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General Remarks. Melting point instrument is uncorrected. 1H NMR spectra were recorded 

on a Bruker AM-300 spectrometer for solution in CDCl3 with tetramethylsilane (TMS) as an 

internal standard; J-values are in Hz. Mass spectra were recorded with a HP-5989 instrument. 

Dichloromethane was distilled from CaH2 under Ar atmosphere. All of the solid compounds 

reported in this paper gave satisfactory CHN microanalyses with a Carlo-Erba 1106 analyzer. 

Commercially obtained reagents were used without further purification. All of the reactions 

were monitored by TLC plates coated with Huanghai GF254 silica gel. Flash column 

chromatography was carried out using 200-300 mesh silica gel at increased pressure.  

 

General Procedure for the Preparation of Products 2 and 3.  

Compound 1 (0.30 mmol), PdCl2 (0.015 mmol), CuBr2 (0.06 mmol), and NaHCO3 (0.15 

mmol) (for compounds 1g, 1h and 1i, 2 mg of MS 4Åwas added) were weighed into an 

oven-dried test-tube which was sealed with a rubber cap. The tube was then evacuated and 

back-filled with argon. Then, 1.0 mL of DCM was added into the reaction mixture by a 

syringe. The mixtures were stirred at zero degree. After completion of the transformations 

monitored by TLC plates, the reaction mixture was directly transferred to silica gel column 

and eluted with mixtures of petroleum ether and ethyl acetate to afford the corresponding 

products 2 and 3. These two products are not very stable in air at room temperature. Therefore, 

they should be stored at < 0 oC.  

 

General Procedure for the Preparation of Products 4 and 5.  

Compound 1 (0.30 mmol), PdCl2 (0.015 mmol), CuBr2 (0.75 mmol), NaHCO3 (0.40 mmol) 

and 1.0 mL of DCM were added into a test tube. The mixtures were stirred at room 

temperature with or without a rubber cap. After completion of the transformations monitored 

by TLC plates, the reaction mixture was directly transferred to silica gel column and eluted 

with petroleum/ethyl acetate = 30/1 to afford the corresponding products 4 and 5.  
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Table S1. Optimization of the Reaction Conditions  

4-MeOC6H4

OH

solvent, 0 oC, 
Ar, time

4-MeOC6H4

OH OH

C6H4OMe-4
2a

+

3a

catalyst, additive

1a

entrya catalyst additive solvent time (h) conv (%)
yieldsb (%) 
(2a/3a)

2
3
4
5
6
7
8
9

10
11
12

Pd(OAc)2 CuBr2 DCM 0.5 > 99 75 (5:1)

Pd(OAc)2 CuBr2 DCE 0.5 > 99 82 (4:1)

Pd(OAc)2 CuBr2 0.5  42 19 (4:1)PhMe
Pd(OAc)2 CuBr2 0.5 58 40 (9:1)THF
Pd(OAc)2 CuBr2 0.5 0

CuBr2 04DCM

Pd(OAc)2 Cu(OTf)2 0.5 0DCM
Pd(OAc)2 CuBr2/K2CO3 0.5 0DCM

EtOEt
Pd(OAc)2 CuBr2 1 0CH3CN

Pd(OAc)2 CuCl2 1 0DCM
Pd(OAc)2 Cu(OAc)2 1 0DCM

Pd(OAc)2 4 0DCM

a All reactions were carried out with 1a (0.3 mmol), catalyst (0.015 mmol), additive (0.06 
mmol, the second additive such as K2CO3, LiBr, AcOH or NaHCO3 was added in 0.15 
mmol when necessary), in 1.0 mL of solvent under argon atmosphere. b Isolated yields. 
c Carried out at room temperature (20 oC). d 0.03 mmol of CuBr2 was added.

13
14
15
16
17
18

PdCl2 DCM 1 81 19 (4:1)

PdCl2 DCM 0.5 35 (4:1)CuBr2/AcOH 65

Pd(OAc)2

NiBr2 2 > 99DCM 88 (6:1)Pd(OAc)2

CuBr 2DCM 0

Pd(OAc)2 NaBr 2DCM 0
Pd(OAc)2 MgBr2 2DCM 0
Pd(OAc)2 ZnBr2 DCM 0.5 40 26 (9:1)

Pd(OAc)2 LiBr DCM 0.5 19 8 (9:1)
Pd(OAc)2 NiBr2/LiBr DCM 1.5 > 99 86 (11:1)

PdBr2 DCM 0.5 29 23 (5:1)

PdCl2 DCM 0.5 89 (12:1)CuBr2/NaHCO3 > 99

19
20
21
22
23

1c Pd(OAc)2 CuBr2 DCM 0.2 > 99 complex

25
PdCl2 DCM 0.5 85 (12:1)CuBr2/NaHCO3 9924d
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4-MeOPh

OH

 
[3-(4-Methoxyphenyl)cyclobut-2-enyl]methanol 2a: 

A colorless solid. Mp. 90-92 oC; IR (film): ν 3369, 2946, 2919, 2837, 1601, 1508, 1303, 1246, 

1175, 1106, 1075, 1029, 951, 834, 815, 798, 776 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 

1.80 (s, br, 1H, OH), 2.47 (dd, J = 13.2, 1.5 Hz, 1H), 2.87 (dd, J = 13.2, 4.5 Hz, 1H), 

2.99-3.04 (m, 1H), 3.75 (d, J = 6.3 Hz, 2H, CH2O), 3.81 (s, 3H, CH3O), 6.18 (d, J = 0.6 Hz, 

1H, =CH), 6.85 (d, J = 9.0 Hz, 2H, ArH), 7.30 (d, J = 9.0 Hz, 2H, ArH); 13C NMR (75 MHz, 

CDCl3, TMS): δ 31.5, 40.5, 55.2, 66.0, 113.6, 124.6, 125.8, 127.5, 146.6, 159.3; MS (EI) m/z 

(%): 190 (M+, 39.20), 159 (100.00), 144 (32.54), 129 (19.78), 128 (26.51), 127 (19.78), 116 

(23.32), 115 (38.14); Anal. Calcd for C12H14O2: C, 75.76; H, 7.42. Found: C, 75.54; H, 7.36. 

