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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, 

500 MHz, 600 MHz or Varian 500 MHz, spectrometers using chloroform-d (CDCl3) 

as the internal standards. For HRMS, the data of the choro- and bromo-containing 

compounds are referred to Cl-35 and Br-79, which are the first peaks of their isotopes. 

 

 

(2) Representative synthetic procedures: 

 

(A)  Preparation of (3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1a) 

 

Compound 1s was prepared from 3-phenylpropiolaldehyde according to a 

literature procedure.[s1] 

To a dried flask was added CuI (0.3 g, 1.6 mmol), paraformaldehyde (0.76 g, 

25.6 mmol) and 1,4-dioxane (10 mL). The resulting mixture was stirred at room 

temperature before subsequent addition of iPr2NH (2.3 g, 22.4 mmol), 1s (2.5 g, 16 

mmol) and 1,4-dioxane (5 mL). The mixture was stirred at 110 °C without protection 

of an inert atmosphere. After 5 h, the crude reaction mixture was cooled to room 

temperature, filtered through a celite bed (Et2O), and concentrated in vacuo. The 

residue was purified by column chromatography (SiO2, eluent: EtOAc/hexane) to 

afford 1-phenylhexa-4,5-dien-1-yn-3-ol (2s) as brown oil (1.9 g, 11.2 mmol, 72%). 

The compound 2s (1.9 g, 11.2 mmol) was added to a stirred solution of NaH 
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(0.54 g, 13.4 mmol) in THF (30 mL) at 0 °C, and the resulting mixture was stirred at 0 

°C for 30 min. MeI (3.1 g, 22.4 mmol) was added, and the resulting mixture was 

stirred at rt for 2 h. The reaction was quenched with water and extracted with Et2O. 

The organic layer was washed with water and brine, dried over MgSO4, and 

concentrated. The residue was purified by silica gel chromatography (SiO2, eluent: 

EtOAc/hexane) to afford (3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1a) as brown 

oil (1.3 g, 7.1mmol, 63%). 

1b-1j were synthesized by similar procedure using the corresponding aldehydes.. 

 

(B) Preparation of (3-methoxy-4-methylhexa-4,5-dien-1-yn-1-yl)benzene (1k) 

 

Compound 3s was prepared from 3-phenylpropiolaldehyde according to a 

literature procedure.[s2] 

The compound 3s (2 g, 10.8mmol) was added to a stirred solution of NaH (0.52 

g, 13.0 mmol) in THF (30 mL) at 0 °C, and the resulting mixture was stirred at 0 °C 

for 30 min. MeI (3.0 g, 21.6 mmol) was added, and the resulting mixture was stirred 

at rt for 2 h. The reaction was quenched with water and extracted with Et2O. The 

organic layer was washed with water and brine, dried over MgSO4, and concentrated. 

The residue was purified by silica gel chromatography (SiO2, eluent: EtOAc/hexane) 

to afford (3-methoxy-4-methylhexa-4,5-dien-1-yn-1-yl)benzene (1k) as yellow oil 

(1.6 g, 8.1 mmol, 75%). 

 

(C)Preparation of ethyl 5-methoxy-7-phenylhepta-2,3-dien-6-ynoate (1a’) 
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Compound 1s was prepared from 3-phenylpropiolaldehyde according to a 

literature procedure.[s1] 

To the mixture of the corresponding propargylic alcohol 1s (30 mmol, 1.0 equiv.) 

and CuI (1.5 mmol, 0.05 equiv.) in acetonitrile (30 mL) was added ethyl diazoacetate 

(30 mmol, 1.0 equiv.). The reaction mixture was stirred at room temperature for 5 h. 

The mixture was filtered, washed with DCM and the solvent was evaporated under 

reduced pressure. For the mixture (10 mmol, 1.0 equiv.) was dissolved in DCM (30 

mL). Et3N (12 mmol, 1.2 equiv.) was added slowly. After the reaction mixture was 

stirred for 1 h at room temperature, the mixture was evaporated under reduced 

pressure. The residue was directly subjected to silica gel column chromatography 

(SiO2, eluent: EtOAc/hexane) to give the product 4s in 80% yield.[s3] 

To a vigorously stirred mixture of 4s (30 mg, 0.11 mmol) and fluoroboric acid 

(50% w/v in Et2O, 0.22 mmol) in DCM (4 mL) was added dropwise of TMSCHN2 

(2.0 M in hexane, 0.11 mmol) at 0 °C. The yellow color of TMSCHN2 disappeared 

immediately accompany with the evolution of nitrogen. The stirring was continued at 

0 °C and a further portions of TMSCHN2 (0.22mmol) was added dropwise within 10 

minutes. The mixture returned to room temperature and stirred for 5 h, the reaction 

mixture was then poured into saturated NaCl (5 mL), extracted with DCM (5 mL x3), 

washed with saturated brines, dried over anhydrous MgSO4, and concentrated in 

vacuo to yield a yellow liquid. The brown liquid was purified by chromatography on 

silica gel column (SiO2, eluent: EtOAc/hexane) to afford yellow liquid in 60% yield 

(1a’).[s4] 

.1b’-1k’ were synthesized by similar procedure using the corresponding 

aldehydes.. 

 

(D) Preparation of (3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (13C-1a) 
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Phenylacetylene (1 g, 9.8mmol) was dissolved into dry THF (10 mL) and the 

solution was cooled to -78 °C. To this solution, n-butyllithium (4.7 mL, 11.8mmol, 2.5 

M in hexane) was added. After being stirred for 30 minutes at -78 °C, DMF (1.4g, 

19.6 mmol) (90% dimethylformamide : 10% dimethylformamide-(carbonyl-13C)) 

was added. The reaction mixture was stirred at room temperature for 2h and then the 

reaction was quenched by saturated KH2PO4(aq) and extracted three times with ether. 

The combined organic layer was dried over MgSO4 and the solvent was removed 

under a reduced pressure. The residue was purified by column chromatography (SiO2, 

eluent: EtOAc/hexane) to afford the desired 3-phenylpropiolaldehyde (13C-5s) as 

yellow liquid (1.2 g, 9.3 mmol, 95%). 

(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (13C-1a) was synthesized by 

similar procedure (A). 

 

(E) Preparation of benzisoxazoles (2a-2l, 2b’-2g’) 

    Benzisoxazoles (2a-2l, 2b’-2g’) were prepared according to literature 

procedure.[s5][s6] 
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(3) Standard procedures for catalytic operations: 

 

(A) Preparation of 

1-(2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde (3a) 

 

  A suspension of  chloro[1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene]gold(I) 

(25.4 mg, 0.041mmol) and silver trifluoroacetate (30.2 mg, 0.137 mmol) in dry DCE 

(1 mL) was fitted with N2 balloon, and the mixture was stirred for 10 min. To the 

solution was added a DCE (1 mL) solution of 

(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1a) (50 mg, 0.273 mmol) and 

benzisoxazole (2a) (129 mg, 1.09 mmol) at room temperature. The resulting solution 

was placed in an oil bath at 70 °C, and the mixture was stirred for 30 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 1-(2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde 

(3a) as yellow solid (51 mg, 0.177 mmol, 65%). 

 

(B) Preparation of ethyl 2-formyl-1-phenylpyrrolo[1,2-a]quinoline-4-carboxylate 

(5a) 

 

A suspension of (chloro[1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene]gold(I) 

(18.2 mg, 0.029 mmol) and silver bis(trifluoromethanesulfonyl)imide (11.4 mg, 0.029 
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mmol) in dry DCE (1 mL) was fitted with N2 balloon, and the mixture was stirred for 

10 min. To the solution was added to a DCE (1 mL) solution of ethyl 

5-methoxy-7-phenylhepta-2,3-dien-6-ynoate (50 mg, 0.195 mmol) and benzisoxazole 

(2a) (93.0 mg, 0.781 mmol) at room temperature. The resulting solution was placed in 

an oil bath at 70 °C, and the mixture was stirred for 43 h. Then cool the mixture to 

room temperature. Add DBU(1,8-Diazabicyclo(5.4.0)undec-7-ene) (29.7 mg, 0.195 

mmol) to the mixture. It was stirred for 3 min. 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 ethyl 

2-formyl-1-phenylpyrrolo[1,2-a]quinoline-4-carboxylate (5a) as yellow solid (67 mg, 

0.099 mmol, 51%). 

 

(4) Spectral data for compounds: 

 

(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1a):  

 

Brown oil; 1H NMR (400 MHz, CDCl3): δ 7.46-7.43 (m, 2H), 7.31-7.28 (m, 3H), 5.36 

(q, J = 6.6 Hz, 1H), 4.95 (dd, J = 6.6, 1.9 Hz, 2H), 4.79 (dt, J = 7.0, 2.0 Hz, 1H), 3.45 

(s, 3H); 13C NMR (100 MHz, CDCl3): δ 209.0, 131.8, 128.5, 128.2, 122.4, 90.3, 86.7, 

86.0, 77.7, 69.7, 55.5; EI-MS calcd. for C13H12O[M+]: 184.0888; found: 184.0874. 

 

1-chloro-4-(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1b): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 7.36 (dt, J = 8.9, 2.3 Hz, 2H), 7.26 (dt, J = 

9.0, 2.3 Hz, 2H), 5.33 (q, J = 6.6 Hz, 1H), 4.94 (dd, J = 6.6, 2.1 Hz, 2H), 4.76 (dt, J = 
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7.1, 2.0 Hz, 1H), 3.43 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 209.0, 134.6, 133.0, 

128.6, 120.9, 90.2, 87.0, 85.5, 77.8, 69.6, 55.6; EI-MS calcd. for C13H11
35ClO[M+]: 

218.0498; found: 218.0495. 

 

1-bromo-4-(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1c): 

 

Brown oil; 1H NMR (400 MHz, CDCl3): δ 7.42 (dt, J = 8.5, 1.9 Hz, 2H), 7.29 (dt, J = 

8.8, 2.1 Hz, 2H), 5.33 (q, J = 6.7 Hz, 1H), 4.95-4.93 (m, 2H), 4.76 (dt, J = 7.0, 1.9 Hz, 

1H), 3.43 (s, 3H); 13CNMR (100 MHz, CDCl3): δ 209.0, 133.2, 131.5, 122.8, 121.4, 

90.2, 87.3, 85.6, 77.8, 69.7, 55.6; ESI-MS calcd. for C13H12
79BrO[M+H]: 263.0072; 

found: 263.0056. 

 

1-methoxy-4-(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1d): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 7.38 (dt, J = 9.6, 2.7 Hz, 2H), 6.81 (dt, J = 

9.6, 2.7 Hz, 2H), 5.34 (q, J = 6.7 Hz, 1H), 4.95-4.92 (m, 2H), 4.76 (dt, J = 7.1, 1.9 Hz, 

1H), 3.79 (s, 3H), 3.43 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 209.0, 159.8, 133.3, 

114.5, 113.9, 90.5, 86.6, 84.6, 77.6, 69.8, 55.5, 55.3; ESI-MS calcd. for 

C14H14NaO2[M+Na]: 237.0891; found: 237.0882. 

 

1-(3-methoxyhexa-4,5-dien-1-yn-1-yl)-4-methylbenzene (1e): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 7.43-7.32 (m, 2H), 7.10-7.08 (m, 2H), 
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5.35 (q, J = 6.5 Hz, 1H), 4.95-4.93 (m, 2H), 4.77 (dt, J = 7.0, 1.9 Hz, 1H), 3.44 (s, 

3H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 209.0, 138.7, 131.7, 129.0, 119.3, 

90.5, 86.8, 85.3, 77.6, 69.8, 55.5, 21.5; EI-MS calcd. for C14H14O[M+]: 198.1045; 

found: 198.1040. 

 

1-(tert-butyl)-4-(3-methoxyhexa-4,5-dien-1-yn-1-yl)benzene (1f): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 7.39-7.36 (m, 2H), 7.33-7.30 (m, 2H), 

5.35 (q, J = 6.6 Hz, 1H), 4.94 (dd, J = 6.6, 2.0 Hz, 2H), 4.78 (dt, J = 7.0, 1.9 Hz, 1H), 

3.44 (s, 3H), 1.29 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 209.0, 151.8, 131.5, 125.2, 

119.4, 90.5, 86.8, 85.3, 77.6, 69.7, 55.5, 34.8, 31.1; ESI-MS calcd. for C17H21O[M+H]: 

241.1592; found: 241.1593. 

 

4-methoxy-7-methylocta-1,2-dien-5-yne (1g): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 5.23 (q, J = 6.7Hz, 1H), 4.89-4.87 (m, 2H), 

4.52 (dq, J = 7.0, 1.9 Hz, 1H), 3.35 (s, 3H), 2.62-2.55 (m, 1H), 1.15 (d, J = 6.8 Hz, 

6H); 13C NMR (100 MHz, CDCl3): δ 208.9, 93.1, 90.8, 77.3, 76.2, 69.4, 55.2, 22.9, 

20.5; FI-MS calcd. for C10H14O[M+]: 150.1045; found: 150.1042. 

 

(3-methoxyhexa-4,5-dien-1-yn-1-yl)cyclopropane (1h): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 5.21 (q, J = 6.7 Hz, 1H), 4.88-4.86 (m, 

2H), 4.49 (dq, J = 5.5, 1.9 Hz, 1H), 3.33 (s, 3H), 1.28-1.23 (m, 1H), 0.78-0.74 (m, 
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2H), 0.70-0.66 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 208.8, 90.7, 77.3, 72.2, 69.5, 

55.3, 8.3, -0.6 (one quarternary carbon is merged with others); FI-MS calcd. for 

C10H12O[M+]: 148.0888; found: 148.0886. 

 

4-methoxydeca-1,2-dien-5-yne (1i): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 5.23 (q, J = 6.7 Hz, 1H), 4.88 (dd, J = 6.5, 

1.8 Hz, 2H), 4.54-4.50 (m, 1H), 3.35 (s, 3H), 2.22 (td, J = 6.9, 1.9 Hz, 2H), 1.52-1.35 

(m, 4H), 0.88 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 208.8, 90.8, 87.6, 

69.5, 55.3, 30.6, 21.9, 21.6, 18.4, 13.5 (one quarternary carbon is merged with others); 

FI-MS calcd. for C11H16O[M+]: 164.1201; found: 164.1198. 

