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1. Table S-1: Reaction optimization for oxidative cycloadditions. 

 

2. Scheme S-1and S-2: kinetic isotope effects 
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Scheme S-3: 

 

Step 1: To a water (20 mL) solution of copper powder (0.5 g, 7.94 mmol) was added 70% 

aqueous solution of t-butyl hydroperoxide (2.0 mL, 15.87 mmol) dropwise over 5 minutes. The 

resulting mixture was stirred at 90 °C for 24 h, and this hot mixture was filtered through a filter 

paper. The filtrate was concentrated in vacuum to give slightly blue Cu-complex (25 mg) 

contained 28.03% Cu. Step 2: By following the standard procedures for catalytic operation using 

this copper complex (2.59 mg, 5 mol%), N, N-dimethyl aniline 1b (100 mg, 0.83 mmol), THF 

(0.65 mL, 8.25 mmol) and TBHP (0.16 mL, 1.24 mmol) in hot water (90 0C, 8 h) afforded 

compound 3b (117 mg, 75%, 0.62 mmol) as yellow oil. 

Scheme S-4: 

 

3. Representative Synthetic procedures: 
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Unless otherwise noted, all reactions were carried out under nitrogen atmosphere in oven-dried 

glassware using standard syringe, cannula and septa apparatus. Tetrahydrofuran and hexane were 

dried with sodium metal, benzophenone and distilled before use. Toluene, dichloromethane and 

1, 2-dichloroethane were dried over CaH2 and distilled before use. Methanol and triethylamine 

were stored over 4Å molecular sieves prior to use. Reagents were purchased from commercial 

sources and used without purification, unless otherwise stated. 1H NMR and 13C NMR spectra 

were recorded on a Bruker 400 MHz, Varian 500 MHz and a Bruker 600 MHz spectrometers 

using chloroform-d (CDCl3) and DCM-d2 (CD2Cl2) as the internal standard. For compound 2cs1, 

2ds1, N, N-Dialkylaniliness2-5, tetrahydrofuran-2-ol (lactol)s6 and d6-1bs7 were prepared according 

to known literature procedures. The spectral data for products 3b-c, 3f, 3e, 5a, 5c, and 5d are in 

agreement with reported data.s8-9 Compound 2b, 2e, 2f, 2g, 1c, 1f are commercially available. 

A] General procedure for synthesis of Dialkyl anilines. 

a) Synthesis of N, N-dimethylaniline (1b).s2 

 

General procedure 1: To a benzene and water (7:1) solution (32 mL) of aniline (2.0 g, 21.48 

mmol), tetra-n-butylammonium iodide (0.56 g, 1.50 mmol), potassium hydroxide (3.01 g, 53.70 

mmol), was added iodomethane (7.68 g, 53.70 mmol) dropwise at room temperature; the 

reaction mixture was heated at 90 °C for 24 h before it was cooled to RT. The organic layer was 

extracted with diethyl ether and washed successively with water, saturated sodium carbonate, 

and dried over magnesium sulfate. The solution was concentrated and eluted through a silica gel 

column with hexane to give compound 1b as a light yellow oil (1.8 g, 69.2%, 14.85 mmol). 1H 

NMR (400 MHz, CDCl3): δ 7.26 ~ 7.22 (m, 2 H), 6.76 ~ 6.70 (m, 3 H), 2.94 (s, 6 H); 13C NMR 

(100 MHz, CDCl3): δ 150.6, 129.0, 116.5, 112.6, 40.5; HRMS calcd for C8H11N: 121.0891, 

found: 121.0891. 

b) Synthesis of N-isopropyl-N-methylaniline (1i).s 4 
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To a water and ethanol (1:1) solution (50 mL) of aniline (2 g, 22.0 mmol), sodium acetate 

trihydrate (8.7 g, 64.5 mmol), acetic acid (20 mL), and acetone (8 mL, 107.5 mmol), at 0 °C was 

added sodium borohydride (4.1 g, 107.5 mmol) slowly; the reaction mixture was stirred at RT for 

30 min before basified with 10% aqueous solution of NaOH. The organic layer was extracted 

with diethyl ether, concentrated and eluted through a silica gel column with hexane to give 

compound s-1 as light yellow oil (2.1 g, 70.6%, 15.53 mmol). With the preceding procedure 

using iodomethane (3.33 g, 23.29 mmol) and s-1 (2.1 g, 15.53 mmol), desired 1i (1.6 g, 10.72 

mmol, 69.6%) was obtained as a colourless oil. 1H NMR (600 MHz, CDCl3): δ 7.25 ~ 7.23 (m, 2 

H), 6.80 (d, J = 7.8 Hz, 2 H), 6.72 ~ 6.69 (m, 1 H), 4.13 ~ 4.08 (m, 1 H), 2.74 (s, 3 H), 1.17 (d, J 

= 6.6 Hz, 6 H); 13C NMR (150 MHz, CDCl3): δ 150.2,  129.1, 116.4, 113.3, 48.9, 29.7, 19.3. 

c) Synthesis of 2-(methyl(phenyl)amino)ethyl acetate (1k). 

 

To a DMF (15 mL) solution of N-methyl aniline (1.0 g, 9.33 mmol), and sodium 

hydrogencarbonate (0.78 g, 9.33 mmol) was added 2-iodoethanol (2.4 g, 14.0 mmol) dropwise 

over 5 min; the mixture was heated to 70 °C for 12 h before it was cooled to RT. The organic 

layer was extracted with ether and washed successively with water, saturated sodium carbonate, 

and brine then dried over anhydrous magnesium sulfate. The solution was concentrated and 

eluted through a silica gel column to give compound s-2 as yellow oil (1.3 g, 92%, 8.59 mmol). 

To a DCM (25 mL) solution of s-2 (1.3 g, 8.59 mmol) was added 4-Dimethylaminopyridine (52 

mg, 0.42 mmol), acetic anhydride (10.3 mmol, 1.1 g) and Et3N (25.79 mmol, 3.6 mL) at 0 °C 

and the resulting mixture was stirred for 1 h at room temperature. The reaction mixture was 

quenched with water and extracted with dichloromethane, concentrated under reduced pressure. 

The residue was eluted through a silica gel column using hexane and ethyl acetate (9:1) as 
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eluents to afford acetate 1k as a yellow liquid (1.1 g, 5.69 mmol, 66.2%). 1H NMR (400 MHz, 

CDCl3): δ 7.24 ~ 7.20 (m, 2 H), 6.74 ~ 6.69 (m, 3 H), 4.24 (t, J = 6.2 Hz, 2 H), 3.58 (t, J = 6.1 

Hz, 2 H), 2.96 (s, 3 H), 2.00 (s, 3 H); 13C NMR (100 MHz, CDCl3): δ 171.0, 149.0, 129.2, 125.0, 

116.7, 112.3, 61.5, 51.2, 38.6, 20.9; HRMS calcd for: C11H15NO2: 193.1103, found: 193.1111. 

4] Standard procedures for catalytic operations: 

a) Typical procedure for the synthesis of 5-ethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-

c]quinoline (3a). 

 

Condition A : Under nitrogen atmosphere, a reaction flask was charged with copper powder 

(9.32 mg, 0.15 mmol), tetrahydrofuran (0.6 mL, 7.40 mmol), N-ethyl-N-methylaniline (100 mg, 

0.74 mmol), water (2 mL, 130 equiv), and to this mixture was added 70% aqueous solution of 

tert-butyl hydroperoxide (0.28 mL, 2.22 mmol) dropwise over 5 minutes. The resulting mixture 

was stirred at 90 °C for 28 h under air. After completion, this reaction mixture was cooled to 

room temperature, extracted with ethyl acetate, and concentrated in vacuum, and the crude 

residue was purified by a silica column using hexane and ethyl acetate (9:1) as eluents to afford 

3a (93 mg, 0.45 mmol, 62%) and 3b (15 mg, 0.07 mmol, 10%) as yellow oil. Spectral data for 3a: 

1H NMR (400 MHz, CDCl3): δ 7.31 (dd, J = 7.4, 1.8 Hz, 1 H), 7.17 ~ 7.13 (m, 1 H), 6.71 ~ 6.66 

(m, 2 H), 4.53 (d, J = 5.2 Hz, 1 H), 3.96 ~ 3.90 (m, 1 H), 3.83 ~ 3.77 (m, 1 H), 3.54 ~ 3.45 (m, 1 

