (m, 1H); 13C NMR 

(75 MHz, CDCl3, TMS): δ 20.0, 26.9, 71.8, 109.4, 109.8, 113.7 (d, JC-F = 20.8 Hz), 116.2, 

117.2 (d, JC-F = 20.8 Hz), 125.9 (d, JC-F = 2.8 Hz), 129.5 (d, JC-F = 8.4 Hz), 137.2, 138.6 (d, 

JC-F = 7.8 Hz), 151.3, 159.3, 162.5 (d, JC-F = 244.1 Hz); 19F NMR (CDCl3, 282 MHz, CFCl3): 

δ -119.3; IR (CH2Cl2): ν 3423, 2963, 2924, 2856, 1702, 1613, 1479, 1453, 1420, 1310, 1262, 

1184, 1118, 820 cm-1; MS (EI) m/z (%): 244 (100) [M+], 243 (27.6), 229 (18.3), 245 (15.0), 

215 (13.2), 183 (7.7), 201 (8.9), 183 (7.7), 173 (6.7); HRMS (EI) Calcd. for C15H13FO2 (M+)

requires 244.0900, Found: 244.0899.  



S-27 

O OH

6-Methyl-7-m-tolyl-2,3-dihydrobenzofuran-4-ol (3f). A yellow liquid. 1H NMR (300 MHz, 

CDCl3, TMS): δ 2.09 (s, 3H), 2.37 (s, 3H), 3.17 (t, J = 8.7 Hz, 2H), 4.55 (t, J = 8.7 Hz, 2H), 

4.95 (s, 1H), 7.06-7.13 (m, 3H), 7.25-7.32 (m, 1H); 13C NMR (75 MHz, CDCl3, TMS): δ 20.0,
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21.3, 26.9, 71.7, 109.2, 109.6, 117.5, 127.2, 127.6, 128.0, 130.8, 136.3, 137.3, 137.6, 151.0, 

159.4; IR (CH2Cl2): ν 3416, 2959, 2922, 2859, 1731, 1619, 1478, 1453, 1367, 1312, 1125, 

1052, 784 cm-1; MS (EI) m/z (%): 240 (100) [M+], 241 (17.9), 225 (35.1), 197 (8.0), 181 (7.7), 

165 (8.1), 128 (10.8), 115 (10.9); HRMS (EI) Calcd. for C16H16O2 (M+) requires 240.1150, 

Found: 240.1160. 



S-29 

OHO

6-Methyl-7-p-tolyl-2,3-dihydrobenzofuran-4-ol (3g). A yellow liquid. 1H NMR (300 MHz, 

CDCl3, TMS): δ 2.10 (s, 3H), 2.38 (s, 3H), 3.17 (t, J = 8.7 Hz, 2H), 4.55 (t, J = 8.7 Hz, 2H), 

4.86 (s, 1H), 6.27 (s, 1H), 7.16-7.26 (m, 4H); 13C NMR (75 MHz, CDCl3, TMS): δ 20.0, 21.3, 

26.9, 71.7, 109.2, 109.6, 117.4, 128.9, 130.0, 133.3, 136.4, 137.4, 150.9, 159.6; IR (CH2Cl2): 

ν 3412, 2958, 2922, 2858, 1706, 1619, 1489, 1452, 1424, 1304, 1125, 1047, 815 cm-1; MS 

(EI) m/z (%): 240 (100) [M+], 225 (48.3), 241 (19.5), 239 (16.9), 197 (11.6), 165 (9.3), 211 

(9.2), 115 (9.1); HRMS (EI) Calcd. for C16H16O2 (M+) requires 240.1150, Found: 240.1154.  



