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(1) General procedure: 

Unless otherwise noted, the reactions were performed in oven-dried glassware 

under nitrogen atmosphere with freshly distilled solvents. Tetrahydrofuran (THF) and 

hexane were dried with sodium, benzophenone and distilled before use. 

Dichloromethane (DCM), ether and 1,2-dichloroethane (DCE) were dried over CaH2 

and distilled before use. Reagents from commercial sources were used without 

purifications. 1H NMR and 13C NMR spectra were recorded on a Bruker 400 MHz, 

600MHz, Varian 400 MHz, 500MHz and 700 MHz. Spectrometers using 

chloroform-d (CDCl3) and Dimethyl sulfoxide-d (DMSO) as the internal standards.  

(2) Representative synthetic procedures: 

(A) Synthesis of N-(3,5-dimethoxyphenyl)-N-ethynylmethanesulfonamide (1a) 

 

 To an acetone solution (50 mL) of triisopropylsilylacetylene (s1) (500 mg, 2.74 

mmol) was added NBS (536 mg, 3.01 mmol) and AgNO3 (46.5 mg, 0.274 mmol) at 0 

°C; the mixture was stirred under N2 for 2 h at 25 °C before it was quenched with 

water. The organic layer was extracted with pentane (30 mL×3), washed with brine, 

dried over MgSO4, and concentrated under reduced pressure to yield 

1-(2-bromoethynyl)triisopropylsilane (s2) as a colorless oil (637 mg, 2.44 mmol, 

89%). 

 To a dried flask was added N-(3,5-dimethoxyphenyl)methanesulfonamide (676 

mg, 2.92 mmol), CuSO4·5H2O (60.8 mg, 0.24 mmol), 1,10-phenanthroline (87.9 mg, 

0.488 mmol) and K2CO3 (674 mg, 4.87 mmol), and this mixture was subsequently 
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treated with anhydrous toluene (3 mL) and (bromoethynyl)triisopropylsilane (s2) (637 

mg, 2.44 mmol). The reaction mixture was caped under a blanket of nitrogen, and 

heated in an oil bath at 70-80 °C for 24h. After completion, the crude reaction mixture 

was cooled to room temperature, filtered through a celite bed, and concentrated in 

vacuo. The residue was purified by column chromatography (SiO2, eluent: 

EtOAc/hexane) to afford 1-silylynamide (s3) as brown yellow oil (837 mg, 2.03 mmol, 

83%). 

 To a THF (10 mL) solution of 1-silylynamide (s3) (500 mg, 1.21 mmol) was 

added N-tetrabutylammonium fluoride (1.0 M in THF, 1.58 mL, 1.58 mmol) at 0 °C; 

the resulting mixture was stirred at 25 °C for 0.33 h and evaporated to dryness. The 

residues were washed with pentane at 0 °C to afford N-(3,5-dimethoxyphenyl) 

-N-ethynylmethanesulfonamide (1a) as light yellow solid (291 mg, 1.14 mmol, 94%). 

(B) Preparation of N-(3,5-dipropoxyphenyl)-N-ethynylmethanesulfon amide (1b) 

 

 To a dried flask with phloroglucinol (4.00 g, 31.7 mmol) was added 30% 

ammonium hydroxide (40 mL) and stir at 25 °C for 24 h under argon atmosphere. The 

solution was concentrated under reduced pressure to afford 5-aminobenzene-1,3-diol 

(s5) as black solid (3.94 g, 31.5 mmol, 99%). 

 To a dried flask was added 5-aminobenzene-1,3-diol (s5) (1.00 g, 8.00 mmol) in 

acetic acid (3.4 mL), and to this mixture was added acetic anhydride (0.85 mL, 9 

mmol) dropwise. The resulting mixture was stirred at 25 °C for 0.5 h before it was 

quenched with 10% NaOH(aq) (7 mL). The solution was extracted with EtOAc (3 × 

10 mL); the organic layer was washed with brine, dried over MgSO4, and 
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concentrated under reduced pressure to afford N-(3,5-dipropoxyphenyl)acetamide (s6) 

as brown solid (550 mg, 42%).[s1] 

[s1]: Beale, T. M.; Allwood, D. M.; Bender, A.; Bond, P. J.; Brenton, J. D.; 

Charnock-Jones, D. S.; Ley, S. V.; Myers, R. M.; Shearman, J. W.; Temple, J.; Unger, 

J.; Watts, C. A.; Xian, J. ACS Med. Chem. Lett. 2012, 3, 177. 

To a dried flask was added N-(3,5-dipropoxyphenyl)acetamide (s6) (250 mg, 1.5 

mmol) and K2CO3 (403 mg, 3.1mmol) in acetone (30 mL), and to this mixture was 

added 1-iodopropane (0.29 mL, 2.99 mmol). The mixture was heated to reflux for 27 

h. After cooling, the solution was filtered over a short celite bed, and evaporated to 

dryness under reduced pressure. The residue was purified by column chromatography 

(SiO2, eluent: EtOAc/hexane) to afford N-(3,5-dipropoxyphenyl)acetamide (s7) as 

yellow oil (361 mg, 1.4 mmol, 96%). 

 To a dried flask was added N-(3,5-dipropoxyphenyl)acetamide (s7) (100 mg, 0.4 

mmol) in ethanol (25mL) and KOH (111 mg, 2.0 mmol), and the mixture was heated 

under reflux for 12 h. After cooling, the reaction mixture was neutralized with 10% 

HCl (1 mL), and extracted with EtOAc (3 × 10 mL). The organic layer was dried over 

MgSO4, and evaporated to dryness to afford 3,5-dipropoxyaniline (s8) (80 mg, 0.38 

mmol 96%). 

3,5-dipropoxyaniline (s8) was used to prepare N-(3,5-dipropoxyphenyl)-N- 

ethynylmethanesulfonamide (1b) according to the procedure to prepare compound 1a. 

(c) Preparation of N-(3,5-dihexylphenyl)-N-ethynyl-4-methylbenzene 

sulfonamide (1g) 

 

 To a dried flask was added 1-bromo-3,5-di(hex-1-yn-1-yl)benzene[s2] (300 mg, 
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0.95 mmol), tosylate amine (174 mg, 1.13 mmol), CuI (36.1 mg, 0.19 mmol), DMG 

(N,N-dimethylglycine) (20 mg, 0.19 mmol), K3PO4 (502 mg, 2.36 mmol) and DMF 

(N,N-Dimethylformamide) (25 mL), and the resulting mixture was heated under 

reflux for 48 h. After cooling, the mixture was filtered over a short celite bed. The 

solvent was evaporated under reduced pressure, and the residues were purified by 

column chromatography (SiO2, eluent: EtOAc/hexane) to afford 

N-(3,5-di(hex-1-yn-1-yl)phenyl)-4-methylbenzenesulfonamide (s10) as yellow oil 

(265 mg, 0.65 mmol, 69%). 

[s2]: Deng, W.; Liu, L.; Zhang, C.; Liu, M.; Guo, Q.-X. Tetrahedron Lett. 2005, 46, 

7295 

To a dried flask was added a methanol solution (15 mL) of  

N-(3,5-di(hex-1-yn-1-yl)phenyl)-4-methylbenzenesulfonamide (s10) (265 mg, 0.65 

mmol) and 10% Pd/C (1 g), the mixture was purges with N2 for 5 min. To this flask 

was fitted with a H2 balloon, and the mixture was stirred for 1 h. The resulting 

solution was filtered and concentrated under reduced pressure to afford 

N-(3,5-dihexylphenyl)-4-methylbenzenesulfonamid (s11) as yellow oil (266 mg, 0.64 

mmol, 98%). 

 N-(3,5-dihexylphenyl)-4-methylbenzenesulfonamid (s11) was used to prepare 

N-(3,5-dihexylphenyl)-N-ethynyl-4-methylbenzenesulfonamide (1g) according to the 

preceding procedure.. 

(D) Preparation of benzisoxazoles (2a-2m) 

Benzisoxazoles (2a-2m) were prepared according to literature procedure.[s3-s4]  

[s3]: Sahani, R. L.; Liu, R.-S. Angew. Chem. Int. Ed. 2017, 56, 1026. 

[s4]: Chauhana, J.; Fletcher, S. Tetrahedron Lett. 2012, 53, 4951. 

(E) Preparation of 1-(ethynyloxy)-3,5-dimethylbenzene 

The preparations of 1-(ethynyloxy)-3,5-dimethylbenzene (6) were prepared according 



S6 
 

to literature procedure.[s5]  

[s5]: Tomita, R.; Al-Maharik, N.; Rodil, A.; Bühl, M.; O’Hagan,  D. Org. Biomol. 

Chem. 2018, 16, 1113 

(F) Standard procedures for catalytic operations 

 

A suspension of chloro[(1,1’-biphenyl-2-yl)di-tert-butylphosphine] gold(I) (11.4 

mg, 0.02 mmol) and silver hexafluoroantimonate (6.7g, 0.02) in dry DCE (0.5 mL) 

was fitted with N2 balloon, and the mixture was stirred for 5 min. The solution was 

added a DCE (1.5 mL) solution of N-(3,5-dimethoxyphenyl)-N-ethynylmethane 

sulfonamide (1a) (100 mg, 0.39 mmol) and benzisoxazole (2a) (93 mg, 0.78 mmol) at 

room temperature. The resulting solution was placed in an oil bath at 70 °C, and the 

mixture was stirred for 0.25 h. The solution was filtered over a short celite bed, and 

evaporated under reduced pressure. The residues were purified by column 

chromatography (SiO2, eluent: EtOAc/hexane) to afford the desired 

8,10-dimethoxy-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline (3a) as white solid (61 

mg, 0.17 mmol, 88%). 