H), 3.30 ~ 3.21 (m, 1 H), 2.98 (dd, J = 11.4, 5.2 Hz, 1 H), 2.84 (t, J = 11.2 Hz, 1 H), 2.44 ~ 2.39 

(m, 1 H), 2.27 ~ 2.19 (m, 1 H), 1.77 ~ 1.70 (m, 1 H), 1.11 (t, J = 7.1 Hz, 3 H); 13C NMR (100 

MHz, CDCl3): δ 145.4, 131.7, 129.0, 121.2, 116.5, 111.6, 76.1, 65.0, 49.2, 45.3, 35.6, 30.0, 10.6; 

HRMS calcd for C13H17NO: 203.1310, found: 203.1309. Spectral data for 3bs9: 1H NMR (400 

MHz, CDCl3): δ 7.34 (dd, J = 7.5, 1.6 Hz, 1 H), 7.22 ~ 7.18 (m, 1 H), 6.78 ~ 6.74 (m, 1 H), 6.70 

(d, J = 8.3 Hz, 1 H), 4.58 (d, J = 5.4 Hz, 1 H), 3.97 ~ 3.91 (m, 1 H), 3.83 ~ 3.77 (m, 1 H), 3.02 ~ 

2.98 (m, 1 H), 2.88 (s, 3 H), 2.78 (t, J = 11.1 Hz, 1 H), 2.56 ~ 2.49 (m, 1 H), 2.28 ~ 2.19 (m, 1 

H), 1.78 ~ 1.71 (m, 1 H); 13C NMR (150 MHz, CDCl3): δ 147.1, 131.1, 129.0, 121.7, 117.4, 

111.8, 75.8, 65.1, 52.5, 39.3, 35.9, 30.0; HRMS calcd for C12H15NO: 189.1154, found: 189.1145. 
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Condition B: similar to condition A except cyclic ether 2b-2d (20.0 equiv) were used as neat. 

b) Typical procedure for the synthesis of 6-methyl-3,4,4a,5,6,10b-hexahydro-2H-

pyrano[3,2-c]quinolone (5a). 

 

Under argon atmosphere, a reaction flask was charged with Cu(OTf)2 (29.8 mg, 0.08 mmol),  

pyran 2e (1.42 g, 16.51 mmol), N, N dimethyl aniline 1b (100 mg, 0.82 mmol), and to this 

mixture was added 70% aqueous solution of tert-Butyl hydroperoxide (0.21 mL, 1.65 mmol) 

dropwise over 5 min at room temperature. The resulting mixture was stirred at 90 °C for 24 h 

under air tight condition. After completion, reaction mixture was cooled to room temperature, 

concentrated in vacuum and the crude residue was purified by a silica column using hexane and 

ethyl acetate (9:1) as eluents to afford 5a (75.5 mg, 0.37 mmol, 45%) and 4’ (25.2 mg, 0.1 mmol, 

12%) both as Yellow oil; spectral data for 5as9: 1H NMR (600 MHz, CDCl3): δ 7.18 (dd, J = 7.5, 

1.5 Hz, 1 H) 7.16 ~ 7.13 (m, 1 H), 6.65 (t, J = 7.2 Hz, 1 H), 6.60 (d, J = 8.4 Hz, 1 H), 4.40 (d, J = 

3.0 Hz, 1 H), 3.95 ~ 3.93 (m, 1 H), 3.65 (td, J = 2.6, 10.9 Hz, 1 H), 3.51 (t, J = 11.1 Hz, 1 H), 

2.95 ~ 2.92 (m, 1 H), 2.88 (s, 3 H), 2.15 ~ 2.10 (m, 1 H), 1.91 ~ 1.85 (m, 1 H), 1.79 ~ 1.72 (m, 2 

H), 1.46 ~ 1.41 (m, 1 H); 13C NMR (150 MHz, CDCl3): δ 146.5, 130.7, 129.4, 121.7, 116.4, 

111.4, 74.2, 67.4, 51.1, 39.0, 32.4, 25.5, 22.6; HRMS calcd for C13H17NO: 203.1310, found: 

203.1313. Spectral data for 4’: 1H NMR (400 MHz, CD2Cl2): δ 7.03 (d, J = 8.4 Hz, 4 H), 6.67 (d, 

J = 8.4 Hz, 4 H), 3.76 (s, 2 H), 2.88 (s, 12 H); 13C NMR (100 MHz, CD2Cl2): δ 149.6, 130.8, 

129.5, 113.3, 41.0, 40.2; HRMS calcd for C17H22N2: 254.1783, found: 254.1780. 

c) Typical procedure for the synthesis of 5-methyl-2,3,3a,4,5,9b-hexahydrothieno[3,2-

c]quinolone (6a). 
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Under argon atmosphere, a reaction flask was charged with Cu(OTf)2 (59.7 mg, 0.16 mmol),  

water (2 mL, 130.0 equiv), tetrahydro thiophene 2f (16.5 mmol, 1.45 g), N, N dimethylaniline 1b 

(100 mg, 0.82 mmol), and to this mixture was added 70% aqueous solution of tert-butyl 

hydroperoxide (0.318 mL, 2.47 mmol) dropwise over 5 min at room temperature. The resulting 

mixture was stirred at 90 °C for 24 h under air tight condition. After completion, reaction 

mixture was cooled to room temperature, extracted with ethyl acetate, concentrated in vacuum 

and the crude residue was purified by a silica column using hexane and ethyl acetate (19:1) as 

eluents to afford 6a (84.7 mg, 0.41 mmol, 50%) as Pale yellow oil; 1H NMR (400 MHz, CDCl3): 

δ 7.11 ~ 7.07 (m,  2 H), 6.71 ~ 6.62 (m, 2 H),  4.62 (d, J = 5.8 Hz, 1 H), 3.22 ~ 3.16 (m, 1 H), 

2.97 ~ 2.94 (m, 3 H), 2.89 (s, 3 H), 2.73 ~ 2.66 (m, 1 H), 2.26 ~ 2.15 (m, 1 H), 2.12  ~ 2.05 (m, 1 

H); 13C NMR (100 MHz, CDCl3): δ 145.4, 130.4, 128.0, 123.2, 117.1, 111.8, 51.2, 48.7, 40.1, 

39.3, 34.4, 30.1; HRMS calcd for C12H15NS: 205.0925; found: 205.0918. 

d) Typical procedure for the synthesis of 6-methyl-3,4,4a,5,6,10b-hexahydro-2H-

thiopyrano[3,2-c]quinoline (7a). 

 

Under argon atmosphere, a reaction flask was charged with Cu(OTf)2 (59.7 mg, 0.16 mmol),  

tetrahydro thiopyran 2g (16.50 mmol, 1.68 g), N, N dimethylaniline 1b (100 mg, 0.82 mmol), 

and to this mixture was added 70% aqueous solution of tert-Butyl hydroperoxide (0.318 mL, 

2.47 mmol) dropwise over 5 min at room temperature. The resulting mixture was stirred at 90 °C 

for 24 h under air tight condition. After completion, reaction mixture was cooled to room 

temperature, concentrated in vacuum and the crude residue was purified by a silica column using 

hexane and ethyl acetate (19:1) as eluents to afford 7a (83.2 mg, 0.38 mmol, 46%) and 4’ (33.4 

mg, 0.13 mmol, 16%) both as yellow oil; spectral data for 7a: 1H NMR (600 MHz, CDCl3): δ 

7.22 ~ 7.21 (m, 1 H), 7.09 ~ 7.06 (m, 1 H), 6.60 (t, J = 7.3 Hz, 1 H), 6.54 (d, J = 8.2 Hz, 1 H), 

4.14 (d, J = 3.0 Hz, 1 H), 3.89 (t, J = 10.2 Hz, 1 H), 3.04 ~ 3.01 (m, 1 H), 2.89  (s, 3 H), 2.74 ~ 

2.70 (m, 1 H), 2.53 ~ 2.50 (m, 1 H), 2.45 ~ 2.43 (m, 1 H), 1.81 ~ 1.75 (m, 4 H); 13C NMR (150 
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MHz, CDCl3): δ 146.0, 129.6, 128.5, 121.6, 115.9, 110.9, 51.9, 43.1, 38.9, 32.4, 29.4, 28.4, 22.9; 

HRMS calcd for C13H17NS: 219.1082, found: 219.1081. 

