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1 General Remarks 

1H NMR spectra were recorded on a Bruker 400 MHz spectrometer in CDCl3. Chemical shifts 

are reported in ppm with the internal TMS signal at 0.0 ppm as a standard. The data are reported as 

(s = single, d = double, t = triple, q = quartet, m = multiple or unresolved, and brs = broad single). 

13C NMR spectra were recorded on a Bruker 75 MHz or 100 MHz spectrometer in CDCl3. Chemical 

shifts are reported in ppm with the internal chloroform signal at 77.0 ppm as a standard. Commercially 

available reagents were used without further purification. All reactions were monitored by TLC with 

silica gel-coated plates. Diastereomeric ratios were determined from crude 1H NMR or HPLC 

analysis. Enantiomeric ratios were determined by HPLC, using a chiralpak AS-H column, a chiralpak 

IC-H column or a chiralcel IE-H column with hexane and i-PrOH as solvents, and Azoalkenes1 and 

fulvene2 were prepared according to the literature procedure. The absolute configuration of 3f were 

determined unequivocally according to the X-ray diffraction analysis, and those of other adducts were 

deduced on the basis of these results. 

2 General Procedure for Catalytic Asymmetric IEDDA reaction of Fulvene with 

Azoalkenes Catalyzed by Cu(I)/tBu-Box 

Under argon atmosphere, tBu-Box (6.5 mg, 0.022 mmol) and CuOTf•1/2 PhH (5.0 mg, 0.020 mmol) 

were dissolved in 1.0 mL of DCM, and stirred at room temperature for about 0.5 h. After the reaction 

temperature was dropped to -20 oC, -halogeno-hydrozone 2 (0.2 mmol), Na2CO3 (0.5 mmol) were 

added sequentially. Then, the fulvene 1 (0.3 mmol) in 1.0 mL of DCM was added. Once starting 

material was consumed (monitored by TLC), the organic solvent was removed and the residue was 

purified by column chromatography to give the cycloaddition product, which was then directly 

analyzed by HPLC to determine the enantiomeric excess. 
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(4aS,7aR)-phenyl(3-phenyl-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)methanone (table 2, entry 1): Yield (73%); white solid; m.p. = 126 

oC; []20
D = -591.0 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.76 – 7.73 (m, 2H), 7.58 – 7.56 

(m, 2H), 7.42 – 7.31 (m, 6H), 6.51 – 6.49 (m, 1H), 6.20 (d, J = 5.2 Hz, 1H), 5.54 (d, J = 7.2 Hz, 1H), 

3.26 – 3.20 (m, 1H), 2.93 – 2.87 (m, 1H), 2.30 – 2.24 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 13C NMR 

(101 MHz, CDCl3) δ 171.7, 151.1, 140.6, 136.6, 135.5, 134.0, 131.7, 130.3, 129.9, 129.3, 128.4, 

127.3, 125.6, 124.0, 58.7, 36.0, 26.0, 21.1, 20.8. HRMS (ESI+) Calcd. For C23H23N2O ([M+H]+): 

343.1805, found: 343.1798. The product was analyzed by HPLC to determine the enantiomeric excess: 

98% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm); tr = 7.13 

and 10.43 min. 

 

 

(4aS,7aR)-(3-(4-chlorophenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 2): Yield (80%); white solid; m.p. 

= 138 oC; []20
D = -612.5 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.73 – 7.70 (m, 2H), 7.50 

– 7.39 (m, 5H), 7.29 – 7.26 (m, 2H), 6.51 – 6.49 (m, 1H), 6.19 (d, J = 5.6 Hz, 1H), 5.52 (d, J = 7.6 

Hz, 1H), 3.24 – 3.18 (m, 1H), 2.89 – 2.83 (m, 1H), 2.25 – 2.18 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 171.7, 149.3, 140.5, 135.4, 135.2, 135.1, 134.0, 131.6, 130.4, 129.9, 

128.6, 127.3, 126.8, 124.1, 58.5, 35.7, 25.8, 21.2, 20.8. HRMS (ESI+) Calcd. For C23H22ClN2O 

([M+H]+): 377.1415, found: 377.1407. The product was analyzed by HPLC to determine the 

enantiomeric excess: 96% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, λ 

= 254 nm); tr = 6.31 and 9.27 min. 
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(4aS,7aR)-(3-(3-chlorophenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 3): Yield (89%); white solid; m.p. 