(G) Deprotection of Indoloquinoline 

 

A THF/MeOH (1:1) mixture of 8,10-dimethoxy-3-methyl-6-(methylsulfonyl)-6H- 

indolo[2,3-b] quinolone (5d) (50 mg, 0.14 mmol) was heated under reflux for 27 h. 

The resulting mixture was extracted with CH2Cl2 (20 mL) and H2O (10 mL). The 

organic layer was washed with brine and dried over MgSO4, and concentrated under 
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reduced pressure. The residues were purified by column chromatography (SiO2, 

eluent: EtOAc/hexane) to afford 8,10-dimethoxy-3-methyl-6H-indolo[2,3-b]quinoline 

(8d) as light yellow solid (30mg, 0.1mmol, 76%).[s6] 

[s6]: Monguchi, Y.; Okami, H.; Ichikawa, T.; Nozaki, K.; Maejima, T.; Oumi, Y.; 

Sawama, Y.; Sajikia, H. Adv. Synth. Catal. 2016, 358, 3145 

(H) Detosylation 

 

A dry THF solution (25 mL) of 11-methyl-6-tosyl-6H-indolo[2,3-b]quinoline (8a) 

(200 mg, 0.52 mmol) was refluxed for 10 min, and to this mixture was added slowly a 

THF solution (1.3 mL, 1 M, 1.3 mmol) of TBAF under N2. The resulting mixture was 

stirred under reflux for 6 h. The resulting mixture was extracted with CH2Cl2 (30 mL) 

and H2O (20 mL). The organic layer was washed with brine and dried over MgSO4, 

and concentrated under reduced pressure. The residues were purified by column 

chromatography (SiO2, eluent: EtOAc/hexane) to afford 

11-methyl-6H-indolo[2,3-b]quinoline (8b) as light yellow solid (108 mg, 0.45 mmol, 

90%). 

 

(3) Spectral data for compounds: 

Spectral data for N-(3,5-dimethoxyphenyl)-N-ethynylmethanesulfonamide (1a) 

 

Light yellow solid; mp 96.1 - 96.7 °C; 1H NMR (400 MHz, CDCl3): δ 6.65 (d, J = 2.0 

Hz, 2H), 6.42 (t, J = 2.0 Hz, 1H), 3.78 (s, 6H), 3.1 (s, 3H), 2.95 (s, 1H); 13C NMR 

(100 MHz, CDCl3): δ 161.0, 139.5, 103.7, 100.3, 75.4, 60.0, 55.6, 36.7; HRMS (ESI, 
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m/z) calcd for C11H14NO4S [M+H]+: 256.06435, found: 256.06287. 

 

Spectral data for N-(3,5-dipropoxyphenyl)-N-ethynylmethanesulfonamide (1b) 

 

Light yellow solid; mp 43.9 - 44.5 °C; 1H NMR (400 MHz, CDCl3): δ 6.63 (d, J = 2.0 

Hz, 2H), 6.42 (t, J = 2.0 Hz, 1H), 3.88 (t, J = 6.6 Hz, 4H), 3.1 (s, 3H), 2.93 (s, 1H), 

1.82~1.73 (m, 4H), 1.01 (t, J = 7.4 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ160.6, 

139.4, 104.2, 101.3, 69.9, 59.9, 36.7, 22.4, 10.5; HRMS (ESI, m/z) calcd for 

C15H21NNaO4S [M+Na] +: 334.10890, found: 334.10918. 

 

Spectral data for N-(3,5-dimethylphenyl)-N-ethynylmethanesulfonamide (1c) 

 

Light yellow solid; mp 79.8 - 80.1 °C; 1H NMR (400 MHz, CDCl3): δ 7.09 (s, 2H), 

6.98 (s, 1H), 3.1 (s, 3H), 2.92 (s, 1H), 2.32 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 

139.3, 137.6, 130.3, 123.3, 75.9, 59.3, 35.7, 21.1; HRMS (ESI, m/z) calcd for 

C11H13NNaO2S [M+Na] +: 246.05647, found: 246.05725. 

 

Spectral data for N-(3,5-dimethoxyphenyl)-N-ethynyl-4-methylbenzene 

sulfonamide (1d) 

 

Light yellow solid; mp 97.4 – 97.9 °C; 1H NMR (400 MHz, CDCl3): δ 7.62 (d, J = 

8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 6.40~6.37 (m, 2H), 6.38 (d, J = 2.0 Hz, 1H), 

3.7 (s, 6H), 2.83 (s, 1H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 160.7, 145.1, 

139.8, 133.0, 129.5, 128.2, 104.4, 100.6, 59.2, 55.5, 21.7; HRMS (ESI, m/z) calcd for 

C17H18NO4S [M+H] +: 332.09565, found: 332.09460. 
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Spectral data for N-(3,5-dipropoxyphenyl)-N-ethynyl-4-methylbenzene 

sulfonamide (1e) 

 

Light yellow solid; mp 79.8 - 80.1 °C; 1H NMR (400 MHz, CDCl3): δ 7.62 (d, J = 8.4 

Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 6.37 (s, 3H), 3.79 (t, J = 6.4 Hz, 4H), 2.82 (s, 1H), 

2.41 (s, 3H), 1.77~1.68 (m, 4H), 0.97 (t, J = 7.4 Hz, 6H); 13C NMR (100 MHz, 

CDCl3): δ 160.2, 145.0, 139.6, 133.0, 129.5, 128.3, 104.8, 101.6, 76.4, 69.7, 59.1, 

22.3, 21.6, 10.4; HRMS (ESI, m/z) calcd for C21H26NO4S [M+H] +: 388.15825, found: 

388.15789. 

 

Spectral data for N-(3,5-dimethylphenyl)-N-ethynyl-4-methylbenzenesulfon 

amide (1f) 

 

Light yellow solid; mp 98.3 – 98.7 °C; 1H NMR (400 MHz, CDCl3): δ 7.59 (d, J = 

8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 6.92 (s, 1H), 6.83 (s, 2H), 2.79 (s, 1H), 2.43 (s, 

3H), 2.24 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 144.9, 138.9, 138.0, 133.1, 130.1, 

129.4, 128.3, 123.9, 58.6, 21.6, 21.1; HRMS (ESI, m/z) calcd for C17H17NNaO2S 

[M+Na]+: 322.08777,found: 322.08688. 

 

Spectral data for N-(3,5-dihexylphenyl)-N-ethynyl-4-methylbenzenesulfonamide 

(1g) 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ7.55 (d, J = 6.8 Hz, 2H), 7.25 (d, J = 6.8 

Hz, 2H), 6.9 (s, 1H), 6.81 (s, 1H), 6.80 (s, 1H), 2.79 (s, 1H), 2.49 (t, J = 7.6 Hz, 4H), 

2.42 (s, 3H), 1.50~1.44 (m, 4H), 1.28~1.25 (m, 12H), 0.87 (t, J = 4.4 Hz, 6H); 13C 

NMR (100 MHz, CDCl3): δ 144.8, 143.9, 137.9, 133.0, 129.4, 129.2, 128.9, 128.3, 

123.6, 58.5, 35.6, 31.6, 31.2, 28.8, 22.5, 21.6, 14.1; HRMS (ESI, m/z) calcd for 

C27H37NNaO2S [M+Na]+: 462.24427,found: 462.24449. 



S10 
 

Spectral data for N-ethynyl-N-(4-propoxyphenyl)methanesulfonamide (1h) 

 
Light yellow solid; mp 51.2 – 51.5 °C; 1H NMR (400 MHz, CDCl3): δ 7.39~7.35 (m, 

2H), 6.91~6.88 (m, 2H), 3.90 (t, J = 6.4 Hz, 2H), 3.08 (s, 3H), 2.89 (s, 1H), 1.83~1.74 

(m, 2H), 1.01 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 144.9, 132.8, 130.5, 

129.5, 128.7, 128.3, 127.9, 69.7, 58.2, 22.4, 21.7, 10.4; HRMS (ESI, m/z) calcd for 

C12H15NNaO3S [M+Na]+: 276.06703, found: 276.06586. 

 

Spectral data for N-ethynyl-N-(4-methoxyphenyl)methanesulfonamide (1i) 

 
Light yellow solid; mp 98.1 – 98.4 °C; 1H NMR (400 MHz, CDCl3): δ 7.38 (d, J = 

8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 3.79 (s, 3H), 3.08 (s, 3H), 2.90 (s, 1H); 13C 

NMR (100 MHz, CDCl3): δ 130.5, 127.4, 114.6, 76.1, 58.9, 55.5, 36.3; HRMS (ESI, 

m/z) calcd for C10H11NNaO3S [M+Na]+: 250.03249, found: 250.03031. 