S-30 

O

O

O

4,5-Dimethyl-6-phenyl-3,4,8,9-tetrahydrofuro[2,3-h]chromen-2-one (4a). A white solid. 

m.p. 222-223 °C. 1H NMR (300 MHz, CDCl3, TMS): δ 2.44 (s, 3H), 2.62 (d, J = 0.9 Hz, 3H), 

3.40 (t, J = 9.0 Hz, 2H), 4.65 (t, J = 9.0 Hz, 2H), 6.08 (d, J = 0.9 Hz, 1H), 7.23-7.26 (m, 2H), 

7.38-7.48 (m, 3H); 13C NMR (75 MHz, CDCl3, TMS): δ 20.8, 26.1, 27.3, 72.7, 111.7, 113.2, 

113.8, 123.4, 127.6, 128.0, 128.4, 130.1, 130.2, 135.9, 136.1, 151.4, 155.4, 160.7, 161.3; IR 

(CH2Cl2): ν 2974, 2910, 1812, 1728, 1607, 1577, 1295, 1203, 1124, 1084, 1035 cm-1; MS (EI) 

m/z (%): 292 (100) [M+], 264 (54.5), 263 (19.9), 226 (69.6), 225 (20.8), 105 (34.0), 77 (31.7), 

51 (19.9); Anal. calcd. for C19H16O3: C, 78.06%; H, 5.52%. Found: C, 77.79%; H, 5.50%.  



S-31 



S-32 

Cl

O O

7-(4-Chlorophenyl)-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5a. A yellow solid. m.p. 

122-124 oC. 1H NMR (300 MHz, CDCl3, TMS): δ 1.85-2.09 (m, 1H), 2.34-2.45 (m, 3H), 

2.89-2.97 (m, 2H), 3.79-3.82 (m, 1H), 4.57 (t, J = 9.3 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.33 

(d, J = 8.7 Hz, 2H); 13C NMR (75 MHz, CDCl3, TMS): δ 26.0, 31.3, 35.0, 40.5, 73.2, 114.8, 

128.9, 129.1, 133.2, 137.4, 177.1, 195.0; IR (CH2Cl2): ν 2945, 2870, 1650, 1627, 1491, 1397, 

1231, 1089, 961, 831 cm-1; MS (EI) m/z (%): 248 [M+] (52.6), 250 (16.1), 247 (100.0), 139 

(83.1), 110 (39.3), 69 (69.3), 57 (71.3), 55 (80.2); Anal. calcd. for C14H13ClO2
. 1/2H2O: C, 

65.25%; H, 5.48%. Found: C, 64.94%; H, 5.42%.  



S-33 

O O

Cl

5-(4-Chlorophenyl)-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 6a. A yellow solid. m.p. 

135-137 oC. 1H NMR (300 MHz, CDCl3, TMS): δ 2.20-2.25 (m, 2H), 2.49-2.54 (m, 2H), 2.90 

(t, J = 9.0 Hz, 2H), 3.55 (dd, J = 9.0 Hz, J = 7.8 Hz, 1H), 4.63 (t, J = 9.0 Hz, 2H), 7.11 (d, J =

8.4 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H); 13C NMR (75 MHz, CDCl3, TMS): δ 23.0, 26.0, 30.0, 

51.2, 73.5, 113.8, 128.6, 129.7, 132.6, 138.4, 177.7, 194.4; IR (CH2Cl2): ν 2927, 2870, 1735, 

1654, 1638, 1629, 1491, 1407, 1230, 1092, 945, 831; MS (EI) m/z (%): 248 [M+] (15.7), 250 

(5.7), 110 (100), 86 (10.0), 84 (16.9), 51 (13.5), 49 (21.7), 44 (15.2); HRMS (EI) Calcd. for 

C14H13ClO2 (M+) requires 248.0604, Found: 248.0610. 



S-34 

OO

7-Phenyl-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5b. A yellow liquid. 1H NMR (300 MHz, 

CDCl3, TMS): δ 2.02-2.17 (m, 1H), 2.34-2.51 (m, 3H), 2.86-2.03 (m, 2H), 3.81-3.83 (m, 1H), 

4.57 (t, J = 9.3 Hz, 2H), 7.22 (d, J = 7.2 Hz, 2H), 7.26-7.38 (m, 3H); 13C NMR (75 MHz, 

CDCl3, TMS): δ 26.0, 31.4, 35.0, 41.1, 73.2, 114.7, 127.4, 127.7, 128.8, 138.9, 177.9, 195.4; 

IR (CH2Cl2): ν 2953, 2926, 1732, 1651, 1599, 1494, 1409, 1235, 1078, 964, 820 cm-1; MS (EI) 
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m/z (%): 214 [M+] (39.8), 186 (40.9), 110 (100.0), 105 (68.6), 77 (50.7), 55 (22.1), 51 (26.3), 

43 (17.3); HRMS (EI) Calcd. for C14H14O2 (M+) requires 214.0994, Found: 214.1010. 

