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1. General  
1H NMR and 13C NMR were recorded on a Bruker-400 MHz spectrometer. Proton chemical 

shifts are reported in ppm downfield from tetramethylsilane or from the residual solvent as 

internal standard in CDCl3 (δ 7.26 ppm) and in (CD3)2SO (2.50 ppm). Carbon chemical shifts 

were internally referenced to the deuterated solvent signals in CDCl3 (δ 77.0 ppm) and in 

(CD3)2SO (39.5 ppm). High-resolution mass spectra were recorded on a Thermo Scientific LTQ 

Orbitrap ESI ion trap mass spectrometer. Reagents obtained from commercial sources are used 

without further purification and all solvents were purified and dried according to standard 

methods prior to use, unless stated otherwise.  

 

2. D-A cyclopropanes 2 used in this study 

 

Donor-acceptor (D-A) cyclopropanes 2 used in this study were all prepared according to 

literature procedures from the corresponding aromatic aldehydes through a sequence of 

Knoevenagel condensation followed by a Corey-Chaykovsky cyclopropanation.[1],[2] 2a,[3] 2b,[4] 

2c-2e,[3] 2f,[5] 2g,[2] 2h,[6] 2i[1], 2j[4] are all known compounds and the characterization data all 

corresponded to the reported values. 

 

3. Procedures for the preparation of 1,3-cyclohexanedione derived cyclic ketals 1 

To a mixture of 1,3-cyclohexanedione (1.12 g, 10.0 mmol) and glycol (11.0 mmol) in toluene 

(150 mL), TsOH (34.4 mg, 0.2 mmol) was added. The reaction mixture was heated to reflux for 

24 h. Then, the solvent was removed in vacuo and the residue was purified by silica gel flash 

chromatography (petrol ether : ethyl acetate = 4:1 ) to provide cyclic ketals 1. 

 

1,4-Dioxaspiro[4.5]decan-7-one (1a) 
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Flash chromatography (petroleum ether : ethyl acetate = 4:1); 687.2 mg (44%). 

Colorless oil. 1H NMR (400 MHz, CDCl3): δ = 1.79-1.88 (m, 4H, CH2×2), 2.29 (t, J = 5.6 Hz, 2H, 

CH2), 2.55 (s, 2H, CH2), 3.88-3.96 (m, 4H, OCH2×2) ppm; 13C NMR (100 MHz, CDCl3): δ = 

20.0, 34.1, 40.1, 51.6, 64.6, 109.9, 207.5 ppm. HRMS (ESI): calcd. for C8H13O3 ([M + H]+) 

157.0859, found 157.0857. 

 

1,5-Dioxaspiro[5.5]undecan-8-one (1b) 

 

Flash chromatography (petroleum ether : ethyl acetate = 4:1); 663.8 mg (39%). 

White solid. mp 97-99 oC. 1H NMR (400 MHz, CDCl3): δ = 1.65-1.74 (m, 2H, CH2), 1.76-1.83 

(m, 2H, CH2), 2.05 (t, J = 5.9 Hz, 2H, CH2), 2.30 (t, J = 6.7 Hz, 2H, CH2), 2.74 (s, 2H, CH2), 

3.82-3.92 (m, 4H, OCH2×2) ppm; 13C NMR (100 MHz, CDCl3): δ = 19.3, 25.0, 32.2, 40.0, 49.0, 

59.6, 99.7, 207.7 ppm. HRMS (ESI): calcd. for C9H15O3 ([M + H]+) 171.1016, found 171.1020.  

 

4. Procedures for the preparation of 1,3-cyclohexanedione derived cyclic thiol ketals 4 

To a mixture of 1,3-cyclohexanedione (1.12 g, 10.0 mmol) and dithiols (11.0 mmol) in CH2Cl2 

(100 mL), boron trifluoride diethyl ether complex (141.9 mg, 1.0 mmol) was added at room 

temperature. The reaction mixture was stirred at the same temperature for 24 h. Then, the solvent 

was removed in vacuo and the residue was purified by silica gel flash chromatography (petrol 

ether : ethyl acetate = 4:1 ) to provide cyclic thiol ketals 4.  

 

1,5-Dithiaspiro[5.5]undecan-8-one (4a) 

 

Flash chromatography (petroleum ether : ethyl acetate = 4:1); 1.66 g (82%). 

White solid. mp 115-117 oC.1H NMR (400 MHz, CDCl3): δ = 1.87-2.09 (m, 4H, CH2×2), 

2.21-2.24 (m, 2H, CH2), 2.33 (t, J = 6.6 Hz, 2H, CH2), 2.76-2.82 (m, 2H, SCH2), 2.85-2.92 (m, 
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2H, SCH2), 2.90 (s, 2H, CH2) ppm; HRMS (ESI): calcd. for C8H13OS2 ([M + H]+) 203.0559, 

found 203.0555.  

 

1,4-Dithiaspiro[4.5]decan-7-one (4b) 

 

Flash chromatography (petroleum ether : ethyl acetate = 4:1); 1.30 g (69%). 

White solid. mp 85-87 oC. 1H NMR (400 MHz, CDCl3): δ = 1.93-2.00 (m, 2H, CH2), 2.24-2.30 

(m, 4H, CH2×2), 2.87 (s, 2H, CH2), 3.27-3.33 (m, 4H, SCH2×2) ppm; 13C NMR (100 MHz, 

CDCl3): δ = 24.9, 39.3, 39.9, 40.6, 57.6, 68.1, 206.8 ppm. HRMS (ESI): calcd. for C8H13OS2 ([M 

+ H]+) 189.0402, found 189.0405. 

 

 

5. Procedures for the reactions of 1 and 2 to afford 3.  

 
Genaral procedures for the reactions of 1 and 2 to afford 3 (A). To a mixture of 1 (0.18 mmol) 

and D-A cyclopropanes 2 (0.15 mmol) in CH2Cl2 (1.0 mL), Cu(OTf)2 (5.4 mg, 0.015 mmol) was 

added. The mixture was stirred at room temperature (25 oC) for 24 h. Then, the solvent was 

removed in vacuo and the residue was purified by silica gel flash chromatography (petrol ether : 

ethyl acetate = 4:1 to 2:1) to provide product 3. 

 

Genaral procedures for the reactions of 1 and 2 to afford 3 (B). To a mixture of 1 (0.18 

mmol), D-A cyclopropanes 2 (0.15 mmol), 4 Å MS (100 mg), and Cu(OTf)2 (5.4 mg, 0.015 

mmol), 1,2-dichloroethane (1.0 mL) was added under N2 atmosphere. The mixture was stirred 45 
oC for 24 h. Then, the solvent was removed in vacuo and the residue was purified by silica gel 

flash chromatography (petrol ether : ethyl acetate = 4:1 to 2:1) to provide product 3. 

 

Genaral procedures for the reactions of 1 and 2 to afford 3 (C). To a mixture of 1 (0.18 

mmol), D-A cyclopropanes 2 (0.15 mmol), 4 Å MS (100 mg), and Cu(OTf)2 (5.4 mg, 0.015 

mmol), CH2Cl2 (1.0 mL) was added under N2 atmosphere. The mixture was stirred at room 

temperature (25 oC) for 24 h. Then, the solvent was removed in vacuo and the residue was 

purified by silica gel flash chromatography (petrol ether : ethyl acetate = 4:1 to 2:1) to provide 

product 3.  
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Procedure for a 5 mmol-scale reaction to synthesize 3a. To a mixture of 1,3-cyclohexanedione 

derived cyclic ketal 1a (937.1 mg, 6.0 mmol) and D-A cyclopropanes 2a (1.32 g, 5.0 mmol) in 

CH2Cl2 (20.0 mL), Cu(OTf)2 (180.0 mg, 0.5 mmol) was added. The mixture was stirred at room 

temperature (25 oC) for 24 h. Then, the mixture was diluted with CH2Cl2 (20.0 mL), and washed 

with saturated NaHCO3. The aqueous phase was extracted with CH2Cl2 (20 mL x 3). The organic 

layers were combined, washed with brine, dried over Na2SO4, and concentrated. The residue was 

purified by silica gel flash chromatography (petrol ether : ethyl acetate = 4:1 to 2:1) to provide 

product 3a (1.93 g, 92%).  