= 122 oC; []20
D = -148.9 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.74 – 7.72 (m, 2H), 7.54- 

7.41 (m, 5H), 7.26 – 7.23 (m, 2H), 6.51 – 6.49 (m, 1H), 6.20 (d, J = 5.2 Hz, 1H), 5.52 (d, J = 8.0 Hz, 

1H), 3.23- 3.17 (m, 1H), 2.89 – 2.83 (m, 1H), 2.23 – 2.16 (m, 1H), 1.87 (s, 3H), 1.83 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 171.7, 148.7, 140.4, 138.5, 135.3, 134.5, 134.1, 131.6, 130.4, 129.9, 129.7, 

129.1, 127.4, 125.8, 124.2, 123.6, 58.4, 35.5, 25.8, 21.2, 20.8. HRMS (ESI+) Calcd. For C23H22ClN2O 

([M+H]+): 377.1415, found: 377.1400. The product was analyzed by HPLC to determine the 

enantiomeric excess: 92% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, λ 

= 254 nm); tr = 6.34 and 8.90 min. 

 

 

(4aS,7aR)-(3-(2-chlorophenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 4): Yield (93%); white solid; m.p. 

= 132 oC; []20
D = -377.8 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.74 – 7.72 (m, 2H), 7.42 

– 7.35 (m, 4H), 7.29 – 7.22 (m, 3H), 6.54- 6.52 (m, 1H), 6.25 (d, J = 5.6 Hz, 1H), 5.49 (d, J = 7.6 Hz, 

1H), 3.34 – 3.28 (m, 1H), 2.92 – 2.87 (m, 1H), 2.24 – 2.17 (m, 1H), 1.80 (s, 3H), 1.81 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 172.4, 154.5, 140.2, 137.4, 135.4, 133.8, 132.4, 131.8, 130.5, 130.02, 

129.95, 129.9, 127.4, 127.0, 124.2, 59.9, 36.9, 30.4, 21.0, 20.9. HRMS (ESI+) Calcd. For 

C23H22ClN2O ([M+H]+): 377.1415, found: 377.1407. The product was analyzed by HPLC to 

determine the enantiomeric excess: 97% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 

1.0 mL/min, λ = 254 nm); tr = 7.28 and 10.22 min. 
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(4aS,7aR)-(3-(4-fluorophenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 5): Yield (93%); white solid; m.p. 

= 124 oC; []20
D = -654.8 (c 0.23, CH2Cl2); 

 1H NMR (400 MHz, CDCl3) δ 7.74 – 7.72 (m, 2H), 7.58 

– 7.41 (m, 5H), 7.03-6.98 (m, 2H), 6.52 – 6.50 (m, 1H), 6.20 (d, J = 5.2 Hz, 1H), 5.55 – 5.53 (m, 1H), 

3.27 – 3.21 (m, 1H), 2.90 – 2.84 (m, 1H), 2.29 – 2.22 (m, 1H), 1.87 (s, 3H), 1.83 (s, 3H). 13C NMR 

(101 MHz, CDCl3) δ 171.6, 164.7, 162.2, 149.9, 140.5, 135.5, 134.0, 132.79, 132.76, 131.7, 129.8, 

127.5, 127.4, 127.3, 124.0, 115.5, 115.3, 58.5, 35.9, 26.0, 21.1, 20.8. HRMS (ESI+) Calcd. For 

C23H22FN2O ([M+H]+): 361.1711, found: 361.1708. The product was analyzed by HPLC to determine 

the enantiomeric excess: 99% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, 

λ = 254 nm); tr = 6.68 and 10.26 min. 

 

 

(4aS,7aR)-(3-(4-bromophenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 6): Yield (73%); white solid; m.p. 