5. References: 

s1. P. Canonne, G. B. Foscolos, D. Bélanger, J. Org. Chem., 1980, 45, 1828-1835. 

s2. M. O. Ratnikov, M. P. Doyle, J. Am. Chem. Soc., 2013, 135, 1549-1557. 

s3. J. Barluenga, A. M. Bayon, G. Asensio, Chem. Commun., 1984, 1334-1335. 

s4. E. C. Ashby, G. Fred Willard, J. Org. Chem., 1978, 43, 4750-4758. 

s5. G. Cerichelli, G. Mancini, Tetrahydron, 1994, 50, 3797-3802. 

s6. A. G. M. Barrett,  H. B. Broughton, J. Org. Chem., 1986, 51, 495-503. 

s7. W. Yang, Y. Luo, W. Liu, X. Deng, X. Du, M. Li, J. Label Compd. Radiopharm, 2011, 54, 

211–213. 

s8. M. Satoru, T. Koji, M. Masahiro, N. Masakatsu, Heterocycles 1992, 34, 1177-1182. 

s9. B. V. Subba Reddy, Harish Grewal, Tetrahedron Lett. 2011, 52, 761-763. 

 

6. Spectral data. 

Spectral data for N-ethyl-N-methylaniline (1a).s5 

 

Purified by silica column using hexane as eluent to afford 1a as yellow oil; 1H NMR (400 MHz, 

CDCl3): δ 7.28 ~ 7.24 (m, 2 H), 6.76 ~ 6.70 (m, 3 H), 3.43 (q, J = 7.1 Hz, 2 H), 2.93 (s, 3 H), 

1.15 (t, J = 7.1 Hz, 3 H); 13C NMR (100 MHz, CDCl3): δ 149.1, 129.1, 116.0, 112.4, 46.8, 37.4, 

11.1; HRMS calcd for C9H13N: 135.1048, found: 135.1051. 

Spectral data for 4-fluoro-N,N-dimethylaniline (1d).s2 
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Purified by silica column using hexane as eluent to afford 1d as yellow oil; 1H NMR (400 MHz, 

CDCl3): δ 6.96 ~ 6.92 (m, 2 H), 6.69 ~ 6.67 (m, 2 H), 2.89 (s, 6 H);
 13C NMR (100 MHz, 

CDCl3): δ 155.6 (d, J = 233.7 Hz), 147.5, 115.3 (d, J = 21.8 Hz), 113.9 (d, J = 7.2 Hz), 41.4; 

HRMS calcd for C8H10FN: 139.0797, found: 139.0800. 

Spectral data for 4-chloro-N,N-dimethylaniline (1e).s2 

 

Purified by silica column using hexane as eluent to afford 1e as yellow oil; 1H NMR (400 MHz, 

CDCl3): δ 7.15 (d, J = 9.0 Hz, 2 H), 6.62 (d, J = 9.0 Hz, 2 H), 2.90 (s, 6 H); 13C NMR (100 MHz, 

CDCl3): δ 149.1, 128.7, 121.3, 113.6, 40.5; HRMS calcd for C8H10ClN: 155.0502, found: 

155.0497. 

Spectral data for N,N,3-trimethylaniline (1g). 

 

Purified by silica column using hexane as eluent to afford 1g as yellow oil; 1H NMR (400 MHz, 

CDCl3): δ 7.17 ~ 7.13 (m, 1 H), 6.59 ~ 6.57 (m, 3 H), 2.94 (s, 6 H), 2.34 (s, 3 H); 13C NMR (100 

MHz, CDCl3): δ 150.7, 138.7, 128.9, 117.6, 113.4, 109.9, 40.7, 21.9. 

Spectral data for N,N,3,5-tetramethylaniline (1h). 
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Purified by silica column using hexane as eluent to afford 1h as yellow oil; 1H NMR (400 MHz, 

CDCl3): δ 6.49 ~ 6.48 (m, 3H), 2.99 (s, 6 H), 2.37 (s, 6 H); 13C NMR (100 MHz, CDCl3): δ 

150.8, 138.5, 118.7, 110.7, 40.7, 21.7; HRMS calcd for C10H15N: 149.1204, found: 149.1205. 

Spectral data for N-butyl-N-methylaniline (1j).s5 

 

Purified by silica column using hexane as eluent to afford 1j as yellow oil; 1H NMR (400 MHz, 

CDCl3): δ 7.28 ~ 7.25 (m, 2 H), 6.76 ~ 6.69 (m, 3 H),  3.34 (t, J = 7.4 Hz, 2 H), 2.95 (s, 3 H), 

1.63 ~ 1.55 (m, 2 H), 1.41 ~ 1.36 (m, 2 H), 0.99 (t, J = 7.4 Hz, 3 H); 13C NMR (100 MHz, 

CDCl3): δ 149.3, 129.1, 115.7, 112.0, 52.5, 38.2, 28.8, 20.3, 14.0; HRMS calcd for: C11H17N: 

163.1361, found: 163.1364. 

Spectral data for 4-fluoro-N-methyl-N-pentylaniline (1o). 

 

Purified by silica column using hexane as eluent to afford 1o as yellow oil; 1H NMR (400 MHz, 

CDCl3): δ 6.93 ~ 6.87 (m, 2 H), 6.63 ~ 6.59 (m, 2 H), 3.22 (t, J = 7.4 Hz, 2 H), 2.85 (s, 3 H), 

1.56 ~1.49 (m, 2 H), 1.36 ~ 1.25 (m, 4 H), 0.89 (t, J = 7.0 Hz, 3 H); 13C NMR (100 MHz, 

CDCl3): δ 155.1 (d, J = 234.0 Hz), 146.3, 115.4 (d, J = 22.0 Hz), 113.4 (d, J = 7.0 Hz), 53.6, 

38.7, 29.3, 26.2, 22.6 14.1; HRMS calcd for C12H18FN: 195.1423, found: 195.1423 

Spectral data for 4-chloro-N-isopropyl-N-methylaniline (1p). 
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Purified by silica column using hexane as eluent to afford 1p as yellow oil; 1H NMR (400 MHz, 

CDCl3): δ 7.15 (d, J = 8.1 Hz, 2 H), 6.69 (d, J = 8.1 Hz, 2 H), 4.05 ~ 3.99 (m, 1 H), 2.69 (s, 3 H), 

1.15 (d, J = 6.6 Hz, 6 H); 13C NMR (100 MHz, CDCl3): δ 148.8, 128.8, 121.0, 114.4, 49.2, 29.8, 

19.2; HRMS calcd for C10H14ClN: 183.0815, found: 183.0819. 

Spectral data for d6 -N,N-dimethylaniline (d6-1b).s7 

 

Purified by silica column using hexane as eluent to afford d6-1b as yellow oil; 1H NMR (400 

MHz, CDCl3): δ 7.34 ~ 7.29 (m, 2 H), 6.82 ~ 6.79 (m, 3 H); 13C NMR (100 MHz, CDCl3): δ 

150.7, 129.0, 116.5, 112.5, 39.6 (m); HRMS calcd for: C8H5D6N: 127.1268, found: 127.1265. 

Spectral data for d3 -N,N-dimethylaniline (d3-1b). 

 

Purified by silica column using hexane as eluent to afford d3-1b as yellow oil; 1H NMR (400 

MHz, CDCl3): δ 7.28 ~ 7.24 (m, 2 H), 6.77 ~ 6.72 (m, 3 H), 2.95 (s, 3 H); 13C NMR (100 MHz, 

CDCl3): δ 150.7, 129.0, 116.6, 112.6, 40.5; HRMS calcd for: C8H8D3N: 124.1080, found: 

124.1074. 

Spectral data for 4,4'-methylenebis(N-ethyl-N-methylaniline) (4).  

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 7.07 (d, J = 8.5 Hz, 4 H), 6.68 (d, J = 8.6 Hz, 4 H), 

3.82 (s, 2 H), 3.37 (q, J = 7.0 Hz, 4 H), 2.88 (s, 6 H), 1.12 (t, J = 7.0 Hz, 6 H); 13C NMR (100 

MHz, CDCl3): δ 147.5, 129.8, 129.5, 112.8, 47.0, 39.8, 37.6, 11.2; HRMS calcd for C19H26N2: 

282.2096, found: 282.2091. 
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Spectral data for 5,8-dimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3c).s8 

 

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3c as yellow 

oil; 1H NMR (400 MHz, CDCl3): δ 7.16 (s, 1 H), 7.00 (dd, J = 8.4, 1.8 Hz, 1 H), 6.62 (d,  J = 8.3 

Hz, 1 H), 4.56 (d, J = 5.6 Hz, 1 H), 3.96 ~ 3.90 (m, 1 H), 3.82 ~ 3.76 (m, 1 H), 2.96 (dd, J = 

11.1, 5.2 Hz, 1 H), 2.84 (s, 3 H), 2.71 (t, J = 10.9 Hz, 1 H), 2.57 ~ 2.49 (m, 1 H), 2.27 ~ 2.18 (m, 

4 H), 1.78 ~ 1.71 (m, 1 H); 13C NMR (100 MHz, CDCl3): δ 145.0, 131.4, 129.5, 126.6, 121.8, 

112.0, 75.8, 65.2, 52.9, 39.4, 36.2, 30.1, 20.1; HRMS calcd for C13H17NO: 203.1310, found: 

203.1308. 

