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1. General remarks 
1H NMR spectra were recorded on commercial instruments (400 MHz). Chemical shifts were reported 

in ppm from tetramethylsilane with the solvent resonance as the internal standard (CDCl3, δ = 7.26; 

DMSO, δ = 2.49). Spectra were reported as follows: chemical shift (δ ppm), multiplicity (s = singlet, d 

= doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz), integration and assignment. 

13C NMR spectra were collected on commercial instruments (100 MHz) with complete proton 

decoupling. Chemical shifts are reported in ppm from the tetramethylsilane with the solvent resonance 

as internal standard (CDCl3, δ = 77.0; DMSO, δ = 39.6). Melting points (m.p.) were measured on 

electrothermal digital melting point apparatus and were uncorrected. Enantiomeric excesses (ee) were 

determined by HPLC analysis using the corresponding commercial chiral column as stated in the 

experimental procedures at 23 oC. Optical rotations were reported as follows: [α]T
D (c g/100 mL, in 

ethyl acetate). HRMS was recorded on a commercial apparatus (ESI Source). All catalytic reactions 

were run in dried glassware using standard techniques. CH2Cl2, DCE, CHCl2CHCl2was distilled over 

CaH2. Toluene and THF were freshly distilled from sodium metal prior to use. All liquid alkynes were 

commercial aviable. 

 

2. Typical procedure for catalytic asymmetric [3+2] cycloaddition of oxiranes 

and alkynes 
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N,N'-dioxide L2 (7.7 mg, 0.11 mmol), Ni(ClO4)2·6H2O (3.7 mg, 0.01 mmol), LiNTf2 (15 mol%) and 4 

Å MS (20.0 mg) were stirred in 0.5 mL CHCl2CHCl2 at 35 oC under N2 atmosphere for 0.5 h, then 

1-ethynyl-4-methoxybenzene (26.0 μL, 0.2 mmol) was added. After the temperature decreased to 30 °C, 

(3-phenyloxirane-2,2-diyl)bis(phenylmethanone) 1a (32.8 mg, 0.1 mmol) was added. The mixture was 

stirred at 30 °C for 24 h. The reaction mixture was purified by flash chromatography (petroleum ether: 

ethyl acetate = 5:1) on silica gel to afford the desired product.  

 

3. Investigation of the molar ratio of L6 to Ni(ClO4)2·6H2O 

 

entry ligand L/metal yield (%)b ee (%)c 

1 L6 1:1 93 88 

2 L6 1.1:1 93 92 

3 L6 1.2:1 70 92 

4 L6 1.5:1 28 90 

[a] Unless otherwise noted, all reactions were carried out with L-metal (10 mol%), 1a (0.10 mmol), 2a (0.20 mmol, 2.0 eq.), LiNTf2 (15 

mol%), and 20 mg 4Å MS in CHCl2CHCl2 (0.5 mL) under N2 at 30 °C for 24 h. [b] Isolated yield. [c] Determined by chiral HPLC analysis. 

 

4. Characterization of the oxiranes[1] 

(E)-(3-styryloxirane-2,2-diyl)bis(phenylmethanone): Yellow solid; 

M.P.: 66-68 oC; 1H NMR (400 MHz, CDCl3) δ 8.16 – 8.02 (m, 4H), 

7.60 – 7.51 (m, 2H), 7.49 – 7.40 (m, 4H), 7.00 (d, J = 15.9 Hz, 1H), 

5.88 – 5.75 (m, 1H), 4.31 (dd, J = 8.5, 1.9 Hz, 1H) ppm; 13C NMR (101 

MHz, CDCl3) δ = 192.29, 192.10, 138.83, 135.34, 134.87, 134.46, 134.35, 129.93, 129.83, 128.83, 

128.80, 128.67, 126.91, 120.79, 72.62, 63.10 ppm. 

(3-phenyloxirane-2,2-diyl)bis((4-bromophenyl)methanone): 

White solid; M.P.: 58-60 oC; 1H NMR (400 MHz, CDCl3) δ 8.10 – 

7.98 (m, 2H), 7.85 – 7.75 (m, 2H), 7.69 – 7.58 (m, 2H), 7.54 – 7.46 

(m, 2H), 7.32 – 7.24 (m, 5H), 4.64 (s, 1H) ppm; 13C NMR (101 

MHz, CDCl3) δ = 191.03, 190.02, 133.15, 132.70, 132.28, 132.04, 

131.91, 131.57, 131.14, 130.34, 130.04, 129.19, 128.59, 126.20, 

73.80, 62.68 ppm. 

 

5. Characterization of the products 

(3-(4-methoxyphenyl)-5-phenyl-2,5-dihydrofuran-2,2-diyl)bis(p

henylmethanone) 3a:
 [1] [2] White solid; M.P.: 56-58 oC; 93% yield 

(petroleum ether : EtOAc = 5: 1); [α]20
D = +268.37 (c 0.72, 

CH2Cl2); the ee was determined by HPLC analysis using a chiral 

IC column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), tr (minor) 

= 8.63 min, tr (major) = 13.73 min, 93% ee; 1H NMR (400 MHz, CDCl3): 8.05 – 7.98 (m, 2H), 7.94 – 

7.88 (m, 2H), 7.61 – 7.53 (m, 1H), 7.49 – 7.42 (m, 5H), 7.33 – 7.27 (m, 2H), 7.27 – 7.23 (m, 5H), 
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6.82 (d, J = 8.8 Hz, 2H), 6.54 (d, J = 2 Hz, 1H), 6.17 (d, J = 2 Hz, 1H), 3.77 (s, 3H) ppm; 13C NMR 

(101 MHz, CDCl3) δ = 198.58, 196.56, 159.77, 141.46, 138.90, 135.99, 134.79, 133.13, 132.73, 130.08, 

129.83, 129.27, 128.61, 128.56, 128.42, 128.38, 128.14, 127.18, 124.39, 113.70, 101.63, 88.98, 55.24 

ppm.  