 

Spectral data for N-(4-(tert-butyl)phenyl)-N-ethynylmethanesulfonamide (1j) 

 
Light yellow solid; mp 100.8 – 101.5 °C; 1H NMR (400 MHz, CDCl3): δ 7.41 (s, 4H), 

3.1 (s, 3H), 2.91 (s, 1H), 1.3 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 151.9, 135.2, 

126.5, 125.3, 76.0, 59.3, 36.6, 34.7, 31.2; HRMS (ESI, m/z): calcd for C13H17NNaO2S 

[M+Na] +: 274.08777, found: 274.08737. 

 

Spectral data for N-ethynyl-N-(4-fluorophenyl)methanesulfonamide (1l) 

 
Light yellow solid; mp 94.3 – 95.7 °C;1H NMR (600 MHz, CDCl3): δ7.49~7.46 (m, 

2H), 7.10 (t, J = 8.4Hz, 2H), 3.1 (s, 3H), 2.94 (s, 1H); 13C NMR (600 MHz, CDCl3): 

δ127.8, 127.7, 116.6, 116.4, 75.6, 59.8, 36.6 ; HRMS (ESI, m/z): calcd for 
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C9H8FNNaO2S [M+Na] +: 236.0157, found: 236.01564 

 

Spectral data for N-ethynyl-4-methyl-N-(4-propoxyphenyl)benzenesulfonamide 

(1m) 

 
Light yellow solid; mp 91.5 – 91.7 °C;  1H NMR (400 MHz, CDCl3): δ 7.56 (d, J = 

8.4 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 9.2 Hz, 2H), 6.78 (d, J = 9.2 Hz, 

2H), 3.87 (t, J = 6.6 Hz, 2H), 2.77 (s, 1H), 2.42 (s, 3H), 1.82~1.73 (m, 2H), 1.03~0.98 

(m, 3H); 13C NMR (100 MHz, CDCl3): δ 159.1, 144.9, 132.8, 130.5, 129.5, 128.7, 

128.3, 127.9, 114.7, 69.7, 58.2, 22.4, 21.7, 10.4; HRMS (ESI, m/z) calcd for 

C13H19NNaO3S [M+Na]+: 352.09833, found: 352.09631. 

 

Spectral data for N-ethynyl-N-(4-methoxyphenyl)-4-methylbenzenesulfonamide 

(1n) 

 
Light yellow solid; mp 113.0 – 113.8 °C;  1H NMR (400 MHz, CDCl3): δ 7.56 (d, J = 

8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 9.2 Hz, 2H), 6.80 (d, J = 9.2 Hz, 

2H), 3.77 (s, 3H), 2.78 (s, 1H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 145.0, 

132.9, 130.8, 129.5, 128.3, 127.9, 114.3, 58.2, 55.5, 21.7; HRMS (ESI, m/z): calcd for 

C16H15NNaO3S [M+Na]+: 324.06703, found: 324.06581. 

 

Spectral data for N-(4-(tert-butyl)phenyl)-N-ethynyl-4-methylbenzene 

sulfonamide (1o). 

 
Light yellow solid; mp 95.8 – 96.3 °C; 1H NMR (600 MHz, CDCl3): δ 7.59 (d, J = 

8.4 Hz, 2H), 7.31 (dt, J = 9.3 Hz & 2.5 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.13 (dt, J 

= 9.3 Hz & 2.5 Hz, 2H), 2.78 (s, 1H), 2.43 (s, 3H), 1.28 (s, 9H); 13C NMR (150 MHz, 

CDCl3): δ 151.7, 144.9, 135.5, 133.2, 129.5, 128.3, 126.1, 125.9, 55.5, 34.7, 31.2, 

21.7; HRMS (ESI, m/z): calcd for C19H22NO2S [M+H]+: 328.13712, found: 

328.13732. 

 



S12 
 

Spectral data for N-ethynyl-N-(3,4,5-trimethoxyphenyl)methanesulfonamide (1q) 

 

Light yellow solid; mp 155.7 – 156.3 °C; 1H NMR (400 MHz, CDCl3): δ 6.72 (s, 2H), 

3.85 (s, 6H), 3.83 (s, 3H), 3.12 (s, 3H), 2.95 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 

153.5, 138.3, 133.3, 103.4, 75.8, 60.9, 59.8, 56.4, 36.7; HRMS (ESI, m/z) calcd for 

C12H15NNaO5S [M+H]+: 310.051106, found :310.05427. 

 

Spectral data for N-ethynyl-4-methyl-N-(3,4,5-trimethoxyphenyl)benzene 

sulfonamide (1r) 

 

Light yellow solid; mp 122.8 – 123.1 °C; 1H NMR (400 MHz, CDCl3): δ 7.61 (d, J = 

8.4 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 6.4 (s, 2H), 3.8 (s, 3H), 3.71 (s, 6H), 2.83 (s, 

1H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 153.1, 145.1, 138.1, 133.6, 132.8, 

129.5, 128.4, 104.1, 60.9, 58.9, 56.2, 21.7; HRMS (ESI, m/z) calcd for 

C18H19NNaO5S [M+Na]+: 384.08816, found : 384.08767. 

 

Spectral data for N-(3,5-dimethoxyphenyl)-N-(hex-1-yn-1-yl) 

methanesulfonamide (1s) 

 

Light yellow solid; mp 116.3 - 117.1 °C; 1H NMR (400 MHz, CDCl3): δ6.47 (d, J = 

2.4Hz, 2H), 6.36 (t, J = 1.7Hz, 1H), 3.74 (s, 6H), 3.01 (s, 3H), 2.30 (t, J = 7.0Hz, 2H), 

1.51~1.45 (m, 2H), 1.41~1.35 (m, 2H), 0.87 (t, J = 7.3Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ160.8, 140.5, 103.4, 99.7, 72.7, 71.2, 55.4, 35.9, 30.7, 21.8, 18.0, 13.4; 

HRMS (ESI, m/z) calcd for C15H22NO4S [M]+: 312.1270, found: 312.1271 
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Spectral data for 8,10-dimethoxy-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline 

(3a) 

 

White solid; mp 170.0 – 170.4 °C; 1H NMR (400 MHz, CDCl3): δ 8.66 (s, 1H), 8.14 

(d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.67 (t, J = 7.4 Hz, 1H), 7.52~7.47 (m, 

2H), 6.44 (s, 1H), 4.04 (s, 3H), 3.9 (s, 3H), 3.72 (s, 3H); 13C NMR (100 MHz, CDCl3): 

δ 162.0, 156.9, 150.9, 144.6, 141.1, 128.6, 128.5, 128.3, 127.9, 126.1, 125.0, 118.3, 

104.9, 94.7, 91.6, 55.8, 55.7, 42.1; HRMS (ESI, m/z) calcd for C18H17N2O4S [M+H]+: 

357.0904, found: 357.0908 

 

Spectral data for 6-(methylsulfonyl)-8,10-dipropoxy-6H-indolo[2,3-b]quinoline 

(3b) 

 

White solid; mp 170.0 – 170.4 °C; 1H NMR (400 MHz, CDCl3): δ 8.58 (s, 1H), 8.11 

(d, J = 8.4 Hz, 1H), 7.90 (d, J = 7.6 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.49~7.42 (m, 

2H), 6.4 (s, 1H), 4.10 (t, J = 6.4 Hz, 2H), 3.99 (t, J = 6.4 Hz, 2H), 3.7 (s, 3H), 1.99 (q, 

J = 6.9 Hz, 2H), 1.84 (q, J = 6.9 Hz, 2H), 1.17 (t, J = 7.2 Hz, 3H), 1.07 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3): δ 161.5, 156.3, 150.9, 144.5, 144.1, 128.5, 128.3, 

128.0, 127.9, 126.0, 124.9, 118.5, 104.7, 95.4, 92.1, 70.0, 69.8, 42.0, 22.5, 10.6, 10.5; 

HRMS (ESI, m/z) calcd for C22H25N2O4S [M+H]+: 413.15350, found: 413.15314. 

 

Spectral data for 8,10-dimethyl-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline 

(3c) 

 

White solid; mp 194.7 – 195.1 °C; 1H NMR (400 MHz, CDCl3): δ 8.62 (s, 1H), 8.17 

(d, J = 8.0 Hz, 1H), 8.01 (s, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.74~7.70 (m, 1H), 
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7.55~7.51 (m, 1H), 7.02 (s, 1H), 3.72 (s, 3H), 2.81 (s, 3H), 2.49 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 145.3, 139.8, 139.5, 134.1, 129.2, 129.2, 128.6, 128.2, 126.7, 

125.6, 125.2, 119.9, 118.3, 112.7, 42.2, 22.2, 20.7; HRMS (ESI, m/z) calcd for 

C18H17N2O2S [M+H]+: 325.1005, found: 325.1005. 

 

Spectral data for 8,10-dimethoxy-6-tosyl-6H-indolo[2,3-b]quinoline (3d) 

 

White solid; mp 190.8 – 191.5 °C; 1H NMR (600 MHz, CDCl3): δ 8.58 (s, 1H), 8.16 

(d, J = 8.4 Hz, 1H), 8.12 (d, J = 8.4 Hz, 2H), 7.86 (d, J = 8.4 Hz, 1H), 7.70 (d, J = 

1.8 Hz, 1H), 7.66~7.63 (m, 1H), 7.47~7.44 (m, 1H), 7.15 (d, J = 8.4 Hz, 2H), 6.47 (d, 

J = 1.8 Hz, 1H), 4.03 (s, 3H), 3.98 (s, 3H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCl3): 

δ162.3, 157.1, 151.0, 145.0, 144.8, 141.6, 136.1, 129.3, 129.0, 128.3, 128.2, 128.0, 

127.8, 126.3, 124.9, 118.5, 105.7, 94.9, 92.4, 56.0, 55.7, 21.5; HRMS (ESI, m/z) calcd 

for C24H21N2O4S [M+H]+: 433.1217, found: 433.1226. 

