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(1) Table S1-Catalytic reaction over various Lewis acid: 

 

(2) Representative synthetic procedures: 

(A) General procedure: 

  Unless otherwise noted, all the reaction for the preparation of the substrates 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. All other commercial reagents were 

used without further purification, unless otherwise indicated. Reactions were 

magnetically stirred and monitored by thin layer chromatography carried out on 0.25 

mm E. Merck silica gel plate (60f - 254) using UV light as visualizing agents. 
1
H NMR 

and 
13

C NMR spectra were recorded on a Bruker 400 MHz, 600MHz, Varian 400 

MHz, 500MHz and 700 MHz. Spectrometers using chloroform-d (CDCl3) and 

acetone-d as the internal standards. The preparations of N-phenyl hydroxyl-amines 

were prepared according to literature procedure.
[S1-3]

 

[S1] F. G. Bordwell, W.Z. Liu, J. Am. Chem. Soc. 1996, 118, 8777-8781. 

[S2] S. Ung, A. Falguieres, A. Guy, C. Ferroud, Tetrahedron Letters., 2005, 46, 5913–

5917 

[S3] Y. Wang, L. Liu, L. Zhang, Chem. Sci. 2013, 4, 739-746. 

(B) Preparation of starting materials: 
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1.Preparation of 3-methyl-1,5-diphenylpenta-1,4-diyn-3-ol (1a) 

 

Phenylacetylene ( 2.37 mL, 21.6 mmol) was dissolved into dry THF (10 mL), 

and the solution was cooled to -78℃. To this solution, n-Butyllithium (9.4 mL, 23.5 

mmol, 2.5M in hexane) was added. After being stirred for 20 minutes at -78℃, acetic 

anhydride (0.93 mL, 9.8 mmol) was added. The reaction mixture was stirred at room 

temperature for 1h, and then the reaction was quenched by saturated NH4Cl(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 

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

3-methyl-1,5-diphenylpenta-1,4-diyn-3-ol 1a (2.1 g, 8.53mmol, 87%). The other 

symmetric 3-alkyl-1,4-diyne-3-ols 1b-1l were synthesized by similar procedure using 

the corresponding alkynes and acetic anhydride or ester. 

2.Preparation of (3-methoxy-3-methylpenta-1,4-diyne-1,5-diyl)dibenzene (1aa) 

 

Compound 1a (0.30 g, 1.2 mmol) was added to a stirred solution of NaH (0.073 

g, 3.0 mmol) in THF (5 mL) at 0 °C, and the resulting mixture was stirred at 0 °C for 

5 min. MeI (0.86 g, 6.1 mmol) was added, and the resulting mixture was stirred at rt 

for 3 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 (hexane:EtOAc = 20:1), which 

furnished (3-methoxy-3-methylpenta-1,4-diyne-1,5-diyl)dibenzene 1aa (0.21 g, 0.81 

mmol, 66%) as a white solid.
[S4]

 The other substrate 1ab and 1ac were synthesized by 

same procedure. 

[S4] K. Tanaka, T. Osaka, K. Noguchi, M. Hirano, Org. Lett., 2007, 9, 1307-1310. 

3. Preparation of 1-(4-chlorophenyl)-3-methyl-5-(p-tolyl)penta-1,4- diyn-3-ol (1k) 
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Compound s2 was prepared from 1-iodo-4-methylbenzene according to a 

literature procedure.
[S5]

 

s2 (2 g, 17.2 mmol) was dissolved into dry THF (20 mL), and the solution was 

cooled to -78℃. To this solution, n-Butyllithium (8.2 mL, 20.6 mmol, 2.5M in hexane) 

was added. After being stirred for 20 minutes at -78℃, acetic anhydride (2.4 mL, 25.8 

mmol) and BF3OEt2 (3.2 mL, 25.5 mmol) were added successively. The reaction was 

quenched by saturated NH4Cl(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 collum chromatography (SiO2, eluent: 

dichloromethane/hexane) to afford the desired s3 (2 g, 12.6mmol, 74%). 

1-chloro-4-ethynylbenzene (0.5 g, 3.67 mmol) was dissolved into THF (5 mL), 

and the solution was cooled to -78℃. To this solution, n-Butyllithium (5.1 mL, 12.8 

mmol, 2.5M in hexane) was added. After being stirred for 20 minutes at -78℃, s3 

(0.48 g, 3.06 mmol) was added. The reaction mixture was stirred at room temperature 

for 1h, and then the reaction was quenched by saturated NH4Cl(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 collum 

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

1-(4-chlorophenyl)-3-methyl-5-(p-tolyl)penta-1,4-diyn-3-ol 1m (0.51 g, 1.73mmol, 

57%). 

The other asymmetric 3-alkyl-1,4-diyne-3-ols 1n-1v, 1x and 1y were 

synthesized by similar procedure using the corresponding alkynes and acetic 

anhydride. 
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[S5] D. Nishikawa, K. Hirano, M. Miura, J. Am. Chem. Soc. 2015, 137, 15620−15623 

4. Preparation of 3-methyl-1-(p-tolyl)penta-1,4-diyn-3-ol (1w) 

 

Compound s2 was prepared from 1-iodo-4-methoxybenzene according to a 

literature procedure.
[S5]

 

s2 (2 g, 17.2 mmol) was dissolved into dry THF (20 mL), and the solution was 

cooled to -78℃. To this solution, n-Butyllithium (8.2 mL, 20.6 mmol, 2.5M in hexane) 

was added. After being stirred for 20 minutes at -78℃, acetic anhydride (2.4 mL, 25.8 

mmol) and BF3OEt2 (3.2 mL, 25.5 mmol) were added successively. The reaction was 

quenched by saturated NH4Cl(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 collum chromatography (SiO2, eluent: 

dichloromethane/hexane) to afford the desired s3 (2 g, 12.6mmol, 74%). 

Trimethylsilylacetylene (0.93mL, 6.51 mmol) was dissolved into THF (5 mL), 

and the solution was cooled to -78℃. To this solution, n-Butyllithium (2.87 mL, 7.16 

mmol, 2.5M in hexane) was added. After being stirred for 20 minutes at -78℃, s3 

( 567mg, 3.26mmol) was added. The reaction mixture was stirred at room temperature 

for 1h, and then the reaction was quenched by saturated NH4Cl(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 collum 

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

3-methyl-1,4-diyne-3-ols s4 (596 mg, 2.19 mmol, 67%). 

This silyl compound was then dissolved in THF (5 mL), added with Bu4NF (1.0 

M THF, 2.6 mL, 2.63 mmol); the mixture was stirred at 0℃ for 10 minutes before the 

treatment of water (5 mL). The solution was concentrated, extracted with diethyl ether, 
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and the residue was purified by collum chromatography (SiO2, eluent: EtOAc/hexane) 

to afford the desired 1-(4-methoxyphenyl)-3-methylpenta-1,4-diyn-3-ol 1w (393 mg, 

1.96 mmol, 90%). 

 

(3) Standard procedures for catalytic operations: 

 
A suspension of chloro[(1,1’-biphenyl-2-yl)di-tert- butylphosphine] gold(I) (21.6 

mg, 0.04 mmol) and silver bis(trifluoromethane-sulfonyl) imide (39.42 mg, 0.10 

mmol) in dry DCE (1.5 mL) was fitted with N2 balloon and to this solution was added 

DCE (1.5 mL) solution of 3-methyl-1,5-diphenylpenta-1,4-diyn-3-ol 1a (50 mg, 0.20 

mmol) and N-phenylhydroxylamine 2a (33.3 mg, 0.30 mmol) at room temperature. 

The resulting mixture was stirred for 30 minutes at room temperature. In the TLC, we 

found N-phenylhydroxylamine was finished, and 3a was remained. So we put the 

other N-phenylhydroxylamine (33.3 mg, 0.30 mmol) in the solution. The resulting 

mixture was stirred for another 1.5 h at room temperature. After completion of the 

reaction it was filtered over a short celite bed. The solvent was evaporated under 

reduced pressure, and The residue was purified by collum chromatography (SiO2, 

eluent: EtOAc/hexane) to afford the desired (3-methyl-1,5-diphenyl-1H-pyrrol-2-yl) 

(phenyl)methanone 3a (53 mg, 0.16 mmol, 78%) as yellow solid. 

 

(4) Spectral data for compounds: 

Spectral data for 3-methyl-1,5-diphenylpenta-1,4-diyn-3-ol (1a) 

 

Yellow solid; mp: 108.5~110.5℃;(20% ethylacetate/hexane, Rf = 0.23, 2.1 g, 8.53 

mmol, 87%); 
1
H NMR (400 MHz, CDCl3): δ 7.49~7.46 (m, 4H), 7.34~7.28 (m, 6H),  

2.91 (s, 1H), 1.97 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 131.8, 128.6, 128.2, 122.1, 

90.0, 82.6, 60.8, 32.0; FI-MS (M) calcd. for C18H14O:246.1045; Found: 246.1039. 

Spectral data for 1-phenyl-3-(phenylethynyl)hex-1-yn-3-ol (1b) 
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White solid; mp: 74.2~76.3℃;(20% ethylacetate/hexane, Rf = 0.33, 2.4 g, 8.75 mmol, 

83%); 
1
H NMR (400 MHz, CDCl3): δ7.48~7.45 (m, 4H), 7.33~7.30 (m, 6H), 2.63 (s, 

1H), 2.08~2.04 (m, 2H), 1.79~1.71 (m, 2H), 1.03 (t, J = 1.2Hz, 3H); 
13

C NMR (100 

MHz, CDCl3): δ131.8, 128.6, 128.2, 122.2, 89.4, 83.5, 64.5, 46.1, 18.2, 13.9; ESI-MS 

(M+Na) calcd. for C20H18ONa:297.1255; Found: 297.1252. 

Spectral data for 3-isopropyl-1,5-diphenylpenta-1,4-diyn-3-ol (1c) 

 

Yellow oil;(20% ethylacetate/hexane, Rf = 0.32, 3.23 g, 12 mmol, 85%); 
1
H NMR 

(400 MHz, CDCl3): δ7.49~7.46 (m, 4H), 7.34~7.29 (m, 6H), 2.66 (s, 1H), 2.26~2.20 

(m, 1H), 1.24 (s, 3H), 1.22 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ131.8, 128.6, 

128.2, 122.3, 88.5, 84.1, 68.8, 40.1, 17.6; ESI-MS (M+Na) calcd. for C20H18ONa: 

297.1255; Found: 297.1243. 

Spectral data for (E)-1,5-diphenyl-3-(phenylethynyl)pent-1-en-4-yn-3-ol (1d) 

 

Yellow solid, mp: 136.1~137.5℃; (20% ethylacetate/hexane, Rf = 0.29, 5.4 g, 16.1 

mmol, 95%); 
1
H NMR (400 MHz, CDCl3): δ7.55~7.53 (m, 4H), 7.49 (d, J = 7.4Hz, 

2H), 7.37~7.27 (m, 9H), 7.17 (d, J = 15.6Hz, 1H), 6.54 (d, J = 15.6Hz, 1H), 3.03 (s, 

1H); 
13

C NMR (100 MHz, CDCl3): δ135.7, 131.9, 130.9, 129.4, 128.9, 128.6, 128.3, 

127.1, 121.9, 87.7, 85.1, 64.1; ESI-MS (M+Na) calcd. for C25H18ONa: 357.1255; 

Found: 357.1250. 
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Spectral data for 1,5-bis(4-chlorophenyl)-3-methylpenta-1,4-diyn-3-ol (1e) 

 

White solid; mp: 171.6~172.4℃;(20% ethylacetate/hexane, Rf = 0.24, 2.5 g, 7.93 

mmol, 80%); 
1
H NMR (400 MHz, CDCl3): δ7.40~7.36 (m, 4H), 7.29~7.26 (m, 4H), 

2.75 (s, 1H), 1.93 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ134.9, 133.0, 128.7, 120.5, 

90.7, 81.7, 60.8, 31.9; FI-MS (M) calcd. for C18H12Cl2O: 314.0265; Found: 314.0260. 

Spectral data for 3-methyl-1,5-bis(4-(trifluoromethyl)phenyl)penta-1,4-diyn-3-ol 

(1f) 

 

White solid; mp: 153.4~156.4℃;(20% ethylacetate/hexane, Rf = 0.23, 3.7 g, 9.68 

mmol, 74%); 
1
H NMR (400 MHz, CDCl3): δ7.57 (s, 8H), 2.79 (s, 1H), 1.96 (s, 3H); 

13
C NMR (100 MHz, CDCl3): δ132.1, 125.3, 125.3, 125.2, 125.2, 91.9, 81.6, 60.8, 

31.7; FI-MS (M) calcd. for C20H12F6O: 382.0792; Found: 382.0787. 

Spectral data for 3-methyl-1,5-di-p-tolylpenta-1,4-diyn-3-ol (1g) 

 

Yellow oil;(20% ethylacetate/hexane, Rf = 0.26, 2.7 g, 9.84 mmol, 78%); 
1
H NMR 

(400 MHz, CDCl3): δ7.36 (d, J = 7.6Hz, 4H), 7.10 (d, J = 7.6Hz, 4H), 2.71 (s, 1H), 

2.33 (s, 6H), 1.94 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ138.8, 131.7, 129.0, 119.1, 

89.5, 82.7, 60.9, 32.1, 21.5; ESI-MS (M+Na) calcd. for C20H18ONa: 297.1255; Found: 

297.1252. 

