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General Information 

1
H NMR, 

13
C NMR, and 

19
F NMR spectra were recorded in CDCl3 using a Bruker AM 

300 MHz NMR spectrometer (
1
H at 300 MHz, 

13
C at 75 MHz, 

19
F at 282 MHz). All 

1
H NMR 

spectra were measured with TMS (0 ppm) in CDCl3. All 
19

F NMR spectra were measured 

with CFCl3 (0 ppm) as the internal standard, respectively. All 
13

C NMR spectra were recorded 

in relative to the signal of CDCl3 (77.0 ppm). IR spectra were recorded with a Perkin–Elmer 

983G instrument. Elemental analyses were conducted with a Carlo-Erba EA1110 elementary 

analysis instrument. Mass spectrometry was performed with an HP 5989A system. 

High-resolution mass spectrometry was determined with a Finnigan MAT 8430 or Bruker 

APEXIII instrument. [Cp*RhCl2]2 was purchased from Strem and HWRK CHEM. The range 

of boiling point of the petroleum ether used for chromatography was 60-90 
o
C unless noted 

otherwise. Other commercially available chemicals were purchased and used without 

additional purification unless noted otherwise. Optically active propargylic alcohols (R)-3 or 

(S)-3 were prepared via Novozym-435-catalyzed enzymatic kinetic resolution.
1
 Optically 

active or racemic 2,3-allenols were prepared according to the literature procedures.
2
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Synthesis of New Starting Materials 

1. Synthesis of (S)-1-(4-fluorophenyl)buta-2,3-dien-1-ol (S)-1b.
2
 (wxy-3-040) 

 

Typical Procedure I： To a dried three-necked flask were added CuI (158.6 mg, 0.8 

mmol), paraformaldehyde (1.1535 g, 12.8 mmol), dioxane (8.0 mL), i-Pr2NH (1.6 mL, d = 

0.716 g/mL, 1.1456 g, 11.3 mmol), (S)-11b (1.2014 g, 8.0 mmol, 99% ee) and dioxane (4.0 

mL) sequentially. The reaction tube was then equipped with a condenser and put into an oil 

bath preheated 110 
o
C. The reaction was complete after stirring for 11 hours as monitored by 

TLC. The resulting mixture was cooled to room temperature and filtered through a short 

column of silica gel (eluent: Et2O (50 mL × 3). After evaporation of the solvent, the crude 

residue was purified via chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 

20/1, 1000 mL) to afford (S)-1b (842.1 mg, 64%) as a liquid: >99% ee (HPLC conditions: 

Chiralcel OD-H column, n-hexane/i-PrOH = 90/10, 0.5 mL/min, λ = 254 nm, tR(minor) = 

10.7 min, tR(major) = 11.4 min); [α]D
20

 = +36.9 (c = 1.43, CHCl3); 
1
H NMR (300 MHz, 

CDCl3) δ 7.41-7.30 (m, 2 H, ArH), 7.03 (t, J = 8.9 Hz, 2 H, ArH), 5.40 (q, J = 6.5 Hz, 1 H, 

=CH), 5.29-5.20 (m, 1 H, OCH), 4.99-4.86 (m, 2 H, =CH2), 2.37 (s, 1 H, OH); 
13

C NMR (75 

MHz, CDCl3) δ 207.1, 162.3 (d, J = 244.7 Hz), 138.5 (d, J = 3.5 Hz), 127.8 (d, J = 8.3 Hz), 

115.3 (d, J = 21.4 Hz), 95.1, 78.3, 71.3; 
19

F NMR (282 MHz, CDCl3) δ -115.2; IR (neat) v 

(cm
-1

) 3383, 3067, 2994, 2890, 1955, 1604, 1511, 1416, 1224, 1157, 1035, 1014; MS (EI): 

m/z (%) 164 (M
+
, 1.23), 125 (100); HRMS Calcd for C10H9FO (M

+
): 164.0637; Found: 

164.0635. 
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2. Synthesis of (S)-1-(3-bromophenyl)buta-2,3-dien-1-ol (S)-1e.
2 

(wxy-3-104) 

 

Following Typical Procedure I, the reaction of CuI (80.1 mg, 0.4 mmol), (S)-11e (723.6 

mg, 3.4 mmol, 96% ee), paraformaldehyde (490.1 mg, 5.4 mmol), and i-Pr2NH (0.68 mL, d = 

0.716 g/mL, 486.9 mg, 4.8 mmol) in dioxane (1.7 mL) afforded (S)-1e (576.4 mg, 75%) as an 

oil: 95% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 95/5, 0.5 

mL/min, λ = 254 nm, tR(minor) = 10.3 min, tR(major) = 11.4 min); [α]D
20

 = +38.5 (c = 1.40, 

CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 7.52 (t, J = 1.7 Hz, 1 H, ArH), 7.39 (dt, J1 = 7.8 Hz, 

J2 = 1.7 Hz, 1 H, ArH), 7.32-7.24 (m, 1 H, ArH), 7.19 (t, J = 7.7 Hz, 1 H, ArH), 5.36 (q, J = 

6.5 Hz, 1 H, OCH), 5.23-5.13 (m, 1 H, =CH), 4.98-4.85 (m, 2 H, =CH2), 2.76 (d, J = 4.2 Hz, 

1 H, OH); 
13

C NMR (75 MHz, CDCl3) δ 207.1, 144.9, 130.7, 130.0, 129.1, 124.6, 122.4, 94.6, 

78.4, 71.2; IR (neat) v (cm
-1

) 3389, 3062, 2876, 1954, 1594, 1570, 1474, 1427, 1186, 1093, 

1071, 1034; MS (EI): m/z (%) 225 [(M(
81

Br)
+
, 2.39], 223 [(M(

79
Br)

+
, 2.66], 77 (100); HRMS 

Calcd for C10H8
79

BrO (M-H)
-
: 222.9764; Found: 222.9764. 

 

3. Synthesis of (S)-1-(furan-2-yl)buta-2,3-dien-1-ol (S)-1j.
2 
(wxy-3-114)  

 

Following Typical Procedure I, the reaction of CuI (119.2 mg, 0.6 mmol), (S)-11j (611.0 
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mg, 5.0 mmol, 96% ee), paraformaldehyde (723.8 mg, 8.0 mmol), and i-Pr2NH (1.0 mL, d = 

0.716 g/mL, 716.0 mg, 7.1 mmol) in dioxane (7.5 mL) afforded (S)-1j (432.6 mg, 61%, 96% 

purity) (eluent: petroleum ether/ethyl acetate = 25/1 (800 mL) to petroleum ether/ethyl 

acetate = 10/1 (500 mL)] as a liquid: 96% ee (HPLC conditions: Chiralcel OD-H column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 220 nm, tR(minor) = 7.3 min, tR(major) = 8.8 min); 

[α]D
20

 = + 28.1 (c = 1.05, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 7.39 (dd, J1 = 1.8 Hz, J2 = 

0.9 Hz, 1 H, ArH), 6.34 (dd, J1 = 3.0 Hz, J2 = 1.8 Hz, 1 H, ArH), 6.29 (d, J = 3.3 Hz, 1 H, 

ArH), 5.52 (q, J = 6.6 Hz, 1 H, OCH), 5.32-5.20 (m, 1 H, =CH), 5.03-4.90 (m, 2 H, =CH2), 

2.49 (s, 1 H, OH); 
13

C NMR (75 MHz, CDCl3) δ 207.5, 154.9, 142.1, 110.0, 106.4, 91.9, 78.0, 

65.5; IR (neat) v (cm
-1

) 3390, 3120, 2991, 2900, 1957, 1713, 1601, 1504, 1374, 1290, 1223, 

1181, 1146, 1116, 1074, 1010; MS (EI): m/z (%) 136 (M
+
, 8.50), 97 (100); HRMS Calcd for 

C8H8NaO2 (M
+
+Na): 159.0422; Found: 159.0415. 

 

4. Synthesis of (S)-trideca-1,2-dien-4-ol (S)-1n.
2 
(wxy-3-042) 

 

Following Typical Procedure I, the reaction of CuI (114.5 mg, 0.6 mmol), (S)-11n (1.0831 

g, 6 mmol, 96% ee), paraformaldehyde (864.9 mg, 9.6 mmol), and i-Pr2NH (1.2 mL, d = 

0.716 g/mL, 859.2 mg, 8.5 mmol) in dioxane (9 mL) afforded (S)-1n (718.4 mg, 62%) (eluent: 

petroleum ether/ethyl acetate = 40/1, 800 mL) as a liquid; 96% ee (GC conditions: restek 

Rt-bdex (30*0.25*0.25), carrier N2; 10.0 psi; injector 300 
o
C; detector (FID, H2, 0.4 MPa ), 

250 
o
C; tR(major) = 108.5 min, tR(minor) = 109.2 min,) [α]D

20
 = +3.7 (c = 1.80, CHCl3); 

1
H 
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NMR (300 MHz, CDCl3) δ 5.22 (q, J = 6.2 Hz, 1 H, =CH), 4.87-4.75 (m, 2 H, =CH2), 

4.20-4.09 (m, 1 H, CH), 2.58-2.38 (m, 1 H, OH), 1.66-1.49 (m, 2 H, CH2), 1.49-1.18 (m, 14 H, 

CH2 × 7), 0.88 (t, J = 6.8 Hz, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 207.0, 94.7, 76.9, 69.7, 

37.3, 31.8, 29.52, 29.47, 29.4, 29.2, 25.3, 22.6, 14.0; IR (neat) v (cm
-1

) 3361, 2954, 2925, 

2855, 1956, 1467, 1061, 1011; MS (EI): m/z (%) 157 [(M-(CH2=C=CH))
+
, 9.82], 69 (100); 

Anal. Calcd. for C13H24O (%): C, 79.53; H, 12.32; Found: C, 79.09; H, 12.28. 
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Rh(III)-Catalyzed Oxidative Homo-coupling Cyclization of 2,3-Allenols 

1. Synthesis of (E)-1-phenyl-3-(2-phenyl-2,5-dihydrofuran-4-yl)but-2-en-1-one (E)-2a. 

(hx-15-188) 

 

Typical Procedure II: To a dried Schlenk tube were added [Cp*RhCl2]2 (31.1 mg, 0.05 

mmol) and Cu(OAc)2•H2O (499.5 mg, 2.5 mmol) under air atmosphere. The Schlenk tube 

was then degassed to remove the air inside completely and refilled with O2 by a balloon of O2 

for three times. After 1a (146.4 mg, 1 mmol)/CH3CN (1.0 mL) and MeOH (50 μL) were 

added sequentially, the reaction tube was put into an oil bath pre-heated at 50 
o
C. The reaction 

was complete after stirring for 12.5 h as monitored by TLC. After removing the O2 balloon, 

the resulting mixture was diluted with ethyl acetate (15 mL) and filtered through a short 

column of silica gel eluted with ethyl acetate (20 mL × 2). The combined filtrate was then 

concentrated in vacuo and the crude residue was purified via chromatography on silica gel 

(eluent: petroleum ether/ethyl acetate = 15/1, 600 mL) to afford (E)-2a (90.6 mg, 62%): 

liquid; 
1
H NMR (300 MHz, CDCl3) δ 7.97-7.87 (m, 2 H, ArH), 7.58-7.51 (m, 1 H, ArH), 

7.50-7.42 (m, 2 H, ArH), 7.40-7.25 (m, 5 H, ArH), 6.56 (s, 1 H, =CH), 6.32 (q, J = 1.8 Hz, 1 

H, =CH), 5.99-5.90 (m, 1 H, OCH), 5.15 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, 

one proton of OCH2), 5.02 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 2.1 Hz, 1 H, one proton of 

OCH2), 2.36 (d, J = 1.2 Hz, 3 H, Me); 
13

C NMR (75 MHz, CDCl3) δ 191.8, 144.9, 141.4, 

141.0, 138.8, 132.8, 132.6, 128.6, 128.5, 128.1, 128.0, 126.3, 122.1, 88.9, 74.8, 16.6; IR (neat) 

v (cm
-1

) 3080, 3061, 3029, 2951, 2916, 2849, 1657, 1594, 1585, 1492, 1448, 1403, 1364, 
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1345, 1295, 1243, 1217, 1178, 1096, 1073, 1048, 1026, 1006; MS (EI): m/z (%) 290 (M
+
, 

22.8), 185 (100); HRMS Cacld. for C20H18O2 (M
+
): 290.1307; Found: 290.1304. 

 

2. Synthesis of (E)-1-(4-fluorophenyl)-3-(2-(4-fluorophenyl)-2,5-dihydrofuran-4-yl)- 

but-2-en-1-one (E)-2b. (wxy-1-155) 

 

Following Typical Procedure II, the reaction of 1b (166.9 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.3 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.6 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2b (95.2 mg, 57%) (eluent: petroleum ether/ethyl acetate = 15/1, 600 

mL); solid; m.p. 99.8-100.5 
o
C (petroleum ether/CH2Cl2); 

1
H NMR (300 MHz, CDCl3) δ 

8.04-7.88 (m, 2 H, ArH), 7.38-7.23 (m, 2 H, ArH), 7.22-7.11 (m, 2 H, ArH), 7.11-7.00 (m, 2 

H, ArH), 6.53 (s, 1 H, =CH), 6.32 (d, J = 1.8 Hz, 1 H, =CH), 6.00-5.90 (m, 1 H, OCH), 5.15 

(ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 5.01 (ddd, J1 = 11.4 

Hz, J2 = 3.6 Hz, J3 = 2.1 Hz, 1 H, one proton of OCH2), 2.36 (d, J = 0.9 Hz, 3 H, CH3); 
13

C 

NMR (75 MHz, CDCl3) δ 190.3, 165.5 (d, J = 253.0 Hz), 162.6 (d, J = 244.8 Hz), 145.0, 

141.6, 136.8 (d, J = 2.8 Hz), 135.1 (d, J = 2.8 Hz), 132.7, 130.8 (d, J = 9.7 Hz), 128.2 (d, J = 

8.3 Hz), 122.0, 115.7 (d, J = 21.4 Hz), 115.5 (d, J = 21.4 Hz), 88.4, 74.8, 16.7; 
19

F NMR (282 

MHz, CDCl3) δ -105.9 (s, 1 F), -114.4 (s, 1 F); IR (KBr) v (cm
-1

) 3108, 3080, 3054, 3033, 

2890, 2853, 1655, 1622, 1601, 1505, 1448, 1410, 1370, 1343, 1298, 1293, 1247, 1216, 1190, 

1160, 1160, 1154, 1105, 1090, 1063, 1044, 1014, 1007, 1006; MS (EI): m/z (%) 326 (M
+
, 
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6.66), 123 (100); Anal. Calcd. for C20H16F2O2 (%): C, 73.61; H, 4.94; Found: C, 73.41; H, 

5.03. 