Spectral data for 8-fluoro-5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3d). 

 

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3d as yellow 

oil; 1H NMR (400 MHz, CDCl3): δ 7.06 (dd, J = 9.2, 3.2 Hz, 1 H), 6.91 ~ 6.86 (m, 1 H), 6.60 

(dd, J = 9.2, 4.8 Hz, 1 H), 4.54 (d, J = 5.8 Hz, 1 H), 3.94 ~ 3.89 (m, 1 H), 3.81 ~ 3.75 (m, 1 H), 

2.98 (dd, J = 11.1,  5.0 Hz,  1 H), 2.83 (s, 3 H), 2.70 (t, J = 10.8 Hz, 1 H), 2.56 ~ 2.52 (m, 1 H), 

2.27 ~ 2.18 (m, 1 H), 1.79 ~ 1.71 (m, 1 H); 13C NMR (100 MHz, CDCl3): δ 155.6 (d, J = 235 

Hz), 143.8, 123.3 (d, J = 28 Hz), 117.1 (d, J = 21 Hz), 115.4 (d, J = 22 Hz), 112.8 (d, J = 7.0 

Hz), 75.5, 65.4, 52.9, 39.7, 36.3, 30.0; HRMS calcd for C12H14FNO: 207.1059, found: 207.1056. 

Spectral data for 8-chloro-5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3e).s9 
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3e as yellow 

oil; 1H NMR (400 MHz, CDCl3): δ 7.29 (d, J = 2.6 Hz, 1 H), 7.11 (dd, J = 8.8, 2.6 Hz, 1 H), 6.58 

(d, J = 8.8 Hz, 1 H), 4.51 (d, J = 5.6 Hz, 1 H), 3.94 ~ 3.88 (m, 1 H), 3.81 ~ 3.75 (m, 1 H), 2.99 

(dd, J = 11.3,  5.2 Hz,  1 H), 2.84 (s, 3 H), 2.73 (t, J = 11.0 Hz, 1 H), 2.52 ~ 2.47 (m, 1 H), 2.25 ~ 

2.20 (m, 1 H), 1.77 ~ 1.70 (m, 1 H); 13C NMR (100 MHz, CDCl3): δ 145.7, 130.6, 128.7, 123.2, 

122.0, 113.0, 75.3, 65.2, 52.4, 39.3, 35.9, 29.9; HRMS calcd for C12H14ClNO: 223.0764, found: 

223.0766. 

Spectral data for 8-bromo-5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3f).s9 

 

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3f as yellow 

solid; 1H NMR (400 MHz, CDCl3): δ 7.42 (d, J = 2.3 Hz, 1 H), 7.24 (dd, J = 8.8, 2.4 Hz, 1 H), 

6.53 (d, J = 8.8 Hz, 1 H), 4.50 (d, J = 5.5 Hz, 1 H), 3.94 ~ 3.88 (m, 1 H), 3.81 ~ 3.75 (m, 1 H), 

2.99 (dd, J = 11.3,  5.2 Hz,  1 H), 2.84 (s, 3 H), 2.74 (t, J = 11.0 Hz, 1 H), 2.52 ~ 2.46 (m, 1 H), 

2.26 ~ 2.17 (m, 1 H), 1.77 ~ 1.69 (m, 1 H); 13C NMR (100 MHz, CDCl3): δ 146.1, 133.5, 131.6, 

123.7, 113.5, 109.2, 75.3, 65.2, 52.3, 39.3, 35.8, 29.8; HRMS calcd for C12H14BrNO: 267.0259, 

found: 267.0260 and 269.0240. 

Spectral data for 5,7-dimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3g). 

 

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3g as yellow 

oil; 1H NMR (400 MHz, CDCl3): δ 7.23 (d, J = 7.6 Hz, 1 H), 6.60 ~ 6.58 (m, 1 H), 6.52 (s, 1 H), 

4.57 (d, J = 5.5 Hz, 1 H), 3.96 ~ 3.90 (m, 1 H), 3.82 ~ 3.76 (m, 1 H), 2.98 (dd, J = 11.2,  5.2 Hz,  

1 H), 2.88 (s, 3 H), 2.77 (t, J = 11.0 Hz, 1 H), 2.54 ~ 2.46 (m, 1 H), 2.31 (s, 3 H), 2.27 ~ 2.18 (m, 

1 H), 1.78 ~ 1.70 (m, 1 H); 13C NMR (100 MHz, CDCl3): δ 147.0, 138.8, 131.0, 118.9, 118.4, 
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112.4, 75.7, 65.1, 52.6, 39.3, 36.0, 30.0, 21.7; HRMS calcd for C13H17NO: 203.1310, found: 

203.1308. 

Spectral data for 5,7,9-trimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3h). 

 

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3h as yellow 

oil; 1H NMR (400 MHz, CDCl3): δ 6.44 (s, 1 H), 6.38 (s, 1 H), 4.56 (d, J = 5.0 Hz, 1 H), 3.95 ~ 

3.90 (m, 1 H), 3.80 ~ 3.74 (m, 1 H), 2.91 (dd, J = 11.1,  5.2 Hz,  1 H), 2.87 (s, 3 H), 2.74 (t, J = 

11.4 Hz, 1 H), 2.46 ~ 2.38 (m, 1 H), 2.35 (s, 3 H), 2.28 ~ 2.18 (m, 4 H), 1.75 ~ 1.68 (m, 1 H); 13C 

NMR (100 MHz, CDCl3): δ 147.4, 139.7, 138.3, 120.6, 117.1, 110.4, 73.7, 64.5, 52.3, 39.8, 35.8, 

29.8, 21.6, 19.1; HRMS calcd for C14H19NO: 217.1467, found: 217.1469. 

Spectral data for 5-isopropyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3i). 

 

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3i as yellow oil; 

1H NMR (600 MHz, CDCl3): δ 7.33 (dd, J = 7.5, 1.6 Hz, 1 H), 7.17 ~ 7.14 (m, 1 H), 6.77 (d, J = 

8.4 Hz, 1 H), 6.70 ~ 6.67 (m, 1 H),  4.53 (d, J = 5.6 Hz, 1 H), 4.11 ~ 4.07 (m, 1 H), 3.93 ~ 3.89 

(m, 1 H), 3.79 ~ 3.75 (m, 1 H), 3.10 (dd, J = 11.6, 4.8 Hz, 1 H), 2.50 (t, J = 11.1 Hz, 1 H), 2.36 ~ 

2.32 (m, 1 H), 2.26 ~ 2.20 (m, 1 H), 1.78 ~ 1.73 (m, 1 H), 1.22 (d, J = 6.7 Hz, 3 H), 1.10 (d, J = 

6.6 Hz, 3 H); 13C NMR (150 MHz, CDCl3): δ 146.1, 131.8, 128.9, 122.1, 116.6, 111.6, 76.1, 

65.1, 46.3, 41.2, 36.3, 30.2, 20.3, 17.6; HRMS calcd for C14H19NO: 217.1467, found: 217.1464. 

Spectral data for 5-butyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3j). 
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3j as yellow oil; 

1H NMR (400 MHz, CDCl3): δ 7.31 (dd, J = 7.9, 1.7 Hz, 1 H), 7.17 ~ 7.12 (m, 1 H), 6.69 ~ 6.51 

(m, 2 H), 4.52 (d, J = 5.2 Hz, 1 H), 3.95 ~ 3.90 (m, 1 H), 3.82 ~ 3.75 (m, 1 H), 3.35 ~ 3.28 (m, 1 

H), 3.23 ~ 3.16 (m, 1 H), 3.00 (dd, J = 11.5, 5.2 Hz, 1 H), 2.85 (t, J = 11.2 Hz, 1 H), 2.42 ~ 2.39 

(m, 1 H), 2.27 ~ 2.20 (m, 1 H), 1.74 ~ 1.71 (m, 1 H), 1.59 ~ 1.51 (m, 2 H), 1.39 ~ 1.33 (m, 2 H), 

0.94 (t, J = 7.3 Hz, 3 H); 13C NMR (100 MHz, CDCl3): δ 145.7, 131.7, 129.0, 120.8, 116.3, 

111.4, 76.0, 64.9, 51.1, 50.1, 35.5, 29.9, 28.1, 20.5, 14.0; HRMS calcd for C15H21NO: 231.1623, 

found: 231.1599. 