= 151 oC; []20
D = -539.2 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.72 – 7.70 (m, 2H), 7.46 

– 7.38 (m, 7H), 6.51 – 6.49 (m, 1H), 6.19 (d, J = 5.2 Hz, 1H), 5.51 (d, J = 7.6 Hz, 1H), 3.23 – 3.18 

(m, 1H), 2.88 – 2.83 (m, 1H), 2.24 – 2.18 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 171.7, 149.3, 140.5, 135.5, 135.4, 134.0, 131.62, 131.58, 130.4, 129.9, 127.4, 127.1, 124.1, 

123.6, 58.5, 35.6, 25.7, 21.2, 20.8. HRMS (ESI+) Calcd. For C23H22BrN2O ([M+H]+): 421.0910, 

found: 421.0910. The product was analyzed by HPLC to determine the enantiomeric excess: 97% ee 

(Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm); tr = 6.65 and 9.20 

min 
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(4aS,7aR)-phenyl(5-(propan-2-ylidene)-3-(p-tolyl)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)methanone (table 2, entry 7): Yield (80%); white solid;  m.p. = 137 

oC; []20
D = -687.9 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.75 – 7.72 (m, 2H), 7.48 – 7.38 

(m, 5H), 7.13 (m, 2H), 6.51 – 6.49 (m, 1H), 6.19 (d, J = 5.2 Hz, 1H), 5.54 (d, J = 7.6 Hz, 1H), 3.27 – 

3.21 (m, 1H), 2.90 – 2.85 (m, 1H), 2.34 (s, 3H), 2.30 – 2.24 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 171.6, 151.5, 140.7, 139.5, 135.6, 134.0, 133.8, 131.8, 130.3, 130.0, 129.2, 

127.3, 125.6, 123.9, 58.8, 36.2, 26.1, 21.2, 21.1, 20.8. HRMS (ESI+) Calcd. For C24H25N2O ([M+H]+): 

357.1961, found: 357.1965. The product was analyzed by HPLC to determine the enantiomeric excess: 

99% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm); tr = 6.77 

and 8.52 min. 

 

 

(4aS,7aR)-phenyl(5-(propan-2-ylidene)-3-(m-tolyl)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)methanone (table 2, entry 8): Yield (73%); white solid; m.p. = 90 oC; 

[]20
D = -236.1 (c 0.23, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 7.76 – 7.74 (m, 2H), 7.45 – 7.36 (m, 

5H), 7.21 – 7.15 (m, 2H), 6.51 – 6.49 (m, 1H), 6.19 (d, J = 5.2 Hz, 1H), 5.54 (d, J = 7.6 Hz, 1H), 3.26 

– 3.20 (m, 1H), 2.91 – 2.85 (m, 1H), 2.31 (s, 3H), 2.30 – 2.23 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 171.6, 151.3, 140.6, 138.0, 136.5, 135.5, 134.0, 131.7, 130.3, 130.05, 

135.00, 128.3, 127.2, 126.3, 123.9, 122.8, 58.7, 36.1, 26.1, 21.4, 21.1, 20.8. HRMS (ESI+) Calcd. 

For C24H25N2O ([M+H]+): 357.1961, found: 357.1960. The product was analyzed by HPLC to 

determine the enantiomeric excess: 98% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 

1.0 mL/min, λ = 254 nm); tr = 5.95 and 7.86 min. 
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(4aS,7aR)-phenyl(5-(propan-2-ylidene)-3-(o-tolyl)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)methanone (table 2, entry 9): Yield (75%); white solid; m.p. = 128 

oC; []20
D = -552.0 (c 0.23, CH2Cl2); 

 1H NMR (400 MHz, CDCl3) δ 7.66 – 7.64 (m, 2H), 7.39 – 7.34 

(m, 3H), 7.20 – 7.13 (m, 4H), 6.55 – 6.54 (m, 1H), 6.17 (d, J = 5.2Hz, 1H), 5.61 (d, J = 7.6 Hz, 1H), 

3.39 – 3.34 (m, 1H), 2.72 – 2.66 (m, 1H), 2.37 – 2.31 (m, 1H), 2.18 (s, 3H), 1.81 (s, 3H), 1.79 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 172.4, 157.0, 140.5, 137.5, 135.9, 135.8, 133.8, 132.3, 130.9, 130.1, 

129.4, 128.5, 128.0, 127.4, 125.7, 124.1, 59.0, 37.6, 30.5, 21.0, 20.8, 20.7. HRMS (ESI+) Calcd. For 

C24H25N2O ([M+H]+): 357.1961, found: 357.1951. The product was analyzed by HPLC to determine 

the enantiomeric excess: 93% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, 

λ = 254 nm); tr = 6.98 and 17.65 min. 