Spectral data for 1,5-bis(4-methoxyphenyl)-3-methylpenta-1,4-diyn-3-ol (1h) 
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Orange solid; mp: 151.6~152.7℃;(20% ethylacetate/hexane, Rf = 0.21, 974 mg, 3.18 

mmol, 64%); 
1
H NMR (400 MHz, CDCl3): δ7.41~7.38 (m, 4H), 6.84~6.81 (m, 4H), 

3.80 (s, 6H), 2.62 (s, 1H), 1.92 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ159.8, 133.3, 

114.2, 113.9, 89.0, 82.4, 60.9, 55.2, 32.1; ESI-MS (M+Na) calcd. for C20H18O3: 

329.1154; Found: 329.1147. 

Spectral data for 3-methyl-1,5-di(thiophen-2-yl)penta-1,4-diyn-3-ol (1i) 

 

Red oil; (20% ethylacetate/hexane, Rf = 0.27, 674 mg, 2.61 mmol, 53%); 
1
H NMR 

(400 MHz, CDCl3): δ7.28~7.24 (m, 4H), 6.98~6.96 (m, 2H), 2.72 (s, 1H), 1.92 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ132.8, 127.8, 127.0, 121.9, 93.3, 76.4, 61.1, 31.6; 

FI-MS (M) calcd. for C14H10OS2: 258.0173; Found: 258.0168. 

Spectral data for 3-methyl-1,5-di(thiophen-3-yl)penta-1,4-diyn-3-ol (1j) 

 

Red sticky solid; (20% ethylacetate/hexane, Rf = 0.18, 620 mg, 2.40 mmol, 49%); 
1
H 

NMR (400 MHz, CDCl3): δ7.49~7.48 (m, 2H), 7.26~7.25 (m, 2H), 7.13~7.12 (m, 2H), 

2.67 (s, 1H), 1.92 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ129.9, 129.5, 125.4, 121.1, 

89.6, 78.0, 60.9, 31.9; FI-MS (M) calcd. for C14H10OS2: 258.0173; Found: 258.0168. 

Spectral data for 1,5-dicyclopropyl-3-methylpenta-1,4-diyn-3-ol (1k) 
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Yellow oil; (20% ethylacetate/hexane, Rf = 0.29, 1.2 g, 6.89 mmol, 71%); 
1
H NMR 

(400 MHz, CDCl3): δ2.31 (s, 1H), 1.65 (s, 3H), 1.26~1.20 (m, 2H), 0.77~0.71 (m, 4H), 

0.70~0.69 (m, 4H); 
13

C NMR (100 MHz, CDCl3): δ85.9, 77.3, 60.1, 32.5, 8.2, -0.7; 

ESI-MS (M+H) calcd. for C12H15O: 175.1123; Found: 175.1117. 

Spectral data for 2,5,8-trimethylnona-1,8-dien-3,6-diyn-5-ol (1l) 

 

Red oil; (20% ethylacetate/hexane, Rf = 0.33, 671 mg, 3.85 mmol, 40%); 
1
H NMR 

(400 MHz, CDCl3): δ5.32 (s, 2H), 5.25 (s, 2H), 1.88 (s, 6H), 1.78 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3): δ125.9, 122.9, 89.0, 83.6, 60.6, 31.9, 23.2; FI-MS (M) calcd. for 

C12H14O: 174.1045; Found: 174.1039. 

Spectral data for 1-(4-chlorophenyl)-3-methyl-5-(p-tolyl)penta-1,4-diyn-3-ol (1m) 

 

White solid; mp: 172.9~173.8℃;(20% ethylacetate/hexane, Rf = 0.33, 0.99 g, 3.36 

mmol, 53%); 
1
H NMR (600 MHz, CDCl3): δ7.38 (d, J = 8.4Hz, 2H), 7.35 (d, J = 

8.4Hz, 2H), 7.27 (d, J = 8.4Hz, 2H), 7.10 (d, J = 7.8Hz, 2H), 2.80 (s, 1H), 2.33 (s, 

3H), 1.93 (s, 3H); 
13

C NMR (150 MHz, CDCl3): δ138.9, 134.7, 133.0, 131.7, 129.0, 

128.6, 120.7, 118.9, 91.1, 89.2, 83.0, 81.4, 60.8, 32.0, 21.5; FI-MS (M) calcd. for 

C19H15ClO: 294.0811; Found: 294.0806. 

Spectral data for 1-(4-methoxyphenyl)-3-methyl-5-phenylpenta-1,4-diyn-3-ol 

(1n) 
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Yellow solid, mp: 106.0~108.0℃; (20% ethylacetate/hexane, Rf = 0.24, 2.11 g, 7.64 

mmol, 78%); 
1
H NMR (400 MHz, CDCl3): δ7.48~7.44 (m, 2H), 7.41~7.38 (m, 2H), 

7.32~7.28 (m, 3H), 6.84~6.80 (m, 2H), 3.79 (s, 3H), 1.95 (s, 3H); 
13

C NMR (100 

MHz, CDCl3): δ159.8, 133.3, 131.8, 128.6, 128.2, 122.2, 114.2, 113.9, 90.3, 88.8, 

82.6, 82.4, 60.8, 55.2, 32.1; ESI-MS (M+Na) calcd. for C19H16O2Na: 299.1048; 

Found: 299.1042. 

Spectral data for 1-(4-chlorophenyl)-5-4-methoxyphenyl)-3-methylpenta-1,4- 

iyn-3-ol (1o) 

 

White solid, mp: 164.6~165.4℃; (20% ethylacetate/hexane, Rf = 0.20, 1.30 g, 4.18 

mmol, 73%); 
1
H NMR (400 MHz, CDCl3): δ7.40~7.37 (m, 4H), 7.29~7.26 (m, 2H), 

6.84~6.81 (m, 2H), 3.80 (s, 3H), 2.70 (s, 1H), 1.92 (s, 3H); 
13

C NMR (100 MHz, 

CDCl3): δ160.0, 134.7, 133.3, 133.1, 128.6, 120.7, 113.9, 91.2, 88.5, 82.9, 81.4, 60.9, 

55.3, 32.0; ESI-MS (M+Na) calcd. for C19H15ClO2Na: 333.0658; Found: 333.0651. 

Spectral data for 1-(4-methoxyphenyl)-3-methyl-5-(p-tolyl)penta-1,4-diyn-3-ol 

(1p) 

 

White solid, mp: 130.3~130.9℃; (20% ethylacetate/hexane, Rf = 0.29, 1.48 g, 5.10 

mmol, 89%); 
1
H NMR (400 MHz, CDCl3): δ7.41~7.38 (m, 2H), 7.35 (d, J = 6.8Hz, 
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2H), 7.10 (d, J = 8Hz, 2H), 6.84~6.81 (m, 2H), 3.80 (s, 3H), 2.71 (s, 1H), 2.33 (s, 3H), 

1.93 (s, 3H), ; 
13

C NMR (100 MHz, CDCl3): δ159.8, 138.8, 133.3, 131.7, 129.0, 119.1, 

114.2, 113.9, 89.6, 88.9, 82.7, 82.6, 60.9, 55.3, 32.1, 21.5; FI-MS (M) calcd. for 

C20H18O2: 290.1307; Found: 290.1301. 

Spectral data for 3-methyl-1-phenyl-5-(thiophen-3-yl)penta-1,4-diyn-3-ol (1q) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.40, 0.58 g, 2.30 mmol, 62%); 
1
H NMR 

(400 MHz, CDCl3): δ7.49~7.45 (m, 3H), 7.32~7.30 (m, 3H), 7.26~7.25 (m, 1H), 7.13 

(t, J = 1.2Hz, 1H), 2.79 (s, 1H), 1.94 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ131.8, 

129.9, 129.5, 128.7, 128.3, 125.3, 122.1, 121.1, 90.0, 89.6, 77.9, 60.8, 31.9; ESI-MS 

(M+Na) calcd. for C16H12OSNa: 275.0507; Found: 275.0501. 

Spectral data for 3-methyl-1-phenylnona-1,4-diyn-3-ol (1r) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.36, 1.11 g, 4.90 mmol, 71%); 
1
H NMR 

(400 MHz, CDCl3): δ7.44~7.42 (m, 2H), 7.30~7.28 (m, 3H), 2.56 (s, 1H), 2.25~2.21 

(m, 2H), 1.82 (s, 3H), 1.54~1.47 (m, 2H), 1.45~1.38 (m, 2H), 0.93~0.89 (m, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ131.8, 128.5, 128.2, 122.2, 90.7, 83.8, 81.9, 81.5, 60.5, 

32.2, 30.4, 21.9, 18.3, 13.6; ESI-MS (M+H) calcd. for C16H19O: 227.1436; Found: 

227.1430. 

Spectral data for 1-(4-methoxyphenyl)-3-methylnona-1,4-diyn-3-ol (1s) 
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Yellow oil; (20% ethylacetate/hexane, Rf = 0.20, 0.90 g, 3.51 mmol, 61%); 
1
H NMR 

(400 MHz, CDCl3): δ7.37~7.31 (m, 2H), 6.81~6.79 (m, 2H), 3.77 (s, 3H), 2.68 (s, 1H), 

2.23~2.19 (m, 2H), 1.80 (s, 3H), 1.49~1.48 (m, 2H), 1.46~1.35 (m, 2H), 0.91~0.87 (m, 

3H); 13C NMR (100 MHz, CDCl3): δ159.7, 133.2, 133.0, 114.3, 113.8, 89.4, 83.5, 

81.8, 60.5, 55.2, 32.3, 30.4, 21.9, 18.3, 13.6; ESI-MS (M+Na) calcd. for C17H20O2Na: 

279.1361; Found: 279.1356. 

Spectral data for 3-methyl-1-(p-tolyl)nona-1,4-diyn-3-ol (1t) 

 

Red oil; (20% ethylacetate/hexane, Rf = 0.32, 517 mg, 2.15 mmol, 68%); 
1
H NMR 

(400 MHz, CDCl3): δ7.35~7.31 (m, 2H), 7.12~7.08 (m, 2H), 2.54 (s, 1H), 2.32 (s, 3H), 

2.22 (t, J = 7.2Hz, 2H), 1.81 (s, 3H), 1.54~1.47 (m, 2H), 1.45~1.36 (m, 2H), 0.90 (t, J 

= 7.2Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ138.6, 131.7, 129.0, 119.2, 90.0, 83.6, 

82.1, 81.7, 60.5, 32.3, 30.4, 21.9, 21.5, 18.4, 13.6; FI-MS (M) calcd. for C17H20O: 

240.1514; Found: 240.1509. 

Spectral data for 1-(4-chlorophenyl)-3-methylnona-1,4-diyn-3-ol (1u) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.34, 1.12 g, 4.30 mmol, 77%); 
1
H NMR 

(400 MHz, CDCl3): δ7.45~7.34 (m, 2H), 7.33~7.24 (m, 2H), 2.52 (s, 1H), 2.22 (t, J = 

7.2Hz, 2H), 1.81 (s, 3H), 1.55~1.46 (m, 2H), 1.44~1.35 (m, 2H), 0.90 (t, J = 7.2Hz, 

3H); 
13

C NMR (100 MHz, CDCl3): δ133.2, 133.0, 131.5, 128.6, 91.6, 84.0, 81.4, 80.8, 

60.5, 32.2, 30.4, 21.9, 18.3, 13.6; ESI-MS (M+Na) calcd. for C16H17ClONa: 283.0866; 

Found: 283.0856. 

Spectral data for 3-methyl-1-(4-(trifluoromethyl)phenyl)nona-1,4-diyn-3-ol (1v) 
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Yellow solid, mp: 154.2~155.7℃; (20% ethylacetate/hexane, Rf = 0.31, 0.96 g, 3.26 

mmol, 69%); 
1
H NMR (400 MHz, CDCl3): δ7.57~7.52 (m, 4H), 2.56 (s, 1H), 2.23 (t, 

J = 7.2Hz, 2H), 1.82 (s, 3H), 1.54~1.47 (m, 2H), 1.45~1.36 (m, 2H), 0.90 (t, J = 

7.1Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ132.0, 126.1, 125.2, 93.0, 84.3, 81.2, 80.5, 

60.5, 32.1, 30.4, 21.9, 18.3, 13.6; ESI-MS (M+H) calcd. for C17H18F3O: 295.1310; 

Found: 295.1304. 

Spectral data for 3-methyl-1-(p-tolyl)penta-1,4-diyn-3-ol (1w) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.20, 393 mg, 1.96 mmol, 90%); 
1
H NMR 

(500 MHz, CDCl3): δ7.37 (d, J = 7.2Hz, 2H), 6.82 (d, J = 6.8Hz, 2H), 3.79 (s, 3H), 

2.58 (s, 1H), 1.85 (s, 3H); 
13

C NMR (125 MHz, CDCl3): δ159.9, 133.3, 113.9, 88.2, 

85.1, 82.8, 70.7, 60.2, 55.3, 31.8; ESI-MS (M+H) calcd. for C13H13O2: 201.0916; 

Found: 201.0910. 