 

 

Retention Time Area % Area 

8.625 292202 3.55 

13.731 7928970 96.45 

 

(5-(2-fluorophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran-2,2-

diyl)bis(phenylmethanone) 3b: Viscous oil in 68% yield 

(petroleum ether : EtOAc = 5: 1); [α]15
D = +261.09 (c 0.59, CH2Cl2); 

the ee was determined by HPLC analysis using a chiral IC column 

(iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), tr (minor) = 7.49 min, 

tr (major) = 9.80 min, 92% ee; 1H NMR (400 MHz, CDCl3) δ 8.05 – 8.00 (m, 2H), 7.97 – 7.92 (m, 2H), 

7.61 – 7.56 (m, 1H), 7.52 – 7.45 (m, 5H), 7.38 – 7.33 (m, 2H), 7.24 – 7.17 (m, 1H), 7.15 – 7.09 (m, 

1H), 7.03 – 6.93 (m, 2H), 6.82 (d, J = 8.8 Hz, 2H), 6.62 (t, J = 1.6 Hz, 1H), 6.51 (d, J = 1.3 Hz, 1H), 

3.77 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.42, 196.22, 160.99, 159.78, 158.54, 141.30, 

135.87, 134.68, 133.21, 132.84, 130.06, 129.80, 129.77, 129.68, 129.23, 128.58, 128.24, 127.94, 

127.90, 127.05, 126.32, 126.19, 124.39, 124.36, 124.20, 115.33, 115.12, 113.68, 101.39, 82.65, 82.61, 

55.23 ppm; EI-HRMS: Calcd for C31H23FO4 [M+Na]+ 501.1473, Found 501.1474. 

 

 

Retention Time Area % Area 

7.493 2062473 4.20 

9.800 46998560 95.80 
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(5-(3-methoxyphenyl)-3-(4-methoxyphenyl)-2,5-dihydrof

uran-2,2-diyl)bis(phenylmethanone) 3c: [2] White solid; 

M.P.: 38-40 oC; 99% yield (petroleum ether : EtOAc = 5: 1); 

[α]21
D = +293.43(c 0.97, CH2Cl2); the ee was determined by 

HPLC analysis using a chiral IC column (iPrOH/hexane = 

20/80, 1.0 mL/min, 254 nm), tr (minor) = 9.37 min, tr (major) = 14.26 min, 92% ee; 1H NMR (400 

MHz, CDCl3): δ 8.05 – 7.99 (m, 2H), 7.97 – 7.91 (m, 2H), 7.61 – 7.54 (m, 1H), 7.49 – 7.42 (m, 5H), 

7.35 – 7.29 (m, 2H), 7.20 – 7.13 (m, 1H), 6.86 – 6.80 (m, 3H), 6.79 – 6.74(m, 2H), 6.53 (d, J = 2 

Hz, 1H), 6.17 (d, J = 1.6 Hz, 1H), 3.76 (s, 3H), 3.59 (s, 3H) ppm.; 13C NMR (101 MHz, CDCl3) δ = 

198.70, 196.31, 159.85, 159.77, 141.25, 140.58, 135.98, 134.59, 133.19, 132.79, 130.16, 129.81, 

129.55, 129.23, 128.58, 128.27, 128.21, 124.37, 119.14, 114.80, 113.70, 111.53, 101.63, 88.91, 55.24, 

55.06 ppm; EI-HRMS: Calcd for C32H26O5 [M+K]+ 529.1412, Found 529.1418. 

 

 

Retention Time Area % Area 

9.370 1564403 4.12 

14.262 36424859 95.88 

 

(3-(4-methoxyphenyl)-5-(3-phenoxyphenyl)-2,5-dihydrofu

ran-2,2-diyl)bis(phenylmethanone) 3d: [2] White solid; 

M.P.: 42-44 oC; 90% yield (petroleum ether : EtOAc = 5: 1); 

[α]18
D = +267.10 (c 0.99, CH2Cl2); the ee was determined by 

HPLC analysis using a chiral IC column (iPrOH/hexane = 

20/80, 1.0 mL/min, 254 nm), tr (minor) = 9.47 min, tr (major) = 14.19 min, 93% ee; 1H NMR (400 

MHz, CDCl3) δ 8.03 – 7.98 (m, 2H), 7.91 – 7.85 (m, 2H), 7.61 – 7.54 (m, 1H), 7.49 – 7.42 (m, 5H), 

7.33 – 7.27 (m, 2H), 7.25 – 7.20 (m, 1H), 7.09 (t, J = 7.8 Hz, 1H); 6.99 (d, J = 8.0 Hz, 1H), 6.95 – 

6.86 (m, 4H), 6.82 (d, J = 8.8 Hz,, 2H), 6.54 (d, J = 1.6 Hz, 1H), 6.14 (d, J = 1.6 Hz, 1H), 3.77 (s, 

3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.38, 196.37, 159.81, 157.39, 156.97, 141.71, 141.01, 

135.90, 134.68, 133.16, 132.75, 130.05, 130.01, 129.84, 129.76, 129.27, 128.56, 128.14, 127.86, 

124.29, 123.32, 121.69, 118.84, 118.70, 117.52, 113.70, 101.58, 88.41, 55.24 ppm; EI-HRMS: Calcd 

for C37H28O5 [M+K]+ 591.1568, Found 591.1572. 
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Retention Time Area % Area 

9.470 1620971 3.54 

14.189 44165450 96.46 

 

(3-(4-methoxyphenyl)-5-(m-tolyl)-2,5-dihydrofuran-2,2-diyl)b

is(phenylmethanone) 3e: [2] Viscous oil in 97% yield (petroleum 

ether : EtOAc = 5: 1); [α]21
D = +244.81 (c 0.92, CH2Cl2); the ee 

was determined by HPLC analysis using a chiral IC column 

(iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), tr (minor) = 8.31 

min, tr (major) = 13.28 min, 90% ee; 1H NMR (400 MHz, CDCl3): δ 8.06 – 8.00 (m, 2H), 7.96 – 7.89 

(m, 2H), 7.61 – 7.54 (m, 1H), 7.50 – 7.42 (m, 5H), 7.34 – 7.29 (m, 2H), 7.19 – 7.13 (m, 1H), 7.08 

– 7.02 (m, 3H), 6.83 (d, J = 9.2 Hz, 2H), 6.54 (d, J = 2 Hz, 1H), 6.13 (d, J = 1.6 Hz, 1H), 3.78 (s, 

3H), 3.09 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.55, 196.75, 159.74, 141.35, 138.79, 

138.27, 135.91, 134.86, 133.14, 132.73, 130.11, 129.80, 129.34, 129.14, 128.55, 128.50, 128.43, 

128.14, 127.92, 124.45, 124.22, 113.70, 101.57, 88.96, 55.25, 21.39 ppm; EI-HRMS: Calcd for 

C32H26O4 [M+K]+ 497.1723, Found 497.1734. 