 

2-(3-methoxyhexa-4,5-dien-1-yn-1-yl)thiophene (1j): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 7.24 (dd, J = 5.1, 1.1 Hz, 1H), 7.22-7.21 

(m, 1H), 6.95 (dd, J = 5.1, 3.6 Hz, 1H), 5.34 (q, J = 6.8 Hz, 1H), 4.95 (dd, J = 6.5 , 

2.0 Hz, 2H), 4.78 (dt, J = 7.0, 1.9 Hz, 1H), 3.43 (s, 3H); 13C NMR (100 MHz, CDCl3): 

δ 209.0, 132.5, 127.4, 126.9, 122.2, 90.1, 89.9, 79.9, 77.8, 69.9, 55.6; FI-MS calcd. 

for C11H10OS[M+]: 190.0452; found: 190.1350. 

 

(3-methoxy-4-methylhexa-4,5-dien-1-yn-1-yl)benzene (1k): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 7.45-7.43 (m, 2H), 7.31-7.28 (m, 3H), 

4.83-4.81 (m, 2H), 4.71 (t, J = 1.2 Hz, 1H), 3.41 (d, J = 1.2 Hz, 3H), 1.82 (t, J = 3.2 
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Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 207.2, 131.8, 128.4, 128.2, 122.5, 97.3, 86.6, 

85.8, 76.0, 73.4, 55.6, 13.9; FI-MS calcd. for C14H14O[M+]: 198.1039; found: 

198.1034. 

 

ethyl 5-methoxy-7-phenylhepta-2,3-dien-6-ynoate (1a’): 

 

Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.43-7.41 (m, 2H), 7.32-7.28 (m, 3H), 

5.83-5.77 (m, 2H), 4.94 (dd, J = 6.2, 2.5 Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.46 (s, 

3H), 1.25 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 212.6, 212.5, 165.0, 

131.8, 128.7, 128.3, 122.1, 95.3, 95.1, 91.0, 90.7, 87.3, 87.1, 85.0, 84.7, 68.8, 68.1, 

61.1, 55.7, 55.1, 14.2; ESI-MS calcd. for C16H16NaO3[M+Na]: 279.0997; found: 

279.0999. 

 

ethyl 5-methoxy-7-(4-methoxyphenyl)hepta-2,3-dien-6-ynoate (1b’): 

 

Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.45 (d, J = 8.9 Hz, 2H), 6.81 (d, J = 

8.9 Hz, 2H), 5.83-5.76 (m, 2H), 4.92 (dd, J = 6.2, 2.5 Hz, 1H), 4.19 (q, J = 7.0 Hz, 

2H), 3.79 (s, 3H), 3.45 (s, 3H), 1.25 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): 

δ 212.6, 212.5,165.1, 165.0, 159.9, 133.3, 113.9, 95.5, 95.3, 91.0, 90.6, 87.3, 87.1, 

85.0, 83.4, 68.9, 68.3, 61.1, 55.6, 55.3, 55.1, 14.2; ESI-MS calcd. for C17H19O4[M+H]: 

287.1283; found: 287.1281. 

 

ethyl 5-methoxy-7-(p-tolyl)hepta-2,3-dien-6-ynoate (1c’): 
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Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.31 (d, J = 7.9 Hz, 2H), 7.09 (d, J = 

7.9 Hz, 2H), 5.83-5.75 (m, 2H), 4.93 (dd, J = 6.0, 2.4 Hz, 1H), 4.19 (q, J = 7.1 Hz, 

2H), 3.46 (s, 3H), 2.33 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H); 13C NMR (125 MHz, CDCl3): 

δ 212.6, 212.4, 165.0, 164.9, 138.8, 131.7, 129.0, 119.0, 95.3, 95.2, 90.9, 90.6, 87.4, 

84.3, 84.0, 68.8, 68.1, 61.0, 55.5, 54.9, 21.4, 14.1; ESI-MS calcd. for 

C17H18NaO3[M+Na]: 293.1154; found: 293.1151. 

 

ethyl 7-(4-chlorophenyl)-5-methoxyhepta-2,3-dien-6-ynoate (1d’): 

 

Yellow liquid; 1H NMR (500 MHz, CDCl3): δ 7.33 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 

8.4 Hz, 2H), 5.81-5.74 (m, 2H), 4.91 (dd, J = 6.2, 2.1 Hz, 1H), 4.19 (q, J = 7.2 Hz, 

2H), 3.45 (s, 3H), 1.24 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 212.6, 

212.5, 165.0, 164.9, 134.8, 133.0, 128.7, 120.5, 95.2, 95.0, 91.1, 90.8, 86.2, 86.0, 85.9, 

85.8, 68.8, 68.2, 61.2, 55.8, 55.2, 14.2; ESI-MS calcd. for C16H16
35ClO3[M+H]: 

291.0788; found: 291.0783. 

 

ethyl 5-methoxy-7-(3-methoxyphenyl)hepta-2,3-dien-6-ynoate (1e’): 

 

Yellow liquid; 1H NMR (600 MHz, CDCl3): δ 7.19 (td, J = 8.0, 1.6 Hz, 1H), 7.01 (dq,  

J = 8.0, 1.1 Hz, 1H), 6.95-6.94 (m, 1H), 6.87-6.85 (m, 1H), 5.83-5.75 (m, 2H), 4.93 

(dd, J = 6.3, 2.3 Hz, 1H), 4.18 (q, J = 7.2 Hz, 2H), 3.76 (s, 3H), 3.45 (s, 3H), 1.25 (t, J 
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= 7.2 Hz, 3H); 13C NMR (150 MHz, CDCl3): δ 212.6, 212.5, 165.0, 164.9, 159.2, 

129.3, 124.3, 124.2, 123.1, 123.0, 116.6, 116.5, 115,4, 115.3, 95.2, 95.1, 91.0, 90.7, 

87.2, 87.0, 84.8, 84.5, 68.8, 68.1, 61.1, 61.0, 55.7, 55.2, 55.1, 14.1; ESI-MS calcd. for 

C17H19O4[M+H]: 287.1283; found: 287.1279. 

 

ethyl 7-(3-chlorophenyl)-5-methoxyhepta-2,3-dien-6-ynoate (1f’): 

 

Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.41-7.40 (m, 1H), 7.30-7.28 (m, 2H), 

7.23-7.20 (m, 1H), 5.84-5.74 (m, 2H), 4.92 (dd, J = 6.0, 2.3 Hz, 1H), 4.19 (q, J = 7.0 

Hz, 2H), 3.45 (s, 3H), 1.26 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 212.7, 

212.5, 165.0, 164.9, 134.2, 131.7, 129.9, 129.5, 129.0, 123.8, 95.1, 94.9, 91.2, 90.8, 

86.3, 86.0, 85.9, 68.7, 68.1, 61.2, 55.8, 55.2, 14.2; ESI-MS calcd. for 

C16H16
35ClO3[M+H]: 291.0788; found: 291.0786. 

 

ethyl 5-methoxy-7-(2-methoxyphenyl)hepta-2,3-dien-6-ynoate (1g’): 

 
Yellow liquid; 1H NMR (500 MHz, CDCl3): δ 7.38 (d, J = 7.5 Hz, 1H), 7.28 (t,  J = 

7.9 Hz, 1H), 6.89-6.84 (m, 2H), 5.81-5.78 (m, 2H), 5.06-4.93 (m, 1H), 4.18 (q, J = 7.0 

Hz, 2H), 3.84 (s, 3H), 3.47 (s, 3H), 1.24 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 212.7, 212.6, 165.2, 165.0, 160.2, 133.8, 130.2, 120.3, 111.3,110.6, 95.3, 

95.2, 91.0, 90.6, 89.0, 88.6, 83.8, 83.5, 69.0, 68.3, 61.1, 55.7, 55.6, 54.9, 14.2; 

ESI-MS calcd. for C17H19O4[M+H]: 287.1283; found: 287.1257. 

 

ethyl 7-(2-chlorophenyl)-5-methoxyhepta-2,3-dien-6-ynoate (1h’): 
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Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.45 (dd, J = 7.5, 1.8 Hz, 1H), 7.38- 

7.36 (m, 1H), 7.27-7.17 (m, 2H), 5.84-5.78 (m, 2H), 5.03 (dd, J = 5.9, 2.4 Hz, 1H), 

4.18 (q, J = 7.0 Hz, 2H), 3.49 (s, 3H), 1.25 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 212.6, 165.1, 165.0, 136.1, 133.6, 129.7, 129.3, 126.4, 122.1, 95.0, 91.3, 

91.0, 90.1, 89.8, 84.0, 83.9, 68.7, 68.1, 61.1, 55.6, 54.9, 14.2; ESI-MS calcd. for 

C16H16
35ClO3[M+H]: 291.0788; found: 291.0792. 

 

ethyl 5-methoxy-7-(thiophen-2-yl)hepta-2,3-dien-6-ynoate (1i’): 

 

Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.26-7.20 (m, 2H), 6.96-6.94 (m, 1H), 

5.83-5.74 (m, 2H), 4.93 (dd, J = 6.2, 2.3 Hz, 1H), 4.22-4.16 (m, 2H), 3.45 (s, 3H), 

1.25 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 212.6, 212.4, 165.0, 132.7, 

127.7, 126.9, 121.9, 95.0, 94.9, 91.1, 90.8, 88.9, 88.7, 80.6, 68.9, 68.3, 61.1, 55.7, 

55.2, 14.2; ESI-MS calcd. for C14H14NaO3S[M+Na]: 285.0561; found: 285.0549. 

 

ethyl 7-cyclopropyl-5-methoxyhepta-2,3-dien-6-ynoate (1j’): 

 

Yellow liquid; 1H NMR (500 MHz, CDCl3): 5.74-5.60 (m, 2H), 4.68-4.56 (m, 1H), 

4.19-4.14 (m, 2H), 3.34 (s, 3H), 1.26-1.22 (m, 4H), 0.75-0.73 (m, 2H), 0.66-0.64 (m, 

2H); 13C NMR (150 MHz, CDCl3): δ 212.4, 212.2, 165.0, 164.9, 95.6, 95.3, 91.4, 91.2, 

90.6, 90.2, 71.3, 71.0, 68.5, 67.8, 60.9, 60.8, 55.3, 54.7, 47.9, 33.8, 27.2, 22.6, 21.1, 
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14.1, 10.7, 8.3, 8.2, -0.7; ESI-MS calcd. for C13H16NaO3[M+Na]: 243.0992; found: 

243.0999. 

 

ethyl 5-methoxyundeca-2,3-dien-6-ynoate (1k’): 

 

Yellow liquid; 1H NMR (400 MHz, CDCl3): 5.74-5.61 (m, 2H), 4.73-4.60 (m, 1H), 

4.19-4.12 (m, 2H), 3.34 (s, 3H), 2.19 (t, J = 6.8 Hz, 2H), 1.48-1.41 (m, 2H), 1.39-1.32 

(m, 2H), 1.23 (t, J = 7.1 Hz, 3H), 0.85 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 212.4, 212.3, 165.1, 165.0, 95.6, 95.5, 90.8, 90.3, 88.3, 88.1, 76.1, 75.7, 

68.5, 67.8, 60.9, 55.3, 54.7, 30.4, 21.8, 18.3, 14.1, 13.5; ESI-MS calcd. for 

C14H21O3[M+H]: 237.1491; found: 237.1498. 

 

1-(2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde (3a): 

 

Yellow solid; mp: 184.1-185.9 ºC; 1H NMR (600 MHz, CDCl3): δ 9.63 (s, 1H), 9.51 

(s, 1H), 7.86 (dd, J= 7.8, 1.3 Hz, 1H), 7.65 (td, J= 7.7, 1.5 Hz, 1H), 7.50 (t, J=7.6 Hz, 

1H), 7.31 (d, J=7.9 Hz, 1H), 7.23-7.18 (m, 3H), 7.09-7.08 (m, 2H), 6.65 (s, 1H), 2.05 

(s, 3H); 13C NMR (150 MHz, CDCl3): δ 188.5, 186.8, 144.5, 139.4, 134.7, 133.1, 

132.9, 130.8, 130.0, 129.6, 128.9, 128.7, 128.3, 123.9, 106.1, 12.9 (one quarternary 

carbon is merged with others); ESI-MS calcd. for C19H15NNaO2[M+Na]: 312.1000; 

found: 312.0992. 

 

2-(4-chlorophenyl)-1-(2-formylphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde 

(3b): 



16 
 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.60 (s, 1H), 9.49 (s, 1H), 7.87 (dd, J = 7.6, 

1.5 Hz, 1H), 7.66 (td, J = 7.7, 1.7 Hz, 1H), 7.55-7.50 (m, 1H), 7.30 (dd, J = 7.8, 1.0 

Hz, 1H), 7.18-7.15 (m, 2H), 7.03-7.00 (m, 2H), 6.63 (s, 1H), 2.02 (d, J = 1.0 Hz, 3H); 

13C NMR (100 MHz, CDCl3): δ 188.3, 186.2, 142.6, 138.9, 135.0, 134.8, 133.3, 132.8, 

131.9, 130.0, 129.7, 129.3, 128.6, 127.4, 124.0, 106.3, 12.8; ESI-MS calcd. for 

C19H15
35ClNO2[M+H]: 324.0791; found: 324.0781. 

 

2-(4-bromophenyl)-1-(2-formylphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde 

(3c): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.62 (s, 1H), 9.50 (s, 1H), 7.89 (dd, J = 7.6, 

1.5 Hz, 1H), 7.68-7.65 (m, 1H), 7.56-7.52 (m, 1H), 7.35-7.32 (m, 2H), 7.30 (d, J = 7.8 

Hz, 1H), 7.00-6.94 (m, 2H), 6.64 (s, 1H), 2.04 (s, 3H); 13C NMR (100 MHz, CDCl3): 

δ 188.3, 186.2, 142.7, 138.9, 134.8, 133.4, 132.9, 132.1, 131.6, 130.0, 129.8, 129.4, 

127.9, 124.1, 123.3, 106.5, 12.8; ESI-MS calcd. for C19H15
79BrNO2[M+H]: 368.0286; 

found: 368.0279. 