Spectral data for 3-methyl-1-phenyl-5-(thiophen-2-yl)penta-1,4-diyn-3-ol (1x) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.37, 878 mg, 3.48 mmol, 50%); 
1
H NMR 

(700 MHz, CDCl3): δ7.46 (d, J = 7.1Hz, 2H), 7.32~7.29 (m, 3H), 7.27 (d, J = 5.1Hz, 

1H), 7.24 (d, J = 3.7Hz, 1H), 6.96 (t, J = 4Hz, 1H), 2.68 (s, 1H), 1.93 (s, 3H); 
13

C 

NMR (175 MHz, CDCl3): δ132.7, 131.8, 128.7, 128.3, 127.7, 127.0, 122.0, 122.0, 

93.6, 89.7, 82.9, 76.2, 61.0, 31.8; ESI-MS (M+Na) calcd. for C16H12OSNa: 275.0507; 
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Found: 275.0501. 

Spectral data for 3,6-dimethyl-1-phenylhepta-6-en-1,4-diyn-3-ol (1y) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.37, 933 mg, 4.44 mmol, 64%); 
1
H NMR 

(400 MHz, CDCl3): δ7.46~7.43 (m, 2H), 7.32~7.28 (m, 3H), 5.35 (q, J = 1Hz, 1H), 

5.27 (d, J = 1.5Hz, 1H), 2.61 (s, 1H), 1.90 (t, J = 1.4Hz, 3H), 1.86 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3): δ131.8, 128.6, 128.2, 125.9, 123.0, 122.1, 90.1, 89.0, 83.8, 82.5, 

60.7, 31.9, 23.2; ESI-MS (M+Na) calcd. for C17H20O2Na: 279.1361; Found: 

279.1356. 

Spectral data for (3-methoxy-3-methylpenta-1,4-diyne-1,5-diyl)dibenzene (1aa) 

 

White solid, mp: 88.8~90.8℃; (10% ethylacetate/hexane, Rf = 0.53, 210 mg, 0.81 

mmol, 66%); 
1
H NMR (600 MHz, CDCl3): δ7.48~7.47 (m, 4H), 7.32~7.30 (m, 6H), 

3.60 (s, 3H), 1.91 (s, 3H); 
13

C NMR (150 MHz, CDCl3): δ131.9, 128.6, 128.3, 122.2, 

87.7, 84.1, 67.4, 53.4, 30.8; ESI-MS (M+H) calcd. for C19H17O: 260.1279; Found: 

261.1283. 

Spectral data for (3-butoxy-3-methylpenta-1,4-diyne-1,5-diyl)dibenzene (1ab) 

 

White sticky solid; (10% ethylacetate/hexane, Rf = 0.60, 356 mg, 1.18 mmol, 58%); 
1
H NMR (600 MHz, CDCl3): δ7.48~7.46 (m, 4H), 7.32~7.29 (m, 6H), 3.85 (t, J = 
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6.6Hz, 2H), 1.91 (s, 3H), 1.67~1.62 (m, 2H), 1.48~1.42 (m, 2H), 0.94 (t, J = 7.44Hz, 

3H); 
13

C NMR (150 MHz, CDCl3): δ131.8, 128.5, 128.2, 122.4, 88.6, 83.6, 66.5, 65.8, 

31.9, 31.1, 19.4, 13.9; ESI-MS (M+Na) calcd. for C22H22ONa: 325.1568; Found: 

325.1563. 

Spectral data for (3-(benzyloxy)-3-methylpenta-1,4-diyne-1,5-diyl)dibenzene 

(1ac) 

 

White solid, mp: 105.9~107.4℃; (10% ethylacetate/hexane, Rf = 0.53, 417 mg, 1.24 

mmol, 61%); 
1
H NMR (600 MHz, CDCl3): δ7.51~7.49 (m, 4H), 7.46~7.45 (m, 2H), 

7.37~7.27 (m, 9H), 4.94 (s, 2H), 2.00 (s, 3H); 
13

C NMR (150 MHz, CDCl3): δ138.3, 

131.9, 128.6, 128.3, 128.1, 127.6, 122.2, 88.2, 84.2, 68.4, 66.9, 31.1; EI-MS (M) 

calcd. for C25H20O: 336.1514; Found: 336.1510. 

Spectral data for (3-methyl-1,5-diphenyl-1H-pyrrol-2-yl)(phenyl)methanone (3a) 

 

Yellow solid, mp: 142.6~143.1℃; (20% ethylacetate/hexane, Rf = 0.41, 53 mg, 0.157 

mmol, 78%); 
1
H NMR (600 MHz, CDCl3): δ7.73 (d, J = 7.8Hz, 2H), 7.46 (t, J = 

7.8Hz, 1H), 7.37 (t, J = 7.8Hz, 2H), 7.20~7.17 (m, 6H), 7.11~7.07 (m, 4H), 6.29 (s, 

1H), 1.98 (s, 3H); 
13

C NMR (150 MHz, CDCl3): δ187.8, 140.2, 139.8, 139.2, 131.9, 

131.9, 131.7, 129.3, 128.8, 128.8, 128.5, 128.2, 128.1, 128.0, 127.3, 113.0, 13.7; 

ESI-MS (M+H) calcd. for C24H20NO: 338.1545; Found: 338.1539. 

Spectral data for (1,5-diphenyl-3-propyl-1H-pyrrol-2-yl)(phenyl)methanone (3b) 
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Red oil; (20% ethylacetate/hexane, Rf = 0.43, 36.6 mg, 0.100 mmol, 55%); 
1
H NMR 

(600 MHz, CDCl3): δ6.69 (d, J = 7.8Hz, 2H), 7.45~7.42 (m, 1H), 7.33 (t, J = 7.8Hz, 

2H), 7.18~7.15 (m, 6H), 7.08~7.07 (m, 4H), 6.33 (s, 1H), 2.30 (t, J = 7.8Hz, 2H), 

1.57~1.51 (m, 2H), 0.79 (t, J = 7.8Hz, 3H); 
13

C NMR (150 MHz, CDCl3): δ188.4, 

140.3, 139.4, 139.1, 133.7, 132.1, 132.0, 131.5, 129.3, 128.8, 128.5, 128.1, 128.1, 

128.0, 127.2, 111.5, 29.3, 24.2, 14.0; ESI-MS (M+Na) calcd. for C26H23NONa: 

388.1677; Found: 388.1672. 

Spectral data for (3-isopropyl-1,5-diphenyl-1H-pyrrol-2-yl)(phenyl)methanone 

(3c) 

 

Red oil; (20% ethylacetate/hexane, Rf = 0.44, 32.0 mg, 0.087 mmol, 48%); 
1
H NMR 

(400 MHz, CDCl3): δ7.71 (dd, J = 8.0Hz & 1.0Hz, 2H), 7.44 (td, J = 6.7Hz & 1.2Hz, 

1H), 7.33 (t, J = 7.8Hz, 2H), 7.19~7.13 (m, 6H), 7.10~7.06 (m, 4H), 6.39 (s, 1H), 

2.81~2.71 (m, 1H), 1.17 (s, 3H), 1.15 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ188.7, 

140.3, 140.0, 139.2, 139.0, 132.2, 132.1, 130.5, 129.3, 128.7, 128.5, 128.1, 128.0, 

128.0, 127.2, 127.1, 108.6, 25.6, 24.4; ESI-MS (M+H) calcd. for C26H23NONa: 

366.1858; Found: 366.1872. 

Spectral data for (E)-(1,5-diphenyl-3-styryl-1H-pyrrol-2-yl)(phenyl)methanone 

(3d) 
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Orange oil; (20% ethylacetate/hexane, Rf = 0.41, 46.4 mg, 0.109 mmol, 73%); 
1
H 

NMR (400 MHz, CDCl3): δ7.78 (dd, J = 7.6Hz & 0.6Hz, 2H), 7.50 (t, J = 7.4Hz, 1H), 

7.39 (t, J = 7.7Hz, 2H), 7.25~7.19 (m, 8H), 7.18~7.11 (m, 7H), 6.95 (d, J = 16.2Hz, 

1H), 6.78 (s, 1H), 6.76 (d, J = 16.5Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ187.5, 

140.5, 140.0, 138.7, 137.4, 132.3, 131.7, 131.6, 129.9, 129.8, 128.9, 128.6, 128.5, 

128.2, 128.0, 127.6, 127.5, 127.2, 126.1, 121.1, 118.5, 115.0, 107.5; ESI-MS (M+H) 

calcd. for C26H23NONa: 426.1858; Found: 426.1859. 

Spectral data for (4-chlorophenyl)(5-(4-chlorophenyl)-3-methyl-1-phenyl-1H 

-pyrrol-2-yl)methanone (3e) 

 

Orange sticky solid; (20% ethylacetate/hexane, Rf = 0.47, 26.4 mg, 0.065 mmol, 41%); 
1
H NMR (600 MHz, CDCl3): δ7.65 (dd, J = 6.6Hz & 1.8Hz, 2H), 7.35~7.33 (m, 2H), 

7.23~7.21 (m, 3H), 7.14 (d, J = 6.6Hz, 2H), 7.07~7.06 (m, 2H), 6.98 (d, J = 6.6Hz, 

2H), 6.27 (s, 1H), 1.99 (s, 3H); 
13

C NMR (150 MHz, CDCl3): δ186.4, 138.8, 138.7, 

138.4, 133.5, 131.6, 130.7, 130.2, 129.9, 128.8, 128.8, 128.6, 128.3, 128.1, 127.7, 

113.3, 13.7; ESI-MS (M+H) calcd. for C24H18Cl2NO: 406.0765; Found: 406.0760. 

Spectral data for (3-methyl-1-phenyl-5-(4-(trifluoromethyl)phenyl)-1H- 

pyrrol-2-yl)(4-(trifluoromethyl)phenyl)methanone (3f) 
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Yellow oil; (20% ethylacetate/hexane, Rf = 0.40, 13.6 mg, 0.029 mmol, 22%); 
1
H 

NMR (400 MHz, CDCl3): δ7.78 (d, J = 8Hz, 2H), 7.61 (d, J = 8.4Hz, 2H), 7.43 (d, J 

= 8.4Hz, 2H), 7.23~7.22 (m, 3H), 7.17 (d, J = 8Hz, 2H), 7.09~7.07 (m, 2H), 6.37 (s, 

1H), 2.00 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ186.5, 143.0, 138.6, 138.5, 135.2, 

131.9, 129.6, 129.4, 128.9, 128.8, 128.1, 128.0, 125.3, 125.3, 125.1, 125.1, 114.1, 

13.8; ESI-MS (M+H) calcd. for C26H18F6NO: 474.1293; Found: 474.1287. 

Spectral data for (3-methyl-1-phenyl-5-(p-tolyl)-1H-pyrrol-2-yl)(p-tolyl) 

methanone (3g) 

 

Yellow oil; (20% ethylacetate/hexane, Rf = 0.38, 38.6 mg, 0.106 mmol, 58%); 
1
H 

NMR (500 MHz, CDCl3): δ7.65 (d, J = 8Hz, 2H), 7.20~7.16 (m, 5H), 7.11~7.09 (m, 

2H), 6.99~6.94 (m, 4H), 6.23 (s, 1H), 2.37 (s, 3H), 2.26 (s, 3H), 1.96 (s, 3H); 
13

C 

NMR (125 MHz, CDCl3): δ187.5, 142.6, 139.7, 139.4, 137.6, 137.1, 131.7, 129.6, 

129.1, 128.9, 128.7, 128.6, 128.5, 128.2, 128.2, 127.2, 112.6, 21.6, 21.1, 13.7; 

ESI-MS (M+H) calcd. for C26H24NO: 366.1858; Found: 366.1852. 

Spectral data for (4-methoxyphenyl)(5-(4-methoxyphenyl)-3-methyl-1-phenyl- 

1H-pyrrol-2-yl)methanone (3h) 
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Orange sticky solid; (40% ethylacetate/hexane, Rf = 0.28, 59 mg, 0.148 mmol, 91%); 
1
H NMR (400 MHz, CDCl3): δ7.76~7.73 (m, 2H), 7.23~7.18 (m, 3H), 7.11~7.09 (m, 

2H), 7.01~6.98 (m, 2H), 6.88~6.85 (m, 2H), 6.72~6.70 (m, 2H), 6.20 (s, 1H), 3.83 (s, 

3H), 3.74 (s, 3H), 1.99 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ186.6, 162.9, 158.8, 

139.4, 139.3, 133.0, 131.7, 131.5, 130.0, 128.5, 128.1, 127.7, 127.2, 124.6, 113.5, 

113.4, 112.2, 55.4, 55.1, 13.6; ESI-MS (M+H) calcd. for C26H24NO3: 398.1756; 

Found: 398.1751. 

Spectral data for (3-methyl-1-phenyl-5-(thiophen-2-yl)-1H-pyrrol-2-yl) 

(thiophen-2-yl)methanone (3i) 

 

Yellow oil; (20% ethylacetate/hexane, Rf = 0.38, 33.1 mg, 0.095 mmol, 49%); 
1
H 

NMR (600 MHz, CDCl3): δ7.57 (d, J = 4.2Hz, 2H), 7.32~7.29 (m, 3H), 7.26~7.24 (m, 

2H), 7.11 (dd, J = 5.4Hz & 1.2Hz, 1H), 7.05 (t, J = 4.2Hz, 1H), 6.82 (dd, J = 5.4Hz & 

3.6Hz, 1H), 6.58 (dd, J = 3.6Hz & 1.2Hz, 1H), 6.39 (s, 1H), 2.13 (s, 3H); 
13

C NMR 

(150 MHz, CDCl3): δ179.1, 145.6, 138.7, 133.5, 133.3, 133.1, 132.2, 128.9, 128.7, 

128.3, 127.5, 127.2, 127.0, 125.8, 125.5, 112.6, 29.7, 13.6; ESI-MS (M+H) calcd. for 

C20H16NOS2: 350.0673; Found: 350.0668. 

