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(1) Representative Synthetic Procedures:  

(a) General procedure:  

Unless otherwise noted, all the reactions for the preparation of the substrates were performed in 

oven-dried glassware under nitrogen atmosphere with freshly distilled solvents. The catalytic 

reactions were performed under nitrogen atmosphere. Dichloromethane, DCE, Ether and 

Toluene were distilled from CaH2 under nitrogen. THF were distilled from Na metal under 

nitrogen. 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 a visualizing 

agents. 
1
H NMR and 

13
C NMR spectra were recorded on a Varian 400 and 600 MHz, Bruker 400 

MHz Spectrometers using d-chloroform, d-benzene and d-acetone as the internal standards. The 

isoxazoles 2a and 2b were purchased commercially. Other isoxazole derivatives 2c-2d,
6
 2e-2f,

3
 

and 2g-2i.
4
 were prepared according to the literature reports. Benzoisoxazole 5a-5c were 

prepared according to reported literature procedures.
5 

  

 

(b) Preparation of 1-cyclopropyl-5-phenylpenta-1,4-diyn-3-ol (1a).
2
 

 

 

n-BuLi (9.4 mL, 23.0 mmol) was added slowly to a solution of phenyl acetylene (2.0 g, 19.5 

mmol) in THF (25 mL) at -78 
o
C; the mixture was stirred for 30 minutes at same temperature. 

Then DMF (3 ml, 39.2 mmol) was added to this reaction mixture and stirred for additional 2.0 h. 

The whole mixture then poured cautiously to the pre-cooled (0
 °
C) biphasic mixture of KH2PO4 

(10.6 g, 78.0 mmol) in water (100 mL) and diethyl ether (100 mL). The mixture was stirred for 

additional 1 h and extracted with Et2O (50 mL x 2). The organic extracts were washed with brine 

(20 mL), dried over MgSO4 and concentrated under reduced pressure. Crude product was 

directly used for the next step. 
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n-BuLi (3.7 mL, 9.1 mmol) was added slowly to a THF solution (25 mL) of cyclopropyl 

acetylene (1.0 g, 7.6 mmol) at -78 
o
C; the mixture was stirred for 30 minutes at same temperature 

before treatment with compound s-1 in THF (0.60 g, 9.1 mmol); and the mixture was stirred for 

additional 2.0 h, quenched with sat. solution of NH4Cl in water and extracted with Et2O (50 mL 

x 2). The organic extracts were washed with brine (20 mL), dried over MgSO4 and concentrated 

under reduced pressure to get 1-cyclopropyl-5-phenylpenta-1,4-diyn-3-ol (1a) (1.35 g, 6.8 mmol, 

90 %) as yellow oil. 

Other substrate 1b-1w were prepared with the above procedure. 

 (2) References. 

(1) Zeng, M.; Wu, F.; Chen, K.; Zhu, S. Org. Lett. 2016, 18, 3554 

(2) Wang, T.; Shi, S.; Hansmann, M. M.;  Rettenmeier, E.; Rudolph, M.;. Hashmi, A. S. K.  

Angew. Chem. Int. Ed. 2014, 53, 3715. 

(3) Tang, S,; He, J,; Sun, Y.; He, L.; she, X., Org. Lett. 2009, 11, 3982 

(4) Sahani, R. L.; Liu, R.-S. Angew. Chem. Int. Ed. 2017, 56, 1026.  

(5) Sahani, R. L.; Liu, R.-S. Angew. Chem. Int. Ed. 2017, 56, 12736. 

(6) Pravin, C.; Kalyanasundaram, A.; Perumal, P.T.; synlett., 2010, 5, 777 

 

(3) Standard procedures for catalytic operations. 

 (a) Typical procedure for the synthesis of (Z)-2-cyclopropyl-1-(3-oxoprop-1-en-1-yl)-5-

phenyl-1H-pyrrole-3-carbaldehyde (3a) 

 

A suspension of IPrAuCl (0.063 g, 0.1 mmol) and AgOTf (0.026 g, 0.1 mmol) in dry DCE (2 

mL) was fitted with N2 balloon, and to this solution was added a DCE (4 mL) solution of 1-

cyclopropyl-5-phenylpenta-1,4-diyn-3-ol 1a (0.2 g, 1.0 mmol) and isoxazole 2a (0.14 g, 2.0 
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mmol) at room temperature. The resulting mixture was stirred for 4 h at 80 °C. After completion 

of the reaction, the solution was filtered over a short celite bed. The solvent was evaporated to 

dryness under reduced pressure, and the residue was purified on a silica gel column using ethyl 

acetate/hexane (15:85) as the eluent to give compound 3a (0.224 g, 0.84 mmol, 83 %) as brown 

oil. 

(4) Spectral data for key compounds: 

Spectra data for 1-cyclopropyl-5-phenylpenta-1,4-diyn-3-ol (1a) 

 

Yellow oil (1.35 g, 6.8 mmol, 90 %); 
1
H NMR (400 MHz, CDCl3): δ 7.45 ~ 7.42 (m, 2H), 7.32 ~ 

7.25 (m, 3H), 5.2 (s, 1H),  2.4 (bs, 1H), 1.31 ~ 1.23 (m, 1H), 0.81 ~ 0.79 (m, 4H); 
13

C NMR (100 

MHz, CDCl3): δ; 131.7, 128.6, 128.2, 122.0, 88.7, 86.5, 83.8, 72.5, 52.8, 8.2, 0.5; ESI-MS calcd 

for C14H12O [M+Na]: 219.0786, found: 219.0775. 

Spectra data for 1-cyclopropyl-5-(thiophen-3-yl)penta-1,4-diyn-3-ol (1d) 

 

Brown oil (1.26 g, 6.2 mmol, 85 %); 
1
H NMR (400 MHz, CDCl3): δ 7.44 ~ 7.43 (m, 1H), 7.21~ 

7.19 (m, 1H), 7.08 ~ 7.06 (m, 1H), 5.27 (s, 1H),  2.88 (bs, 1H), 1.28 ~ 1.21 (m, 1H), 0.77 ~ 0.73 

(m, 4H); 
13

C NMR (100 MHz, CDCl3): δ 129.4, 129.2, 125.0, 120.8, 88.1, 86.2, 78.6, 72.5, 52.1, 

7.8; ESI-MS calcd for C12H10OS [M+Na]: 225.0350, found: 225.0328. 

Spectra data for 1-(4-bromophenyl)-5-cyclopropylpenta-1,4-diyn-3-ol (1e) 

 



S5 
 

Brown oil (0.92 g, 3.3 mmol, 70 %); 
1
H NMR (400 MHz, CDCl3): δ 7.42 (d, J = 8 Hz, 2H), 7.29 

(d, J = 6.6 Hz, 2H), 5.27 (s, 1H), 2.35 (d, J = 5.8 Hz, 1H),   1.29 ~ 1.24 (m, 1H), 0.79 ~ 0.72 (m, 

4H); 
13

C NMR (100 MHz, CDCl3): δ 133.2, 131.5, 123.0, 121.0, 89.0, 87.6, 82.8, 72.2, 52.8, 8.2, 

0.5; ESI-MS calcd for C14H11BrO[M+Na]: 296.9891, found: 296.9849. 

Spectra data for 1-(4-chlorophenyl)-5-cyclopropylpenta-1,4-diyn-3-ol (1f) 

 

Colourless oil (1.03 g, 4.5 mmol, 74 %); 
1
H NMR (400 MHz, CDCl3): δ 7.37 ~ 7.33 (m, 2H), 

7.28 ~ 7.25 (m, 2H), 5.26 (d, J = 5.6 Hz, 1H), 2.28 (d, J = 6.8 Hz, 1H),   1.32 ~ 1.23 (m, 1H), 

0.81~ 0.71 (m, 4H); 
13

C NMR (100 MHz, d-CDCl3): δ 134.6, 132.9, 128.5, 120.4, 89.01, 87.4, 

82.7, 72.34, 52.8, 8.4, -0.3; ESI-MS calcd for C14H11ClO[M-H]: 229.0420, found: 229.0405. 

Spectral data for 1-cyclopropyl-5-(4-fluorophenyl)penta-1,4-diyn-3-ol (1g): 

 

Yellow oil (1.12 g, 5.2 mmol, 78 %);
 1

H NMR (500 MHz, CDCl3) : δ 7.42 ~ 7.39 (m, 2H), 6.97 

(t, J = 8.6 Hz, 2H), 5.27 (d, J = 6.0 Hz,1H), 2.42 (d, J = 6.9 Hz, 1H), 1.30 ~ 1.25 (m, 1H), 0.78 ~ 

0.76 (m, 2H), 0.74 ~ 0.72 (m, 2H); 
13

C NMR (125 MHz, CDCl3): δ 163.6, (d, J = 248.7 Hz), 

133.7 (d, J = 8.3 Hz), 118.0 (d, J = 3.4 Hz), 115.5 (d, J = 22 Hz), 88.8, 86.2, 82.8, 72.4, 52.7, 

8.2, -0.6; ESI-MS calcd for C14H11FO [M+H] : 215.0872, found : 215.0884. 

Spectra data for 1-cyclopropyl-5-(4-methoxyphenyl)penta-1,4-diyn-3-ol (1h) 

 

Brown oil (1.21 g, 5.3 mmol, 86 %); 
1
H NMR (500 MHz, CDCl3): δ 7.79 (d, J = 9.0 Hz, 2H), 

7.23 (d, J = 8.5 Hz, 2H), 5.71 (d, J = 6.0 Hz, 1H), 4.20 (s, 3H), 2.98 (d, J = 7.0 Hz, 1H),   1.72 ~ 



S6 
 

1.66 (m, 1H), 1.20 ~ 1.14 (m, 4H); 
13

C NMR (125 MHz, CDCl3): δ 159.7, 133.2, 113.8, 88.4, 

85.2, 83.8, 72.7, 55.2, 52.7, 8.1, -0.6; ESI-MS calcd for C15H14O2 [M-H]: 225.0916, found: 

225.0925. 

Spectral data for nona-1,4-diyn-3-ol (1o): 

 

Yellow oil (0.45 g, 3.4 mmol, 70 %);
 1

H NMR (500 MHz, CDCl3): δ 5.07 (d, J = 4 Hz, 1H), 2.52 

(s, 1H), 2.22 ~ 2.20 (m, 3H), 1.51 ~ 1.45 (m, 2H), 1.42 ~ 1.34 (m, 2H), 0.88 (t, J = 7.2 Hz, 3H); 

13
C NMR (125 MHz, CDCl3): δ 86.0, 81.4, 76.9, 72.1, 52.1, 30.2, 21.8, 18.3, 13.5; ESI-MS calcd 

for C9H12O [M+H] : 137.0966, found : 137.0935. 