 

1-(2-formylphenyl)-2-(4-methoxyphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde 

(3d): 
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Yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.60 (s, 1H), 9.47 (s, 1H), 7.85 (d, J = 7.6 

Hz, 1H), 7.65 (td, J = 7.6, 1.5 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 7.31 (d, J = 7.9Hz, 

1H), 7.01-6.97 (m, 2H), 6.72-6.68 (m, 2H), 6.61 (s, 1H), 3.70 (d, J = 0.9 Hz, 3H), 

2.03 (d, J = 0.7 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 188.5, 186.7, 159.8, 144.6, 

139.5, 134.6, 132.9, 132.8, 132.0, 130.0, 129.5, 128.8, 123.6, 120.9, 113.8, 105.9, 

55.1, 12.8; ESI-MS calcd. for C20H18NO3[M+H]: 320.1287; found: 320.1280. 

 

1-(2-formylphenyl)-5-methyl-2-(p-tolyl)-1H-pyrrole-3-carbaldehyde (3e): 

 

Yellow solid; mp: 180.8-183.3 ºC; 1H NMR (400 MHz, CDCl3): δ 9.61 (s, 1H), 9.49 

(d, J = 0.6 Hz, 1H), 7.86 (dd, J = 7.8, 1.5 Hz, 1H), 7.65 (td, J = 7.7, 1.7 Hz, 1H), 

7.52-7.48 (m, 1H), 7.31 (dd, J = 7.8 ,1.0 Hz, 1H), 7.00-6.95 (m, 4H), 6.63 (s, 1H), 

2.24 (s, 3H), 2.04 (d, J = 0.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 188.5, 186.8, 

144.8, 139.6, 138.8, 134.6, 132.9, 130.6, 130.0, 129.5, 129.1, 128.7, 125.8, 123.7, 

106.0, 21.2, 12.8 (one C-H carbon is merged with others); ESI-MS calcd. for 

C20H18NO2[M+H]: 304.1338; found: 304.1336. 

 

2-(4-(tert-butyl)phenyl)-1-(2-formylphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde 

(3f): 
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Yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.62 (s, 1H), 9.49 (d, J = 0.6 Hz, 1H), 7.87 

(dd, J = 7.8, 1.5 Hz, 1H), 7.65 (td, J = 7.6 , 1.6 Hz, 1H), 7.52-7.50 (m, 1H), 7.31 (dd, 

J = 7.9, 1.0 Hz, 1H), 7.21-7.18 (m, 2H), 7.01-7.00 (m, 2H), 6.63 (d, J = 0.7 Hz, 1H), 

2.02 (d, J = 1.0 Hz, 3H), 1.21 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 188.5, 186.9, 

151.8, 144.8, 139.6, 134.6, 133.0, 132.9, 130.4, 130.0, 129.5, 128.7, 125.7, 125.2, 

123.8, 106.0, 34.6, 31.0, 12.8; ESI-MS calcd. for C23H24NO2[M+H]: 346.1807; found: 

346.1803. 

 

1-(2-formylphenyl)-2-isopropyl-5-methyl-1H-pyrrole-3-carbaldehyde (3g): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 10.08 (s, 1H), 9.44 (s, 1H), 8.07 (dd, J = 

3.9, 1.6 Hz, 1H), 7.77 (td, J = 7.7, 1.6 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.30 (d, J = 

7.8 Hz, 1H), 6.48 (s, 1H), 2.81-2.74 (m, 1H), 1.86 (s, 3H), 1.25 (q, J = 3.7 Hz, 4H); 

13C NMR (100 MHz, CDCl3): δ 188.7, 185.3, 149.0, 140.0, 135.1, 133.5, 130.8, 130.1, 

129.6, 128.8, 122.0, 107.6, 27.4, 23.4, 23.3, 12.6; ESI-MS calcd. for 

C16H18NO2[M+H]: 256.1338; found: 256.1334. 

 

2-cyclopropyl-1-(2-formylphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde (3h): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 10.09 (s, 1H), 9.52 (d, J = 0.7 Hz, 1H), 
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8.06 (dd, J = 7.8, 1.5 Hz, 1H), 7.76 (td, J = 7.6, 1.6 Hz, 1H), 7.66-7.62 (m, 1H), 7.33 

(dd, J = 7.8, 1.0 Hz, 1H), 6.43 (d, J = 1.0 Hz, 1H), 1.93 (d, J = 0.9 Hz, 3H), 1.58-1.51 

(m, 1H), 0.75-0.70 (m, 1H), 0.68-0.62 (m, 1H), 0.58-0.53 (m, 2H); 13C NMR (100 

MHz, CDCl3): δ 189.0, 185.6, 144.2, 140.3, 135.0, 133.2, 131.6, 129.7, 129.5, 128.8, 

123.7, 105.6, 12.6, 7.2, 6.8, 6.7; ESI-MS calcd. for C16H16NO2[M+H]: 254.1181; 

found: 254.1186. 

 

2-butyl-1-(2-formylphenyl)-5-methyl-1H-pyrrole-3-carbaldehyde (3i): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.88 (s, 1H), 9.43 (s, 1H), 8.08 (dd, J = 

7.8 , 1.2 Hz, 1H), 7.78 (td, J = 7.7, 1.7 Hz, 1H), 7.66 (t, J = 7.8 Hz, 1H), 7.33 (dd, J = 

7.8, 0.6 Hz, 1H), 6.44 (s, 1H), 2.76-2.68 (m, 1H), 2.56-2.49 (m, 1H), 1.91 (s, 3H), 

1.31-1.23 (m, 2H), 1.19-1.12 (m, 2H), 0.70 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 188.8, 185.3, 144.1, 139.3, 135.1, 133.3, 131.6, 130.0, 129.6, 128.8, 122.3, 

106.6, 32.7, 24.7, 22.2, 13.5, 12.6; ESI-MS calcd. for C17H20NO2[M+H]: 270.1494; 

found: 270.1491. 

 

1-(2-formylphenyl)-5-methyl-2-(thiophen-2-yl)-1H-pyrrole-3-carbaldehyde (3j): 

 

Brown solid; mp: 141.8-144.8º C; 1H NMR (400 MHz, CDCl3): δ 9.79 (s, 1H), 9.52 (s, 

1H), 7.94 (d, J = 7.8 Hz, 1H), 7.71-7.67 (m, 1H), 7.58 (t, J = 7.5 Hz, 1H), 7.35 (d, J = 

7.8 Hz, 1H), 7.26-7.24 (m, 1H), 6.91-6.87 (m, 2H), 6.64 (s, 1H), 2.03 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ 188.3, 186.4, 139.2, 136.7, 134.8, 133.9, 133.4, 130.6, 

130.1, 130.0, 129.2, 128.9, 128.7, 127.1, 124.9, 106.5, 12.9; ESI-MS calcd. for 

C17H13NNaO2S [M+Na]: 318.0565; found: 318.0560. 
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1-(4-chloro-2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde 

(3b’): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.62 (s, 1H), 9.43 (s, 1H), 7.81 (d, J = 2.5 

Hz, 1H), 7.60 (dd, J = 8.4, 2.5 Hz, 1H), 7.28-7.21 (m, 4H), 7.09-7.06 (m, 2H), 6.65 (d, 

J = 0.8 Hz, 1H), 2.05 (d, J = 0.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 187.1, 

186.6, 144.5, 137.8, 136.0, 134.6, 133.9, 133.1, 131.3, 130.8, 129.0, 128.7, 128.6, 

124.1, 106.4, 12.9 (one C-H carbon is merged with others); ESI-MS calcd. for 

C19H15
35ClNO2[M+H]: 324.0791; found: 324.0780. 

 

1-(4-bromo-2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde 

(3c’): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.62 (s, 1H), 9.43 (s, 1H), 7.97 (d, J = 2.3 

Hz, 1H), 7.75 (dd, J = 8.4, 2.4 Hz, 1H), 7.28-7.22 (m, 3H), 7.20 (d, J = 8.4 Hz, 1H), 

7.09-7.06 (m, 2H), 6.65 (s, 1H), 2.05 (d, J = 1.1Hz, 3H); 13C NMR (150 MHz, 

CDCl3): δ 187.0, 186.6, 144.4, 138.2, 137.5, 134.0, 133.0, 131.7, 131.5, 130.8, 129.0, 

128.6, 128.5, 124.1, 123.8, 106.4, 12.9; ESI-MS calcd. for C19H14
79BrNNaO2[M+Na]: 

390.0106; found: 390.0094. 

 

1-(2-formyl-4-methylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde 

(3d’): 
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Yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.62 (s, 1H), 9.48 (d, J = 0.6 Hz, 1H), 7.65 

(s, 1H), 7.45-7.42 (m, 1H), 7.24-7.18 (m, 4H), 7.10-7.08 (m, 2H), 6.64 (s, 1H), 2.40 (s, 

3H), 2.03 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 188.7, 186.7, 144.6, 139.9, 136.9, 

135.4, 133.2, 132.5, 130.8, 129.8, 129.1, 129.0, 128.6, 128.3, 123.8, 105.9, 21.1, 12.8; 

ESI-MS calcd. for C20H18NO2[M+H]: 304.1338; found: 304.1346. 

 

1-(2-formyl-4-methoxyphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde 

(3e’): 

 

Yellow solid; mp: 139.3-140.9ºC; 1H NMR (400 MHz, CDCl3): δ 9.62 (s, 1H), 9.43 (s, 

1H), 7.30 (d, J = 3.0 Hz, 1H), 7.24-7.19 (m, 4H), 7.16-7.13 (m, 1H), 7.10-7.08 (m, 

2H), 6.63 (d, J = 0.7 Hz, 1H), 3.83 (s, 3H), 2.04 (d, J = 0.9 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ 188.4, 186.7, 159.9, 144.8, 133.7, 133.5, 132.4, 131.1, 130.8, 129.0, 

128.7, 128.4, 123.8, 121.7, 111.2, 105.9, 55.8, 12.8; ESI-MS calcd. for 

C20H18NO3[M+H]: 320.1287; found: 320.1279. 

 

3-formyl-4-(3-formyl-5-methyl-2-phenyl-1H-pyrrol-1-yl)phenyl acetate (3f’): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.63 (s, 1H), 9.45 (s, 1H), 7.58 (d, J = 2.7 
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Hz, 1H), 7.41 (dd, J = 8.5, 2.7 Hz, 1H), 7.33 (d, J = 8.5 Hz, 1H), 7.25-7.20 (m, 3H), 

7.09-7.07 (m, 2H), 6.65 (s, 1H), 2.30 (s, 3H), 2.07 (d, J = 1.0 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ 187.4, 186.7, 168.5, 151.1, 144.6, 136.6, 133.9, 133.2, 131.1, 130.8, 

128.9, 128.7, 128.5, 127.8, 124.0, 121.5, 106.3, 21.0, 12.9; ESI-MS calcd. for 

C21H17NNaO4[M+Na]: 370.1055; found: 370.1047. 

 

1-(5-chloro-2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde 

(3g’): 

 

Yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.62 (s, 1H), 9.42 (d, J = 0.7Hz, 1H), 7.80 

(d, J = 8.4 Hz, 1H), 7.49-7.46 (m, 1H), 7.35 (d, J = 2.0 Hz, 1H), 7.28-7.22 (m, 3H), 

7.11-7.08 (m, 2H), 6.65 (d, J = 0.8 Hz, 1H), 2.08 (d, J = 0.8 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ 187.2, 186.6, 144.4, 140.9, 140.4, 133.0, 131.4, 130.7, 130.1, 129.9, 

129.0, 128.6, 128.5, 124.1, 106.5, 12.9 (one C-H carbon is merged with others); 

ESI-MS calcd. for C19H15
35ClNO2[M+H]: 324.0791; found: 324.0761. 

 

1-(5-bromo-2-formylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde 

(3h’): 

 

Yellow solid;mp: 165.2-167.1ºC; 1H NMR (400 MHz, CDCl3): δ 9.63 (s, 1H), 9.43 (s, 

1H), 7.71 (d, J = 8.3 Hz, 1H), 7.65-7.63 (m, 1H), 7.52 (d, J = 1.8Hz, 1H), 7.28-7.23 

(m, 3H), 7.09 (dd, J = 7.6, 1.5 Hz, 2H), 6.65 (s, 1H), 2.08 (d, J = 1.0 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ 187.4, 186.6, 144.4, 140.3, 133.1, 133.0, 131.8, 130.8, 

129.9, 129.2, 129.0, 128.6, 128.5, 124.1, 106.5, 12.9 (one quarternary carbon is 

merged with others); ESI-MS calcd. for C19H14
79BrNNaO2[M+Na]: 390.0106; found: 
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390.0099. 

 

1-(2-formyl-5-methylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde 

(3i’): 

 

Yellow solid; mp: 161.3-163.7 ºC; 1H NMR (400 MHz, CDCl3): δ 9.62 (s, 1H), 9.45 

(d, J = 0.6 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.30-7.28 (m, 1H), 7.24-7.18 (m, 3H), 

7.10-7.08 (m, 3H), 6.63 (d, J = 1.1 Hz, 1H), 2.42 (s, 3H), 2.04 (d, J = 0.8 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ 188.3, 186.8, 146.2, 144.5, 139.4, 133.1, 130.7, 130.6, 

130.4, 130.3, 128.9, 128.8, 128.7, 128.3, 123.8, 106.0, 21.7, 12.9; ESI-MS calcd. for 

C20H18NO2[M+H]: 304.1338; found: 304.1338. 

 

1-(2-formyl-5-methoxyphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde 

(3j’): 

 

Yellow solid; mp: 164.3-166.1 ºC; 1H NMR (400 MHz, CDCl3): δ 9.61 (s, 1H), 9.38 

(d, J = 0.6 Hz, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.27-7.20 (m, 3H), 7.14-7.11 (m, 2H), 

6.99-6.96 (m, 1H), 6.74 (d, J = 2.5 Hz, 1H), 6.63 (s, 1H), 3.83 (s, 3H), 2.06 (d, J = 0.8 

Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 187.3, 186.7, 164.4, 144.4, 141.3, 133.0, 

130.8, 128.9, 128.7, 128.3, 126.4, 123.8, 115.4, 115.0, 106.0, 56.0, 12.8 (one 

quarternary carbon is merged with others); ESI-MS calcd. for C20H18NO3[M+H]: 

320.1287; found: 320.1274. 