 



 S5 

 
 

OH

PhOMe-4  

[2-(4-Methoxyphenyl)cyclobut-2-enyl]methanol 3a: 

A colorless solid. Mp. 83-85 oC; IR (film): ν 3450, 2937, 2838, 1672, 1600, 1577, 1512, 1461, 

1303, 1250, 1175, 1031, 835 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.61 (s, br, 1H, OH), 

2.27 (d, J = 13.8 Hz, 1H), 2.64 (dd, J = 13.8, 4.2 Hz, 1H), 3.38-3.43 (m, 1H), 3.81 (s, 3H, 

CH3O), 3.85-3.89 (m, 1H, CHO), 3.94-4.00 (m, 1H, CHO), 6.24 (s, 1H, =CH), 6.86 (d, J = 8.7 

Hz, 2H, ArH), 7.33 (d, J = 8.7 Hz, 2H, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 30.1, 44.1, 

55.3, 64.7, 113.9, 125.6, 126.1, 127.2, 146.3, 159.2; MS (EI) m/z (%): 190 (M+, 10.45), 147 

(16.19), 132 (20.89), 131 (83.55), 103 (40.71), 77 (38.03), 57 (100.00), 51 (19.56), 41 (36.11); 

HRMS (EI) Calcd. For C12H14O2 190.0994, Found: 190.0997. 
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3-BnOPh

OH

 
[3-(3-(Benzyloxy)phenyl)cyclobut-2-enyl]methanol 2b: 

A colorless, viscous liquid. IR (film): ν 3440, 3063, 3032, 2916, 1582, 1486, 1444, 1380, 1319, 

1287, 1219, 1027, 777, 738, 697 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.90 (s, br, 1H, 

OH), 2.45 (d, J = 12.9 Hz, 1H), 2.86 (dd, J = 12.9, 4.5 Hz, 1H), 2.98-3.03 (m, 1H), 3.73 (d, J 
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= 6.3 Hz, 2H, CH2O), 5.04 (s, 2H, PhCH2O), 6.32 (s, 1H, =CH), 6.87 (dd, J = 5.1, 1.2 Hz, 2H, 

ArH), 6.96-6.98 (m, 2H, ArH), 7.20-7.44 (m, 5H, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 

31.5, 40.7, 65.8, 69.9, 110.9, 114.3, 117.3, 127.5, 127.8, 127.9, 128.5, 129.4, 135.8, 136.8, 

146.8, 158.8; MS (EI) m/z (%): 266 (M+, 4.93), 235 (5.47), 159 (3.81), 149 (2.87), 131 (2.88), 

92 (7.92), 90 (100.00), 65 (8.90); HRMS (EI) Calcd. For C18H18O 266.1307, Found: 

266.1301. 

 

 
 

3,4,5-(MeO)3Ph

OH
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[3-(3,4,5-Trimethoxyphenyl)cyclobut-2-enyl]methanol 2c: 

A colorless solid. Mp. 99-101 oC; IR (film): ν 3442, 2938, 2838, 1579, 1503, 1462, 1415, 

1343, 1237, 1126, 1056, 1006, 817 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 2.22 (s, br, 1H, 

OH), 2.48 (d, J = 13.2 Hz, 1H), 2.88 (dd, J = 13.2, 4.5 Hz, 1H), 2.99-3.04 (m, 1H), 3.75 (d, J 

= 6.3 Hz, 2H, CH2O), 3.84 (s, 3H, CH3O), 3.87 (s, 6H, 2CH3O), 6.29 (s, 1H, =CH), 6.58 (s, 

2H, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 31.4, 40.2, 55.9 (2C), 60.8, 65.7, 101.4, 126.9, 

130.2, 137.9, 146.5, 153.1; MS (EI) m/z (%): 250 (M+, 76.38), 219 (100.00), 217 (51.34), 201 

(92.36), 189 (53.08), 188 (49.55), 174 (26.67), 77 (29.74); HRMS (EI) Calcd. For C14H18O4 

250.1205, Found: 250.1202. 
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OH

C6H2(OMe)3-3.4,5  

[2-(3,4,5-trimethoxyphenyl)cyclobut-2-enyl]methanol 3c: 

A colorless, viscous liquid. IR (film): ν 3496, 2940, 2838, 1678, 1586, 1502, 1459, 1413, 1340, 

1235, 1004 839, 732 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 2.26 (d, J = 14.4 Hz, 1H), 

2.65 (dd, J = 14.4, 4.5 Hz, 1H), 3.40-4.45 (m, 1H), 3.84 (s, 3H, CH3O), 3.87 (s, 6H, 2CH3O), 

3.87-3.95 (m, 2H, CH2O), 6.32 (s, 1H, =CH), 6.64 (s, 2H, ArH); MS (EI) m/z (%): 250 (M+, 

13.63), 219 (16.07), 210 (16.78), 195 (64.23), 84 (100.00), 86 (71.94), 49 (19.77), 47 (22.25); 

HRMS (EI) Calcd. For C14H18O4 250.1205, Found: 250.1208. 