Spectral data for (3-methyl-1-phenyl-5-(thiophen-3-yl)-1H-pyrrol-2-yl) 

(thiophen-3-yl)methanone (3j) 
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Red sticky solid; (20% ethylacetate/hexane, Rf = 0.27, 46.7 mg, 0.134 mmol, 69%); 
1
H NMR (600 MHz, CDCl3): δ7.82 (d, J = 3Hz, 1H), 7.36 (d, J = 5.4Hz, 1H), 

7.30~7.29 (m, 3H), 7.24~7.23 (m, 1H), 7.21~7.19 (m, 2H), 7.14~7.13 (m, 1H), 6.82 

(d, J = 4.8Hz, 1H), 6.64 (t, J = 1.8Hz, 1H), 6.32 (s, 1H), 2.07 (s, 3H); 
13

C NMR (150 

MHz, CDCl3): δ181.0, 143.9, 139.4, 135.1, 132.2, 128.7, 128.3, 127.9, 127.8, 127.6, 

125.8, 124.9, 122.2, 112.3, 13.6; ESI-MS (M+H) calcd. for C20H16NOS2: 350.0673; 

Found: 350.0668. 

Spectral data for cyclopropyl(5-cyclopropyl-3-methyl-1-phenyl-1H- 

pyrrol-2-yl)methanone (3k) 

 

Yellow oil; (20% ethylacetate/hexane, Rf = 0.33, 23.6 mg, 0.089 mmol, 31%); 
1
H 

NMR (400 MHz, CDCl3): δ7.43~7.38 (m, 2H), 7.36~7.32 (m, 1H), 7.28~7.25 (m, 2H), 

5.70 (s, 1H), 2.39 (s, 3H), 1.91~1.85 (m, 1H), 1.41~1.35 (m, 1H), 0.97~0.94 (m, 2H), 

0.75~0.70 (m, 2H), 0.63~0.58 (m, 4H); 
13

C NMR (100 MHz, CDCl3): δ190.5, 143.0, 

140.3, 131.8, 129.1, 128.7, 127.9, 127.5, 107.8, 20.3, 14.5, 10.1, 8.0, 7.9; ESI-MS 

(M+H) calcd. for C18H20NO: 266.1545; Found: 266.1539. 

Spectral data for 2-methyl-1-(3-methyl-1-phenyl-5-(prop-1-en-2-yl)-1H-pyrrol 

-2-yl)prop-2-en-1-one (3l) 
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Orange oil; (20% ethylacetate/hexane, Rf = 0.46, 25.1 mg, 0.095 mmol, 33%); 
1
H 

NMR (600 MHz, CDCl3): δ7.34~7.29 (m, 3H), 7.16~7.14 (m, 2H), 6.09 (s, 1H), 

5.58~5.57 (m, 2H), 4.90 (t, J = 1.8Hz, 1H), 4.67 (d, J = 0.6Hz, 1H), 2.17 (s, 3H), 1.81 

(t, J = 1.2Hz, 3H), 1.72 (d, J = 0.6Hz, 3H); 
13

C NMR (150 MHz, CDCl3): δ190.0, 

146.2, 140.1, 139.8, 135.2, 131.5, 128.6, 127.7, 127.5, 127.0, 124.7, 116.4, 112.0, 

22.8, 17.6, 13.4; ESI-MS (M+H) calcd. for C18H20NO: 266.1545; Found: 266.1539. 

Spectral data for (4-chlorophenyl)(3-methyl-1-phenyl-5-(p-tolyl)-1H- 

pyrrol-2-yl)methanone (3m) 

 

Yellow oil; (20% ethylacetate/hexane, Rf = 0.39, 43.9 mg, 0.114 mmol, 67%); 
1
H 

NMR (400 MHz, CDCl3): δ7.65 (d, J = 8.4Hz, 2H), 7.33 (d, J = 8.4Hz, 2H), 

7.21~7.20 (m, 3H), 7.09~7.07 (m, 2H), 6.97 (d, J = 8Hz, 2H), 6.95 (d, J = 8Hz, 2H), 

6.25 (s, 1H), 2.26 (s, 3H), 1.98 (s, 3H); 
13

C NMR (150 MHz, CDCl3): δ186.2, 140.4, 

139.2, 138.7, 138.1, 137.3, 130.7, 129.9, 128.8, 128.6, 128.5, 128.5, 128.3, 128.2, 

128.1, 127.4, 113.0, 21.1, 13.8; FI-MS (M) calcd. for C25H20ClNO: 385.1223; Found: 

385.1228. 

Spectral data for (5-(4-methoxyphenyl)-3-methyl-1-phenyl-1H-pyrrol-2-yl) 

(phenyl)methanone (3n) 
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Yellow oil; (20% ethylacetate/hexane, Rf = 0.34, 47.2 mg, 0.128 mmol, 71%); 
1
H 

NMR (400 MHz, CDCl3): δ7.73~7.71 (m, 2H), 7.47~7.43 (m, 1H), 7.38~7.34 (m, 2H), 

7.21~7.18 (m, 3H), 7.13~7.10 (m, 2H), 7.02~6.98 (m, 2H), 6.73~6.70 (m, 2H), 6.22 (s, 

1H), 3.74 (s, 3H), 1.96 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ187.6, 158.9, 140.4, 

139.9, 139.3, 131.8, 131.4, 130.0, 129.3, 129.0, 128.5, 128.2, 128.1, 127.2, 124.3, 

113.5, 112.5, 55.1, 13.7; ESI-MS (M+Na) calcd. for C25H21NO2Na: 390.1470; Found: 

390.1464. 

Spectral data for (4-chlorophenyl)(5-(4-methoxyphenyl)-3-methyl-1-phenyl-1H- 

pyrrol-2-yl)methanone (3o) 

 

Yellow oil; (20% ethylacetate/hexane, Rf = 0.33, 40.1 mg, 0.100 mmol, 62%); 
1
H 

NMR (600 MHz, CDCl3): δ7.65~7.63 (m, 2H), 7.34~7.32 (m, 2H), 7.22~7.20 (m, 3H), 

7.09~7.07 (m, 2H), 7.00~6.97 (m, 2H), 6.72~6.69 (m, 2H), 6.22 (s, 1H), 3.74 (s, 3H), 

1.98 (s, 3H); 
13

C NMR (150 MHz, CDCl3): δ186.1, 159.0, 140.3, 139.2, 138.7, 138.1, 

131.1, 130.7, 130.0, 129.3, 128.6, 128.5, 128.2, 127.4, 124.2, 113.6, 112.7, 55.2, 13.9; 

ESI-MS (M+H) calcd. for C25H21ClNO2: 402.1261; Found: 402.1255. 

Spectral data for (5-(4-methoxyphenyl)-3-methyl-1-phenyl-1H-pyrrol-2-yl) 

(p-tolyl)methanone (3p) 
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Yellow oil; (20% ethylacetate/hexane, Rf = 0.26, 43.4 mg, 0.114 mmol, 66%); 
1
H 

NMR (400 MHz, CDCl3): δ7.65 (d, J = 8Hz, 2H), 7.23~7.16 (m, 5H), 7.11~7.09 (m, 

2H), 7.01~6.98 (m, 2H), 6.72~6.69 (m, 2H), 6.20 (s, 1H), 3.74 (s, 3H), 2.37 (s, 3H), 

1.96 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ187.4, 158.9, 142.6, 139.6, 139.4, 137.7, 

131.6, 130.0, 129.6, 128.9, 128.5, 128.3, 128.2, 127.2, 124.5, 113.5, 112.4, 55.1, 21.6, 

13.7; ESI-MS (M+H) calcd. for C26H24NO2: 382.1807; Found: 382.1802. 

Spectral data for (3-methyl-1-phenyl-5-(thiophen-3-yl)-1H-pyrrol-2-yl)(phenyl) 

methanone (3q) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.46, 42.9 mg, 0.125 mmol, 63%); 
1
H 

NMR (600 MHz, CDCl3): δ7.70~7.69 (m, 2H), 7.47~7.44 (m, 1H), 7.38~7.30 (m, 2H), 

7.30~7.28 (m, 3H), 7.21~7.20 (m, 2H), 7.14~7.13 (m, 1H), 6.83 (dd, J = 5.4Hz & 

1.2Hz, 1H), 6.65 (dd, J = 3.0Hz & 1.2Hz, 1H), 6.32 (s, 1H), 1.94 (s, 3H); 
13

C NMR 

(150 MHz, CDCl3): δ187.4, 140.4, 139.5, 135.5, 132.2, 131.9, 129.2, 128.8, 128.7, 

128.4, 128.2, 128.0, 127.9, 127.6, 124.9, 122.2, 112.4, 13.7; ESI-MS (M+H) calcd. 

for C22H18NOS: 344.1109; Found: 344.1104. 

Spectral data for 1-(3-methyl-1,5-diphenyl-1H-pyrrol-2-yl)pentan-1-one (3r) 
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White solid, mp: 106.5~107.0℃; (20% ethylacetate/hexane, Rf = 0.46, 35.8 mg, 0.113 

mmol, 51%); 
1
H NMR (400 MHz, CDCl3): δ7.29~7.28 (m, 3H), 7.15~7.10 (m, 5H), 

7.02~7.00 (m, 2H), 6.24 (s, 1H), 2.44 (s, 3H), 2.42 (t, J = 7.2Hz, 2H), 1.53~1.48 (m, 

2H), 1.26~1.17 (m, 2H), 0.81 (t, J = 7.2Hz, 3H); 
13

C NMR (125 MHz, CDCl3): 

δ192.2, 140.1, 139.6, 132.2, 131.9, 128.9, 128.7, 128.6, 128.4, 127.9, 127.7, 127.3, 

113.6, 41.7, 26.6, 22.4, 14.9, 13.9; ESI-MS (M+H) calcd. for C22H24NO: 318.1858; 

Found: 318.1852. 

Spectral data for 1-(5-(4-methoxyphenyl)-3-methyl-1-phenyl-1H-pyrrol-2-yl) 

pentan-1-one (3s) 

 

Yellow oil; (20% ethylacetate/hexane, Rf = 0.36, 31.9 mg, 0.092 mmol, 47%); 
1
H 

NMR (600 MHz, CDCl3): δ7.30~7.28 (m, 3H), 7.11~7.10 (m, 2H), 6.94 (dt, J = 9.6Hz 

& 3Hz, 2H), 6.68~6.66 (m, 2H), 6.18 (s, 1H), 3.72 (s, 3H), 2.44 (s, 3H), 2.42 (t, J = 

7.2Hz, 2H), 1.54~1.49 (m, 2H), 1.25~1.20 (m, 2H), 0.82 (t, J = 7.2Hz, 3H); 
13

C NMR 

(150 MHz, CDCl3): δ191.9, 158.9, 140.3, 139.7, 131.9, 130.2, 128.8, 128.6, 128.5, 

127.6, 124.4, 113.4, 113.1, 55.1, 41.6, 26.6, 22.4, 15.0, 13.9; ESI-MS (M+H) calcd. 

for C23H26NO2: 348.1964; Found: 348.1958. 

Spectral data for 1-(3-methyl-1-phenyl-5-(p-tolyl)-1H-pyrrol-2-yl)pentan-1-one 

(3t) 
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Orange sticky solid; (20% ethylacetate/hexane, Rf = 0.36, 43.4 mg, 0.131 mmol, 63%); 
1
H NMR (600 MHz, CDCl3): δ7.30~7.29 (m, 3H), 7.12~7.11 (m, 2H), 6.95~6.94 (m, 

2H), 6.90 (dd, J = 6.6Hz & 2.4Hz, 2H), 6.21 (s, 1H), 2.44 (s, 3H), 2.42 (t, J = 7.2Hz, 

2H), 2.24 (s, 3H), 1.54~1.49 (m, 2H), 1.25~1.20 (m, 2H), 0.82 (t, J = 7.2Hz, 3H); 
13

C 

NMR (150 MHz, CDCl3): δ192.1, 140.3, 139.8, 137.2, 132.0, 129.0, 128.8, 128.7, 

128.5, 128.4, 127.6, 113.3, 41.6, 26.6, 22.4, 21.1, 14.9, 13.9; ESI-MS (M+H) calcd. 

for C23H26NO: 332.2014; Found: 332.2009. 

Spectral data for 1-(5-(4-chlorophenyl)-3-methyl-1-phenyl-1H-pyrrol-2-yl) 

pentan-1-one (3u) 

 

Yellow solid, mp: 142.4~145.0℃; (10% ethylacetate/hexane, Rf = 0.44, 21.6 mg, 

0.061 mmol, 32%); 
1
H NMR (500 MHz, CDCl3): δ7.31 (s, 3H), 7.26 (d, J = 7.5Hz, 

1H), 7.11~7.10 (m, 3H), 6.93 (d, J = 7.4Hz, 1H), 6.86 (d, J = 7.4Hz, 1H), 6.23 (s, 1H), 

2.43~2.41 (m, 5H), 1.54~1.48 (m, 2H), 1.24~1.19 (m, 2H), 0.81 (t, J = 7.3Hz, 3H); 
13

C NMR (125 MHz, CDCl3): δ192.2, 139.9, 138.2, 131.1, 130.4, 130.3, 130.0, 128.7, 

128.6, 128.3, 128.2, 127.9, 113.7, 41.7, 26.5, 22.4, 14.9, 13.8; ESI-MS (M+H) calcd. 

for C22H23ClNO: 352.1468; Found: 352.1464. 