 

1-(6-formylbenzo[d][1,3]dioxol-5-yl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldeh

yde (3k’): 
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Yellow solid; mp: 187.6-188.4 ºC; 1H NMR (400 MHz, CDCl3): δ 9.61 (s, 1H), 9.25 

(d, J = 0.5 Hz, 1H), 7.28-7.24 (m, 4H), 7.15-7.12 (m, 2H), 6.7 (d, J = 0.5 Hz, 1H), 

6.62 (s, 1H), 6.11 (s, 2H), 2.07 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 186.9, 186.7, 

152.9, 148.8, 144.7, 136.3, 133.4, 130.7, 128.9, 128.8, 128.5, 128.3, 123.9, 109.7, 

106.4, 106.0, 103.0, 12.8; ESI-MS calcd. for C20H16NO4[M+H]: 334.1079; found: 

334.1076. 

 

1-(2-acetylphenyl)-5-methyl-2-phenyl-1H-pyrrole-3-carbaldehyde (3l’): 

 

Yellow solid; mp: 133.5-134.9 ºC; 1H NMR (400 MHz, CDCl3): δ 9.61 (s, 1H), 7.60- 

7.53 (m, 2H), 7.43 (dd, J = 7.5, 1.2 Hz, 1H), 7.29 (dd, J = 7.8, 1.1 Hz, 1H), 7.23-7.17 

(m, 3H), 7.06-7.03 (m, 2H), 6.64 (d, J = 0.9 Hz, 1H), 2.07 (d, J = 0.8 Hz, 3H), 2.00 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ 198.2, 186.8, 143.3, 137.8, 135.3, 132.3, 130.8, 

130.3, 129.6, 129.1, 128.9, 128.5, 128.2, 124.0, 106.1, 28.2, 12.9 (one quarternary 

carbon is merged with others); ESI-MS calcd. for C20H18NO2: 304.1338[M+H]; found: 

304.1331. 

 

(R)-5-hydroxy-1-phenyl-4,5-dihydropyrrolo[1,2-a]quinoline-2-carbaldehyde (4a): 

 

White semi-solid; 1H NMR (400 MHz, CDCl3): δ 9.55 (s, 1H), 7.53-7.51 (m, 1H), 

7.47-7.41 (m, 3H), 7.39-7.37 (m, 2H), 7.14 (dt, J = 7.5, 0.9Hz, 1H), 6.98 (dt,J = 7.8 , 
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1.5 Hz, 1H), 6.65 (s, 1H), 6.57 (d, J = 8.2 Hz, 1H), 4.98 (s, 1H), 3.18-3.01 (m, 2H), 

2.25 (s, 1H); 13C NMR (150 MHz, CDCl3): δ 186.8, 134.1, 132.6, 130.6, 130.3, 129.3, 

129.2, 128.8, 128.2, 126.9, 125.7, 120.7, 105.5, 66.6, 32.4 (two quarternary carbons 

are merged with others); ESI-MS calcd. for C19H15NNaO2[M+Na].: 312.0995; found: 

312.1000. 

(5R)-ethyl 2-formyl-5-hydroxy-1-phenyl-4,5-dihydropyrrolo[1,2-a]quinoline-4- 

carboxylate (4b): 

 

White semi-solid; 1H NMR (600 MHz, CDCl3)(major isomer): δ 9.59 (s, 1H), 7.55 (d, 

J = 7.5 Hz, 1H), 7.48-7.40 (m, 5H), 7.19-7.14 (m, 1H), 7.00-6.96 (m, 1H), 6.80 (s,  

1H), 6.55-6.53 (m, 1H), 5.16-5.15(m, 1H), 4.19-4.15 (m, 2H), 4.09 (d, J = 3.3 Hz, 

1H), 3.86 (d, J = 1.3Hz, 1H), 1.16 (t, J = 7.1Hz, 3H);1H NMR (600 MHz, 

CDCl3)(minor isomer, major peaks): δ 9.58 (s, 1H), 7.67 (d, J = 7.6Hz, 1H), 6.72 (d, J 

= 1.4 Hz, 1H), 5.26 (d, J = 7.7 Hz, 1H), 4.35-4.32 (m, 2H), 3.85-3.84 (m, 1H), 1.34 (t, 

J = 7.2Hz, 3H); 13C NMR (150 MHz, CDCl3) (major isomer): δ 186.7, 170.8, 140.3, 

133.9, 130.7, 129.8, 129,3, 128.8, 127.2, 125.9, 125.1, 120.7, 106.9, 67.8, 62.0, 45.9, 

14.0;13C NMR (150 MHz, CDCl3) (minor isomer, major peaks): δ 186.6, 170.2, 140.5, 

133.3, 130.6, 129.4, 128.9, 126.1, 125.9, 105.7, 67.6, 62.1, 49.1, 14.2; ESI-MS calcd. 

for C22H20NO4 [M+H]: 362.1392; found: 362.1367. 

 

ethyl 2-formyl-1-phenylpyrrolo[1,2-a]quinoline-4-carboxylate (5a): 

 

Yellow solid; mp: 139.7-141.4 ºC; 1H NMR (400 MHz, CDCl3): δ 9.67 (s, 1H), 7.93 

(s, 1H), 7.74 (s, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.60-7.49 (m, 5H), 7.30-7.26 (m, 1H), 

7.16-7.15 (m, 2H), 4.47 (q, J = 7.1 Hz, 2H), 1.47 (t, J = 7.1 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ 187.9, 164.8, 137.1, 135.4, 131.6, 130.8, 130.6, 129.6, 129.1, 128.0, 

127.4, 125.0, 124.4, 121.7, 117.9, 103.3, 61.5, 14.4 (one C-H carbon and one 
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quarternary carbon are merged with others); ESI-MS calcd. for C22H17NNaO3[M+Na]: 

366.1106; found: 366.1083. 

 

ethyl 2-formyl-1-(4-methoxyphenyl)pyrrolo[1,2-a]quinoline-4-carboxylate (5b): 

 

Yellow solid; mp: 175.7-176.9 ºC; 1H NMR (400 MHz, CDCl3): δ 9.67 (s, 1H), 7.90 

(s, 1H), 7.72 (s, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.41-7.39 (m, 2H), 7.30-7.26 (m, 2H), 

7.20-7.15 (m, 1H), 7.08-7.05 (m, 2H), 4.47 (q, J = 7.1 Hz, 2H), 3.92 (s, 3H), 1.47 (t, J 

= 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 188.0, 164.8, 160.6, 137.3, 135.6, 

132.1, 130.6, 129.6, 129.5, 127.9, 127.5, 124.9, 124.5, 123.5, 121.7, 117.9, 114.6 

103.2, 61.5, 55.4, 14.4; ESI-MS calcd. for C23H20NO4[M+H]: 374.1392; found: 

374.1400. 

 

ethyl 2-formyl-1-(p-tolyl)pyrrolo[1,2-a]quinoline-4-carboxylate (5c): 

 

Yellow solid; mp: 113.4-115.6 ºC; 1H NMR (400 MHz, CD2Cl2): δ 9.66 (s, 1H), 7.95 

(s, 1H), 7.73 (dd, J = 7.6, 1.1 Hz, 1H), 7.68 (s, 1H), 7.42-7.38 (m, 4H), 7.34-7.20 (m, 

3H), 4.47 (q, J = 7.1 Hz, 2H), 2.51 (s, 3H), 1.48 (t, J = 7.1 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ 188.0, 164.8, 139.7, 137.5, 135.5, 130.7, 130.5, 129.8, 129.6, 129.5, 

128.5, 127.9, 127.4, 124.9, 124.4, 121.7, 118.0, 103.2, 61.5, 21.5, 14.4; ESI-MS calcd. 

for C23H20NO3[M+H]: 358.1443; found: 358.1438. 

 

ethyl 1-(4-chlorophenyl)-2-formylpyrrolo[1,2-a]quinoline-4-carboxylate (5d): 
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Yellow solid; mp: 145.3-147.1ºC;1H NMR (400 MHz, (CD3)2CO): δ 9.69 (s, 1H), 

8.05 (s, 1H), 7.94 (dd, J = 7.7, 1.7 Hz, 1H), 7.70-7.69 (m, 5H), 7.45-7.34 (m, 2H), 

7.28-7.26 (m, 1H), 4.46 (q, J = 7.1 Hz, 2H), 1.45 (t, J = 7.1 Hz, 3H); 13C NMR (150 

MHz, (CD3)2CO): δ 187.0, 164.8, 136.1, 135.9, 135.8, 133.4, 131.8, 131.3, 130.8, 

130.4, 130.1, 128.6, 128.3, 126.1, 125.2, 121.9, 118.5, 103.8, 61.9, 14.5; ESI-MS 

calcd. for C22H17
35ClNO3[M+H]: 378.0897; found: 378.0896. 

 

ethyl 2-formyl-1-(3-methoxyphenyl)pyrrolo[1,2-a]quinoline-4-carboxylate (5e): 

 

Yellow solid; mp: 148.7-149.4 ºC; 1H NMR (400 MHz, CDCl3): δ 9.70 (s, 1H), 7.93 

(s, 1H), 7.74 (s, 1H), 7.70 (dd, J = 7.4, 1.1 Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H), 7.31-7.27 

(m, 1H), 7.23-7.19 (m, 2H), 7.12-7.07 (m, 2H), 7.02-7.01 (m, 1H), 4.48 (q, J = 7.0 Hz, 

2H), 3.82 (s, 3H), 1.47 (t, J = 7.0 Hz, 3H); 13C NMR (150 MHz, CDCl3): δ 187.9, 

164.8, 160.0, 136.9, 135.4, 132.8, 130.6, 130.2, 129.7, 129.5, 128.0, 127.3, 125.0, 

124.4, 123.2, 121.7, 118.0, 116.1, 115.5, 103.2, 61.5, 55.4, 14.4; ESI-MS calcd. for 

C23H20NO4[M+H]: 374.1392; found: 374.1392. 

 

ethyl 1-(3-chlorophenyl)-2-formylpyrrolo[1,2-a]quinoline-4-carboxylate (5f): 

 

Yellow solid; mp: 146.2-148.4 ºC; 1H NMR (600 MHz,CDCl3): δ 9.70 (s, 1H), 7.95 (s, 

1H), 7.7 (s, 1H), 7.71 (dd, J = 7.8, 1.2 Hz, 1H), 7.57-7.55 (m, 1H), 7.52-7.48 (m, 2H), 

7.41-7.39 (m, 1H), 7.32 (td, J = 8.4, 1.2 Hz, 1H), 7.24-7.21 (m, 1H), 7.17 (d, J = 8.4 
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Hz, 1H), 4.48 (q, J = 7.2 Hz, 2H), 1.47 (t, J = 7.2 Hz, 3H); 13C NMR (150 MHz, 

CDCl3): δ 187.4, 164.7, 135.2, 134.8, 133.5, 130.8, 130.7, 130.4, 129.9, 129.0, 128.2, 

127.6, 125.2, 124.5, 121.7, 117.8, 103.8, 61.6, 14.4(two C-H carbons and one 

quarternary carbon are merged with others); ESI-MS calcd. for C22H17
35ClNO3[M+H]: 

378.0897; found: 378.0899. 

 

ethyl 2-formyl-1-(2-methoxyphenyl)pyrrolo[1,2-a]quinoline-4-carboxylate (5g): 

 

Yellow solid; mp: 185.1-187.4 ºC;1H NMR (400 MHz, CDCl3): δ 9.65 (s, 1H), 7.93 (s, 

1H), 7.76 (s, 1H), 7.68 (dd, J = 7.8, 1.5Hz, 1H), 7.59-7.54 (m, 1H), 7.42 (dd, J= 7.4, 

1.8 Hz, 1H), 7.32-7.26 (m, 2H), 7.20-7.12 (m, 2H), 7.03 (d, J= 8.4 Hz, 1H), 4.47 (q, J 

= 7.1 Hz, 2H), 3.57 (s, 3H), 1.47 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 

188.1, 164.9, 158.3, 136.1, 134.1, 132.7, 131.6, 130.3, 129.7, 129.6, 127.9, 127.0, 

124.8, 124.1, 121.7, 120.9, 120.5, 116.8, 111.2, 103.2, 61.5, 55.4, 14.4; ESI-MS calcd. 

for C23H20NO4[M+H]: 374.1392; found: 374.1396. 

 

ethyl 1-(2-chlorophenyl)-2-formylpyrrolo[1,2-a]quinoline-4-carboxylate (5h): 

 

Yellow solid; mp: 150.2-152.3 ºC; 1H NMR (400 MHz, CDCl3): δ 9.64 (s, 1H), 7.97 

(s, 1H), 7.80 (s, 1H), 7.73-7.72 (m, 1H), 7.61-7.46 (m, 4H), 7.34-7.19 (m, 2H), 7.11 

(d, J = 8.6 Hz, 1H), 4.48 (q, J = 7.0 Hz, 2H), 1.48 (t, J = 7.0 Hz, 3H); 13C NMR (100 

MHz,CDCl3): δ 187.2, 164.8, 135.9, 135.6, 133.1, 131.4, 131.3, 130.7, 130.3, 129.9, 

128.1, 127.4, 127.2, 125.2, 124.2, 121.6, 116.4, 103.7, 61.6, 14.4 (one C-H carbon 

and one quarternary carbon are merged with others); ESI-MS calcd. for 

C22H17
35ClNO3[M+H]: 378.0897; found: 378.0897. 