 

 

(4aS,7aR)-(3-(3-methoxyphenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 10): Yield (82%); white solid; m.p. 

= 138 oC; []20
D = -660.0 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.76 – 7.73 (m, 2H), 7.44 

– 7.39 (m, 3H), 7.23 – 7.21 (m, 1H), 7.15 – 7.13 (m, 2H), 6.89 – 6.88 (m, 1H), 6.51 – 6.49 (m, 1H), 

6.20 (d, J = 5.2 Hz, 1H), 5.51 (d, J = 7.2 Hz, 1H), 3.68 (s, 3H), 3.23 – 3.17 (m, 1H), 2.92 – 2.86 (m, 

1H), 2.24 - 2.18 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 171.7, 159.6, 

150.1, 140.5, 137.9, 135.7, 134.0, 131.6, 130.1, 129.8, 129.3, 127.2, 124.0, 118.0, 115.8, 109.9, 58.5, 

55.0, 35.7, 25.8, 21.1, 20.8. HRMS (ESI+) Calcd. For C24H25N2O2 ([M+H]+): 373.1911, found: 

373.1905. The product was analyzed by HPLC to determine the enantiomeric excess: 97% ee 
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(Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm); tr = 7.64 and 10.34 

min. 

 

 

(4aS,7aR)-(3-(naphthalen-2-yl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 11): Yield (59%); white solid; m.p. 

= 130 oC; []20
D = -618.6 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.79 – 7.70 

(m, 6H), 7.46 – 7.41 (m, 5H), 6.50 – 6.48 (m, 1H), 6.22 (d, J = 5.2 Hz, 1H), 5.53 (d, J = 7.2 Hz, 1H), 

3.22 – 3.17 (m, 1H), 3.04 – 2.98 (m, 1H), 2.34 – 2.28 (m, 1H), 1.88 (s, 3H), 1.81 (s, 3H). 13C NMR 

(101 MHz, CDCl3) δ 171.7, 150.3, 140.6, 134.1, 134.0, 131.6, 130.3, 130.0, 128.4, 128.1, 127.6, 

127.3, 126.7, 126.3, 125.3, 124.0, 123.0, 58.7, 35.8, 25.7, 21.1, 20.8. HRMS (ESI+) Calcd. For 

C27H25N2O ([M+H]+): 393.1961, found: 393.1954. The product was analyzed by HPLC to determine 

the enantiomeric excess: 98% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, 

λ = 254 nm); tr = 6.69 and 9.73 min. 

 

 

(4aS,7aR)-(5-(pentan-3-ylidene)-3-phenyl-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazin-1-

yl)(phenyl)methanone: Yield (95%); white solid; m.p. = 90 oC; []20
D = -561.8 (c 0.23, CH2Cl2); 

1H 

NMR (400 MHz, CDCl3) δ 7.75 (m, 2H), 7.59 – 7.57 (m, 2H), 7.42 – 7.41 (m, 3H), 7.33 – 7.32 (m, 

3H), 6.53 – 6.51 (m, 1H), 6.26 – 6.18 (m, 1H), 5.52 (d, J = 7.3 Hz, 1H), 3.24 – 3.18 (m, 1H), 2.92 – 

2.87 (m, 1H), 2.27 – 2.20 (m, 5H), 1.12 (t, J = 7.5 Hz, 3H), 1.03 (t, J = 7.5 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 171.7, 150.5, 140.0, 136.6, 136.1, 135.5, 134.6, 131.5, 130.3, 130.0, 129.3, 128.4, 

127.3, 125.6, 58.4, 35.3, 26.7, 25.4, 24.4, 13.9, 13.5. HRMS (ESI+) Calcd. For C25H27N2O ([M+H]+): 

371.2118, found: 371.2116. The product was analyzed by HPLC to determine the enantiomeric excess: 
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97% ee (Chiralpak IE-H, i-propanol /hexane = 4/96, flow rate 1.0 mL/min, λ = 254 nm); tr = 7.32 and 

8.03 min. 