Spectral data for 1-(thiophen-3-yl)penta-1,4-diyn-3-ol (1p): 

 

Yellow oil (0.449 g, 2.7 mmol, 65 %);
 1

H NMR (500 MHz, CDCl3): δ 7.49 (s, 1H), 7.26 ~ 7.24 

(m, 1H), 7.12 (d, J = 4.9 Hz, 1H), 5.30 (d, J = 7.5 Hz, 1H), 2.59 (s, 1H), 2.31 (d, J = 7.6 Hz, 1H); 

13
C NMR (125 MHz, CDCl3): δ 129.9, 129.7, 125.4, 120.6, 85.0, 80.6, 80.0, 72.9, 52.5. 

Spectral data for 6-methylhepta-6-en-1,4-diyn-3-ol (1q): 

 

Pale yellow oil (0.37 g, 3.1 mmol, 60 %);
 1

H NMR (400 MHz, CDCl3): δ 5.35 (s, 1H), 5.28 ~ 

5.27 (m, 1H), 5.21 (d, J = 1.9 Hz, 1H), 2.55 (d, J = 2.3 Hz, 1H) 2.36 (bs, 1H), 1.87 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 125.3, 122.9, 85.0, 84.4, 80.5, 72.4, 51.5, 22.6. 

Spectral data for 1-(o-tolyl)penta-1,4-diyn-3-ol (1r): 
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Yellow oil (0.49 g, 2.8 mmol, 71 %);
 1

H NMR (400 MHz, CDCl3): δ 7.41 (dd, J = 7.6, 0.7 Hz, 

1H), 7.24 ~ 7.18 (m, 2H), 7.13 ~ 7.09 (m, 1H), 5.37 (d, J = 4.5 Hz, 1H), 2.60 (d, J = 2.2 Hz, 1H), 

2.42 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 140.4, 132.0, 129.3, 128.7, 125.3, 121.3, 89.2, 

83.6, 80.9, 72.7, 52.5, 20.6; ESI-MS calcd for C12H10O [M+Na] : 193.0629, found : 193.0615. 

Spectral data for 1-(m-tolyl)penta-1,4-diyn-3-ol (1s): 

 

Yellow oil (0.519 g, 3.0 mmol, 74 %); 
1
H NMR (500 MHz, CDCl3): δ 7.26 (s, 1H), 7.24 (d, J = 

7.6 Hz, 1H), 7.18 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 5.32 (d, J = 1.7 Hz, 1H), 2.61 (bs, 

1H), 2.59 (d, J = 2.2 Hz, 1H), 2.29 (s, 3H); 
13

C NMR (100 MHz, CDCl3): 137.9, 132.3, 129.7, 

128.8, 128.1, 121.4, 85.1, 84.8, 80.8, 72.8, 52.4, 21.0; ESI-MS calcd for C12H10O [M+Na] : 

193.0629, found : 193.0619. 

Spectral data for 1-(4-chlorophenyl)penta-1,4-diyn-3-ol (1t) 

 

Yellow oil (0.50 g, 2.6 mmol, 69 %);
 1
H NMR (400 MHz, CDCl3): δ 7.38 ~ 7.36 (m, 2H), 7.29 ~ 

7.27 (m, 2H), 5.31 (dd, J = 7.5, 2.2 Hz, 1H), 2.60 (d, J = 2.3 Hz, 1H), 2.37 (d, J = 7.5 Hz, 1H); 

13
C NMR (125 MHz, CDCl3): δ 135.1, 133.0, 128.7, 120.1, 86.2, 83.5, 80.5, 73.1, 52.4; ESI-MS 

calcd for C11H7ClO [M+Na] : 213.0083, found : 213.0074. 

Spectra data for 6-methyl-1-phenylhepta-1,4-diyn-3-ol (1v)  
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Brown oil (1.75 g, 8.8 mmol, 60 %); 
1
H NMR (400 MHz, CDCl3): δ 7.45 ~ 7.42 (m, 2H), 7.29 ~ 

7.24 (m, 3H), 5.36 (d, J = 4.9 Hz, 1H), 2.94 (d, J = 5.8 Hz, 1H), 2.63 ~ 2.56 (m, 1H), 1.18 (s, 

3H), 1.16 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 131.6, 128.1, 122.0, 90.7, 86.7, 83.6, 76.6, 

52.5, 22.4, 20.3; ESI-MS calcd for C14H14O [M+Na] : 221.0942, found: 221.1586. 

Spectra data for 6,6-dimethyl-1-phenylhepta-1,4-diyn-3-ol (1w) 

 

Colourless oil (1.54 g, 7.3 mmol, 60 %); 
1
H NMR (400 MHz, d-CDCl3): δ 7.45 ~ 7.40 (m, 2H), 

7.33 ~ 7.26 (m, 3H), 5.33 (d, J = 7.0 Hz, 1H), 2.47 (d, J = 7.1 Hz, 1H), 1.23 (s, 9H); 
13

C NMR 

(100 MHz, CDCl3): δ 131.6, 128.4, 128.0, 122.0, 93.5, 86.7, 83.6, 75.9, 52.8, 30.7, 27.4; ESI-MS 

calcd for C15H16O[M] : 212.1201, found: 212.1220. 

Spectra data for 5-butylisoxazole (2c) 

 

Colourless oil (1.21 g, 5.3 mmol, 86 %); 
1
H NMR (400 MHz, CDCl3): δ 8.11 (d, J = 1.7 Hz, 1H), 

5.94 (t, J = 0.7 Hz, 1H), 2.74 (t, J = 7,6 Hz, 2H), 1.69 ~ 1.62 (m, 2H), 1.41~ 1.31 (m, 2H), 0.91 

(t, J = 7,4 Hz,, 3H); 
13

C NMR (125 MHz, CDCl3): δ 172.7, 149.9, 99.6, 29.6, 26.2, 22.2, 13.7; 

CI-MS calcd for C7H11NO[M+H] : 126.0919, found: 126.0915. 

Spectral data for (Z)-2-cyclopropyl-1-(3-oxoprop-1-en-1-yl)-5-phenyl-1H-pyrrole-3-

carbaldehyde (3a): 
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Brown oil (0.114 g, 0.43 mmol, 85 %); 
1
H NMR for major isomer (500 MHz, CDCl3) : δ 10.19 

(s, 1H), 9.48 (d, J = 7.7 Hz, 1H), 7.49 (d, J = 8.5 Hz, 1H), 7.36 ~ 7.33 (m, 2H), 7.31 ~ 7.27 

(m,3H), 6.70 (s, 1H), 5.98 (t, J = 8.1 Hz, 1H), 1.86 ~ 1.18 (m,1H), 1.17 ~ 1.13 (m, 2H), 0.84 ~ -

0.91 (m, 2H); 
1
H NMR for minor isomer: δ 10.27 (s, 1H), 9.42 (d, J = 7.5 Hz, 1H), 7.83 (d, J = 

14.7 Hz, 1H), 7.41 (d, J = 6.5 Hz, 3H), 6.33 (s, 1H), 6.15 (dd, J = 14.7, 7.5 Hz, 1H), 1.29 ~ 1.25 

(m, 2H), 0.91 ~ 0.83 (m, 2H) rest of peaks merged with others; 
13

C NMR for major isomer (125 

MHz, CDCl3): δ 188.7, 185.8, 145.0, 138.8, 136.3, 130.4, 128.9, 128.8, 128.1, 125.5, 125.4, 

108.6, 7.8, 6.0; 
13

C NMR for minor isomer δ 191.6, 129.3, 110.3, 8.0, 6.5, rest of peaks merged 

with others; ESI-MS calcd for C17H15NO2 [M+H] : 266.1181, found : 266.1173. 

 

1
H NOE map of compound 3a: 

 

 

Irradiation Enhancement (%) 

 

H
a
 (δ 0.84  ~ -0.91) H

a 
(δ 1.17 ~ 1.13, 19.79 %), H

e 
(δ 7.49, 1.32 %), 

H
g 
(δ 10.19, 4.09 %) 

 

H
a
 (δ 1.17 ~ 1.13) H

a
 (δ 0.84 ~ -0.91, 22.38 %), H

b 
(δ 1.86 ~ 1.18, 

3.99 %) 
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H
b 

(δ 1.86 ~ 1.18) H
a 
(δ 1.17 ~ 1.13, 7.17 %), H

e 
(δ 7.49, 1.94 %), 

H
f 
(δ 9.48, 4.45 %), H

g 
(δ 10.19, 1.54 %) 

 

H
c 
(δ 5.98) H

e 
(δ 7.49, 9.80 %), H

f 
(δ 9.48, 2.48 %) 

 

H
d 

(δ 6.70) H
Ph 

(δ 7.36 ~ 7.27, 5.04 %), H
g 
(δ 10.19, 1.61 %) 

 

H
e 
(δ 7.49) H

b 
(δ 1.86 ~ 1.18, 1.70 %), H

c 
(δ 5.98, 9.43 %) 

 

H
f 
(δ 9.48) H

b 
(δ 1.86 ~ 1.18, 3.64 %), H

c 
(δ 5.98, 2.24 %), 

H
Ph 

(δ 7.36 ~ 7.27, 2.55 %) 

 

H
g 
(δ 10.19) H

a
 (δ 0.84 ~ -0.91, 3.87 %), H

b 
(δ 1.86 ~ 1.18, 

1.74 %), H
d 

(δ 6.70, 1.54 %) 

 

Spectral data for (Z)-2-butyl-1-(3-oxoprop-1-en-1-yl)-5-phenyl-1H-pyrrole-3-carbaldehyde 

(3b) and (Z)-5-butyl-1-(3-oxoprop-1-en-1-yl)-2-phenyl-1H-pyrrole-3-carbaldehyde (3b'): 

 

Brown oil (0.132 g, 0.47 mmol, 83 %); 
1
H NMR for 3b major isomer (500 MHz, CDCl3) : δ 9.94 

(s, 1H), 9.30 (d, J = 7.7 Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.34 ~ 7.31 (m, 2H), 7.28 ~ 7.26 (m, 

3H), 6.72 (s, 1H), 5.98 (t, J = 8.0 Hz, 1H), 2.97 (t, J = 7.9 Hz, 2H), 1.60 ~ 1.54 (m, 2H), 1.39 ~ 

1.32 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H); 
1
H NMR for 3b' major isomer: δ 9.61 (s, 1H), 9.37 (d, J = 