 

ethyl 2-formyl-1-(thiophen-2-yl)pyrrolo[1,2-a]quinoline-4-carboxylate (5i): 
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Yellow solid; mp: 143.2-145.1 ºC; 1H NMR (400 MHz, CDCl3): δ 9.79 (s, 1H), 7.97 

(s, 1H), 7.76 (s, 1H), 7.72-7.71 (m, 1H), 7.66 (dt, J = 5.0, 0.9 Hz, 1H), 7.35-7.24 (m, 

5H), 4.48 (q, J = 7.0 Hz, 2H), 1.47 (t, J = 7.0 Hz, 3H); 13C NMR (150 MHz, CDCl3): 

δ 187.6, 164.7, 135.5, 131.6, 130.7, 130.5, 130.1, 129.7, 129.3, 128.5, 128.2, 127.8, 

125.2, 124.4, 121.5, 117.6, 103.5, 61.6, 14.4 (one quarternary carbon is merged with 

others); ESI-MS calcd. for C20H16NO3S[M+H]: 350.0851; found: 350.0847. 

 

ethyl 1-cyclopropyl-2-formylpyrrolo[1,2-a]quinoline-4-carboxylate (5j): 

 

Yellow solid; mp: 142.2-144.8 ºC; 1H NMR (600 MHz,CDCl3): δ 10.49 (s, 1H), 8.86 

(d, J = 8.6 Hz, 1H), 7.84 (s, 1H), 7.70 (dd, J = 7.8, 1.3 Hz, 1H), 7.57-7.54 (m, 2H), 

7.40 (td, J = 7.5, 0.8 Hz,1H), 4.43 (q, J = 7.1 Hz, 2H), 2.46-2.41 (m, 1H), 1.43 (t, J = 

7.1 Hz, 3H), 1.38-1.35 (m, 2H), 0.85-0.83 (m, 2H); 13C NMR (150 MHz,CDCl3): δ 

187.8, 164.8, 138.3, 135.9, 130.2, 129.3, 128.7, 127.4, 125.0, 124.7, 121.6, 118.6, 

103.8, 61.4, 14.3, 10.8, 9.8 (one quarternary carbon is merged with others); ESI-MS 

calcd. for C19H18NO3[M+H]: 308.1281; found: 308.1280. 

 

ethyl 1-butyl-2-formylpyrrolo[1,2-a]quinoline-4-carboxylate (5k): 

 

Yellow solid; mp: 76.3-77.6 ºC; 1H NMR (600 MHz, CDCl3): δ 10.20 (s, 1H), 8.16 (d, 

J = 8.7Hz, 1H), 7.82 (s, 1H), 7.73 (dd, J = 7.8, 1.6 Hz, 1H), 7.64 (s, 1H), 7.60-7.57 (m, 

1H), 7.42-7.40 (m, 1H), 4.44 (q, J = 7.2 Hz, 2H), 3.67-3.64 (m, 2H), 1.83-1.78 (m, 
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2H), 1.55-1.49 (m, 2H), 1.45 (t, J = 7.2 Hz, 3H), 0.99 (t, J = 7.4 Hz, 3H); 13C NMR 

(150 MHz, CDCl3): δ 187.7, 164.8, 137.3, 136.1, 130.8, 129.9, 129.1, 126.8, 125.4, 

125.1, 124.9, 121.7, 117.2, 106.3, 61.4, 30.8, 27.2, 22.4, 14.4, 13.8; ESI-MS calcd. for 

C20H22NO3[M+H]: 324.1600; found: 324.1598. 

 

ethyl 7-chloro-2-formyl-1-phenylpyrrolo[1,2-a]quinoline-4-carboxylate(5b’): 

 

Yellow solid; mp: 169.2-170.1 ºC; 1H NMR (600 MHz, CDCl3): δ 9.67 (s, 1H), 7.82 

(s, 1H), 7.76 (s, 1H), 7.66 (d, J = 2.2 Hz, 1H), 7.59-7.54 (m, 3H), 7.49-7.48 (m, 2H), 

7.11-7.07 (m, 2H), 4.48 (q, J = 7.2 Hz, 2H), 1.47 (t, J = 7.2 Hz, 3H); 13C NMR (150 

MHz, CDCl3): δ 187.7, 164.4, 137.2, 133.8, 131.2, 130.7, 130.5, 129.9, 129.5, 129.4, 

129.4, 129.3, 127.5, 126.5, 125.9, 123.0, 119.2, 104.0, 61.7, 14.4; ESI-MS calcd. for 

C22H17
35ClNO3[M+H]: 378.0897; found: 378.0894 

 

ethyl 

2-formyl-7-((methoxycarbonyl)oxy)-1-phenylpyrrolo[1,2-a]quinoline-4-carboxyla

te(5c’): 

 

Yellow semi-solid; 1H NMR (600 MHz, CDCl3): δ 9.67 (s, 1H), 7.87 (s, 1H), 7.76 (s, 

1H), 7.58-7.49 (m, 6H), 7.17 (d, J = 9.4 Hz, 1H), 6.98 (dd, J = 9.4, 2.7 Hz, 1H), 4.48 

(q, J = 7.1 Hz, 2H), 3.89 (s, 3H), 1.47 (t, J = 7.1 Hz, 3H); 13C NMR (150 MHz, 

CDCl3): δ 187.7, 164.5, 154.0, 147.5, 137.2, 133.2, 131.3, 130.8, 129.8, 129.4, 129.3, 

127.4, 127.0, 125.6, 122.8, 122.5, 121.7, 119.1, 103.8, 61.7, 55.7, 14.4 (two C-H 

carbons are merged with others); ESI-MS calcd. for C24H20NO6[M+H]: 418.1291; 

found: 418.1280 
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ethyl 8-chloro-2-formyl-1-phenylpyrrolo[1,2-a]quinoline-4-carboxylate(5d’): 

 

Yellow solid; mp: 158.1-159.8 ºC; 1H NMR (600 MHz, CDCl3): δ 9.70 (s, 1H), 7.88 

(s, 1H), 7.75 (s, 1H), 7.64-7.57 (m, 4H), 7.51-7.49 (m, 2H), 7.25 (dd, J = 8.7, 1.9 Hz, 

1H), 7.07 (d, J = 1.3Hz, 2H), 4.48 (q, J = 7.2 Hz, 2H), 1.47 (t, J = 7.2 Hz, 3H); 13C 

NMR (150 MHz, CDCl3): δ 187.7, 164.6, 137.3, 135.9, 135.3, 131.4, 130.9, 130.7, 

130.1, 129.6, 129.4, 127.6, 127.0, 125.4, 122.9, 121.9, 118.3, 103.7, 61.7, 14.4; 

ESI-MS calcd. for C22H17
35ClNO3[M+H]: 378.0897; found: 378.0899 

 

ethyl 2-formyl-8-methyl-1-phenylpyrrolo[1,2-a]quinoline-4-carboxylate(5e’): 

 

Yellow semi-solid; 1H NMR (600 MHz, CDCl3): δ 9.70 (s, 1H), 7.90 (s, 1H), 7.72 (s, 

1H), 7.57-7.53 (m, 4H), 7.50-7.48 (m, 2H), 7.10-7.09 (m, 1H), 6.88 (s, 1H), 4.47 (q, J 

= 7.1 Hz, 2H), 2.08 (s, 3H) 1.46 (t, J = 7.1 Hz, 3H); 13C NMR (150 MHz, CDCl3): δ 

187.9, 164.9, 140.3, 137.0, 135.4, 131.8, 130.8, 130.3, 129.8, 129.3, 129.0, 128.1, 

127.2, 126.1, 122.0, 120.7, 118.6, 103.0, 61.4, 22.0, 14.4; ESI-MS calcd. for 

C23H20NO3[M+H]: 358.1443; found: 358.1443 

 

ethyl 

2-formyl-7,8-dimethoxy-1-phenylpyrrolo[1,2-a]quinoline-4-carboxylate(5f’): 



32 
 

 

Yellow solid; mp: 133.5-134.6 ºC; 1H NMR (600 MHz, CDCl3): δ 9.69 (s, 1H), 7.90 

(s, 1H), 7.58-7.53 (m, 5H), 7.05 (s, 1H), 6.82 (s, 1H) 4.46 (q, J = 7.2 Hz, 2H), 3.90 (s, 

3H), 3.26 (s, 3H), 1.46 (t, J = 7.2 Hz, 3H); 13C NMR (150 MHz, CDCl3): δ 187.8, 

165.0, 150.6, 146.7, 135.2, 132.2, 131.7, 130.5, 129.6, 129.5, 129.0, 127.8, 127.2, 

119.4, 117.7, 110.5, 102.4, 101.4, 61.3, 56.0, 55.1, 14.4; ESI-MS calcd. for 

C24H22NO5[M+H]: 404.1498; found: 404.1498 

ethyl 

2-formyl-1-phenyl-[1,3]dioxolo[4,5-g]pyrrolo[1,2-a]quinoline-4-carboxylate(5g’): 

 

Yellow solid; mp: 235.1-236.2 ºC; 1H NMR (600 MHz, CDCl3): δ 9.66 (s, 1H), 7.82 

(s, 1H), 7.69 (s, 1H), 7.57-7.53 (m, 3H), 7.48-7.46 (m, 2H), 7.03 (s, 1H), 6.59 (d, J = 

0.4 Hz, 1H), 5.95 (s, 2H), 4.46 (q, J = 7.2 Hz, 2H), 1.46 (t, J = 7.2 Hz, 3H); 13C NMR 

(150 MHz, CDCl3): δ 188.0, 165.0, 149.4, 145.2, 135.8, 131.6, 131.5, 130.9, 129.7, 

129.1, 127.9, 127.3, 119.5, 119.3, 107.8, 102.3, 102.1, 99.0, 61.4, 14.4 (one 

quarternary carbon is merged with others); ESI-MS calcd. for C23H18NO5[M+H]: 

388.1185; found: 388.1185 

 

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

and 5a: 



33 
 

 

 

Table S1.Crystal data and structure refinement for 170932LT_0M. 

Identification code  170932LT_0m 

Empirical formula  C19 H15 N O2 

Formula weight  289.32 

Temperature  100(2) K 

Wavelength  0.71073 Å  

Crystal system  Monoclinic 

Space group  P 21/c 

Unit cell dimensions a = 8.3810(3) Å  = 90°. 

 b = 13.1650(5) Å  = 97.823(2)°. 

 c = 13.3041(5) Å   = 90°. 

Volume 1454.26(9) Å 3 

Z 4 

Density (calculated) 1.321 Mg/m3 

Absorption coefficient 0.086 mm-1 

F(000) 608 

Crystal size 0.15 x 0.12 x 0.02 mm3 

Theta range for data collection 2.186 to 26.397°. 
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Index ranges -10<=h<=9, -13<=k<=16, -16<=l<=16 

Reflections collected 13024 

Independent reflections 2987 [R(int) = 0.0305] 

Completeness to theta = 25.242° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9485 and 0.8947 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2987 / 0 / 204 

Goodness-of-fit on F2 1.038 

Final R indices [I>2sigma(I)] R1 = 0.0399, wR2 = 0.0957 

R indices (all data) R1 = 0.0507, wR2 = 0.1031 

Extinction coefficient n/a 

Largest diff. peak and hole 0.251 and -0.249 e.Å -3 

 

Table S2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å 2x 

103) 

for 170932LT_0M.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________  

O(1) 5624(1) 8226(1) -64(1) 32(1) 

N(1) 1212(1) 7546(1) 1513(1) 20(1) 

C(1) 4077(2) 4133(1) 2328(1) 31(1) 

C(2) 3920(2) 4892(1) 3025(1) 26(1) 

C(3) 3423(2) 5855(1) 2695(1) 23(1) 

C(4) 3095(2) 6067(1) 1661(1) 20(1) 

C(5) 2603(2) 7095(1) 1302(1) 19(1) 

C(6) 31(2) 7081(1) 2052(1) 20(1) 

C(7) -930(2) 6307(1) 1595(1) 25(1) 

C(8) -2107(2) 5885(1) 2101(1) 29(1) 

C(9) -2341(2) 6238(1) 3050(1) 28(1) 

C(10) 3744(2) 4334(1) 1302(1) 35(1) 

C(11) 3266(2) 5299(1) 966(1) 29(1) 

C(12) 1061(2) 8515(1) 1076(1) 21(1) 

C(13) 2370(2) 8670(1) 597(1) 22(1) 

C(14) 3359(2) 7784(1) 730(1) 21(1) 

C(15) 4922(2) 7628(1) 424(1) 24(1) 

C(16) -377(2) 9161(1) 1165(1) 26(1) 



35 
 

C(17) -1388(2) 7006(1) 3505(1) 27(1) 

C(18) -174(2) 7436(1) 3016(1) 23(1) 

C(19) 851(2) 8230(1) 3533(1) 34(1) 

O(2) 530(2) 8722(1) 4250(1) 38(1) 

O(2') 2215(6) 8447(4) 3433(4) 38(1) 

________________________________________________________________________________  

 

Table S3.   Bond lengths [Å ] and angles [°] for  170932LT_0M. 