 

 

Retention Time Area % Area 

8.305 834163 5.12 

13.276 15457581 94.88 

 

(5-(3-fluorophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran-2

,2-diyl)bis(phenylmethanone) 3f: Viscous oil in 57% yield 

(petroleum ether : EtOAc = 5: 1); [α]18
D = +239.71 (c 0.61, 

CH2Cl2); the ee was determined by HPLC analysis using a chiral 

IC column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), tr 

(minor) = 7.83 min, tr (major) = 11.41 min, 92% ee; 1H NMR (400 MHz, CDCl3) δ 8.05 – 7.98 (m, 2H), 

7.94 – 7.88 (m, 2H), 7.62 – 7.56 (m, 1H), 7.51 – 7.45 (m, 5H), 7.37 – 7.30 (m, 2H), 7.25 – 7.18 (m, 

1H), 7.07 – 7.01 (m, 1H), 6.98 – 6.89 (m, 2H), 6.84 (d, J = 8.8 Hz, 2H), 6.54 (d, J = 2.0 Hz, 1H), 6.17 

(d, J = 1.2 Hz, 1H), 3.77 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.30, 196.50, 164.06, 161.61, 

159.87, 141.87, 141.53, 141.47, 135.84, 134.66, 133.24, 132.90, 130.24, 130.16, 130.02, 129.86, 
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129.27, 128.60, 128.23, 127.57, 124.11, 122.54, 122.51, 115.36, 115.15, 114.12, 113.90, 113.73, 

101.60, 88.13, 88.11, 55.25 ppm; EI-HRMS: Calcd for C31H23FO4 [M+K]+ 517.1212, Found 517.1217. 

 

 

Retention Time Area % Area 

7.833 1356372 4.14 

11.411 31428082 95.86 

 

(5-(3-chlorophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran

-2,2-diyl)bis(phenylmethanone) 3g: White solid; M.P.: 44-46 

oC; 67% yield (petroleum ether : EtOAc = 5: 1); [α]15
D = 

+199.36 (c 0.62, CH2Cl2); the ee was determined by HPLC 

analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0 

mL/min, 254 nm), tr (minor) = 8.70 min, tr (major) = 13.58 min, 91% ee; 1H NMR (400 MHz, CDCl3) 

δ 8.03 – 7.97 (m, 2H), 7.91 – 7.85 (m, 2H), 7.60 – 7.55 (m, 1H), 7.50 – 7.44 (m, 5H), 7.35 – 7.30 (m, 

2H), 7.23 – 7.16 (m, 3H), 7.14 – 7.09 (m, 1H), 6.83 (d, J = 8.8 Hz, 2H), 6.52 (d, J = 2.0 Hz, 1H), 6.12 

(d, J = 1.6 Hz, 1H), 3.77 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.12, 196.63, 159.89, 142.05, 

140.93, 135.79, 134.73, 134.44, 133.20, 132.88, 129.98, 129.94, 129.84, 129.29, 128.57, 128.48, 

128.21, 127.41, 127.23, 125.10, 124.10, 113.74, 101.59, 88.03, 55.25 ppm; EI-HRMS: Calcd for 

C31H23
34.9689ClO4 [M+Na]+ 517.1177, Found 517.1177; Calcd for C31H23

36.9659ClO4 [M+Na]+ 519.1147, 

Found 517.1166. 

 

 

Retention Time Area % Area 

8.697 1197214 4.54 

13.584 25195099 95.46 

 

(5-(3-bromophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran

-2,2-diyl)bis(phenylmethanone) 3h: [2] White solid; M.P.: 

57-59 oC; 81% yield (petroleum ether : EtOAc = 5: 1); [α]20
D = 

+176.89 (c 0.87, CH2Cl2); the ee was determined by HPLC 

analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0 
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mL/min, 254 nm), tr (minor) = 8.75 min, tr (major) = 13.48 min, 89% ee; 1H NMR (400 MHz, CDCl3): 

8.01–7.98 (m, 2H), 7.91–7.85 (m, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.49–7.44 (m, 5H), 7.40–7.31 (m, 

4H), 7.12 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.51 (d, J = 1.6 Hz, 1H), 6.13 (d, J = 1.6 Hz, 

1H), 3.08 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.09, 196.65, 159.89, 142.09, 141.17, 

135.77, 134.73, 133.21, 132.90, 131.41, 130.24, 130.13, 129.98, 129.84, 129.30, 128.57, 128.23, 

127.37, 125.57, 124.10, 122.61, 113.75, 101.58, 87.96, 55.26 ppm; EI-HRMS: Calcd for 

C31H23
78.9183BrO4 [M+K]+ 577.0411, Found 577.0408; Calcd for C31H23

80.9163BrO4 [M+K]+ 579.0391, 

Found 570.0398. 