 

Dimethyl 2-(2-(4-methoxyphenyl)-2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)ethyl)malonate 

(3a) 

 

Synthesized by the general procedure A; 58.6 mg (93%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.93-2.00 (m, 2H, CH2), 2.18-2.36 (m, 4H, 

CH2×2), 2.59 (t, J = 6.7 Hz, 2H, CH2), 3.46-3.51 (m, 1H, OCH2×1/2), 3.53-3.58 (m, 1H, 

OCH2×1/2), 3.61 (dd, J = 6.3 Hz, 8.1 Hz, 1H, CH), 3.70 (s, 3H, CH3), 3.72 (s, 3H, CH3), 3.79 (s, 

3H, CH3), 3.87 (t, J = 4.56 Hz, 2H, OCH2), 4.28 (dd, J = 4.3 Hz, 9.2 Hz, 1H, OCH), 5.28 (s, 1H, 

CH), 6.87 (d, J = 8.7 Hz, 2H, ArH), 7.2 (d, J = 8.6 Hz, 2H, ArH) ppm; 13C NMR (100 MHz, 

CDCl3): δ = 21.1, 28.9, 36.6, 37.1, 48.6, 52.5, 55.2, 66.1, 67.5, 79.6, 102.7, 113.9, 127.7, 132.6, 

159.4, 169.6, 169.7, 177.9, 199.8 ppm. HRMS (ESI): calcd. for C22H29O8 ([M + H]+) 421.1857, 

found 421.1854. 

 

Dimethyl 2-(2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)-2-(p-tolyl)ethyl)malonate (3b) 

 

Synthesized by the general procedure A; 54.0 mg (89%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.97 (quintet, J = 6.5 Hz, 2H, CH2), 2.22-2.35 

(m, 6H, CH2×3), 2.33 (s, 3H, CH3), 2.42 (t, J = 6.3 Hz, 2H, CH2), 3.48-3.52 (m, 1H, CH2×1/2), 

3.55-3.59 (m, 1H, CH2×1/2), 3.63 (dd, J = 6.2 Hz, 8.3 Hz, 1H, CH), 3.70 (s, 3H, CH3), 3.72 (s, 



S6 
 

3H, CH3), 3.87 (t, J = 4.5 Hz, 2H, CH2), 4.30 (dd, J = 4.3 Hz, 9.3 Hz, 1H, CH), 5.28 (s, 1H, CH), 

7.13-7.19 (m, 4H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 21.06, 21.11, 28.8, 36.7, 37.1, 

48.6, 52.46, 52.48, 66.2, 67.5, 79.9, 102.7, 126.4, 129.2, 137.6, 137.7, 169.6, 169.7, 177.8, 

199.6 ppm. HRMS (ESI): calcd. for C22H29O7 ([M + H]+) 405.1908, found 405.1913.  

 

Dimethyl 

2-(2-(4-(benzyloxy)phenyl)-2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)ethyl)malonate (3c) 

 

Synthesized by the general procedure A; 67.1 mg (90%). 

White Solid. mp 114-116 oC. 1H NMR (400 MHz, CDCl3): δ = 1.97 (quintet, J = 6.4 Hz, 2H, 

CH2), 2.19-2.26 (m, 1H, CH2×1/2), 2.29-2.37 (m, 3H, CH2 + CH2×1/2), 2.42 (t, J = 6.2 Hz, 2H, 

CH2), 3.47-3.52 (m, 1H, CH2×1/2), 3.55-3.60 (m, 1H, CH2×1/2), 3.63 (dd, J = 6.2 Hz, 8.3 Hz, 1H, 

CH), 2.96 (s, 3H, CH3), 3.73 (s, 3H, CH3), 3.88 (t, J = 4.6 Hz, 2H, CH2), 4.29 (dd, J = 4.3 Hz, 9.2 

Hz, 1H, CH), 5.05 (s, 2H, OCH2), 5.29 (s, 1H, CH), 6.94-6.97 (m, 2H, ArH), 7.20-7.24 (m, 2H, 

ArH), 7.30-7.44 (m, 5H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 21.1, 28.9, 36.7, 37.1, 

48.6, 52.5, 66.1, 67.5, 70.0, 79.6, 102.8, 114.8, 127.4, 127.7, 128.0, 128.5, 132.9, 136.8, 158.6, 

169.6, 169.7, 177.7, 199.7 ppm. HRMS (ESI): calcd. for C28H33O8 ([M + H]+) 497.2170, found 

497.2166.  

 

Dimethyl 2-(2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)-2-phenylethyl)malonate (3d) 

 

Synthesized by the general procedure B; 45.1 mg (77%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.9 (quintet, J = 6.4 Hz, 2H, CH2), 2.22-2.36 (m, 

4H, CH2×2), 2.43 (t, J = 6.3 Hz, 2H, CH2), 3.49-3.55 (m, 1H, CH2×1/2), 3.58-3.63 (m, 1H, 

CH2×1/2), 3.66 (dd, J = 6.1 Hz, 8.4 Hz, 1H, CH), 3.71 (s, 3H, CH3), 3.74 (s, 3H, CH3), 3.89 (t, J 

= 4.5 Hz, 2H, CH2), 4.35 (dd, J = 4.4 Hz, 9.1 Hz, 1H, CH), 5.30 (s, 1H, CH), 7.26-7.37 (s, 5H, 

ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 21.1, 28.9, 36.7, 37.2, 48.6, 52.52, 52.54, 66.4, 

67.5, 80.1, 102.8, 126.4, 128.1, 128.6, 140.8, 169.6, 169.7, 177.7, 199.7 ppm. HRMS (ESI): calcd. 

for C21H27O7 ([M + H]+) 391.1751, found 391.1754. 
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Dimethyl 2-(2-(4-chlorophenyl)-2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)ethyl)malonate 

(3e) 

  

Synthesized by the general procedure B; 40.7 mg (64%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.98 (quintet, J = 6.5 Hz, 2H, CH2), 2.19-2.31 

(m, 2H, CH2), 2.34 (t, J = 6.6 Hz, 2H, CH2), 2.43 (t, J = 6.3 Hz, 2H, CH2), 3.49-3.54 (m, 1H, 

CH2×1/2), 3.56-3.61 (m, 1H, CH2×1/2), 3.64 (dd, J = 6.1 Hz, 8.2 Hz, 1H, CH), 3.71 (s, 3H, CH3), 

3.74 (s, 3H, CH3), 3.85-3.93 (m, 2H, CH2), 4.34 (dd, J = 4.6 Hz, 8.9 Hz, 1H, CH), 5.30 (s, 1H, 

CH), 7.24-7.27 (m, 2H, ArH), 7.31-7.35 (m, 2H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 

21.2, 28.9, 36.7, 37.1, 48.5, 52.6, 66.6, 67.4, 79.5, 102.8, 127.8, 128.8, 133.8, 139.4, 169.5, 169.6, 

177.6, 199.6 ppm. HRMS (ESI): calcd. for C21H26ClO7 ([M + H]+) 425.1362, found 425.1364. 

 

Diisopropyl 

2-(2-(4-methoxyphenyl)-2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)ethyl)malonate (3f) 

 

Synthesized by the general procedure A; 64.3 mg (90%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.17 (dd, J = 6.2 Hz, 9.4 Hz, 12H, CH3×4), 1.90 

(quintet, J = 6.4 Hz, 2H, CH2), 2.08-2.15 (m, 1H, CH2×1/2), 2.20-2.27 (m, 3H, CH2 + CH2×1/2), 

2.37 (t, J = 6.2 Hz, 2H, CH2), 3.42-3.55 (m, 3H, CH2 + CH), 3.73 (s, 3H, CH3), 3.82-3.85 (m, 2H, 

CH2), 4.23 (dd, J = 4.5 Hz, 9.2 Hz, 1H, CH), 4.97 (hep, J = 6.2 Hz, 2H, CH×2), 5.23 (s, 1H, CH), 

6.81 (d, J = 8.7 Hz, 2H, ArH), 7.16 (d, J = 8.6 Hz, 2H, ArH) ppm; 13C NMR (100 MHz, CDCl3): 

δ = 20.9, 21.3, 21.35, 21.40, 21.5, 36.5, 36.8, 49.1, 55.0, 66.0, 67.4, 68.53, 68.54, 79.5, 102.5, 

113.7, 127.5, 132.7, 159.2, 168.5, 168.6, 177.6, 199.4 ppm. HRMS (ESI): calcd. for C26H37O8 

([M + H]+) 477.2483, found 477.2487. 

 

Di(adamantan-2-yl) 

2-(2-(4-methoxyphenyl)-2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)ethyl)malonate (3g) 
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Synthesized by the general procedure A; 82.2 mg (83%). 