_____________________________________________________  

O(1)-C(15)  1.2215(17) 

N(1)-C(5)  1.3704(17) 

N(1)-C(12)  1.4013(17) 

N(1)-C(6)  1.4356(17) 

C(1)-C(10)  1.380(2) 

C(1)-C(2)  1.382(2) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.387(2) 

C(2)-H(12)  0.9500 

C(3)-C(4)  1.3933(19) 

C(3)-H(13)  0.9500 

C(4)-C(11)  1.391(2) 

C(4)-C(5)  1.4752(19) 

C(5)-C(14)  1.3907(19) 

C(6)-C(7)  1.387(2) 

C(6)-C(18)  1.3976(19) 

C(7)-C(8)  1.385(2) 

C(7)-H(11)  0.9500 

C(8)-C(9)  1.384(2) 

C(8)-H(10)  0.9500 

C(9)-C(17)  1.376(2) 

C(9)-H(2)  0.9500 

C(10)-C(11)  1.389(2) 

C(10)-H(15)  0.9500 

C(11)-H(14)  0.9500 

C(12)-C(13)  1.3563(19) 

C(12)-C(16)  1.4930(19) 

C(13)-C(14)  1.4271(19) 

C(13)-H(4)  0.9500 
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C(14)-C(15)  1.4388(19) 

C(15)-H(3)  0.9500 

C(16)-H(5)  0.9800 

C(16)-H(6)  0.9800 

C(16)-H(7)  0.9800 

C(17)-C(18)  1.399(2) 

C(17)-H(9)  0.9500 

C(18)-C(19)  1.465(2) 

C(19)-O(2')  1.203(5) 

C(19)-O(2)  1.212(2) 

C(19)-H(8)  0.9569 

C(19)-H(8')  0.9597 

 

C(5)-N(1)-C(12) 109.90(11) 

C(5)-N(1)-C(6) 125.56(11) 

C(12)-N(1)-C(6) 124.45(11) 

C(10)-C(1)-C(2) 120.04(14) 

C(10)-C(1)-H(1) 120.0 

C(2)-C(1)-H(1) 120.0 

C(1)-C(2)-C(3) 119.99(14) 

C(1)-C(2)-H(12) 120.0 

C(3)-C(2)-H(12) 120.0 

C(2)-C(3)-C(4) 120.42(13) 

C(2)-C(3)-H(13) 119.8 

C(4)-C(3)-H(13) 119.8 

C(11)-C(4)-C(3) 119.13(13) 

C(11)-C(4)-C(5) 120.03(13) 

C(3)-C(4)-C(5) 120.83(12) 

N(1)-C(5)-C(14) 107.04(12) 

N(1)-C(5)-C(4) 122.62(12) 

C(14)-C(5)-C(4) 130.34(12) 

C(7)-C(6)-C(18) 120.74(13) 

C(7)-C(6)-N(1) 119.53(12) 

C(18)-C(6)-N(1) 119.70(12) 

C(8)-C(7)-C(6) 119.41(14) 

C(8)-C(7)-H(11) 120.3 

C(6)-C(7)-H(11) 120.3 

C(9)-C(8)-C(7) 120.54(14) 
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C(9)-C(8)-H(10) 119.7 

C(7)-C(8)-H(10) 119.7 

C(17)-C(9)-C(8) 120.10(13) 

C(17)-C(9)-H(2) 119.9 

C(8)-C(9)-H(2) 119.9 

C(1)-C(10)-C(11) 120.30(15) 

C(1)-C(10)-H(15) 119.9 

C(11)-C(10)-H(15) 119.9 

C(10)-C(11)-C(4) 120.12(14) 

C(10)-C(11)-H(14) 119.9 

C(4)-C(11)-H(14) 119.9 

C(13)-C(12)-N(1) 107.35(12) 

C(13)-C(12)-C(16) 131.70(13) 

N(1)-C(12)-C(16) 120.93(12) 

C(12)-C(13)-C(14) 108.20(12) 

C(12)-C(13)-H(4) 125.9 

C(14)-C(13)-H(4) 125.9 

C(5)-C(14)-C(13) 107.49(12) 

C(5)-C(14)-C(15) 124.17(13) 

C(13)-C(14)-C(15) 128.14(13) 

O(1)-C(15)-C(14) 125.56(14) 

O(1)-C(15)-H(3) 117.2 

C(14)-C(15)-H(3) 117.2 

C(12)-C(16)-H(5) 109.5 

C(12)-C(16)-H(6) 109.5 

H(5)-C(16)-H(6) 109.5 

C(12)-C(16)-H(7) 109.5 

H(5)-C(16)-H(7) 109.5 

H(6)-C(16)-H(7) 109.5 

C(9)-C(17)-C(18) 120.55(14) 

C(9)-C(17)-H(9) 119.7 

C(18)-C(17)-H(9) 119.7 

C(6)-C(18)-C(17) 118.64(13) 

C(6)-C(18)-C(19) 122.15(13) 

C(17)-C(18)-C(19) 119.21(13) 

O(2')-C(19)-C(18) 128.5(3) 

O(2)-C(19)-C(18) 124.89(15) 

O(2)-C(19)-H(8) 117.1 
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C(18)-C(19)-H(8) 118.0 

O(2')-C(19)-H(8') 113.0 

C(18)-C(19)-H(8') 118.4 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

 

Table S4.   Anisotropic displacement parameters  (Å 2x 103) for 170932LT_0M.  The anisotropic 

displacement factor exponent takes the form:  -22[ h2a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________  

O(1) 28(1)  38(1) 33(1)  2(1) 14(1)  -3(1) 

N(1) 18(1)  20(1) 22(1)  0(1) 6(1)  0(1) 

C(1) 27(1)  22(1) 43(1)  5(1) 4(1)  4(1) 

C(2) 21(1)  29(1) 29(1)  7(1) 4(1)  -1(1) 

C(3) 20(1)  24(1) 25(1)  0(1) 6(1)  0(1) 

C(4) 15(1)  21(1) 24(1)  -1(1) 5(1)  -1(1) 

C(5) 16(1)  22(1) 19(1)  -3(1) 4(1)  0(1) 

C(6) 16(1)  21(1) 24(1)  4(1) 5(1)  2(1) 

C(7) 22(1)  24(1) 29(1)  0(1) 3(1)  1(1) 

C(8) 20(1)  25(1) 42(1)  3(1) 2(1)  -4(1) 

C(9) 19(1)  28(1) 40(1)  12(1) 9(1)  1(1) 

C(10) 39(1)  26(1) 39(1)  -8(1) 5(1)  7(1) 

C(11) 31(1)  30(1) 27(1)  -3(1) 5(1)  6(1) 

C(12) 21(1)  20(1) 23(1)  1(1) 4(1)  -1(1) 

C(13) 20(1)  22(1) 23(1)  2(1) 4(1)  -1(1) 

C(14) 19(1)  23(1) 20(1)  -1(1) 3(1)  -1(1) 

C(15) 22(1)  28(1) 22(1)  -2(1) 6(1)  0(1) 

C(16) 22(1)  25(1) 32(1)  4(1) 8(1)  3(1) 

C(17) 25(1)  30(1) 27(1)  6(1) 8(1)  7(1) 

C(18) 21(1)  25(1) 24(1)  2(1) 5(1)  2(1) 

C(19) 30(1)  38(1) 34(1)  -7(1) 7(1)  -3(1) 

O(2) 45(1)  41(1) 26(1)  -8(1) 2(1)  -1(1) 

O(2') 45(1)  41(1) 26(1)  -8(1) 2(1)  -1(1) 

______________________________________________________________________________  

 

Table S5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å 2x 103) 

for 170932LT_0M. 
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________________________________________________________________________________  

 x y  z  U(eq) 

________________________________________________________________________________  

 

H(1) 4414 3473 2554 37 

H(12) 4153 4755 3731 32 

H(13) 3305 6373 3176 27 

H(11) -782 6068 940 30 

H(10) -2760 5349 1795 35 

H(2) -3161 5950 3388 34 

H(15) 3842 3809 825 42 

H(14) 3055 5436 259 35 

H(4) 2590 9264 236 26 

H(3) 5452 7006 617 29 

H(5) -260 9816 832 39 

H(6) -468 9273 1883 39 

H(7) -1349 8818 837 39 

H(9) -1556 7245 4156 32 

H(8) 1850 8377 3290 45 

H(8') 441 8622 4050 45 

________________________________________________________________________________  
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Table S6.Crystal data and structure refinement for d19507a. 

Identification code  d19507a 

Empirical formula  C19 H15 N O2 

Formula weight  289.32 

Temperature  200(2) K 

Wavelength  0.71073 Å  

Crystal system  Monoclinic 

Space group  P 21/c 

Unit cell dimensions a = 10.2847(12) Å  = 90°. 

 b = 16.3302(19) Å  = 111.856(3)°. 

 c = 9.0650(9) Å   = 90°. 

Volume 1413.0(3) Å 3 

Z 4 

Density (calculated) 1.360 Mg/m3 

Absorption coefficient 0.088 mm-1 

F(000) 608 

Crystal size 0.15 x 0.14 x 0.03 mm3 

Theta range for data collection 2.47 to 25.15°. 

Index ranges -12<=h<=12, -19<=k<=19, -10<=l<=10 

Reflections collected 14688 

Independent reflections 2503 [R(int) = 0.0704] 

Completeness to theta = 25.15° 98.7 %  

Absorption correction multi-scan 
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Max. and min. transmission 0.9974 and 0.9869 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2503 / 0 / 200 

Goodness-of-fit on F2 1.080 

Final R indices [I>2sigma(I)] R1 = 0.0679, wR2 = 0.1451 

R indices (all data) R1 = 0.1011, wR2 = 0.1621 

Extinction coefficient 0.026(3) 

Largest diff. peak and hole 0.960 and -0.226 e.Å -3 

 

Table S7.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å 2x 103) 

for d19507a.  U(eq) is defined as one third of the trace of the orthogonalized U ij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

C(1) 8755(4) 4058(2) 1398(4) 37(1) 

C(2) 7532(3) 3970(2) 1788(4) 32(1) 

C(3) 7553(3) 3793(2) 3295(4) 30(1) 

C(4) 8782(3) 3586(2) 4727(3) 29(1) 

C(5) 9468(3) 2855(2) 4755(4) 36(1) 

C(6) 10620(4) 2626(2) 6069(4) 41(1) 

C(7) 11087(4) 3127(2) 7380(4) 41(1) 

C(8) 10421(4) 3856(2) 7369(4) 49(1) 

C(9) 9274(4) 4090(2) 6043(4) 43(1) 

C(10) 5588(3) 3676(2) 4380(3) 29(1) 

C(11) 6299(4) 3234(2) 5757(4) 35(1) 

C(12) 5684(4) 3115(2) 6856(4) 38(1) 

C(13) 4358(4) 3405(2) 6580(4) 41(1) 

C(14) 3634(4) 3825(2) 5188(4) 42(1) 

C(15) 4233(3) 3971(2) 4076(4) 32(1) 

C(16) 3466(3) 4444(2) 2563(4) 40(1) 

C(17) 3772(3) 4025(2) 1219(4) 35(1) 

C(18) 5302(3) 4004(2) 1628(3) 31(1) 

C(19) 6110(3) 4100(2) 761(4) 33(1) 

N(1) 6176(3) 3825(2) 3196(3) 29(1) 

O(1) 8745(3) 4281(2) 106(3) 49(1) 

O(2) 2031(3) 4472(2) 2269(3) 56(1) 

________________________________________________________________________________
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Table S8.Bond lengths [Å ] and angles [°] for d19507a. 

_____________________________________________________ 

C(1)-O(1)  1.222(4) 

C(1)-C(2)  1.435(5) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.388(4) 

C(2)-C(19)  1.427(4) 

C(3)-N(1)  1.386(4) 

C(3)-C(4)  1.475(4) 

C(4)-C(9)  1.380(4) 

C(4)-C(5)  1.383(4) 

C(5)-C(6)  1.383(5) 

C(5)-H(5)  0.9500 

C(6)-C(7)  1.374(5) 

C(6)-H(6)  0.9500 

C(7)-C(8)  1.372(5) 

C(7)-H(7)  0.9500 

C(8)-C(9)  1.388(5) 

C(8)-H(8)  0.9500 

C(9)-H(9)  0.9500 

C(10)-C(11)  1.391(4) 

C(10)-C(15)  1.402(4) 

C(10)-N(1)  1.436(4) 

C(11)-C(12)  1.378(4) 

C(11)-H(11)  0.9500 

C(12)-C(13)  1.375(5) 

C(12)-H(12)  0.9500 

C(13)-C(14)  1.384(5) 

C(13)-H(13)  0.9500 

C(14)-C(15)  1.384(5) 

C(14)-H(14)  0.9500 

C(15)-C(16)  1.514(4) 

C(16)-O(2)  1.399(4) 

C(16)-C(17)  1.529(5) 

C(16)-H(16)  1.0000 

C(17)-C(18)  1.476(4) 

C(17)-H(17A)  0.9900 

C(17)-H(17B)  0.9900 
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C(18)-C(19)  1.349(4) 

C(18)-N(1)  1.401(4) 

C(19)-H(19)  0.9500 

O(2)-H(1A)  1.0707 

 

O(1)-C(1)-C(2) 124.8(3) 

O(1)-C(1)-H(1) 117.6 

C(2)-C(1)-H(1) 117.6 

C(3)-C(2)-C(19) 108.0(3) 

C(3)-C(2)-C(1) 124.7(3) 

C(19)-C(2)-C(1) 127.1(3) 

N(1)-C(3)-C(2) 106.7(3) 

N(1)-C(3)-C(4) 125.9(3) 

C(2)-C(3)-C(4) 127.4(3) 

C(9)-C(4)-C(5) 118.6(3) 

C(9)-C(4)-C(3) 122.9(3) 

C(5)-C(4)-C(3) 118.6(3) 

C(6)-C(5)-C(4) 121.1(3) 

C(6)-C(5)-H(5) 119.4 

C(4)-C(5)-H(5) 119.4 

C(7)-C(6)-C(5) 119.7(3) 

C(7)-C(6)-H(6) 120.1 

C(5)-C(6)-H(6) 120.1 

C(8)-C(7)-C(6) 119.8(3) 

C(8)-C(7)-H(7) 120.1 

C(6)-C(7)-H(7) 120.1 

C(7)-C(8)-C(9) 120.4(3) 

C(7)-C(8)-H(8) 119.8 

C(9)-C(8)-H(8) 119.8 

C(4)-C(9)-C(8) 120.3(3) 

C(4)-C(9)-H(9) 119.8 

C(8)-C(9)-H(9) 119.8 

C(11)-C(10)-C(15) 120.5(3) 

C(11)-C(10)-N(1) 122.1(3) 

C(15)-C(10)-N(1) 117.4(3) 

C(12)-C(11)-C(10) 119.5(3) 

C(12)-C(11)-H(11) 120.3 

C(10)-C(11)-H(11) 120.3 
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C(13)-C(12)-C(11) 120.7(3) 

C(13)-C(12)-H(12) 119.6 

C(11)-C(12)-H(12) 119.6 

C(12)-C(13)-C(14) 119.8(3) 

C(12)-C(13)-H(13) 120.1 

C(14)-C(13)-H(13) 120.1 

C(15)-C(14)-C(13) 121.0(3) 