 
 

2,5-(MeO)2Ph

OH

 
[3-(2,5-Dimethoxyphenyl)cyclobut-2-enyl]methanol 2d: 

A colorless, viscous liquid. IR (film): ν 3470, 2996, 2911, 2833, 1582, 1502, 1464, 1278, 1244, 

1179, 1023, 827, 803, 736 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.76 (s, br, 1H, OH), 

2.52 (dd, J = 12.9, 2.1 Hz, 1H), 2.92 (dd, J = 12.9, 4.2 Hz, 1H), 3.05-3.07 (m, 1H), 3.76 (d, J 

= 6.3 Hz, 2H, CH2O), 3.77 (s, 3H, CH3O), 3.83 (s, 3H, CH3O), 6.42 (d, J = 0.9 Hz, 1H, =CH), 

6.73-6.75 (m, 1H, ArH), 6.77 (s, 1H, ArH), 6.78-6.80 (m, 1H, ArH); 13C NMR (75 MHz, 

CDCl3, TMS): δ 32.5, 41.7, 55.5, 55.7, 65.9, 111.2, 112.8, 113.3, 123.8, 132.6, 143.4, 152.7, 
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153.2; MS (EI) m/z (%): 220 (M+, 100.00), 189 (74.17), 187 (61.60), 174 (72.45), 161 (66.82), 

159 (49.73), 91 (43.55), 77 (51.64); HRMS (EI) Calcd. For C13H16O3 220.1099, Found: 

220.1096. 

 

 
 

OH

Ph(OMe)2-2,5  

[2-(2,5-Dimethoxyphenyl)cyclobut-2-enyl]methanol 3d: 

A colorless, viscous liquid. IR (film): ν 3440, 2938, 2834, 1497, 1464, 1416, 1280, 1224, 1179, 

1045, 1023, 808 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 2.31 (d, J = 14.4 Hz, 1H), 2.69 

(dd, J = 14.4, 4.2 Hz, 1H), 3.44-3.50 (m, 1H), 3.78 (s, 3H, CH3O), 3.83 (s, 3H, CH3O), 
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3.86-3.90 (m, 1H, CHO), 3.93-3.98 (m, 1H, CHO), 6.48 (s, 1H, =CH), 6.77 (d, J = 8.7 Hz, 1H, 

ArH), 6.80 (s, 1H, ArH), 6.86 (d, J = 8.7 Hz, 1H, ArH); HRMS (EI) Calcd. For C13H16O3 

220.1099, Found: 220.1089. 

 
 

4-MePh

OH

 

[3-(4-Methyl)cyclobut-2-enyl]methanol 2e: 

A colorless, viscous liquid. IR (film): ν 3419, 3057, 3028, 2916, 1720, 1686, 1489, 1448, 1275, 

1230, 1026, 750, 694 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 2.33 (s, 3H, CH3), 2.46 (d, J 

= 12.9 Hz, 1H), 2.87 (dd, J = 12.9, 4.5 Hz, 1H), 2.98-3.04 (m, 1H), 3.73 (d, J = 6.3 Hz, 2H, 

CH2O), 6.26 (s, 1H, =CH), 7.12 (d, J = 7.8 Hz, 2H, ArH), 7.26 (d, J = 7.8 Hz, 2H, ArH); 13C 

NMR (75 MHz, CDCl3, TMS): δ 21.3, 31.4, 40.7, 66.0, 124.4, 126.0, 129.0, 131.7, 137.8, 

147.1; MS (EI) m/z (%): 174 (M+, 35.70), 156 (25.03), 145 (23.61), 143 (100.00), 141 (32.23), 

128 (91.98), 115 (42.09), 91 (22.42); HRMS (EI) Calcd. For C12H14O 174.1045, Found: 

174.1037. 
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OH

PhMe-4  

[2-(4-Methoxyphenyl)cyclobut-2-enyl]methanol 3e: 

A colorless, viscous liquid. IR (film): ν 3451, 3026, 2922, 2870, 1712, 1681, 1607, 1509, 1446, 

1409, 1275, 1182, 1037, 818 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 2.28 (d, J = 14.1 Hz, 

1H), 2.34 (s, 3H, CH3), 2.65 (dd, J = 14.1, 4.5 Hz, 1H), 3.41-3.45 (m, 1H), 3.83-3.88 (m, 1H, 

CHO), 3.95-4.00 (s, 1H, CHO), 6.32 (s, 1H, =CH), 7.13 (d, J = 8.4 Hz, 2H, ArH), 7.28 (d, J = 

8.4 Hz, 2H, ArH); MS (EI) m/z (%): 174 (M+, 45.75), 142 (52.50), 141 (59.31), 131 (64.64), 
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129 (53.76), 128 (68.24), 119 (48.52), 115 (100.00), 91 (69.06); HRMS (EI) Calcd. For 

C12H14O 174.1045, Found: 174.1037. 