White Solid. mp 136-138 oC. 1H NMR (400 MHz, CDCl3): δ = 1.52-1.55 (m, 4H, HAd), 

1.71-1.86 (m, 16H, HAd), 1.95-1.98 (m, 10H, HAd), 2.31-2.34 (m, 4H, CH2×2), 2.42 (t, J = 6.2 

Hz, 2H, CH2), 3.52-3.64 (m, 3H, CH2 + CH), 3.80 (s, 3H, CH3), 3.86-3.90 (m, 2H, CH2), 4.29 (dd, 

J = 4.6 Hz, 9.1 Hz, 1H, CH), 4.96 (d, J = 10.0 Hz, 2H, HAd), 5.28 (s, 1H, CH), 6.88 (d, J = 8.6 

Hz, 2H, ArH), 7.22 (d, J = 8.6 Hz, 2H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 21.1, 26.8, 

27.1, 28.9, 31.6, 31.78, 31.81, 31.9, 36.18, 36.21, 36.7, 37.18, 37.20, 49.8, 55.2, 66.2, 67.6, 78.06, 

78.07, 79.9, 102.7, 113.9, 127.7, 132.9, 159.3, 168.6, 168.7, 177.8, 199.7 ppm. HRMS (ESI): 

calcd. for C40H53O8 ([M + H]+) 661.3735, found 661.3738. 

 

Dimethyl 2-(2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)-2-(thiophen-2-yl)ethyl)malonate 

(3h) 

 

Synthesized by the general procedure A; 54.1 mg (91%). 

Pale yellow gum. 1H NMR (400 MHz, CDCl3): δ = 1.94-1.99 (quintet, J = 6.5 Hz, 2H, CH2), 

2.30-2.49 (m, 6H, CH2×3), 3.55-3.69 (m, 3H, CH2 + CH), 3.71 (s, 3H, CH3), 3.72 (s, 3H, CH3), 

3.88 (t, J = 4.6 Hz, 2H, CH2), 4.64 (dd, J = 4.6 Hz, 9.2 Hz, 1H, CH), 5.28 (s, 1H, CH), 6.94-6.98 

(m, 2H, ArH), 7.27 (s, 1H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 21.1, 28.8, 36.7, 37.2, 

48.4, 52.55, 52.57, 66.2, 67.4, 75.6, 102.8, 125.5, 125.6, 126.5, 144.3, 169.4, 169.5, 177.7, 199.6 

ppm. HRMS (ESI): calcd. for C19H25O7S ([M + H]+) 397.1316, found 397.1319.  

 

Dimethyl 

2-(2-(1-(tert-butoxycarbonyl)-1H-indol-3-yl)-2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)ethy

l)malonate (3i) 
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Synthesized by the general procedure A; 64.3mg (81%). 

Pale yellow amorphous solid. 1H NMR (400 MHz, CDCl3): δ = 1.67 (s, 9H, CH3×3), 1.91-1.98 

(m, 2H, CH2), 2.30-2.39 (m, 4H, CH2×2), 2.40-2.62 (m, 2H, CH2), 3.56-3.70 (m, 3H, CH2 + CH), 

3.71 (s, 3H, CH3), 3.73 (s, 3H, CH3), 3.88-3.91 (m, 2H, CH2), 4.66 (dd, J = 4.3 Hz, 9.5 Hz, 1H, 

CH), 5.27 (s, 1H, CH), 7.20-7.26 (m, 1H, ArH), 7.30-7.34 (m, 1H, ArH), 7.53 (s, 1H, ArH), 7.70 

(d, J = 7.8 Hz, 1H, ArH), 8.11 (d, J = 7.7 Hz, 1H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 

21.1, 28.1, 28.8, 35.1, 36.6, 48.5, 52.52, 52.54, 66.1, 67.5, 73.9, 83.9, 102.7, 115.3, 119.8, 120.1, 

122.6, 123.7, 124.7, 128.2, 135.8, 149.4, 169.6, 169.7, 177.8, 199.7 ppm. HRMS (ESI): calcd. for 

C28H36NO9 ([M + H]+) 530.2385, found 530.2382. 

 

Dimethyl 2-(2-(2-methoxyphenyl)-2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)ethyl)malonate 

(3j) 

 

Synthesized by the general procedure C; 45.4 mg (72%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.96 (quintet, J = 6.4 Hz, 2H, CH2), 2.25-2.34 

(m, 4H, CH2×2), 2.43 (t, J = 6.2 Hz, 2H, CH2), 3.55-3.57 (m, 1H, CH), 3.61-3.65 (m, 2H, CH2), 

3.68 (s, 3H, CH3), 3.72 (s, 3H, CH3), 3.80 (s, 3H, CH3), 3.88-3.92 (m, 2H, CH2), 4.80 (dd, J = 4.7 

Hz, 8.1 Hz, 1H, CH), 5.29 (s, 1H, CH), 6.84 (d, J = 8.2 Hz, 1H, ArH), 6.96 (t, J = 7.5 Hz, 1H, 

ArH), 7.24 (m, 1H, ArH), 7.37 (dd, J = 1.2 Hz, 7.5 Hz, 1H, ArH) ppm; 13C NMR (100 MHz, 

CDCl3): δ = 21.1, 28.9, 35.5, 36.7, 48.7, 52.38, 52.43, 55.2, 66.6, 67.5, 73.8, 102.7, 110.2, 120.7, 

126.4, 128.7, 128.8, 156.6, 169.7, 169.8, 177.8, 199.7 ppm. HRMS (ESI): calcd. for C22H29O8 

([M + H]+) 421.1857, found 421.1855.  

 

Dimethyl 2-(2-(3-methoxyphenyl)-2-(2-((3-oxocyclohex-1-en-1-yl)oxy)ethoxy)ethyl)malonate 

(3k) 

 

Synthesized by the general procedure C; 46.6 mg (74%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.98 (quintet, J = 6.5 Hz, 2H, CH2), 2.22-2.35 

(m, 4H, CH2×2), 2.43 (t, J = 6.3 Hz, 2H, CH2), 3.50-3.55 (m, 1H, CH), 3.60-3.68 (m, 2H, CH2), 

3.71 (s, 3H, CH3), 3.74 (s, 3H, CH3), 3.81 (s, 3H, CH3), 3.89-3.91 (m, 2H, CH2), 4.32 (dd, J = 4.5 
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Hz, 9.0 Hz, 1H, CH), 5.30 (s, 1H, CH), 6.81-6.84 (m, 3H, ArH), 7.24-7.28 (m, 1H, ArH) ppm; 
13C NMR (100 MHz, CDCl3): δ = 21.2, 28.9, 36.7, 37.1, 48.6, 52.5, 52.6, 55.2, 66.5, 67.5, 80.0, 

102.8, 111.8, 113.4, 118.8, 129.7, 142.5, 159.9, 169.6, 169.7, 177.8, 199.7 ppm. HRMS (ESI): 

calcd. for C22H29O8 ([M + H]+) 421.1857, found 421.1853.  

 

Dimethyl 2-(2-(3-methoxyphenyl)-2-((3-oxocyclohex-1-en-1-yl)oxy)ethyl)malonate (3k’) 

 

Synthesized by the general procedure A; 49.7 mg (88%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.92-1.96 (m, 2H, CH2), 2.25 (m, 2H, CH2), 

2.37-2.53 (m, 4H, CH2×2), 3.52 (dd, J = 6.5 Hz, 8.0 Hz, 1H, CH), 3.73 (s, 3H, CH3), 3.74 (s, 3H, 

CH3), 3.79 (s, 3H, CH3), 5.05 (dd, J = 4.7 Hz, 8.6 Hz, 1H, CH), 5.17 (s, 1H, CH), 6.75 (t, J = 1.8 

Hz, 1H, ArH), 6.81 (dd, J = 4.6 Hz, 8.0 Hz, 2H, ArH), 7.23-7.27 (m, 1H, ArH) ppm; 13C NMR 

(100 MHz, CDCl3): δ = 21.0, 28.9, 36.5, 36.7, 48.3, 52.7, 52.8, 55.2, 78.0, 105.2, 111.3, 113.5, 

117.8, 130.1, 140.3, 160.0, 169.0, 169.1, 175.9, 199.5 ppm. HRMS (ESI): calcd. for C20H25O7 

([M + H]+) 377.1595, found 377.1598.  