Spectral data for 1-(3-methyl-1-phenyl-5-(4-(trifluoromethyl)phenyl)-1H-pyrrol 

-2-yl)pentan-1-one (3v) 
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Yellow oil; (10% ethylacetate/hexane, Rf = 0.44, 7.9 mg, 0.020 mmol, 12%); 
1
H NMR 

(600 MHz, CDCl3): δ7.38 (d, J = 8.4Hz, 2H), 7.33~7.32 (m, 3H), 7.12~7.10 (m, 4H), 

6.30 (s, 1H), 2.44~2.41 (m, 5H), 1.55~1.49 (m, 2H), 1.25~1.19 (m, 2H), 0.82 (t, J = 

7.2Hz, 3H); 
13

C NMR (150 MHz, CDCl3): δ192.5, 139.8, 137.6, 135.5, 132.9, 128.9, 

128.3, 128.1, 124.9, 124.9, 114.3, 41.8, 26.5, 22.4, 14.8, 13.8; ESI-MS (M+H) calcd. 

for C23H23F3NO: 386.1732; Found: 386.1726. 

Spectral data for (4-methoxyphenyl)(3-methyl-1-phenyl-1H-pyrrol-2-yl) 

methanone (3w) 

 

Orange sticky solid; (20% ethylacetate/hexane, Rf = 0.29, 67.7 mg, 0.232 mmol, 93%); 
1
H NMR (400 MHz, CDCl3): δ7.74~7.70 (m, 2H), 7.29~7.25 (m, 2H), 7.19~7.15 (m, 

3H), 6.95 (d, J = 2.8Hz, 1H), 6.86~6.82 (m, 2H), 6.17 (d, J = 2.4Hz, 1H), 3.82 (s, 3H), 

2.04 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ186.8, 162.9, 140.7, 132.4, 131.8, 129.7, 

128.9, 127.4, 126.6, 124.6, 113.5, 112.0, 55.4, 13.5; ESI-MS (M+H) calcd. for 

C19H18NO2: 292.1338; Found: 292.1332. 

Spectral data for (3-methyl-1-phenyl-5-(thiophen-2-yl)-1H-pyrrol-2-yl)(phenyl) 

methanone and (3-methyl-1,5-diphenyl-1H-pyrrol-2-yl)(thiophen-2-yl) 

methanone (3x) 
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Orange oil; (20% ethylacetate/hexane, Rf = 0.45, 34.7 mg, 0.101 mmol, 51%); 
1
H 

NMR (600 MHz, CDCl3) major isomer: δ7.70 (dd, J = 7.9Hz & 0.9Hz, 2H), 

7.48~7.45 (m, 1H), 7.37 (t, J = 7.9Hz, 2H), 7.33~7.30 (m, 3H), 7.27~7.24 (m, 2H), 

7.04 (t, J = 4.5Hz, 1H), 6.83 (dd, J = 5.1Hz & 3.7Hz, 1H), 6.60 (dd, J = 3.7Hz & 

1.1Hz, 1H), 6.39 (s, 1H), 1.93 (s, 3H); 
1
H NMR (600 MHz, CDCl3) minor isomer: 

δ7.57~7.56 (m, 2H), 7.21~7.19 (m, 3H), 7.18~7.16 (m, 2H), 7.12~7.10 (m, 4H), 

7.08~7.07 (m, 2H), 6.30 (s, 1H), 2.17 (s, 3H); 
13

C NMR (150 MHz, CDCl3) major 

isomer: δ187.3, 140.3, 139.0, 133.9, 133.6, 133.1, 132.0, 131.9, 129.2, 128.9, 128.7, 

128.7, 128.2, 127.2, 127.0, 125.6, 112.7, 13.7; 
13

C NMR (150 MHz, CDCl3) minor 

isomer: δ 179.7, 145.7, 139.2, 139.0, 133.5, 132.2, 131.8, 128.6, 128.3, 128.0, 128.0, 

127.5, 127.4, 125.9, 112.9, 13.5, (remaining peaks merging with major isomer); 

ESI-MS (M+H) calcd. for C22H18NOS: 344.1109; Found: 344.1104. 

Spectral data for 2-methyl-1-(3-methyl-1,5-diphenyl-1H-pyrrol-2-yl)prop-2-en- 

1-one and (3-methyl-1-phenyl-5-(prop-1-en-2-yl)-1H-pyrrol-2-yl)(phenyl) 

methanone (3y) 

 

Orange oil; (10% ethylacetate/hexane, Rf = 0.24, 52.3 mg, 0.174 mmol, 73%); 
1
H 

NMR (600 MHz, CDCl3) major isomer: δ7.25~7.24 (m, 3H), 7.17~7.15 (m, 3H), 

7.06~7.03 (m, 4H), 6.25 (s, 1H), 5.63~5.61 (m, 2H), 2.25 (s, 3H), 1.85 (s, 3H); 
1
H 

NMR (600 MHz, CDCl3) minor isomer: δ7.69 (d, J = 8.2Hz, 2H), 7.46~7.44 (m, 1H), 

7.35 (t, J = 7.8Hz, 2H), 6.14 (s, 1H), 4.95~4.73 (m, 2H), 1.90 (s, 3H), 1.76 (s, 3H), 

(remaining peaks merging with major isomer); 
13

C NMR (150 MHz, CDCl3) major 
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isomer: δ190.1, 146.1, 139.5, 138.7, 132.0, 128.7, 128.6, 128.5, 127.9, 127.8, 127.7, 

127.2, 127.1, 124.8, 112.8, 17.6, 13.5; 
13

C NMR (150 MHz, CDCl3) minor isomer: 

δ131.9, 131.4, 129.2, 128.1, 116.7, 112.2, (remaining peaks merging with major 

isomer); ESI-MS (M+H) calcd. for C21H20NO: 302.1545; Found: 302.1539. 

Spectral data for (1-(4-fluorophenyl)-3-methyl-5-phenyl-1H-pyrrol-2-yl)(phenyl) 

methanone (4a) 

 

White solid, mp: 164.0~165.9℃; (20% ethylacetate/hexane, Rf = 0.48, 42.6 mg, 0.120 

mmol, 59%); 
1
H NMR (400 MHz, CDCl3): δ7.73~7.71 (m, 2H), 7.50~7.46 (m, 1H), 

7.4~7.36 (m, 2H), 7.20~7.18 (m, 3H), 7.10~7.06 (m, 4H), 6.91~6.87 (m, 2H), 6.27 (s, 

1H), 1.95 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ187.7, 140.2, 140.2, 132.1, 131.8, 

131.6, 129.8, 129.7, 129.3, 129.0, 128.8, 128.3, 128.1, 127.5, 115.5, 115.4, 113.1, 

13.8; ESI-MS (M+H) calcd. for C24H19FNO: 356.1451; Found: 356.1445. 

Spectral data for (1-(4-bromophenyl)-3-methyl-5-phenyl-1H-pyrrol-2-yl)(phenyl) 

methanone (4b) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.50, 75.2 mg, 0.181 mmol, 89%); 
1
H 

NMR (600 MHz, CDCl3): δ7.75~7.73 (m, 2H), 7.51~7.48 (m, 1H), 7.41~7.39 (m, 2H), 

7.33 (dt, J = 9.6Hz & 3Hz, 2H), 7.22~7.20 (m, 3H), 7.10~7.08 (m, 2H), 6.99 (dt, J = 

9.6Hz & 3Hz, 2), 6.28 (s, 1H), 1.95 (s, 3H); 
13

C NMR (150 MHz, CDCl3): δ187.6, 

140.1, 138.3, 132.1, 131.7, 131.6, 131.5, 129.7, 129.3, 129.2, 128.8, 128.3, 128.2, 
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127.6, 121.2, 13.8; ESI-MS (M+H) calcd. for C24H19BrNO: 416.0650; Found: 

416.0645. 

Spectral data for (1-(4-chlorophenyl)-3-methyl-5-phenyl-1H-pyrrol-2-yl)(phenyl) 

methanone (4c) 

 

White solid, mp: 146.2~147.3℃; (20% ethylacetate/hexane, Rf = 0.38, 55.9 mg, 0.150 

mmol, 74%); 
1
H NMR (600 MHz, CDCl3): δ7.75~7.73 (m, 2H), 7.51~7.48 (m, 1H), 

7.41~7.39 (m, 2H), 7.22~7.19 (m, 3H), 7.18 (dt, J = 8.3Hz & 2.9Hz, 2H), 7.09~7.07 

(m, 2H), 7.05 (dt, J = 8.3Hz & 2.9Hz, 2H), 6.27 (s, 1H), 1.95 (s, 3H); 
13

C NMR (150 

MHz, CDCl3): δ187.6, 140.1, 140.1, 137.8, 133.1, 132.2, 131.6, 131.5, 129.3, 129.3, 

128.8, 128.7, 128.3, 128.2, 127.6, 113.3, 13.8; ESI-MS (M+H) calcd. for C24H19ClNO: 

372.1155; Found: 372.1150. 

 

Spectral data for ethyl 4-(2-benzoyl-3-methyl-5-phenyl-1H-pyrrol-1-yl)benzoate 

(4d) 

 

Yellow oil; (20% ethylacetate/hexane, Rf = 0.42, 75.6 mg, 0.185 mmol, 91%); 
1
H 

NMR (600 MHz, CDCl3): δ7.89 (dt, J = 9Hz & 2.4Hz, 2H), 7.75~7.74 (m, 2H), 

7.50~7.47 (m, 1H), 7.40~7.38 (m, 2H), 7.20~7.17 (m, 3H), 7.15 (dt, J = 9Hz & 2.4Hz, 

2H), 7.06~7.05 (m, 2H), 6.28 (s, 1H), 4.31 (q, J = 7.2Hz, 2H), 1.96 (s, 3H), 1.33 (t, J 

= 7.2Hz, 3H); 
13

C NMR (150 MHz, CDCl3): δ187.6, 165.9, 143.2, 140.0, 139.9, 132.2, 



S31 
 

131.5, 130.0, 129.3, 129.2, 128.8, 128.3, 128.2, 127.9, 127.6, 113.6, 61.0, 14.3, 13.7; 

ESI-MS (M+H) calcd. for C27H24NO3: 410.1756; Found: 410.1751. 

Spectral data for (3-methyl-5-phenyl-1-(p-tolyl)-1H-pyrrol-2-yl)(phenyl) 

methanone (4e) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.46, 35.0 mg, 0.100 mmol, 49%); 
1
H 

NMR (600 MHz, CDCl3): δ7.74~7.73 (m, 2H), 7.48~7.45 (m, 1H), 7.39~7.36 (m, 2H), 

7.19~7.17 (m, 3H), 7.11~7.10 (m, 2H), 7.00 (s, 4H), 6.27 (s, 1H), 2.27 (s, 3H), 1.96 (s, 

3H); 
13

C NMR (150 MHz, CDCl3): δ187.8, 140.3, 139.8, 137.1, 136.6, 132.0, 131.9, 

131.8, 129.4, 129.2, 128.8, 128.6, 128.2, 128.0, 127.8, 127.2, 112.9, 21.1, 13.7; 

ESI-MS (M+H) calcd. for C25H22NO: 352.1701; Found: 352.1696. 

Spectral data for (1-(3-chlorophenyl)-3-methyl-5-phenyl-1H-pyrrol-2-yl)(phenyl) 

methanone (4f) 

 

Yellow oil; (20% ethylacetate/hexane, Rf = 0.35, 43 mg, 0.116 mmol, 57%); 
1
H NMR 

(500 MHz, CDCl3): δ7.74 (d, J = 7.7Hz, 2H), 7.49 (t, J = 7.5Hz, 1H), 7.40 (t, J = 

6.9Hz, 2H), 7.21 (s, 3H), 7.18 (d, J = 8.1Hz, 1H), 7.14~7.10 (m, 4H), 7.02 (d, J = 

7.2Hz, 1H), 6.29 (s, 1H), 1.98 (s, 3H); 
13

C NMR (125 MHz, CDCl3): δ187.5, 140.3, 

140.0, 140.0, 133.9, 132.0, 131.6, 131.4, 129.3, 129.2, 128.7, 128.3, 128.2, 128.1, 

127.6, 127.6, 126.5, 113.4, 13.7; ESI-MS (M+H) calcd. for C24H18ClNO: 372.1155; 

Found: 372.1154. 
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Spectral data for (3-methyl-5-phenyl-1-(m-tolyl)-1H-pyrrol-2-yl)(phenyl) 

methanone (4g) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.37, 32.1 mg, 0.091 mmol, 45%); 
1
H 

NMR (500 MHz, CDCl3): δ7.72 (d, J = 7.5Hz, 2H), 7.45 (t, J = 7.5Hz, 1H), 7.36 (t, J 

= 7.5Hz, 2H), 7.18 (s, 3H), 7.09~7.05 (m, 3H), 6.98 (d, J = 7.5Hz, 1H), 6.90~6.89 (m, 

2H), 6.28 (s, 1H), 2.20 (s, 3H), 1.99 (s, 3H); 
13

C NMR (125 MHz, CDCl3): δ187.9, 

140.3, 139.6, 139.0, 138.3, 132.0, 131.8, 131.7, 129.2, 128.8, 128.7, 128.7, 128.2, 

128.1, 128.1, 127.9, 127.2, 125.2, 113.0, 21.2, 13.7; ESI-MS (M+H) calcd. for 

C25H22NO: 352.1701; Found: 352.1696. 