 
 

3-MePh

OH

 
[3-(3-Methyl)cyclobut-2-enyl]methanol 2f: 

A colorless, viscous liquid. IR (film): ν 3458, 3025, 2922, 1607, 1587, 1488, 1455, 1361, 1254, 

1154, 1039, 786 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 2.33 (s, 3H, CH3), 2.46 (dd, J = 

12.9, 1.8 Hz, 1H), 2.87 (dd, J = 12.9, 4.5 Hz, 1H), 2.97-3.03 (m, 1H), 3.72 (d, J = 6.3 Hz, 2H, 

CH2O), 6.30 (d, J = 0.9 Hz, 1H, =CH), 7.06 (d, J = 7.5 Hz, 1H, ArH), 7.14-7.36 (m, 3H, ArH); 
13C NMR (75 MHz, CDCl3, TMS): δ 21.3, 31.4, 40.6, 65.9, 121.5, 125.0, 127.1, 128.1, 128.6, 

134.3, 137.8, 147.0; MS (EI) m/z (%): 174 (M+, 17.05), 143 (88.74), 134 (49.54), 129 (79.11), 

128 (100.00), 119 (67.44), 115 (57.07), 92 (51.79), 91 (98.46); HRMS (EI) Calcd. For 

C12H14O 174.1045, Found: 174.1051. 
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Ph

OH

 
(3-phenylcyclobut-2-enyl)methanol 2g: 

A colorless solid. Mp. 61-63 oC; IR (film): ν 3420, 3060, 2942, 2885, 1683, 1597, 1448, 1353, 

1277, 1215, 1136, 1028, 757, 699 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.84 (s, br, 1H, 

OH), 2.49 (dd, J = 13.5, 1.5 Hz, 1H), 2.90 (dd, J = 13.5, 4.8 Hz, 1H), 3.00-3.06 (m, 1H), 3.75 

(d, J = 6.3 Hz, 2H, CH2O), 6.34 (d, J = 0.9 Hz, 1H, =CH), 7.23-7.39 (m, 5H, ArH); 13C NMR 

(75 MHz, CDCl3, TMS): δ 31.5, 40.7, 65.9, 124.5, 127.3, 127.9, 128.3, 134.4, 147.1; MS (EI) 

m/z (%): 160 (M+, 17.39), 129 (100.00), 128 (57.40), 127 (29.69), 118 (23.31), 103 (22.24), 
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102 (21.41), 77 (27.50), 44 (72.13); Anal. Calcd for C11H12O: C, 82.46; H, 7.55. Found: C, 

82.40; H, 7.56. 

 

 
 

OH

Ph  
[2-phenylcyclobut-2-enyl]methanol 3g: 

A colorless, viscous liquid. IR (film): ν 3419, 2853, 1590, 1488, 1402, 1270, 1217, 1173, 1093, 

1064, 1014, 831 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 2.31 (d, J = 14.4, Hz, 1H), 2.67 

(dd, J = 14.4, 4.8 Hz, 1H), 3.42-3.48 (m, 1H), 3.84-3.90 (m, 1H, CHO), 3.97-4.02 (m, 1H, 

CHO), 6.40 (s, 1H, =CH), 7.24-7.41 (m, 5H, ArH); MS (EI) m/z (%): 160 (M+, 23.44), 142 
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(22.54), 129 (100.00), 128 (67.98), 127 (31.54), 102 (22.24), 77 (27.97), 51 (23.99); HRMS 

(EI) Calcd. For C11H12O 160.0888, Found: 160.0881. 

 
 

4-BrPh

OH

 

[3-(4-bromophenyl)cyclobut-2-enyl]methanol 2h: 

A colorless, viscous liquid. IR (film): ν 3437, 2919, 1688, 1585, 1485, 1398 1361, 1220, 1071, 

1009, 817 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 1.74 (s, br, 1H, OH), 2.47 (dd, J = 13.8, 

1.8 Hz, 1H), 2.88 (dd, J = 13.8, 4.5 Hz, 1H), 2.99-3.05 (m, 1H), 3.76 (d, J = 6.6 Hz, 2H, 

CH2O), 6.36 (d, J = 1.2 Hz, 1H, =CH), 7.22 (d, J = 8.4 Hz, 2H, ArH), 7.44 (d, J = 8.4 Hz, 2H, 

ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 31.4, 40.8, 65.7, 121.7, 126.1, 128.3, 131.4, 133.3, 

145.9; MS (EI) m/z (%): 238 (M+, 12.71), 209 (31.00), 207 (27.34), 141 (21.52), 130 (34.69), 

129 (24.03), 128 (100.00), 115 (18.12), 102 (25.37); HRMS (EI) Calcd. For C11H11OBr 

237.9993, Found: 237.9991. 
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4-ClPh

OH

 
[3-(4-chlorophenyl)cyclobut-2-enyl]methanol 2i: 

A colorless, viscous liquid. IR (film): ν 2959, 2935, 2838, 1674, 1601, 1513, 1304, 1250, 1175, 

1032, 833 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 2.49 (dd, J = 12.9, 1.5 Hz, 1H), 2.88 

(dd, J = 12.9, 4.5 Hz, 1H), 3.01-3.07 (m, 1H), 3.77 (d, J = 5.7 Hz, 2H, CH2O), 6.34 (s, 1H, 

=CH), 7.29 (s, 4H, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 31.4, 40.8, 65.7, 125.8, 128.0, 

128.5, 132.9, 133.5, 146.0; MS (EI) m/z (%): 194 (M+, 35.09), 165 (45.67), 163 (68.11), 141 

(33.74), 129 (30.86), 128 (100.00), 127 (70.02), 75 (30.61); HRMS (EI) Calcd. For C11H11OCl 
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194.0498, Found: 194.0500. 