O O

5-Phenyl-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 6b. A yellow liquid. 1H NMR (300 MHz, 

CDCl3, TMS): δ 2.23-2.39 (m, 2H), 2.47-2.52 (m, 2H), 2.88-2.95 (m, 2H), 3.58 (dd, J = 9.0
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Hz, J = 7.8 Hz, 1H), 4.63 (t, J = 9.6 Hz, 2H), 7.17-7.25 (m, 2H), 7.30-7.35 (m, 3H); 13C NMR 

(75 MHz, CDCl3, TMS): δ 22.8, 26.1, 30.0, 51.7, 73.4, 113.9, 126.8, 128.3, 128.5, 139.9, 

177.6, 195.0; IR (CH2Cl2): ν 2961, 2853, 1738, 1683, 1597, 1495, 1407, 1262, 1079, 961, 820 

cm-1; MS (EI) m/z (%): 214 [M+] (30.1), 186 (11.8), 110 (100), 77 (10.9), 57 (15.6), 54 (10.9), 

52 (11.5), 43 (13.3); HRMS (EI) Calcd. for C14H14O2 (M+) requires 214.0994, Found: 

214.1010.  



S-37 

Br

O O

7-(4-Bromophenyl)-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5c. A yellow solid. m.p. 

100-102 oC. 1H NMR (300 MHz, CDCl3, TMS): δ 2.04-2.09 (m, 1H), 2.33-2.45 (m, 3H), 

2.89-2.98 (m, 2H), 3.78-3.80 (m, 1H), 4.57 (t, J = 9.6 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 7.49 

(d, J = 8.4 Hz, 2H); 13C NMR (75 MHz, CDCl3, TMS): δ 26.0, 31.3, 35.0, 40.7, 73.3, 114.8, 

121.3, 129.4, 131.9, 137.9, 177.1, 195.1; IR (CH2Cl2): ν 2950, 2873, 1743, 1605, 1489, 1405, 

1234, 1074, 962, 827 cm-1; MS (EI) m/z (%): 292 [M+] (42.7), 185 (100), 183 (71.1), 181 

(96.6) 129 (40.4), 116 (45.2), 110 (62.8), 45 (49.4); HRMS (EI) Calcd. for C14H13BrO2 (M+)

requires 292.0099, Found: 292.0089.  



S-38 

O

Br

O

6c

7-(4-Bromophenyl)-2,3,4,5-tetrahydrobenzofuran-6(7H)-one 6c. A yellow solid. m.p. 

116-118 oC. 1H NMR (300 MHz, CDCl3, TMS): δ 2.23-2.32 (m, 2H), 2.50-2.52 (m, 2H), 2.90 

(t, J = 9.0 Hz, 2H), 3.54 (dd, J = 9.3 Hz, J = 6.1 Hz, 1H), 4.63 (t, J = 9.0 Hz, 2H), 7.05 (d, J =

8.7 Hz, 2H), 7.44 (d, J = 8.7 Hz, 2H); 13C NMR (75 MHz, CDCl3, TMS): δ 23.0, 26.0, 30.0, 

51.2, 73.5, 113.8, 128.6, 129.7, 132.6, 138.4, 177.7, 194.4; IR (CH2Cl2): ν 2947, 2871, 1739, 

1620, 1489, 1407, 1230, 1010, 948, 827 cm-1; MS (EI) m/z (%): 292 [M+] (9.9), 294 (9.9), 111 

(8.2), 110 (100), 86 (24.6), 84 (36.6), 49 (7.3), 47 (8.4); HRMS (EI) Calcd. for C14H13BrO2

(M+) requires 292.0099, Found: 292.0102.  



S-39 

O

Br

O

7-(3-Bromophenyl)-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5d. A yellow solid. m.p. 