 

Dimethyl 

2-(2-(4-methoxyphenyl)-2-(3-((3-oxocyclohex-1-en-1-yl)oxy)propoxy)ethyl)malonate (3l) 

 
Synthesized by the general procedure A; 60.6 mg (93%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.87-1.97 (m, 4H, CH2 + CH2), 2.18-2.36 (m, 

6H, CH2×3), 3.26-3.41 (m, 2H, OCH2), 3.58 (dd, J = 6.3 Hz, 8.3 Hz, 1H, CH), 3.70 (s, 3H, CH3), 

3.72 (s, 3H, CH3), 3.79 (s, 3H, CH3), 3.86 (td, J = 1.2 Hz, 6.2 Hz, 2H, OCH2), 4.18 (dd, J = 4.4 

Hz, 9.2 Hz, 1H, CH), 5.33 (s, 1H, CH), 6.85 (d, J = 8.7 Hz, 2H, ArH), 7.16 (d, J = 8.7 Hz, 2H, 

ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 21.1, 28.77, 28.78, 36.7, 37.1, 48.7, 52.5, 55.2, 

64.5, 65.3, 79.2, 102.7, 113.9, 127.6, 133.1, 159.3, 169.6, 169.7, 177.9, 199.8 ppm. HRMS (ESI): 

calcd. for C23H31O8 ([M + H]+) 435.2013, found 435.2009. 

 

Dimethyl 2-(2-(3-((3-oxocyclohex-1-en-1-yl)oxy)propoxy)-2-(thiophen-2-yl)ethyl)malonate 

(3m) 
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Synthesized by the general procedure A; 56.6 mg (92%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.88-1.96 (m, 4H, CH2×2), 2.25-2.45 (m, 6H, 

CH2×3), 3.33-3.38 (m, 1H, OCH2×1/2), 3.43-3.49 (m, 1H, OCH2×1/2), 3.58 (dd, J = 6.5 Hz, 8.1 

Hz, 1H, CH), 3.70 (s, 3H, CH3), 3.71 (s, 3H, CH3), 3.81-3.90 (m, 2H, OCH2), 4.52 (dd, J = 4.7 

Hz, 9.1 Hz, 1H, CH), 5.32 (s, 1H, CH), 6.92-6.94 (m, 2H, ArH), 7.23-7.25 (m, 1H, ArH) ppm; 
13C NMR (100 MHz, CDCl3): δ = 21.1, 28.7, 28.8, 36.6, 37.2, 48.4, 52.5, 64.6, 65.2, 75.2, 102.7, 

125.2, 125.3, 126.4, 144.8, 169.4, 169.5, 177.8, 199.7 ppm. HRMS (ESI): calcd. for C20H27O7S 

([M + H]+) 411.1472, found 411.1478. 

 

6. Procedures for the reactions of 4and 2 to afford 5.  

 

 

Genaral procedures for the reactions of 4 and 2 to afford 5 (D). To a mixture of 4 (0.18 mmol) 

and D-A cyclopropanes 2 (0.15 mmol) in CH2Cl2 (1.0 mL), Cu(OTf)2 (5.4 mg, 0.015 mmol) was 

added. The mixture was stirred at room temperature (25 oC) for 12 h. Then, the solvent was 

removed in vacuo and the residue was purified by silica gel flash chromatography (petrol ether : 

ethyl acetate = 4:1 to 2:1) to provide product 5. 

 

Genaral procedures for the reactions of 4 and 2 to afford 5 (E). To a mixture of 4 (0.18 mmol) 

and D-A cyclopropanes 2 (0.15 mmol) in 1,2-dichloroethane (1.0 mL), Cu(OTf)2 (5.4 mg, 0.015 

mmol) was added. The mixture was stirred at 45 oC for 12 h. Then, the solvent was removed in 

vacuo and the residue was purified by silica gel flash chromatography (petrol ether : ethyl acetate 

= 4:1 to 2:1) to provide product 5. 

 

Procedure for a 5 mmol-scale reaction to synthesize 5a. To a mixture of 1,3-cyclohexanedione 

derived cyclic thiol ketal 4a (1.21 g, 6.0 mmol) and D-A cyclopropanes 2a (1.32 g, 5.0 mmol) in 

CH2Cl2 (20.0 mL), Cu(OTf)2 (180.0 mg, 0.5 mmol) was added. The mixture was stirred at room 

temperature (25 oC) for 12 h. Then, the mixture was diluted with CH2Cl2 (20.0 mL), and washed 

with saturated NaHCO3. The aqueous phase was extracted with CH2Cl2 (20 mL x 3). The organic 

layers were combined, washed with brine, dried over Na2SO4, and concentrated. The residue was 
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purified by silica gel flash chromatography (petrol ether : ethyl acetate = 4:1 to 2:1) to provide 

product 5a (2.12 g, 91%). 

 

Dimethyl 

2-(2-(4-methoxyphenyl)-2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thio)ethyl)malonate 

(5a) 

 

Synthesized by the general procedure D; 66.5 mg (95%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.73-1.81 (m, 2H, CH2), 1.96-2.04 (m, 2H, 

CH2), 2.30-2.49 (m, 8H, CH2×4), 2.70-2.86 (m, 2H, CH2), 3.39 (dd, J = 6.5 Hz, 8.2 Hz, 1H, CH), 

3.65 (s, 3H, CH3), 3.72 (s, 3H, CH3), 3.73-3.77 (m,1H, CH), 3.78 (s, 3H, CH3), 5.78 (s, 1H, CH), 

6.84 (d, J = 8.7 Hz, 2H, ArH), 7.18 (d, J = 8.7 Hz, 2H, ArH) ppm; 13C NMR (100 MHz, CDCl3): 

δ = 22.8, 27.2, 29.4, 29.8, 30.8, 35.1, 37.2, 46.7, 49.6, 52.56, 52.57, 55.2, 114.0, 119.4, 128.8, 

132.5, 158.9, 165.1, 169.20, 169.24, 195.5 ppm. HRMS (ESI): calcd. for C23H31O6S2 ([M + H]+) 

467.1557, found 467.1560.   

 

Dimethyl 2-(2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thio)-2-(p-tolyl)ethyl)malonate (5b) 

 

Synthesized by the general procedure D; 58.1 mg (86%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.77 (quintet, J = 7.1 Hz, 2H, CH2), 1.96-2.02 

(m, 2H, CH2), 2.31 (s, 3H, CH3), 2.35-2.49 (m, 8H, CH2×4), 2.70-2.83 (m, 2H, CH2), 3.39 (dd, J 

= 6.5 Hz, 8.2 Hz, 1H, CH), 3.65 (s, 3H, CH3), 3.71 (s, 3H, CH3), 3.73 (dd, J = 6.8 Hz, 8.8 Hz, 1H, 

CH), 5.78 (s, 1H, CH), 7.10-7.15 (m, 4H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 21.0, 

22.8, 27.1, 29.4, 29.8, 30.8, 35.0, 37.2, 47.0, 49.6, 52.5, 52.6, 119.4, 127.6, 129.4, 137.3, 137.6, 

165.2, 169.20, 169.24, 195.6 ppm. HRMS (ESI): calcd. for C23H31O5S2 ([M + H]+) 451.1607, 

found 451.1603. 

 

Dimethyl 

2-(2-(4-(benzyloxy)phenyl)-2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thio)ethyl)malonate 

(5c) 
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Synthesized by the general procedure D; 72.5 mg (89%). 

Pale yellow Solid. mp 123-125 oC. 1H NMR (400 MHz, CDCl3): δ = 1.76 (quintet, J = 7.1 Hz, 

2H, CH2), 1.97 (quintet, J = 6.3 Hz, 2H, CH2), 2.30-2.48 (m, 8H, CH2×4), 2.70-2.82 (m, 2H, 

CH2), 3.40 (dd, J = 6.6 Hz, 8.1 Hz, 1H, CH), 3.63 (s, 3H, CH3), 3.70 (s, 3H, CH3), 3.74 (dd, J = 

6.8 Hz, 8.8 Hz, 1H, CH), 5.02 (s, 2H, CH2), 5.78 (s, 1H, CH), 6.91 (d, J = 8.7 Hz, 2H, ArH), 7.18 

(d, J = 8.7 Hz, 2H, ArH), 7.26-7.41 (m, 5H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 22.6, 

27.0, 29.2, 29.6, 30.6, 34.9, 37.0, 46.6, 49.4, 52.3, 52.4, 69.7, 114.8, 119.2, 127.2, 127.7, 128.3, 

128.6. 132.7, 136.6, 158.0, 164.9, 168.95, 169.00, 195.2 ppm. HRMS (ESI): calcd. for 

C29H35O6S2 ([M + H]+) 543.1870, found 543.1877. 

 

Dimethyl 2-(2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thio)-2-phenylethyl)malonate (5d) 

 

Synthesized by the general procedure E; 51.7 mg (79%). 