 

 
 

4-MeOPh  

(E)-1-methoxy-4-[(2-methylcyclopropylidene)methyl]benzene 1j: 

A colorless, viscous liquid. IR (film): ν 2959, 2934, 2838, 1677, 1602, 1513, 1463, 1250, 1175, 

1032, 833 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 0.96-0.99 (m, 1H), 1.18 (d, J = 5.7 Hz, 

3H, CH3), 1.48-1.58 (m, 2H), 3.79 (s, 3H, OCH3), 6.70 (d, J = 1.8 Hz, 1H, =CHAr), 6.86 (d, J 

= 8.4 Hz, 2H, ArH), 7.46 (d, J = 8.4 Hz, 2H, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 7.7, 
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11.5, 18.0, 55.2, 113.8, 116.7, 127.6, 128.8, 131.2, 158.5; MS (EI) m/z (%): 174 (M+, 15.97), 

159 (49.03), 148 (100.00), 147 (61.87), 135 (77.56), 134 (63.20), 121 (98.20), 91 (68.00), 77 

(69.99); HRMS (EI) Calcd. For C12H14O 174.1045, Found: 174.1053. 

 

 
 

4-MeOPh PhOMe-4

2j 3j  
Mixtures of 2j and 3j are not stable under air atmosphere: 

A colorless, viscous liquid. IR (film): ν 2958, 2934, 1603, 1512, 1303, 1250, 1176, 1032, 832 

cm-1; For 2j: 1H NMR (300 MHz, CDCl3, TMS): δ 1.20 (d, J = 6.9 Hz, 3H, CH3), 2.23 (dd, J 

= 12.6, 1.2 Hz, 1H), 2.84-2.90 (m, 1H), 2.93 (dd, J = 12.6, 4.5 Hz, 1H), 3.80 (s, 3H, OCH3), 
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6.21 (d, J = 0.6 Hz, 1H, =CH), 6.84 (d, J = 8.7 Hz,, 2H, ArH), 7.28 (d, J = 8.7 Hz,, 2H, ArH); 
13C NMR (75 MHz, CDCl3, TMS): δ 19.9, 33.6, 36.2, 55.2, 113.6, 125.6, 128.2, 130.2, 143.6, 

159.0; For mixture of 2j and 3j: MS (EI) m/z (%): 174 (M+, 92.56), 175 (M++1, 13.83), 173 

(22.41), 160 (12.97), 159 (100.00), 143 (21.47), 115 (15.61), 91 (12.04); HRMS (EI) Calcd. 

For C12H14O 174.1045, Found: 174.1048. 

 

 

 

m-BnOPh

OBn PdCl2, CuBr2,
NaHCO3, DCM

Ar, rt, 6h m-BnOPh

OBn

1m 2m, 82% yield  
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Ph

NHBn PdCl2, CuBr2,
NaHCO3, DCM

Ar, rt
1n  

m-BnOPh

OBn

 

(E)-1-(benzyloxy)-3-((2-(benzyloxymethyl)cyclopropylidene)methyl)benzene 1m: 

A colorless, viscous liquid. IR (film): ν 3064, 3032, 2927, 2864, 1720, 1686, 1582, 1496, 1453, 

1439, 1378, 1363, 1263, 1177, 1098, 1026, 785, 738, 697 cm-1; 1H NMR (300 MHz, CDCl3, 

TMS): δ 1.22-1.26 (m, 1H), 1.64 (td, J = 9.0, 1.8 Hz, 1H), 1.86-1.90 (m, 1H), 3.36 (dd, J = 

10.5, 7.8 Hz, 1H), 3.54 (dd, J = 10.5, 6.3 Hz, 1H), 4.53 (d, J = 12.3 Hz, 1H), 4.58 (d, J = 17.7 

Hz, 1H), 5.06 (s, 2H), 6.76 (d, J = 1.5 Hz, 1H), 6.82 (dd, J = 8.4, 2.1 Hz, 1H), 7.09 (d, J = 7.5 

Hz, 1H, ArH), 7.15 (s, 1H, ArH), 7.20-7.44 (m, 11H); 13C NMR (75 MHz, CDCl3, TMS): δ 

9.9, 13.2, 69.9, 72.6, 72.7, 112.9, 113.5, 119.0, 119.8, 126.5, 127.4, 127.6, 127.7, 127.9, 128.4, 

128.5, 129.4, 137.0, 138.3, 139.1, 158.9; MS (EI) m/z (%): 356 (M+, 0.10), 265 (3.28), 159 

(2.87), 115 (1.32), 92 (7.72), 91 (100.00), 82 (2.26), 77 (1.29), 65 (7.87); HRMS (ESI) Calcd. 

For C25H24O2Na+ 379.1670, Found: 379.1669. 
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m-BnOPh

OBn

 

1-(benzyloxy)-3-(3-(benzyloxymethyl)cyclobut-1-enyl)benzene 2m: 

A colorless, viscous liquid. IR (film): ν 3064, 3032, 2930, 2866, 1739, 1598, 1489, 1453, 1381, 

1262, 1155, 1097, 1027, 738, 697 cm-1; 1H NMR (300 MHz, CDCl3, TMS): 2.42 (dd, J = 13.2, 

1.8 Hz, 1H), 2.92 (dd, J = 13.2, 4.2 Hz, 1H), 3.07-3.13 (m, 1H), 3.57 (dd, J = 6.9, 1.5 Hz, 2H, 

CH2O), 4.56 (s, 2H), 5.06 (s, 2H), 6.36 (s, 1H, =CH), 6.87 (d, J = 8.4 Hz, 1H, ArH), 6.97 (d, J 

= 7.2 Hz, 2H, ArH), 7.21-7.45 (m, 11H, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 32.3, 38.5, 

69.9, 73.2, 73.9, 110.8, 114.2, 117.3, 127.5, 127.6, 127.7, 128.0, 128.4, 128.6, 128.8, 129.4, 