7.7 Hz, 1H), 7.41 ~ 7.38 (m, 3H), 6.59 (s, 1H), 5.92 (t, J = 9.0 Hz, 1H), 2.55 (t, J = 7.7 Hz, 2H), 

1.64 ~ 1.60 (m, 2H), 1.46 ~ 1.45 (m, 2H), 0.97 ~ 0.96 (m, 3H);  rest of peaks merged with  

others; ); 
1
H NMR for 3b' minor isomer: δ 9.50 (s, 1H), 9.42 (d, J = 7.4 Hz, 1H), 7.58 (d, J = 

14.7 Hz, 1H), 6.6 (s, 1H), 5.83 (dd, J = 14.7 Hz, 1H), rest of peaks merged with others; 
13

C NMR 

for 3b major isomer (125 MHz, CDCl3): δ 185.8, 185.3, 144.5, 137.8, 131.1, 130.2, 129.0, 128.7, 

127.9, 127.3, 123.4, 109.9,  32.2, 24.8, 22.3, 13.6; 
13

C NMR for 3b' major isomer: δ 191.2, 

186.6, 143.4, 136.5, 130.9, 129.2, 128.7, 126.9, 124.5, 106.1, 30.2, 26.5, 22.2, 13.7, rest of peaks 
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merged with others; 
13

C NMR for 3b' minor isomer: δ 191.6, 186.5, 144.3, 138.4, 130.3, 129.2, 

128.8, 121.3, 11.8, rest of peaks merged with others; ESI-MS calcd for C18H19NO2 [M+H] : 

282.1494, found : 282.1489. 

Spectra data for (Z)-2-cyclopropyl-1-(3-oxoprop-1-en-1-yl)-5-(o-tolyl)-1H-pyrrole-3-

carbaldehyde (3c) 

 

Brown oil (0.100 g, 0.36 mmol, 76 %); 
1
H NMR for major isomer (400 MHz, CDCl3): δ 10.21 

(s, 1H), 9.44 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 8.6 Hz, 1H), 7.28 ~ 7.13 (m, 4H), 6.60 (s, 1H), 5.85 

~ 5.78 (m, 1H), 2.15 (s, 3H), 1.88 ~ 1.81 (m, 1H), 1.18 ~ 1.13 (m, 2H), 0.85 ~ 0.81 (m, 2H); 
1
H 

NMR for minor isomer δ 10.28 (s, 1H), 9.33 (d, J = 7.4 Hz, 1H), 7.76 (d, J = 14.7 Hz, 1H), 6.54 

(s, 1H), 2.08 (s, 3H), 1.99 ~ 1.91 (m, 1H), 1.31 ~ 1.26 (m, 2H), rest of the peaks merged with 

others; 
13

C NMR for major isomer (100 MHz, CDCl3): δ 188.5, 185.7, 144.1, 138.2, 137.3, 

135.2, 131.4, 130.6, 129.9, 129.1, 125.9, 125.1, 124.8, 109.2, 20.1, 7.8, 6.1; 
13

C NMR for minor 

isomer δ 191.7, 185.9, 144.9, 137.8, 130.8, 130.5, 129.7, 126.3, 118.7, 110.5, 19.7, 7.8, 6.2, rest 

of the peaks merged with others; ESI-MS calcd for C18H17NO2 [M+H] : 280.1338, found: 

280.1329. 

Spectra data for (Z)-2-cyclopropyl-1-(3-oxoprop-1-en-1-yl)-5-(thiophen-3-yl)-1H-pyrrole-3-

carbaldehyde (3d)  

 

Brown oil (0.108 g, 0.39 mmol, 81 %); 
1
H NMR for major isomer (400 MHz, CDCl3): δ 10.18 

(s, 1H), 9.51 (d, J = 7.6 Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.34 ~ 7.32  (m,  Hz, 1H), 7.25 ~ 7.23 
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(m, 1H), 7.06 ~ 7.05 (m, 1H),  6.71 (s, 1H), 6.05 (t, J = 8.2 Hz, 1H), 1.84 ~ 1.77 (m, 1H), 1.17 ~ 

1.13 (m, 2H), 0.83 ~ 0.79 (m, 2H); 
1
H NMR for minor isomer δ 10.25 (s, 1H), 9.46 (d, J = 7.4 

Hz, 1H), 7.85 (d, J = 14.4 Hz, 1H),  7.42 ~ 7.40 (m, 1H), 7.30 ~ 7.29 (m, 1H), 7.40 ~ 7.02 (m, 

1H), 6.69 (s, 1H), 6.20 (dd, J = 14.6, 7.4 Hz, 1H), 1.97 ~ 1.90 (m, 1H), 1.29 ~ 1.12 (m, 2H), 0.92 

~ 0.87 (m, 2H); 
13

C NMR for major isomer (100 MHz, CDCl3): 188.3, 185.4, 144.61, 138.6, 

131.3, 130.9, 127.3, 126.5, 125.9, 125.1, 123.5, 108.1, 8.1, 6.2; 
13

C NMR for minor isomer δ 

191.3, 185.6, 144.8, 127.8, 127.4 126.8, 125.1, 120.7, 110.3, 8.2, 6.7 rest of the peaks merged 

with others; ESI-MS calcd for C15H13NO2S [M+Na] : 294.0565, found: 294.0563. 

Spectra data for (Z)-5-(4-bromophenyl)-2-cyclopropyl-1-(3-oxoprop-1-en-1-yl)-1H-pyrrole-

3-carbaldehyde (3e)  

 

Brown oil (0.114 g, 0.33 mmol, 91 %); 
1
H NMR (400 MHz, CDCl3): δ 10.19 (s, 1H), 9.49 (d, J = 

7.6 Hz, 1H), 7.49 ~ 7.46 (m, 3H), 7.18 (d, J = 8.4 Hz, 2H), 6.71 (s, 1H), 6.01 (t, J = 8.4 Hz, 1H), 

1.86 ~ 1.79 (m, 1H), 1.19 ~ 1.11 (m, 2H), 0.89 ~ 0.71 (m, 2H); 
13

C NMR (100 MHz, CDCl3): 

188.3, 185.3, 145.1, 138.5, 135.0, 131.9, 130.1, 129.2, 125.8, 125.4, 122.4, 109.0, 8.1, 6.2; ESI-

MS calcd for C17H14BrNO2 [M+H] : 344.0286, found: 344.0272. 

Spectra data for (Z)-5-(4-chlorophenyl)-2-cyclopropyl-1-(3-oxoprop-1-en-1-yl)-1H-pyrrole-

3-carbaldehyde (3f)  
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Brown oil (0.129 g, 0.39 mmol, 90 %); 
1
H NMR for major isomer (400 MHz, CDCl3): δ 10.18 

(s, 1H), 9.47 (d, J = 7.6 Hz, 1H), 7.48 (d, J = 8.5 Hz, 1H), 7.33 ~ 7.31 (m, 2H), 7.25 ~ 7.22 (m, 

2H), 6.70 (s, 1H), 6.01 (t, J = 8.4 Hz, 1H), 1.86 ~ 1.17 (m, 1H), 1.19 ~ 1.14 (m, 2H), 0.84 ~ 0.80 

(m, 2H); 
1
H NMR for minor isomer δ 10.25 (s, 1H), 9.44 (d, J = 7.4 Hz, 1H), 7.80 (d, J = 14.6 

Hz, 1H), 7.39 (d, J = 8.3 Hz, 2H), 6.63 (s, 1H), 6.13 (dd, J = 14.6, 7.4 Hz, 1H), 1.98 ~ 1.91 (m, 

1H), 1.32 ~ 1.25 (m, 2H), 0.95 ~ 0.88 (m, 2H), rest of the peaks merged with others; 
13

C NMR 

for major isomer (125 MHz, CDCl3): δ188.6, 185.6, 145.2, 138.6, 135.1, 134.3, 130.0, 128.9, 

125.9, 125.4, 109.0, 7.8, 6.0; 
13

C NMR for minor isomer δ 191.3, 185.8, 130.5, 129.2, 121.3, 

110.9, 7.9, 6.4, rest of the peaks merged with others; ESI-MS calcd for C17H14ClNO2 [M+H] : 

300.0791, found: 300.0800. 

Spectral data for (Z)-2-cyclopropyl-5-(4-fluorophenyl)-1-(3-oxoprop-1-en-1-yl)-1H-pyrrole-

3-carbaldehyde (3g): 

 

Brown oil (0.117 g, 0.41 mmol, 89 %); 
1
H NMR for major isomer (500 MHz, CDCl3): δ 10.19 

(s,1H), 9.47 (d, J = 7.7 Hz, 1H), 7.47 (d, J = 8.6 Hz, 1H), 7.29 ~ 7.26 (m, 2H), 7.05 (t, J = 8.6 

Hz, 2H), 6.67 (s, 1H), 5.99 (t, J = 8.2 Hz, 1H), 1.85 ~ 1.80 (m, 1H), 1.18 ~ 1.14 (m, 2H,), 0.84 ~ 

0.80 (m, 2H); 
1
H NMR for minor isomer δ 10.26 (s, 1H), 9.43 (d, J = 7.5 Hz, 1H), 7.80 (d, J = 

14.7 Hz, 1H), 7.11 (t, J = 8.6 Hz, 2H), 6.61 (s, 1H), 6.10 (dd, J = 14.7, 7.4 Hz, 1H), 1.97 ~ 1.92 

(m, 1H), 1.29 ~ 1.26 (m, 2H,), 0.91 ~ 0.87 (m, 2H); 
13

C NMR for major isomer (125 MHz, 

CDCl3): δ 188.6, 185.7, 162.4 (d, J = 248.7), 145.0, 138.6, 135.2, 130.8, 130.7, 125.7, 116.1, 

115.9, 108.7, 7.8, 6.0; 
13

C NMR for minor isomer δ 191.4, 126.5, 125.3, 121.0 rest of peaks 

merged with others; ESI-MS calcd for C17H14FNO2 [M+Na] : 306.0906, found : 306.0936. 