 

3. Preparation of (E)-1-(2-chlorophenyl)-3-(2-(2-chlorophenyl)-2,5-dihydrofuran-4-yl)but- 

2-en-1-one (E)-2c. (wxy-1-125)  

 

Following Typical Procedure II, the reaction of 1c (180.7 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.2 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2c (95.9 mg, 53%) (eluent: petroleum ether/ethyl acetate = 20/1, 600 

mL): solid; m.p. 91.1-93.0 
o
C (petroleum ether/CHCl3); 

1
H NMR (300 MHz, CDCl3) δ 

7.55-7.45 (m, 2 H, ArH), 7.44-7.18 (m, 6 H, ArH), 6.52 (q, J = 1.8 Hz, 1 H, =CH), 6.35-6.27 

(m, 2 H, OCH and =CH), 5.12 (ddd, J1 = 11.5 Hz, J2 = 5.5 Hz, J3 = 1.9 Hz, 1 H, one proton of 

OCH2), 5.01 (ddd, J1 = 11.4 Hz, J2 = 5.7 Hz, J3 = 2.1 Hz, 1 H, one proton of OCH2), 2.41 (s, 

3 H, CH3); 
13

C NMR (75 MHz, CDCl3): δ 192.9, 145.6, 141.5, 140.4, 138.6, 132.4, 131.7, 

131.3, 131.1, 130.3, 129.5, 129.4, 128.9, 127.3, 127.0, 124.8, 86.0, 75.0, 16.6; IR (neat) v 

(cm
-1

) 3067, 1665, 1609, 1591, 1579, 1469, 1435, 1368, 1299, 1264, 1239, 1212, 1160, 1127, 

1098, 1078, 1050, 1034, 1004; MS (EI): m/z (%) 362 [(M(
37

Cl
37

Cl)
+
, 0.53], 360 

[(M(
37

Cl
35

Cl)
+
, 1.67], 358 [(M(

35
Cl

35
Cl)

+
, 2.13], 139 (100); Anal. Calcd. for C20H16Cl2O2 (%): 

C, 66.87; H, 4.49; Found: C, 66.74; H, 4.59. 

 

4. Preparation of (E)-1-(3-chlorophenyl)-3-(2-(3-chlorophenyl)-2,5-dihydrofuran-4-yl)but- 
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2-en-1-one (E)-2d. (wxy-1-134)  

 

Following Typical Procedure II, the reaction of 1d (180.7 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.1 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.5 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2d (97.1 mg, 54%) (eluent: petroleum ether/ethyl acetate = 25/1, 600 

mL): oil; 
1
H NMR (300 MHz, CDCl3) δ 7.87 (t, J = 1.7 Hz, 1 H, ArH), 7.78 (d, J = 7.5 Hz, 1 

H, ArH), 7.55-7.47 (m, 1 H, ArH), 7.41 (t, J = 7.8 Hz, 1 H, ArH), 7.35-7.24 (m, 3 H, ArH), 

7.24-7.18 (m, 1 H, ArH), 6.50 (s, 1 H, CH=), 6.33 (q, J = 1.8 Hz, 1 H, =CH), 5.95-5.89 (m, 1 

H, OCH), 5.16 (ddd, J1 = 11.7 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 5.02 

(ddd, J1 = 11.7 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 2.36 (s, 3 H, CH3); 

13
C NMR (75 MHz, CDCl3) δ 190.2, 145.8, 143.1, 141.6, 140.3, 134.8, 134.5, 132.7, 132.6, 

129.9, 128.2, 128.1, 126.4, 126.2, 124.3, 121.7, 88.2, 74.9, 16.7; IR (neat) v (cm
-1

) 3066, 

2851, 1659, 1614, 1593, 1575, 1432, 1367, 1346, 1298, 1242, 1213, 1163, 1101, 1078, 1055; 

MS (EI): m/z (%) 362 [(M(
37

Cl
37

Cl)
+
, 0.85], 360 [(M(

37
Cl

35
Cl)

+
, 4.19], 358 [(M(

35
Cl

35
Cl)

+
, 

7.15], 139 (100); HRMS Calcd for C20H16O2
35

Cl
35

Cl (M
+
): 358.0527; Found: 358.0524. 

 

5. Synthesis of (E)-1-(3-bromophenyl)-3-(2-(3-bromophenyl)-2,5-dihydrofuran-4-yl)- 

but-2-en-1-one (E)-2e. (wxy-1-192) 
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Following Typical Procedure II, the reaction of 1e (227.3 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.5 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.9 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded impure (E)-2e (131.4 mg) after chromatography on silica gel (eluent: 

petroleum ether/ethyl acetate = 20/1, 600 mL). The impure (E)-2e was further purified via 

chromatography on silica gel to afford pure (E)-2e (eluent: petroleum ether (30-60 
o
C)/Et2O 

(6/1 (600 mL)) to afford pure (E)-2e (119.7 mg, 53%): oil; 
1
H NMR (300 MHz, CDCl3) δ 

8.02 (s, 1 H, ArH), 7.82 (d, J = 7.8 Hz, 1 H, ArH), 7.71-7.64 (m, 1 H, ArH), 7.48 (s, 1 H, 

ArH), 7.46-7.38 (m, 1 H, ArH), 7.38-7.30 (m, 1 H, ArH), 7.28-7.19 (m, 2 H, ArH), 6.49 (s, 1 

H, =CH), 6.33 (q, J = 1.8 Hz, 1 H, =CH), 5.95-5.88 (m, 1 H, OCH), 5.16 (ddd, J1 = 11.7 Hz, 

J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 5.02 (ddd, J1 = 11.4 Hz, J2 = 3.3 Hz, J3 = 

2.1 Hz, 1 H, one proton of OCH2), 2.36 (s, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 190.1, 

145.8, 143.3, 141.7, 140.5, 135.5, 132.7, 131.15, 131.09, 130.2, 130.1, 129.3, 126.7, 124.8, 

122.9, 122.8, 121.7, 88.2, 74.9, 16.7; IR (KBr) v (cm
-1

) 3063, 2850, 1661, 1593, 1575, 1569, 

1472, 1429, 1367, 1296, 1241, 1211, 1102, 1084, 1070, 1054; MS (EI): m/z (%) 450 

[(M(
81

Br
81

Br)
+
, 9.07], 448 [(M(

81
Br

79
Br)

+
, 18.29], 446 [(M(

79
Br

79
Br)

+
, 11.09], 265 (100); 

HRMS Cacld. for C20H16O2
79

Br
79

Br (M
+
): 445.9517; Found: 445.9521. 

 

6. Synthesis of (E)-1-(3-bromophenyl)-3-(2-(3-bromophenyl)-2,5-dihydrofuran-4-yl)- 

but-2-en-1-one (E)-2f and (E)-8f. (wxy-5-012) 
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Following Typical Procedure II, the reaction of 1f (2.2519 g, 10.0 mmol), [Cp*RhCl2]2 

(312.5 mg, 0.5 mmol), and Cu(OAc)2•H2O (5.0019 g, 25 mmol) in CH3CN (10 mL)/MeOH 

(0.5 mL) afforded (E)-2f (1.1697 g, 52%) and (E)-8f (37.0 mg, 2%) [eluent: petroleum 

ether/ethyl acetate = 25/1 (500 mL) to petroleum ether/ethyl acetate = 10/1 (500 mL) to 

petroleum ether/ethyl acetate = 5/1 (300 mL)]. 

(E)-2f: solid; m.p. 121.5-122.5 
o
C (petroleum ether/ethyl acetate); 

1
H NMR (300 MHz, 

CDCl3) δ 7.78 (d, J = 8.4 Hz, 2 H, ArH), 7.61 (d, J = 8.7 Hz, 2 H, ArH), 7.50 (d, J = 8.4 Hz, 2 

H, ArH), 7.21 (d, J = 8.4 Hz, 2 H, ArH), 6.50 (s, 1 H, =CH), 6.31 (q, J = 1.8 Hz, 1 H, =CH), 

6.00-5.85 (m, 1 H, OCH), 5.14 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, one proton 

of OCH2), 5.01 (ddd, J1 = 11.4 Hz, J2 = 3.6 Hz, J3 = 2.0 Hz, 1 H, one proton of OCH2), 2.35 

(d, J = 0.9 Hz, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 190.7, 145.5, 141.7, 140.0, 137.6, 

132.7, 131.9, 131.8, 129.7, 128.0, 127.9, 122.0, 121.8, 88.4, 74.9, 16.8; IR (KBr) v (cm
-1

) 

3080, 2849, 1657, 1588, 1485, 1404, 1243, 1215, 1176, 1090, 1070, 1049, 1009; MS (EI): 

m/z (%) 450 [(M(
81

Br
81

Br)
+
, 5.25], 448 [(M(

81
Br

79
Br)

+
, 10.07], 446 [(M(

79
Br

79
Br)

+
, 5.19], 

265 (100); Anal. Calcd. for C20H16Br2O2 (%): C, 53.60; H, 3.60; Found: C, 53.56; H, 3.61. 

(E)-8f: solid; m.p. 164.1-164.8 
o
C (petroleum ether/CH2Cl2); 

1
H NMR (300 MHz, CDCl3) 

δ 7.85 (d, J = 8.4 Hz, 2 H, ArH), 7.78 (s, 1 H, ArH), 7.63-7.30 (m, 6 H, ArH and =CH), 7.10 
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(s, 1 H, =CH), 6.92 (s, 1 H, =CH), 2.52 (s, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 190.4, 

154.5, 146.6, 142.4, 138.3, 132.0, 131.8, 130.6, 129.7, 128.9, 127.5, 125.6, 122.1, 118.6, 

102.8, 17.6; IR (KBr) v (cm
-1

) 2922, 2847, 1654, 1612, 1600, 1582, 1479, 1397, 1315, 1219, 

1198, 1168, 1151, 1070, 1043, 1006; MS (EI): m/z (%) 448 [(M(
81

Br
81

Br)
+
, 4.60], 446 

[(M(
81

Br
79

Br)
+
, 12.76], 444 [(M(

79
Br

79
Br)

+
, 7.39], 183 (100); Anal. Calcd. for C20H14Br2O2 

(%): C, 53.84; H, 3.16; Found: C, 53.58; H, 3.10. 

 

7. Synthesis of (E)-1-(4-methoxyphenyl)-3-(2-(4-methoxyphenyl)-2,5-dihydrofuran-4-yl)- 

but-2-en-1-one (E)-2g. (wxy-1-151) 

 

Following Typical Procedure II, the reaction of 1g (175.3 mg, 1.0 mmol), [Cp*RhCl2]2 

(30.7 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.3 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2g (99.9 mg, 57%) (eluent: petroleum ether/ethyl acetate = 10/1, 600 

mL): solid; m.p. 97.9-99.3 
o
C (petroleum ether/CH2Cl2); 

1
H NMR (300 MHz, CDCl3) δ 7.92 

(d, J = 9.0 Hz, 2 H, ArH), 7.25 (d, J = 8.7 Hz, 2 H, ArH), 6.95 (d, J = 8.7 Hz, 2 H, ArH), 6.90 

(d, J = 8.7 Hz, 2 H, ArH), 6.54 (s, 1 H, =CH), 6.28 (q, J = 1.8 Hz, 1 H, =CH), 5.94-5.87 (m, 1 

H, OCH), 5.13 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 4.99 

(ddd, J1 = 11.4 Hz, J2 = 3.8 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 3.87 (s, 3 H, OCH3), 

3.80 (s, 3 H, OCH3), 2.34 (d, J = 0.9 Hz, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 190.6, 

163.3, 159.5, 143.8, 141.5, 133.2, 132.3, 131.7, 130.5, 127.9, 122.4, 114.0, 113.7, 88.6, 74.6, 

55.4, 55.2, 16.6; IR (KBr) v (cm
-1

) 3082, 3004, 2963, 2895, 2845, 1655, 1605, 1585, 1510, 
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1470, 1437, 1420, 1403, 1375, 1354, 1313, 1300, 1291, 1261, 1244, 1224, 1188, 1176, 1169, 

1123, 1112, 1091, 1048, 1025, 1001; MS (EI): m/z (%) 350 (M
+
, 8.23), 135 (100); Anal. 

Calcd. for C22H22O4 (%): C, 75.41; H, 6.33; Found: C, 75.25; H, 6.40. 

 

8. Synthesis of 

(E)-1-(benzodioxol-5-yl)-3-(2-(benzodioxol-5-yl)-2,5-dihydrofuran-4-yl)but-2-en-1-one 

(E)-2h. (wxy-1-147) 

 

Following Typical Procedure II, the reaction of 1h (191.4 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.2 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.5 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2h (82.6 mg, 44%), 11h (3.1 mg, 2%) and a mixture of other byproducts 

(8.1 mg) (eluent: petroleum ether/ethyl acetate = 10/1, 600 mL). 