136.0, 136.9, 138.5, 145.1, 158.9; MS (EI) m/z (%): 265 (M+-Bn, 0.26), 211 (5.43), 121 (3.56), 

106 (4.54), 105 (9.50), 92 (8.70), 91 (100.00), 77 (6.31), 65 (6.91). 
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O

Br

Ph  
3-(bromomethyl)-2-phenyl-2,5-dihydrofuran 4g: 

A colorless, viscous liquid. IR (film): ν 3062, 3029, 2852, 1682, 1598, 1491, 1448, 1254, 1216, 

1060, 1027, 971, 838, 762, 699 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 3.54 (d, J = 11.1 

Hz, 1H, CHBr), 3.99 (d, J = 11.1 Hz, 1H, CHBr), 4.73-4.90 (m, 2H, CH2O), 5.85 (s, br, 1H, 

=CH), 6.06 (s, 1H, ArCHO), 7.25-7.41 (m, 5H, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 

25.8, 75.4, 87.6, 125.9, 126.6, 128.3, 128.6, 139.1, 140.4; MS (EI) m/z (%): 238 (M+, 27.66), 
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157 (68.96), 145 (70.53), 131 (23.70), 129 (45.16), 128 (33.54), 105 (100.00), 77 (38.77); 

HRMS (EI) Calcd. For C11H11OBr 237.9993, Found: 237.9995.  

 

 
 

OPh

Br

 

(anti-2,4)-4-bromo-3-methylene-2-phenyltetrahydrofuran 5g (combined with some amount 

of unknown products): 

A colorless, viscous liquid. IR (film): ν 3062, 3030, 2925, 2854, 1493, 1454, 1216, 1081, 1059, 

1028, 965, 912, 753, 699 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 4.16 (dd, J = 10.2, 5.7 

Hz, 1H, CHO), 4.53 (dd, J = 10.2, 6.0 Hz, 1H, CHO), 4.93 (dd, J = 3.0, 1.2 Hz, 1H), 5.00-5.04 
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(m, 1H), 5.50 (s, 1H), 5.51 (dd, J = 2.4, 1.2 Hz, 1H), 7.25-7.40 (m, 5H, ArH); 13C NMR (75 

MHz, CDCl3, TMS): δ 47.2, 75.2, 81.6, 112.9, 127.2, 128.3, 128.6, 139.9, 151.8; MS (EI) m/z 

(%): 238 (M+, 4.64), 159 (23.76), 129 (9.60), 128 (9.17), 106 (9.09), 105 (100.00), 91 (8.55), 

77 (12.67), 53 (10.82); HRMS (EI) Calcd. For C11H11OBr 237.9993, Found: 238.0001. 

 

 
 

O

Br

4-BrPh  
3-(bromomethyl)-2-(4-bromophenyl)-2,5-dihydrofuran 4h:  

A colorless solid. Mp. 45-47 oC; IR (film): ν 3084, 2954, 2852, 1686, 1586, 1484, 1431, 1406, 

1252, 1217, 1070, 1010, 816, 632 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 3.52 (d, J = 11.1 
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Hz, 1H, CHBr), 3.99 (d, J = 11.1 Hz, 1H, CHBr), 4.72-4.88 (m, 2H, CH2O), 5.80 (s, br, 1H, 

=CH), 6.07 (s, 1H, ArCHO), 7.20 (d, J = 8.4 Hz, 2H, ArH), 7.50 (d, J = 8.4 Hz, 2H, ArH); 13C 

NMR (75 MHz, CDCl3, TMS): δ 25.5, 75.4, 87.0, 122.2, 126.2, 128.3, 131.8, 138.8, 139.5; 

MS (EI) m/z (%): 318 (M+, 27.66), 237 (62.88), 223 (36.39), 185 (39.57), 183 (35.74), 157 

(46.11), 156 (100.00), 129 (64.05), 128 (61.92); HRMS (EI) Calcd. For C11H10OBr2 315.9098, 

Found 315.9085. Anal. Calcd for C11H10OBr2: C, 41.44; H, 3.17. Found: C, 41.59; H, 3.29. 

 

 
 

O4-BrC6H4

Br

 
(anti-2,4)4-bromo-2-(4-bromophenyl)-3-methylenetetrahydrofuran 5h (combined with 
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some amount of unknown products): 

A colorless, viscous liquid. IR (film): ν 2960, 2856, 1591, 1486, 1404, 1216, 1070, 1010, 965, 

846, 814 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 4.15 (dd, J = 10.5, 5.4 Hz, 1H, CHO), 

4.51 (dd, J = 10.5, 6.0 Hz, 1H, CHO), 4.89 (s, 1H), 4.97-5.01 (m, 1H), 5.46 (s, 1H), 5.50 (s 

1H), 7.19 (d, J = 8.4 Hz, 2H, ArH), 7.49 (d, J = 8.4 Hz, 2H, ArH); 13C NMR (75 MHz, CDCl3, 

TMS): δ 46.8, 75.2, 80.9, 113.0, 122.3, 128.9, 131.7, 138.9, 151.5; MS (EI) m/z (%): 316 (M+, 

6.86), 239 (44.57), 237 (39.90), 185 (92.81), 183 (100.00), 129 (46.02), 128 (42.88), 105 

(31.16), 53 (57.09); HRMS (EI) Calcd. For C11H10OBr2 315.9098, Found: 315.9092. 
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O

Br

4-ClPh  

3-(bromomethyl)-2-(4-chlorophenyl)-2,5-dihydrofuran 4i: 