Spectra data for (Z)-2-cyclopropyl-5-(4-methoxyphenyl)-1-(3-oxoprop-1-en-1-yl)-1H-

pyrrole-3-carbaldehyde (3h) 
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Brown oil (0.100 g, 0.33 mmol, 77 %); 
1
H NMR for major isomer (500 MHz, CDCl3): δ 10.18 

(s, 1H), 9.47 (d, J = 7.7 Hz, 1H), 7.46 (d, J = 8.6 Hz, 1H), 7.21 (d, J = 8.7 Hz, 2H), 6.86 (d, J = 

8.6 Hz, 2H), 6.61 (s, 1H), 5.96 (t, J = 8.1 Hz, 1H), 3.78 (s, 3H), 1.84 ~ 1.79 (m, 1H), 1.15 ~ 1.12 

(m, 2H), 0.82 ~ 0.79 (m, 2H); 
1
H NMR for minor isomer δ 10.26 (s, 1H), 9.40 (d, J = 7.4 Hz, 

1H), 7.81 (d, J = 14.4 Hz, 1H), 6.96 ~ 6.91 (m, 2H), 6.56 (s, 1H), 6.17 (dd, J = 14.7, 7.5 Hz, 1H), 

3.82 (s, 3H), 1.98 ~ 1.91 (m, 1H), 1.31 ~ 1.26 (m, 2H), 0.93 ~ 0.84 (m, 2H), rest of the peaks 

merged with others; 
13

C NMR for major isomer (125 MHz, CDCl3): δ 188.7, 185.7, 159.5, 144.6, 

138.9, 136.2, 130.3, 125.4, 125.3, 122.7, 114.2, 107.8, 55.2, 7.8, 6.0; 
13

C NMR for minor isomer 

δ 191.7, 185.9, 145.3, 132.3, 131.3, 130.7, 129.4 114.3, 8.0, 6.5, rest of the peaks merged with 

others; ESI-MS calcd for C18H17NO3 [M+H]: 296.1287, found: 296.1285. 

Spectra data for (Z)-2-cyclopropyl-1-(3-oxoprop-1-en-1-yl)-5-(p-tolyl)-1H-pyrrole-3-

carbaldehyde (3i) 

 

Brown oil (0.083 g, 0.29 mmol, 63 %); 
1
H NMR for major isomer (400 MHz, CDCl3): δ 10.19 

(s, 1H), 9.47 (d, J = 7.7 Hz, 1H), 7.47 (d, J = 8.5 Hz, 1H), 7.20 ~ 7.14 (m, 4H), 6.66 (s, 1H), 5.96 

(t, J = 8.4 Hz, 1H), 2.32 (s, 3H), 1.85 ~ 1.78 (m, 1H), 1.17 ~ 1.12 (m, 2H), 0.83 ~ 0.79 (m, 2H); 

1
H NMR for minor isomer δ 10.26 (s, 1H), 9.41 (d, J = 7.4 Hz, 1H), 7.82 (d, J = 14.6 Hz, 1H), 

7.29 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 7.8 Hz, 2H), 6.59 (s, 1H), 6.16 (dd, J = 14.8, 7.6 Hz, 1H), 

2.38 (s, 3H), 1.97 ~ 1.91 (m, 1H), 1.28 ~ 1.23 (m, 2H), 0.91 ~ 0.85 (m, 2H); 
13

C NMR for major 

isomer (100 MHz, CDCl3): δ 188.8, 185.7, 144.8, 138.9, 138.2, 131.5, 129.5, 128.8, 127.5, 
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125.5, 120.8, 108.2, 21.2, 7.8, 6.1; 
13

C NMR for minor isomer: δ 191.6, 185.9, 145.3, 139.0, 

138.5, 136.5, 129.6, 129.2, 129.0, 125.4, 119.4, 110.1, 21.4, 8.0, 6.5; ESI-MS calcd for 

C18H17NO2 [M+H]: 280.1338, found: 280.1327. 

Spectra data for (Z)-1-(3-oxoprop-1-en-1-yl)-2,5-diphenyl-1H-pyrrole-3-carbaldehyde (3j) 

 

Brown oil (0.121 g, 0.40 mmol, 94 %); 
1
H NMR for major isomer (400 MHz, CDCl3): δ 9.68 (s, 

1H), 9.32 (d, J = 7.6 Hz, 1H), 7.47 ~ 7.46 (m, 3H), 7.46 ~ 7.38 (m, 7H), 7.22 (d, J = 8.8 Hz, 1H), 

6.91 (s, 1H), 5.77 (t, J = 8.4 Hz, 1H); 
13

C NMR for major isomer (100 MHz, CDCl3): δ 187.7, 

186.5, 144.4, 137.9, 137.5, 131.2, 130.9, 130.2, 129.6, 129.2, 128.8, 128.4, 127.9, 125.4, 125.0, 

108.9; ESI-MS calcd for C20H16NO2 [M+H]: 302.1181, found: 302.1164. 

Spectra data for (Z)-1-(3-oxoprop-1-en-1-yl)-2,5-di(thiophen-3-yl)-1H-pyrrole-3-

carbaldehyde (3k) 

 

Brown oil (0.119 g, 0.38 mmol, 93 %); 
1
H NMR for major isomer (400 MHz, CDCl3): δ 9.75 (s, 

1H), 9.35 (d, J = 7.6 Hz, 1H), 7.47 ~ 7.45 (m, 2H), 7.38 ~ 7.36 (m, 1H), 7.31 ~ 7.30 (m, 1H), 

7.28 (d, J = 8.6 Hz, 1H), 7.11 ~ 7.09 (m, 2H) 6.90 (s, 1H), 5.88 (t, J = 8.2 Hz, 1H); 
13

C NMR for 

major isomer (100 MHz, CDCl3): δ 187.44, 186.23, 139.05, 137.63, 132.76, 130.76, 128.91, 

128.45, 127.97, 127.76, 127.19, 126.80, 125.75, 125.34, 124.34, 108.74. ; ESI-MS calcd for 

C16H11NO2S2 [M+H]: 314.0309, found: 314.0301. 
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Spectra data for (Z)-2,5-dicyclopropyl-1-(3-oxoprop-1-en-1-yl)-1H-pyrrole-3-carbaldehyde 

(3l)  

 

Brown oil (0.124 g, 0.54 mmol, 87 %); 
1
H NMR for major isomer (400 MHz, CDCl3): δ 10.05 

(d, J = 1.2 Hz, 1H), 9.64 (dd, J = 7.6, 1.6 Hz, 1H), 7.56 (dd, J = 8.4, 1.6 Hz, 1H), 6.02 ~ 6.16 (m, 

2H), 1.80 ~ 1.73 (m, 1H), 1.72 ~ 1.71 (m, 1H), 1.69 ~ 1.54 (m, 2H), 1.54 ~ 1.14 (m, 2H), 1.09 ~ 

1.05 (m, 2H), 1.05 ~ 0.886 (m, 2H); 
1
H NMR for minor isomer δ 10.14 (d, J = 1.2 Hz, 1H), 9.57 

(dd, J = 7.6, 1.6 Hz, 1H), 8.12 (dd, J = 14.8, 1.2 Hz, 1H), 6.83 ~ 6.77 (m, 1H), 6.29 (s, 1H), rest 

of the peaks merged with others; 
13

C NMR for major isomer (100 MHz, CDCl3): δ 189.6, 185.7, 

143.8, 139.3, 138.0, 125.9, 124.5, 104.0, 7.8, 7.5, 7.3, 5.9; 
13

C NMR for minor isomer δ 192.1, 

185.5, 126.7, 107.81, 7.5, rest of the peaks merged with others; ESI-MS calcd for C14H15NO2 

[M+H] : 230.1181, found: 230.1175. 

Spectra data for (Z)-2,5-dibutyl-1-(3-oxoprop-1-en-1-yl)-1H-pyrrole-3-carbaldehyde (3m) 

 

Brown oil (0.120 g, 0.46 mmol, 88 %); 
1
H NMR for major isomer (400 MHz, CDCl3): δ 9.80 (s, 

1H), 9.41 (d, J = 8.0 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 6.35 (s, 1H), 6.22 (t, J = 8.0 Hz, 1H), 

1.83 ~ 1.80 (m, 2H), 2.42 ~ 2.38 (m, 2H), 1.59 ~ 1.52 (m, 4H), 1.50 ~ 1.43 (m, 4H), 1.31 ~ 1.29 

(m, 6H); 
1
H NMR for minor isomer δ 9.85 (s, 1H), 9.55 (d, J = 7.2 Hz, 1H), 7.60 (d, J = 14.8 Hz, 

1H), 6.39 (s, 1H), 6.28 (dd, J = 14.8, 7.6 Hz, 1H), 3.01 ~ 2.98 (m, 2H), rest of the peaks merged 

with others; 
13

C NMR for major isomer (100 MHz, CDCl3): δ 189.4, 185.0, 143.2, 139.2, 136.0, 
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129.5, 122.8, 106.5, 32.2, 30.2, 26.3, 24.4, 22.1, 22.0, 13.6, 13.5; 
13

C NMR for minor isomer δ 

191.7, 185.1, 144.3, 136.3, 124.1, 119.5, 108.6, 31.9, 29.8, 27.6, 24.2, 22.2, 13.7, rest of the 

peaks merged with others; ESI-MS calcd for C16H23NO2 [M+H]: 262.1807, found: 262.1806. 

Spectral data for (E)-1-(3-oxoprop-1-en-1-yl)-5-phenyl-1H-pyrrole-3-carbaldehyde (3n): 

 

 Brown solid (0.092 g, 0.40 mmol, 64 %); 
1
H NMR (600 MHz, CDCl3): δ 9.90 (s, 1H), 9.49 (d, 

7.4 Hz, 1H), 7.75 (d, J = 1.5 Hz, 1H), 7.61 (d, J = 14.3 Hz, 1H), 7.49 ~ 7.46 (m, 3H), 7.36 (dd, J 

= 8.1, 1.9 Hz, 2H), 6.77 (d, J = 1.6 Hz, 1H), 6.35 (dd, J = 14.4, 7.5 Hz, 1H); 
13

C NMR (100 

MHz, CDCl3): δ 190.5, 185.2, 144.9, 138.2, 129.7, 129.4, 129.2, 129.1, 125.7, 117.1, 110.0, one 

carbon merged with other; ESI-MS calcd for C14H11NO2 [M+Na] : 248.0687, found : 248.06957. 

Spectral data for (E)-5-butyl-1-(3-oxoprop-1-en-1-yl)-1H-pyrrole-3-carbaldehyde (3o): 

 

Brown oil (0.103 g, 0.50 mmol, 64 %); 
1
H NMR (500 MHz, CDCl3): δ 9.80 (s, 1H), 9.61 (d,  J = 

7.3 Hz, 1H), 7.61 (d, J = 14.3 Hz, 1H), 7.58 (s, 1H), 6.48 (s, 1H), 6.31 (dd, J = 14.2, 7.2 Hz, 1H), 

2.66 (t, J = 7.6 Hz, 2H), 1.67 ~ 1.61 (m, 2H), 1.46 ~ 1.39 (m, 2H), 0.95 (t, J = 7.3 Hz, 3H); 
13

C 

NMR (125 MHz, CDCl3): δ 190.5, 185.1, 143.4, 137.8, 129.0, 125.3, 116.4, 107.8, 30.2, 25.5, 

22.2, 13.7; ESI-MS calcd for C12H15NO2 [M+H] : 206.1181, found : 206.1183. 