94-96 oC. 1H NMR (300 MHz, CDCl3, TMS): δ 2.04-2.13 (m, 1H), 2.35-2.46 (m, 3H), 

2.89-2.98 (m, 2H), 3.78-3.80 (m, 1H), 4.59 (t, J = 9.6 Hz, 2H), 7.14 (d, J = 7.6 Hz, 1H), 7.22 

(d, J = 7.6 Hz, 1H), 7.35 (s, 1H), 7.44 (d, J = 7.8 Hz, 1H); 13C NMR (75 MHz, CDCl3, TMS): 
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δ 26.0, 31.2, 34.9, 40.7, 73.2, 114.9, 122.8, 126.3, 130.3, 130.5, 130.7, 141.2, 176.9, 195.0; IR 

(CH2Cl2): ν 2927, 2869, 1733, 1593, 1567, 1475, 1402, 1233, 1073, 961 cm-1; MS (EI) m/z 

(%): 292 (60.5), 294 (59.9), 266 (44.7), 264 (45.1), 185 (100), 157 (40.4), 129 (75.0), 128 

(39.0); HRMS (EI) Calcd. for C14H13BrO2 (M+) requires 292.0099, Found: 292.0098. 



S-41 

OO

Br

5-(3-Bromophenyl)-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 6d. A yellow solid. m.p. 

110-112 oC. 1H NMR (300 MHz, CDCl3, TMS): δ 2.17-2.37 (m, 2H), 2.50-2.54 (m, 2H), 2.91 

(t, J = 9.0 Hz, 2H), 3.54 (dd, J = 9.3 Hz, J = 5.1 Hz, 1H), 4.63 (t, J = 9.0 Hz, 2H), 7.11 (d, J =

7.5 Hz, 2H), 7.19 (d, J = 7.5 Hz, 1H), 7.32 (s, 1H), 7.38 (d, J = 7.5 Hz, 1H); 13C NMR (75 

MHz, CDCl3, TMS): δ 23.0, 26.0, 30.0, 51.5, 73.5, 113.8, 122.5, 127.1, 129.92, 130.0, 131.4, 

142.3, 177.7, 194.0; IR (CH2Cl2): ν 2928, 2869, 1733, 1635, 1476, 1407, 1229, 1074, 954, 

790 cm-1; MS (EI) m/z (%): 292 (10.6), 294 (9.9), 111 (7.5), 110 (100), 80 (4.6), 68 (5.0), 54 

(6.6), 52 (6.1); HRMS (EI) Calcd. for C14H13BrO2 (M+) requires 292.0099, Found: 292.0100. 



S-42 

O O

F

7-(3-Fluorophenyl)-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5e. A yellow solid. m.p. 

91-93 oC. 1H NMR (300 MHz, CDCl3, TMS): δ 2.04-2.16 (m, 1H), 2.35-2.46 (m, 3H), 

2.90-2.98 (m, 2H), 3.82-3.84 (m, 1H), 4.59 (t, J = 9.6 Hz, 2H), 6.90-7.02 (m, 3H), 7.27-7.36 

(m, 1H); 13C NMR (75 MHz, CDCl3, TMS): δ 26.0, 31.2, 34.9, 40.8 (d, JC-F = 1.7 Hz), 73.3, 

114.4 (d, JC-F = 21.1 Hz), 114.7 (d, JC-F = 21.7 Hz), 114.9, 123.4 (d, JC-F = 3.0 Hz), 130.3 (d, 

JC-F = 8.6 Hz), 141.4 (d, JC-F = 7.4 Hz), 162.9 (d, JC-F = 245.0 Hz), 177.8, 195.1; IR (CH2Cl2): 

ν 2929, 2871, 1732, 1612, 1590, 1489, 1402, 1235, 1009, 962, 789 cm-1; MS (EI) m/z (%): 

232 [M+] (69.6), 233 (22.0), 204 (100), 203 (23.2), 176 (17.8), 147 (23.6), 133 (20.0), 108 

(19.3); HRMS (EI) Calcd. for C14H13FO2 (M+) requires 232.0900, Found: 232.0905. 