 (E)-2h: solid; m.p. 137.7-138.4 
o
C (petroleum ether/CH2Cl2); 

1
H NMR (300 MHz, CDCl3) 

δ 7.51 (dd, J1 = 8.1 Hz, J2 = 1.8 Hz, 1 H, ArH), 7.42 (d, J = 1.8 Hz, 1 H, ArH), 6.86 (d, J = 

8.1 Hz, 1 H, ArH), 6.79 (m, 3 H, ArH), 6.47 (s, 1 H, =CH), 6.25 (q, J = 1.8 Hz, 1 H, =CH), 

6.05 (s, 2 H, CH2), 5.95 (s, 2 H, CH2), 5.88-5.83 (m, 1 H, OCH), 5.11 (ddd, J1 = 11.7 Hz, J2 = 

5.4 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 4.97 (ddd, J1 = 11.4 Hz, J2 = 3.5 Hz, J3 = 2.0 

Hz, 1 H, one proton of OCH2), 2.32 (d, J = 0.9 Hz, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 

190.1, 151.6, 148.2, 147.9, 147.5, 143.9, 141.6, 135.0, 133.6, 132.2, 124.5, 122.4, 120.0, 

108.2, 108.0, 107.8, 107.0, 101.8, 101.1, 88.8, 74.6, 16.6; IR (KBr) v (cm
-1

) 3047, 2900, 2855, 
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2781, 1651, 1596, 1499, 1485, 1441, 1295, 1273, 1248, 1199, 1179, 1139, 1110, 1098, 1038, 

1002; MS (EI): m/z (%) 378 (M
+
, 34.14), 229 (100); Anal. Calcd. for C22H18O6 (%): C, 69.84; 

H, 4.80; Found: C, 69.63; H, 4.87. 

11h: 
1
H NMR (300 MHz, CDCl3) δ 9.82 (s, 1 H, CHO), 7.42 (dd, J1 = 7.8 Hz, J2 = 1.5 

Hz, 1 H, ArH), 7.34 (d, J = 1.5 Hz, 1 H, ArH), 6.94 (d, J = 7.8 Hz, 1 H, ArH), 6.08 (s, 2 H, 

CH2). 

 

9. Synthesis of (E)-1-(naphthalen-2-yl)-3-(2-(naphthalen-2-yl)-2,5-dihydrofuran-4-yl)- 

but-2-en-1-one (E)-2i. (wxy-1-189, wxy-2-073) 

 

Following Typical Procedure II, the reaction of 1i (196.7 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.9 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2i (105.8 mg, 52%, 97% purity) (eluent: petroleum ether/ethyl acetate = 

20/1, 600 mL): solid; m.p. 127.8-128.6 
o
C (petroleum ether/Et2O); 

1
H NMR (300 MHz, 

CDCl3) δ 8.49 (dd, J1 = 8.4 Hz, J2 = 0.9 Hz, 1 H, ArH), 8.08 (d, J = 8.4 Hz, 1 H, ArH), 7.96 

(d, J = 8.1 Hz, 1 H, ArH), 7.91-7.84 (m, 2 H, ArH), 7.83-7.75 (m, 2 H, ArH), 7.61-7.43 (m, 7 

H, ArH), 6.73-6.68 (m, 1 H, OCH), 6.59 (q, J = 1.8 Hz, 1 H, =CH), 6.44 (s, 1 H, =CH), 5.15 

(ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 5.05 (ddd, J1 = 11.4 

Hz, J2 = 3.6 Hz, J3 = 2.1 Hz, 1 H, one proton of OCH2), 2.41 (d, J = 0.9 Hz, 3 H, CH3); 
13

C 

NMR (75 MHz, CDCl3) δ 195.5, 144.8, 141.8, 138.0, 136.5, 133.83, 133.75, 132.6, 132.1, 

130.5, 130.1, 128.9, 128.4, 127.6, 126.4, 126.3, 125.8, 125.7, 125.6, 125.5, 124.5, 123.4, 
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122.9, 85.9, 74.7, 16.7; IR (neat) v (cm
-1

) 3048, 2849, 1652, 1579, 1508, 1436, 1395, 1367, 

1294, 1230, 1178, 1110, 1077, 1055; MS (EI): m/z (%) 390 (M
+
, 39.82), 235 (100); Anal. 

Calcd. for C28H22O2 (%): C, 86.13; H, 5.68; Found: C, 85.75; H, 5.75. 

 

10. Synthesis of (E)-1-(furan-2-yl)-3-(2-(furan-2-yl)-2,5-dihydrofuran-4-yl)-but-2-en-1-one 

(E)-2j. (wxy-2-020) 

 

Following Typical Procedure II, the reaction of 1j (136.2 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.0 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2j (57.6 mg, 43%) (eluent: petroleum ether/ethyl acetate = 20/1, 600 

mL): oil; 
1
H NMR (300 MHz, CDCl3) δ 7.59 (d, J = 1.2 Hz, 1 H, furyl), 7.41 (d, J = 0.9 Hz, 1 

H, furyl), 7.20 (d, J = 3.6 Hz, 1 H, furyl), 6.58-6.52 (m, 2 H, furyl and =CH), 6.39-6.29 (m, 3 

H, furyl and =CH), 5.99-5.93 (m, 1 H, OCH), 5.08 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 2.1 

Hz, 1 H, one proton of OCH2), 4.94 (ddd, J1 = 11.4 Hz, J2 = 3.3 Hz, J3 = 2.1 Hz, 1 H, one 

proton of OCH2), 2.49 (d, J = 0.9 Hz, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 179.3, 154.3, 

152.9, 146.04, 146.01, 143.4, 142.9, 129.5, 120.5, 116.7, 112.4, 110.3, 107.8, 81.6, 74.2, 16.5; 

IR (neat) v (cm
-1

) 3121, 2853, 1652, 1591, 1501, 1467, 1387, 1305, 1256, 1154, 1092, 1052, 

1013; MS (EI): m/z (%) 270 (M
+
, 4.34), 95 (100); HRMS Cacld. for C16H14O4 (M

+
): 

270.0892; Found: 270.0893. 

 

11. Synthesis of 
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(E)-1-(thiophen-2-yl)-3-(2-(thiophen-2-yl)-2,5-dihydrofuran-4-yl)-but-2-en-1-one (E)-2k. 

(wxy-1-191) 

 

Following Typical Procedure II, the reaction of 1k (153.9 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.5 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.0 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2k (75.0 mg, 49%) (eluent: petroleum ether/ethyl acetate = 15/1, 600 

mL): solid; m.p. 77.9-78.6 
o
C (petroleum ether/CH2Cl2); 

1
H NMR (300 MHz, CDCl3) δ 7.70 

(dd, J1 = 3.9 Hz, J2 = 0.9 Hz, 1 H, thienyl), 7.64 (dd, J1 = 4.8 Hz, J2 = 0.9 Hz, 1 H, thienyl), 

7.31 (dd, J1 = 5.1 Hz, J2 = 1.2 Hz, 1 H, thienyl), 7.14 (dd, J1 = 5.1 Hz, J2 = 3.9 Hz, 1 H, 

thienyl), 7.08-6.97 (m, 2 H, thienyl), 6.51 (s, 1 H, =CH), 6.38 (q, J = 1.8 Hz, 1 H, =CH), 

6.25-6.18 (m, 1 H, OCH), 5.11 (ddd, J1 = 11.4 Hz, J2 = 5.1 Hz, J3 = 1.8 Hz, 1 H, one proton 

of OCH2), 4.96 (ddd, J1 = 11.4 Hz, J2 = 3.3 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 2.45 

(d, J = 1.2 Hz, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 183.5, 146.5, 145.4, 144.6, 142.2, 

133.7, 132.0, 131.3, 128.2, 126.9, 125.9, 124.9, 121.5, 84.0, 74.1, 16.6; IR (KBr) v (cm
-1

) 

3084, 3071, 2953, 2899, 2855, 1637, 1612, 1581, 1518, 1473, 1436, 1415, 1354, 1297, 1272, 

1251, 1238, 1221, 1163, 1090, 1066, 1042; MS (EI): m/z (%) 302 (M
+
, 12.23), 273 (100); 

Anal. Calcd. for C16H14O2S2 (%): C, 63.55; H, 4.67; Found: C, 63.48; H, 4.72. 

 

12. Synthesis of (E,E,E)-2l. (wxy-3-024) 
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Following Typical Procedure II, the reaction of (E)-1l (172.8 mg, 1.0 mmol), 

[Cp*RhCl2]2 (31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.2 mg, 2.5 mmol) in CH3CN 

(1.0 mL)/MeOH (50 μL) afforded impure (E,E,E)-2l (85.5 mg) after chromatography on 

silica gel (eluent: petroleum ether/ethyl acetate = 20/1, 700 mL). The impure (E,E,E)-2l was 

further purified via chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1, 

500 mL) to afford pure (E,E,E)-2l (70.4 mg, 41%): liquid; 
1
H NMR (300 MHz, CDCl3) δ 

7.63-7.51 (m, 3 H, ArH and =CH), 7.43-7.34 (m, 5 H, ArH), 7.34-7.20 (m, 3 H, ArH), 6.85 (d, 

J = 16.2 Hz, 1 H, =CH), 6.64 (d, J = 15.9 Hz, 1 H, =CH), 6.25 (q, J = 1.8 Hz, 1 H, =CH), 

6.18 (dd, J1 = 15.9 Hz, J2 = 7.2 Hz, 1 H, =CH), 6.11 (s, 1 H, =CH), 5.59-5.49 (m, 1 H, OCH), 

5.01 (ddd, J1 = 11.4 Hz, J2 = 5.1 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 4.90 (ddd, J1 = 

11.4 Hz, J2 = 3.6 Hz, J3 = 2.1 Hz, 1 H, one proton of OCH2), 2.41 (d, J = 0.9 Hz, 3 H, CH3); 

13
C NMR (75 MHz, CDCl3) δ 190.2, 144.9, 142.7, 141.9, 136.3, 134.6, 131.9, 131.5, 130.3, 

128.8, 128.5, 128.3, 128.0, 127.9, 127.8, 126.6, 124.3, 87.8, 74.2, 16.4; IR (neat) v (cm
-1

) 

3081, 3059, 3026, 2848, 1668, 1653, 1641, 1622, 1616, 1575, 1495, 1447, 1367, 1327, 1302, 

1189, 1116, 1048; MS (EI): m/z (%) 342 (M
+
, 24.75), 312 (100); HRMS Cacld. for C24H22O2 

(M
+
): 342.1620; Found: 342.1621. 

 

13. Synthesis of (E)-2-(2-hexyl-2,5-dihydrofuran-4-yl)dec-2-en-4-one (E)-2m. (hx-16-008, 

hx-15-181) 
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Following Typical Procedure II, the reaction of 1m (154.5 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.2 mg, 2.5 mmol) in CH3CN (1 mL)/MeOH 

(50 μL) afforded (E)-2m (98.0 mg, 64%) [eluent: petroleum ether/ethyl acetate = 50/1 (500 

mL) to 20/1 (400 mL)]: solid; m.p. 38.2-42.4 
o
C (determined without recrystallization): liquid; 

1
H NMR (300 MHz, CDCl3) δ 6.27-6.20 (m, 1 H, =CH), 5.80 (s, 1 H, =CH), 5.01-4.89 (m, 1 

H, OCH), 4.82 (ddd, J1 = 11.4 Hz, J2 = 5.1 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 4.74 

(ddd, J1 = 11.4 Hz, J2 = 3.6 Hz, J3 = 2.1 Hz, 1 H, one proton of OCH2), 2.47 (t, J = 7.5 Hz, 2 

H, CH2), 2.32 (d, J = 0.9 Hz, 3 H, Me), 1.68-1.48 (m, 4 H, CH2 × 2), 1.47-1.18 (m, 14 H, CH2 

× 7), 0.88 (t, J = 6.8 Hz, 6 H, Me × 2); 
13

C NMR (75 MHz, CDCl3) δ 201.8, 143.9, 141.2, 

133.6, 123.5, 87.3, 73.9, 44.7, 35.7, 31.7, 31.6, 29.3, 28.8, 25.2, 24.1, 22.5, 22.4, 16.0, 14.00, 

13.96; IR (neat) v (cm
-1

) 2955, 2928, 2856, 1685, 1616, 1589, 1466, 1406, 1367, 1201, 1132, 

1101, 1054; MS (EI): m/z (%) 307 (M
+
 + 1, 6.5), 306 (M

+
, 23.2), 221 (100); HRMS Cacld. 

for C20H34O2 (M
+
): 306.2559; Found: 306.2563. 

 

14. Synthesis of (E)-2-(2-nonyl-2,5-dihydrofuran-4-yl)tridec-2-en-4-one (E)-2n. (wxy-3-041) 

 

Following Typical Procedure II, the reaction of 1n (1.1990 g, 5.82 mmol, 97% purity), 

[Cp*RhCl2]2 (185.4 mg, 0.3 mmol), and Cu(OAc)2•H2O (2.9945 g, 15 mmol) in CH3CN (6 
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mL)/MeOH (0.3 mL) afforded (E)-2n (714.3 mg, 62%) (eluent: petroleum ether/ethyl acetate 

= 35/1, 1000 mL): solid; m.p. 38.2-42.4 
o
C (determined without recrystallization); 

1
H NMR 

(300 MHz, CDCl3) δ 6.24 (q, J = 1.8 Hz, 1 H, =CH), 5.80 (s, 1 H, =CH), 5.00-4.88 (m, 1 H, 

OCH), 4.82 (ddd, J1 = 11.4 Hz, J2 = 5.1 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 4.74 (ddd, 

J1 = 11.4 Hz, J2 = 3.6 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 2.46 (t, J = 7.5 Hz, 2 H, 

CH2), 2.32 (d, J = 0.9 Hz, 3 H, CH3), 1.68-1.50 (m, 4 H, CH2 × 2), 1.48-1.15 (m, 26 H, CH2 × 

13), 0.88 (t, J = 6.8 Hz, 6 H, CH3 × 2); 
13

C NMR (75 MHz, CDCl3) δ 201.8, 143.9, 141.3, 

133.6, 123.6, 87.3, 74.0, 44.8, 35.7, 31.8, 29.6, 29.53, 29.50, 29.4, 29.3, 29.22, 29.19, 25.3, 

24.2, 22.6, 16.1, 14.0; IR (neat) v (cm
-1

) 2953, 2925, 2854, 1687, 1683, 1616, 1589, 1464, 

1405, 1367, 1131, 1103, 1046; MS (EI): m/z (%) 390 (M
+
, 9.17), 263 (100); Anal. Calcd. for 

C26H46O2 (%): C, 79.94; H, 11.87; Found: C, 79.72; H, 11.81. 