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.73-1.84 (m, 2H, CH2), 1.97-2.05 (m, 2H, 

CH2), 2.35-2.51 (m, 8H, CH2×4), 2.62-2.83 (m, 2H, CH2), 3.42 (t, J = 7.2 Hz, 1H, CH), 3.66 (s, 

3H, CH3), 3.72 (s, 3H, CH3), 3.77 (t, J = 7.8 Hz, 1H, CH), 5.78 (s, 1H, CH), 7.22-7.33 (m, 5H, 

ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 22.9, 27.1, 29.4, 29.9, 30.9, 35.0, 37.3, 47.4, 49.6, 

52.60, 52.62, 119.5, 127.67, 127.73, 128.7, 140.8, 165.1, 169.2, 169.3, 195.6 ppm. HRMS (ESI): 

calcd. for C22H29O5S2 ([M + H]+) 437.1451, found 437.1445.  

 

Dimethyl 

2-(2-(4-chlorophenyl)-2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thio)ethyl)malonate (5e) 

 

Synthesized by the general procedure E; 44.5 mg (63%). 
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Pale yellow gum. 1H NMR (400 MHz, CDCl3): δ = 1.78 (quintet, J = 7.1 Hz, 2H, CH2), 2.01 

(quintet, J = 6.2 Hz, 2H, CH2), 2.32-2.48 (m, 8H, CH2×4), 2.75-2.90 (m, 2H, CH2), 3.40 (t, J = 

7.3 Hz, 1H, CH), 3.67 (s, 3H, CH3), 3.72 (s, 3H, CH3), 3.76 (t, J = 7.8 Hz, 1H, CH), 5.78 (s, 1H, 

CH), 7.21-7.26 (m, 2H, ArH), 7.28 (d, J = 8.6 Hz, 2H, ArH) ppm; 13C NMR (100 MHz, CDCl3): 

δ = 22.9, 27.1, 29.4, 29.9, 30.9, 35.0, 37.3, 46.8, 49.5, 52.65, 52.68, 119.5, 128.9, 129.1, 133.3, 

139.5, 165.0, 165.1, 169.06, 169.11, 195.6 ppm. HRMS (ESI): calcd. for C22H28ClO5S2 ([M + 

H]+) 471.1061, found 471.1067.  

 

Diisopropyl 

2-(2-(4-methoxyphenyl)-2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thio)ethyl)malonate (5f) 

  

Synthesized by the general procedure D; 72.1 mg (92%). 

Pale yellow gum. 1H NMR (400 MHz, CDCl3): δ = 1.18-1.24 (m, 12H, CH3×4), 1.78 (quintet, J = 

7.1 Hz, 2H, CH2), 2.00 (quintet, J = 6.3 Hz, 2H, CH2), 2.25-2.46 (m, 8H, CH2×4), 2.74-2.84 (m, 

2H, CH2), 3.25 (dd, J = 6.3 Hz, 8.6 Hz, 1H, CH), 3.75 (dd, J = 6.8 Hz, 9.1 Hz, 1H, CH), 3.78 (s, 

3H, CH3), 4.96 (hep, J = 6.2 Hz, 1H, CH), 5.04 (hep, J = 6.3 Hz, 1H, CH), 5.78 (m, 1H, CH), 

6.84 (d, J = 8.7 Hz, 2H, ArH), 7.18 (d, J = 8.7 Hz, 2H, ArH) ppm; 13C NMR (100 MHz, CDCl3): 

δ = 21.46, 21.51, 21.53, 21.60, 22.9, 27.2, 29.4, 29.9, 30.8, 35.0, 37.3, 46.7, 50.3, 55.2, 68.9, 69.0, 

114.0, 119.5, 128.8, 132.8, 158.9, 165.2, 168.37, 168.42, 195.5 ppm. HRMS (ESI): calcd. for 

C27H39O6S2 ([M + H]+) 523.2183, found 523.2188.  

 

Di(adamantan-2-yl) 

2-(2-(4-methoxyphenyl)-2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thio)ethyl)malonate 

(5g) 

 

Synthesized by the general procedure D; 90.1 mg (85%).  

Pale yellow Solid. mp 148-150 oC.1H NMR (400 MHz, CDCl3): δ = 1.48-1.55 (m, 4H, HAd), 

1.70-1.83 (m, 16H, HAd), 1.89-2.03 (m, 10H, HAd), 2.32-2.52 (m, 8H, CH2×4), 2.70-2.83 (m, 

2H, CH2), 3.38 (dd, J = 6.2 Hz, 8.6 Hz, 1H, CH), 3.77 (dd, J =6.5 Hz, 9.0 Hz, 1H, CH), 3.79 (s, 

3H, CH3), 4.90 (s, 1H, HAd), 4.98 (s, 1H, HAd), 5.78 (s, 1H, CH), 6.84 (d, J = 8.7 Hz, 2H, ArH), 
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7.19 (d, J = 8.7 Hz, 2H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 22.8, 26.71, 26.73, 26.9, 

27.0, 27.1, 29.3, 29.8, 30.7, 31.50, 31.52, 31.6, 31.65, 31.74, 35.3, 36.0, 36.06, 36.11, 37.06, 

37.08, 37.2, 46.7, 50.6, 55.1, 78.05, 78.12, 113.9, 119.3, 128.7, 132.6, 158.8, 165.0, 168.1, 168.2, 

195.3 ppm. HRMS (ESI): calcd. for C41H55O6S2 ([M + H]+) 707.3435, found 707.3443.  

 

Dimethyl 

2-(2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thio)-2-(thiophen-2-yl)ethyl)malonate (5h) 

 

Synthesized by the general procedure D; 59.1 mg (89%).  

Pale yellow gum. 1H NMR (400 MHz, CDCl3): δ = 1.79-1.86 (m, 2H, CH2), 1.97-2.05 (m, 2H, 

CH2), 2.37-2.54 (m, 8H, CH2×4), 2.78-2.83 (m, 2H, CH2), 3.53 (dd, J = 6.8 Hz, 8.0 Hz, 1H, CH), 

3.69 (s, 3H, CH3), 3.73 (s, 3H, CH3), 4.12 (dd, J = 7.2 Hz, 8.2 Hz, 1H, CH),  5.80 (s, 1H, CH), 

6.89-6.90 (m, 2H, ArH), 7.22-7.24 (m, 1H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 22.8, 

27.1, 29.4, 29.9, 30.8, 35.9, 37.3, 42.6, 49.5, 52.7, 119.5, 125.2, 125.7, 126.5, 145.4, 165.1, 

169.08, 169.14, 195.6 ppm. HRMS (ESI): calcd. for C20H27O5S3 ([M + H]+) 443.1015, found 

443.1018.  

 

Dimethyl 

2-(2-(1-(tert-butoxycarbonyl)-1H-indol-3-yl)-2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thi

o)ethyl)malonate (5i) 

 

Synthesized by the general procedure D; 70.8 mg (82%).  

Yellow amorphous solid. 1H NMR (400 MHz, CDCl3): δ = 1.68 (s, 9H, CH3×3), 1.81 (quintet, J 

= 7.1 Hz, 2H, CH2), 1.99 (quintet, J = 6.3 Hz, 2H, CH2), 2.36-2.39 (m, 4H, CH2×2), 2.46-2.64 (m, 

4H, CH2×2), 2.77 (td, J = 1.7 Hz, 7.0 Hz, 2H, CH2), 3.64 (t, J = 7.2 Hz, 1H, CH), 3.68 (s, 3H, 

CH3), 3.73 (s, 3H, CH3), 4.06 (t, J = 7.7 Hz, 1H, CH), 5.76 (s, 1H, CH), 7.22-7.26 (m, 1H, ArH), 

7.32 (td, J = 1.2 Hz, 7.3 Hz, 1H, ArH), 7.50 (s, 1H, ArH), 7.72 (d, J = 7.7 Hz, 1H, ArH), 8.11 (d, 

J = 7.7 Hz, 1H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 22.8, 27.1, 28.2, 29.4, 30.8, 33.6, 

37.2, 39.4, 49.7, 52.6, 84.0, 115.4, 119.5, 119.6, 120.0, 122.6, 123.7, 124.8, 128.4, 135.8, 149.5, 

165.1, 169.2, 169.4, 195.6 ppm. HRMS (ESI): calcd. for C29H38NO7S2 ([M + H]+) 576.2084, 

found 576.2089.  
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Dimethyl 

2-(2-(2-methoxyphenyl)-2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thio)ethyl)malonate (5j) 

 

Synthesized by the general procedure D; 52.5 mg (76%).  