 

 

Retention Time Area % Area 

8.749 978026 5.37 

13.475 17222993 94.63 

 

(3-(4-methoxyphenyl)-5-(p-tolyl)-2,5-dihydrofuran-2,2-diyl)bi

s(phenylmethanone) 3i: [2] White solid; M.P.: 50-52 oC; 95% 

yield (petroleum ether : EtOAc = 5: 1); [α]20
D = +360.52 (c 0.93, 

CH2Cl2); the ee was determined by HPLC analysis using a chiral 

IC column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), tr 

(minor) = 9.27 min, tr (major) = 13.91 min, 92% ee; 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 7.8 Hz, 

2H), 7.94 (d, J = 7.8 Hz, 2H), 7.61 – 7.56 (m, 1H), 7.51 – 7.43 (m, 5H), 7.35 – 7.29 (m, 2H), 7.19 – 

7.14 (m, 2H), 7.12 – 7.06 (m, 2H), 6.87 – 6.80 (d, J = 8.8 Hz, 2H), 6.54 (s, 1H), 6.16 (s, 1H), 3.78 (s, 

3H), 2.30 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.72, 196.57, 159.74, 141.38, 138.30, 

136.03, 135.92, 134.80, 133.11, 132.69, 130.11, 129.82, 129.29, 129.27, 128.59, 128.55, 128.13, 

127.33, 124.47, 113.69, 101.56, 88.96, 55.24, 21.17 ppm; EI-HRMS: Calcd for C32H26O4 [M+K]+ 

513.1463, Found 513.1463. 

 

 

 

Retention Time Area % Area 

9.273 1205586 3.69 
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13.906 31426598 96.31 

 

(5-(4-fluorophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran-2

,2-diyl)bis(phenylmethanone) 3j: White solid; M.P.: 43-45 oC; 

85% yield (petroleum ether : EtOAc = 5: 1); [α]16
D = +291.93 (c 

0.82, CH2Cl2); the ee was determined by HPLC analysis using a 

chiral IC column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), 

tr (minor) = 8.10 min, tr (major) = 14.02 min, 93% ee; 1H NMR (400 MHz, CDCl3) δ 8.04 – 7.98 (m, 

2H), 7.93 – 7.87 (m, 2H), 7.63 – 7.55 (m, 1H), 7.50 – 7.44 (m, 5H), 7.31 (t, J = 7.8 Hz, 2H), 7.25 – 

7.20 (m, 2H), 6.95 (t, J = 8.6 Hz, 2H), 6.83 (d, J = 9.2 Hz, 2H), 6.52 (d, J = 2.0 Hz, 1H), 6.16 (d, J = 

1.6 Hz, 1H), 3.78 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.49, 196.54, 163.93, 161.47, 

159.82, 141.76, 135.91, 134.76, 134.73, 134.62, 133.20, 132.79, 130.00, 129.84, 129.20, 129.16, 

129.08, 128.58, 128.16, 127.92, 124.15, 115.61, 115.40, 113.71, 101.49, 88.31, 55.25 ppm; EI-HRMS: 

Calcd for C31H23FO4 [M+Na]+ 501.1473, Found 501.1475. 

 

 

Retention Time Area % Area 

8.096 1650723 3.53 

14.018 45072595 96.47 

 

(5-(4-chlorophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran

-2,2-diyl)bis(phenylmethanone) 3k: White solid; M.P.: 45-47 

oC; 95% yield (petroleum ether : EtOAc = 5: 1); [α]15
D = 

+228.42 (c 0.94, CH2Cl2); the ee was determined by HPLC 

analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0 

mL/min, 254 nm), tr (minor) = 8.64 min, tr (major) = 13.83 min, 93% ee; 1H NMR (400 MHz, CDCl3) 

δ 8.03 – 7.97 (m, 2H), 7.93 – 7.86 (m, 2H), 7.62 – 7.56 (m, 1H), 7.50 – 7.44 (m, 5H), 7.33 (t, J = 8.2 

Hz, 2H), 7.25 – 7.15 (m, 4H), 6.83 (d, J = 9.2 Hz, 2H), 6.51 (d, J = 2.0 Hz, 1H), 6.15 (d, J = 1.6 Hz, 

1H), 3.77 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.41, 196.44, 159.86, 141.89, 137.42, 

135.90, 134.59, 134.25, 133.21, 132.83, 130.00, 129.84, 129.19, 128.77, 128.58, 128.19, 127.64, 

124.09, 113.72, 101.54, 88.23, 55.25 ppm; EI-HRMS: C31H23
34.9689ClO4 [M+Na]+ 517.1177, Found 

517.1185. 
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Retention Time Area % Area 

8.640 1617608 3.31 

13.830 47223543 96.69 

 

(5-(4-bromophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran

-2,2-diyl)bis(phenylmethanone) 3l: [1][2] White solid; M.P.: 

48-50 oC; 90% yield (petroleum ether : EtOAc = 5: 1); [α]11
D = 

+251.71 (c 0.64, CH2Cl2); the ee was determined by HPLC 

analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0 

mL/min, 254 nm), tr (minor) = 9.21 min, tr (major) = 15.15 min, 90% ee; 1H NMR (400 MHz, CDCl3): 

δ 8.02 – 7.97 (m, 2H), 7.91 – 7.85 (m, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.49 – 7.43 (m, 5H), 7.40 – 

7.36 (m, 2H), 7.35 – 7.29 (m, 2H), 7.12 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.50 (d, J = 2 

Hz, 1H), 6.12 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.41, 196.44, 

159.88, 141.93, 137.96, 135.92, 134.62, 133.22, 132.85, 131.74, 130.01, 129.86, 129.20, 128.88, 

128.59, 128.21, 127.59, 124.10, 122.47, 113.74, 101.57, 88.27, 55.25 ppm; EI-HRMS: Calcd for 

C31H23
78.9183BrO4 [M+Na]+ 561.0672, Found 561.0675; Calcd for C31H23

80.9163BrO4 [M+Na]+ 563.0651, 

Found 563.0665. 