 

 

(4aS,7aR)-(5-cyclobutylidene-3-phenyl-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazin-1-

yl)(phenyl)methanone: Yield (87%); white solid; m.p. = 120 oC; []20
D = -650.3 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.71 (m, 2H), 7.59 – 7.57 (m, 2H), 7.39 – 7.31 (m, 6H), 6.22 – 6.21 

(m, 1H), 6.12 (d, J = 5.6 Hz, 1H), 5.60 (d, J = 8 Hz, 1H), 3.30 – 3.29 (m, 1H), 2.76 – 2.74 (m, 1H), 

2.72 – 2.70 (m, 4H), 2.57 – 2.50 (m, 1H), 2.10 – 2.06 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 171.4, 

153.8, 137.3, 136.3, 135.4, 132.9, 132.6, 131.8, 130.3, 129.8, 129.4, 128.4, 127.2, 125.6, 59.3, 36.5, 

30.1, 29.7, 25.7, 17.5. HRMS (ESI+) Calcd. For C24H23N2O ([M+H]+): 355.1805, found: 355.1797. 

The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IC-H, 

i-propanol /hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm); tr = 16.71 and 17.38 min. 

 

 

(4aS,7aR)-(5-cyclopentylidene-3-phenyl-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazin-1-

yl)(phenyl)methanone: Yield (73%); white solid; m.p. = 122 oC; []20
D = -289.7 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.74 (m, 2H), 7.58 – 7.56 (m, 2H), 7.41 – 7.39 (m, 3H), 7.32 – 7.30 

(m, 3H), 6.36 – 6.34 (m, 1H), 6.16 (d, J = 5.2 Hz, 1H), 5.56 (d, J = 7.6 Hz, 1H), 3.19 – 3.13 (m, 1H), 

2.92 – 2.86 (m, 1H), 2.39 – 2.32 (m, 5H), 1.74 – 1.70 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 171.6, 

152.2, 136.8, 136.5, 135.4, 135.3, 133.03, 132.97, 130.3, 129.9, 129.9, 129.3, 128.4, 127.3, 125.6, 

59.1, 37.3, 31.0, 30.8, 26.6, 26.4, 25.1. HRMS (ESI+) Calcd. For C25H25N2O ([M+H]+): 369.1961, 

found: 369.1959. The product was analyzed by HPLC to determine the enantiomeric excess: 98% ee 

(Chiralpak IC-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm); tr = 16.83 and 18.44 
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min. 

 

 

(4aS,7aR)-(5-cyclohexylidene-3-phenyl-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazin-1-

yl)(phenyl)methanone: Yield (92%); white solid; m.p. = 110 oC; []20
D = -596.4 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.76 – 7.74 (m, 2H), 7.57 – 7.56 (m, 2H), 7.41 – 7.39 (m, 3H), 7.32 – 

7.30 (m, 3H), 6.54 – 6.52 (m, 1H), 6.20 (d, J = 5.2 Hz, 1H), 5.55 – 5.52 (m, 1H), 3.28 – 3.22 (m, 1H), 

2.82 – 2.81 (m, 1H), 2.30 – 2.25 (m, 5H), 1.61 (d, J = 14.8 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 

171.6, 151.0, 137.7, 136.4, 135.4, 134.1, 132.5, 131.1, 130.2, 129.9, 129.2, 128.3, 127.2, 125.5, 58.5, 

35.3, 31.8, 31.3, 28.1, 27.9, 26.7, 26.5. HRMS (ESI+) Calcd. For C26H27N2O ([M+H]+): 383.2118, 

found: 383.2115. The product was analyzed by HPLC to determine the enantiomeric excess: 98% ee 

(Chiralpak IC-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm); tr = 16.52 and 18.15 

min. 