Spectral data for (1-(2-chlorophenyl)-3-methyl-5-phenyl-1H-pyrrol-2-yl)(phenyl) 

methanone (4h) 

 

Yellow solid, mp: 191.7~194.3℃; (20% ethylacetate/hexane, Rf = 0.31, 42.3 mg, 

0.114 mmol, 56%); 
1
H NMR (500 MHz, CDCl3): δ7.75 (d, J = 7.3Hz, 2H), 7.48 (t, J 

= 7.6Hz, 1H), 7.40 (t, J = 6.7Hz, 2H), 7.34~7.29 (m, 2H), 7.21~7.18 (m, 5H), 7.14 (s, 

2H), 6.32 (s, 1H), 1.92 (s, 3H); 
13

C NMR (125 MHz, CDCl3): δ187.4, 140.4, 140.0, 

137.4, 132.9, 131.8, 131.5, 131.2, 129.7, 129.3, 129.1, 129.1, 128.5, 128.2, 128.1, 

127.6, 126.9, 113.1, 14.0; ESI-MS (M+H) calcd. for C24H19ClNO: 372.1155; Found: 

372.1150. 

Spectral data for (1-(2-bromophenyl)-3-methyl-5-phenyl-1H-pyrrol-2-yl)(phenyl) 
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methanone (4i) 

 

White solid, mp: 192.5~193.8℃; (20% ethylacetate/hexane, Rf = 0.34, 52.4 mg, 0.126 

mmol, 62%); 
1
H NMR (500 MHz, CDCl3): δ7.84 (d, J = 7.5Hz, 2H), 7.56~7.52 (m, 

2H), 7.46 (t, J = 7.9Hz, 3H), 7.31 (t, J = 7.5Hz, 1H), 7.25~7.18 (m, 6H), 6.38 (s, 1H), 

1.98 (s, 3H); 
13

C NMR (125 MHz, CDCl3): δ187.3, 140.3, 140.0, 138.9, 132.8, 131.8, 

131.6, 131.5, 131.4, 129.4, 129.4, 129.1, 128.6, 128.2, 128.1, 127.6, 127.4, 123.3, 

113.1, 14.1; ESI-MS (M+H) calcd. for C24H19BrNO: 416.0650; Found: 416.0645. 

Spectral data for (3-methyl-5-phenyl-1-(o-tolyl)-1H-pyrrol-2-yl)(phenyl) 

methanone (4j) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.37, 15.0 mg, 0.043 mmol, 21%); 
1
H 

NMR (600 MHz, CDCl3): δ7.72~7.70 (m, 2H), 7.47 (td, J = 7.9Hz & 1.1Hz, 1H), 

7.38 (t, J = 7.4Hz, 2H), 7.23 (s, 1H), 7.17~7.14 (m, 4H), 7.12~7.09 (m, 3H), 7.07 (d, J 

= 7.5Hz, 1H), 6.32 (s, 1H), 1.94 (s, 3H), 1.93 (s, 3H); 
13

C NMR (150 MHz, CDCl3): 

δ187.3, 140.3, 138.6, 136.0, 131.9, 131.8, 130.4, 129.4, 129.3, 128.6, 128.2, 128.1, 

128.1, 127.4, 126.0, 112.6, 17.7, 14.0; ESI-MS (M+H) calcd. for C25H22NO: 352.1701; 

Found: 352.1696. 

Spectral data for ethyl 4-(2-(cyclopropanecarbonyl)-5-cyclopropyl-3-methyl-1H- 

pyrrol-1-yl)benzoate (5a) 
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Yellow oil; (20% ethylacetate/hexane, Rf = 0.29, 62.0 mg, 0.184 mmol, 64%); 
1
H 

NMR (600 MHz, CDCl3): δ8.09 (dd, J = 8.5Hz & 0.5Hz, 2H), 7.31 (dd, J = =8.5Hz & 

0.5Hz, 2H), 5.72 (s, 1H), 4.37 (qd, J = 7.1Hz & 0.7Hz, 2H), 2.41 (s, 3H), 2.02~1.98 

(m, 1H), 1.38 (td, J = 7.1Hz & 0.7Hz, 3H), 0.99~0.96 (m, 2H), 0.74~0.67 (m, 4H), 

0.62~0.59 (m, 2H); 
13

C NMR (150 MHz, CDCl3): δ190.3, 166.0, 144.5, 142.9, 131.6, 

130.2, 129.4, 127.7, 108.6, 61.1, 20.2, 14.6, 14.3, 10.2, 8.0, 7.8; ESI-MS (M+H) calcd. 

for C21H24NO3: 338.1756; Found: 338.1746. 

Spectral data for (E)-(1-(4-iodophenyl)-5-phenyl-3-styryl-1H-pyrrol-2-yl) 

(phenyl)methanone (6a) 

 

Orange oil; (20% ethylacetate/hexane, Rf = 0.33, 20.61 mg, 0.037 mmol, 25%); 
1
H 

NMR (400 MHz, CDCl3): δ7.79 (d, J = 7.1Hz, 2H), 7.54 (d, J = 8.5Hz, 3H), 7.42 (t, J 

= 7.8Hz, 2H), 7.26~7.23 (m, 3H), 7.21 (d, J = 7.6Hz, 2H), 7.17~7.13 (m, 3H), 

7.11~7.09 (m, 2H), 6.92 (d, J = 16.2Hz, 1H), 6.87 (dt, J = 8.5Hz & 1.9Hz, 2H), 6.75 

(s, 1H), 6.67 (d, J = 16.2Hz, 1H); 
13

C NMR (150 MHz, CDCl3): δ187.2, 140.7, 139.9, 

138.6, 137.8, 137.3, 132.6, 131.5, 131.2, 130.4, 129.9, 129.0, 128.9, 128.5, 128.4, 

128.3, 127.9, 127.8, 127.4, 126.2, 120.9, 107.8, 93.0; ESI-MS (M+H) calcd. for 

C31H23INO: 552.0824; Found: 552.1790. 

Spectral data for 2-benzoyl-1-(4-iodophenyl)-5-phenyl-1H-pyrrole-3- 

carbaldehyde (6b) 
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Red oil; (20% ethylacetate/hexane, Rf = 0.23, 36.79 mg, 0.077 mmol, 85%); 
1
H NMR 

(400 MHz, CDCl3): δ9.55 (s, 1H), 7.79 (d, J = 7.1Hz, 2H), 7.57~7.54 (m, 3H), 7.42 (t, 

J = 7.7Hz, 2H), 7.27~7.23 (m, 3H), 7.12~7.08 (m, 2H), 6.94 (s, 1H), 6.85 (dt, J = 

8.6Hz & 1.8Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ187.0, 185.7, 139.5, 139.0, 

138.1, 138.0, 137.4, 137.2, 133.9, 130.3, 129.8, 129.6, 128.9, 128.7, 128.5, 128.3, 

108.9, 94.1; ESI-MS (M+H) calcd. for C24H17INO2: 478.0304; Found: 478.0293. 

Spectral data for 2-benzoyl-1-(4-iodophenyl)-5-phenyl-1H-pyrrole-3-carboxylic 

acid (6c) 

 

Yellow oil; (50% ethylacetate/hexane, Rf = 0.25, 21.19 mg, 0.043 mmol, 41%); 
1
H 

NMR (600 MHz, Acentone): δ10.76 (s, 1H), 7.82 (d, J = 7.3Hz, 2H), 7.67 (dt, J = 

8.5Hz & 1.7Hz, 2H), 7.59 (t, J = 7.4Hz, 1H), 7.46 (t, J = 7.9Hz, 2H), 7.30~7.23 (m, 

5H), 7.03 (dt, J = 8.5Hz & 1.7Hz, 2H), 6.87 (s, 1H); 
13

C NMR (150 MHz, Acentone): 

δ190.9, 165.4, 140.2, 139.8, 139.4, 138.5, 138.2, 135.1, 132.9, 132.2, 131.0, 130.6, 

130.3, 130.1, 129.5, 115.6, 112.1, 95.4; ESI-MS (M+H) calcd. for C24H17INO3: 

494.0253; Found: 494.0250. 

Spectral data for ethyl 2-benzoyl-1-(4-iodophenyl)-5-phenyl-1H-pyrrole-3- 

carboxylate (6d) 
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Yellow solid, mp: 178.8~180.7℃; (50% ethylacetate/hexane, Rf = 0.59, 48.09 mg, 

0.092 mmol, 91%); 
1
H NMR (600 MHz, CDCl3): δ7.82 (dd, J = 8.1Hz & 1.0Hz, 2H), 

7.55~7.52 (m, 3H), 7.41 (t, J = 8.2Hz, 2H), 7.23~7.21 (m, 3H), 7.12~7.08 (m, 2H), 

6.88 (s, 1H), 6.85 (dt, J = 8.7Hz & 1.9Hz, 2H), 3.92 (q, J = 7.1Hz, 2H), 0.85 (t, J = 

7.1Hz, 3H); 
13

C NMR (150 MHz, CDCl3): δ189.1, 163.7, 138.6, 138.1, 137.3, 135.2, 

133.4, 130.8, 129.8, 129.3, 128.7, 128.5, 128.4, 127.7, 118.9, 114.0, 110.8, 94.1, 60.3, 

13.6; ESI-MS (M+H) calcd. for C26H21INO3: 522.0566; Found: 522.0551. 
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(5)X-ray crystallographic structure and data for compound 3a and 4c 

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

 

 

Table 1.  Crystal data and structure refinement for d18758. 

Identification code  d18758 

Empirical formula  C24 H19 N O 

Formula weight  337.40 

Temperature  200(2) K 

Wavelength  0.71073 Å  

Crystal system  Triclinic 

Space group  P -1 

Unit cell dimensions a = 9.6383(14) Å  = 80.286(4)°. 

 b = 9.7333(11) Å  = 71.715(4)°. 

 c = 10.4533(14) Å   = 74.791(4)°. 

Volume 894.5(2) Å 3 

Z 2 

Density (calculated) 1.253 Mg/m3 
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Absorption coefficient 0.076 mm-1 

F(000) 356 

Crystal size 0.11 x 0.09 x 0.03 mm3 

Theta range for data collection 2.28 to 25.08°. 

Index ranges -11<=h<=11, -11<=k<=11, -12<=l<=12 

Reflections collected 18760 

Independent reflections 3156 [R(int) = 0.1026] 

Completeness to theta = 25.08° 99.1 %  

Absorption correction multi-scan 

Max. and min. transmission 0.9977 and 0.9917 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3156 / 0 / 236 

Goodness-of-fit on F2 1.129 

Final R indices [I>2sigma(I)] R1 = 0.0692, wR2 = 0.1179 

R indices (all data) R1 = 0.1081, wR2 = 0.1303 

Largest diff. peak and hole 0.204 and -0.199 e.Å -3 

 

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

for d18758.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

C(1) 4669(3) 3566(3) 4255(2) 30(1) 

C(2) 3311(3) 3148(2) 5239(2) 28(1) 

C(3) 2014(3) 4201(3) 5621(3) 34(1) 

C(4) 726(3) 3844(3) 6483(3) 43(1) 

C(5) 693(3) 2442(3) 6965(3) 44(1) 

C(6) 1967(3) 1379(3) 6566(3) 42(1) 

C(7) 3270(3) 1738(3) 5712(3) 36(1) 

C(8) 6158(3) 2742(2) 4309(2) 28(1) 

C(9) 6700(3) 2120(2) 5409(2) 30(1) 

C(10) 5850(3) 1993(3) 6886(3) 42(1) 

C(11) 8261(3) 1730(3) 4914(3) 32(1) 

C(12) 8679(3) 2084(2) 3536(3) 28(1) 

C(13) 10197(3) 1823(2) 2588(3) 30(1) 

C(14) 11362(3) 2026(3) 3005(3) 38(1) 

C(15) 12811(3) 1777(3) 2175(3) 48(1) 

C(16) 13131(3) 1322(3) 920(3) 51(1) 
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C(17) 11993(4) 1096(3) 499(3) 49(1) 

C(18) 10531(3) 1340(3) 1328(3) 42(1) 

C(19) 7321(3) 3265(3) 1816(2) 27(1) 

C(20) 7967(3) 4394(3) 1161(3) 36(1) 

C(21) 7890(3) 4907(3) -133(3) 45(1) 

C(22) 7147(3) 4325(3) -755(3) 48(1) 

C(23) 6516(3) 3196(3) -101(3) 47(1) 

C(24) 6621(3) 2648(3) 1185(3) 36(1) 

N(1) 7392(2) 2718(2) 3166(2) 27(1) 

O(1) 4509(2) 4586(2) 3413(2) 42(1) 

 

Table 3.   Bond lengths [Å ] and angles [°] for d18758. 