15. Synthesis of (E)-2-(2-undecyl-2,5-dihydrofuran-4-yl)pentadec-2-en-4-one (E)-2o. 

(fjj-1-118) 

 

Following Typical Procedure II, the reaction of 1o (223.9 mg, 1 mmol), [Cp*RhCl2]2 

(30.8 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.0 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2o (141.2 mg, 63%) [eluent: petroleum ether/ethyl acetate = 80/1 (300 

mL) to 50/1 (300 mL)]: solid; m.p. 44.7-47.2 
o
C (determined without recrystallization); 

1
H 

NMR (300 MHz, CDCl3) δ 6.24 (s, 1 H, =CH), 5.80 (s, 1 H, =CH), 5.00-4.89 (m, 1 H, OCH), 

4.88-4.68 (m, 2 H, OCH2), 2.47 (t, J = 7.5 Hz, 2 H, CH2), 2.32 (s, 3 H, CH3), 1.68-1.50 (m, 4 
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H, CH2 × 2), 1.48-1.15 (m, 34 H, CH2 × 17), 0.88 (t, J = 6.6 Hz, 6 H, CH3 × 2); 
13

C NMR (75 

MHz, CDCl3) δ 201.8, 143.9, 141.3, 133.6, 123.6, 87.3, 74.0, 44.8, 35.8, 31.9, 29.7, 29.62, 

29.58, 29.55, 29.5, 29.4, 29.3, 29.2, 25.3, 24.2, 22.6, 16.1, 14.1; IR (neat) v (cm
-1

) 2954, 2918, 

2849, 1683, 1591, 1470, 1133, 1096; MS (EI): m/z (%) 446 (M
+
, 6.92), 263 (100); Anal. 

Calcd. for C30H54O2 (%): C, 80.65; H, 12.18; Found: C, 80.22; H, 12.07. 

 

16. Preparation of (E)-2-(2-isobutyl-2,5-dihydrofuran-4-yl)-6-methylhept-2-en-4-one (E)-2p. 

(wxy-1-135) 

 

Following Typical Procedure II, the reaction of 1p (128.2 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.2 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.7 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2p (64.8 mg, 51%) (eluent: petroleum ether/ethyl acetate = 30/1, 600 

mL): liquid; 
1
H NMR (300 MHz, CDCl3) δ 6.25 (d, J = 1.8 Hz, 1 H, =CH), 5.79 (s, 1 H, 

CH=), 5.03-4.95 (m, 1 H, OCH), 4.81 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, one 

proton of OCH2), 4.73 (ddd, J1 = 11.4 Hz, J2 = 3.5 Hz, J3 = 2.0 Hz, 1 H, one proton of OCH2), 

2.35 (d, J = 6.9 Hz, 2 H, COCH2), 2.32 (d, J = 6.9 Hz, 3 H, CH3), 2.21-2.07 (m, 1 H, CH), 

1.88-1.72 (m, 1 H, CH), 1.58-1.47 (m, 1 H, one proton of CH2), 1.45-1.34 (m, 1 H, one 

proton of CH2), 0.94 (t, J = 6.6 Hz, 12 H, CH3 × 4); 
13

C NMR (75 MHz, CDCl3) δ 201.4, 

143.8, 141.0, 134.1, 123.8, 85.7, 73.6, 53.7, 44.7, 25.1, 25.0, 23.2, 22.5, 22.4, 16.0; IR (neat) 

v (cm
-1

) 2956, 2929, 2870, 1683, 1616, 1587, 1467, 1404, 1386, 1367, 1287, 1171, 1148, 

1123, 1099, 1052 ; MS (EI): m/z (%) 250 (M
+
, 7.99), 109 (100); HRMS Calcd for C16H26O2 
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(M
+
): 250.1933; Found: 250.1934. 

 

17. Synthesis of (E)-1-phenyl-4-(2-benzyl-2,5-dihydrofuran-4-yl)-pent-3-en-2-one (E)-2q. 

(wxy-1-145) 

 

Following Typical Procedure II, the reaction of 1q (160.3 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.3 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2q (85.9 mg, 54%) (eluent: petroleum ether/ethyl acetate = 20/1, 800 

mL): oil; 
1
H NMR (300 MHz, CDCl3) δ 7.35-7.15 (m, 10 H, ArH), 6.18 (q, J = 1.8 Hz, 1 H, 

=CH), 5.80 (s, 1 H, =CH), 5.18-5.08 (m, 1 H, OCH), 4.72-4.60 (m, 2 H, OCH2), 3.72 (s, 2 H, 

CH2CO), 2.94 (dd, J1 = 13.8 Hz, J2 = 6.6 Hz, 1 H, one proton of CH2), 2.82 (dd, J1 = 13.5 Hz, 

J2 = 6.6 Hz, 1 H, one proton of CH2), 2.27 (d, J = 1.2 Hz, 3 H, CH3); 
13

C NMR (75 MHz, 

CDCl3) δ 198.3, 145.2, 141.7, 137.5, 134.5, 133.1, 129.4, 129.2, 128.6, 128.3, 126.9, 126.4, 

122.9, 88.0, 74.0, 51.6, 42.3, 16.1; IR (neat) v (cm
-1

) 3087, 3062, 3028, 2917, 2848, 1687, 

1683, 1616, 1588, 1495, 1454, 1404, 1366, 1326, 1207, 1189, 1104, 1031, 1003; MS (EI): 

m/z (%) 318 (M
+
, 7.72), 319 (M

+ 
+ 1, 7.56), 227 (100), 91 (100); HRMS Cacld. for C22H22O2 

(M
+
): 318.1620; Found: 318.1623. 

 

18. Preparation of (E)-1-phenyl-5-(2-phenethyl-2,5-dihydrofuran-4-yl)-hex-4-en-3-one (E)-2r. 

(wxy-1-131) 
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Following Typical Procedure II, the reaction of 1r (174.5 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.1 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2r (106.6 mg, 62%) (eluent: petroleum ether/ethyl acetate = 20/1, 600 

mL): liquid; 
1
H NMR (300 MHz, CDCl3) δ 7.34-7.24 (m, 4 H, ArH), 7.23-7.14 (m, 6 H, ArH), 

6.18 (q, J = 1.8 H, 1 H, =CH), 5.76 (s, 1 H, =CH), 5.02-4.92 (m, 1 H, OCH), 4.80 (ddd, J1 = 

11.3 Hz, J2 = 5.1 Hz, J3 = 1.4 Hz, 1 H, one proton of OCH2), 4.71 (ddd, J1 = 11.4 Hz, J2 = 3.3 

Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 2.92 (t, J = 7.7 Hz, 2 H, CH2), 2.85-2.59 (m, 4 H, 

CH2 × 2), 2.30 (s, 3 H, CH3), 1.98-1.82 (m, 2 H, CH2); 
13

C NMR (75 MHz, CDCl3) δ 200.3, 

144.2, 141.7, 141.4, 141.0, 133.5, 128.38, 128.34, 128.32, 128.26, 126.0, 125.8, 123.5, 86.5, 

74.0, 46.1, 37.2, 31.4, 30.0, 16.1; IR (neat) v (cm
-1

) 3080, 3061, 3026, 2925, 2852, 1683, 

1616, 1589, 1496, 1454, 1111, 1072, 1031; MS (EI): m/z (%) 346 (M
+
, 10.90), 91 (100); 

HRMS Calcd for C24H26O2 (M
+
): 346.1933; Found: 346.1937.  

 

19. Synthesis of (E)-2-(2-(5-chloropentyl)-2,5-dihydrofuran-4-yl)-9-chloro-non-2-en-4-one 

(E)-2s. (wxy-2-018) 

 

Following Typical Procedure II, the reaction of 1s (174.5 mg, 1.0 mmol), [Cp*RhCl2]2 

(30.9 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.0 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 
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(50 μL) afforded (E)-2s (107.8 mg, 62%) (eluent: petroleum ether/ethyl acetate = 20/1, 600 

mL): liquid; 
1
H NMR (300 MHz, CDCl3) δ 6.24 (q, J = 1.5 Hz, 1 H, =CH), 5.80 (s, 1 H, 

=CH), 5.03-4.91 (m, 1 H, OCH), 4.86-4.70 (m, 2 H, OCH2), 3.54 (t, J = 6.5 Hz, 4 H, CH2 × 

2), 2.51 (t, J = 7.2 Hz, 2 H, COCH2), 2.33 (s, 3 H, CH3), 1.85-1.72 (m, 4 H, CH2 × 2), 

1.70-1.55 (m, 4 H, CH2 × 2), 1.55-1.38 (m, 6 H, CH2 × 3); 
13

C NMR (75 MHz, CDCl3) δ 

201.0, 143.9, 141.2, 133.4, 123.3, 86.9, 73.8, 44.8, 44.7, 44.2, 35.3, 32.3, 32.2, 26.7, 26.2, 

24.4, 23.1, 15.9; IR (neat) v (cm
-1

) 2928, 2852, 1683, 1588, 1368, 1111, 1046; MS (EI): m/z 

(%) 350 [M(
37

Cl
37

Cl)
+
, 1.28], 348 [M(

37
Cl

35
Cl)

+
, 5.84], 346 [M(

35
Cl

35
Cl)

+
, 7.74], 241 (100); 

HRMS Cacld. for C18H28O2
35

Cl
35

Cl (M
+
): 346.1466; Found: 346.1465. 

 

20. Synthesis of (E)-2t. (fjj-1-121) 

 

Following Typical Procedure II, the reaction of 1t (156.4 mg, 1 mmol), [Cp*RhCl2]2 

(30.9 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.2 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2t (87.1 mg, 56%) [eluent: petroleum ether/ethyl acetate = 1/1 (500 mL) 

to petroleum ether/ethyl acetate 1/2 (500 mL) to ethyl acetate (500 mL)]: oil; 
1
H NMR (300 

MHz, CDCl3) δ 6.25 (s, 1 H, =CH), 5.81 (s, 1 H, =CH), 5.02-4.90 (m, 1 H, OCH), 4.86-4.68 

(m, 2 H, OCH2), 3.63 (t, J = 6.2 Hz, 4 H, OCH2 × 2), 2.58-2.40 (4 H, CH2 and OH × 2), 2.32 

(s, 3 H, CH3), 1.72-1.50 (m, 8 H, CH2 × 4), 1.48-1.30 (m, 6 H, CH2 × 3); 
13

C NMR (75 MHz, 

CDCl3) δ 201.7, 144.1, 141.1, 133.5, 123.4, 87.1, 73.9, 62.4, 62.3, 44.5, 35.5, 32.4, 32.3, 25.6, 
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25.2, 24.9, 23.6, 16.0; IR (neat) v (cm
-1

) 3390, 2932, 2858, 1682, 1587, 1119, 1051; MS (EI): 

m/z (%) 310 (M
+
, 7.20), 69 (100); HRMS Cacld. for C18H30O4 (M

+
): 310.2144; Found: 

310.2143. 

 

21. Synthesis of (E)-1-cyclohexyl-3-(2-cyclohexyl-2,5-dihydrofuran-4-yl)but-2-en-1-one 

(E)-2u. (wxy-2-145) 

 

Following Typical Procedure II, the reaction of 1u (152.2 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.1 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.9 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2u (91.1 mg, 60%) (eluent: petroleum ether/ethyl acetate = 40/1, 800 

mL): liquid; 
1
H NMR (300 MHz, CDCl3) δ 6.24 (s, 1 H, =CH), 5.84 (s, 1 H, =CH), 4.85-4.70 

(m, 3 H, OCH + OCH2), 2.45-2.25 (m, 4 H, CH + CH3), 1.90-1.60 (m, 10 H, 5 × CH2), 

1.60-1.45 (m, 1 H, CH), 1.41-0.94 (m, 10 H, 5 × CH2); 
13

C NMR (75 MHz, CDCl3) δ 204.7, 

144.3, 141.8, 131.9, 122.8, 91.8, 74.3, 51.9, 43.5, 28.7, 28.5, 28.4, 26.4, 26.1, 26.0, 25.8, 25.7, 

16.1; IR (neat) v (cm
-1

) 2926, 2852, 1682, 1615, 1587, 1450, 1368, 1314, 1289, 1233, 1185, 

1146, 1098, 1051; MS (EI): m/z (%) 302 (M
+
, 7.47), 83 (100); HRMS Cacld. for C20H30O2 

(M
+
): 302.2246; Found: 302.2247. 

 

22. Synthesis of (E)-2,2-dimethyl-5-(2-(tert-butyl)-2,5-dihydrofuran-4-yl)-hex-4-en-3-one 

(E)-2v. (wxy-1-159) 
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Following Typical Procedure II, the reaction of 1v (128.1 mg, 1.0 mmol), [Cp*RhCl2]2 

(31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.9 mg, 2.5 mmol) in CH3CN (1.0 mL)/MeOH 

(50 μL) afforded (E)-2v (63.4 mg, 50%) [eluent: petroleum ether (30-60 
o
C)/ethyl acetate = 

50/1, 800 mL]: solid; low melting point; 
1
H NMR (300 MHz, CDCl3) δ 6.23 (d, J = 1.5 Hz, 1 

H, =CH), 6.06 (s, 1 H, =CH), 4.86-4.74 (m, 2 H, OCH2), 4.64-4.57 (m, 1 H, OCH), 2.29 (d, J 

= 0.9 Hz, 3 H, CH3), 1.16 (s, 9 H, t-Bu), 0.92 (s, 9 H, t-Bu); 
13

C NMR (75 MHz, CDCl3) δ 

206.8, 144.2, 142.5, 130.6, 119.9, 95.8, 74.6, 44.0, 36.1, 26.5, 25.6, 16.2; IR (neat) v (cm
-1

) 

2958, 2902, 2868, 1679, 1616, 1587, 1478, 1393, 1365, 1312, 1192, 1102, 1066, 1036, 1016; 

MS (EI): m/z (%) 250 (M
+
, 2.87), 57 (100); HRMS Cacld. for C16H26O2 (M

+
): 250.1933; 

Found: 250.1932. 