 

 

Retention Time Area % Area 

9.210 1016873 5.71 

15.150 16779688 94.29 

 

(3-(4-methoxyphenyl)-5-(naphthalen-1-yl)-2,5-dihydrofuran-

2,2-diyl)bis(phenylmethanone) 3m: [2] White solid; M.P.: 

132-134 oC; 95% yield (petroleum ether : EtOAc = 5: 1); [α]11
D = 
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+49.57 (c 0.70, CH2Cl2); the ee was determined by HPLC analysis using a chiral IC column 

(iPrOH/hexane = 10/90, 1.0 mL/min, 254 nm), tr (minor) = 14.47 min, tr (major) = 20.61 min, 91% ee; 

1H NMR (400 MHz, CDCl3) δ 8.14 – 8.09 ( m, 2H), 8.07 – 8.02 (m, 1H), 7.90 – 7.84 (m, 2H), 7.81 – 

7.75 (m, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.62 - 7.55 (m, 1H), 7.52 – 7.42 (m, 7H), 7.38 – 7.30 (m, 2H), 

7.19 (t, J = 7.8 Hz, 2H), 6.87 (s, 1H), 6.85 – 6.79 (m, 3H), 3.74 (s, 3H) ppm; 13C NMR (101 MHz, 

CDCl3) δ = 197.84, 196.97, 159.77, 142.63, 135.65, 134.89, 134.20, 133.72, 133.14, 132.76, 130.97, 

130.00, 129.74, 129.66, 128.93, 128.78, 128.52, 128.01, 127.20, 126.40, 125.78, 125.30, 124.58, 

124.11, 123.36, 113.74, 101.26, 85.07, 55.25 ppm; EI-HRMS: Calcd for C35H26O4 [M+Na]+ 533.1723, 

Found 533.1733. 

 

 

 

Retention Time Area % Area 

14.472 2910205 4.41 

20.614 63121765 95.59 

 

(3-(4-methoxyphenyl)-5-(naphthalen-2-yl)-2,5-dihydrofur

an-2,2-diyl)bis(phenylmethanone) 3n: [2] White solid; 43-45 

oC; 94% yield (petroleum ether : EtOAc = 5: 1); [α]18
D = 

+297.66 (c 0.94, CH2Cl2); the ee was determined by HPLC 

analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0 

mL/min, 254 nm), tr (minor) = 10.52 min, tr (major) = 18.52 min, 93% ee; 1H NMR (400 MHz, CDCl3): 

δ 8.09 – 8.04 (m, 2H), 7.96 – 7.91 (m, 2H), 7.80 – 7.72 (m, 2H), 7.72 – 7.66 (m, 2H), 7.63 – 7.57 

(m, 1H), 7.53 – 7.42 (m, 7H), 7.36 (dd, J = 8.8, 1.8 Hz, 1H), 7.32 – 7.27 (m, 2H), 6.85 (d, J = 9.2 

Hz, 2H), 6.62 (d, J = 2 Hz, 1H), 6.34 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H) ppm; 13C NMR (101 MHz, 

CDCl3) δ = 198.57, 196.69, 159.82, 141.66, 136.27, 135.99, 134.82, 133.24, 133.18, 133.11, 132.75, 

130.10, 129.86, 129.32, 128.59, 128.53, 128.16, 128.14, 128.09, 127.67, 126.35, 126.29, 126.26, 

124.79, 124.41, 113.74, 101.69, 89.13, 55.26 ppm; EI-HRMS: Calcd for C35H26O4 [M+K]+ 549.1463, 

Found 549.1472. 
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Retention Time Area % Area 

10.521 1405811 3.54 

18.499 38291172 96.46 

 

(4-(4-methoxyphenyl)-2,5-dihydro-[2,3'-bifuran]-5,5-diyl)bis(phe

nylmethanone) 3o: [2] Viscous oil in 81% yield (petroleum ether : 

EtOAc = 5: 1); [α]15
D = +234.43 (c 0.73, CH2Cl2); the ee was 

determined by HPLC analysis using a chiral IC column 

(iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), tr (minor) = 9.45 min, 

tr (major) = 14.46 min, 95% ee; 1H NMR (400 MHz, CDCl3) δ 8.02 – 7.96 (m, 2H), 7.94 – 7.89 (m, 

2H), 7.60 – 7.54 (m, 1H), 7.49 – 7.42 (m, 5H), 7.36 – 7.31 (m, 3H), 7.28 (t, J = 1.6 Hz, 1H), 6.82 

(d, J = 9.2 Hz, 2H), 6.47 (d, J = 2 Hz, 1H), 6.25 (d, J = 1.2 Hz, 1H), 6.15 (d, J = 2 Hz, 1H), 3.78 (s, 

3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.17, 196.53, 159.80, 143.63, 141.93, 140.51, 135.71, 

134.64, 133.19, 132.76, 130.03, 129.79, 129.33, 128.51, 128.14, 127.20, 124.28, 124.16, 113.71, 

109.38, 101.07, 80.99, 55.24 ppm; EI-HRMS: Calcd for C29H22O5 [M+Na]+ 473.1359, Found 

473.1367. 

 

 

 

Retention Time Area % Area 

9.445 1000405 2.30 

14.462 42567568 97.70 

 

(3-(4-methoxyphenyl)-5-(thiophen-3-yl)-2,5-dihydrofuran-2,2-di

yl)bis(phenylmethanone) 3p: [2] White solid; M.P.: 40-42 oC; 90% 

yield (petroleum ether : EtOAc = 5: 1); [α]15
D = +265.55 (c 0.84, 

CH2Cl2); the ee was determined by HPLC analysis using a chiral IC 

column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), tr (minor) = 

10.01 min, tr (major) = 15.84 min, 95% ee; 1H NMR (400 MHz, CDCl3) δ 8.02 – 7.97 (m, 2H), 7.94 – 

7.88 (m, 2H), 7.60 – 7.54 (m, 1H), 7.49 – 7.43 (m, 5H), 7.34 – 7.29 (m, 2H), 7.22 – 7.19 (m, 1H), 

7.16 – 7.12 (m, 1H), 6.95 (dd, J = 5.2, 1.2 Hz, 1H) 6.83 (d, J = 8.8 Hz, 2H), 6.65 (d, J = 1.6 Hz, 1H), 

6.25 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.30, 196.56, 159.78, 
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141.60, 140.28, 135.76, 134.67, 133.19, 132.77, 130.05, 129.81, 129.34, 128.54, 128.15, 127.64, 

126.56, 126.48, 124.31, 123.28, 113.70, 101.26, 84.40, 55.25 ppm; EI-HRMS: Calcd for C29H22O4S 

[M+Na]+ 489.1131, Found 489.1126. 