Spectral data for 2-(2,3,3a,4-tetrahydrofuro[3,2-c]quinolin-5(9bH)-yl)ethyl acetate (3k). 

 

Purified by silica column using hexane and ethyl acetate (4:1) as eluent to afford 3k as yellow 

oil; 1H NMR (600 MHz, CDCl3): δ 7.32 (dd, J = 7.8, 1.8 Hz, 1 H), 7.17 ~ 7.14 (m, 1 H), 6.72 ~ 

6.70 (m, 2 H), 4.52 (d, J = 5.4 Hz, 1 H), 4.24 (t, J = 6.6 Hz, 2 H), 3.94 ~ 3.90 (m, 1 H), 3.82 ~ 

3.78 (m, 1 H), 3.61 ~ 3.56 (m, 1 H), 3.53 ~ 3.48 (m, 1 H), 3.09 (dd, J = 12.0, 5.4 Hz, 1 H), 2.94 

(t, J = 11.4 Hz, 1 H), 2.42 ~ 2.38 (m, 1 H), 2.25 ~ 2.19 (m, 1 H), 2.02 (s, 3 H), 1.75 ~ 1.70 (m, 1 

H); 13C NMR (150 MHz, CDCl3): δ 170.9, 145.1, 131.8, 129.1, 121.0, 117.1, 111.3, 75.9, 65.0, 

61.1, 50.7, 49.6, 35.5, 29.7, 20.9; HRMS calcd for : C15H19NO3: 261.1365, found: 261.1370.  

Spectral data for (trans)-2,5,8-trimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3l): 
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3l as yellow oil; 

1H NMR (400 MHz, CDCl3) : δ 7.15 (s, 1 H), 6.98 (dd, J = 8.4, 2.0 Hz, 1 H), 6.61 (d, J = 8.4 Hz, 

1 H), 4.51(d, J = 5.6 Hz, 1 H), 4.06 ~ 4.00 (m, 1 H), 2.91 (dd, J = 11.0, 5.0 Hz, 1 H), 2.83 (s, 3 

H), 2.71 (t, J = 11.0 Hz, 1 H), 2.51 ~ 2.43 (m, 1 H), 2.40 ~ 2.33 (m, 1 H), 2.22 (s, 3 H), 1.29 (d, J 

= 6.0 Hz, 3 H), 1.22 ~ 1.18 (m, 1 H);
 
13C NMR (150 MHz, CD3COCD3) : δ 146.5, 132.5, 129.9, 

126.4, 123.5, 112.6, 76.7, 73.8, 54.7, 39.5, 38.6, 38.0, 21.9, 20.3; HRMS calcd for C14H19NO: 

217.1467, found: 217.1468. 

Spectral data for (cis)-2,5,8-trimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3l): 

 

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3l as yellow oil; 

1H NMR (600 MHz, CDCl3): δ 7.15 (s, 1 H), 6.97 (dd, J = 8.4, 1.2 Hz, 1 H), 6.59 (d, J = 8.4 Hz, 

1 H), 4.82 (d, J = 6.0 Hz, 1 H), 4.21 ~ 4.16 (m, 1 H), 2.98 (dd, J = 11.4, 4.8 Hz, 1 H), 2.82 (s, 3 

H), 2.77 (t, J =10.8 Hz, 1 H), 2.65 ~ 2.62 (m, 1 H), 2.23 (s, 3 H), 1.99 ~ 1.95 (m, 1 H), 1.83 ~ 

1.79 (m, 1 H), 1.27 (d, J = 6.0 Hz, 3 H);
 
13C NMR (150 MHz, CDCl3): δ 145.2, 131.3, 129.4, 

126.9, 122.9, 112.0, 74.9, 72.3, 53.0, 39.6, 38.3, 37.8, 21.8, 20.2; HRMS calcd for C14H19NO: 

217.1467, found: 217.1462. 

Spectral data of 5',8'-dimethyl-3a',4',5',9b'-tetrahydro-3'H-spiro[cyclohexane-1,2'- 

furo[3,2-c]quinoline] (3m).  
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3m as colorless 

oil; 1H NMR (400 MHz, CDCl3): δ 7.13 (d, J = 1.8 Hz, 1 H), 6.96 (dd, J = 8.3, 2.0 Hz, 1 H), 6.60 

(d, J = 8.3 Hz, 1 H), 4.70 (d, J = 5.4 Hz, 1 H), 2.89 (dd, J = 11.0, 5.3 Hz, 1 H), 2.85 ~ 2.78 (m, 4 

H), 2.52 ~ 2.44 (m, 1 H), 2.22 (s, 3 H), 2.09 (dd, J = 12.8, 8.3 Hz, 1 H), 1.76 ~ 1.44 (m, 11 H); 

13C NMR (100 MHz, CDCl3): δ 145.2, 131.7, 129.4, 126.5, 122.5, 112.0, 81.0, 73.5, 53.4, 40.6, 

39.8, 39.5, 37.2, 37.1, 25.7, 24.3, 23.5, 20.2; HRMS calcd for C18H26NO[M + H]: 272.1936; 

found: [M + H] :272.2009. 

Spectral data of 5',8'-dimethyl-3a',4',5',9b'-tetrahydro-3'H-spiro[cyclopentane-1,2'- 

    furo[3,2-c]quinoline] (3n). 

 

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 3n as colorless 

oil; 1H NMR (400 MHz, CDCl3): δ 7.10 (s, 1 H), 6.95 (d, J = 8.2 Hz, 1 H), 6.60 (d, J = 8.3 Hz, 1 

H), 4.58 (d, J = 5.6 Hz, 1 H), 2.93 ~ 2.78 (m, 5 H), 2.51 ~ 2.43 (m, 1 H), 2.30 ~ 2.17 (m, 5 H), 

2.03 ~ 1.51 (m, 8 H); 13C NMR (100 MHz, CDCl3): δ 145.3, 131.6, 129.5, 126.5, 122.3, 112.0, 

89.0, 74.5, 53.4, 41.4, 39.9, 39.5 (one qt. carbon merged), 37.0, 24.1, 24.0, 20.2; HRMS calcd for 

C17H23NO: 257.1780; found: 257.1852. 

Spectral data for 6,9-dimethyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinolone (5d).s8 
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 5d as yellow 

oil; 1H NMR (400 MHz, CDCl3) : δ 7.01 (s, 1 H), 6.96 (dd, J = 8.4, 2.0 Hz, 1 H), 6.54 (d, J = 8.4 

Hz, 1 H), 4.36 (d, J =2.8 Hz, 1 H), 3.96 ~ 3.93 (m, 1 H), 3.64 (td, J = 10.9, 2.5 Hz, 1 H), 3.46 (t, 

J = 11.0 Hz, 1 H), 2.90 ~ 2.87 (m, 1 H), 2.85 (s, 3 H), 2.20 (s, 3 H), 2.16 ~ 2.08 (m, 1 H), 1.92 ~ 

1.84 (m, 1 H), 1.80 ~ 1.69 (m, 2 H), 1.45 ~ 1.39 (m, 1H);
 13C NMR (100 MHz, CDCl3): δ 144.5, 

131.1, 130.0, 125.7, 121.8, 111.7, 74.2, 67.5, 51.2, 39.3, 32.6, 25.7, 22.5, 20.1; HRMS calcd for 

C14H19NO: 217.1467, found: 217.1472. 

Spectral data for 9-fluoro-6-methyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinolone 

(5b). 