C(15)-C(14)-H(14) 119.5 

C(13)-C(14)-H(14) 119.5 

C(14)-C(15)-C(10) 118.5(3) 

C(14)-C(15)-C(16) 121.7(3) 

C(10)-C(15)-C(16) 119.9(3) 

O(2)-C(16)-C(15) 110.3(3) 

O(2)-C(16)-C(17) 112.2(3) 

C(15)-C(16)-C(17) 107.5(3) 

O(2)-C(16)-H(16) 108.9 

C(15)-C(16)-H(16) 108.9 

C(17)-C(16)-H(16) 108.9 

C(18)-C(17)-C(16) 109.1(3) 

C(18)-C(17)-H(17A) 109.9 

C(16)-C(17)-H(17A) 109.9 

C(18)-C(17)-H(17B) 109.9 

C(16)-C(17)-H(17B) 109.9 

H(17A)-C(17)-H(17B) 108.3 

C(19)-C(18)-N(1) 108.2(3) 

C(19)-C(18)-C(17) 132.9(3) 

N(1)-C(18)-C(17) 118.8(3) 

C(18)-C(19)-C(2) 107.9(3) 

C(18)-C(19)-H(19) 126.1 

C(2)-C(19)-H(19) 126.1 

C(3)-N(1)-C(18) 109.2(2) 

C(3)-N(1)-C(10) 130.5(2) 

C(18)-N(1)-C(10) 120.3(3) 

C(16)-O(2)-H(1A) 109.6 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  
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Table S9.   Anisotropic displacement parameters (Å 2x 103)for d19507a.  The anisotropic 

displacement factor exponent takes the form: -22[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

C(1) 41(2)  37(2) 37(2)  4(1) 19(2)  4(2) 

C(2) 33(2)  33(2) 29(2)  1(1) 10(1)  2(1) 

C(3) 30(2)  29(2) 31(2)  -1(1) 11(1)  2(1) 

C(4) 29(2)  32(2) 25(2)  2(1) 10(1)  0(1) 

C(5) 35(2)  40(2) 31(2)  -6(1) 11(2)  3(2) 

C(6) 35(2)  47(2) 42(2)  5(2) 14(2)  11(2) 

C(7) 34(2)  57(2) 29(2)  9(2) 7(2)  -2(2) 

C(8) 52(2)  51(2) 33(2)  -6(2) 3(2)  -6(2) 

C(9) 48(2)  36(2) 38(2)  -5(2) 10(2)  3(2) 

C(10) 30(2)  31(2) 25(2)  0(1) 11(1)  0(1) 

C(11) 35(2)  38(2) 30(2)  8(1) 11(1)  8(2) 

C(12) 44(2)  40(2) 32(2)  10(1) 15(2)  3(2) 

C(13) 41(2)  51(2) 35(2)  3(2) 17(2)  -5(2) 

C(14) 34(2)  55(2) 36(2)  2(2) 13(2)  2(2) 

C(15) 30(2)  38(2) 27(2)  1(1) 9(1)  3(1) 

C(16) 24(2)  62(2) 31(2)  6(2) 7(1)  6(2) 

C(17) 32(2)  44(2) 24(2)  4(1) 5(1)  1(2) 

C(18) 30(2)  35(2) 26(2)  2(1) 7(1)  2(1) 

C(19) 38(2)  37(2) 24(2)  3(1) 12(1)  3(2) 

N(1) 30(2)  32(1) 23(1)  3(1) 9(1)  1(1) 

O(1) 54(2)  60(2) 42(2)  15(1) 27(1)  8(1) 

O(2) 40(2)  73(2) 53(2)  13(1) 16(1)  9(1) 

______________________________________________________________________________ 

 

Table S10. Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å 2x 103) 

for d19507a. 

________________________________________________________________________________ 

 x y  z  U(eq) 

________________________________________________________________________________ 

 

H(1) 9637 3935 2202 44 

H(5) 9142 2504 3855 43 

H(6) 11087 2124 6066 50 
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H(7) 11869 2969 8293 49 

H(8) 10747 4203 8274 58 

H(9) 8826 4599 6041 51 

H(11) 7201 3015 5938 42 

H(12) 6182 2831 7815 46 

H(13) 3941 3317 7342 50 

H(14) 2712 4015 4994 50 

H(16) 3839 5016 2689 48 

H(17A) 3394 3460 1068 42 

H(17B) 3314 4329 214 42 

H(19) 5790 4230 -338 40 

H(1A) 1550 4948 1431 59 

________________________________________________________________________________ 

 

 

 

Table S11.Crystal data and structure refinement for d20154b. 

Identification code  d20154b 

Empirical formula  C22 H17 N O3 

Formula weight  343.37 
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Temperature  200(2) K 

Wavelength  0.71073 Å  

Crystal system  Monoclinic 

Space group  P 21/c 

Unit cell dimensions a = 7.161(2) Å  = 90.00(3)°. 

 b = 13.323(3) Å  = 95.42(3)°. 

 c = 35.586(7) Å   = 90.00(3)°. 

Volume 3379.7(14) Å 3 

Z 8 

Density (calculated) 1.350 Mg/m3 

Absorption coefficient 0.090 mm-1 

F(000) 1440 

Crystal size 0.68 x 0.07 x 0.02 mm3 

Theta range for data collection 2.30 to 25.01°. 

Index ranges -8<=h<=8, -15<=k<=14, -42<=l<=41 

Reflections collected 31920 

Independent reflections 5915 [R(int) = 0.0802] 

Completeness to theta = 25.01° 99.2 %  

Absorption correction multi-scan 

Max. and min. transmission 0.9982 and 0.9413 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 5915 / 0 / 471 

Goodness-of-fit on F2 1.032 

Final R indices [I>2sigma(I)] R1 = 0.0501, wR2 = 0.1086 

R indices (all data) R1 = 0.1005, wR2 = 0.1362 

Largest diff. peak and hole 0.179 and -0.247 e.Å -3 

 

Table S12. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å 2x 103) 

for d20154b.  U(eq) is defined as one third of the trace of the orthogonalized U ij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

C(1) 2025(4) 1545(2) 6838(1) 42(1) 

C(2) 1955(3) 2490(2) 6635(1) 34(1) 

C(3) 1878(3) 3428(2) 6800(1) 32(1) 

C(4) 1871(4) 3648(2) 7210(1) 35(1) 

C(5) 3526(4) 3644(2) 7445(1) 45(1) 

C(6) 3482(5) 3839(2) 7827(1) 55(1) 
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C(7) 1811(5) 4037(2) 7974(1) 52(1) 

C(8) 162(5) 4034(2) 7743(1) 52(1) 

C(9) 191(4) 3834(2) 7362(1) 44(1) 

C(10) 1678(3) 5198(2) 6530(1) 30(1) 

C(11) 1884(3) 5739(2) 6868(1) 35(1) 

C(12) 1773(4) 6773(2) 6866(1) 40(1) 

C(13) 1470(4) 7298(2) 6529(1) 41(1) 

C(14) 1296(4) 6777(2) 6195(1) 39(1) 

C(15) 1413(3) 5726(2) 6186(1) 32(1) 

C(16) 1335(3) 5196(2) 5833(1) 33(1) 

C(17) 1552(3) 4193(2) 5817(1) 30(1) 

C(18) 1567(3) 3728(2) 5436(1) 33(1) 

C(19) 1513(4) 2230(2) 5078(1) 39(1) 

C(20) 1552(4) 1120(2) 5154(1) 50(1) 

C(21) 1737(3) 3611(2) 6162(1) 30(1) 

C(22) 1880(3) 2608(2) 6238(1) 31(1) 

C(23) 6854(4) 1634(2) 6892(1) 45(1) 

C(24) 6756(3) 2195(2) 6540(1) 32(1) 

C(25) 6794(3) 1762(2) 6187(1) 30(1) 

C(26) 6956(3) 681(2) 6102(1) 30(1) 

C(27) 5458(4) 34(2) 6133(1) 39(1) 

C(28) 5629(4) -982(2) 6062(1) 48(1) 

C(29) 7289(4) -1371(2) 5957(1) 45(1) 

C(30) 8796(4) -736(2) 5932(1) 42(1) 

C(31) 8646(4) 280(2) 6006(1) 37(1) 

C(32) 6588(3) 2507(2) 5524(1) 28(1) 

C(33) 6457(3) 1610(2) 5317(1) 33(1) 

C(34) 6338(4) 1644(2) 4927(1) 38(1) 

C(35) 6330(3) 2543(2) 4736(1) 37(1) 

C(36) 6451(3) 3427(2) 4936(1) 34(1) 

C(37) 6570(3) 3430(2) 5331(1) 29(1) 

C(38) 6588(3) 4361(2) 5535(1) 31(1) 

C(39) 6576(3) 4385(2) 5914(1) 28(1) 

C(40) 6498(3) 5398(2) 6093(1) 33(1) 

C(41) 6620(4) 6310(2) 6669(1) 41(1) 

C(42) 6853(4) 6078(2) 7083(1) 53(1) 

C(43) 6630(3) 3464(2) 6125(1) 28(1) 

C(44) 6652(3) 3245(2) 6500(1) 31(1) 
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N(1) 1752(3) 4135(1) 6512(1) 30(1) 

N(2) 6705(3) 2537(1) 5926(1) 28(1) 

O(1) 2135(3) 723(1) 6693(1) 51(1) 

O(2) 1669(3) 4208(1) 5152(1) 50(1) 

O(3) 1459(2) 2728(1) 5440(1) 38(1) 

O(4) 6824(3) 2021(1) 7203(1) 55(1) 

O(5) 6283(3) 6170(1) 5919(1) 52(1) 

O(6) 6702(2) 5358(1) 6471(1) 38(1) 

________________________________________________________________________________ 

 

Table S13.Bond lengths [Å ] and angles [°] for d20154b. 

_____________________________________________________ 

C(1)-O(1)  1.216(3) 

C(1)-C(2)  1.450(3) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.384(3) 

C(2)-C(22)  1.416(3) 

C(3)-N(1)  1.388(3) 

C(3)-C(4)  1.489(3) 

C(4)-C(5)  1.384(4) 

C(4)-C(9)  1.387(3) 

C(5)-C(6)  1.387(3) 

C(5)-H(5)  0.9500 

C(6)-C(7)  1.376(4) 

C(6)-H(6)  0.9500 

C(7)-C(8)  1.375(4) 

C(7)-H(7)  0.9500 

C(8)-C(9)  1.383(3) 

C(8)-H(8)  0.9500 

C(9)-H(9)  0.9500 

C(10)-C(11)  1.397(3) 

C(10)-C(15)  1.410(3) 

C(10)-N(1)  1.419(3) 

C(11)-C(12)  1.380(3) 

C(11)-H(11)  0.9500 

C(12)-C(13)  1.388(3) 

C(12)-H(12)  0.9500 

C(13)-C(14)  1.371(3) 
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C(13)-H(13)  0.9500 

C(14)-C(15)  1.402(3) 

C(14)-H(14)  0.9500 

C(15)-C(16)  1.437(3) 

C(16)-C(17)  1.347(3) 

C(16)-H(16)  0.9500 

C(17)-C(21)  1.446(3) 

C(17)-C(18)  1.494(3) 

C(18)-O(2)  1.203(3) 

C(18)-O(3)  1.335(3) 

C(19)-O(3)  1.453(3) 

C(19)-C(20)  1.503(3) 

C(19)-H(19A)  0.9900 

C(19)-H(19B)  0.9900 

C(20)-H(20A)  0.9800 

C(20)-H(20B)  0.9800 

C(20)-H(20C)  0.9800 

C(21)-C(22)  1.366(3) 

C(21)-N(1)  1.428(3) 

C(22)-H(22)  0.9500 

C(23)-O(4)  1.222(3) 

C(23)-C(24)  1.455(3) 

C(23)-H(23)  0.9500 

C(24)-C(25)  1.386(3) 

C(24)-C(44)  1.406(3) 

C(25)-N(2)  1.386(3) 

C(25)-C(26)  1.478(3) 

C(26)-C(27)  1.388(3) 

C(26)-C(31)  1.394(3) 

C(27)-C(28)  1.385(3) 

C(27)-H(27)  0.9500 

C(28)-C(29)  1.381(4) 

C(28)-H(28)  0.9500 

C(29)-C(30)  1.381(4) 

C(29)-H(29)  0.9500 

C(30)-C(31)  1.386(3) 

C(30)-H(30)  0.9500 

C(31)-H(31)  0.9500 
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C(32)-C(33)  1.401(3) 

C(32)-C(37)  1.408(3) 

C(32)-N(2)  1.425(3) 

C(33)-C(34)  1.383(3) 

C(33)-H(33)  0.9500 

C(34)-C(35)  1.377(3) 

C(34)-H(34)  0.9500 

C(35)-C(36)  1.375(3) 

C(35)-H(35)  0.9500 

C(36)-C(37)  1.400(3) 

C(36)-H(36)  0.9500 

C(37)-C(38)  1.436(3) 

C(38)-C(39)  1.351(3) 

C(38)-H(38)  0.9500 

C(39)-C(43)  1.438(3) 

C(39)-C(40)  1.495(3) 

C(40)-O(5)  1.203(3) 

C(40)-O(6)  1.338(3) 

C(41)-O(6)  1.456(3) 

C(41)-C(42)  1.499(3) 

C(41)-H(41A)  0.9900 

C(41)-H(41B)  0.9900 

C(42)-H(42A)  0.9800 

C(42)-H(42B)  0.9800 

C(42)-H(42C)  0.9800 

C(43)-C(44)  1.365(3) 

C(43)-N(2)  1.426(3) 

C(44)-H(44)  0.9500 

 

O(1)-C(1)-C(2) 124.9(2) 

O(1)-C(1)-H(1) 117.6 

C(2)-C(1)-H(1) 117.6 

C(3)-C(2)-C(22) 108.9(2) 

C(3)-C(2)-C(1) 125.0(2) 

C(22)-C(2)-C(1) 126.1(2) 

C(2)-C(3)-N(1) 107.58(19) 

C(2)-C(3)-C(4) 126.7(2) 