 

 

Retention Time Area % Area 

10.012 1614225 2.70 

15.838 58188529 97.30 

 

 

(E)-(3-(4-methoxyphenyl)-5-styryl-2,5-dihydrofuran-2,2-d

iyl)bis(phenylmethanone) 3q: Yellow solid; M.P.: 38-40 oC; 

97% yield (petroleum ether : EtOAc = 5: 1); [α]11
D = +214.83 

(c 0.94, CH2Cl2); the ee was determined by HPLC analysis 

using a chiral IC column (iPrOH/hexane = 20/80, 1.0 mL/min, 

254 nm), tr (minor) = 8.04 min, tr (major) = 12.06 min, 90% ee; 1H NMR (400 MHz, DMSO) δ 7.97 – 

7.85 (m, 4H), 7.71 – 7.66 (m, 1H), 7.65 – 7.61 (m, 1H), 7.58 – 7.49 (m, 4H), 7.46 – 7.41 (m, 2H), 7.33 

– 7.21 (m, 5H), 6.93 – 6.83 (m, 3H), 6.63 – 6.53 (m, 1H), 6.24 - 6.11 (m, 1H), 5.88 (d, J = 6.8 Hz, 1H), 

3.73 (s, 3H) ppm; 13C NMR (101 MHz, DMSO) δ = 197.91, 197.06, 159.75, 141.67, 135.98, 135.52, 

134.96, 133.15, 132.96, 132.86, 130.03, 129.73, 129.51, 128.59, 128.47, 128.23, 128.16, 127.39, 

126.74, 126.51, 124.39, 113.70, 101.07, 88.05, 55.24 ppm; EI-HRMS: Calcd for C33H26O4 [M+Na]+ 

509.1723, Found 509.1730. 

 

 

Retention Time Area % Area 

8.169 3280247 4.98 

12.343 62558130 95.02 
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(3-(4-methoxyphenyl)-5-phenyl-2,5-dihydrofuran-2,2-diyl)bis(p-t

olylmethanone) 3r: White solid; M.P.: 52-54 oC; 82% yield 

(petroleum ether : EtOAc = 5: 1); [α]16
D = +293.61 (c 0.80, CH2Cl2); 

the ee was determined by HPLC analysis using a chiral IC column 

(iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), tr (minor) = 8.04 min, 

tr (major) = 12.06 min, 94% ee; 1H NMR (400 MHz, CDCl3) δ 7.93 

(d, J = 8.4 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.8 Hz, 2H), 

7.29 – 7.25 (m, 5H), 7.25 – 7.23 (m, 2H), 7.09 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 6.51 (d, J 

=2.0 Hz, 1H), 6.17 (d, J = 2.0 Hz, 1H), 3.75 (s, 3H), 2.41 (s, 3H), 2.32 (s, 3H) ppm; 13C NMR (101 

MHz, CDCl3) δ = 198.16, 196.14, 159.65, 144.00, 143.50, 141.72, 139.03, 133.29, 132.12, 130.26, 

129.85, 129.43, 129.23, 128.84, 128.58, 128.33, 128.19, 127.17, 124.55, 113.61, 101.64, 88.83, 55.23, 

21.78, 21.67 ppm; EI-HRMS: Calcd for C33H28O4 [M+Na]+ 511.1880, Found  511.1887. 

 

 

Retention Time Area % Area 

12.941 1578987 3.24 

21.871 47194512 96.76 

 

(3-(4-methoxyphenyl)-5-phenyl-2,5-dihydrofuran-2,2-diyl)bi

s((4-bromophenyl)methanone) 3s: White solid; M.P.: 62-64 

oC; 98% yield (petroleum ether : EtOAc = 5: 1); [α]11
D = 

+235.41 (c 1.21, CH2Cl2); the ee was determined by HPLC 

analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0 

mL/min, 254 nm), tr (minor) = 6.96 min, tr (major) = 11.17 min, 

90% ee; 1H NMR (400 MHz, DMSO) δ 7.93 – 7.86 (m, 2H), 

7.82 – 7.77 (m, 2H), 7.76 – 7.71 (m, 2H), 7.68 – 7.62 (m, 2H), 7.43 (d, J = 8.8 Hz, 2H), 7.33 – 7.25 (m, 

3H), 7.25 – 7.20 (m, 2H), 7.05 – 6.99 (m, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.38 (s, 1H), 3.73 (s, 3H) ppm; 

13C NMR (101 MHz, DMSO) δ = 197.96, 195.07, 159.27, 138.98, 138.80, 133.66, 132.79, 132.19, 

131.72, 131.35, 130.78, 129.39, 129.36, 128.56, 128.41, 128.21, 127.45, 126.87, 123.71, 113.61, 

100.59, 88.81, 55.08 ppm;  EI-HRMS: Calcd for C31H22
78.9183Br80.9163BrO4 [M+Na]+ 640.9764, Found 

640.9757; Calcd for C31H22
78.9183Br2O4 [M+Na]+ 638.9777, Found 638.9781. 
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Retention Time Area % Area 

6.842 3602505 5.24 

10.847 65205560 94.76 

 

(3-(4-ethoxyphenyl)-5-phenyl-2,5-dihydrofuran-2,2-diyl)bis(phen

ylmethanone) 3t: White solid; M.P.: 36-38 oC; 93% yield (petroleum 

ether : EtOAc = 5: 1); [α]20
D = +300.46 (c 0.88, CH2Cl2); the ee was 

determined by HPLC analysis using a chiral IC column 

(iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), tr (minor) = 9.24 min, 

tr (major) = 13.78 min, 91% ee; 1H NMR (400 MHz, CDCl3) δ 8.06 – 7.97 (m, 2H), 7.95 – 7.88 (m, 