Spectral data for (E)-1-(3-oxoprop-1-en-1-yl)-5-(thiophen-3-yl)-1H-pyrrole-3-carbaldehyde 

(3p): 
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Brown oil (0.096 g, 0.41 mmol, 68 %); 
1
H NMR (500 MHz, CDCl3): δ 9.88 (s, 1H), 9.53 (d, J = 

7.5 Hz, 1H), 7.72 (s, 1H), 7.68 (d, J = 14.4 Hz, 1H), 7.49 ~ 7.48 (m, 1H), 7.36 (d, J = 1.5 Hz, 

1H), 7.12 (d, J = 5.0 Hz, 1H), 6.77 (s, 1H), 6.35 (dd, J = 14.4, 7.3 Hz, 1H); 
13

C NMR (125 MHz, 

CDCl3): δ 190.5, 185.1, 144.6, 133.2, 129.7, 129.1, 128.2, 127.3, 125.8, 125.4, 117.1, 110.1; 

ESI-MS calcd for C12H9NO2S [M+H] : 232.0432, found : 232.0433. 

Spectral data for (E)-1-(3-oxoprop-1-en-1-yl)-5-(prop-1-en-2-yl)-1H-pyrrole-3-

carbaldehyde (3q): 

 

 

Brown oil (0.096 g, 0.50 mmol, 61 %); 
1
H NMR (600 MHz, CDCl3): δ 9.84 (s, 1H), 9.60 (d, J =  

7.4 Hz, 1H), 7.82 (d, J = 14.3 Hz, 1H), 7.63 (s, 1H), 6.67 (s, 1H), 6.35 (dd, J = 14.4, 7.4 Hz, 1H), 

5.45 (s, 1H), 5.00 (d, J = 0.5 Hz, 1H), 2.10 (s, 3H); 
13

C NMR (150 MHz, CDCl3): δ 190.5, 185.1, 

145.2, 139.8, 133.8, 128.8, 126.2, 119.2, 117.1, 108.8, 23.6; ESI-MS calcd for C11H11NO2 

[M+Na] : 212.0687, found : 212.0689. 

Spectral data for (E)-1-(3-oxoprop-1-en-1-yl)-5-(o-tolyl)-1H-pyrrole-3-carbaldehyde (3r): 
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Brown oil (0.098 g, 0.41 mmol, 70 %); 
1
H NMR (400 MHz, CDCl3): δ 9.91 (s, 1H), 9.39 (d, J = 

7.4 Hz, 1H), 7.76 (s, 1H), 7.42 ~ 7.38 (m, 1H), 7.34 ~ 7.27 (m, 2H), 7.23 ~ 7.20 (m, 2H), 7.68 (d, 

J = 1.0 Hz, 1H), 6.28 (dd, J = 14.4, 7.4 Hz, 1H), 2.15 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

190.6, 188.3, 144.4, 138.4, 137.0, 131.5, 130.6, 130.0, 129.1, 128.7, 126.2, 125.0, 116.6, 110.3, 

19.9; ESI-MS calcd for C15H13NO2 [M+H] : 240.1025, found : 240.1026. 

Spectral data for (E)-1-(3-oxoprop-1-en-1-yl)-5-(m-tolyl)-1H-pyrrole-3-carbaldehyde (3s): 

 

Brown oil (0.101 g, 0.42 mmol, 72 %); 
1
H NMR (500 MHz, CDCl3): δ 9.89 (s, 1H), 9.48 (d, J = 

7.4 Hz, 1H), 7.76 (s, 1H), 7.62 (d, J = 14.4 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H), 7.27 (d, J = 7.5 Hz, 

1H), 7.17 (s, 1H), 7.14 (d, J = 7.4 Hz, 1H), 6.75 (s, 1H), 6.35 (dd, J = 14.4, 7.5 Hz, 1H), 2.41 (s, 

3H); 
13

C NMR (125 MHz, CDCl3): δ 190.6, 185.2, 145.0, 139.0, 138.4, 130.4, 130.0, 129.3, 

129.1, 128.9, 126.8, 125.5, 116.9, 109.9, 21.4; ESI-MS calcd for C15H13NO2 [M+H] : 240.1025, 

found : 240.1023. 

Spectral data for (E)-5-(4-chlorophenyl)-1-(3-oxoprop-1-en-1-yl)-1H-pyrrole-3-

carbaldehyde (3t): 
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Brown oil (0.099 g, 0.38 mmol, 73 %); 
1
H NMR (400 MHz, CDCl3): δ 9.88 (s, 1H), 9.49(d, J = 

7.4 Hz, 1H), 7.77 (s, 1H), 7.55 (d, J = 14.3 Hz, 1H), 7.46 (d, J = 8.0, Hz, 2H), 7.29 (d, J = 8 Hz, 

2H), 6.76 (s, 1H), 6.36 (dd, J = 14.4, 7.4 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 190.3, 185.1, 

144.3, 136.8, 135.5, 130.9, 129.3, 129.0, 127.8, 125.9, 117.3, 110.4; ESI-MS calcd for 

C14H10ClNO2 [M+H] : 260.0478, found : 260.0476. 

Spectra data for (Z)-2-cyclopropyl-1-(3-oxobut-1-en-1-yl)-5-phenyl-1H-pyrrole-3-

carbaldehyde (4b) 

 

Brown oil (0.138 g, 0.49 mmol, 97 %); 
1
H NMR (400 MHz, CDCl3): δ 10.14 (s, 1H), 7.34 ~ 7.23 

(m, 5H), 6.95 (d, J = 8.9 Hz, 1H), 6.64 (s, 1H), 6.09 (d, J = 8.9 Hz, 1H), 1.79 ~ 1.72 (m, 4H), 

1.09 ~ 1.04 (m, 2H), 0.81 ~ 0.77 (m, 2H); 
13

C NMR (100 MHz, CDCl3): δ 196.8, 185.7, 144.3, 

135.0, 132.1, 131.1, 128.7, 128.4, 127.9, 127.6, 124.8, 107.8, 29.2, 7.3, 6.1; ESI-MS calcd for 

C18H17NO2 [M+H] : 280.1338, found: 280.1332. 

Spectra data for (Z)-2-cyclopropyl-1-(3-oxohept-1-en-1-yl)-5-phenyl-1H-pyrrole-3-

carbaldehyde (4c) 
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Brown oil (0.140 g, 0.43 mmol, 86 %); 
1
H NMR (400 MHz, CDCl3): δ 10.14 (s, 1H), 7.33 ~ 7.23 

(m, 5H), 6.90 (d, J = 8.9 Hz, 1H), 6.63 (s, 1H), 6.10 (d, J = 8.9 Hz, 1H), 1.96 (t, J = 7.1 Hz, 2H), 

1.80 ~ 1.73 (m, 1H), 1.31 ~ 1.23 (m, 2H), 1.15 ~ 1.04 (m, 4H), 0.80  ~ 0.75 (m, 5H); 
13

C NMR 

(100 MHz, CDCl3): δ 198.83, 185.54, 144.26, 134.84, 131.54, 131.24, 128.63, 128.24, 127.44, 

126.96, 124.61, 107.70, 42.37, 25.41, 22.18, 13.86, 7.41, 6.38; ESI-MS calcd for C21H23NO2 

[M+H] : 322.1807, found: 322.1805. 

Spectra data for (Z)-2-cyclopropyl-1-(3-oxo-3-phenylprop-1-en-1-yl)-5-phenyl-1H-pyrrole-

3-carbaldehyde (4d) 

 

 

Brown oil (0.170 g, 0.49 mmol, 98 %); 
1
H NMR (400 MHz, CDCl3): δ 10.11 (s, 1H), 7.61 ~ 7.59 

(m, 2H), 7.49 ~ 7.44 (m, 1H),  7.31 (t, J = 7.8 Hz, 2H), 7.26 ~ 7.17 (m, 4H), 7.13 ~ 7.09 (m, 2H),  

6.72 (d, J = 9.0 Hz, 1H), 6.55 (s, 1H), 1.79 ~ 1.72 (m, 1H), 1.04 ~ 0.99 (m, 2H), 0.83 ~ 0.79 (m, 

2H); 
13

C NMR (100 MHz, CDCl3): δ 189.5,  185.9, 144.5, 136.3, 135.0, 133.3, 133.3, 131.3, 

128.9, 128.3, 128.2, 128.2, 127.5, 124.9, 123.9, 107.8, 7.4, 6.3; ESI-MS calcd for C23H19NO2 

[M+H] : 342.1494, found: 342.2394. 

Spectra data for (Z)-2-cyclopropyl-1-(3-oxo-1-phenylprop-1-en-1-yl)-5-phenyl-1H-pyrrole-

3-carbaldehyde (4e) 



S22 
 

 

Brown oil (0.168 g, 0.49 mmol, 97 %); 
1
H NMR (400 MHz, CDCl3): δ 10.21 (s, 1H), 9.35 (d, J = 

7.4 Hz, 1H), 7.46 (t, J = 7.2 Hz, 1H), 7.39 (t, J = 7.9 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.18 (bs, 

5H), 6.81 (s, 1H), 6.58 (d, J = 7.4 Hz, 1H), 1.47 ~ 1.40 (m, 1H), 0.93 ~ 0.66 (m, 4H); 
13

C NMR 

(100 MHz, CDCl3): δ 190.1, 185.8, 152.8, 145.2, 137.8, 135.2, 132.0, 130.7, 129.3, 128.5, 128.0, 

124.9, 124.5, 107.8, 7.3, 7.0, 7.0; ESI-MS calcd for C23H19NO2 [M+H] : 342.1494, found: 

342.1479. 