 

23. The cross-coupling reaction between 1x and 1e. (wxy-7-163) 

 

To a dried Schlenk tube were added [Cp*RhCl2]2 (15.5 mg, 0.025 mmol) and 

Cu(OAc)2•H2O (250.0 mg, 1.25 mmol) under air atmosphere. The Schlenk tube was then 

degassed to remove the air inside completely and refilled with O2 by a balloon of O2 for three 
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times. 1x (70.5 mg, 0.5 mmol)/CH3CN (0.5 mL), 1e (112.8 mg, 0.5 mmol)/CH3CN (0.5 mL) 

and MeOH (50 μL) were added sequentially, the reaction tube was put into an oil bath 

pre-heated at 50 
o
C. The reaction was complete after stirring for 11.5 h as monitored by TLC. 

After removing the O2 balloon, the resulting mixture was filtered through a short column of 

silica gel eluted with ethyl acetate (15 mL × 3). The combined filtrate was then concentrated 

in vacuo and the crude residue was purified via chromatography on silica gel [eluent: 

petroleum ether/ethyl acetate = 50/1 (250 mL) to petroleum ether/ethyl acetate = 20/1 (250 

mL)] to afford (E)-2xe (88.9 mg, 49%) and impure (E)-2e (20.2 mg). The impure (E)-2e was 

further purified via column chromatography on silica gel (eluent: petroleum ether/ethyl 

acetate = 25/1, 500 mL) to afford pure (E)-2e (18.6 mg, 17%). 

(E)-2xe, solid; m.p. 105.5-107.6 
o
C (petroleum ether/DCM); 

1
H NMR (300 MHz, CDCl3) δ 

7.76 (d, J = 6.6 Hz, 2 H, ArH), 7.60 (d, J = 6.6 Hz, 2 H, ArH), 6.41 (s, 1 H, =CH), 6.38 (s, 1 

H, =CH), 4.88 (d, J = 1.2 Hz, 2 H, OCH2), 2.36 (d, J = 0.9 Hz, 3 H, Me), 1.80-1.35 (m, 10 H, 

CH2 × 5); 
13

C NMR (75 MHz, CDCl3) δ 190.8, 146.7, 140.0, 137.8, 137.7, 131.8, 129.7, 

127.7, 120.7, 90.7, 72.6, 36.6, 25.2, 23.2, 16.7; IR (neat) v (cm
-1

) 2931, 2854, 1656, 1588, 

1212, 1071, 1042, 1009; MS (EI): m/z (%) 362 [(M(
81

Br)
+
, 42.42], 360 [(M(

79
Br)

+
, 41.69], 

183 (100); HRMS Calcd for C19H21
79

BrO2 (M
+
): 360.0725; Found: 360.0723. 

 

24. Synthesis of (S,E)-1-phenyl-3-(2-phenyl-2,5-dihydrofuran-4-yl)but-2-en-1-one (S,E)-2a. 

(wxy-3-112) 
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Following Typical Procedure II, the reaction of (S)-1a
2,3

 (146.2 mg, 1.0 mmol), 

[Cp*RhCl2]2 (31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.8 mg, 2.5 mmol) in CH3CN (1.0 

mL)/MeOH (50 μL) afforded (S,E)-2a (81.1 mg, 56%) (eluent: petroleum ether/ethyl acetate 

= 25/1, 800 mL): solid; m.p. 82.4-82.7 
o
C (petroleum ether/ethyl acetate); 98% ee (HPLC 

conditions: Chiralcel IC column, n-hexane/i-PrOH = 90/10, 1 mL/min, λ = 214 nm, tR(major) 

= 21.9 min, tR(minor) = 24.2 min); [α]D
20

 = -345.8 (c = 1.16, CHCl3); 
1
H NMR (300 MHz, 

CDCl3) δ 7.96-7.88 (m, 2 H, ArH), 7.57 (m, 1 H, ArH), 7.48 (m, 2 H, ArH), 7.42-7.27 (m, 5 

H, ArH), 6.57 (s, 1 H, =CH), 6.34 (q, J1 = 3.6 Hz, J2 = 1.5 Hz, 1 H, =CH), 6.00-5.96 (m, 1 H, 

OCH), 5.17 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 2.1 Hz, 1 H, one proton of OCH2), 5.03 (ddd, 

J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 2.1 Hz, 1 H, one proton of OCH2), 2.37 (d, J = 1.2 Hz, 3 H, 

Me); 
13

C NMR (100 MHz, CDCl3) δ 192.0 145.0, 141.5, 141.1, 138.9, 132.9, 132.8, 128.7, 

128.6, 128.2, 128.1, 126.4, 122.3, 89.1, 74.9, 16.7; IR (KBr) v (cm
-1

) 3089, 3065, 3035, 2854, 

1651, 1612, 1595, 1581, 1492, 1479, 1455, 1446, 1366, 1350, 1274, 1243, 1218, 1196, 1182, 

1160, 1088, 1075, 1049, 1009; MS (EI): m/z (%) 290 (M
+
, 8.48), 185 (100); Anal. Calcd. for 

C20H18O2 (%): C, 82.73; H, 6.25; Found: C, 82.01; H, 6.31. HRMS Cacld. for C20H18O2 (M
+
): 

290.1307; Found: 290.1307. 

 

25. Synthesis of (S,E)-1-(4-fluorophenyl)-3-(2-(4-fluorophenyl)-2,5-dihydrofuran-4-yl)- 

but-2-en-1-one (S,E)-2b. (wxy-3-044) 

 

Following Typical Procedure II, the reaction of (S)-1b (164.6 mg, 1.0 mmol, >99% ee), 
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[Cp*RhCl2]2 (31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (498.9 mg, 2.5 mmol) in CH3CN (1.0 

mL)/MeOH (50 μL) afforded (S,E)-2b (99.8 mg, 61%) (eluent: petroleum ether/ethyl acetate 

= 15/1, 500 mL): solid; m.p. 90.5-91.1 
o
C (petroleum ether/CH2Cl2); >99% ee (HPLC 

conditions: Chiralcel OZ-H column, n-hexane/i-PrOH = 90/10, 1 mL/min, λ = 214 nm, 

tR(major) = 9.8 min, tR(minor) = 13.6 min); [α]D
20

 = -323.7 (c = 1.01, CHCl3); 
1
H NMR (300 

MHz, CDCl3) δ 8.01-7.90 (m, 2 H, ArH), 7.36-7.25 (m, 2 H, ArH), 7.20-7.09 (m, 2 H, ArH), 

7.09-7.00 (m, 2 H, ArH), 6.53 (s, 1 H, =CH), 6.31 (q, J = 1.8 Hz, 1 H, =CH), 5.98-5.87 (m, 1 

H, OCH), 5.14 (ddd, J1 = 11.7 Hz, J2 = 5.7 Hz, J3 = 2.1 Hz, 1 H, one proton of OCH2), 5.01 

(ddd, J1 = 11.7 Hz, J2 = 3.6 Hz, J3 = 2.1 Hz, 1 H, one proton of OCH2), 2.36 (d, J = 0.9 Hz, 3 

H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 190.2, 165.5 (d, J = 253.1 Hz), 162.5 (d, J = 245.4 

Hz), 145.0, 141.6, 136.8 (d, J = 3.5 Hz), 135.2 (d, J = 2.7 Hz), 132.6, 130.8 (d, J = 9.7 Hz), 

128.2 (d, J = 8.3 Hz), 122.0, 115.6 (d, J = 21.4 Hz), 115.5 (d, J = 21.4 Hz), 88.3, 74.7, 16.6; 

19
F NMR (282 MHz, CDCl3) δ -105.9 (s, 1 F), -114.4 (s, 1 F); IR (neat) v (cm

-1
) 3073, 2851, 

1622, 1652, 1600, 1506, 1411, 1368, 1305, 1295, 1221, 1155, 1088, 1049, 1013; MS (EI): m/z 

(%) 326 (M
+
, 5.52), 123 (100); Anal. Calcd. for C20H16F2O2 (%): C, 73.61; H, 4.94; Found: C, 

73.64; H, 5.11. 

26. Synthesis of 

(S,E)-1-(3-bromophenyl)-3-(2-(3-bromophenyl)-2,5-dihydrofuran-4-yl)but-2-en-1-one 

(S,E)-2e. (wxy-3-109) 

 

Following Typical Procedure II, the reaction of (S)-1e (112.1 mg, 0.5 mmol, 95% ee), 
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[Cp*RhCl2]2 (15.7 mg, 0.025 mmol), and Cu(OAc)2•H2O (250.0 mg, 1.25 mmol) in CH3CN 

(0.5 mL)/MeOH (25 μL) afforded (S,E)-2e (54.0 mg, 48%) (eluent: petroleum ether/ethyl 

acetate = 25/1, 800 mL): oil; 93% ee (HPLC conditions: Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1 mL/min, λ = 214 nm, tR(minor) = 17.7 min, tR(major) = 18.7 

min); [α]D
20

 = -258.2 (c = 0.91, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 8.03 (t, J = 1.7 Hz, 1 

H, ArH), 7.83 (d, J = 7.8 Hz, 1 H, ArH), 7.72-7.64 (m, 1 H, ArH), 7.52-7.38 (m, 2 H, ArH), 

7.36 (t, J = 7.8 Hz, 1 H, ArH), 7.30-7.19 (m, 2 H, ArH), 6.49 (s, 1 H, =CH), 6.33 (q, J = 1.5 

Hz, 1 H, =CH), 5.97-5.88 (m, 1 H, OCH), 5.16 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 

H, one proton of OCH2), 5.03 (ddd, J1 = 11.1 Hz, J2 = 3.3 Hz, J3 = 1.8 Hz, 1 H, one proton of 

OCH2), 2.36 (s, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 190.2, 145.8, 143.3, 141.7, 140.6, 

135.6, 132.7, 131.2, 131.1, 130.22, 130.18, 129.3, 126.7, 124.9, 122.9, 122.8, 121.8, 88.2, 

75.0, 16.8; IR (KBr) v (cm
-1

) 3062, 2955, 2850, 1660, 1592, 1571, 1472, 1428, 1367, 1296, 

1240, 1211, 1101, 1084, 1070, 1054; MS (EI): m/z (%) 450 [(M(
81

Br
81

Br)
+
, 4.30], 448 

[(M(
81

Br
79

Br)
+
, 9.42], 446 [(M(

79
Br

79
Br)

+
, 7.12], 265 (100); HRMS Cacld. for 

C20H16O2
79

Br
79

Br (M
+
): 445.9512; Found: 445.9517. 

 

27. Synthesis of (S,E)-1-(furan-2-yl)-3-(2-(furan-2-yl)-2,5-dihydrofuran-4-yl)-but-2-en-1-one 

(S,E)-2j. (wxy-3-116) 

 

Following Typical Procedure II, the reaction of (S)-1j (136.5 mg, 1.0 mmol, 96% purity, 

96% ee), [Cp*RhCl2]2 (31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.0 mg, 2.5 mmol) in 
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CH3CN (1.0 mL)/MeOH (50 μL) afforded (S,E)-2j (55.2 mg, 42%) (eluent: petroleum 

ether/ethyl acetate = 20/1, 1600 mL): solid; m.p. 87.5-88.1 
o
C (determined without 

recrystallization); 95% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 

85/15, 1 mL/min, λ = 220 nm, tR(major) = 23.4 min, tR(minor) = 19.0 min); [α]D
20

 = -295.6 (c 

= 1.01, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 7.60 (d, J = 0.9 Hz, 1 H, furyl), 7.46-7.36 (m, 

1 H, furyl), 7.20 (dd, J1 = 3.6 Hz, J2 = 0.6 Hz, 1 H, furyl), 6.58-6.50 (m, 2 H, furyl and =CH), 

6.39-6.27 (m, 3 H, furyl and =CH), 5.99-5.93 (m, 1 H, OCH), 5.08 (ddd, J1 = 11.7 Hz, J2 = 

5.4 Hz, J3 = 2.1 Hz, 1 H, one proton of OCH2), 4.94 (ddd, J1 = 11.4 Hz, J2 = 3.3 Hz, J3 = 2.1 

Hz, 1 H, one proton of OCH2), 2.49 (d, J = 0.9 Hz, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 

179.3, 154.3, 152.9, 146.04, 146.01, 143.4, 142.9, 129.5, 120.5, 116.7, 112.4, 110.3, 107.8, 

81.6, 74.2, 16.5; IR (neat) v (cm
-1

) 3123, 2963, 2853, 1651, 1591, 1465, 1387, 1305, 1257, 

1153, 1092, 1052, 1013; MS (EI): m/z (%) 270 (M
+
, 4.56), 95 (100); HRMS Cacld. for 

C16H14O4 (M
+
): 270.0887; Found: 270.0886. 

 

28. Synthesis of (R,E)-2-(2-hexyl-2,5-dihydrofuran-4-yl)dec-2-en-4-one (R,E)-2m. 

(wxy-3-113) 

 

Following Typical Procedure II, the reaction of (S)-1m
2,4

 (154.9 mg, 1.0 mmol, , 

98% ee), [Cp*RhCl2]2 (31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.9 mg, 2.5 mmol) 

in CH3CN (1 mL)/MeOH (50 μL) afforded (R,E)-2m (93.3 mg, 61%) (eluent: petroleum 

ether/ethyl acetate = 50/1, 700 mL): liquid; 98% ee (HPLC conditions: Chiralcel IC 
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column, n-hexane/i-PrOH = 99/1, 1.0 mL/min, λ = 220 nm, tR(major) = 9.4 min, tR(minor) 

= 11.2 min; [α]D
20

 = -106.0 (c = 1.37, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 6.24 (q, J = 

1.8 Hz, 1 H, =CH), 5.80 (s, 1 H, =CH), 5.01-4.90 (m, 1 H, OCH), 4.82 (ddd, J1 = 11.4 Hz, 

J2 = 5.4 Hz, J2 = 1.8 Hz, 1 H, one proton of OCH2), 4.74 (ddd, J1 = 11.1 Hz, J2 = 3.6 Hz, 

J3 = 1.8 Hz, 1 H, one proton of OCH2), 2.47 (t, J = 7.5 Hz, 2 H, CH2), 2.32 (s, 3 H, Me), 

1.68-1.50 (m, 4 H, CH2 × 2), 1.45-1.19 (m, 14 H, CH2 × 7), 0.88 (t, J = 6.6 Hz, 6 H, Me × 

2); 
13

C NMR (75 MHz, CDCl3) δ 201.8, 143.9, 141.3, 133.6, 123.5, 87.3, 73.9, 44.8, 35.7, 

31.7, 31.6, 29.3, 28.8, 25.2, 24.1, 22.5, 22.4, 16.0, 14.01, 13.97; IR (neat) v (cm
-1

) 2955, 

2928, 2856, 1683, 1616, 1589, 1466, 1454, 1405, 1367, 1263, 1132, 1100, 1053; MS (EI): 

m/z (%) 306 (M
+
, 9.28), 221 (100); HRMS Cacld. for C20H34NaO2 (M

+
+ Na): 329.2457; 

Found: 329.2453. 