S-43 

O O

F

7-(3-Fluorophenyl)-2,3,4,5-tetrahydrobenzofuran-6(7H)-one 6e. A yellow solid. m.p. 

86-88 oC. 1H NMR (300 MHz, CDCl3, TMS): δ 2.22-2.37 (m, 2H), 2.49-2.54 (m, 2H), 2.91 (t, 

J = 9.6 Hz, 2H), 3.58 (dd, J = 9.3 Hz, J = 4.8 Hz, 1H), 4.63 (t, J = 9.6 Hz, 2H), 6.87-6.98 (m, 

3H), 7.25-7.32 (m, 1H); 13C NMR (75 MHz, CDCl3, TMS): δ 22.8, 26.0, 29.9, 51.5 (d, JC-F = 
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1.1 Hz), 73.5, 113.7 (d, JC-F = 21.1 Hz), 113.8, 115.3 (d, JC-F = 21.8 Hz), 124.1 (d, JC-F = 2.9 

Hz), 129.9 (d, JC-F = 8.6 Hz), 142.4 (d, JC-F = 6.9 Hz), 162.8 (d, JC-F = 243.9 Hz), 177.8, 194.2; 

IR (CH2Cl2): ν 2931, 2871, 1733, 1628, 1589, 1407, 1240, 1030, 961, 782 cm-1; MS (EI) m/z 

(%): 232 [M+] (23.7), 233 (7.3), 111 (7.8), 110 (100), 80 (5.3), 68 (6.1), 54 (7.4), 52 (6.9); 

HRMS (EI) Calcd. for C14H13FO2 (M+) requires 232.0900, Found: 232.0903. 



S-45 

O O

5f

7-m-Tolyl-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5f. A colorless liquid. 1H NMR (300 

MHz, CDCl3, TMS): δ 2.04-2.15 (m, 1H), 2.31-2.53 (m, 3H), 2.36 (s, 3H), 2.84-3.03 (m, 2H), 

3.78-3.80 (m, 1H), 4.57 (t, J = 9.6 Hz, 2H), 6.99-7.01 (m, 2H), 7.11 (d, J = 7.8 Hz, 1H), 7.26 

(t, J = 7.5 Hz, 1H); 13C NMR (75 MHz, CDCl3, TMS): δ 21.4, 26.0, 31.4, 35.0, 41.1, 73.2, 

114.6, 124.7, 128.2, 128.4, 128.7, 138.5, 138.8, 178.1, 195.5; IR (CH2Cl2): ν 2925, 2869,

1726, 1624, 1472, 1399, 1233, 1059, 962, 789 cm-1; MS (EI) m/z (%): 228 [M+] (67.8), 229 

(18.7), 200 (100), 199 (16.8), 172 (18.8), 129 (23.4), 128 (16.4), 115 (22.0); HRMS (EI) 

Calcd. for C15H16O2 (M+) requires 228.1150, Found: 228.1143. 



S-46 

O O

5-m-Tolyl-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 6f. A yellow liquid. 1H NMR (300 

MHz, CDCl3, TMS): δ 2.22-2.38 (m, 2H), 2.33 (s, 3H), 2.48-2.52 (m, 2H), 2.88-2.95 (m, 2H), 

3.55 (dd, J = 8.4 Hz, J = 5.1 Hz, 1H), 4.63 (t, J = 9.3 Hz, 2H), 6.96-6.99 (m, 2H), 7.06 (d, J =

7.5 Hz, 1H), 7.21 (t, J = 7.5 Hz, 1H); 13C NMR (75 MHz, CDCl3, TMS): δ 21.5, 22.9, 26.1,

30.1, 51.7, 73.4, 113.9, 125.2, 127.6, 128.4, 129.1, 138.1, 139.9, 177.7, 195.2; IR (CH2Cl2): ν

2922, 2851, 2360, 2343, 1631, 1405, 1220, 1191, 700 cm-1; MS (EI) m/z (%): 228 [M+] (5.2), 

169 (33.4), 135 (34.6), 91 (100), 84 (70.0), 69 (72.8), 44 (73.4), 41 (41.2); HRMS (EI) Calcd. 

for C15H16O2 (M+) requires 228.1150, Found: 228.1143.  