_____________________________________________________ 

C(1)-O(1)  1.223(3) 

C(1)-C(8)  1.461(3) 

C(1)-C(2)  1.494(3) 

C(2)-C(7)  1.384(3) 

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

C(3)-C(4)  1.376(4) 

C(3)-H(3)  0.9500 

C(4)-C(5)  1.377(4) 

C(4)-H(4)  0.9500 

C(5)-C(6)  1.382(4) 

C(5)-H(5)  0.9500 

C(6)-C(7)  1.385(4) 

C(6)-H(6)  0.9500 

C(7)-H(7)  0.9500 

C(8)-C(9)  1.393(3) 

C(8)-N(1)  1.395(3) 

C(9)-C(11)  1.397(3) 

C(9)-C(10)  1.505(3) 

C(10)-H(10A)  0.9800 

C(10)-H(10B)  0.9800 

C(10)-H(10C)  0.9800 

C(11)-C(12)  1.377(3) 

C(11)-H(11)  0.9500 

C(12)-N(1)  1.374(3) 

C(12)-C(13)  1.473(4) 
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C(13)-C(18)  1.386(4) 

C(13)-C(14)  1.394(4) 

C(14)-C(15)  1.377(4) 

C(14)-H(14)  0.9500 

C(15)-C(16)  1.373(4) 

C(15)-H(15)  0.9500 

C(16)-C(17)  1.381(4) 

C(16)-H(16)  0.9500 

C(17)-C(18)  1.386(4) 

C(17)-H(17)  0.9500 

C(18)-H(18)  0.9500 

C(19)-C(24)  1.370(3) 

C(19)-C(20)  1.379(3) 

C(19)-N(1)  1.437(3) 

C(20)-C(21)  1.379(4) 

C(20)-H(20)  0.9500 

C(21)-C(22)  1.373(4) 

C(21)-H(21)  0.9500 

C(22)-C(23)  1.371(4) 

C(22)-H(22)  0.9500 

C(23)-C(24)  1.385(4) 

C(23)-H(23)  0.9500 

C(24)-H(24)  0.9500 

 

O(1)-C(1)-C(8) 121.4(2) 

O(1)-C(1)-C(2) 119.1(2) 

C(8)-C(1)-C(2) 119.5(2) 

C(7)-C(2)-C(3) 118.9(2) 

C(7)-C(2)-C(1) 122.3(2) 

C(3)-C(2)-C(1) 118.7(2) 

C(4)-C(3)-C(2) 120.1(2) 

C(4)-C(3)-H(3) 119.9 

C(2)-C(3)-H(3) 119.9 

C(3)-C(4)-C(5) 120.9(3) 

C(3)-C(4)-H(4) 119.6 

C(5)-C(4)-H(4) 119.6 

C(4)-C(5)-C(6) 119.5(3) 

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

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

C(5)-C(6)-H(6) 120.2 

C(7)-C(6)-H(6) 120.2 

C(2)-C(7)-C(6) 120.9(2) 

C(2)-C(7)-H(7) 119.5 

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

C(9)-C(8)-N(1) 107.3(2) 

C(9)-C(8)-C(1) 130.7(2) 

N(1)-C(8)-C(1) 120.8(2) 

C(8)-C(9)-C(11) 106.9(2) 

C(8)-C(9)-C(10) 128.7(2) 

C(11)-C(9)-C(10) 124.1(2) 

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

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

H(10A)-C(10)-H(10B) 109.5 

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

H(10A)-C(10)-H(10C) 109.5 

H(10B)-C(10)-H(10C) 109.5 

C(12)-C(11)-C(9) 109.3(2) 

C(12)-C(11)-H(11) 125.4 

C(9)-C(11)-H(11) 125.4 

N(1)-C(12)-C(11) 107.3(2) 

N(1)-C(12)-C(13) 124.5(2) 

C(11)-C(12)-C(13) 128.2(2) 

C(18)-C(13)-C(14) 118.6(3) 

C(18)-C(13)-C(12) 123.5(2) 

C(14)-C(13)-C(12) 117.9(2) 

C(15)-C(14)-C(13) 120.7(3) 

C(15)-C(14)-H(14) 119.6 

C(13)-C(14)-H(14) 119.6 

C(16)-C(15)-C(14) 120.3(3) 

C(16)-C(15)-H(15) 119.8 

C(14)-C(15)-H(15) 119.8 

C(15)-C(16)-C(17) 119.6(3) 

C(15)-C(16)-H(16) 120.2 

C(17)-C(16)-H(16) 120.2 

C(16)-C(17)-C(18) 120.5(3) 



S42 
 

C(16)-C(17)-H(17) 119.8 

C(18)-C(17)-H(17) 119.8 

C(13)-C(18)-C(17) 120.2(3) 

C(13)-C(18)-H(18) 119.9 

C(17)-C(18)-H(18) 119.9 

C(24)-C(19)-C(20) 120.5(2) 

C(24)-C(19)-N(1) 119.5(2) 

C(20)-C(19)-N(1) 120.0(2) 

C(21)-C(20)-C(19) 119.3(3) 

C(21)-C(20)-H(20) 120.3 

C(19)-C(20)-H(20) 120.3 

C(22)-C(21)-C(20) 120.5(3) 

C(22)-C(21)-H(21) 119.8 

C(20)-C(21)-H(21) 119.8 

C(23)-C(22)-C(21) 119.8(3) 

C(23)-C(22)-H(22) 120.1 

C(21)-C(22)-H(22) 120.1 

C(22)-C(23)-C(24) 120.2(3) 

C(22)-C(23)-H(23) 119.9 

C(24)-C(23)-H(23) 119.9 

C(19)-C(24)-C(23) 119.6(3) 

C(19)-C(24)-H(24) 120.2 

C(23)-C(24)-H(24) 120.2 

C(12)-N(1)-C(8) 109.2(2) 

C(12)-N(1)-C(19) 125.7(2) 

C(8)-N(1)-C(19) 125.2(2) 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  

  

Table 4.   Anisotropic displacement parameters (Å 2x 103)for d18758.  The anisotropic 

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

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

C(1) 36(2)  29(1) 25(1)  -8(1) -6(1)  -6(1) 

C(2) 30(2)  31(1) 23(1)  -6(1) -7(1)  -6(1) 

C(3) 35(2)  33(1) 31(2)  -7(1) -6(1)  -5(1) 

C(4) 33(2)  51(2) 39(2)  -11(1) -2(1)  -5(1) 
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C(5) 40(2)  57(2) 36(2)  -8(1) -3(1)  -20(2) 

C(6) 51(2)  36(2) 42(2)  -3(1) -9(2)  -19(1) 

C(7) 37(2)  33(2) 37(2)  -10(1) -8(1)  -4(1) 

C(8) 33(2)  29(1) 23(1)  -2(1) -5(1)  -12(1) 

C(9) 36(2)  30(1) 24(1)  -1(1) -7(1)  -10(1) 

C(10) 52(2)  48(2) 25(2)  1(1) -11(1)  -11(1) 

C(11) 36(2)  33(1) 31(2)  0(1) -17(1)  -7(1) 

C(12) 30(2)  26(1) 31(2)  -3(1) -11(1)  -6(1) 

C(13) 31(2)  26(1) 33(2)  -2(1) -10(1)  -5(1) 

C(14) 35(2)  40(2) 40(2)  3(1) -14(1)  -8(1) 

C(15) 32(2)  51(2) 57(2)  2(2) -13(2)  -7(1) 

C(16) 31(2)  45(2) 63(2)  -2(2) 0(2)  -3(1) 

C(17) 48(2)  45(2) 44(2)  -11(1) -1(2)  -3(1) 

C(18) 37(2)  40(2) 46(2)  -12(1) -9(1)  -4(1) 

C(19) 23(1)  35(1) 19(1)  -4(1) -4(1)  -2(1) 

C(20) 39(2)  37(2) 32(2)  -1(1) -11(1)  -10(1) 

C(21) 42(2)  49(2) 34(2)  8(1) -5(1)  -6(1) 

C(22) 34(2)  76(2) 23(2)  -1(2) -5(1)  3(2) 

C(23) 36(2)  80(2) 29(2)  -13(2) -10(1)  -13(2) 

C(24) 30(2)  52(2) 30(2)  -9(1) -6(1)  -15(1) 

N(1) 26(1)  33(1) 20(1)  -1(1) -5(1)  -7(1) 

O(1) 40(1)  41(1) 32(1)  5(1) -3(1)  1(1) 

 

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

for d18758. 

________________________________________________________________________________ 

 x  y  z  U(eq) 

________________________________________________________________________________ 

 

H(3) 2015 5171 5286 40 

H(4) -153 4573 6750 52 

H(5) -199 2208 7568 53 

H(6) 1949 407 6875 51 

H(7) 4148 1007 5448 44 

H(10A) 5113 2889 7112 64 

H(10B) 6551 1799 7434 64 

H(10C) 5332 1207 7074 64 

H(11) 8928 1290 5443 38 
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H(14) 11154 2339 3873 46 

H(15) 13594 1921 2473 57 

H(16) 14130 1163 344 61 

H(17) 12214 770 -366 59 

H(18) 9756 1177 1033 50 

H(20) 8459 4815 1598 43 

H(21) 8355 5668 -599 54 

H(22) 7069 4704 -1635 58 

H(23) 6006 2790 -532 57 

H(24) 6210 1848 1627 43 

________________________________________________________________________________  
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b) X-ray crystallographic structure and data for compound ‘4c’ 

 

 

Table 1.  Crystal data and structure refinement for 170328LT. 

Identification code  170328LT 

Empirical formula  C24 H18 Cl N O 

Formula weight  371.84 

Temperature  100(2) K 

Wavelength  0.71073 Å  

Crystal system  Monoclinic 

Space group  P 21/c 

Unit cell dimensions a = 11.0623(5) Å  = 90°. 

 b = 18.5108(9) Å  = 98.868(2)°. 

 c = 9.7609(4) Å   = 90°. 

Volume 1974.87(15) Å 3 

Z 4 
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Density (calculated) 1.251 Mg/m3 

Absorption coefficient 0.206 mm-1 

F(000) 776 

Crystal size 0.15 x 0.02 x 0.01 mm3 

Theta range for data collection 2.164 to 26.391°. 

Index ranges -13<=h<=13, -23<=k<=23, -6<=l<=12 

Reflections collected 14743 

Independent reflections 4036 [R(int) = 0.0319] 

Completeness to theta = 25.242° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9485 and 0.9026 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4036 / 0 / 245 

Goodness-of-fit on F2 1.025 

Final R indices [I>2sigma(I)] R1 = 0.0464, wR2 = 0.1095 

R indices (all data) R1 = 0.0820, wR2 = 0.1281 

Extinction coefficient n/a 

Largest diff. peak and hole 0.309 and -0.362 e.Å -3 

 

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

for 170328LT.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

Cl(1) -3279(1) 8520(1) 357(1) 102(1) 

O(1) 1422(1) 7380(1) 921(2) 71(1) 

N(1) 1993(1) 8687(1) 2496(2) 47(1) 

C(1) 3612(3) 5365(2) 3488(4) 94(1) 

C(2) 3543(2) 5921(2) 4410(3) 80(1) 

C(3) 3122(2) 6587(1) 3914(2) 64(1) 

C(4) 2762(2) 6692(1) 2506(2) 52(1) 

C(5) 2237(2) 7389(1) 1926(2) 53(1) 

C(6) 2722(2) 8069(1) 2562(2) 50(1) 

C(7) 2700(2) 9267(1) 3007(2) 50(1) 

C(8) 2250(2) 9998(1) 3225(2) 53(1) 

C(9) 1091(2) 10146(1) 3542(2) 64(1) 

C(10) 739(3) 10844(1) 3801(3) 79(1) 

C(11) 1532(3) 11406(1) 3770(3) 89(1) 
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C(12) 3253(3) 5465(2) 2096(3) 99(1) 

C(13) 2823(2) 6122(1) 1610(2) 74(1) 

C(14) 3879(2) 9013(1) 3351(2) 59(1) 

C(15) 3908(2) 8274(1) 3090(2) 59(1) 

C(16) 5053(2) 7824(2) 3302(3) 91(1) 

C(17) 2681(3) 11273(1) 3468(3) 89(1) 

C(18) 3038(2) 10579(1) 3186(2) 71(1) 

C(19) 704(2) 8682(1) 2012(2) 48(1) 

C(20) -63(2) 8336(1) 2784(2) 56(1) 

C(21) -1298(2) 8300(1) 2289(2) 64(1) 

C(22) -1735(2) 8606(1) 1019(3) 64(1) 

C(23) -974(2) 8962(1) 260(2) 68(1) 

C(24) 256(2) 8999(1) 756(2) 60(1) 

________________________________________________________________________________  

 

Table 3.   Bond lengths [Å ] and angles [°] for  170328LT. 