 

Spectral data for 8,10-dipropoxy-6-tosyl-6H-indolo[2,3-b]quinoline (3e) 

 

White solid; mp 185.7 – 186.1 °C; 1H NMR (400 MHz, CDCl3): δ 8.55 (s, 1H), 8.17 

(d, J = 8.4 Hz, 1H), 8.12 (d, J = 8.4 Hz, 2H), 7.86 (d, J = 8.4 Hz, 1H), 7.67~7.63 (m, 

2H), 7.46 (t, J = 7.6 Hz, 1H), 7.14 (d, J = 8.4 Hz, 2H), 6.45 (s, 1H), 4.13~4.08 (m, 

4H), 2.25 (s, 3H), 2.01~1.96 (m, 2H), 1.92~1.69 (m, 2H), 1.17~1.09 (m, 6H); 13C 

NMR (100 MHz, CDCl3): δ 161.7, 156.4, 150.9, 144.8, 144.8, 141.4, 135.7, 129.2, 

128.9, 128.2, 128.1, 127.8, 127.7, 126.1, 12.8, 118.7, 105.4, 95.7, 92.6, 70.2, 69.9, 

22.6, 21.5, 10.7, 10.6; HRMS (ESI, m/z) calcd for C28H29N2O4S [M+H]+: 489.18480, 

found: 489.18603 
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Spectral data for 8,10-dimethyl-6-tosyl-6H-indolo[2,3-b]quinoline (3f) 

 

White solid; mp 254.8 – 255.2 °C; 1H NMR (400 MHz, CDCl3): δ 8.47 (s, 1H), 

8.19~8.17 (m, 2H), 8.13 (d, J = 8.4 Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H), 7.70~7.66 (m, 

1H), 7.48~7.44 (m, 1H), 7.15 (d, J = 8.4 Hz, 2H), 6.98 (s, 1H), 2.73 (s, 3H), 2.52 (s, 

3H), 2.25 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 151.0, 145.3, 144.8, 139.8, 139.3, 

135.8, 134.0, 129.2, 128.9, 128.8, 128.7, 128.1, 128.0, 126.8, 125.6, 124.9, 119.8, 

118.6, 112.8, 22.3, 21.5, 20.7; HRMS (ESI, m/z) calcd for C24H21N2O2S [M+H]+: 

401.13237, found: 401.13110. 

 

Spectral data for 8,10-dihexyl-6-tosyl-6H-indolo[2,3-b]quinoline (3g) 

 

White solid; mp 129.7 – 130.1 °C; 1H NMR (600 MHz, CDCl3): δ 8.47 (s, 1H), 8.22 

(s, 1H), 8.19 (d, J = 8.4 Hz, 1H), 8.14 (d, J = 8.4 Hz, 2H), 7.90 (d, J = 8.4 Hz, 1H), 

7.72~7.69 (m, 1H), 7.51~7.49 (m, 1H), 7.16 (d, J = 8.4 Hz, 2H), 7.02 (s, 1H), 3.10 (t, 

J = 7.8 Hz, 2H), 2.79 (t, J = 7.8 Hz, 2H), 2.27 (s, 3H), 1.79~1.70 (m, 4H), 1.52~1.48 

(m, 2H), 1.41~1.32 (m, 12H), 0.89 (q, J = 4.6 Hz, 6H); 13C NMR (100 MHz, CDCl3): 

δ151.1, 145.3, 144.8, 144.7, 140.2, 139.1, 135.9, 129.2, 129.0, 128.8, 128.2, 128.1, 

125.6, 125.2, 125.0, 119.4, 118.3, 112.3, 36.8, 34.2, 31.9, 31.8, 31.7, 29.4, 29.1, 29.0, 

22.7, 22.6, 21.6, 14.1, 14.0; HRMS (ESI, m/z) calcd for C34H41N2O2S [M+H]+: 

541.28887, found: 541.288876. 

 

Spectral data for 6-(methylsulfonyl)-9-propoxy-6H-indolo[2,3-b]quinoline (3h) 

 

White solid; mp 192.7 – 193.0 °C; 1H NMR (400 MHz, CDCl3): δ 8.52 (s, 1H), 8.12 

(t, J = 8.0 Hz, 2H), 7.90 (d, J = 8.0 Hz, 1H), 7.71~7.67 (m, 1H), 7.51~7.45 (m, 2H), 

7.05 (d, J = 8.0 Hz, 1H), 4.00 (t, J = 6.6 Hz, 2H), 3.67 (s, 3H), 1.84 (q, J = 7.1 Hz, 

2H), 1.08 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ156.0, 151.4, 146.2, 

133.3, 129.5, 128.7, 128.1, 127.6, 125.3, 125.2, 123.1, 119.2, 117.0, 115.7, 105.5, 
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70.1, 41.9, 22.6, 10.5; HRMS (ESI, m/z) calcd for C19H19N2O3S [M+H]+: 355.1116, 

found: 355.11095. 

 

Spectral data for 9-methoxy-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline (3i) 

 

White solid; mp 189.4 – 189.6 °C; 1H NMR (400 MHz, CDCl3): δ 8.56 (s, 1H), 

8.16~8.12 (m, 2H), 7.93~7.91 (m, 1H), 7.73~7.69 (m, 1H), 7.52~7.48 (m, 1H), 7.47 

(d, J = 2.7 Hz, 1H), 7.05 (dd, J = 9.2 Hz & 2.7 Hz, 1H), 3.9 (s, 3H), 3.68 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ 156.5, 151.4, 146.2, 133.4, 129.5, 128.7, 128.2, 127.7, 

125.3, 125.2, 123.1, 119.1, 116.4, 115.8, 104.8, 55.8, 42.0; HRMS (ESI, m/z) calcd 

for C17H15N2O3S [M+H]+: 327.0802, found: 327.0798. 

 

Spectral data for 9-(tert-butyl)-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline (3j) 

 

White solid; mp 167.6 – 168.4 °C; 1H NMR (400 MHz, CDCl3): δ 8.69 (s, 1H), 8.20 

(t, J = 9.0 Hz, 2H), 8.07 (d, J = 2.0 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.75~7.71 (m, 

1H), 7.60 (dd, J = 9.0 & 2.0 Hz, 1H), 7.56~7.52 (m, 1H), 3.69 (s, 3H), 1.44 (s, 9H); 
13C NMR (100 MHz, CDCl3): δ 151.5, 147.1, 146.2, 137.3, 129.4, 128.8, 128.1, 127.5, 

126.9, 125.5, 125.3, 122.0, 119.5, 117.5, 114.5, 42.1, 34.8, 31.6; HRMS (ESI, m/z) 

calcd for C20H21N2O2S [M+H]+: 353.13237, found: 353.13259. 

 

Spectral data for 6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline (3k) 

 

White solid; mp 167.6 – 168.4 °C; 1H NMR (600 MHz, CDCl3): δ 8.57 (s, 1H), 8.30 

(d, J = 8.3 Hz, 1H), 8.20~8.19 (m, 1H), 8.06~8.05 (m, 1H), 7.99~7.97 (m, 1H), 

7.76~7.73 (m, 1H), 7.55~7.52 (m, 2H), 7.42~7.39 (m, 1H), 3.74 (s, 3H); 13C NMR 

(150 MHz, CDCl3): δ 151.2, 146.3, 139.4, 129.6, 129.2, 128.8, 128.2, 127.7, 125.5, 

125.4, 123.8, 122.3, 121.1, 119.1, 114.9, 42.3; HRMS (ESI, m/z) calcd for 

C16H13N2O2S [M+H]+: 297.06977, found: 297.06950. 
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Spectral data for 9-fluoro-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline (3l) 

 

1H NMR (600 MHz, CDCl3): δ8.67 (s, 1H), 8.28 (dd, J = 9.2Hz & 4.4Hz, 1H), 8.21 (d, 

J = 8.2Hz, 1H), 8.01 (d, J = 8.2Hz, 1H), 7.79~7.77 (m, 1H), 7.74 (dd, J = 7.9Hz & 

2.7Hz, 1H), 7.59~7.57 (m, 1H), 7.28~7.25 (m, 1H), 3.75 (s, 3H); 13C NMR (160.426 

MHz, CDCl3): δ158.8, 151.5, 146.7, 135.5, 130.1, 128.9, 128.4, 128.3, 125.6, 116.5, 

116.3, 116.3, 107.6, 107.5, 42.3; HRMS (ESI, m/z) calcd for C16H11FN2O2S [M+H]+: 

315.0525, found: 315.05274. 