 

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 5b as yellow 

oil; 1H NMR (600 MHz, CD2Cl2): δ 6.91 (dd, J = 9.0, 3.0 Hz, 1 H), 6.86 (dt, J = 8.7, 3.1 Hz, 1 

H), 6.53 (dd, J = 4.6 Hz, 9.0 Hz, 1 H), 4.39 (d, J = 3.2 Hz, 1 H), 3.86 ~ 3.82 (m, 1 H), 3.63 ~ 

3.60 (m, 1 H), 3.39 (t, J = 10.8 Hz, 1 H), 2.96 ~ 2.94 (m, 1 H), 2.85 (s, 3 H), 2.11 ~ 2.08 (m, 1 

H), 1.89 ~ 1.84 (m, 1 H), 1.78 ~ 1.75 (m, 2 H), 1.48 ~ 1.43 (m, 1 H);
 
13C NMR (150 MHz, 

CD2Cl2) : δ 156.1, 143.8, 123.6 (d, J = 6.0 Hz), 116.7 (d, J = 22.5 Hz), 115.7 (d, J = 22.5 Hz), 

112.4 (d, J = 7.5 Hz), 74.0, 67.2, 51.9, 39.7, 33.0, 25.6, 23.2 ; HRMS calcd for C13H16FNO: 

221.1216, found: 221.1211. 

9-chloro-6-methyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinolone (5c).s9 
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 5c as yellow 

oil; 1H NMR (600 MHz, CD2Cl2): δ 7.12 (d, J = 2.4 Hz, 1 H), 7.08 (dd, J = 9.0, 3.0 Hz, 1 H), 

6.53 (d, J =8.4 Hz, 1 H), 4.36 (d, J = 3.0 Hz, 1 H), 3.88 ~ 3.85 (m, 1 H), 3.64 ~ 3.60 (m, 1 H), 

3.45 (t, J =10.8 Hz, 1 H), 2.98 ~ 2.96 (m, 1 H), 2.87 (s, 3 H), 2.10 ~ 2.07 (m, 1 H), 1.88 ~ 1.84 

(m, 1 H), 1.77 ~ 1.70 (m, 2 H), 1.46 ~ 1.43 (m, 1 H);
 13C NMR (150 MHz, CD2Cl2): δ 145.7, 

130.3, 129.1, 123.8, 120.7, 112.7, 74.0, 67.4, 51.5, 39.2, 32.7, 25.6, 23.1; HRMS calcd for 

C13H16ClNO: 237.0920, found: 237.0918. 

Spectral data for 9-fluoro-6-pentyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinoline 

(5h). 

 

Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 5h as yellow 

oil; 1H NMR (600 MHz, CDCl3): δ 6.92 (dd, J = 9.0, 3.6 Hz, 1 H),  6.82 (dt, J = 8.7, 3.0 Hz, 1 

H), 6.46 (dd, J = 4.2, 9.0 Hz, 1 H), 4.39 (d, J = 3.0 Hz, 1 H), 3.89 ~ 3.86 (m, 1 H), 3.64 ~ 3.60 

(m, 1 H), 3.45 (t, J = 10.8 Hz, 1 H), 3.24 ~ 3.19 (m, 1 H), 3.15 ~ 3.12 (m, 1 H), 2.98 ~ 2.96 (m, 1 

H), 2.07 ~ 2.05 (m, 1 H), 1.86 ~ 1.81 (m, 1H), 1.76 ~ 1.69 (m, 2 H), 1.54 ~ 1.51 (m, 1 H), 1.48 ~ 

1.44 (m, 1 H), 1.37 ~ 1.26 (m, 5 H), 0.89 (t, J = 7.2 Hz, 3 H);
 
13C NMR (150 MHz, CDCl3): δ 

154.6 (d, J = 234.0 Hz), 141.9, 122.0 (d, J = 6.0 Hz), 116.6 (d, J = 21.0 Hz), 115.7 (d, J = 22.5 

Hz), 111.6 (d, J = 7.5 Hz), 73.7, 66.7, 51.9, 49.5, 32.3, 29.4, 25.8, 25.1, 22.8, 22.6, 14.0; HRMS 

calcd for C17H24FNO: 277.1842, found: 277.1840. 

Spectral data for 9-chloro-6-isopropyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinoline 

(5i). 
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Purified by silica column using hexane and ethyl acetate (9:1) as eluent to afford 5i as yellow oil; 

1H NMR (400 MHz, CDCl3): δ 7.16 (d, J = 2.5 Hz, 1 H), 7.04 (dd, J = 8.9, 2.5 Hz, 1 H), 6.61 (d, 

J = 9.0 Hz, 1 H), 4.36 (d, J = 3.0 Hz, 1 H), 4.08 ~ 4.01 (m, 1 H), 3.89 ~ 3.86 (m, 1 H), 3.65 ~ 

3.59 (m, 1 H), 3.24 (t, J = 10.9 Hz, 1 H), 2.97 (dd, J = 11.3, 3.4 Hz, 1 H), 1.98 ~ 1.94 (m, 1 H), 

1.84 ~ 1.71 (m, 3 H), 1.48 ~ 1.44 (m, 1 H), 1.18 (d, J = 6.6 Hz, 3 H), 1.11 (d, J = 6.6 Hz, 3 H); 

13C NMR (100 MHz, CDCl3): δ 143.9, 130.4, 128.9, 123.1, 120.0, 112.1, 73.7, 66.7, 46.7, 39.9, 

31.9, 25.2, 22.7, 19.8, 18.2;  HRMS calcd for : C15H20ClNO: 265.1233, found: 265.1230. 

Spectral data of  5,8-dimethyl-2,3,3a,4,5,9b-hexahydrothieno[3,2-c]quinolone (6b). 

 

Purified by silica column using hexane and ethyl acetate (19:1) as eluent to afford 6b as pale 

yellow oil; 1H NMR (400 MHz, CDCl3): δ 6.90 ~ 6.89 (m,  2 H), 6.55 (d, J = 8.8 Hz, 1 H),  4.59 

(d, J = 6.0 Hz, 1 H), 3.11 (dd, J = 11.0, 9.8 Hz, 1 H), 2.96 ~ 2.90 (m, 3 H), 2.84 (s, 3 H), 2.72 ~ 

2.65 (m, 1 H), 2.25 ~ 2.05 (m, 5 H); 13C NMR (100 MHz, CDCl3): δ 143.3, 130.9, 128.6, 126.4, 

123.5, 112.0, 51.6, 48.6, 40.4, 39.6, 34.5, 30.2, 20.2; EI-MS calcd for C13H17NS: 219.1082; 

found: 219.1084. 

Spectral data for 8-chloro-5-methyl-2,3,3a,4,5,9b-hexahydrothieno[3,2-c]quinoline (6c). 

 

Purified by silica column using hexane and ethyl acetate (19:1) as eluent to afford 6c as yellow 

oil; 1H NMR (400 MHz, CDCl3): δ 7.04 ~ 7.00 (m, 2 H), 6.52 (d, J = 8.4 Hz, 1 H), 4.53 (d, J = 
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5.9 Hz, 1 H), 3.18 ~ 3.12 (m, 1 H), 2.97 ~ 2.92 (m, 3 H), 2.85 (s, 3 H), 2.70 ~ 2.62 (m, 1 H), 2.24 

~ 2.15 (m, 1 H), 2.10~ 2.00 (m, 1 H); 13C NMR (100 MHz, CDCl3): δ 144.0, 129.8, 127.7, 124.8, 

121.5, 112.9, 51.0, 48.3, 40.0, 39.5, 34.3, 30.1; HRMS calcd for C12H14ClNS: 239.0535, found: 

239.0537. 

Spectral data for 6,9-dimethyl-3,4,4a,5,6,10b-hexahydro-2H-thiopyrano[3,2-c]quinoline 

(7b). 

 

Purified by silica column using hexane and ethyl acetate (19:1) as eluent to afford 7b as yellow 

oil; 1H NMR (600 MHz, CDCl3): δ 7.03 (d, J = 1.8 Hz, 1 H), 6.90 ~ 6.88 (m, 1 H), 6.48 (d, J = 

8.4 Hz, 1 H), 4.11 (d, J = 3.0 Hz, 1 H), 3.84 (t, J = 10.8 Hz, 1 H), 2.99 ~ 2.96 (m, 1 H), 2.86  (s, 

3 H), 2.74 ~ 2.70 (m, 1 H), 2.52 ~ 2.50 (m, 1 H), 2.44 ~ 2.42 (m, 1 H), 2.19 (s, 3 H), 1.79 ~ 1.73 

(m, 4 H); 13C NMR (150 MHz, CDCl3): δ 144.0, 130.2, 129.1, 125.1, 121.8, 111.3, 52.0, 43.1, 

39.2, 32.7, 29.5, 28.5, 23.0, 20.2;  HRMS calcd for C14H19NS: 233.1238, found: 233.1230. 