 

29. Synthesis of (S,E)-2-(2-nonyl-2,5-dihydrofuran-4-yl)tridec-2-en-4-one (S,E)-2n. 

(wxy-3-043) 

 

Following Typical Procedure II, the reaction of (S)-1n (196.3 mg, 1.0 mmol, 96% 

ee), [Cp*RhCl2]2 (30.9 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.3 mg, 2.5 mmol) in 

CH3CN (1 mL)/MeOH (50 μL) afforded (S,E)-2n (130.5 mg, 67%) (eluent: petroleum 

ether /ethyl acetate = 50/1, 800 mL): solid; m.p. 38.5-42.7 
o
C (determined without 

recrystallization); 98% ee (HPLC conditions: Chiralcel IC column, n-hexane/i-PrOH = 

99/1, 0.7 mL/min, λ = 254 nm, tR(minor) = 13.0 min, tR(major) = 15.1 min); [α]D
20

 = 
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+89.3 (c = 1.00, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 6.23 (q, J = 1.8 Hz, 1 H, =CH), 

5.80 (s, 1 H, =CH), 5.00-4.89 (m, 1 H, OCH), 4.81 (ddd, J1 = 11.4 Hz, J2 = 5.1 Hz, J2 = 

2.1 Hz, 1 H, one proton of OCH2), 4.74 (ddd, J1 = 11.4 Hz, J2 = 3.6 Hz, J2 = 1.8 Hz, 1 H, 

one proton of OCH2), 2.46 (t, J = 7.4 Hz, 2 H, CH2), 2.32 (s, 3 H, CH3), 1.67-1.50 (m, 4 H, 

CH2 × 2), 1.48-1.18 (m, 26 H, CH2 × 13), 0.88 (t, J = 6.6 Hz, 6 H, CH3 × 2); 
13

C NMR (75 

MHz, CDCl3) δ 201.8, 143.9, 141.3, 133.6, 123.5, 87.3, 74.0, 44.8, 35.7, 31.8, 29.6, 29.53, 

29.50, 29.4, 29.3, 29.22, 29.19, 25.3, 24.2, 22.6, 16.1, 14.1; IR (neat) v (cm
-1

) 2956, 2925, 

2854, 1687, 1684, 1616, 1589, 1466, 1405, 1367, 1131, 1103, 1047; MS (EI): m/z (%) 390 

(M
+
, 8.57), 263 (100); Anal. Calcd. for C26H46O2 (%): C, 79.94; H, 11.87; Found: C, 79.99; 

H, 11.52. 

 

30. Synthesis of (S, 

E)-1-(4-bromophenyl)-3-(2-(4-bromophenyl)-2,5-dihydrofuran-4-yl)but-2-en-1-one (S, 

E)-2f and (E)-8f. (wxy-5-019) 

 

Following Typical Procedure II, the reaction of (S)-1f
2,5

 (2.2596 g, 10.0 mmol, >99% ee), 

[Cp*RhCl2]2 (310.5 mg, 0.5 mmol), and Cu(OAc)2•H2O (5.0081 g, 25 mmol) in CH3CN (10 

mL)/MeOH (0.5 mL) afforded (S, E)-2f (1.1240 g, 52%) and (E)-8f (31.6 mg, 1%) [eluent: 
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petroleum ether/ethyl acetate = 50/1 (500 mL) to petroleum ether/ethyl acetate = 20/1 (800 

mL)]. 

(S, E)-2f: solid; m.p. 123.3-123.6 
o
C (petroleum ether/CH2Cl2); >99% ee (HPLC 

conditions: Chiralcel IC column, n-hexane/i-PrOH = 90/10, 0.8 mL/min, λ = 254 nm, 

tR(major) = 18.9 min, tR(minor) = 15.7 min); [α]D
20

 = -344.3 (c = 0.535, CHCl3); 
1
H NMR 

(300 MHz, CDCl3) δ 7.78 (d, J = 8.4 Hz, 2 H, ArH), 7.61 (d, J = 8.7 Hz, 2 H, ArH), 7.50 (d, J 

= 8.4 Hz, 2 H, ArH), 7.21 (d, J = 8.4 Hz, 2 H, ArH), 6.50 (s, 1 H, =CH), 6.31 (q, J = 1.8 Hz, 1 

H, =CH), 5.98-5.82 (m, 1 H, OCH), 5.14 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, 

one proton of OCH2), 5.01 (ddd, J1 = 11.4 Hz, J2 = 3.6 Hz, J3 = 2.0 Hz, 1 H, one proton of 

OCH2), 2.35 (d, J = 0.9 Hz, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 190.7, 145.4, 141.7, 

140.0, 137.6, 132.7, 131.9, 131.8, 129.7, 128.0, 127.9, 122.0, 121.8, 88.4, 74.9, 16.7; IR (KBr) 

v (cm
-1

) 3089, 2855, 1654, 1614, 1591, 1246, 1216, 1111, 1093, 1070, 1050, 1006; MS (EI): 

m/z (%) 450 [(M(
81

Br
81

Br)
+
, 3.46], 448 [(M(

81
Br

79
Br)

+
, 2.46], 446 [(M(

79
Br

79
Br)

+
, 0.77], 183 

(100); Anal. Calcd. for C20H16Br2O2 (%): C, 53.60; H, 3.60; Found: C, 53.36; H, 3.52. 

(E)-8f: solid; 
1
H NMR (300 MHz, CDCl3) δ 7.84 (d, J = 8.7 Hz, 2 H, ArH), 7.77 (s, 1 H, 

ArH), 7.63-7.28 (m, 6 H, ArH and =CH), 7.10 (s, 1 H, =CH), 6.92 (s, 1 H, =CH), 2.52 (s, 3 H, 

CH3); 
13

C NMR (75 MHz, CDCl3) δ 190.3, 154.4, 146.6, 142.4, 138.2, 132.0, 131.8, 130.6, 

129.7, 128.9, 127.5, 125.5, 122.0, 118.6, 102.7, 17.6. 
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Synthetic Applications  

1. Preparation of (S,E)-3f. (wxy-5-038) 

 

Typical Procedure III: To a Schlenk tube were added (S,E)-2f (89.5 mg, 0.2 mmol), 

evacuated and backfilled with nitrogen three times. Then, CpTiMe2 (0.4 mmol, 4 mL, 0.1 M 

in toluene, which was prepared according to literature
7
) was added via a syringe. The reaction 

tube was put into a pre-heated 65 
o
C oil bath. The reaction was complete after 15 h as 

monitored by TLC (eluent: petroleum ether/ethyl acetate = 10/1). Ethyl acetate (5 mL) was 

added to dilute the reaction mixture, which was filtered through a celite pad and eluted with 

ethyl acetate (20 mL × 3). The combined filtrate was then concentrated in vacuo and the 

crude residue was purified via chromatography on silica gel (eluent: petroleum ether/ethyl 

acetate = 50/1, 300 mL) to afford (S,E)-3f (60.7 mg, 68%): solid; 62.6-64.3 
o
C (determined 

without recrystallization); >99% ee (HPLC conditions: Chiralcel IA column, 

n-hexane/i-PrOH = 90/10, 0.7 mL/min, λ = 254 nm, tR(major) = 9.6 min, tR(minor) = 10.7 

min); [α]D
20

 = -196.5 (c = 0.46, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 7.56-7.36 (m, 4 H, 

ArH), 7.30-7.12 (m, 4 H, ArH), 5.97 (s, 1 H, =CH), 5.92-5.76 (m, 2 H, =CH and OCH), 5.63 

(s, 1 H, one proton of =CH2), 5.21 (s, 1 H, one proton of =CH2), 5.16-5.04 (m, 1 H, one 

proton of OCH2), 5.02-4.90 (m, 1 H, one proton of OCH2), 1.89 (d, J = 0.9 Hz, 3 H, Me); 
13

C 

NMR (75 MHz, CDCl3) δ 143.5, 141.9, 141.1, 139.5, 131.9, 131.6, 131.5, 128.4, 128.2, 

128.0, 126.0, 121.8, 121.6, 117.0, 88.1, 75.3, 16.0; IR (neat) v (cm
-1

) 3088, 2950, 2920, 2850, 

1484, 1403, 1390, 1108, 1100, 1087, 1070, 1052, 1008; MS (EI): m/z (%) 448 [(M(
81

Br
81

Br)
+
, 
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45.87], 446 [(M(
81

Br
79

Br)
+
, 94.71], 444 [(M(

79
Br

79
Br)

+
, 58.76], 183 (100); HRMS Cacld. for 

C21H18O
79Br79Br (M

+
): 443.9724; Found: 443.9724. 

 

2. Preparation of (±)-3f. (wxy-5-037) 

 

Following Typical Procedure III, The reaction of 2f (89.7 mg, 0.2 mmol) and CpTiMe2
7
 

(0.4 mmol, 4 mL, 0.1 M in toluene) afforded 3f (60.0 mg, 67%) (eluent: petroleum ether/ethyl 

acetate = 50/1, 300 mL): solid; 63.7-65.9 
o
C (determined without recrystallization); 

1
H NMR 

(300 MHz, CDCl3) δ 7.52-7.43 (m, 4 H, ArH), 7.28-7.17 (m, 4 H, ArH), 5.97 (s, 1 H, =CH), 

5.92-5.80 (m, 2 H, =CH and OCH), 5.64 (s, 1 H, one proton of =CH2), 5.22 (s, 1 H, one 

proton of =CH2), 5.15-5.04 (m, 1 H, one proton of OCH2), 5.02-4.92 (m, 1 H, one proton of 

OCH2), 1.90 (s, 3 H, Me); 
13

C NMR (75 MHz, CDCl3) δ 143.6, 141.9, 141.1, 139.5, 131.9, 

131.6, 131.5, 128.4, 128.3, 128.1, 126.0, 121.8, 121.7, 117.0, 88.1, 75.3, 16.1; IR (neat) v 

(cm
-1

) 3087, 2951, 2849, 1484, 1404, 1390, 1108, 1101, 1086, 1070, 1051, 1008; MS (EI): 

m/z (%) 448 [(M(
81

Br
81

Br)
+
, 43.27], 446 [(M(

81
Br

79
Br)

+
, 86.73], 444 [(M(

79
Br

79
Br)

+
, 52.13], 

183 (100); HRMS Cacld. for C21H18O
79Br79Br (M

+
): 443.9724; Found: 443.9723. 

 

3. Preparation of (S,E)-4f. (wxy-5-032) 
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Typical Procedure IV: To a Schlenk tube were added Pd(PPh3)2Cl2 (4.2 mg, 0.006 mmol) 

and CuI (2.4 mg, 0.013 mmol), evacuated and backfilled with nitrogen three times, freshly 

distilled THF (1.6 mL), i-Pr2NH (85 μL, d = 0.717 g/mL, 60.9 mg, 0.6 mmol), (S)-2f (90.0 

mg, 0.2 mmol), and phenylacetylene (28.5 μL, d = 0.93 g/mL, 26.5 mg, 0.26 mmol) were 

added sequentially. Then, the reaction tube was put into a pre-heated 40 
o
C oil bath. The 

reaction was complete after 15 h as monitored by TLC (eluent: petroleum ether/acetone = 

10/1). The resulting mixture was filtered through a celite pad and eluted with ethyl acetate 

(20 mL × 3). The combined filtrate was then concentrated in vacuo and the crude residue was 

purified via chromatography on silica gel (eluent: petroleum ether/acetone = 20/1, 500 mL) to 

afford (S,E)-4f (73.2 mg, 78%): solid; m.p. 152.4-153.6 
o
C (petroleum ether/DCM); >99% ee 

(HPLC conditions: Chiralcel IA column, n-hexane/i-PrOH = 90/10, 1.3 mL/min, λ = 254 nm, 

tR(major) = 12.8 min, tR(minor) = 14.2 min); [α]D
20

 = -426.0 (c = 0.67, CHCl3); 
1
H NMR (300 

MHz, CDCl3) δ 7.90 (d, J = 8.4 Hz, 2 H, ArH), 7.61 (d, J = 8.1 Hz, 2 H, ArH), 7.58-7.52 (m, 

2 H, ArH), 7.49 (d, J = 8.4 Hz, 2 H, ArH), 7.42-7.31 (m, 3 H, ArH), 7.20 (d, J = 8.4 Hz, 2 H, 

ArH), 6.54 (s, 1 H, =CH), 6.28 (q, J = 1.5 Hz, 1 H, =CH), 5.98-5.83 (m, 1 H, =CH), 5.16 

(ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 5.02 (ddd, J1 = 11.4 

Hz, J2 = 3.6 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 2.35 (s, 3 H, Me); 
13

C NMR (75 

MHz, CDCl3) δ 190.8, 145.0, 141.8, 140.1, 137.9, 132.4, 131.72, 131.69, 128.8, 128.4, 128.2, 

128.0, 127.9, 122.6, 122.2, 121.9, 92.7, 88.7, 88.3, 74.9, 16.7; IR (neat) v (cm
-1

) 2916, 2857, 

1652, 1602, 1485, 1442, 1406, 1240, 1216, 1049, 1010; MS (EI): m/z (%) 470 [M(
81

Br)
+
, 

91.53], 468 [M(
79

Br)
+
, 75.55], 263 (100); Anal. Calcd. for C28H21BrO2 (%): C, 71.65; H, 4.51; 

Found: C, 71.40; H, 4.50. 
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4. Preparation of (±)-4f. (wxy-5-026) 

 

Following Typical Procedure IV, The reaction of Pd(PPh3)2Cl2 (2.3 mg, 0.003 mmol), CuI 

(1.6 mg, 0.008 mmol), THF (0.8 mL), i-Pr2NH (43 μL, d = 0.717 g/mL, 30.8 mg, 0.3 mmol), 

2f (45.0 mg, 0.1 mmol), and phenylacetylene (15 μL, d = 0.93 g/mL, 14.0 mg, 0.14 mmol) 

afforded 4f (32.9 mg, 70%) (eluent: petroleum ether/acetone = 20/1, 500 mL): solid; m.p. 