Pale yellow gum. 1H NMR (400 MHz, CDCl3): δ = 1.83 (quintet, J = 7.1 Hz, 2H, CH2), 2.00 

(quintet, J = 6.2 Hz, 2H, CH2), 2.31-2.42 (m, 5H, CH2×2.5), 2.46-2.56 (m, 3H, CH2×1.5), 

2.77-2.84 (m, 2H, CH2), 3.38 (dd, J = 6.3 Hz, 8.4 Hz, 1H, CH), 3.64 (s, 3H, CH3), 3.72 (s, 3H, 

CH3), 3.79 (s, 3H, CH3), 4.35 (dd, J = 6.6 Hz, 8.9 Hz, 1H, CH), 5.80 (s, 1H, CH), 6.84 (d, J = 8.2 

Hz, 1H, ArH), 6.94 (t, J = 7.4 Hz, 1H, ArH), 7.21 (td, J = 1.7 Hz, 7.8 Hz, 1H, ArH), 7.36 (dd, J = 

1.6 Hz, 7.6 Hz, 1H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 22.7, 27.1, 29.3, 29.9, 30.7, 

34.5, 37.1, 39.1, 49.6, 52.31, 52.34, 55.3, 110.4, 119.3, 120.8, 127.9, 128.3, 128.7, 156.6, 165.2, 

169.1, 169.2, 195.3 ppm. HRMS (ESI): calcd. for C23H31O6S2 ([M + H]+) 467.1557, found 

467.1558. 

 

Dimethyl 

2-(2-(3-methoxyphenyl)-2-((3-((3-oxocyclohex-1-en-1-yl)thio)propyl)thio)ethyl)malonate 

(5k) 

  

Synthesized by the general procedure D; 52.5 mg (75%).  

Pale yellow gum. 1H NMR (400 MHz, CDCl3): δ = 1.79 (quintet, J = 7.1 Hz, 2H, CH2), 1.97-2.03 

(m, 2H, CH2), 2.33-2.50 (m, 8H, CH2×4), 2.71-2.85 (m, 2H, CH2), 3.42 (dd, J = 6.6 Hz, 8.1 Hz, 

1H, CH), 3.67 (s, 3H, CH3), 3.73 (s, 3H, CH3), 3.75 (dd, J = 7.08 Hz, 8.5 Hz, 1H, CH), 3.80 (s, 

3H, CH3), 5.79 (s, 1H, CH), 6.77-6.80 (m, 1H, ArH), 6.82-6.85 (m, 2H, ArH), 7.23 (t, J = 7.8 Hz, 

1H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 22.9, 27.1, 29.4, 29.9, 30.9, 35.0, 37.3, 47.4, 

49.6, 52.6, 55.2, 113.1, 113.2, 119.5, 120.1, 129.7, 142.4. 159.8, 165.2, 169.2, 169.3, 195.6 ppm. 

HRMS (ESI): calcd. for C23H31O6S2 ([M + H]+) 467.1557, found 467.1560. 

 

 

Dimethyl 

2-(2-(4-methoxyphenyl)-2-((2-((3-oxocyclohex-1-en-1-yl)thio)ethyl)thio)ethyl)malonate (5l) 
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Synthesized by the general procedure D; 61.7 mg (91%).  

Colorless gum. 1H NMR (400 MHz, CDCl3): δ = 1.96 (quintet, J = 6.4 Hz, 2H, CH2), 2.28-2.37 

(m, 5H, CH2×2.5), 2.39-2.47 (m, 1H, CH2×1/2), 2.54 (t, J = 7.7 Hz, 2H, CH2), 2.73-2.82 (m, 2H, 

CH2), 3.35 (dd, J = 6.4 Hz, 8.2 Hz, 1H, CH), 3.63 (s, 3H, CH3), 3.70 (s, 3H, CH3), 3.76 (s, 3H, 

CH3), 3.80 (dd, J = 6.6 Hz, 9.0 Hz, 1H, CH), 5.69 (s, 1H, CH),, 6.83 (d, J = 8.7 Hz, 2H, ArH), 

7.18 (d, J = 8.7 Hz, 2H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 22.6, 29.0, 30.5, 30.6, 35.0, 

37.1, 46.9, 49.4, 52.4, 52.5, 55.1, 114.0, 119.3, 128.7, 132.1, 158.9, 164.2, 168.95, 169.00, 195.2 

ppm. HRMS (ESI): calcd. for C22H29O6S2 ([M + H]+) 453.1400, found 453.1398. 

  

Dimethyl 

2-(2-((2-((3-oxocyclohex-1-en-1-yl)thio)ethyl)thio)-2-(thiophen-2-yl)ethyl)malonate (5m) 

 

Synthesized by the general procedure D; 57.9 mg (90%).  

Pale yellow gum. 1H NMR (400 MHz, CDCl3): δ = 1.96-2.01 (m, 2H, CH2), 2.34-2.49 (m, 6H, 

CH2×3), 2.65 (m, 2H, CH2), 2.83-2.87 (m, 2H, CH2), 3.48-3.51 (m, 1H, CH), 3.68 (s, 3H, CH3), 

3.72 (s, 3H, CH3), 4.17-4.21 (m, 1H, CH), 5.73 (s, 1H, CH), 6.88-6.93 (s, 2H, ArH), 7.23 (dd, J = 

1.08, 5.0 Hz, 1H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 22.6, 29.1, 30.4, 30.6, 35.8, 37.0, 

42.7, 49.2, 52.5, 119.3, 125.3, 125.9, 126.4, 144.9, 164.1, 168.8, 168.9, 195.2 ppm. HRMS (ESI): 

calcd. for C19H25O5S3 ([M + H]+) 429.0859, found 429.0862.  

 

Dimethyl 

2-(2-(1-(tert-butoxycarbonyl)-1H-indol-3-yl)-2-((2-((3-oxocyclohex-1-en-1-yl)thio)ethyl)thio)

ethyl)malonate (5n) 

 

Synthesized by the general procedure D; 68.2 mg (81%).  
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Yellow amorphous solid. 1H NMR (400 MHz, CDCl3): δ = 1.68 (s, 9H, CH3×3), 1.98 (quintet, J 

= 6.4 Hz, 2H, CH2), 2.34-2.38 (m, 4H, CH2×2), 2.50-2.72 (m, 4H, CH2×2), 2.83-2.93 (m, 2H, 

CH2), 3.62 (t, J = 7.4 Hz, 1H, CH), 3.68 (s, 3H, CH3), 3.73 (s, 3H, CH3), 4.14 (t, J = 7.7 Hz, 1H, 

CH), 5.73 (s, 1H, CH), 7.22-7.26 (m, 1H, ArH), 7.30-7.34 (m, 1H, ArH), 7.51 (s, 1H, ArH), 7.73 

(d, J = 7.6 Hz, 1H, ArH), 8.11 (d, J = 7.8 Hz, 1H, ArH) ppm; 13C NMR (100 MHz, CDCl3): δ = 

22.7, 28.1, 28.8, 30.70, 30.72, 33.6, 37.2, 39.8, 49.6, 52.65, 52.68, 84.1, 115.4, 119.3, 119.5, 

120.0, 122.6, 123.9, 124.9, 128.3, 135.8, 149.4, 164.3, 169.2, 169.3, 195.4 ppm. HRMS (ESI): 

calcd. for C28H36NO7S2 ([M + H]+) 562.1928, found 562.1933.  

 

7. Stability test of 1a and 4a in the presence of Cu(OTf)2 

 

To a mixture of 1,3-cyclohexanedione derived cyclic ketal 1a (93.7 mg, 0.6 mmol) in CDCl3 (2.0 

mL), Cu(OTf)2 (21.6 mg, 0.06 mmol) was added. The mixture was stirred at room temperature 

(25 oC) and monitored by TLC and crude 1H NMR. No corresponding ring-opening product was 

detected up to three days while partical decomposition of 1a was observed after 12 h.  

 

To a mixture of 1,3-cyclohexanedione derived cyclic thiol ketal 4a (121.4 mg, 0.6 mmol) in 

CDCl3 (2.0 mL), Cu(OTf)2 (21.6 mg, 0.06 mmol) was added. The mixture was stirred at room 

temperature (25 oC) and monitored by TLC and crude 1H NMR. No corresponding ring-opening 

product was detected up to three days while partical decomposition of 4a was observed after 12 

h.  