Spectral data for 9-chloro-6-methyl-3,4,4a,5,6,10b-hexahydro-2H-thiopyrano[3,2-

c]quinoline (7c). 

 

Purified by silica column using hexane and ethyl acetate (19:1) as eluent to afford 7c as yellow 

oil; 1H NMR (400 MHz, CDCl3): δ 7.23 (d, J = 2.32 Hz, 1 H), 7.00 (dd, J = 8.8, 2.5 Hz, 1 H), 

6.43 (d, J = 8.7 Hz, 1 H), 4.05 (d, J = 3.4 Hz, 1 H), 3.78 (t, J = 10.6 Hz, 1 H), 3.05 (dd, J = 11.1, 

3.7 Hz, 1 H), 2.86  (s, 3 H), 2.70 ~ 2.64 (m, 1 H), 2.53 ~ 2.48 (m, 1 H), 2.41 ~ 2.36 (m, 1 H), 

1.81 ~ 1.71 (m, 4 H); 13C NMR (100 MHz, CDCl3): δ 144.5, 129.1, 128.1, 123.0, 120.3, 111.8, 

52.2, 42.5, 39.0, 32.4, 28.9, 28.0, 23.2; HRMS calcd for : C13H16ClNS: 253.0692, found: 

253.0698. 
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Spectral data for 2,2,6,6-tetramethyl-1-(tetrahydrofuran-2-yloxy)piperidine (8). 

 

Purified by silica column using hexane and ethyl acetate (4:1) as eluent to afford Colourless oil; 

1H NMR (400 MHz, CDCl3): δ 5.34 ~ 5.32 (m, 1 H), 3.87 ~ 3.76 (m, 2 H), 1.99 ~ 1.84 (m, 3 H), 

1.78 ~ 1.72 (m, 1 H), 1.47 ~ 1.40 (m, 5 H), 1.30 ~ 1.27 (m, 1 H), 1.22 ~ 1.01 (m, 12 H); 13C 

NMR (100 MHz, CDCl3): 109.6, 66.6, 60.1, 58.6, 40.1, 39.7, 33.9, 33.3, 31.2, 23.9, 20.4, 20.0, 

17.2; HRMS calcd C13H25NO2: 227.1885, found: 227.1858. 

Spectral data for d5-5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (d5-3b). 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 7.33 (dd, J = 7.4, 1.4 Hz, 1 H), 7.21 ~ 7.16 (m, 1 H), 

6.77 ~ 6.73 (m, 1 H), 6.68 (d, J = 8.2 Hz, 1 H), 4.58 (d, J = 5.5 Hz, 1 H), 3.96 ~ 3.90 (m, 1 H), 

3.83 ~ 3.77 (m, 1 H), 2.99 (dd, J = 11.2, 5.2 Hz, 0.76 H), 2.88 (s, 0.38 H), 2.77 (t, J = 11.0 Hz, 

0.76 H), 2.54 ~ 2.49 (m, 1 H), 2.28 ~ 2.19 (m, 1 H), 1.78 ~ 1.73 (m, 1 H); 13C NMR (100 MHz, 

CDCl3): δ 147.2, 131.2, 129.1, 121.7, 117.4, 111.8, 75.8, 65.2, 52.5, 36.0, 30.1; HRMS calcd for 

C12H12D3NO: 192.1342, found: 192.1339; HRMS calcd for C12H10D5NO: 194.1467, found: 

194.1463. 

Spectral data for 5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3b) and d6-5-

methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (d6-3b). 
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Yellow oil; 1H NMR (400 MHz, CDCl3): δ 7.33 (dd, J = 7.4, 1.4 Hz, 1 H), 7.21 ~ 7.17 (m, 1 H), 

6.77 ~ 6.73 (m, 1 H), 6.69 (d, J = 8.3 Hz, 1 H), 4.58 (d, J = 5.5 Hz, 0.84 H), 3.96 ~ 3.90 (m, 0.85 

H), 3.83 ~ 3.77 (m, 0.86 H), 3.01 (dd, J = 11.2, 5.2 Hz, 1 H), 2.88 (s, 3 H), 2.77 (t, J = 11.1 Hz, 1 

H), 2.56 ~ 2.48 (m, 0.85 H), 2.29 ~ 2.18 (m, 0.85 H), 1.83 ~ 1.71 (m, 0.86 H); 13C NMR (100 

MHz, CDCl3): δ 147.2, 131.2, 129.1, 121.7, 117.4, 111.8, 75.9, 65.2, 52.6, 39.3, 36.0, 30.1; 

HRMS calcd for 3b C12H15NO: 189.1154, found: 189.1161; HRMS calcd for d6-3b C12H9D6NO: 

195.1530, found: 195.1536. 

Spectral data for d2-5-methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (d2-3b) and d3-5-

methyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (d3-3b). 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 7.34 (d, J = 7.4, 1 H), 7.22 ~ 7.18 (m, 1 H), 6.78 ~ 

6.74 (m, 1 H), 6.73 ~ 6.68 (m, 1 H), 4.59 (d, J = 5.4 Hz, 1 H), 3.97 ~ 3.91 (m, 1 H), 3.84 ~ 3.78 

(m, 1 H), 3.01 ~ 2.98 (m, 0.70 H), 2.88 (s, 0.76 H), 2.80 ~ 2.75 (m, 0.70 H), 2.55 ~ 2.49 (m, 1 

H), 2.28 ~ 2.20 (m, 1 H), 1.79 ~ 1.72 (m, 1 H); 13C NMR (100 MHz, CDCl3): δ 147.2, 131.2, 

129.0, 121.7, 117.4, 111.8, 75.8, 65.1, 52.6, 52.5, 39.5, 39.3, 36.0, 35.8, 30.1; HRMS calcd for 

d3-3b: C12H12D3NO: 192.1342, found: 192.1345; HRMS calcd for d2-3b: C12H13D2NO: 

191.1279, found: 191.1275. 

NOE of compounds. 

NOE spectra for (trans)-2,5,8-trimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3l). 
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Entry Irradiation Intensity increase % 

1 Ha (δ 4.51) Hb (δ 2.51 ~ 2.43, 0.65%) 

2 Hb (δ 2.51 ~ 2.43) Ha (δ 4.51, 1.26%) 

 

NOE spectra for (cis)-2,5,8-trimethyl-2,3,3a,4,5,9b-hexahydrofuro[3,2-c]quinoline (3l). 

 

Entry Irradiation Intensity increase % 

1 Ha (δ 4.82) Hb (δ 2.65 ~ 2.62, 0.75%) 

2 Hb (δ 2.65 ~ 2.62) Ha (δ 4.82, 0.89%) 

3 Hc (δ 1.27) Ha (δ 4.82, 0.09%) 

 

NOE spectra for 9-chloro-6-methyl-3,4,4a,5,6,10b-hexahydro-2H-pyrano[3,2-c]quinoline 

(5c). 

 

Entry Irradiation Intensity increase % 

1 Ha (δ 4.36) Hb (δ 2.10 ~ 2.07, 1.08%) 
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2 Hb (δ 2.10 ~ 2.07) Ha (δ 4.36, 0.90%) 

 

NOE spectra for 9-chloro-6-methyl-3,4,4a,5,6,10b-hexahydro-2H-thiopyrano[3,2-

c]quinoline (7c). 

 

Entry Irradiation Intensity increase % 

1 Ha (δ 4.05) 
Hb (δ 2.70 ~ 2.64, 0.47%), Hd (δ 2.41 ~ 2.36, 

1.24%), Hg (δ 7.23, 1.14%) 

2 Hb (δ 2.70 ~ 2.64) Ha (δ 4.05, 0.63%) 

 

7. X-ray crystallographic data of compound 3f. 
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Table 1.  Crystal data and structure refinement for 140825LT_0m. 

Identification code  140825lt_0m 

Empirical formula  C12 H14 Br N O 

Formula weight  268.15 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  P b c a 

Unit cell dimensions a = 8.8904(6) Å = 90°. 

 b = 13.0832(9) Å = 90°. 

 c = 19.2524(11) Å  = 90°. 

Volume 2239.3(3) Å3 

Z 8 

Density (calculated) 1.591 Mg/m3 

Absorption coefficient 3.644 mm-1 

F(000) 1088 

Crystal size 0.30 x 0.10 x 0.10 mm3 

Theta range for data collection 2.116 to 26.411°. 