 

Spectral data for 9-propoxy-6-tosyl-6H-indolo[2,3-b]quinoline (3m) 

 

White solid; mp 173.2 – 174.0 °C; 1H NMR (400 MHz, CDCl3): δ 8.48 (s, 1H), 8.35 

(d, J = 9.2 Hz, 1H), 8.22 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 8.4 Hz, 2H), 7.88 (d, J = 

8.4 Hz, 1H), 7.71 (t, J = 7.1 Hz, 1H), 7.49 (t, J = 7.1 Hz, 1H), 7.45 (d, J = 2.6 Hz, 

1H), 7.15~7.11 (m, 3H), 4.01 (t, J = 6.6 Hz, 2H), 2.24 (s, 3H), 1.89~1.83 (m, 2H), 

1.07 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 156.2, 151.4, 146.4, 144.8, 

135.6, 133.5, 129.3, 129.1, 128.0, 127.9, 127.2, 125.4, 125.1, 123.7, 119.4, 117.0, 

116.1, 105.5, 70.2, 29.7, 22.6, 21.5, 10.6; HRMS (ESI, m/z) calcd for C25H23N2O3S 

[M+H]+: 431.14294, found: 431.14308. 

 

Spectral data for 9-methoxy-6-tosyl-6H-indolo[2,3-b]quinoline (3n) 

 

White solid; mp 205.4 – 206.0 °C; 1H NMR (400 MHz, CDCl3): δ 8.47 (s, 1H), 8.35 

(d, J = 8.4 Hz, 1H), 8.21 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 8.4 Hz, 2H), 7.86 (d, J = 

8.4 Hz, 1H), 7.72~7.68 (m, 1H), 7.49~7.45 (m, 1H), 7.43 (d, J = 2.0 Hz, 1H), 

7.14~7.11 (m, 3H), 3.9 (s, 3H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 156.6, 

151.3, 146.4, 144.8, 135.5, 133.5, 129.3, 129.0, 128.0, 127.9, 127.3, 125.4, 125.1, 

123.7, 119.3, 116.5, 116.1, 104.7, 55.8, 21.5; HRMS (ESI, m/z) calcd for 

C23H19N2O3S [M+H]+: 403.11164 , found: 403.11104. 
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Spectral data for 9-(tert-butyl)-6-tosyl-6H-indolo[2,3-b]quinoline (3o) 

 

White solid; mp 220.9 – 221.5 °C; 1H NMR (400 MHz, CDCl3): δ 8.58 (s, 1H), 8.39 

(d, J = 8.8 Hz, 1H), 8.23 (d, J = 8.4 Hz, 1H), 8.14 (d, J = 8.0 Hz, 2H), 8.01 (s, 1H), 

7.91 (d, J = 8.4 Hz, 1H), 7.71 (t, J = 7.6 Hz, 1H), 7.63 (d, J = 8.8 Hz, 1H), 7.49 (t, J 

= 7.6 Hz, 1H), 7.15 (d, J = 8.0 Hz, 2H), 2.25 (s, 3H), 1.43 (s, 9H); 13C NMR (100 

MHz, CDCl3): δ 151.2, 147.0, 146.2, 144.8, 137.4, 135.7, 129.3, 129.1, 129.0, 128.0, 

127.0, 126.8, 125.5, 125.1, 122.4, 119.5, 117.5, 1114.6, 34.7, 31.6, 21.5; HRMS (ESI, 

m/z) calcd for C26H25N2O2S [M+H]+: 429.16367 , found: 429.16289. 

 

Spectral data for 6-tosyl-6H-indolo[2,3-b]quinoline (3p) 

 

White solid; mp 172.2 – 172.9 °C; 1H NMR (600 MHz, CDCl3): δ 8.52 (s, 1H), 8.49 

(d, J = 8.5 Hz, 1H), 8.21 (d, J = 8.5 Hz, 1H), 8.14 (d, J = 8.5 Hz, 2H), 7.98 (d, J = 

7.6 Hz, 1H), 7.90 (d, J = 7.6 Hz, 1H), 7.73~7.70 (m, 1H), 7.58~7.55 (m, 1H), 

7.51~7.48 (m, 1H), 7.40~7.37 (m, 1H), 7.16 (d, J = 8.6Hz, 2H), 2.63 (s, 3H); 13C 

NMR (150 MHz, CDCl3): δ 151.1, 146.6, 144.9, 139.7, 136.1, 129.3, 129.1, 129.1, 

128.2, 128.0, 127.2, 125.6, 125.2, 123.8, 122.8, 121.0, 119.2, 115.2, 21.5; HRMS 

(ESI, m/z) calcd for C22H17N2O2S [M+H]+: 373.10107 , found: 373.10025. 

 

Spectral data for 8,9,10-trimethoxy-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline 

(3q) 

 

White solid; mp 185.3 – 185.9 °C; 1H NMR (600 MHz, CDCl3): δ 8.71 (s, 1H), 8.13 

(d, J = 8.4 Hz, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.68~7.66 (m, 2H), 7.49 (t, J = 8.4 Hz, 

1H), 4.22 (s, 3H), 3.98 (s, 3H), 3.92 (s, 3H), 3.71 (s, 3H); 13C NMR (150 MHz, 

CDCl3): δ 155.4, 151.0, 149.3, 145.1, 138.3, 135.9, 128.8, 128.6, 128.5, 128.0, 126.0, 
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125.1, 118.4, 108.7, 94.6, 61.3, 60.7, 56.5, 42.2; HRMS (ESI, m/z) calcd for 

C19H19N2O5S [M+H]+: 387.10147 , found: 387.10061. 

 

Spectral data for 8,9,10-trimethoxy-6-tosyl-6H-indolo[2,3-b]quinoline (3r) 

 

White solid; mp 204.0 – 204.7 °C; 1H NMR (400 MHz, CDCl3): δ 8.63 (s, 1H), 8.17 

(d, J = 8.4 Hz, 1H), 8.11 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.4 Hz, 1H), 7.86 (s, 1H), 

7.69~7.65 (m, 1H), 7.49~7.45 (m, 1H), 7.16 (d, J = 8.4 Hz, 2H), 4.18 (s, 3H), 4.06 (s, 

3H), 3.93 (s, 3H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 155.3, 150.7, 149.5, 

145.1, 144.9, 138.2, 135.9, 135.5, 129.3, 128.9, 128.6, 128.2, 128.1, 127.9, 125.9, 

125.0, 118.3, 109.0, 94.5, 61.3, 60.8, 56.5, 21.5; HRMS (ESI, m/z) calcd for 

C25H23N2O5S [M+H]+: 463.13277, found: 463.13198. 

 

Spectral data for 

N-(4-fluorophenyl)-N-(7-formyl-1H-indol-2-yl)methanesulfonamide (4l) 

 

1H NMR (600 MHz, CDCl3): δ10.36 (s, 1H), 10.07 (s, 1H), 7.77 (d, J = 7.9Hz, 1H), 

7.62 (dd, J = 7.4Hz & 1.0Hz, 1H), 7.49~7.46 (m, 2H), 7.24 (t, J = 7.6Hz, 1H), 7.13 (t, 

J = 7.6Hz, 2H), 6.23 (d, J = 2.4Hz, 1H), 3.18 (s, 3H); 13C NMR (193.086 MHz, 

CDCl3): δ136.6, 135.0, 131.4, 130.2, 130.2, 128.7, 128.2, 127.3, 120.2, 116.9, 116.8, 

95.4, 39.0; HRMS (ESI, m/z) calcd for C16H13FN2O3S [M+H]+: 333.0631, found: 

333.06297. 

 

Spectral data for 

3-chloro-8,10-dimethoxy-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline (5a) 

 
White solid; mp 248 °C; 1H NMR (600 MHz, CDCl3): δ 8.67 (s, 1H), 8.16 (s, 1H), 
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7.87 (d, J = 7.8 Hz, 1H), 7.47-7.49 (m, 2H), 6.47 (s, 1H), 4.06 (s, 3H), 3.92 (s, 3H), 

3.72 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 162.4, 157.0, 151.6, 145.0, 141.4, 134.3, 

129.0, 128.1, 127.7, 126.1, 124.5, 118.7, 104.7, 95.0, 91.7, 56.0, 55.8, 42.3; HRMS 

(ESI, m/z) calcd for C18H16ClN2O4S [M+H]+: 391.0519,found : 391.0512. 

 

Spectral data for 

3-bromo-8,10-dimethoxy-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline (5b) 

 

White solid; mp 252 °C; 1H NMR (600 MHz, CDCl3): δ 8.66 (s, 1H), 8.34 (s, 1H), 

7.80 (d, J = 8.6 Hz, 1H), 7.59 (d, J = 8.6 Hz, 1H), 7.48 (s, 1H), 6.47 (s, 1H), 4.06 (s, 

3H), 3.92 (s, 3H), 3.72 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 162.4, 157.1, 151.4, 

145.2, 141.4, 131.0, 129.1, 128.6, 128.2, 124.7, 122.5, 118.8, 104.7, 95.0, 91.7, 56.0, 

55.8, 42.3; HRMS (ESI, m/z) calcd for C18H17BrN2O4S [M+H]+: 435.0014,found : 

435.0000. 

 

Spectral data for 3,8,10-trimethoxy-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline 

(5c) 

 

Light yellow solid; mp 223 °C; 1H NMR (400 MHz, CDCl3): δ 8.61 (s, 1H), 7.80 (d, J 

= 8.4 Hz, 1H), 7.47 (s, 2H ), 7.15-7.17 (m, 1H), 6.46 (s, 1H), 4.04 (s, 3H), 3.96 (s, 

3H), 3.91 (s, 3H), 3.68 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 161.6, 160.3, 156.5, 

151.3, 146.6, 140.6, 128.9, 128.4, 121.3, 118.2, 116.4, 107.2, 105.3, 94.8, 91.6, 55.9, 

55.7, 55.6, 42.0; HRMS (ESI, m/z) calcd for C19H19N2O5S [M+H]+: 387.1015, found: 

387.1009. 