S-47 

O O

7-p-Tolyl-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5g. A yellow liquid. 1H NMR (300 MHz, 

CDCl3, TMS): δ 2.01-2.14 (m, 1H), 2.28-2.51 (m, 3H), 2.34 (s, 3H), 2.87-2.97 (m, 2H), 

3.76-3.80 (m, 1H), 4.56 (t, J = 9.3 Hz, 2H), 7.10 (d, J = 8.1 Hz, 2H), 7.17 (d, J = 8.1 Hz, 2H); 
13C NMR (75 MHz, CDCl3, TMS): δ 21.0, 26.0, 31.4, 35.1, 40.8, 73.2, 114.5, 127.6, 129.5, 

135.9, 137.1, 178.2, 195.4; IR (CH2Cl2): ν 2924, 2869, 1735, 1624, 1514, 1450, 1400, 1234, 
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816; MS (EI) m/z (%): 228 [M+] (66.3), 200 (100), 172 (22.7), 129 (25.5), 128 (19.8), 119 

(18.1), 115 (27.4), 91 (24.8); HRMS (EI) Calcd. for C15H16O2 (M+) requires 228.1150, Found: 

228.1146.  

O O

6g  
5-p-Tolyl-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 6g. A yellow liquid. 1H NMR (300 MHz, 

CDCl3, TMS): δ 2.20-2.33 (m, 2H), 2.32 (s, 3H), 2.47-2.52 (m, 2H), 2.91 (t, J = 9.0 Hz, 2H), 
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3.55 (dd, J = 8.4 Hz, J = 5.1 Hz, 1H), 4.61 (t, J = 9.0 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 7.13

(d, J = 8.4 Hz, 2H); 13C NMR (75 MHz, CDCl3, TMS): δ 21.0, 22.8, 26.1, 30.0, 51.3, 73.4,

113.9, 128.1, 129.2, 136.3, 136.8, 177.7, 195.3; IR (CH2Cl2): ν 2924, 2869, 1733, 1631, 1514, 

1406, 1231, 1063, 996, 817 cm-1; MS (EI) m/z (%): 228 [M+] (24.2), 117 (7.1), 111 (6.9), 110 

(100), 91 (8.6), 80 (6.7), 54 (7.2), 52 (6.3); HRMS (EI) Calcd. for C15H16O2 (M+) requires 

228.1150, Found: 228.1149.  
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O O

Br

7-(2-Bromophenyl)-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5h. A yellow liquid. 1H NMR 

(300 MHz, CDCl3, TMS): δ 2.04-2.16 (m, 1H), 2.35-2.43 (m, 3H), 2.91-3.05 (m, 2H), 

4.32-4.34 (m, 1H), 4.59 (t, J = 9.3 Hz, 2H), 7.10-7.18 (m, 2H), 7.27 (t, J = 7.5 Hz, 1H), 7.57 

(d, J = 7.5 Hz, 1H); 13C NMR (75 MHz, CDCl3, TMS): δ 26.0, 29.4, 34.8, 40.5, 73.2, 115.5, 

124.4, 127.6, 128.5, 128.9, 133.4, 137.8, 176.9, 195.2; IR (CH2Cl2): ν 2926, 2869, 1736, 1623, 

1566, 1471, 1404, 1231, 1071, 961 cm-1; MS (EI) m/z (%): 292 (30.9), 294 (30.8), 185 (100), 

157 (27.3), 129 (53.4), 128 (25.4), 115 (16.2), 89 (16.7); HRMS (EI) Calcd. for C14H13BrO2

(M+) requires 292.0099, Found: 292.0105. 
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O O

Br

5-(2-Bromophenyl)-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 6h. A colorless liquid. 1H

NMR (300 MHz, CDCl3, TMS): δ 2.16-2.33 (m, 2H), 2.45-2.66 (m, 2H), 2.93 (t, J = 9.3 Hz, 

2H), 4.09 (dd, J = 7.2 Hz, J = 5.4 Hz, 1H), 4.64 (td, J = 9.3 Hz, J = 3.6 Hz, 2H), 7.08-7.14 (m, 