2H), 7.60 – 7.52 (m, 1H), 7.48 – 7.41 (m, 5H), 7.32 – 7.27 (m, 2H), 7.27 – 7.22 (m, 5H), 6.80 (d, J = 

8.8 Hz, 2H), 6.54 (d, J = 1.6 Hz, 1H), 6.17 (d, J = 2.0 Hz, 1H), 3.98 (q, J = 7.0 Hz, 2H), 1.37 (t, J = 7.0 

Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.63, 196.58, 159.17, 141.48, 138.92, 135.99, 

134.78, 133.14, 132.74, 130.09, 129.82, 129.28, 128.61, 128.56, 128.42, 128.25, 128.15, 127.19, 

124.17, 114.20, 101.61, 88.99, 63.39, 14.82 ppm; EI-HRMS: Calcd for C32H26O4 [M+Na]+ 497.1723, 

Found 497.1734. 

 

 

Retention Time Area % Area 

9.242 1146017 4.58 

13.778 23896275 95.42 

 

 

(5-phenyl-3-(thiophen-2-yl)-2,5-dihydrofuran-2,2-diyl)bis(phenylmetha

none) 3u: White solid; M.P.: 35-37 oC; 90% yield (petroleum ether : EtOAc 

= 5: 1); [α]16
D = +386.07 (c 0.79, CH2Cl2); the ee was determined by HPLC 

analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 

nm), tr (minor) = 10.46 min, tr (major) = 11.26 min, 92% ee; 1H NMR (400 MHz, CDCl3) δ 8.06 – 7.98 

(m, 2H), 7.97 – 7.89 (m, 2H), 7.63 – 7.55 (m, 1H), 7.52 – 7.42 (m, 3H), 7.32 (t, J = 7.8, 2H), 7.27 – 

7.20 (m, 6H), 7.16 (d, J = 3.6 Hz, 1H), 6.99 – 6.92 (m, 1H), 6.55 (d, J = 2.0 Hz, 1H), 6.19 (d, J = 2.0 

Hz, 1H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.40, 195.79, 138.58, 135.87, 135.27, 134.37, 
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134.08, 133.26, 132.87, 130.11, 129.21, 128.67, 128.63, 128.55, 128.22, 127.94, 127.12, 125.94, 

101.52, 89.21 ppm; EI-HRMS: Calcd for C28H20O3S [M+Na]+ 459.1025, Found 459.1036. 

 

 

Retention Time Area % Area 

10.458 1397310 3.99 

11.264 33620711 96.01 

 

(5-phenyl-3-(thiophen-3-yl)-2,5-dihydrofuran-2,2-diyl)bis(phenylmetha

none) 3v: White solid; M.P.: 48-50 oC; 85% yield (petroleum ether : EtOAc 

= 5: 1); [α]16
D = +377.53 (c 0.67, CH2Cl2); the ee was determined by HPLC 

analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 

nm), tr (minor) = 6.36 min, tr (major) = 6.89 min, 95% ee; 1H NMR (400 

MHz, CDCl3) δ 8.06 – 7.97 (m, 2H), 7.96 – 7.88 (m, 2H), 7.61 – 7.56 (m, 1H), 7.49 – 7.42 (m, 4H), 

7.33 – 7.26 (m, 3H), 7.25 – 7.18 (m, 6H), 6.55 (d, J = 2.0 Hz, 1H), 6.20 (d, J = 1.6 Hz, 1H) ppm; 13C 

NMR (101 MHz, CDCl3) δ = 198.90, 196.09, 138.79, 136.39, 135.96, 134.47, 133.24, 132.82, 132.34, 

130.11, 129.21, 128.65, 128.61, 128.60, 128.50, 128.21, 127.35, 127.14, 125.42, 125.11, 101.45, 89.15 

ppm; EI-HRMS: Calcd for C28H20O3S [M+Na]+ 459.1025, Found 459.1028. 

 

 

  

Retention Time Area % Area 

6.360 564813 2.77 

6.893 19857633 97.23 

 

(3-(4-methoxyphenyl)-5-phenyltetrahydrofuran-2,2-diyl)bis(phe

nylmethanone) 4a: White soild, M.P.: 33-35 oC; 96% yield 

(petroleum ether : EtOAc = 10: 1); [α]20
D = -165.84 (c 0.85 CH2Cl2); 

The ee was 82% ee, dr = 93:7; 1H NMR (400 MHz, CDCl3) δ 8.12 – 

8.06 (m, 2H), 7.70 – 7.65 (m, 2H), 7.63 – 7.57 (m, 2H), 7.47 – 7.35 
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(m, 4H), 7.33 – 7.27 (m, 3H), 7.17 – 7.11 (m, 4H), 6.62 – 6.55 (m, 2H), 5.11 – 4.97 (m, 2H),, 3.65 (s, 

3H), 2.93 – 2.81 (m, 1H), 2.55 – 2.42 (m, 1H) ppm; 13C NMR (101 MHz, CDCl3) δ = 197.35, 195.40, 

158.53, 140.41, 136.14, 134.84, 133.18, 132.57, 130.52, 130.24, 130.09, 129.21, 128.54, 128.35, 

127.90, 127.81, 126.46, 113.51, 97.86, 81.16, 55.16, 49.46, 42.11 ppm; EI-HRMS: Calcd for C31H26O4 

[M+Na]+ 485.1723, Found 485.1728. 

 

 

Retention Time Area % Area 

7.609 2232874 8.16 

8.839 171999 0.63 

9.844 23129122 84.50 

10.993 1837936 6.71 

 

The hydrogeneration of 3a: 

 

 

Retention Time Area % Area 

7.482 546670 3.66 

8.666 966862 6.48 

9.659 13369508 89.60 

10.732 38852 0.26 

 

 

 

6. Reference  

1) W. L. Chen, L. L. Lin, Y. F. Cai, Y. Xia, W. D. Cao, X. H. Liu, X. M. Feng, Chem. Commun. 2014, 
50, 2161.  