A colorless, viscous liquid. IR (film): ν 2853, 1682, 1590, 1488, 1402, 1270, 1217, 1093, 1064, 
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1014, 831 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 3.51 (d, J = 11.1 Hz, 1H, CHBr), 3.99 

(d, J = 11.1 Hz, 1H, CHBr), 4.71-4.89 (m, 2H, CH2O), 5.82 (s, br, 1H, =CH), 6.07 (s, 1H, 

ArCHO), 7.27 (d, J = 8.1 Hz, 2H, ArH), 7.34 (d, J = 8.1 Hz, 2H, ArH); 13C NMR (75 MHz, 

CDCl3, TMS): δ 25.5, 75.4, 86.9, 126.2, 128.0, 128.8, 134.0, 138.8, 138.9; MS (EI) m/z (%): 

272 (M+, 30.09), 193 (38.10), 191 (100.00), 179 (49.64), 156 (49.23), 139 (54.92), 129 (35.50), 

128 (55.97); HRMS (EI) Calcd. For C11H10OBrCl 271.9604, Found: 271.9603. 

 

 
 

O4-ClC6H4

Br

 

(anti-2,4)4-bromo-2-(4-chlorophenyl)-3-methylenetetrahydrofuran 5i (combined with 
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some amount of unknown products): 

A colorless, viscous liquid. IR (film): ν 2953, 2852, 1597, 1490, 1410, 1218, 1191, 1090, 1066, 

1014, 847, 816, 635, 604 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 4.15 (dd, J = 10.2, 5.4 

Hz, 1H, CHO), 4.52 (dd, J = 10.2, 6.0 Hz, 1H, CHO), 4.89 (s, 1H), 4.98-5.02 (m, 1H), 5.47 (s, 

1H), 5.51 (d, J = 0.9 Hz, 1H), 7.25 (d, J = 8.1 Hz, 2H, ArH), 7.34 (d, J = 8.1 Hz, 2H, ArH); 
13C NMR (75 MHz, CDCl3, TMS): δ 46.9, 75.2, 80.9, 113.0, 128.6, 128.7, 134.1, 138.4, 151.5; 

MS (EI) m/z (%): 272 (M+, 4.29), 239 (12.40), 237 (11.01), 193 (19.19), 141 (40.17), 139 

(100.00), 129 (14.27), 128 (14.56), 53 (19.85); HRMS (EI) Calcd. For C11H10OBrCl 271.9604, 

Found: 271.9613. 
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O

Br

4-FPh  
3-(bromomethyl)-2-(4-fluorophenyl)-2,5-dihydrofuran 4k: 

A colorless, viscous liquid. IR (film): ν 3071, 2954, 2852, 1603, 1507, 1429, 1295, 1225, 1192, 

1157, 1064, 1014, 856, 832, 611 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 3.52 (dd, J = 10.8, 

0.9 Hz, 1H, CHBr), 4.00 (d, J = 10.8 Hz, 1H, CHBr), 4.71-4.88 (m, 2H, CH2O), 5.83 (s, br, 

1H, =CH), 6.08 (s, 1H, ArCHO), 7.03-7.10 (m, 2H, ArH), 7.26-7.33 (m, 2H, ArH); 13C NMR 

(75 MHz, CDCl3, TMS): δ 25.6, 75.3, 87.0, 115.5 (d, J = 21.8 Hz), 126.1, 128.4 (d, J = 8.0 

Hz), 136.2 (d, J = 3.5 Hz), 138.9, 162.6 (d, J = 245.0 Hz); MS (EI) m/z (%): 256 (M+, 18.61), 

175 (27.67), 163 (100.00), 149 (25.60), 147 (30.11), 146 (26.39), 123 (80.42), 109 (36.28), 53 

(31.14); HRMS (EI) Calcd. For C11H10BrFO 255.9899, Found: 255.9899. 
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O4-FC6H4

Br

 
(anti-2,4)4-bromo-2-(4-fluorophenyl)-3-methylenetetrahydrofuran 5k (combined with 

some amount of unknown products): 

A colorless, viscous liquid. IR (film): ν 3070, 2926, 2853, 1604, 1508, 1467, 1295, 1222, 1191, 

1156, 1062, 1014, 856, 829, 642, 611, 534 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 4.15 

(dd, J = 10.2, 5.4 Hz, 1H, CHO), 4.52 (dd, J = 10.2, 6.0 Hz, 1H, CHO), 4.89 (dd, J = 1.8, 1.8 

Hz, 1H), 4.99-5.03 (m, 1H), 5.48 (d, J = 1.8 Hz, 1H), 5.52 (dd, J = 1.8, 1.8 Hz, 1H), 7.03-7.09 

(m, 2H, ArH), 7.27-7.31 (m, 2H, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 46.9, 75.1, 81.0, 

113.0, 115.5 (d, J = 21.7 Hz), 129.1 (d, J = 10.0 Hz), 135.6 (d, J = 3.0 Hz), 151.8, 162.6 (d, J 

= 245.0 Hz); MS (EI) m/z (%): 256 (M+, 21.76), 163 (51.19), 149 (52.38), 123 (100.00), 109 

(37.52), 108 (33.37), 57 (40.69), 44 (58.54), 43 (48.17); HRMS (EI) Calcd. For C11H10BrFO 

255.9899, Found: 255.9897. 
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O

Br

2,3-Cl2Ph  

3-(bromomethyl)-2-(2,3-dichlorophenyl)-2,5-dihydrofuran 4l: 

A colorless, viscous liquid. IR (film): ν 3116, 3071, 2928, 2854, 1763, 1578, 1509, 1453, 1419, 