2H), 7.27 (t, J = 7.5 Hz, 1H), 7.57 (d, J = 7.5 Hz, 1H); 13C NMR (75 MHz, CDCl3, TMS): δ

23.4, 26.1, 29.2, 51.6, 73.6, 114.2, 125.3, 127.5, 128.4, 129.6, 133.0, 139.7, 177.7, 193.9; IR 

(CH2Cl2): ν 2927, 2870, 1733, 1625, 1474, 1407, 1231, 1023, 950, 750 cm-1; MS (EI) m/z (%): 

214 (10.3), 213 (69.7), 110 (100), 77 (8.9), 68 (8.8), 55 (8.5), 54 (12.1), 52 (11.8); HRMS (EI) 

Calcd. for C14H13BrO2 (M+) requires 292.0099, Found: 292.0092.  
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Cl

O O

Cl

7-(3,4-Dichlorophenyl)-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5i. A white solid. m.p. 

117-119 oC. 1H NMR (300 MHz, CDCl3, TMS): δ 2.04-2.10 (m, 1H), 2.34-2.46 (m, 3H), 

2.89-2.98 (m, 2H), 3.78-3.80 (m, 1H), 4.58 (t, J = 9.6 Hz, 2H), 7.06 (dd, J = 8.1 Hz, J = 2.1 

Hz, 1H), 7.30 (d, J = 2.1 Hz, 1H), 7.43 (d, J = 8.1 Hz, 1H); 13C NMR (75 MHz, CDCl3, TMS): 
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δ 26.0, 31.1, 35.0, 40.3, 73.3, 115.0, 127.1, 129.8, 130.7, 131.5, 132.8, 139.1, 176.3, 194.7; IR 

(CH2Cl2): ν 2928, 2871, 1732, 1652, 1472, 1397, 1231, 1030, 961, 821 cm-1; MS (EI) m/z (%): 

282 [M+] (66.8), 284 (40.3), 256 (62.8), 254 (100), 219 (46.5), 191 (21.3), 163 (29.3), 128 

(25.6); HRMS (EI) Calcd. for C14H12Cl2O2 (M+) requires 282.0214, Found: 282.0211. 

O O

Cl
Cl
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5-(3,4-Dichlorophenyl)-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 6i. A yellow liquid. m.p. 

114-116 oC. 1H NMR (300 MHz, CDCl3, TMS): δ 2.29-2.35 (m, 2H), 2.52-2.56 (m, 2H), 2.90 

(t, J = 9.0 Hz, 2H), 3.53 (dd, J = 9.6 Hz, J = 5.1 Hz, 1H), 4.64 (t, J = 9.0 Hz, 2H), 7.02 (dd, J

= 8.1 Hz, J = 1.5 Hz, 1H), 7.27 (d, J = 1.5 Hz, 1H), 7.39 (d, J = 8.1 Hz, 1H); 13C NMR (75 

MHz, CDCl3, TMS): δ 23.1, 26.0, 29.9, 51.1, 73.6, 113.7, 127.9, 130.3, 130.4, 130.8, 132.4, 

140.2, 177.8, 193.6; IR (CH2Cl2): ν 2930, 2870, 1734, 1636, 1475, 1405, 1230, 1030, 957, 

822 cm-1; MS (EI) m/z (%): 282 [M+] (10.1), 284 (6.7), 111 (7.8), 110 (100), 80 (5.4), 68 (6.3), 

54 (8.1), 52 (7.3); HRMS (EI) Calcd. for C14H12Cl2O2 (M+) requires 282.0214, Found: 

282.0212.  
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O O

7-Methyl-7-phenyl-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5j. A yellow solid. m.p. 68-70 
oC. 1H NMR (300 MHz, CDCl3, TMS): δ 1.59 (s, 3H), 2.09-2.33 (m, 4H), 2.91-2.99 (td, J =

9.6 Hz, J = 4.8 Hz, 2H), 4.65 (t, J = 9.6 Hz, 2H), 7.29-7.37 (m, 5H); 13C NMR (75 MHz, 

CDCl3, TMS): δ 25.3, 26.1 34.5, 38.7, 41.5, 73.0, 113.8, 125.9, 127.0, 128.5, 142.6, 180.9, 