Spectra data for (Z)-2-cyclopropyl-1-(1-(furan-2-yl)-3-oxoprop-1-en-1-yl)-5-phenyl-1H-

pyrrole-3-carbaldehyde (4f) 

 

Brown oil (0.199 g, 0.48 mmol, 95 %); 
1
H NMR (400 MHz, CDCl3): δ 10.21 (s, 1H), 9.35 (d, J = 

7.4 Hz, 1H), 7.56 (t, J = 7.2 Hz, 1H), 7.18 (bs, 5H), 6.81 (s, 1H), 6.77 (s, 1H), 6.48 ~ 6.44 (m, 

2H), 6.58 (d, J = 7.6 Hz, 1H), 1.71 ~ 1.67 (m, 1H), 0.93 ~ 0.93 (m, 4H), 0.92 ~ 0.89 (m, 2H); 
13

C 

NMR (100 MHz, CDCl3): δ 189.5, 186.6, 149.6, 146.7, 145.3, 142.1, 137.3, 130.7, 128.5, 128.1, 

127.7, 124.7, 121.9, 116.0, 113.1, 107.7, 7.1, 6.7, 6.3  ; ESI-MS calcd for C23H19NO2 [M+H] : 

342.1494, found: 342.1479. 

Spectra data for (Z)-2-cyclopropyl-1-(4-oxopent-2-en-2-yl)-5-phenyl-1H-pyrrole-3-

carbaldehyde (4g)  
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Brown oil (0.149 g, 0.34 mmol, 67 %); 
1
H NMR (400 MHz, CDCl3): δ 10.12 (s, 1H), 7.33 ~ 7.26 

(m, 5H), 6.68 (s, 1H), 6.26 (d, J = 1.0 Hz, 1H), 2.20 (s, 3H), 1.86 (s, 3H), 1.75 ~ 1.68 (m, 1H), 

1.06 ~ 0.90 (m, 3H), 0.70 ~ 0.64 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 196.3, 185.7, 144.7, 

143.2, 133.7, 131.6, 128.7, 128.6, 127.8, 127.7, 124.7, 108.1, 29.2, 24.6, 6.7, 6.4, 6.3; ESI-MS 

calcd for C19H19NO2 [M+H] : 294.1494, found: 294.1492. 

Spectra data for (Z)-2-cyclopropyl-1-(5-oxohept-3-en-3-yl)-5-phenyl-1H-pyrrole-3-

carbaldehyde (4h) 

 

Brown oil (0.116 g, 0.36 mmol, 71 %); 
1
H NMR (400 MHz, CDCl3): δ 10.12 (s, 1H), 7.32 ~ 7.25 

(m, 5H), 6.68 (s, 1H), 6.24 (s, 1H), 2.36 ~ 2.21 (m, 3H), 2.08 ~ 1.98 (m, 1H), 1.74 ~ 1.64 (m, 

1H), 1.04 (t, J = 7.2 Hz, 3H), 0.98 ~ 0.89 (m, 7H); 
13

C NMR (100 MHz, CDCl3): δ 198.9, 185.5, 

149.1, 143.0, 133.5, 131.8, 128.3, 127.7, 127.5, 125.1, 124.3, 108.1, 36.0, 30.8, 10.7, 7.6, 6.9, 

6.8, 6.7; ESI-MS calcd for C21H23NO2 [M+H]: 322.1807, found: 322.1808. 

Spectra data for (Z)-2-cyclopropyl-1-(7-oxoundec-5-en-5-yl)-5-phenyl-1H-pyrrole-3-

carbaldehyde (4i) 
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Brown oil (0.103 g, 0.29 mmol, 58 %); 
1
H NMR (400 MHz, CDCl3): δ 10.09 (s, 1H), 7.31 ~ 7.26 

(m, 5H), 6.67 (s, 1H), 6.23 (s, 1H), 2.30 ~ 2.17 (m, 3H), 2.08 ~ 2.00 (m, 1H), 1.74 ~ 1.67 (m, 

1H), 1.44 ~ 1.33 (m, 4H), 1.28 ~ 1.13 (m, 5H), 0.99 ~ 0.91 (m, 3H), 0.81 ~ 0.78 (m, 6H); 
13

C 

NMR (100 MHz, CDCl3) : δ 198.5, 185.4, 148.1, 143.1, 133.5, 131.9, 128.3, 127.8, 127.5, 125.6, 

124.2, 108.1, 42.6, 37.3, 28.2, 25.5, 22.3, 22.1, 13.9, 13.8, 7.1, 6.9, 6.9; ESI-MS calcd for 

C25H31NO2  [M+H]: 378.2433, found: 378.2429. 

Spectra data for 2-cyclopropyl-1-(2-formylphenyl)-5-phenyl-1H-pyrrole-3-carbaldehyde 

(6a) 

 

 

Brown solid (0.157 g, 0.50 mmol, 98 %); 
1
H NMR (400 MHz, CDCl3): δ 10.16 (s, 1H), 9.54 (s, 

1H), 7.88 (d, J = 7.7 Hz, 1H), 7.65 (t, J = 7.6 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.36 (d, J = 7.8 

Hz, 1H), 7.09 ~ 7.07 (m, 3H), 6.96 ~ 6.94 (m, 2H), 6.77 (s, 1H), 1.70 ~ 1.63 (m, 1H), 0.77 ~ 0.58 

(m, 3H), 0.49 ~ 0.43 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 188.4, 185.6, 145.1, 140.3, 136.8, 

134.4, 132.6, 130.8, 129.8, 129.2, 128.6, 128.2, 128.2, 127.3, 124.2, 107.2, 6.9, 6.9, 6.7; ESI-MS 

calcd for C21H17NO2 [M+H] : 316.1338, found: 316.1332. 

Spectra data for 1-(5-chloro-2-formylphenyl)-2-cyclopropyl-5-phenyl-1H-pyrrole-3-

carbaldehyde (6b)  
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Brown sticky oil (0.172 g, 0.49 mmol, 96 %); 
1
H NMR (400 MHz, CDCl3): δ 10.19 (s, 1H), 9.50 

(s, 1H), 7.86 (d, J = 2.4 Hz, 1H), 7.61 (dd, J = 8.4, 2.4 Hz, 1H), 7.32 (d, J = 8.4 Hz, 1H), 7.16 (t, 

J = 2.8 Hz, 3H), 6.98 ~ 6.96 (m, 2H), 6.79 (s, 1H), 1.70 ~ 1.63 (m, 1H), 0.87 ~ 0.74 (m, 2H), 

0.66 ~ 0.61 (m, 1H), 0.52 ~ 0.47 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 187.1, 185.7, 145.13, 

138.9, 137.0, 135.7, 134.4, 133.8, 131.2, 130.6, 128.5, 128.5, 127.7, 124.6, 107.7, 7.3, 7.2, 6.8; 

ESI-MS calcd for C21H16ClNO2 [M+H] : 350.0948, found: 350.0940. 

Spectra data for 1-(5-bromo-2-formylphenyl)-2-cyclopropyl-5-phenyl-1H-pyrrole-3-

carbaldehyde (6c) 

 

Brown sticky oil (0.190 g, 0.48 mmol, 94 %); 
1
H NMR (400 MHz, CDCl3): δ 10.19 (s, 1H), 9.49 

(s, 1H), 8.01 (d, J = 2.2 Hz, 1H), 7.78 (dd, J = 2.2, 8.3 Hz, 1H), 7.25 (d, J = 8.4 Hz, 1H), 7.16 (t, 

J = 2.9 Hz, 3H), 6.99 ~ 6.96 (m, 2H), 6.79 (s, 1H), 1.70 ~ 1.63 (m, 1H), 0.87 ~ 0.75 (m, 2H), 

0.66 ~ 0.61 (m, 1H), 0.52 ~ 0.47 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 187.0, 185.7, 145.0, 

139.4, 137.3, 137.0, 134.0, 131.5,  131.4, 130.6, 128.5, 128.5, 127.8, 124.6, 123.5, 107.7, 7.3, 

7.2, 6.8; ESI-MS calcd for C21H16BrNO2 [M+H] : 394.0443, found: 394.0436. 

Spectra data for 2-(3-acetyl-2,5-diphenyl-1H-pyrrol-1-yl)benzaldehyde (3u) 

 

Brown sticky solid (0.120 g, 0.32 mmol, 81 %); 
1
H NMR (400 MHz, CDCl3): δ 9.56 (s, 1H), 

7.68 (d, J = 7.2 Hz, 1H), 7.41 (t, J = 7.2 Hz, 1H), 7.33 (t, J = 7.2 Hz, 1H), 7.24 ~ 7.18 (m, 2H), 
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7.17 ~ 7.13 (m, 1H), 7.13 ~ 7.11 (m, 6H), 7.05 ~ 7.02 (m, 2H), 6.98 (s, 1H), 2.15 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 194.3, 188.4, 140.3, 140.0, 136.6, 134.0, 132.9, 131.3, 131.2, 131.1, 

130.6, 129.0, 128.7, 128.6, 128.3, 128.3, 128.0, 127.5, 124.5, 124.5, 110.2, 29.2; ESI-MS calcd 

for C25H19NO2 [M+H] : 366.1494, found: 366.1475. 

Spectra data for 2-cyclopropyl-5-phenyl-1H-pyrrole-3-carbaldehyde (7)  

 

Yellow oil (0.040 g, 0.19 mmol, 65 %); 
1
H NMR (400 MHz, CDCl3): δ 10.04 (s, 1H), 8.45 (bs, 

1H), 7.43 (d, J = 8.0 Hz, 2H), 7.36 (t, J = 7.6 Hz, 2H), 7.24 (t, J = 6.4 Hz, 1H), 6.80 (d, J = 2.4 

Hz, 1H), 2.37 ~ 2.30 (m, 1H), 1.13 ~ 1.08 (m, 2H), 0.89 ~ 0.85 (m, 2H); 
13

C NMR (125 MHz, 

CDCl3): δ 185.5, 144.1, 131.5, 131.2, 129.0, 127.1, 124.4, 124.0, 105.1, 7.3, 7.2 ; ESI-MS calcd 

for C14H13NO [M+H] : 212.1075, found: 212.1079. 