 

 

(4aS,7aR)-(5-cycloheptylidene-3-phenyl-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazin-1-

yl)(phenyl)methanone: Yield (89%); white solid; m.p. = 125 oC; []20
D = -582.3 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.76 – 7.74 (m, 2H), 7.59 – 7.57 (m, 2H), 7.42 – 7.41 (m, 3H), 7.33 – 

7.32 (m, 3H), 6.53 (dd, J = 6.0, 2.4 Hz, 1H), 6.23 – 6.22 (m, 1H), 5.51 (d, J = 7.6 Hz, 1H), 3.23 – 

3.17 (m, 1H), 2.92 (dd, J = 16.0, 6.0 Hz, 1H), 2.42 – 2.40 (m, 4H), 2.23 (dd, J = 16.0, 9.2 Hz, 1H), 

1.72 – 1.64 (m, 3H), 1.57 – 1.55 (m, 5H). 13C NMR (101 MHz, CDCl3) δ 171.7, 150.6, 140.5, 136.6, 

135.5, 134.1, 133.9, 131.5, 130.3, 129.9, 129.3, 128.4, 127.3, 125.6, 58.5, 35.5, 32.9, 32.1, 29.7, 28.9, 
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28.1, 27.9, 26.1. HRMS (ESI+) Calcd. For C27H29N2O ([M+H]+): 397.2274, found: 397.2265. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IE-H, i-

propanol /hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm); tr = 13.90 and 14.48 min. 

 

 

(4aS,7aR)-phenyl(3-phenyl-5-(tetrahydro-4H-pyran-4-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)methanone: Yield (72%); white solid; m.p. = 118 oC; []30
D = -293.6 

(c 0.23, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 7.76 – 7.74 (m, 2H), 7.58 – 7.56 (m, 2H), 7.49 – 

7.39 (m, 3H), 7.35 – 7.32 (m, 3H), 6.51 (dd, J = 5.6, 2.0 Hz, 1H), 6.28 (d, J = 5.2 Hz, 1H), 5.57 (d, J 

= 7.6 Hz, 1H), 3.87 – 3.67 (m, 4H), 3.32 – 3.27 (m, 1H), 2.84 (dd, J = 16.0, 6.4 Hz, 1H), 2.45 – 2.43 

(m, 4H), 2.31 (dd, J = 16.0, 8.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 171.7, 150.9, 139.7, 136.4, 

135.6, 135.4, 130.6, 130.4, 130.0, 129.4, 128.5, 127.4, 126.7, 125.6, 68.9, 68.7, 58.4, 35.4, 32.2, 31.8, 

26.7. HRMS (ESI+) Calcd. For C25H25N2O2 ([M+H]+): 385.1911, found: 385.1900. The product was 

analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IE-H, i-propanol 

/hexane = 30/70, flow rate 1.0 mL/min, λ = 254 nm); tr = 18.86 and 22.82 min. 

 

 

(4aS,7aR)-(E)-(5-(4-methoxybenzylidene)-3-phenyl-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone(Z/E = 0.7 : 1): Yield (79%); white solid; m.p. = 

158 oC; []30
D = -796.4 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.74 – 7.60 (m, 5.1H), 7.43 

– 7.24 (m, 15.3H), 6.96 – 6.86 (m, 4.1H), 6.48 – 6.26 (m, 4.4H), 5.82 (d, J = 7.6 Hz, 1H), 5.68 (d, J 

= 7.6 Hz, 0.7H), 3.98 (q, J = 6.4 Hz, 1H), 3.85 (s, 3H), 3.81 (s, 2.1H), 3.46 (q, J = 6.8 Hz, 0.7H), 2.95 

– 2.60 (m, 3.4H). 13C NMR (101 MHz, CDCl3) δ 171.5, 158.47, 158.45, 154.6, 153.4, 146.3, 146.1, 
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138.9, 138.1, 136.2, 136.1, 135.3, 134.3, 131.9, 130.55, 130.49, 130.1, 130.0, 129.6, 129.5, 129.4, 

129.2, 128.5, 128.4, 127.4, 125.8, 121.9, 120.5, 114.2, 113.9, 60.3, 58.5, 55.3, 40.2, 37.2, 28.4, 25.0. 