141.9-143.8 
o
C (petroleum ether/DCM); 

1
H NMR (300 MHz, CDCl3) δ 7.90 (d, J = 8.4 Hz, 2 

H, ArH), 7.62 (d, J = 8.7 Hz, 2 H, ArH), 7.59-7.52 (m, 2 H, ArH), 7.50 (d, J = 8.4 Hz, 2 H, 

ArH), 7.42-7.30 (m, 3 H, ArH), 7.21 (d, J = 8.4 Hz, 2 H, ArH), 6.55 (s, 1 H, =CH), 6.30 (q, J 

= 1.5 Hz, 1 H, =CH), 5.99-5.82 (m, 1 H, OCH), 5.15 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 

Hz, 1 H, one proton of OCH2), 5.03 (ddd, J1 = 11.4 Hz, J2 = 3.6 Hz, J3 = 1.8 Hz, 1 H, one 

proton of OCH2), 2.36 (s, 3 H, Me); 
13

C NMR (75 MHz, CDCl3) δ 190.9, 145.0, 141.8, 140.1, 

138.0, 132.4, 131.8, 131.7, 128.8, 128.4, 128.2, 128.1, 128.0, 122.7, 122.2, 122.0, 92.8, 88.7, 

88.4, 75.0, 16.7; IR (neat) v (cm
-1

) 2923, 2857, 1652, 1603, 1239, 1216, 1089, 1049, 1010; 

MS (EI): m/z (%) 470 [M(
81

Br)
+
, 17.29], 468 [M(

79
Br)

+
, 13.82], 205 (100); Anal. Calcd. for 

C28H21BrO2 (%): C, 71.65; H, 4.51; Found: C, 71.38; H, 4.55.  

 

5. Preparation of (S,E)-5f. (wxy-5-036) 



 

S39 
 

 

Typical Procedure V: To a Schlenk tube were added (S,E)-2f (98.5 mg, 0.22 mmol), 

(4-methoxyphenyl)boronic acid (30.5 mg, 0.2 mmol), Pd(PPh3)4 (6.9 mg, 0.006 mmol), and 

K3PO4 (126.8 mg, 0.6 mmol). After being evacuated and backfilled with nitrogen three times, 

dioxane (1.6 mL) was added. Then, the reaction tube was put into a pre-heated 85 
o
C oil bath. 

The reaction was complete after 13 h as monitored by TLC (eluent: petroleum ether/ethyl 

acetate = 9/1). The resulting mixture was filtered through a pad of celite and eluted with ethyl 

acetate (20 mL) and DCM (20 mL × 2). The combined filtrate was then concentrated in vacuo. 

The reaction afforded (S,E)-5f in 60% NMR yield together with 5% NMR of (S,E)-6f, which 

was analyzed by 
1
H NMR using 7 μL of CH2Br2 as the internal standard. The crude residue 

was then purified via chromatography on silica gel [eluent: petroleum ether/ ethyl acetate = 

9/1 (500 mL) to petroleum ether/ ethyl acetate = 6/1 (350 mL)] to afford (S,E)-5f (57.8 mg, 

61%): solid; m.p. 143.2-145.0 
o
C (petroleum ether/DCM); >99% ee (HPLC conditions: 

Chiralcel IA column, n-hexane/i-PrOH = 80/20, 1.3 mL/min, λ = 254 nm, tR(major) = 12.9 

min, tR(minor) = 16.4 min); [α]D
20

 = -288.1 (c = 0.695, CHCl3); 
1
H NMR (300 MHz, CDCl3) 

δ 7.97 (d, J = 8.7 Hz, 2 H, ArH), 7.66 (d, J = 8.1 Hz, 2 H, ArH), 7.59 (d, J = 8.7 Hz, 2 H, 

ArH), 7.50 (d, J = 8.4 Hz, 2 H, ArH), 7.23 (t, J = 8.0 Hz, 2 H, ArH), 7.01 (d, J = 8.7 Hz, 2 H, 

ArH), 6.60 (s, 1 H, =CH), 6.29 (d, J = 1.8 Hz, 1 H, =CH), 6.00-5.80 (m, 1 H, OCH), 5.17 

(ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 2.4 Hz, 1 H, one proton of OCH2), 5.04 (ddd, J1 = 11.4 
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Hz, J2 = 3.3 Hz, J3 = 1.8 Hz, 1 H, one proton of OCH2), 3.87 (s, 3 H, OMe), 2.37 (s, 3 H, Me); 

13
C NMR (75 MHz, CDCl3) δ 191.4, 160.0, 145.2, 144.3, 141.9, 140.2, 136.9, 132.3, 132.0, 

131.8, 128.9, 128.4, 128.1, 126.7, 122.7, 122.0, 114.4, 88.4, 75.0, 55.4, 16.7; IR (neat) v (cm
-1

) 

3002, 2951, 2865, 2836, 1642, 1617, 1599, 1579, 1524, 1496, 1301, 1277, 1256, 1221, 1193, 

1180, 1052, 1037, 1011, 1001; MS (EI): m/z (%) 476 [M(
81

Br)
+
, 16.52], 474 [M(

79
Br)

+
, 

14.50], 211 (100); Anal. Calcd. for C27H23BrO3 (%): C, 68.22; H, 4.88; Found: C, 68.40; H, 

4.74. 

 

6. Preparation of (±)-5f. (wxy-5-007, wxy-5-029) 

  

Following Typical Procedure V: The reaction of 2f (49.4 mg, 0.11 mmol), 

(4-methoxyphenyl)boronic acid (15.2 mg, 0.1 mmol), Pd(PPh3)4 (3.6 mg, 0.003 mmol), 

K3PO4 (63.7 mg, 0.3 mmol), dioxane (0.8 mL) afforded (S,E)-5f in 60% NMR yield and 

(S,E)-6f in 5% NMR yield. The crude residue was then purified via chromatography on silica 

gel (eluent: petroleum ether/ ethyl acetate = 10/1, 1000 mL) to afford 5f (29.9 mg, 63%): 

solid; m.p. 171.7-172.7 
o
C (petroleum ether/DCM); 

1
H NMR (300 MHz, CDCl3) δ 7.97 (d, J 

= 8.7 Hz, 2 H, ArH), 7.66 (d, J = 8.1 Hz, 2 H, ArH), 7.59 (d, J = 8.7 Hz, 2 H, ArH), 7.50 (d, J 

= 8.4 Hz, 2 H, ArH), 7.23 (t, J = 8.1 Hz, 2 H, ArH), 7.01 (d, J = 9.0 Hz, 2 H, ArH), 6.60 (s, 1 

H, =CH), 6.28 (q, J = 1.5 Hz, 1 H, =CH), 5.95-5.87 (m, 1 H, OCH), 5.17 (ddd, J1 = 11.4 Hz, 
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J2 = 5.4 Hz, J3 = 2.4 Hz, 1 H, one proton of OCH2), 5.04 (ddd, J1 = 11.4 Hz, J2 = 3.3 Hz, J3 = 

1.8 Hz, 1 H, one proton of OCH2), 3.87 (s, 3 H, OMe), 2.37 (s, 3 H, Me); 
13

C NMR (75 MHz, 

CDCl3) δ 191.4, 160.0, 145.2, 144.3, 141.9, 140.2, 136.9, 132.3, 132.0, 131.8, 128.9, 128.4, 

128.1, 126.7, 122.7, 122.0, 114.4, 88.4, 75.0, 55.4, 16.7; IR (neat) v (cm
-1

) 3002, 2955, 2856, 

2836, 1642, 1616, 1599, 1577, 1525, 1496, 1301, 1277, 1256, 1221, 1193, 1181, 1052, 1037, 

1011, 1001; MS (EI): m/z (%) 476 [M(
81

Br)
+
, 22.56], 474 [M(

79
Br)

+
, 21.12], 263 (100); Anal. 

Calcd. for C27H23BrO3 (%): C, 68.22; H, 4.88; Found: C, 68.58; H, 4.88. 

 

7. Preparation of (S,E)-6f. (wxy-5-031) 

  FollowingTypical Procedure V: The reaction of (S,E)-2f (89.9 mg, 0.2 mmol), 

(4-methoxyphenyl)boronic acid (90.8 mg, 0.6 mmol), Pd(PPh3)4 (11.5 mg, 0.01 mmol), 

K3PO4 (253.9 mg, 1.2 mmol), dioxane (2.4 mL) afforded (S,E)-6f (65.1 mg, 65%) [eluent: 

petroleum ether/ acetone = 9/1 (500 mL) to petroleum ether/ acetone = 4/1 (500 mL) to DCM 

(300 mL)]: solid; 185 
o
C (decompose); The ee of (S,E)-6f could not be determinded by the 

HPLC conditions with the commercially available chiral columns. [α]D
20

 = -387.5 (c = 0.32, 

CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 7.98 (d, J = 8.7 Hz, 2 H, ArH), 7.66 (d, J = 8.4 Hz, 2 

H, ArH), 7.61-7.42 (m, 6 H, ArH), 7.39 (d, J = 8.1 Hz, 2 H, ArH), 6.99 (t, J = 8.9 Hz, 4 H, 

ArH), 6.62 (s, 1 H, =CH), 6.37 (q, J = 1.5 Hz, 1 H, =CH), 6.05-5.94 (m, 1 H, OCH), 5.17 (m, 

1 H, one proton of OCH2), 5.06 (m, 1 H, one proton of OCH2), 3.86 (s, 3 H, OMe), 3.85 (s, 3 

H, Me), 2.39 (s, 3 H, Me); 
13

C NMR (75 MHz, CDCl3) δ 191.4, 160.0, 159.3, 145.1, 144.7, 



 

S42 
 

141.7, 140.8, 139.5, 137.1, 133.3, 132.6, 132.3, 128.9, 128.4, 128.1, 127.0, 126.9, 126.7, 

122.4, 114.4, 114.2, 88.9, 74.9, 55.4, 55.3, 16.7; IR (neat) v (cm
-1

) 2955, 2834, 1651, 1601, 

1525, 1497, 1294, 1274, 1250, 1190, 1038; MS (EI): m/z (%) 502 (M
+
, 37.65), 211 (100); 

HRMS Cacld. for C34H30O4 (M
+
): 502.2144; Found: 502.2143. 

 

8. Preparation of (±)-6f. (wxy-5-024) 

  FollowingTypical Procedure V: The reaction of 2f (179.5 mg, 0.4 mmol), 

(4-methoxyphenyl)boronic acid (182.1 mg, 1.2 mmol), Pd(PPh3)4 (23.1 mg, 0.02 mmol), 

K3PO4 (509.0 mg, 2.4 mmol), and dioxane (4.8 mL) afforded 6f (120.1 mg, 56%, 93% purity) 

[eluent: petroleum ether/acetone = 9/1 (500 mL) to petroleum ether/acetone = 4/1 (500 mL) 

to DCM (200 mL)]: solid; 190 
o
C (decompose); 

1
H NMR (300 MHz, CDCl3) δ 7.98 (d, J = 

8.1 Hz, 2 H, ArH), 7.66 (d, J = 8.1 Hz, 2 H, ArH), 7.61-7.47 (m, 6 H, ArH), 7.39 (d, J = 8.1 

Hz, 2 H, ArH), 6.99 (t, J = 8.9 Hz, 4 H, ArH), 6.62 (s, 1 H, =CH), 6.37 (q, J = 1.2 Hz, 1 H, 

=CH), 6.04-5.95 (m, 1 H, OCH), 5.26-5.15 (m, 1 H, one proton of OCH2), 5.12-5.00 (m, 1 H, 

one proton of OCH2), 3.87 (s, 3 H, OMe), 3.85 (s, 3 H, Me), 2.40 (s, 3 H, Me); 
13

C NMR (75 

MHz, CDCl3) δ 191.5, 160.0, 159.3, 145.1, 144.7, 141.7, 140.8, 139.5, 137.1, 133.3, 132.6, 

132.3, 128.9, 128.4, 128.1, 127.0, 126.9, 126.7, 122.4, 114.4, 114.3, 88.9, 74.9, 55.4, 55.3, 

16.7; IR (neat) v (cm
-1

) 2958, 2929, 2837, 1651, 1600, 1525, 1497, 1465, 1441, 1294, 1274, 

1249, 1221, 1190, 1038; MS (EI): m/z (%) 502 (M
+
, 35.03), 211 (100); HRMS Cacld. for 

C34H30O4 (M
+
): 502.2144; Found: 502.2146.
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Mechanistic Studies 

1. Synthesis of 3-heptyl-2,5-dihydrofuran 7w. (wxy-1-146)  

 

Following Typical Procedure II, the reaction of 1w
8
 (168.3 mg, 1.0 mmol), 

[Cp*RhCl2]2 (30.9 mg, 0.05 mmol), and Cu(OAc)2•H2O (500.3 mg, 2.5 mmol) in CH3CN 

(1.0 mL)/MeOH (50 μL) afforded 7w (23.1 mg, 14%, 98% purity) (eluent: petroleum 

ether/ethyl acetate = 50/1, 600 mL): liquid; 
1
H NMR (300 MHz, CDCl3) δ 5.48-5.43 (m, 1 H 

=CH), 4.66-4.58 (m, 2 H, OCH2), 4.56-4.48 (m, 2 H, OCH2), 2.08 (t, J = 7.1 Hz, 2 H, CH2), 

1.55-1.39 (m, 2 H, CH2), 1.35-1.20 (m, 8 H, CH2 × 4), 0.89 (t, J = 6.8 Hz, 3 H, CH3); 
13

C 

NMR (75 MHz, CDCl3) δ 140.7, 118.6, 77.03, 75.9, 31.7, 29.4, 29.1, 27.6, 27.1, 22.6, 14.0; 

IR (neat) v (cm
-1

) 2956, 2927, 2855, 1662, 1467, 1378, 1163, 1073; MS (EI): m/z (%) 168 

(M
+
, 5.57), 69 (100); HRMS Cacld. for C11H20O (M

+
): 168.1514; Found: 168.1512. 