2) Some 1H NMR datas of products were based on the 1H NMR spectra in low concentration. 

3) R. Liu, M. Zhang, J. Zhang, Chem. Commun. 2011, 47, 12870 
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7. X-ray structure of 3m 

Single crystal of 3m [C35H26O4] was obtained from the 

solvent of CH3CN. The absolute configuration of 3m is R. 

CCDC 1003922 contains the supplementary crystallographic 

data which can be obtained free of charge from The 

Cambrige Crystallographic Data Centere via 

www.ccdc.cam.ac.uk/data_request/cif. 

Crystal data. C72H55NO8, M = 1062.17, monoclinic, a = 

11.77380(9), b = 12.39402(7), c = 19.49664(13) Å, U = 

2721.92(3) Å
3

, T = 100.0(2) K, space group P1211, Z = 2. 

 

8. Copy of 1H NMR and 13C NMR spectra for products 
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10. 1H NMR spectra for some products in low concentration. 
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3a: 1H NMR (400 MHz, CDCl3): 8.05–7.98 (m, 2H), 7.94–7.88 (m, 2H), 7.61–7.53 (m, 1H), 

7.49–7.42 (m, 5H), 7.33–7.27 (m, 2H), 7.27–7.23 (m, 5H), 6.82 (d, J = 8.8 Hz, 2H), 6.54 (d, J = 2 

Hz, 1H), 6.17 (d, J = 2 Hz, 1H), 3.77 (s, 3H) ppm. 

 

3e: 1H NMR (400 MHz, CDCl3): 8.06–8.00 (m, 2H), 7.96–7.89 (m, 2H), 7.61–7.54 (m, 1H), 

7.50–7.42 (m, 5H), 7.34–7.29 (m, 2H), 7.19–7.13 (m, 1H), 7.08–7.02 (m, 3H), 6.83 (d, J = 9.2 Hz, 

2H), 6.54 (d, J = 2 Hz, 1H), 6.13 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H), 3.09 (s, 3H) ppm. 
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3c: 1H NMR (400 MHz, CDCl3): 8.05–7.99 (m, 2H), 7.97–7.91 (m, 2H), 7.61–7.54 (m, 1H), 

7.49–7.42 (m, 5H), 7.35–7.29 (m, 2H), 7.20–7.13 (m, 1H), 6.86–6.80 (m, 3H), 6.79–6.74(m, 2H), 

6.53 (d, J = 2 Hz, 1H), 6.17 (d, J = 1.6 Hz, 1H), 3.76 (s, 3H), 3.59 (s, 3H) ppm. 

 
3d: 1H NMR (400 MHz, CDCl3): 8.03–7.98 (m, 2H), 7.91–7.85 (m, 2H), 7.61–7.54 (m, 1H), 

7.49–7.42 (m, 5H), 7.33–7.27 (m, 2H), 7.25–7.20 (m, 1H), 7.09 (t, J = 7.8 Hz, 1H); 6.99 (d, J = 8.0 

Hz, 1H), 6.95–6.86 (m, 4H), 6.82 (d, J = 8.8 Hz,, 2H), 6.54 (d, J = 1.6 Hz, 1H), 6.14 (d, J = 1.6 Hz, 

1H), 3.77 (s, 3H) ppm. 
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3h: 1H NMR (400 MHz, CDCl3): 8.01–7.98 (m, 2H), 7.91–7.85 (m, 2H), 7.58 (t, J = 7.6 Hz, 1H), 

7.49–7.44 (m, 5H), 7.40–7.31 (m, 4H), 7.12 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.51 (d, J 

= 1.6 Hz, 1H), 6.13 (d, J = 1.6 Hz, 1H), 3.08 (s, 3H) ppm. 

 
3l: 1H NMR (400 MHz, CDCl3): 8.02–7.97 (m, 2H), 7.91–7.85 (m, 2H), 7.58 (t, J = 7.6 Hz, 1H), 

7.49–7.43 (m, 5H), 7.40–7.36 (m, 2H), 7.35–7.29 (m, 2H), 7.12 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.8 

Hz, 2H), 6.50 (d, J = 2 Hz, 1H), 6.12 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H) ppm. 
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3n: 1H NMR (400 MHz, CDCl3): 8.09–8.04 (m, 2H), 7.96–7.91 (m, 2H), 7.80–7.72 (m, 2H), 

7.72–7.66 (m, 2H), 7.63–7.57 (m, 1H), 7.53–7.42 (m, 7H), 7.36 (dd, J = 8.8, 1.8 Hz, 1H), 

7.32–7.27 (m, 2H), 6.85 (d, J = 9.2 Hz, 2H), 6.62 (d, J = 2 Hz, 1H), 6.34 (d, J = 1.6 Hz, 1H), 3.78 (s, 

3H) ppm. 
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3o: 1H NMR (400 MHz, CDCl3): 8.02–7.96 (m, 2H), 7.94–7.89 (m, 2H), 7.60–7.54 (m, 1H), 

7.49–7.42 (m, 5H), 7.36–7.31 (m, 3H), 7.28 (t, J = 1.6 Hz, 1H), 6.82 (d, J = 9.2 Hz, 2H), 6.47 (d, J 

= 2 Hz, 1H), 6.25 (d, J = 1.2 Hz, 1H), 6.15 (d, J = 2 Hz, 1H), 3.78 (s, 3H) ppm. 

 

3p: 1H NMR (400 MHz, CDCl3): 8.02–7.97 (m, 2H), 7.94–7.88 (m, 2H), 7.60–7.54 (m, 1H), 

7.49–7.43 (m, 5H), 7.34–7.29 (m, 2H), 7.22–7.19 (m, 1H), 7.16–7.12 (m, 1H), 6.95 (dd, J = 5.2, 

1.2 Hz, 1H) 6.83 (d, J = 8.8 Hz, 2H), 6.65 (d, J = 1.6 Hz, 1H), 6.25 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H) 

ppm. 