Index ranges -11<=h<=10, -16<=k<=15, -23<=l<=24 

Reflections collected 15606 

Independent reflections 2295 [R(int) = 0.0350] 

Completeness to theta = 25.242° 99.9 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9485 and 0.6826 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2295 / 0 / 137 

Goodness-of-fit on F2 1.068 

Final R indices [I>2sigma(I)] R1 = 0.0257, wR2 = 0.0518 

R indices (all data) R1 = 0.0385, wR2 = 0.0581 

Extinction coefficient n/a 

Largest diff. peak and hole 0.352 and -0.380 e.Å-3 

 

 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for 140825LT_0m.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 

_____________________________________________________________________________  

 x y z U(eq) 

______________________________________________________________________________   
Br(1) 2042(1) 3791(1) 438(1) 27(1) 

O(1) 1391(2) 3059(1) 3310(1) 29(1) 
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N(1) 739(2) 5854(2) 3203(1) 18(1) 

C(1) 2068(3) 3736(2) 4418(1) 28(1) 

C(2) 2144(2) 4564(2) 3856(1) 18(1) 

C(3) 2331(2) 3938(2) 3198(1) 20(1) 

C(4) 1822(2) 4464(2) 2546(1) 15(1) 

C(5) 2146(2) 4007(2) 1911(1) 17(1) 

C(6) 1673(2) 4461(2) 1301(1) 18(1) 

C(7) 934(2) 5383(2) 1311(1) 21(1) 

C(8) 1556(3) 2776(2) 4027(1) 29(1) 

C(9) 1040(2) 5392(2) 2570(1) 16(1) 

C(10) 706(2) 5183(2) 3807(1) 19(1) 

C(11) -310(3) 6709(2) 3220(1) 26(1) 

C(12) 609(2) 5849(2) 1939(1) 20(1) 

________________________________________________________________________________  

 Table 3.   Bond lengths [Å] and angles [°] for  140825LT_0m. 

__________________________________________________  

Br(1)-C(6)  1.907(2) 

O(1)-C(8)  1.436(3) 

O(1)-C(3)  1.438(3) 

N(1)-C(9)  1.387(3) 

N(1)-C(10)  1.457(3) 

N(1)-C(11)  1.457(3) 

C(1)-C(2)  1.532(3) 

C(1)-C(8)  1.533(3) 

C(1)-H(5)  0.9900 

C(1)-H(1)  0.9900 

C(2)-C(10)  1.516(3) 

C(2)-C(3)  1.518(3) 

C(2)-H(4)  1.0000 

C(3)-C(4)  1.501(3) 

C(3)-H(13)  1.0000 

C(4)-C(5)  1.391(3) 

C(4)-C(9)  1.400(3) 

C(5)-C(6)  1.382(3) 

C(5)-H(11)  0.9500 

C(6)-C(7)  1.374(3) 

C(7)-C(12)  1.385(3) 

C(7)-H(2)  0.9500 
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C(8)-H(14)  0.9900 

C(8)-H(3)  0.9900 

C(9)-C(12)  1.407(3) 

C(10)-H(7)  0.9900 

C(10)-H(6)  0.9900 

C(11)-H(8)  0.9800 

C(11)-H(10)  0.9800 

C(11)-H(9)  0.9800 

C(12)-H(12)  0.9500 

C(8)-O(1)-C(3) 106.99(17) 

C(9)-N(1)-C(10) 116.30(19) 

C(9)-N(1)-C(11) 118.55(18) 

C(10)-N(1)-C(11) 115.58(17) 

C(2)-C(1)-C(8) 104.23(17) 

C(2)-C(1)-H(5) 110.9 

C(8)-C(1)-H(5) 110.9 

C(2)-C(1)-H(1) 110.9 

C(8)-C(1)-H(1) 110.9 

H(5)-C(1)-H(1) 108.9 

C(10)-C(2)-C(3) 109.18(17) 

C(10)-C(2)-C(1) 112.61(18) 

C(3)-C(2)-C(1) 102.29(19) 

C(10)-C(2)-H(4) 110.8 

C(3)-C(2)-H(4) 110.8 

C(1)-C(2)-H(4) 110.8 

O(1)-C(3)-C(4) 108.51(17) 

O(1)-C(3)-C(2) 103.97(17) 

C(4)-C(3)-C(2) 114.72(19) 

O(1)-C(3)-H(13) 109.8 

C(4)-C(3)-H(13) 109.8 

C(2)-C(3)-H(13) 109.8 

C(5)-C(4)-C(9) 120.36(19) 

C(5)-C(4)-C(3) 118.37(19) 

C(9)-C(4)-C(3) 121.27(19) 

C(6)-C(5)-C(4) 119.9(2) 

C(6)-C(5)-H(11) 120.0 

C(4)-C(5)-H(11) 120.0 
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C(7)-C(6)-C(5) 120.7(2) 

C(7)-C(6)-Br(1) 119.93(16) 

C(5)-C(6)-Br(1) 119.35(18) 

C(6)-C(7)-C(12) 119.9(2) 

C(6)-C(7)-H(2) 120.0 

C(12)-C(7)-H(2) 120.0 

O(1)-C(8)-C(1) 106.88(19) 

O(1)-C(8)-H(14) 110.3 

C(1)-C(8)-H(14) 110.3 

O(1)-C(8)-H(3) 110.3 

C(1)-C(8)-H(3) 110.3 

H(14)-C(8)-H(3) 108.6 

N(1)-C(9)-C(4) 120.20(19) 

N(1)-C(9)-C(12) 121.4(2) 

C(4)-C(9)-C(12) 118.3(2) 

N(1)-C(10)-C(2) 110.75(17) 

N(1)-C(10)-H(7) 109.5 

C(2)-C(10)-H(7) 109.5 

N(1)-C(10)-H(6) 109.5 

C(2)-C(10)-H(6) 109.5 

H(7)-C(10)-H(6) 108.1 

N(1)-C(11)-H(8) 109.5 

N(1)-C(11)-H(10) 109.5 

H(8)-C(11)-H(10) 109.5 

N(1)-C(11)-H(9) 109.5 

H(8)-C(11)-H(9) 109.5 

H(10)-C(11)-H(9) 109.5 

C(7)-C(12)-C(9) 120.7(2) 

C(7)-C(12)-H(12) 119.7 

C(9)-C(12)-H(12) 119.7 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

  Table 4.   Anisotropic displacement parameters  (Å2x 103) for 140825LT_0m.  The anisotropic 

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

Br(1) 34(1)  32(1) 13(1)  -3(1) 3(1)  -9(1) 
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O(1) 54(1)  17(1) 14(1)  3(1) -6(1)  -9(1) 

N(1) 19(1)  16(1) 21(1)  -3(1) 2(1)  1(1) 

C(1) 37(1)  30(2) 16(1)  1(1) -3(1)  -1(1) 

C(2) 19(1)  21(1) 14(1)  -2(1) -2(1)  -3(1) 

C(3) 24(1)  18(1) 16(1)  0(1) 0(1)  2(1) 

C(4) 15(1)  16(1) 15(1)  0(1) 0(1)  -3(1) 

C(5) 17(1)  16(1) 19(1)  0(1) 2(1)  -2(1) 

C(6) 19(1)  23(1) 13(1)  -3(1) 2(1)  -9(1) 

C(7) 18(1)  26(2) 18(1)  7(1) -4(1)  -7(1) 

C(8) 48(2)  23(2) 16(1)  5(1) -1(1)  -2(1) 

C(9) 13(1)  17(1) 18(1)  -1(1) 0(1)  -5(1) 

C(10) 18(1)  22(1) 16(1)  -3(1) 3(1)  -5(1) 

C(11) 23(1)  22(2) 31(1)  -6(1) 1(1)  4(1) 

C(12) 16(1)  20(1) 25(1)  2(1) -2(1)  -2(1) 

______________________________________________________________________________  

 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for 140825LT_0m. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

 H(5) 1337 3923 4784 33 

H(1) 3067 3629 4634 33 

H(4) 3032 5020 3931 22 

H(13) 3403 3719 3148 23 

H(11) 2691 3383 1897 21 

H(2) 646 5701 888 25 

H(14) 2314 2226 4075 35 

H(3) 587 2527 4215 35 

H(7) -165 4714 3772 22 

H(6) 584 5597 4234 22 

H(8) 56 7255 2915 38 

H(10) -390 6968 3697 38 

H(9) -1301 6480 3061 38 

H(12) 90 6483 1944 24 

________________________________________________________________________________ 
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