Spectra data for (E)-2-cyclopropyl-1-(3-oxo-3-phenylprop-1-en-1-yl)-5-phenyl-1H-pyrrole-

3-carbaldehyde (4d) 

 

Brown oil (0.170 g, 0.49 mmol, 98 %); 
1
H NMR (400 MHz, CDCl3): δ 10.27 (s, 1H), 8.33 (d, J = 

14.0 Hz, 1H), 7.60 (d, J = 8 Hz, 2H), 7.51 (t, J = 7.6 Hz, 1H), 7.46 ~ 7.35 (m, 7H), 6.70 (d, J = 

14.4 Hz, 1H), 6.65 (s, 1H), 2.02 ~ 1.98 (m, 1H), 1.31 ~ 1.26 (m, 2H), 0.95 ~ 0.91 (m, 2H); 
13

C 

NMR (100 MHz, CDCl3): δ 188.8, 185.9, 145.0, 137.5, 135.5, 133.0, 131.9, 129.4, 128.8, 128.5, 

128.4, 128.0, 125.7, 114.9, 110.4, 7.57, 6.18; ESI-MS calcd for C23H19NO2 [M+H] : 342.1494, 

found: 342.2394. 
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Spectra data for (Z)-2-isopropyl-1-(3-oxoprop-1-en-1-yl)-5-phenyl-1H-pyrrole-3-

carbaldehyde) (3v+3v’)    

 

Brown oil (0.095 g, 0.35 mmol, 70 %); 
1
H NMR for major isomer (3u) (400 MHz, CDCl3): δ 

10.11 (s, 1H), 9.24 (d, J = 7.6 Hz, 1H), 7.57 (d, J = 7.2 Hz, 1H), 7.39 ~ 7.23 (m, 5H), 6.74 (s, 

1H), 5.98 (t, J = 8.1 Hz, 1H), 3.47 ~ 3.40 (m, 1H), 1.45 (s, 3H), 1.43 (s, 3H); 
1
H NMR for minor 

isomer (3u') δ 9.59 (s, 1H), 9.30 (d, J = 7.6 Hz, 1H), 6.60 (s, 1H), 5.90 (t, J = 8.2 Hz, 1H), 2.90 ~ 

2.84 (m, 1H), 1.26 (s, 3H), 1.24 (s, 3H), rest of the peaks merged with others; 
13

C NMR for 

major isomer (3u) (100 MHz, CDCl3): δ 188.18, 185.08, 148.85, 138.75, 136.12, 131.06, 129.12, 

128.52, 128.45, 127.78, 123.13, 110.26, 27.14, 22.80; 
13

C NMR for minor isomer (3u'): δ 188.0, 

186.4, 143.7, 138.0, 130.2, 29.0, 128.6, 127.1, 124.2, 103.8, 26.22, 22.4, rest of the peaks 

merged with others; ESI-MS calcd for C17H17NO2 [M+H] : 268.1332, found: 268.1334. 

Spectra data for (Z)-5-(tert-butyl)-1-(3-oxoprop-1-en-1-yl)-2-phenyl-1H-pyrrole-3-

carbaldehyde (3w’) 

 

Brown oil (0.098 g, 0.35 mmol, 71 %); 
1
H NMR for major isomer (400 MHz, d-CDCl3): δ 9.57 

(s, 1H), 9.20 (d, J = 7.6 Hz, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.45 ~ 7.24 (m, 5H), 6.65 (s, 1H), 5.88 

(t, J = 7.8 Hz, 1H), 1.38 (s, 9H); 
1
H NMR for minor isomer δ 9.48 (s, 1H), 9.39 (d, J = 7.2 Hz, 

1H), 7.87 (d, J = 14.4 Hz, 1H), 7.45 ~ 7.24 (m, 5H), 6.65 (s, 1H), 5.29 (dd, J = 14.4, 7.2 Hz, 1H), 

1.45(s, 9H); 
13

C NMR for major isomer (100 MHz, d-CDCl3): δ 187.99, 186.74, 145.71, 145.35, 



S28 
 

143.38, 140.2, 130.39, 129.03, 128.59, 128.15, 123.11, 105.20, 32.64, 30.26; 
13

C NMR for minor 

isomer: δ 190.5, 186.6, 145.9, 145.2, 144.3, 131.3, 129.6, 128.9, 128.0, 125.8, 123.5, 106.0, 32.4, 

30.7; ESI-MS calcd for C18H19NO2 [M+H]: 282.1494, found: 282.1486. 

(5) (A) X-ray crystallographic data of compound (3h). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S1.  Crystal data and structure refinement for d19782. 

Identification code  d19782 

Empirical formula  C18 H17 N O3 

Formula weight  295.33 

Temperature  200(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21/c 

Unit cell dimensions a = 9.6853(4) Å = 90°. 

 b = 6.6511(2) Å = 100.113(2)°. 

 c = 24.7893(12) Å  = 90°. 

Volume 1572.06(11) Å3 

Z 4 
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Density (calculated) 1.248 Mg/m3 

Absorption coefficient 0.085 mm-1 

F(000) 624 

Crystal size 0.41 x 0.14 x 0.06 mm3 

Theta range for data collection 2.47 to 25.04°. 

Index ranges -11<=h<=11, -7<=k<=7, -29<=l<=29 

Reflections collected 16974 

Independent reflections 2754 [R(int) = 0.0435] 

Completeness to theta = 25.04° 99.4 %  

Absorption correction multi-scan 

Max. and min. transmission 0.9949 and 0.9659 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2754 / 0 / 201 

Goodness-of-fit on F2 1.030 

Final R indices [I>2sigma(I)] R1 = 0.0382, wR2 = 0.0911 

R indices (all data) R1 = 0.0538, wR2 = 0.1022 

Extinction coefficient 0.023(3) 

Largest diff. peak and hole 0.171 and -0.164 e.Å-3 

Table S2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for d19782.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

C(1) 1297(2) 7142(2) 5182(1) 35(1) 

C(2) 538(2) 8001(2) 5515(1) 38(1) 

C(3) 1066(2) 9288(2) 5979(1) 42(1) 

C(4) 3459(2) 7485(2) 4810(1) 30(1) 

C(5) 2648(2) 7855(2) 4258(1) 36(1) 

C(6) 1857(2) 6156(3) 3938(1) 44(1) 

C(7) 3102(2) 7052(3) 3752(1) 44(1) 

C(8) 4874(2) 7569(2) 5020(1) 30(1) 

C(9) 5991(2) 7898(2) 4713(1) 35(1) 

C(10) 5041(2) 7233(2) 5594(1) 32(1) 

C(11) 3760(2) 6935(2) 5731(1) 31(1) 

C(12) 3415(2) 6240(2) 6254(1) 32(1) 

C(13) 4083(2) 7087(3) 6746(1) 42(1) 
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C(14) 3835(2) 6382(3) 7242(1) 49(1) 

C(15) 2902(2) 4806(3) 7260(1) 43(1) 

C(16) 1725(3) 2662(4) 7805(1) 80(1) 

C(17) 2241(2) 3923(2) 6779(1) 38(1) 

C(18) 2504(2) 4640(2) 6281(1) 35(1) 

N(1) 2772(1) 7129(2) 5244(1) 30(1) 

O(1) 346(1) 9838(2) 6306(1) 59(1) 

O(2) 7234(1) 7889(2) 4913(1) 45(1) 

O(3) 2707(2) 4232(2) 7772(1) 60(1) 

________________________________________________________________________________ 

Table S3.   Bond lengths [Å] and angles [°] for d19782. 

_____________________________________________________ 

C(1)-C(2)  1.328(2) 

C(1)-N(1)  1.4093(19) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.451(2) 

C(2)-H(2)  0.9500 

C(3)-O(1)  1.216(2) 

C(3)-H(3)  0.9500 

C(4)-C(8)  1.379(2) 

C(4)-N(1)  1.3824(19) 

C(4)-C(5)  1.473(2) 

C(5)-C(7)  1.500(2) 

C(5)-C(6)  1.510(2) 

C(5)-H(5)  1.0000 

C(6)-C(7)  1.490(2) 

C(6)-H(6A)  0.9900 

C(6)-H(6B)  0.9900 

C(7)-H(7A)  0.9900 

C(7)-H(7B)  0.9900 

C(8)-C(10)  1.420(2) 

C(8)-C(9)  1.446(2) 

C(9)-O(2)  1.2190(19) 

C(9)-H(9)  0.9500 

C(10)-C(11)  1.357(2) 

C(10)-H(10)  0.9500 
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C(11)-N(1)  1.4076(19) 

C(11)-C(12)  1.470(2) 

C(12)-C(18)  1.391(2) 

C(12)-C(13)  1.395(2) 

C(13)-C(14)  1.376(2) 

C(13)-H(13)  0.9500 

C(14)-C(15)  1.389(3) 

C(14)-H(14)  0.9500 

C(15)-O(3)  1.370(2) 

C(15)-C(17)  1.383(2) 

C(16)-O(3)  1.424(3) 

C(16)-H(16A)  0.9800 

C(16)-H(16B)  0.9800 

C(16)-H(16C)  0.9800 

C(17)-C(18)  1.387(2) 

C(17)-H(17)  0.9500 

C(18)-H(18)  0.9500 

C(2)-C(1)-N(1) 126.57(15) 

C(2)-C(1)-H(1) 116.7 

N(1)-C(1)-H(1) 116.7 

C(1)-C(2)-C(3) 126.09(15) 

C(1)-C(2)-H(2) 117.0 

C(3)-C(2)-H(2) 117.0 

O(1)-C(3)-C(2) 122.79(16) 

O(1)-C(3)-H(3) 118.6 

C(2)-C(3)-H(3) 118.6 

C(8)-C(4)-N(1) 107.13(13) 

C(8)-C(4)-C(5) 132.63(14) 

N(1)-C(4)-C(5) 120.01(13) 

C(4)-C(5)-C(7) 122.02(14) 

C(4)-C(5)-C(6) 120.09(13) 

C(7)-C(5)-C(6) 59.33(11) 

C(4)-C(5)-H(5) 114.7 

C(7)-C(5)-H(5) 114.7 

C(6)-C(5)-H(5) 114.7 

C(7)-C(6)-C(5) 60.02(11) 
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C(7)-C(6)-H(6A) 117.8 

C(5)-C(6)-H(6A) 117.8 

C(7)-C(6)-H(6B) 117.8 

C(5)-C(6)-H(6B) 117.8 

H(6A)-C(6)-H(6B) 114.9 

C(6)-C(7)-C(5) 60.65(11) 

C(6)-C(7)-H(7A) 117.7 

C(5)-C(7)-H(7A) 117.7 

C(6)-C(7)-H(7B) 117.7 

C(5)-C(7)-H(7B) 117.7 

H(7A)-C(7)-H(7B) 114.8 

C(4)-C(8)-C(10) 107.67(13) 

C(4)-C(8)-C(9) 126.35(15) 

C(10)-C(8)-C(9) 125.97(14) 

O(2)-C(9)-C(8) 124.16(16) 

O(2)-C(9)-H(9) 117.9 

C(8)-C(9)-H(9) 117.9 

C(11)-C(10)-C(8) 108.96(13) 

C(11)-C(10)-H(10) 125.5 

C(8)-C(10)-H(10) 125.5 

C(10)-C(11)-N(1) 106.64(13) 