 

2. The reaction of 1e with 8e without Cu(OAc)2•H2O and O2. (wxy-3-027) 

 

To a dried Schlenk tube were added [Cp*RhCl2]2 (5.1 mg, 0.008 mmol), 8e (111.8 mg, 0.5 

mmol), and allenol 1e (112.8 mg, 0.5 mmol) under N2 atmosphere subsequently. After being 

stirred for 12 h at 50 
o
C, the resulting mixture was filtrated through a short column of silica 

gel (eluent with ethyl acetate 20 mL × 3). After evaporation of the solvent, the crude product 
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was analyzed by 
1
H NMR spectrum with mesitylene as an internal standard. No signal of the 

corresponding products was found. 

3. Preparation of 9a. (wxy-3-158) 

 

To a Schlenk tube were added (E)-2a (58.0 mg, 0.2 mmol), MeOH (3.0 mL), NaBH4 (7.8 

mg, 0.206 mmol) sequentially. The reaction was complete after 0.5 h as monitored by TLC 

(eluent: petroleum ether/ethyl acetate = 5/1). The resulting mixture was added an aqueous of 

saturated NH4Cl and extracted with ethyl acetate (5 mL × 3). After evaporation, 15 μL 

mesitylene was added. 86% NMR yield of 9a (dr ≈ 1:1) was was determined based on 
1
H 

NMR analysis of the crude product with mesitylene as the internal standard. Then, the residue 

was purified via chromatography on silica gel [eluent: petroleum ether/ethyl acetate = 10/1 

(1000 mL) to petroleum ether/ethyl acetate = 6/1 (420 mL)] afforded the diastereoisomers 9a.  

The less polar compound (24.5 mg, 92% purity, 39% yield): oil; 
1
H NMR (300 MHz, 

CDCl3) δ 7.42-7.22 (m, 10 H, ArH), 5.88-5.78 (m, 2 H, CH and =CH), 5.57 (d, J = 8.4 Hz, 1 

H, =CH), 5.47 (d, J = 8.4 Hz, 1 H, OCH), 5.02 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 1.8 Hz, 1 

H, one proton of OCH2), 4.82 (ddd, J1 = 11.4 Hz, J2 = 3.2 Hz, J3 = 2.0 Hz, 1 H, one proton of 

OCH2), 2.22 (s, 1 H, OH), 1.98 (d, J = 0.9 Hz, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 143.2, 

141.9, 141.1, 131.5, 129.6, 128.7, 128.5, 127.9, 127.7, 126.4, 126.3, 125.9, 88.8, 75.2, 70.6, 

14.8; IR (neat) v (cm
-1

) 3396, 3029, 2853, 1615, 1601, 1492, 1454, 1071, 1051, 1008; MS 

(EI): m/z (%) 292.4 (M
+
, 2.98), 105 (100); HRMS Calcd for C20H20NaO2 (M+Na)

+
: 315.1361; 

Found: 315.1357. 
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The more polar compound (25.7 mg, 95% purity, 42% yield): oil; 
1
H NMR (300 MHz, 

CDCl3) δ 7.45-7.20 (m, 10 H, ArH), 5.94-5.80 (m, 2 H, OCH and =CH), 5.58 (d, J = 8.4 Hz, 1 

H, =CH), 5.48 (d, J = 8.4 Hz, 1 H, OCH), 4.97 (ddd, J1 = 11.4 Hz, J2 = 5.4 Hz, J3 = 2.1 Hz, 1 

H, one proton of OCH2), 4.89 (ddd, J1 = 11.4 Hz, J2 = 3.5 Hz, J3 = 2.3 Hz, 1 H, one proton of 

OCH2), 2.20 (s, 1 H, OH), 1.98 (d, J = 0.6 Hz, 3 H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 

143.2, 141.9, 141.0, 131.5, 129.6, 128.7, 128.5, 127.8, 127.7, 126.3, 125.9, 88.7, 75.1, 70.6, 

14.8; IR (neat) v (cm
-1

) 3406, 3029, 2852, 1611, 1599, 1492, 1454, 1265, 1195, 1071, 1051, 

1010; MS (EI): m/z (%) 292.4 (M
+
, 2.92), 105 (100); HRMS Calcd for C20H20NaO2 (M+Na)

+
: 

315.1361; Found: 315.1356. 

4. The reaction of 9a under standard conditions. (wxy-3-168) 

 

To a dried Schlenk tube were added [Cp*RhCl2]2 (3.2 mg, 0.005 mmol) and 

Cu(OAc)2•H2O (49.9 mg, 0.25 mmol) under air atmosphere. The Schlenk tube was then 

degassed to remove the air inside completely, and refilled with O2 by a balloon of O2 for three 

times. After 9a (dr ≈ 1:1, 49.3 mg, 0.17 mmol)/CH3CN (0.4 mL), and MeOH (20 μL) were 

added sequentially, the reaction tube was put into a pre-heated 50 
o
C oil bath. The reaction 

was stirred for 20 h. Then, the reaction was filtered through a short column of silica gel and 

eluted with ethyl acetate (20 mL × 3). The combined filtrate was then concentrated in vacuo 

and the crude residue was taken for NMR analysis with mesitylene (15.5 μL) as an internal 

standard. No signal of the (E)-2a was found, and 87% recovery of 9a was determined. 
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5. Preparation of [D
a
]-1a (wxy-4-029). 

 

To a dried flask was added 1a (220.3 mg, 1.5 mmol), freshly distilled toluene (0.5 mL), 

and D2O (0.5 mL) sequentially under nitrogen atmosphere. Then, the flask was put into an oil 

bath preheated to 50 
o
C. After being stired for 30 min, the solvent was evaporated by vacuum 

carefully. Freshly distilled toluene (0.5 mL) and D2O (0.5 mL) was added to the flask for the 

second time, and the solvent was evaporated again. The same operation was repeated for 

three times. After being dried under vacuum line completely, 220.0 mg [D
a
]-1a was obtained 

with about 78% deuterated ratio: oil; 
1
H NMR (300 MHz, CDCl3) δ 7.45-7.25 (m, 5 H, ArH), 

5.44 (q, J = 6.6 Hz, 1 H, =CH), 5.32-5.22 (m, 1 H, OCH), 4.92 (m, 2 H, =CH2), the following 

signals is disscernible for 1a: δ 2.27 (s, 0.22 H, OH); 
13

C NMR (75 MHz, CDCl3) δ 207.1, 

142.7, 128.4, 127.7, 126.0, 95.0, 78.0. 71.8; IR (neat) v (cm
-1

) 3364, 3063, 3030, 2886, 1955, 

1494, 1452, 1024; MS (EI): m/z (%) 147 (M
+
, 1.65), 107 (100); HRMS Cacld. for C10H9DO 

(M
+
): 147.0794; Found: 147.0792. 

6. Deuterium-labeling experiments with [D
a
]-1a (wxy-4-029). 

 

Following Typical Procedure II, the reaction of [D
a
]-1a (146.9 mg, 1.0 mmol), 

[Cp*RhCl2]2 (31.0 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.9 mg, 2.5 mmol) in CH3CN 

(1.0 mL)/CD3OD (50 μL) afforded (E)-2a (63.9 mg, 44%) (eluent: petroleum ether/ethyl 

acetate 20/1, 700 mL): oil; 
1
H NMR (300 MHz, CDCl3) δ 7.96-7.88 (m, 2 H, ArH), 7.60-7.52 
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(m, 1 H, ArH), 7.52-7.42 (m, 2 H, ArH), 7.42-7.26 (m, 5 H, ArH), 6.57 (s, 1 H, =CH), 6.34 (q, 

J = 1.8 Hz, 1 H, =CH), 6.00-5.93 (m, 1 H, OCH), 5.17 (ddd, J1 = 11.4 Hz, J2 = 5.3 Hz, J3 = 

1.5 Hz, 1 H, one proton of OCH2), 5.03 (ddd, J1 = 11.4 Hz, J2 = 3.6 Hz, J3 = 2.1 Hz, 1 H, one 

proton of OCH2), 2.37 (s, 3 H, Me); 
13

C NMR (75 MHz, CDCl3) δ 191.9, 144.9, 141.4, 141.0, 

138.8, 132.9, 132.7, 128.6, 128.5, 128.2, 128.1, 126.3, 122.2, 89.0, 74.9, 16.6. 

7. Preparation of [D
b
]-1m. (wxy-4-020, wxy-4-021) 

 

Preparation of [D]-11m (wxy-4-020): To a dried three-necked flask were added 10m
6a

 

(3.3012 g, 23.9 mmol), freshly distilled THF (28 mL), and D2O (3 mL) under nitrogen 

atmosphere. Then, NaBD4 (302.5 mg, 7.2 mmol) was added in small portions under 0 
o
C. 

After being stirred for 40 min at 0 
o
C, the reaction mixture was added 20 mL of saturated 

NH4Cl aqueous solution, extracted with Et2O (20 mL×3). Organic phase was combined and 

dried with Na2SO4. After filtration and concentration, the residue was purified via column 

chromatography on silica gel afforded [D]-11m (2.2596 g, 76%) [The crude product was 

purified via column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 

20/1, 1000 mL) to afford a part of pure [D]-11m and impure [D]-11m (determined by TLC). 

The impure part was further purified via column chromatography on silica gel (eluent: 

petroleum ether/ethyl acetate = 20/1, 500 mL) to afford another part of pure [D]-11m]: oil; 
1
H 

NMR (300 MHz, CDCl3) δ 2.49 (s, 1 H, ≡CH), 1.80-1.60 (m, 2 H, CH2), 1.55-1.20 (m, 8 H, 

CH2 × 4), 0.89 (t, J = 6.6 Hz, 3 H, CH3), the following signal is disscernible for 11m: δ 2.13 

(s, 0.08 H, OH); 
13

C NMR (75 MHz, CDCl3) δ 84.6 (t, J = 7.2 Hz), 72.7 (t, J = 19.3 Hz), 61.8 
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(t, J = 22.4 Hz), 37.4, 31.6, 28.8, 24.9, 22.5, 14.0, the following signals are disscernible for 

11m: δ 85.0, 71.9; IR (neat) v (cm
-1

) 3368, 2954, 2927, 2858, 2597, 1466, 1393, 1063; MS 

(EI): m/z (%) 142 (M
+
, 0.03), 140 [(M-D)

+
, 0.14], 57 [(M-C6H13)

+
, 59.4], 43 (100); HRMS 

Cacld. for C9H14D2O (M
+
): 142.1327; Found: 142.1330. 

Preparation of [D
b
]-1m (wxy-4-021): Following Typical Procedure I, The reaction of CuI 

(388.0 mg, 2.0 mmol), [D]-11m (1.4230 g, 10.0 mmol), paraformaldehyde (1.4420 g, 16.0 

mmol), and i-Pr2NH (2.0 mL, d = 0.716 g/mL, 1.4320 g, 14.2 mmol) in dioxane (15 mL) 

afforded [D
b
]-1m (0.9519 g, 61%, >99% D) (eluent: petroleum ether/ethyl acetate = 25/1, 

1000 mL) as an oil: 
1
H NMR (300 MHz, CDCl3) δ 5.24 (t, J = 6.6 Hz, 1 H, =CH), 4.85 (d, J 

= 6.6 Hz, 2 H, =CH2), 1.70 (s, 1 H, OH), 1.64-1.15 (m, 10 H, CH2 × 5), 0.89 (t, J = 6.6 Hz, 3 

H, CH3); 
13

C NMR (75 MHz, CDCl3) δ 207.0, 94.8, 77.3, 69.3 (t, J = 22.1 Hz), 37.4, 31.8, 

29.1, 25.3, 22.6, 14.0; IR (neat) v (cm
-1

) 3347, 2956, 2928, 2857, 1958, 1463, 1049; MS (EI): 

m/z (%) 116 [(M-CH2=C=CH)
+
, 19.6], 70 (100); HRMS Cacld. for C10H17DO (M

+
): 155.1420; 

Found: 155.1418. 

 

8. Deuterium-labeling experiments with [D
b
]-1m (wxy-4-024). 

 

Following Typical Procedure II, the reaction of [D
b
]-1m (155.2 mg, 1.0 mmol), 

[Cp*RhCl2]2 (30.9 mg, 0.05 mmol), and Cu(OAc)2•H2O (499.9 mg, 2.5 mmol) in CH3CN 

(1.0 mL)/MeOH (50 μL) afforded [D]-(E)-2m (93.3 mg, 61%) (eluent: petroleum ether/ethyl 
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acetate 25/1, 500 mL): oil; 
1
H NMR (300 MHz, CDCl3) δ 6.23 (s, 1 H, =CH), 5.81 (s, 1 H, 

=CH), 4.78 (qd, J1 = 11.4 Hz, J2 = 1.7 Hz, 2 H, OCH2), 2.47 (t, J = 7.4 Hz, 2 H, CH2), 2.29 (s, 

2 H, CH2D), 1.66-1.50 (m, 4 H, CH2 × 2), 1.45-1.20 (m, 14 H, CH2 × 7), 0.88 (t, J = 6.9 Hz, 6 

H, Me × 2); 
13

C NMR (75 MHz, CDCl3) δ 201.7, 143.8, 141.3, 133.5, 123.5, 86.8 (t, J = 22.1 

Hz), 73.9, 44.7, 35.6, 31.7, 31.5, 29.3, 28.8, 25.2, 24.1, 22.5, 22.4, 15.8 (t, J = 19.7 Hz), 14.0, 

13.9; IR (neat) v (cm
-1

) 2955, 2928, 2856, 1682, 1615, 1586, 1466, 1133, 1076; MS (EI): m/z 

(%) 308.5 (M
+
, 6.3), 223 (100); HRMS Cacld. for C20H32D2O2 (M

+
): 308.2684; Found: 

308.2686. 
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