 

Spectral data for 

8,10-dimethoxy-3-methyl-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline (5d) 
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Light yellow solid; mp 223 °C; 1H NMR (600 MHz, CDCl3): δ 8.65 (s, 1H), 7.94 (s, 

1H), 7.83 (d, J = 8.4 Hz, 1H), 7.48 (d, J = 2.0 Hz, 1H), 7.34 (d, J = 8.4 Hz, 1H), 6.46 

(d, J = 2.0 Hz, 1H), 4.05 (s, 3H), 3.91 (s, 3H), 3.71 (s, 3H), 2.56 (s, 3H); 13C NMR 

(150 MHz, CDCl3): δ 161.9, 156.8, 151.1, 145.0, 141.0, 138.9, 128.2, 127.8, 127.6, 

127.3, 124.2, 117.7, 105.2, 94.8, 91.7, 55.9, 55.7, 42.1, 21.8; HRMS (ESI, m/z) calcd 

for C19H19N2O4S [M+H]+: 371.1066, found: 371.1057. 

 

Spectral data for 2-chloro-8,10-dimethoxy-6-(methylsulfonyl)-6H-indolo 

[2,3-b]quinoline (5e) 

 
White solid; mp 248.2 – 248.6 °C; 1H NMR (600 MHz, CDCl3): δ 8.6 (s, 1H), 8.07 (d, 

J = 9.0 Hz, 1H), 7.92 (d, J = 2.4 Hz, 1H), 7.60 (dd, J = 9.0, 2.4 Hz, 1H), 7.50 (d, J = 

2.4 Hz, 1H), 6.48 (s, 1H), 4.07 (s, 3H), 3.93 (s, 3H), 3.71 (s, 3H); 13C NMR (150 

MHz, CDCl3): δ162.8, 157.3, 151.3, 143.2, 141.7, 130.8, 130.2, 129.3, 127.2, 126.9, 

126.5, 119.4, 104.9, 95.1, 92.1, 56.0, 55.8, 42.4; HRMS (ESI, m/z) calcd for 

C18H16ClN2O4S [M+H]+: 391.05193 , found: 391.05215. 

 

Spectral data for 

2-bromo-8,10-dimethoxy-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline (5f) 

 
White solid; mp 220.9 – 222.1 °C; 1H NMR (600 MHz, CDCl3): δ 8.61 (s, 1H), 8.01 

(d, J = 9.0 Hz, 1H), 7.73 (dd, J = 9.0Hz & 2.0 Hz, 1H), 7.51 (d, J = 2.0 Hz, 1H), 6.49 

(d, J = 2.0 Hz, 1H), 4.07 (s, 3H), 3.93 (s, 3H), 3.71 (s, 3H); 13C NMR (150 MHz, 

CDCl3): δ 162.8, 157.3, 151.3, 143.4, 141.7, 131.8, 130.4, 129.9, 127.5, 127.2, 119.4, 

118.7, 104.9, 95.1, 92.1, 56.0, 55.8, 42.4; HRMS (ESI, m/z) calcd for C18H16BrN2O4S 

[M+H]+: 436.99937 , found: 437.00043. 
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Spectral data for 2,8,10-trimethoxy-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline 

(5g) 

 

Light blue solid; mp 196 °C; 1H NMR (400 MHz, CDCl3): δ 8.51 (s, 1H), 8.00 (d, J = 

9.2 Hz, 1H), 7.43 (d, J = 9.2 Hz, 1H), 7.31 (dd, J = 9.2 & 2.0 Hz, 1H), 7.16 (d, J = 2.0 

Hz, 1H), 6.40 (d, J = 2.0 Hz, 1H), 4.01 (s, 3H), 3.91 (s, 3H), 3.88(s, 3H), 3.68 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ 161.8, 156.9, 156.7, 149.6, 141.1, 140.5, 129.8, 127.1, 

127.0, 121.0, 118.5, 105.6, 105.5, 94.6, 91.6, 55.8, 55.7, 55.4, 42.0; HRMS (ESI, m/z) 

calcd for C19H19N2O5S [M+H]+: 387.1015, found: 387.1012. 

 

Spectral data for 8,10-dimethoxy-2-methyl-6-(methylsulfonyl)-6H-indolo[2,3-b] 

quinoline (5h) 

 

White solid; mp 221 °C; 1H NMR (400 MHz, CDCl3): δ 8.55 (s, 1H), 8.01 (d, J = 8.6 

Hz, 1H), 7.66 (s, 1H), 7.49 (d, J = 8.6 Hz, 1H), 7.45 (s, 1H), 6.42 (s, 1H), 4.02 (s, 3H), 

3.89 (s, 3H), 3.69 (s, 3H), 2.53 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 161.9, 156.9, 

150.5, 143.2, 141.1, 134.7, 130.8, 128.3, 127.7, 126.8, 126.1, 118.3, 105.1, 94.7, 91.6, 

55.8, 55.7, 42.1, 21.5; HRMS (ESI, m/z) calcd for C19H19N2O4S [M+H]+: 371.1066, 

found: 371.1070. 

 

Spectral data for 

8,10-dimethoxy-6-(methylsulfonyl)-6H-indolo[2,3-b]quinolin-2-yl ethyl carbonate 

(5i) 

 

White solid; mp 233 °C; 1H NMR (400 MHz, CDCl3): δ 8.62 (s, 1H), 8.13 (d, J = 9.2 

Hz, 1H), 7.75 (d, J = 2.0 Hz, 1H), 7.50 (dd, J = 9.2 & 2.0 Hz, 1H), 7.46 (d, J = 2.0 Hz, 
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1H), 6.43 (d, J = 2.0 Hz, 1H), 4.35 (q, J = 7.2 Hz, 2H), 4.03 (s, 3H), 3.90 (s, 3H), 

3.69 (s, 3H), 1.41 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 162.4, 157.1, 

153.6, 151.0, 147.8, 142.5, 141.4, 130.0, 127.9, 126.2, 123.0, 110.0, 118.0, 104.7, 

94.8, 91.6, 65.0, 55.9, 55.8, 42.1, 14.2; HRMS (ESI, m/z) calcd for C21H21N2O7S 

[M+H]+: 445.1069,found : 445.1057. 

 

Spectral data for 

8,10-dimethoxy-6-(methylsulfonyl)-6H-[1,3]dioxolo[4,5-g]indolo[2,3-b]quinoline 

(5j) 

 

White solid; mp 267.5 – 267.9 °C; 1H NMR (400 MHz, CDCl3): δ 8.54 (s, 1H), 7.47 

(d, J = 2.0 Hz, 1H), 7.45 (s, 1H), 7.19 (s, 1H), 6.46 (d, J = 2.0 Hz, 1H), 6.1 (s, 2H), 

4.05 (s, 3H), 3.91 (s, 3H), 3.67 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 161.8, 156.7, 

150.3, 150.0, 147.0, 143.0, 140.8, 127.6, 122.9, 116.7, 105.7, 103.1, 101.7, 95.0, 92.0, 

55.9, 55.8, 42.3; HRMS (ESI, m/z) calcd for C19H17N2O6S [M+H]+: 401.08073 , 

found: 401.08047. 

 

Spectral data for 

8,10-dimethoxy-11-methyl-6-(methylsulfonyl)-6H-indolo[2,3-b]quinoline (5k) 

 

White solid; mp 211.8 – 212.1 °C; 1H NMR (600 MHz, CDCl3): δ 8.22~8.21 (m, 1H), 

8.10~8.09 (m, 1H), 7.68~7.65 (m, 2H), 7.53~7.50 (m, 1H), 6.48 (d, J = 2.0 Hz, 1H), 

4.0 (s, 3H), 3.93 (s, 3H), 3.77 (s, 3H), 3.28 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 

161.8, 155.7, 150.9, 144.5, 141.9, 138.7, 128.9, 128.5, 126.6, 124.8, 124.3, 117.7, 

106.3, 95.3, 91.8, 55.8, 55.4, 42.7, 17.8; HRMS (ESI, m/z): calcd for C19H19N2O4S 

[M+H]+: 371.10655 , found: 371.10627. 
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Spectral data for 8,10-dimethoxy-6-(methylsulfonyl)-11-phenyl-6H-indolo 

[2,3-b]quinoline (5l) 

 

Yellow solid; mp 232 °C; 1H NMR (400 MHz, CDCl3): δ 8.16 (d, J = 8.0 Hz, 1H), 

7.65 (d, J = 8.0 Hz, 1H), 7.57 (s, 1H), 7.47-7.53 (m, 4H), 7.33-7.37 (m, 3H), 6.18 (s, 

1H), 3.88 (s, 3H), 3.83 (s, 3H), 3.12 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 162.0, 

156.2, 150.7, 144.2, 141.8, 141.5, 139.6, 129.8, 128.5, 128.3, 127.2, 126.9, 126.8, 

126.3, 124.8, 116.9, 105.1, 94.4, 91.0, 55.7, 55.3, 42.6; HRMS (ESI, m/z) calcd for 

C24H21N2O4S [M+H]+: 433.1222, found: 433.1210. 