195.4; IR (CH2Cl2): ν 3057, 2970, 2872, 1735, 1655, 1582, 1495, 1400, 1229, 1076, 955 cm-1;

MS (EI) m/z (%): 228 [M+] (0.77), 155 (10.8), 107 (11.1), 106 (100), 92 (9.1), 91 (60.3), 67 

(62.1), 65 (21.3), 56 (16.4); HRMS (EI) Calcd. for C15H16O2 (M+) requires: 228.1150, found 

228.1140.  



S-56 

O O

Ph

7,7-Diphenyl-2,3,6,7-tetrahydrobenzofuran-4(5H)-one 5k. A white solid. m.p. 128-130 oC. 
1H NMR (300 MHz, CDCl3, TMS): δ 2.36 (t, J = 6.6 Hz, 2H), 2.71 (t, J = 6.6 Hz, 2H), 2.97 (t, 

J = 9.6 Hz, 2H), 4.64 (t, J = 9.6 Hz, 2H), 7.20-7.26 (m, 4H), 7.29-7.36 (m, 6H); 13C NMR (75 

MHz, CDCl3, TMS): δ 26.2, 34.9, 37.3, 50.9, 73.0, 115.0, 127.2, 128.2, 128.3, 142.0, 179.1, 

195.0; IR (CH2Cl2): ν 3057, 2926, 2871, 1724, 1652, 1617, 1494, 1396, 1223, 1064, 965 cm-1;

MS (EI) m/z (%): 290 [M+] (93.9), 262 (100), 261 (48.3), 247 (32.9), 185 (42.3), 165 (37.2), 

115 (32.6), 105 (30.5); HRMS (EI) Calcd. for C20H18O2 (M+) requires: 290.1307, found 

290.1301.  
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The crystal data of 2c have been deposited in CCDC with number 678290. Empirical Formula: 

C22H20O2; Formula Weight: 316.38; Crystal size: 0.456 x 0.340 x 0.180; Crystal Color, Habit: 

colorless, prismatic; Crystal System: Triclinic; Lattice Type: Primitive; Lattice Parameters: a 

= 7.7748(12)Å, b = 12.836(2)Å, c = 17.963(3)Å, α = 97.147(3)o, β = 93.320(3)o, γ =

100.103(3)o, V = 1745.3(5)Å3; Space group: P-1; Z = 4; Dcalc = 1.204 g/cm3; F000 = 672; R1 = 

0.0664, wR2 = 0.1527. Diffractometer: Rigaku AFC7R.  
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The crystal data of 4a have been deposited in CCDC with number 669369. Empirical Formula: 

C19H16O3; Formula Weight: 292.32; Crystal size: 0.428 x 0.327 x 0.119; Crystal Color, Habit: 

colorless, prismatic; Crystal System: Monoclinic; Lattice Type: Primitive; Lattice Parameters: 

a = 10.9030(18)Å, b = 16.171(3)Å, c = 8.8944(15)Å, α = 90o, β = 109.901(3)o, γ = 90o, V =

1474.6(4)Å3; Space group: P2(1)/c; Z = 4; Dcalc = 1.317 g/cm3; F000 = 616; R1 = 0.0605, wR2 

= 0.1253. Diffractometer: Rigaku AFC7R.  
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The crystal data of 5c have been deposited in CCDC with number 635461. Empirical Formula: 

C14H14BrO2.5; Formula Weight: 302.16; Crystal size: 0.503 x 0.483 x 0.437; Crystal Color, 

Habit: colorless, prismatic; Crystal System: Orthorhombic; Lattice Type: Primitive; Lattice 

Parameters: a = 45.814(7)Å, b = 9.4317(13)Å, c = 11.6643(16)Å, α = 90o, β = 90o, γ = 90o, V

= 5040.2(12)Å3; Space group: Fdd2; Z = 16; Dcalc = 1.593 g/cm3; F000 = 2448; R1 = 0.0469, 

wR2 = 0.0979. Diffractometer: Rigaku AFC7R.  
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