 

These information suggested that the proposed O- or S- nucleophiles are kinetically unstable 

under the reaction conditions, and in the presence of Lewis acid, they reacted quickly with D-A 

cyclopropanes. 
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NAME             zjc-48
EXPNO        2019122401
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F2 - Acquisition Parameters
Date_          20191224
Time              16.54
INSTRUM           spect
PROBHD   5 mm PABBO BB-
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TD                65536
SOLVENT           CDCl3
NS                   16
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FIDRES         0.125483 Hz
AQ            3.9845889 sec
RG                   57
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======== CHANNEL f1 ========
NUC1                 1H
P1                14.80 usec
PL1               -1.00 dB
PL1W        10.90985775 W
SFO1        400.1724712 MHz
F2 - Processing parameters
SI                32768
SF          400.1700153 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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PL12              14.68 dB
PL13              17.68 dB
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PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228403 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME             zjc-93
EXPNO        2019122401
PROCNO                1
F2 - Acquisition Parameters
Date_          20191224
Time              17.12
INSTRUM           spect
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TD                65536
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NS                   16
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TD0                   1
======== CHANNEL f1 ========
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F2 - Processing parameters
SI                32768
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LB                    0 Hz
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NAME             zjc-93
EXPNO        2019122402
PROCNO                1
F2 - Acquisition Parameters
Date_          20191224
Time              18.49
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PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228374 MHz
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SSB      0
LB       0 Hz
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NAME              yl-43
EXPNO        2019122401
PROCNO                1
F2 - Acquisition Parameters
Date_          20191224
Time              17.23
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9845889 sec
RG                 90.5
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DE                 6.50 usec
TE                291.5 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                14.80 usec
PL1               -1.00 dB
PL1W        10.90985775 W
SFO1        400.1724712 MHz
F2 - Processing parameters
SI                32768
SF          400.1700156 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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NAME              yl-43
EXPNO        2019122402
PROCNO                1
F2 - Acquisition Parameters
Date_          20191224
Time              19.02
INSTRUM           spect
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PULPROG          zgpg30
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AQ            1.3631488 sec
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DW               20.800 usec
DE                 6.50 usec
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D1           2.00000000 sec
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TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
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======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228396 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME         zjc-41 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               1.32 h
INSTRUM           spect
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PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
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DE                 6.50 usec
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D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
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P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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NAME             zjc-41
EXPNO        2019122402
PROCNO                1
F2 - Acquisition Parameters
Date_          20191224
Time              18.57
INSTRUM           spect
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PULPROG          zgpg30
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NS                   56
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TD0                   1
======== CHANNEL f1 ========
NUC1                13C
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======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
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PL12              14.68 dB
PL13              17.68 dB
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PL12W        0.29499799 W
PL13W        0.14784923 W
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F2 - Processing parameters
SI                32768
SF          100.6228410 MHz
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SSB      0
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GB       0
PC                 1.40
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Current Data Parameters
NAME          zjc-4 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               1.12 h
INSTRUM           spect
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P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
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GB                    0
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Current Data Parameters
NAME          zjc-4 new
EXPNO        2020070602
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               3.13 h
INSTRUM           spect
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PULPROG          zgpg30
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SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228337 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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NAME          yl-12 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200706
Time              23.58 h
INSTRUM           spect
PROBHD   Z108618_0256 (
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TD                65536
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NS                   16
DS                    2
SWH            8223.685 Hz
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RG                  161
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D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME          yl-12 new
EXPNO        2020070602
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               2.10 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  153
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.6 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228344 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME              yl-13
EXPNO        2019051701
PROCNO                1
F2 - Acquisition Parameters
Date_          20190517
Time              16.06
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9845889 sec
RG                 28.5
DW               60.800 usec
DE                 6.50 usec
TE                296.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                14.80 usec
PL1               -1.00 dB
PL1W        10.90985775 W
SFO1        400.1724712 MHz
F2 - Processing parameters
SI                32768
SF          400.1700158 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME              yl-13
EXPNO        2019051702
PROCNO                1
F2 - Acquisition Parameters
Date_          20190517
Time              16.38
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  192
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                296.6 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228359 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME     zjc-52 new rep
EXPNO        2020070902
PROCNO                1
F2 - Acquisition Parameters
Date_          20200710
Time               0.57 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  203
DW               60.800 usec
DE                 6.50 usec
TE                296.8 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME     zjc-52 new rep
EXPNO        2020070903
PROCNO                1
F2 - Acquisition Parameters
Date_          20200710
Time               2.00 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  307
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.7 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228315 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME     zjc-53 new rep
EXPNO        2020070901
PROCNO                1
F2 - Acquisition Parameters
Date_          20200710
Time               1.01 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  203
DW               60.800 usec
DE                 6.50 usec
TE                296.9 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME     zjc-53 new rep
EXPNO        2020070903
PROCNO                1
F2 - Acquisition Parameters
Date_          20200710
Time               2.35 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  522
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.9 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228300 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME             yl--15
EXPNO        2019052001
PROCNO                1
F2 - Acquisition Parameters
Date_          20190521
Time               0.13
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9845889 sec
RG                   64
DW               60.800 usec
DE                 6.50 usec
TE                296.9 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                14.80 usec
PL1               -1.00 dB
PL1W        10.90985775 W
SFO1        400.1724712 MHz
F2 - Processing parameters
SI                32768
SF          400.1700147 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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40 Current Data Parameters
NAME              yl-15
EXPNO        2019052002
PROCNO                1
F2 - Acquisition Parameters
Date_          20190521
Time               0.51
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  105
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                296.9 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228484 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME          yl-18 rep
EXPNO        2020070201
PROCNO                1
F2 - Acquisition Parameters
Date_          20200702
Time              23.49 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  101
DW               60.800 usec
DE                 6.50 usec
TE                296.6 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700087 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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66 Current Data Parameters
NAME          yl-18 rep
EXPNO        2020070202
PROCNO                1
F2 - Acquisition Parameters
Date_          20200703
Time               1.08 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  310
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.4 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228330 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME          yl-10 new
EXPNO        2020070602
PROCNO                1
F2 - Acquisition Parameters
Date_          20200706
Time              23.54 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  161
DW               60.800 usec
DE                 6.50 usec
TE                296.1 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME          yl-10 new
EXPNO        2020070603
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               1.59 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  159
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.3 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228344 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME          yl-32 new
EXPNO        2020070604
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               0.46 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  114
DW               60.800 usec
DE                 6.50 usec
TE                297.0 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME          yl-32 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               0.41 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  200
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                296.9 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228344 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME          yl-57 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               0.51 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  114
DW               60.800 usec
DE                 6.50 usec
TE                297.0 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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71 Current Data Parameters
NAME          yl-57 new
EXPNO        2020070602
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               2.45 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  200
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.4 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228330 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME         zjc-47 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               1.08 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  114
DW               60.800 usec
DE                 6.50 usec
TE                297.0 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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68
Current Data Parameters
NAME         zjc-47 new
EXPNO        2020070602
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               5.11 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  600
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.6 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228300 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME          yl-14 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               0.02 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  161
DW               60.800 usec
DE                 6.50 usec
TE                296.3 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00

S49

Administrator
图章



200 180 160 140 120 100 80 60 40 20 ppm

20
.9

9

28
.8

7

36
.5

2
36

.6
7

48
.2

8
52

.7
1

52
.7

6
55

.2
1

76
.6

8
77

.0
0

77
.3

2
78

.0
5

10
5.

17

11
1.

33
11

3.
54

11
7.

84

13
0.

07

14
0.

29

15
9.

98

16
9.

04
16

9.
14

17
5.

89

19
9.

51 Current Data Parameters
NAME          yl-14 new
EXPNO        2020070602
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               2.25 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  200
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.6 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228315 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME         zjc-84 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               1.36 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  161
DW               60.800 usec
DE                 6.50 usec
TE                297.1 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME         zjc-84 new
EXPNO        2020070602
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               4.26 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  256
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.4 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228329 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME         zjc-85 rep
EXPNO        2019122401
PROCNO                1
F2 - Acquisition Parameters
Date_          20191224
Time              16.50
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9845889 sec
RG                   57
DW               60.800 usec
DE                 6.50 usec
TE                291.6 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                14.80 usec
PL1               -1.00 dB
PL1W        10.90985775 W
SFO1        400.1724712 MHz
F2 - Processing parameters
SI                32768
SF          400.1700152 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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75 Current Data Parameters
NAME         zjc-85 rep
EXPNO        2019122402
PROCNO                1
F2 - Acquisition Parameters
Date_          20191224
Time              18.37
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  112
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                292.1 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228410 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME             zjc-12
EXPNO        2019050801
PROCNO                1
F2 - Acquisition Parameters
Date_          20190510
Time              23.48
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9845889 sec
RG                 71.8
DW               60.800 usec
DE                 6.50 usec
TE                296.1 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                14.80 usec
PL1               -1.00 dB
PL1W        10.90985775 W
SFO1        400.1724712 MHz
F2 - Processing parameters
SI                32768
SF          400.1700156 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME             zjc-12
EXPNO        2019051002
PROCNO                1
F2 - Acquisition Parameters
Date_          20190511
Time               1.02
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  264
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                296.3 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228374 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME         zjc-29 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               0.06 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  161
DW               60.800 usec
DE                 6.50 usec
TE                296.4 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME         zjc-29 new
EXPNO        2020070602
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               4.07 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  200
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.4 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228361 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME         zjc-31 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               1.23 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  161
DW               60.800 usec
DE                 6.50 usec
TE                296.9 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700084 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME             zjc-31
EXPNO        2019060302
PROCNO                1
F2 - Acquisition Parameters
Date_          20190604
Time               3.18
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   66
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228564 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME         zjc-18 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               1.16 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  114
DW               60.800 usec
DE                 6.50 usec
TE                296.9 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700090 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME         zjc-18 new
EXPNO        2020070602
PROCNO                1