1284, 1254, 1214, 1158, 1050, 896, 788, 719, 667 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 

3.70 (d, J = 11.4 Hz, 1H, CHBr), 3.98 (d, J = 11.4 Hz, 1H, CHBr), 4.76-4.93 (m, 2H, CH2O), 

6.16 (s, 1H, ArCHO), 6.34 (s, br, 1H, =CH), 7.23 (d, J = 6.0 Hz, 1H, ArH), 7.24 (d, J = 3.6 Hz, 

1H, ArH), 7.43 (dd, J = 6.0, 3.6 Hz, 1H, ArH); 13C NMR (75 MHz, CDCl3, TMS): δ 24.8, 75.5, 

84.7, 127.0, 127.57, 127.64, 130.2, 131.3, 133.3, 138.4, 140.3; MS (EI) m/z (%): 306 (M+, 
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6.00), 227 (56.82), 225 (49.30), 215 (55.41), 213 (81.75), 190 (43.35), 175 (64.22), 173 

(100.00), 163 (37.73); HRMS (EI) Calcd. For C11H9OBrCl2 305.9214, Found: 305.9212. 

 

 

 

O2,3-Cl2C6H3

Br

 
(anti-2,4)4-bromo-2-(2,3-dichlorophenyl)-3-methylenetetrahydrofuran 5l (combined with 

some amount of unknown products): 

A colorless, viscous liquid. IR (film): ν 3068, 2926, 2858, 1351, 1422, 1213, 1181, 1157, 1103, 

1071, 1043, 969, 919, 853, 782, 742, 720 cm-1; 1H NMR (300 MHz, CDCl3, TMS): δ 4.21 (dd, 

J = 10.2, 5.4 Hz, 1H, CHO), 4.57 (dd, J = 10.2, 6.0 Hz, 1H, CHO), 5.00-5.03 (m, 2H), 
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4.49-5.50 (m, 1H), 6.01 (d, J = 2.1Hz, 1H), 7.23 (dd, J = 13.8, 7.5 Hz, 1H, ArH), 7.29 (dd, J = 

7.5, 1.8 Hz, 1H, ArH), 7.43 (dd, J = 7.5, 1.8 Hz, 1H, ArH); 13C NMR (75 MHz, CDCl3, TMS): 

δ 46.9, 75.4, 78.5, 112.9, 126.5, 127.6, 130.0, 131.2, 133.3, 140.2, 149.6; MS (EI) m/z (%): 

306 (M+, 0.28), 229 (16.65), 227 (20.48), 177 (13.94), 175 (68.52), 173 (100.00), 128 (10.91), 

127 (10.25), 53 (25.32); HRMS (EI) Calcd. For C11H9OBrCl2 305.9214, Found: 305.9226. 
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An alternative mechanism of the reactions under air is provided below. First, PdX2 coordinates 

to the carbon-carbon double bonds of substrates 1 to furnish intermediate H, then the hydroxyl 

group attacks at the carbon-carbon double bonds to give cyclopropyl-Pd complex I, which 

undergoes ring-opening reactions to afford π-allylpalladium comples J. Bromination of the 

π-allylpalladium complex delivers brominated furan derivatives 4 and 5.  

 

Ar

OH PdX2,
X = Cl or Br

Ar

OH

X2Pd
O

XPd

Ar

OAr

PdX

-HX

CuBr2

-PdXBr
OAr

Br

OAr

Br

+

4 5

1

Slowly

Alternative Mechanism (Wacker-type reaction) of the Reactions under Air

H I

J  
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The crystal data of 2a have been deposited in CCDC with number 665100. Empirical Formula: 

C12H14O2; Formula Weight: 190.23; Crystal Color, Habit: colorless, prismatic; Crystal System: 

Monoclinic; Lattice Type: Primitive; Lattice Parameters: a = 46.33(2)Å, b = 5.461(3)Å, c = 

8.220(4)Å, α = 90o, β = 92.926o, γ = 90o, V = 2077.2(18)Å3; Space group: P2(1)/c; Z = 8; Dcalc 

= 1.217 g/cm3; F000 = 816; Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 0.0677, 0.1706.  
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The crystal data of 4h have been deposited in CCDC with number 674227. Empirical Formula: 

C11H10Br2O; Formula Weight: 318.01; Crystal Color, Habit: colorless, prismatic; Crystal 

System: Orthorhombic; Lattice Type: Primitive; Lattice Parameters: a = 6.0931(9)Å, b = 

13.8466(19)Å, c = 26.311(4)Å, α = 90o, β = 90o, γ = 90o, V = 2219.8(5)Å3; Space group: 

Pna2(1); Z = 8; Dcalc = 1.903 g/cm3; F000 = 1232; Diffractometer: Rigaku AFC7R; Residuals: 

R; Rw: 0.0928, 0.2064.  
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Crystal data 

 

The crystal data of 4h have been deposited with the CCDC, number 674227. Empirical 

Formula: C11H10Br2O; Formula Weight: 318.01; Crystal Color, Habit: colorless, prismatic; 

Crystal System: Orthorhombic; Lattice Type: Primitive; Lattice Parameters: a = 6.0931(9)Å, b 

= 13.8466(19)Å, c = 26.311(4)Å, α = 90o, β = 90o, γ = 90o, V = 2219.8(5)Å3; Space group: 

Pna2(1); Z = 8; Dcalc = 1.903 g/cm3; F000 = 1232; Diffractometer: Rigaku AFC7R; Residuals: 

R; Rw: 0.0928, 0.2064.  
 
 

 
 

ORTEP drawings of 2a (left) and  4h (right). 
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