HRMS (ESI+) Calcd. For C28H25N2O2 ([M+H]+): 421.1911, found: 421.1901. The product was 

analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, i-propanol 

/hexane = 25/75, flow rate 1.0 mL/min, λ = 254 nm); tr = 11.55, 14.16, 17.50, 22.49 min. 

 

3 Synthetic Transformations 

 

 

To methanol (10 mL) was added 3a (0.3 mmol) and KOH (6 mmol), and the reaction mixture 

was heated to 80 oC until the starting material was consumed (monitored by TLC). Then, the reaction 

mixture was neutralized by 1 N HCl and extracted by DCM, the combined organic solvent was dried 

with Na2SO4 and was concentrated in vacuum. The residue was purified by column chromatography 

to give the product, which was then directly analyzed by HPLC to determine the enantiomeric excess. 

 

 

 

3a (0.3 mmol) was added to a dry solution of diazomethame (prepare from 100 mg N-methyl-N-

nitrosourea, 1 mL ethyl ether) at 0 oC. Then catalytic amount of Pd(OAc)2 was added in one portion 

and gas evolution was observed. After 1 h vigorous stirring at 0 oC, the organic solvent was 

concentrated in vacuum. The residue was purified by column chromatography to give the product, 
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which was then directly analyzed by HPLC to determine the enantiomeric excess. 

 

 

(4aS,7aR)-3-phenyl-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazine: 

Yield (85%); brown solid; m.p. = 21 oC; []30
D = -198.0 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) 

δ 7.67 – 7.56 (m, 2H), 7.39 – 7.30 (m, 3H), 6.49 (dd, J = 5.6, 1.2 Hz, 1H), 5.73 (d, J = 4.8 Hz, 1H), 

4.46 (d, J = 8.4 Hz, 1H), 3.32 – 3.27 (m, 1H), 2.80 (dd, J = 14.0, 6.4 Hz, 1H), 2.36 (dd, J = 14.0, 6.8 

Hz, 1H), 1.84 (s, 3H), 1.78 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 155.1, 141.5, 137.8, 134.0, 133.4, 

128.4, 128.3, 125.1, 123.3, 61.9, 40.3, 27.3, 21.00, 20.9. HRMS (ESI+) Calcd. For C16H19N2 

([M+H]+): 239.1543, found: 239.1543. The product was analyzed by HPLC to determine the 

enantiomeric excess: 99% ee (Chiralpak AD-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, λ 

= 254 nm); tr = 7.95, 10.37 min. 

 

 

phenyl((4aS,5aS,6aR,6bR)-3-phenyl-5-(propan-2-ylidene)-4a,5,5a,6,6a,6b-

hexahydrocyclopropa[4,5]cyclopenta[1,2-c]pyridazin-1(4H)-yl)methanone: Yield (99%); white 

solid; m.p. = 42 oC; []30
D = -88.0 (c 0.23, CH2Cl2); 

1H NMR (400 MHz, CDCl3) δ 7.82 – 7.73 (m, 

2H), 7.56 – 7.54 (m, 2H), 7.46 – 7.42 (m, 3H), 7.35 – 7.27 (m, 3H), 4.99 (dd, J = 9.2, 5.2 Hz, 1H), 

3.16 – 2.94 (m, 2H), 2.57 – 2.43 (m, 1H), 2.13 – 2.05 (m, 1H), 2.03 – 1.93 (m, 1H), 1.86 (s, 3H), 1.77 

(s, 3H), 0.73 – 0.68 (m, 1H), 0.59 – 0.56 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 171.8, 145.3, 137.3, 

136.9, 135.8, 130.04, 129.96, 129.0, 128.4, 127.3, 125.2, 123.6, 52.5, 30.6, 26.8, 23.7, 21.2, 20.7, 

20.3, 11.1. HRMS (ESI+) Calcd. For C24H24N2NaO ([M+Na]+): 379.1781, found: 379.1781. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H, i-

propanol /hexane = 10/90, flow rate 1.0 mL/min, λ = 230 nm); tr = 6.03, 8.92 min. 
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5 NMR and HPLC spectra 
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