F2 - Acquisition Parameters
Date_          20200707
Time               4.41 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  360
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.5 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W

F2 - Processing parameters
SI                32768
SF          100.6228330 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME     zjc-39 new rep
EXPNO        2020070903
PROCNO                1
F2 - Acquisition Parameters
Date_          20200710
Time               1.05 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  203
DW               60.800 usec
DE                 6.50 usec
TE                296.9 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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58 Current Data Parameters
NAME     zjc-39 new rep
EXPNO        2020070904
PROCNO                1
F2 - Acquisition Parameters
Date_          20200710
Time               2.50 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  200
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.8 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228330 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME             yl--16
EXPNO        2019052001
PROCNO                1
F2 - Acquisition Parameters
Date_          20190521
Time               0.17
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9845889 sec
RG                   64
DW               60.800 usec
DE                 6.50 usec
TE                296.9 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                14.80 usec
PL1               -1.00 dB
PL1W        10.90985775 W
SFO1        400.1724712 MHz
F2 - Processing parameters
SI                32768
SF          400.1700153 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME             yl--16
EXPNO        2019052002
PROCNO                1
F2 - Acquisition Parameters
Date_          20190521
Time               1.01
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  269
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228359 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME         zjc-22 rep
EXPNO        2020070201
PROCNO                1
F2 - Acquisition Parameters
Date_          20200702
Time              23.54 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                 45.2
DW               60.800 usec
DE                 6.50 usec
TE                296.6 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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33 Current Data Parameters
NAME             zjc-22
EXPNO        2019052202
PROCNO                1
F2 - Acquisition Parameters
Date_          20190523
Time               0.46
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  151
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228447 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME             zjc-19
EXPNO        2019051701
PROCNO                1
F2 - Acquisition Parameters
Date_          20190517
Time              15.46
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9845889 sec
RG                  287
DW               60.800 usec
DE                 6.50 usec
TE                296.3 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                14.80 usec
PL1               -1.00 dB
PL1W        10.90985775 W
SFO1        400.1724712 MHz
F2 - Processing parameters
SI                32768
SF          400.1700156 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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56 Current Data Parameters
NAME             zjc-19
EXPNO        2019051702
PROCNO                1
F2 - Acquisition Parameters
Date_          20190517
Time              16.19
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  169
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228366 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

S70

Administrator
图章



9 8 7 6 5 4 3 2 1 0 ppm

1.
67

7
1.

79
3

1.
81

0
1.

82
8

1.
97

4
1.

99
0

2.
00

5
2.

35
8

2.
36

3
2.

37
6

2.
39

1
2.

47
1

2.
48

0
2.

48
8

2.
49

7
2.

50
5

2.
54

4
2.

56
3

2.
59

0
2.

60
8

2.
75

5
2.

75
9

2.
77

2
2.

77
7

2.
79

0
2.

79
5

3.
62

2
3.

64
0

3.
65

8
3.

68
4

3.
72

6
4.

06
4

5.
76

1
7.

23
5

7.
25

3
7.

25
6

7.
26

0
7.

29
6

7.
29

9
7.

31
7

7.
32

0
7.

49
7

7.
70

9
7.

72
8

9.
40

2.
25

2.
29

4.
16

4.
19

1.
96

1.
33

3.
00

3.
05

1.
09

1.
00

1.
31

1.
14

1.
02

1.
10

0.
95

Current Data Parameters
NAME         zjc-25 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               1.20 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  114
DW               60.800 usec
DE                 6.50 usec
TE                296.9 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00

S71

Administrator
图章



200 180 160 140 120 100 80 60 40 20 ppm
22

.8
4

27
.0

6
28

.1
6

29
.4

0
30

.8
1

33
.5

5
37

.2
4

39
.3

8

49
.6

6
52

.6
3

76
.6

8
76

.9
9

77
.3

1
83

.9
8

11
5.

36
11

9.
46

11
9.

63
11

9.
97

12
2.

57
12

3.
68

12
4.

80
12

8.
45

13
5.

80

14
9.

48

16
5.

11
16

9.
24

16
9.

37

19
5.

56

Current Data Parameters
NAME         zjc-25 new
EXPNO        2020070602
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               3.53 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  365
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.5 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228337 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME         zjc-34 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               1.28 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  161
DW               60.800 usec
DE                 6.50 usec
TE                296.9 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME             zjc-34
EXPNO        2019061903
PROCNO                1
F2 - Acquisition Parameters
Date_          20190620
Time               4.29
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   64
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228491 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME         zjc-30 new
EXPNO        2020070601
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               0.10 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  161
DW               60.800 usec
DE                 6.50 usec
TE                296.5 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700090 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00

S75

Administrator
图章



200 180 160 140 120 100 80 60 40 20 ppm
22

.8
7

27
.1

2
29

.4
3

29
.9

5
30

.8
6

35
.0

3
37

.2
6

47
.4

4
49

.6
1

52
.6

2
55

.2
1

76
.6

8
77

.0
0

77
.3

2

11
3.

07
11

3.
24

11
9.

47
12

0.
13

12
9.

71

14
2.

43

15
9.

83
16

5.
21

16
9.

21
16

9.
27

19
5.

63
Current Data Parameters
NAME         zjc-30 new
EXPNO        2020070602
PROCNO                1
F2 - Acquisition Parameters
Date_          20200707
Time               0.26 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  200
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                296.6 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228323 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Current Data Parameters
NAME          yl-48 rep
EXPNO        2020070201
PROCNO                1
F2 - Acquisition Parameters
Date_          20200703
Time               0.03 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                 45.2
DW               60.800 usec
DE                 6.50 usec
TE                296.7 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700087 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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24 Current Data Parameters
NAME              yl-48
EXPNO        2019061902
PROCNO                1
F2 - Acquisition Parameters
Date_          20190620
Time               5.37
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   96
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228484 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME          yl-60 rep
EXPNO        2020070201
PROCNO                1
F2 - Acquisition Parameters
Date_          20200702
Time              23.41 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                 90.5
DW               60.800 usec
DE                 6.50 usec
TE                296.5 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME              yl-60
EXPNO        2019061902
PROCNO                1
F2 - Acquisition Parameters
Date_          20190620
Time               5.28
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  134
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                298.3 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                 9.90 usec
PL1               -1.10 dB
PL1W        40.29647064 W
SFO1        100.6328888 MHz
======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -1.00 dB
PL12              14.68 dB
PL13              17.68 dB
PL2W        10.90985775 W
PL12W        0.29499799 W
PL13W        0.14784923 W
SFO2        400.1716007 MHz
F2 - Processing parameters
SI                32768
SF          100.6228506 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME          yl-49 new
EXPNO        2020070201
PROCNO                1
F2 - Acquisition Parameters
Date_          20200702
Time              23.58 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.250967 Hz
AQ            3.9845889 sec
RG                  101
DW               60.800 usec
DE                 6.50 usec
TE                296.6 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1724712 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        15.00000000 W
F2 - Processing parameters
SI                32768
SF          400.1700089 MHz
WDW                  no
SSB                   0
LB                    0 Hz
GB                    0
PC                 1.00
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44 Current Data Parameters
NAME          yl-49 new
EXPNO        2020070202
PROCNO                1
F2 - Acquisition Parameters
Date_          20200703
Time               0.33 h
INSTRUM           spect
PROBHD   Z108618_0256 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  308
DS                    4
SWH           24038.461 Hz
FIDRES         0.733596 Hz
AQ            1.3631488 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                297.3 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        100.6328888 MHz
NUC1                13C
P0                 3.33 usec
P1                10.00 usec
PLW1        50.00000000 W
SFO2        400.1716007 MHz
NUC2                 1H
CPDPRG[2        waltz65
PCPD2             90.00 usec
PLW2        15.00000000 W
PLW12        0.18519001 W
PLW13        0.09314700 W
F2 - Processing parameters
SI                32768
SF          100.6228345 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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