 

Spectral data for (1Z,2E)-N'-(2-formylphenyl)-N-(methylsulfonyl)- 

N-phenylhex-2-enimidamide (5m’) 

 

Yellow liquid; 1H NMR (400 MHz, acetone-d6): δ10.28 (s, 1H), 7.88 (d, J = 7.4Hz, 

1H), 7.64 (t, J = 7.4Hz, 1H), 7.31 (t, J = 7.4Hz, 1H), 6.96 (d, J = 7.4Hz, 1H), 6.86 (s, 

2H), 6.68~6.60 (m, 1H), 6.53 (s, 1H), 5.60 (d, J = 14.9Hz, 1H), 3.84 (s, 6H), 3.38 (s, 

3H), 1.91 (q, J = 6.9Hz, 2H), 1.23~1.14 (m, 2H), 0.60 (t, J = 7.3Hz, 3H); 13C NMR 

(100 MHz, CDCl3): δ190.9, 160.9, 155.6, 149.4, 148.4, 140.1, 134.7, 130.4, 126.4, 

124.3, 121.2, 119.8, 106.6, 100.4, 55.5, 39.8, 34.3, 21.1, 13.0. 

 

Spectral data for 1-(ethynyloxy)-3,5-dimethylbenzene (6) 

 

1H NMR (400 MHz, CDCl3): δ 6.9 (s, 2H), 6.78-6.77 (m, 1H), 2.32 (s, 6H), 2.06 (s, 

1H); 13C NMR (100 MHz, CDCl3): δ 155.4, 139.7, 126.3, 112.5, 84.8, 33.1, 21.3; 

HRMS (ESI, m/z) calcd. for C10H11O [M+Na]+: 169.0629, found: 169.0524. 
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Spectral data for 1,3-dimethylbenzofuro[2,3-b]quinoline (7) 

 

Light yellow solid; mp 184 °C; 1H NMR (400 MHz, CDCl3): δ 8.37 (s, 1H), 8.05 (d, J 

= 8.2 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.63-7.67 (m, 1H), 7.42-7.46 (m, 1H), 7.13 (s, 

1H), 6.85 (s, 1H), 2.66 (s, 3H), 2.40 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 162.4, 

155.9, 144.9, 139.8, 134.1, 129.2, 129.0, 128.1, 127.9, 126.0, 125.7, 124.7, 118.2, 

118.1, 109.4, 21.9, 19.6; HRMS (ESI, m/z) calcd. for C17H14NO [M+H]+: 248.1075, 

found: 248.1081. 

 

Spectral data for 11-methyl-6-tosyl-6H-indolo[2,3-b]quinoline (8a) 

 

White solid; mp 191.2 – 191.8 °C; 1H NMR (600 MHz, d6-DMSO): δ 8.45 (d, J = 8.4 

Hz, 1H), 8.36 (t, J = 8.4 Hz, 2H), 8.11 (d, J = 8.4 Hz, 1H), 8.05 (d, J = 8.4 Hz, 2H), 

7.82 (t, J = 7.8 Hz, 1H), 7.69 (t, J = 7.8 Hz, 1H), 7.63 (t, J = 7.8 Hz, 1H), 7.52 (t, J = 

7.8 Hz, 1H), 7.32 (d, J = 8.4 Hz, 2H), 3.1 (s, 3H), 2.24 (s, 3H); 13C NMR (150 MHz, 

d6-DMSO): δ 149.8, 145.5, 145.2, 140.5, 138.4, 134.9, 129.7, 128.8, 128.7, 127.6, 

125.2, 125.1, 124.6, 124.3, 124.2, 123.2, 116.2, 114.2, 21.0, 14.9; HRMS (ESI, m/z) 

calcd for C23H19N2O2S [M+H]+: 387.11672 , found: 387.11719 

Spectral data for 11-methyl-6H-indolo[2,3-b]quinoline (8b) 

 

White yellow solid; mp 270.0 – 270.3 °C; 1H NMR (600 MHz, CDCl3): δ 9.95 (s, 1H), 

8.27 (d, J = 8.4 Hz, 2H), 8.11 (d, J = 8.4 Hz, 1H), 7.76~7.73 (m, 1H), 7.53~7.50 (m, 

3H), 7.32~7.24 (m, 1H), 3.22 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 152.7, 146.1, 

140.8, 139.6, 128.8, 127.5, 127.3, 124.2, 124.2, 123.7, 122.9, 122.1, 120.2, 117.0, 

110.8, 15.2; HRMS (ESI, m/z) calcd for C16H13N2 [M+H]+: 233.10787 , found: 

233.10769. 
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Spectral data for 8,10-dimethoxy-3-methyl-6H-indolo[2,3-b]quinoline (8d) 

 

Light yellow solid; mp 315 °C; 1H NMR (600 MHz, d6-DMSO): δ 11.58 (s, 1H), 8.62 

(s, 1H), 7.95 (d, J = 8.3 Hz, 1H), 7.69 (s, 1H), 7.26 (d, J = 8.3 Hz, 1H), 6.58 (d, J = 

1.7 Hz, 1H), 6.41 (d, J = 1.7 Hz, 1H), 4.03 (s, 3H), 3.86 (s, 3H), 2.49 (s, 3H); 13C 

NMR (150 MHz, CDCl3): δ 161.5, 156.9, 152.8, 145.1, 143.5, 137.4, 128.0, 126.3, 

126.0, 124.9, 122.2, 116.5, 102.7, 91.2, 87.9, 55.7, 55.6, 21.5; HRMS (ESI, m/z) calcd 

for C18H17N2O2 [M+H]+: 293.1290, found: 293.1299. 

 

 

(4) X-ray crystallographic structure and data for compound 3a  

(a) X-ray crystallographic structure and data for compound (3a) 

 

(CCDC 1840927) 
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Table 1.  Crystal data and structure refinement for d20007. 

Identification code  d20007 

Empirical formula  C18 H16 N2 O4 S 

Formula weight  356.39 

Temperature  298(2) K 

Wavelength  0.71073 Å  

Crystal system  Monoclinic 

Space group  P 21/n 

Unit cell dimensions a = 5.1019(5) Å  = 90°. 

 b = 33.051(3) Å  = 92.525(4)°. 

 c = 9.4100(10) Å   = 90°. 

Volume 1585.2(3) Å 3 

Z 4 

Density (calculated) 1.493 Mg/m3 

Absorption coefficient 0.232 mm-1 

F(000) 744 

Crystal size 0.72 x 0.02 x 0.01 mm3 

Theta range for data collection 2.25 to 25.09°. 

Index ranges -6<=h<=6, -38<=k<=39, -11<=l<=11 

Reflections collected 25241 

Independent reflections 2800 [R(int) = 0.0730] 

Completeness to theta = 25.09° 99.7 %  

Absorption correction multi-scan 

Max. and min. transmission 0.9977 and 0.8509 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2800 / 0 / 229 

Goodness-of-fit on F2 1.159 

Final R indices [I>2sigma(I)] R1 = 0.0632, wR2 = 0.1114 

R indices (all data) R1 = 0.0821, wR2 = 0.1177 

Largest diff. peak and hole 0.213 and -0.340 e.Å -3 

 

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

for d20007.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

C(1) 2566(8) 3226(1) 5855(4) 52(1) 

C(2) 5439(6) 3567(1) 2985(3) 27(1) 
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C(3) 8195(6) 3124(1) 2017(3) 30(1) 

C(4) 10183(6) 2832(1) 2179(4) 36(1) 

C(5) 11271(7) 2662(1) 1025(4) 41(1) 

C(6) 10408(7) 2776(1) -347(4) 41(1) 

C(7) 8490(7) 3056(1) -549(4) 38(1) 

C(8) 7315(6) 3240(1) 618(3) 30(1) 

C(9) 5302(6) 3532(1) 462(3) 29(1) 

C(10) 4350(6) 3700(1) 1656(3) 27(1) 

C(11) 2360(6) 3996(1) 1949(3) 27(1) 

C(12) 639(6) 4220(1) 1068(3) 31(1) 

C(13) -1081(7) 4334(1) -1298(4) 44(1) 

C(14) -1085(6) 4487(1) 1658(3) 34(1) 

C(15) -1092(6) 4529(1) 3129(3) 35(1) 

C(16) -4522(7) 5022(1) 2967(4) 49(1) 

C(17) 587(6) 4312(1) 4039(3) 36(1) 

C(18) 2280(6) 4046(1) 3422(3) 30(1) 

N(1) 4219(5) 3788(1) 4077(3) 33(1) 

N(2) 7225(5) 3292(1) 3221(3) 33(1) 

O(1) 3198(5) 3977(1) 6543(2) 52(1) 

O(2) 7068(4) 3569(1) 6153(3) 57(1) 

O(3) 817(4) 4151(1) -347(2) 42(1) 

O(4) -2721(5) 4786(1) 3799(3) 52(1) 

S(1) 4425(2) 3664(1) 5793(1) 34(1) 

 

Table 3.   Bond lengths [Å ] and angles [°] for d20007. 