_____________________________________________________  

Cl(1)-C(22)  1.738(2) 

O(1)-C(5)  1.226(2) 

N(1)-C(7)  1.376(2) 

N(1)-C(6)  1.395(2) 

N(1)-C(19)  1.431(2) 

C(1)-C(12)  1.368(4) 

C(1)-C(2)  1.378(4) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.378(3) 

C(2)-H(15)  0.9500 

C(3)-C(4)  1.384(3) 

C(3)-H(16)  0.9500 

C(4)-C(13)  1.380(3) 

C(4)-C(5)  1.490(3) 

C(5)-C(6)  1.468(3) 

C(6)-C(15)  1.387(3) 

C(7)-C(14)  1.378(3) 

C(7)-C(8)  1.468(3) 

C(8)-C(18)  1.389(3) 

C(8)-C(9)  1.391(3) 

C(9)-C(10)  1.384(3) 
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C(9)-H(7)  0.9500 

C(10)-C(11)  1.364(4) 

C(10)-H(8)  0.9500 

C(11)-C(17)  1.371(4) 

C(11)-H(2)  0.9500 

C(12)-C(13)  1.363(3) 

C(12)-H(18)  0.9500 

C(13)-H(17)  0.9500 

C(14)-C(15)  1.392(3) 

C(14)-H(3)  0.9500 

C(15)-C(16)  1.504(3) 

C(16)-H(4)  0.9800 

C(16)-H(6)  0.9800 

C(16)-H(5)  0.9800 

C(17)-C(18)  1.384(4) 

C(17)-H(10)  0.9500 

C(18)-H(9)  0.9500 

C(19)-C(20)  1.377(3) 

C(19)-C(24)  1.381(3) 

C(20)-C(21)  1.379(3) 

C(20)-H(14)  0.9500 

C(21)-C(22)  1.381(3) 

C(21)-H(13)  0.9500 

C(22)-C(23)  1.373(3) 

C(23)-C(24)  1.375(3) 

C(23)-H(12)  0.9500 

C(24)-H(11)  0.9500 

 

C(7)-N(1)-C(6) 109.37(16) 

C(7)-N(1)-C(19) 127.32(16) 

C(6)-N(1)-C(19) 123.28(16) 

C(12)-C(1)-C(2) 120.7(2) 

C(12)-C(1)-H(1) 119.6 

C(2)-C(1)-H(1) 119.6 

C(1)-C(2)-C(3) 119.2(2) 

C(1)-C(2)-H(15) 120.4 

C(3)-C(2)-H(15) 120.4 

C(2)-C(3)-C(4) 120.3(2) 
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C(2)-C(3)-H(16) 119.8 

C(4)-C(3)-H(16) 119.8 

C(13)-C(4)-C(3) 119.1(2) 

C(13)-C(4)-C(5) 118.42(18) 

C(3)-C(4)-C(5) 122.32(18) 

O(1)-C(5)-C(6) 121.74(18) 

O(1)-C(5)-C(4) 119.21(18) 

C(6)-C(5)-C(4) 119.05(17) 

C(15)-C(6)-N(1) 107.39(18) 

C(15)-C(6)-C(5) 130.96(19) 

N(1)-C(6)-C(5) 120.85(17) 

N(1)-C(7)-C(14) 106.55(18) 

N(1)-C(7)-C(8) 125.81(17) 

C(14)-C(7)-C(8) 127.50(19) 

C(18)-C(8)-C(9) 117.2(2) 

C(18)-C(8)-C(7) 118.8(2) 

C(9)-C(8)-C(7) 123.93(19) 

C(10)-C(9)-C(8) 121.3(2) 

C(10)-C(9)-H(7) 119.4 

C(8)-C(9)-H(7) 119.4 

C(11)-C(10)-C(9) 120.5(3) 

C(11)-C(10)-H(8) 119.7 

C(9)-C(10)-H(8) 119.7 

C(10)-C(11)-C(17) 119.2(3) 

C(10)-C(11)-H(2) 120.4 

C(17)-C(11)-H(2) 120.4 

C(13)-C(12)-C(1) 119.9(3) 

C(13)-C(12)-H(18) 120.0 

C(1)-C(12)-H(18) 120.0 

C(12)-C(13)-C(4) 120.7(2) 

C(12)-C(13)-H(17) 119.7 

C(4)-C(13)-H(17) 119.7 

C(7)-C(14)-C(15) 109.79(18) 

C(7)-C(14)-H(3) 125.1 

C(15)-C(14)-H(3) 125.1 

C(6)-C(15)-C(14) 106.87(18) 

C(6)-C(15)-C(16) 128.9(2) 

C(14)-C(15)-C(16) 124.2(2) 
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C(15)-C(16)-H(4) 109.5 

C(15)-C(16)-H(6) 109.5 

H(4)-C(16)-H(6) 109.5 

C(15)-C(16)-H(5) 109.5 

H(4)-C(16)-H(5) 109.5 

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

C(11)-C(17)-C(18) 120.8(3) 

C(11)-C(17)-H(10) 119.6 

C(18)-C(17)-H(10) 119.6 

C(17)-C(18)-C(8) 120.9(2) 

C(17)-C(18)-H(9) 119.5 

C(8)-C(18)-H(9) 119.5 

C(20)-C(19)-C(24) 121.12(19) 

C(20)-C(19)-N(1) 119.28(17) 

C(24)-C(19)-N(1) 119.56(17) 

C(19)-C(20)-C(21) 119.47(19) 

C(19)-C(20)-H(14) 120.3 

C(21)-C(20)-H(14) 120.3 

C(20)-C(21)-C(22) 119.1(2) 

C(20)-C(21)-H(13) 120.5 

C(22)-C(21)-H(13) 120.5 

C(23)-C(22)-C(21) 121.5(2) 

C(23)-C(22)-Cl(1) 119.49(18) 

C(21)-C(22)-Cl(1) 119.01(19) 

C(22)-C(23)-C(24) 119.4(2) 

C(22)-C(23)-H(12) 120.3 

C(24)-C(23)-H(12) 120.3 

C(23)-C(24)-C(19) 119.5(2) 

C(23)-C(24)-H(11) 120.3 

C(19)-C(24)-H(11) 120.3 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

 

Table 4.   Anisotropic displacement parameters  (Å 2x 103) for 170328LT.  The anisotropic 

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

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  
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Cl(1) 55(1)  99(1) 138(1)  -19(1) -26(1)  -11(1) 

O(1) 80(1)  66(1) 57(1)  -3(1) -16(1)  6(1) 

N(1) 47(1)  49(1) 43(1)  2(1) -2(1)  2(1) 

C(1) 88(2)  58(2) 129(3)  16(2) -4(2)  14(1) 

C(2) 85(2)  84(2) 71(2)  28(1) 11(1)  13(1) 

C(3) 80(2)  66(2) 50(1)  5(1) 15(1)  14(1) 

C(4) 54(1)  55(1) 47(1)  0(1) 11(1)  6(1) 

C(5) 56(1)  59(1) 43(1)  2(1) 6(1)  6(1) 

C(6) 52(1)  52(1) 44(1)  5(1) 0(1)  7(1) 

C(7) 52(1)  52(1) 43(1)  3(1) 0(1)  -6(1) 

C(8) 62(1)  50(1) 44(1)  4(1) -1(1)  -4(1) 

C(9) 73(2)  53(1) 67(1)  -3(1) 14(1)  -3(1) 

C(10) 95(2)  60(2) 85(2)  -5(1) 23(1)  7(1) 

C(11) 123(3)  55(2) 90(2)  -5(1) 21(2)  2(2) 

C(12) 105(2)  69(2) 113(2)  -26(2) -18(2)  32(2) 

C(13) 80(2)  73(2) 64(1)  -15(1) -1(1)  21(1) 

C(14) 48(1)  64(2) 60(1)  3(1) -4(1)  -6(1) 

C(15) 50(1)  65(2) 58(1)  6(1) -2(1)  7(1) 

C(16) 54(1)  88(2) 126(2)  9(2) -2(1)  15(1) 

C(17) 118(2)  52(2) 94(2)  -1(1) 6(2)  -23(2) 

C(18) 74(2)  64(2) 73(2)  2(1) 3(1)  -14(1) 

C(19) 45(1)  46(1) 48(1)  -1(1) -3(1)  1(1) 

C(20) 56(1)  58(1) 52(1)  0(1) 3(1)  -3(1) 

C(21) 55(1)  63(1) 74(2)  -8(1) 9(1)  -11(1) 

C(22) 47(1)  56(1) 82(2)  -15(1) -9(1)  -2(1) 

C(23) 64(1)  66(2) 66(1)  6(1) -18(1)  3(1) 

C(24) 57(1)  62(1) 58(1)  11(1) -4(1)  0(1) 

______________________________________________________________________________ 
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Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å 2x 10 3) 

for 170328LT. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1) 3911 4907 3822 112 

H(15) 3783 5847 5377 96 

H(16) 3079 6975 4541 77 

H(7) 531 9760 3582 77 

H(8) -61 10932 4001 95 

H(2) 1291 11884 3955 107 

H(18) 3304 5078 1469 119 

H(17) 2562 6187 644 89 

H(3) 4568 9299 3711 71 

H(4) 5129 7580 4203 137 

H(6) 5765 8136 3279 137 

H(5) 5010 7462 2563 137 

H(10) 3239 11662 3452 107 

H(9) 3834 10499 2963 86 

H(14) 256 8125 3652 68 

H(13) -1840 8066 2813 77 

H(12) -1295 9180 -600 82 

H(11) 794 9242 239 72 

________________________________________________________________________________   

 

Table 6.  Torsion angles [°] for 170328LT. 

________________________________________________________________  

C(12)-C(1)-C(2)-C(3) -0.8(4) 

C(1)-C(2)-C(3)-C(4) 0.6(4) 

C(2)-C(3)-C(4)-C(13) 0.4(3) 

C(2)-C(3)-C(4)-C(5) 176.5(2) 

C(13)-C(4)-C(5)-O(1) 32.3(3) 

C(3)-C(4)-C(5)-O(1) -143.8(2) 

C(13)-C(4)-C(5)-C(6) -146.8(2) 

C(3)-C(4)-C(5)-C(6) 37.1(3) 

C(7)-N(1)-C(6)-C(15) -1.5(2) 

C(19)-N(1)-C(6)-C(15) -179.37(16) 
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C(7)-N(1)-C(6)-C(5) -172.33(17) 

C(19)-N(1)-C(6)-C(5) 9.9(3) 

O(1)-C(5)-C(6)-C(15) -140.2(2) 

C(4)-C(5)-C(6)-C(15) 38.9(3) 

O(1)-C(5)-C(6)-N(1) 28.1(3) 

C(4)-C(5)-C(6)-N(1) -152.75(17) 

C(6)-N(1)-C(7)-C(14) 1.8(2) 

C(19)-N(1)-C(7)-C(14) 179.55(17) 

C(6)-N(1)-C(7)-C(8) -174.25(17) 

C(19)-N(1)-C(7)-C(8) 3.5(3) 

N(1)-C(7)-C(8)-C(18) -153.69(19) 

C(14)-C(7)-C(8)-C(18) 31.0(3) 

N(1)-C(7)-C(8)-C(9) 29.8(3) 

C(14)-C(7)-C(8)-C(9) -145.5(2) 

C(18)-C(8)-C(9)-C(10) 0.3(3) 

C(7)-C(8)-C(9)-C(10) 176.90(19) 

C(8)-C(9)-C(10)-C(11) -0.9(4) 

C(9)-C(10)-C(11)-C(17) 0.5(4) 

C(2)-C(1)-C(12)-C(13) 0.0(5) 

C(1)-C(12)-C(13)-C(4) 1.0(5) 

C(3)-C(4)-C(13)-C(12) -1.3(4) 

C(5)-C(4)-C(13)-C(12) -177.5(2) 

N(1)-C(7)-C(14)-C(15) -1.5(2) 

C(8)-C(7)-C(14)-C(15) 174.55(18) 

N(1)-C(6)-C(15)-C(14) 0.6(2) 

C(5)-C(6)-C(15)-C(14) 170.1(2) 

N(1)-C(6)-C(15)-C(16) -176.6(2) 

C(5)-C(6)-C(15)-C(16) -7.1(4) 

C(7)-C(14)-C(15)-C(6) 0.5(2) 

C(7)-C(14)-C(15)-C(16) 177.9(2) 

C(10)-C(11)-C(17)-C(18) 0.5(4) 

C(11)-C(17)-C(18)-C(8) -1.1(4) 

C(9)-C(8)-C(18)-C(17) 0.7(3) 

C(7)-C(8)-C(18)-C(17) -176.1(2) 

C(7)-N(1)-C(19)-C(20) -109.5(2) 

C(6)-N(1)-C(19)-C(20) 67.9(2) 

C(7)-N(1)-C(19)-C(24) 72.9(2) 

C(6)-N(1)-C(19)-C(24) -109.7(2) 
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C(24)-C(19)-C(20)-C(21) 0.8(3) 

N(1)-C(19)-C(20)-C(21) -176.81(18) 

C(19)-C(20)-C(21)-C(22) 0.5(3) 

C(20)-C(21)-C(22)-C(23) -1.7(3) 

C(20)-C(21)-C(22)-Cl(1) 176.87(16) 

C(21)-C(22)-C(23)-C(24) 1.6(3) 

Cl(1)-C(22)-C(23)-C(24) -176.94(17) 

C(22)-C(23)-C(24)-C(19) -0.3(3) 

C(20)-C(19)-C(24)-C(23) -0.9(3) 

N(1)-C(19)-C(24)-C(23) 176.72(19) 

________________________________________________________________  

Symmetry transformations used to generate equivalent atoms: 
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