N(1)-C(3)-C(4) 125.7(2) 
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C(5)-C(4)-C(9) 119.4(2) 

C(5)-C(4)-C(3) 120.6(2) 

C(9)-C(4)-C(3) 120.0(2) 

C(4)-C(5)-C(6) 119.6(3) 

C(4)-C(5)-H(5) 120.2 

C(6)-C(5)-H(5) 120.2 

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

C(7)-C(6)-H(6) 119.6 

C(5)-C(6)-H(6) 119.6 

C(8)-C(7)-C(6) 120.0(3) 

C(8)-C(7)-H(7) 120.0 

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

C(7)-C(8)-C(9) 119.8(3) 

C(7)-C(8)-H(8) 120.1 

C(9)-C(8)-H(8) 120.1 

C(8)-C(9)-C(4) 120.6(3) 

C(8)-C(9)-H(9) 119.7 

C(4)-C(9)-H(9) 119.7 

C(11)-C(10)-C(15) 118.9(2) 

C(11)-C(10)-N(1) 123.5(2) 

C(15)-C(10)-N(1) 117.5(2) 

C(12)-C(11)-C(10) 120.7(2) 

C(12)-C(11)-H(11) 119.7 

C(10)-C(11)-H(11) 119.7 

C(11)-C(12)-C(13) 120.7(2) 

C(11)-C(12)-H(12) 119.6 

C(13)-C(12)-H(12) 119.6 

C(14)-C(13)-C(12) 119.2(2) 

C(14)-C(13)-H(13) 120.4 

C(12)-C(13)-H(13) 120.4 

C(13)-C(14)-C(15) 121.7(2) 

C(13)-C(14)-H(14) 119.2 

C(15)-C(14)-H(14) 119.2 

C(14)-C(15)-C(10) 118.8(2) 

C(14)-C(15)-C(16) 120.9(2) 

C(10)-C(15)-C(16) 120.3(2) 

C(17)-C(16)-C(15) 122.0(2) 

C(17)-C(16)-H(16) 119.0 
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C(15)-C(16)-H(16) 119.0 

C(16)-C(17)-C(21) 119.8(2) 

C(16)-C(17)-C(18) 117.4(2) 

C(21)-C(17)-C(18) 122.8(2) 

O(2)-C(18)-O(3) 123.2(2) 

O(2)-C(18)-C(17) 123.3(2) 

O(3)-C(18)-C(17) 113.5(2) 

O(3)-C(19)-C(20) 106.90(19) 

O(3)-C(19)-H(19A) 110.3 

C(20)-C(19)-H(19A) 110.3 

O(3)-C(19)-H(19B) 110.3 

C(20)-C(19)-H(19B) 110.3 

H(19A)-C(19)-H(19B) 108.6 

C(19)-C(20)-H(20A) 109.5 

C(19)-C(20)-H(20B) 109.5 

H(20A)-C(20)-H(20B) 109.5 

C(19)-C(20)-H(20C) 109.5 

H(20A)-C(20)-H(20C) 109.5 

H(20B)-C(20)-H(20C) 109.5 

C(22)-C(21)-N(1) 108.10(19) 

C(22)-C(21)-C(17) 133.8(2) 

N(1)-C(21)-C(17) 118.1(2) 

C(21)-C(22)-C(2) 107.5(2) 

C(21)-C(22)-H(22) 126.2 

C(2)-C(22)-H(22) 126.2 

O(4)-C(23)-C(24) 124.0(2) 

O(4)-C(23)-H(23) 118.0 

C(24)-C(23)-H(23) 118.0 

C(25)-C(24)-C(44) 109.2(2) 

C(25)-C(24)-C(23) 124.3(2) 

C(44)-C(24)-C(23) 126.5(2) 

N(2)-C(25)-C(24) 107.01(19) 

N(2)-C(25)-C(26) 126.12(19) 

C(24)-C(25)-C(26) 126.8(2) 

C(27)-C(26)-C(31) 118.5(2) 

C(27)-C(26)-C(25) 120.8(2) 

C(31)-C(26)-C(25) 120.6(2) 

C(28)-C(27)-C(26) 120.6(3) 
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C(28)-C(27)-H(27) 119.7 

C(26)-C(27)-H(27) 119.7 

C(29)-C(28)-C(27) 120.7(3) 

C(29)-C(28)-H(28) 119.7 

C(27)-C(28)-H(28) 119.7 

C(30)-C(29)-C(28) 119.0(2) 

C(30)-C(29)-H(29) 120.5 

C(28)-C(29)-H(29) 120.5 

C(29)-C(30)-C(31) 120.8(3) 

C(29)-C(30)-H(30) 119.6 

C(31)-C(30)-H(30) 119.6 

C(30)-C(31)-C(26) 120.3(2) 

C(30)-C(31)-H(31) 119.8 

C(26)-C(31)-H(31) 119.8 

C(33)-C(32)-C(37) 119.40(19) 

C(33)-C(32)-N(2) 123.1(2) 

C(37)-C(32)-N(2) 117.49(19) 

C(34)-C(33)-C(32) 119.6(2) 

C(34)-C(33)-H(33) 120.2 

C(32)-C(33)-H(33) 120.2 

C(35)-C(34)-C(33) 121.5(2) 

C(35)-C(34)-H(34) 119.3 

C(33)-C(34)-H(34) 119.3 

C(36)-C(35)-C(34) 119.4(2) 

C(36)-C(35)-H(35) 120.3 

C(34)-C(35)-H(35) 120.3 

C(35)-C(36)-C(37) 121.2(2) 

C(35)-C(36)-H(36) 119.4 

C(37)-C(36)-H(36) 119.4 

C(36)-C(37)-C(32) 119.0(2) 

C(36)-C(37)-C(38) 120.4(2) 

C(32)-C(37)-C(38) 120.61(19) 

C(39)-C(38)-C(37) 121.6(2) 

C(39)-C(38)-H(38) 119.2 

C(37)-C(38)-H(38) 119.2 

C(38)-C(39)-C(43) 120.0(2) 

C(38)-C(39)-C(40) 116.9(2) 

C(43)-C(39)-C(40) 123.17(19) 
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O(5)-C(40)-O(6) 123.2(2) 

O(5)-C(40)-C(39) 124.0(2) 

O(6)-C(40)-C(39) 112.8(2) 

O(6)-C(41)-C(42) 106.9(2) 

O(6)-C(41)-H(41A) 110.3 

C(42)-C(41)-H(41A) 110.3 

O(6)-C(41)-H(41B) 110.3 

C(42)-C(41)-H(41B) 110.3 

H(41A)-C(41)-H(41B) 108.6 

C(41)-C(42)-H(42A) 109.5 

C(41)-C(42)-H(42B) 109.5 

H(42A)-C(42)-H(42B) 109.5 

C(41)-C(42)-H(42C) 109.5 

H(42A)-C(42)-H(42C) 109.5 

H(42B)-C(42)-H(42C) 109.5 

C(44)-C(43)-N(2) 107.61(19) 

C(44)-C(43)-C(39) 133.7(2) 

N(2)-C(43)-C(39) 118.69(18) 

C(43)-C(44)-C(24) 107.9(2) 

C(43)-C(44)-H(44) 126.1 

C(24)-C(44)-H(44) 126.1 

C(3)-N(1)-C(10) 130.17(18) 

C(3)-N(1)-C(21) 107.87(19) 

C(10)-N(1)-C(21) 121.96(18) 

C(25)-N(2)-C(32) 130.14(18) 

C(25)-N(2)-C(43) 108.34(17) 

C(32)-N(2)-C(43) 121.42(18) 

C(18)-O(3)-C(19) 116.03(18) 

C(40)-O(6)-C(41) 116.53(18) 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  

 

Table S14.   Anisotropic displacement parameters (Å 2x 103)for d20154b.  The anisotropic 

displacement factor exponent takes the form: -22[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

C(1) 60(2)  35(2) 31(1)  1(1) 7(1)  -1(1) 
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C(2) 40(2)  33(2) 30(1)  5(1) 4(1)  -3(1) 

C(3) 38(2)  31(2) 28(1)  4(1) 2(1)  0(1) 

C(4) 51(2)  26(2) 28(1)  2(1) 6(1)  -3(1) 

C(5) 59(2)  38(2) 35(1)  -1(1) -2(1)  5(1) 

C(6) 82(3)  43(2) 35(2)  -2(1) -13(2)  2(2) 

C(7) 97(3)  31(2) 30(1)  -2(1) 10(2)  -11(2) 

C(8) 76(2)  42(2) 40(2)  -4(1) 24(2)  -12(2) 

C(9) 55(2)  44(2) 34(1)  -1(1) 8(1)  -7(1) 

C(10) 28(1)  29(2) 34(1)  1(1) 7(1)  2(1) 

C(11) 42(2)  32(2) 32(1)  1(1) 4(1)  1(1) 

C(12) 49(2)  36(2) 36(1)  -3(1) 8(1)  2(1) 

C(13) 52(2)  27(2) 45(2)  0(1) 12(1)  7(1) 

C(14) 48(2)  34(2) 36(1)  6(1) 11(1)  8(1) 

C(15) 33(2)  31(2) 32(1)  2(1) 9(1)  2(1) 

C(16) 36(2)  35(2) 30(1)  6(1) 6(1)  2(1) 

C(17) 29(2)  32(2) 28(1)  2(1) 5(1)  -1(1) 

C(18) 31(2)  36(2) 33(1)  2(1) 6(1)  -1(1) 

C(19) 45(2)  43(2) 30(1)  -8(1) 5(1)  -2(1) 

C(20) 58(2)  46(2) 45(2)  -10(1) 10(1)  -9(1) 

C(21) 28(2)  35(2) 28(1)  -1(1) 4(1)  -5(1) 

C(22) 39(2)  26(2) 28(1)  0(1) 4(1)  -2(1) 

C(23) 68(2)  31(2) 34(2)  2(1) 0(1)  2(1) 

C(24) 42(2)  24(2) 29(1)  2(1) 0(1)  1(1) 

C(25) 33(2)  27(2) 31(1)  2(1) 0(1)  1(1) 

C(26) 42(2)  21(1) 25(1)  2(1) -2(1)  -1(1) 

C(27) 47(2)  33(2) 37(1)  -3(1) 5(1)  -5(1) 

C(28) 68(2)  33(2) 42(2)  -6(1) 3(1)  -16(1) 

C(29) 78(2)  21(2) 36(1)  -1(1) -3(1)  -1(1) 

C(30) 58(2)  28(2) 39(1)  -1(1) 3(1)  12(1) 

C(31) 46(2)  27(2) 37(1)  0(1) 0(1)  0(1) 

C(32) 27(1)  29(2) 26(1)  -1(1) 1(1)  1(1) 

C(33) 41(2)  26(1) 31(1)  0(1) 0(1)  3(1) 

C(34) 47(2)  33(2) 32(1)  -6(1) 2(1)  4(1) 

C(35) 41(2)  42(2) 27(1)  -1(1) 4(1)  1(1) 

C(36) 36(2)  35(2) 32(1)  5(1) 5(1)  -1(1) 

C(37) 28(1)  30(2) 29(1)  2(1) 3(1)  -1(1) 

C(38) 33(2)  25(1) 35(1)  5(1) 3(1)  -1(1) 

C(39) 27(1)  23(1) 34(1)  3(1) 2(1)  0(1) 
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C(40) 34(2)  28(2) 36(1)  2(1) 2(1)  -2(1) 

C(41) 52(2)  24(2) 45(2)  -7(1) 6(1)  4(1) 

C(42) 72(2)  41(2) 44(2)  -9(1) 0(2)  7(2) 

C(43) 29(1)  22(1) 32(1)  -1(1) 1(1)  0(1) 

C(44) 38(2)  25(2) 29(1)  -3(1) 0(1)  2(1) 

N(1) 36(1)  29(1) 25(1)  -2(1) 4(1)  -2(1) 

N(2) 34(1)  20(1) 28(1)  0(1) 2(1)  1(1) 

O(1) 80(2)  31(1) 44(1)  2(1) 11(1)  -1(1) 

O(2) 78(2)  43(1) 31(1)  6(1) 13(1)  -2(1) 

O(3) 53(1)  35(1) 27(1)  -4(1) 7(1)  -4(1) 

O(4) 91(2)  45(1) 30(1)  -1(1) 2(1)  4(1) 

O(5) 88(2)  22(1) 45(1)  3(1) -4(1)  3(1) 

O(6) 55(1)  24(1) 35(1)  -3(1) 5(1)  3(1) 

______________________________________________________________________________ 

 

Table S15. Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å 2x 103) 

for d20154b. 

________________________________________________________________________________ 

 x y  z  U(eq) 

________________________________________________________________________________ 

 

H(1) 1981 1570 7104 50 

H(5) 4685 3508 7345 54 

H(6) 4616 3836 7988 65 

H(7) 1798 4175 8236 63 

H(8) -993 4169 7844 62 

H(9) -952 3824 7203 53 

H(11) 2103 5392 7101 42 

H(12) 1906 7130 7098 48 

H(13) 1384 8009 6529 49 

H(14) 1091 7136 5964 46 

H(16) 1124 5563 5604 40 

H(19A) 2645 2436 4958 47 

H(19B) 391 2409 4907 47 

H(20A) 1646 756 4917 75 

H(20B) 398 922 5262 75 

H(20C) 2638 958 5332 75 

H(22) 1921 2085 6058 37 



58 
 

H(23) 6948 924 6880 54 

H(27) 4304 292 6204 47 

H(28) 4595 -1416 6087 57 

H(29) 7391 -2066 5901 55 

H(30) 9950 -999 5863 50 

H(31) 9701 706 5992 44 

H(33) 6449 983 5444 40 

H(34) 6261 1034 4789 45 

H(35) 6242 2552 4468 44 

H(36) 6454 4046 4804 41 

H(38) 6609 4975 5399 37 

H(41A) 5399 6644 6601 49 

H(41B) 7634 6762 6601 49 

H(42A) 5859 5617 7144 79 

H(42B) 6774 6700 7227 79 

H(42C) 8079 5763 7147 79 

H(44) 6607 3717 6699 37 

________________________________________________________________________________ 
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