_____________________________________________________ 

C(1)-S(1)  1.733(4) 

C(1)-H(1A)  0.9600 

C(1)-H(1B)  0.9600 

C(1)-H(1C)  0.9600 

C(2)-N(2)  1.300(4) 

C(2)-C(10)  1.415(4) 

C(2)-N(1)  1.426(4) 

C(3)-N(2)  1.373(4) 

C(3)-C(4)  1.403(4) 

C(3)-C(8)  1.424(4) 

C(4)-C(5)  1.362(5) 

C(4)-H(4)  0.9300 
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C(5)-C(6)  1.398(5) 

C(5)-H(5)  0.9300 

C(6)-C(7)  1.352(5) 

C(6)-H(6)  0.9300 

C(7)-C(8)  1.412(4) 

C(7)-H(7)  0.9300 

C(8)-C(9)  1.414(4) 

C(9)-C(10)  1.362(4) 

C(9)-H(9)  0.9300 

C(10)-C(11)  1.445(4) 

C(11)-C(12)  1.393(4) 

C(11)-C(18)  1.398(4) 

C(12)-O(3)  1.358(4) 

C(12)-C(14)  1.381(4) 

C(13)-O(3)  1.424(4) 

C(13)-H(13A)  0.9600 

C(13)-H(13B)  0.9600 

C(13)-H(13C)  0.9600 

C(14)-C(15)  1.390(4) 

C(14)-H(14)  0.9300 

C(15)-O(4)  1.363(4) 

C(15)-C(17)  1.384(5) 

C(16)-O(4)  1.414(4) 

C(16)-H(16A)  0.9600 

C(16)-H(16B)  0.9600 

C(16)-H(16C)  0.9600 

C(17)-C(18)  1.379(4) 

C(17)-H(17)  0.9300 

C(18)-N(1)  1.425(4) 

N(1)-S(1)  1.665(3) 

O(1)-S(1)  1.413(2) 

O(2)-S(1)  1.411(2) 

 

S(1)-C(1)-H(1A) 109.5 

S(1)-C(1)-H(1B) 109.5 

H(1A)-C(1)-H(1B) 109.5 

S(1)-C(1)-H(1C) 109.5 

H(1A)-C(1)-H(1C) 109.5 
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H(1B)-C(1)-H(1C) 109.5 

N(2)-C(2)-C(10) 127.8(3) 

N(2)-C(2)-N(1) 124.1(3) 

C(10)-C(2)-N(1) 108.1(3) 

N(2)-C(3)-C(4) 118.3(3) 

N(2)-C(3)-C(8) 122.9(3) 

C(4)-C(3)-C(8) 118.8(3) 

C(5)-C(4)-C(3) 121.0(3) 

C(5)-C(4)-H(4) 119.5 

C(3)-C(4)-H(4) 119.5 

C(4)-C(5)-C(6) 120.2(3) 

C(4)-C(5)-H(5) 119.9 

C(6)-C(5)-H(5) 119.9 

C(7)-C(6)-C(5) 120.7(3) 

C(7)-C(6)-H(6) 119.7 

C(5)-C(6)-H(6) 119.7 

C(6)-C(7)-C(8) 121.0(3) 

C(6)-C(7)-H(7) 119.5 

C(8)-C(7)-H(7) 119.5 

C(7)-C(8)-C(9) 123.1(3) 

C(7)-C(8)-C(3) 118.4(3) 

C(9)-C(8)-C(3) 118.5(3) 

C(10)-C(9)-C(8) 118.5(3) 

C(10)-C(9)-H(9) 120.8 

C(8)-C(9)-H(9) 120.8 

C(9)-C(10)-C(2) 117.5(3) 

C(9)-C(10)-C(11) 135.4(3) 

C(2)-C(10)-C(11) 107.1(3) 

C(12)-C(11)-C(18) 118.9(3) 

C(12)-C(11)-C(10) 132.5(3) 

C(18)-C(11)-C(10) 108.7(3) 

O(3)-C(12)-C(14) 125.0(3) 

O(3)-C(12)-C(11) 115.3(3) 

C(14)-C(12)-C(11) 119.7(3) 

O(3)-C(13)-H(13A) 109.5 

O(3)-C(13)-H(13B) 109.5 

H(13A)-C(13)-H(13B) 109.5 

O(3)-C(13)-H(13C) 109.5 
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H(13A)-C(13)-H(13C) 109.5 

H(13B)-C(13)-H(13C) 109.5 

C(12)-C(14)-C(15) 119.6(3) 

C(12)-C(14)-H(14) 120.2 

C(15)-C(14)-H(14) 120.2 

O(4)-C(15)-C(17) 114.2(3) 

O(4)-C(15)-C(14) 123.4(3) 

C(17)-C(15)-C(14) 122.4(3) 

O(4)-C(16)-H(16A) 109.5 

O(4)-C(16)-H(16B) 109.5 

H(16A)-C(16)-H(16B) 109.5 

O(4)-C(16)-H(16C) 109.5 

H(16A)-C(16)-H(16C) 109.5 

H(16B)-C(16)-H(16C) 109.5 

C(18)-C(17)-C(15) 116.9(3) 

C(18)-C(17)-H(17) 121.6 

C(15)-C(17)-H(17) 121.6 

C(17)-C(18)-C(11) 122.6(3) 

C(17)-C(18)-N(1) 129.5(3) 

C(11)-C(18)-N(1) 107.9(3) 

C(18)-N(1)-C(2) 108.2(2) 

C(18)-N(1)-S(1) 125.4(2) 

C(2)-N(1)-S(1) 124.2(2) 

C(2)-N(2)-C(3) 114.7(3) 

C(12)-O(3)-C(13) 118.2(2) 

C(15)-O(4)-C(16) 118.8(3) 

O(2)-S(1)-O(1) 118.84(16) 

O(2)-S(1)-N(1) 107.82(14) 

O(1)-S(1)-N(1) 107.11(14) 

O(2)-S(1)-C(1) 108.96(19) 

O(1)-S(1)-C(1) 109.80(18) 

N(1)-S(1)-C(1) 103.14(17) 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  

 

Table 4.   Anisotropic displacement parameters (Å 2x 103)for d20007.  The anisotropic 

displacement factor exponent takes the form: -22[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 
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 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

C(1) 57(2)  48(2) 51(2)  11(2) 6(2)  5(2) 

C(2) 31(2)  26(2) 25(2)  -2(1) 6(1)  -3(1) 

C(3) 31(2)  28(2) 31(2)  -2(1) 4(1)  -3(1) 

C(4) 38(2)  29(2) 42(2)  1(2) 0(2)  2(2) 

C(5) 37(2)  31(2) 54(2)  -2(2) 7(2)  4(2) 

C(6) 44(2)  40(2) 41(2)  -9(2) 16(2)  5(2) 

C(7) 46(2)  36(2) 32(2)  -3(2) 7(2)  4(2) 

C(8) 33(2)  26(2) 31(2)  -1(1) 5(1)  -3(1) 

C(9) 35(2)  28(2) 24(2)  2(1) 2(1)  -3(1) 

C(10) 30(2)  26(2) 24(2)  1(1) 2(1)  -4(1) 

C(11) 29(2)  26(2) 26(2)  0(1) 4(1)  -1(1) 

C(12) 32(2)  32(2) 30(2)  -1(1) 2(1)  -2(2) 

C(13) 43(2)  54(2) 33(2)  6(2) -4(2)  5(2) 

C(14) 28(2)  35(2) 38(2)  0(2) -1(1)  4(1) 

C(15) 31(2)  35(2) 38(2)  -6(2) 6(2)  4(2) 

C(16) 44(2)  46(2) 59(2)  -3(2) 11(2)  16(2) 

C(17) 38(2)  40(2) 29(2)  -7(2) 7(1)  5(2) 

C(18) 32(2)  29(2) 29(2)  1(1) 3(1)  -2(1) 

N(1) 41(2)  35(2) 25(1)  1(1) 3(1)  7(1) 

N(2) 36(2)  33(2) 30(2)  0(1) 2(1)  3(1) 

O(1) 73(2)  54(2) 30(1)  -10(1) 4(1)  17(1) 

O(2) 32(1)  104(2) 34(1)  -2(1) -6(1)  10(1) 

O(3) 47(1)  54(2) 25(1)  -1(1) -3(1)  17(1) 

O(4) 48(2)  60(2) 46(2)  -11(1) 2(1)  25(1) 

S(1) 34(1)  46(1) 22(1)  -2(1) 1(1)  7(1) 

 

Table 5.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å 2x 103) 

for d20007. 

________________________________________________________________________________ 

 x  y  z  U(eq) 

________________________________________________________________________________ 

 

H(1A) 825 3279 5472 77 

H(1B) 2483 3138 6824 77 

H(1C) 3361 3019 5304 77 

H(4) 10766 2753 3087 44 



S33 
 

H(5) 12592 2470 1151 49 

H(6) 11161 2659 -1130 50 

H(7) 7937 3127 -1469 45 

H(9) 4643 3608 -435 35 

H(13A) -840 4238 -2246 65 

H(13B) -873 4622 -1271 65 

H(13C) -2811 4264 -1018 65 

H(14) -2234 4638 1077 40 

H(16A) -3580 5196 2351 74 

H(16B) -5555 5183 3580 74 

H(16C) -5653 4846 2405 74 

H(17) 574 4345 5020 43 

 

 

 

 

(5) 1H,13C Spectral of key compound 
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