C(10)-C(11)-C(12) 128.78(14) 

N(1)-C(11)-C(12) 123.99(13) 

C(18)-C(12)-C(13) 117.86(15) 

C(18)-C(12)-C(11) 121.83(14) 

C(13)-C(12)-C(11) 120.14(14) 

C(14)-C(13)-C(12) 121.11(16) 

C(14)-C(13)-H(13) 119.4 

C(12)-C(13)-H(13) 119.4 

C(13)-C(14)-C(15) 120.15(16) 

C(13)-C(14)-H(14) 119.9 

C(15)-C(14)-H(14) 119.9 

O(3)-C(15)-C(17) 124.22(16) 

O(3)-C(15)-C(14) 115.89(16) 

C(17)-C(15)-C(14) 119.88(15) 

O(3)-C(16)-H(16A) 109.5 
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O(3)-C(16)-H(16B) 109.5 

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

O(3)-C(16)-H(16C) 109.5 

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

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

C(15)-C(17)-C(18) 119.42(16) 

C(15)-C(17)-H(17) 120.3 

C(18)-C(17)-H(17) 120.3 

C(17)-C(18)-C(12) 121.56(15) 

C(17)-C(18)-H(18) 119.2 

C(12)-C(18)-H(18) 119.2 

C(4)-N(1)-C(11) 109.57(12) 

C(4)-N(1)-C(1) 122.09(13) 

C(11)-N(1)-C(1) 128.16(13) 

C(15)-O(3)-C(16) 117.46(15) 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  

 Table S4.   Anisotropic displacement parameters (Å2x 103)for d19782.  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) 28(1)  38(1) 39(1)  3(1) 3(1)  -4(1) 

C(2) 27(1)  38(1) 48(1)  5(1) 6(1)  0(1) 

C(3) 33(1)  36(1) 55(1)  1(1) 7(1)  7(1) 

C(4) 34(1)  22(1) 34(1)  0(1) 9(1)  1(1) 

C(5) 36(1)  33(1) 38(1)  4(1) 5(1)  6(1) 

C(6) 40(1)  51(1) 38(1)  -4(1) -1(1)  2(1) 

C(7) 49(1)  51(1) 33(1)  6(1) 7(1)  6(1) 

C(8) 30(1)  22(1) 38(1)  -1(1) 7(1)  2(1) 

C(9) 34(1)  27(1) 43(1)  -3(1) 10(1)  -1(1) 

C(10) 27(1)  28(1) 38(1)  -4(1) 2(1)  0(1) 

C(11) 31(1)  27(1) 33(1)  -3(1) 3(1)  0(1) 

C(12) 31(1)  33(1) 33(1)  -2(1) 5(1)  4(1) 

C(13) 41(1)  46(1) 39(1)  -6(1) 4(1)  -7(1) 

C(14) 55(1)  56(1) 34(1)  -10(1) 1(1)  -8(1) 
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C(15) 48(1)  50(1) 31(1)  2(1) 8(1)  5(1) 

C(16) 106(2)  87(2) 53(1)  16(1) 29(1)  -18(2) 

C(17) 39(1)  37(1) 38(1)  2(1) 9(1)  0(1) 

C(18) 36(1)  35(1) 33(1)  -3(1) 4(1)  0(1) 

N(1) 26(1)  29(1) 34(1)  -1(1) 5(1)  -1(1) 

O(1) 50(1)  64(1) 66(1)  -14(1) 19(1)  11(1) 

O(2) 30(1)  52(1) 56(1)  -10(1) 10(1)  -4(1) 

O(3) 77(1)  71(1) 33(1)  6(1) 13(1)  -5(1) 

______________________________________________________________________________ 

Table S5.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 103) 

for d19782. 

________________________________________________________________________________ 

 x  y  z  U(eq) 

________________________________________________________________________________ 

 

H(1) 796 6467 4870 42 

H(2) -443 7750 5444 45 

H(3) 2015 9719 6028 50 

H(5) 2164 9188 4212 43 

H(6A) 1957 4794 4101 53 

H(6B) 920 6457 3722 53 

H(7A) 2935 7903 3419 53 

H(7B) 3972 6241 3798 53 

H(9) 5741 8138 4330 41 

H(10) 5909 7219 5841 38 

H(13) 4720 8168 6738 51 

H(14) 4303 6974 7573 59 

H(16A) 811 3032 7592 120 

H(16B) 1635 2457 8189 120 

H(16C) 2055 1418 7659 120 

H(17) 1610 2834 6788 46 

H(18) 2053 4025 5951 42 
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(B) X-ray crystallographic data of compound (3n). 

 

  

 

 

Table S6.  Crystal data and structure refinement for d19435. 

Identification code  d19435 

Empirical formula  C14 H11 N O2 

Formula weight  225.24 

Temperature  200(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21/n 

Unit cell dimensions a = 14.4905(6) Å = 90°. 

 b = 16.4449(7) Å = 111.546(2)°. 

 c = 15.5684(8) Å  = 90°. 

Volume 3450.6(3) Å3 
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Z 12 

Density (calculated) 1.301 Mg/m3 

Absorption coefficient 0.088 mm-1 

F(000) 1416 

Crystal size 0.35 x 0.34 x 0.05 mm3 

Theta range for data collection 2.41 to 25.04°. 

Index ranges -17<=h<=17, -19<=k<=19, -18<=l<=18 

Reflections collected 41471 

Independent reflections 6070 [R(int) = 0.0907] 

Completeness to theta = 25.04° 99.6 %  

Absorption correction multi-scan 

Max. and min. transmission 0.9956 and 0.9699 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6070 / 0 / 460 

Goodness-of-fit on F2 1.062 

Final R indices [I>2sigma(I)] R1 = 0.0483, wR2 = 0.1046 

R indices (all data) R1 = 0.0891, wR2 = 0.1301 

Largest diff. peak and hole 0.170 and -0.230 e.Å-3 

Table S7.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for d19435.  U(eq) is defined as one third of the trace of the orthogonalized U ij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

C(1) 8426(2) -1394(1) 6200(2) 38(1) 

C(2) 8098(2) -670(1) 5661(2) 35(1) 

C(3) 7217(1) -634(1) 4976(1) 31(1) 

C(4) 5832(1) 171(1) 3863(1) 29(1) 

C(5) 5057(1) -456(1) 3672(1) 29(1) 

C(6) 5128(2) -1202(1) 3286(2) 35(1) 

C(7) 4352(2) -1753(1) 3051(2) 40(1) 

C(8) 3499(2) -1565(2) 3206(2) 43(1) 

C(9) 3423(2) -827(2) 3590(2) 45(1) 

C(10) 4191(2) -273(1) 3818(2) 38(1) 

C(11) 5753(2) 945(1) 3557(2) 39(1) 

C(12) 6712(2) 1311(1) 3909(2) 38(1) 

C(13) 7355(2) 748(1) 4443(2) 34(1) 
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C(14) 7014(2) 2120(2) 3757(2) 54(1) 

C(15) 4577(2) 3888(1) 2537(2) 41(1) 

C(16) 4910(2) 4634(1) 3041(2) 37(1) 

C(17) 5537(2) 4609(1) 3909(2) 38(1) 

C(18) 6625(2) 5259(1) 5380(2) 36(1) 

C(19) 7214(2) 4532(1) 5781(2) 38(1) 

C(20) 7692(2) 4084(2) 5311(2) 47(1) 

C(21) 8288(2) 3432(2) 5735(2) 57(1) 

C(22) 8412(2) 3219(2) 6625(2) 56(1) 

C(23) 7950(2) 3663(2) 7095(2) 56(1) 

C(24) 7356(2) 4315(2) 6681(2) 48(1) 

C(25) 6670(2) 6011(2) 5749(2) 40(1) 

C(26) 5931(2) 6505(1) 5107(2) 38(1) 

C(27) 5452(2) 6037(1) 4351(2) 40(1) 

C(28) 5689(2) 7346(2) 5224(2) 50(1) 

C(29) 5537(2) 3726(1) 570(2) 40(1) 

C(30) 5844(2) 4436(1) 1149(2) 36(1) 

C(31) 6727(1) 4473(1) 1825(1) 31(1) 

C(32) 8026(1) 5196(1) 3140(1) 30(1) 

C(33) 8799(1) 4560(1) 3409(1) 29(1) 

C(34) 8603(2) 3743(1) 3504(1) 34(1) 

C(35) 9377(2) 3188(1) 3841(2) 40(1) 

C(36) 10347(2) 3446(2) 4093(2) 44(1) 

C(37) 10544(2) 4251(2) 4003(2) 45(1) 

C(38) 9781(2) 4806(1) 3661(2) 37(1) 

C(39) 8068(2) 5939(1) 3524(2) 35(1) 

C(40) 7144(1) 6340(1) 3076(2) 32(1) 

C(41) 6559(1) 5825(1) 2410(1) 31(1) 

C(42) 6821(2) 7130(1) 3268(2) 40(1) 

N(1) 6841(1) 42(1) 4424(1) 29(1) 

N(2) 5867(1) 5275(1) 4497(1) 36(1) 

N(3) 7078(1) 5121(1) 2435(1) 29(1) 

O(1) 9205(1) -1452(1) 6860(1) 51(1) 

O(2) 6472(1) 2650(1) 3305(2) 82(1) 

O(3) 3987(1) 3847(1) 1744(1) 49(1) 

O(4) 6159(1) 7766(1) 5880(1) 68(1) 
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O(5) 4754(1) 3670(1) -80(1) 54(1) 

O(6) 7325(1) 7608(1) 3845(1) 55(1) 

Table S8.   Bond lengths [Å] and angles [°] for d19435. 

_____________________________________________________ 

C(1)-O(1)  1.219(2) 

C(1)-C(2)  1.433(3) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.331(3) 

C(2)-H(2)  0.9500 

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

C(3)-H(3)  0.9500 

C(4)-C(11)  1.349(3) 

C(4)-N(1)  1.417(2) 

C(4)-C(5)  1.473(3) 

C(5)-C(6)  1.387(3) 

C(5)-C(10)  1.388(3) 

C(6)-C(7)  1.385(3) 

C(6)-H(6)  0.9500 

C(7)-C(8)  1.378(3) 

C(7)-H(7)  0.9500 

C(8)-C(9)  1.375(3) 

C(8)-H(8)  0.9500 

C(9)-C(10)  1.380(3) 

C(9)-H(9)  0.9500 

C(10)-H(10)  0.9500 

C(11)-C(12)  1.426(3) 

C(11)-H(11)  0.9500 

C(12)-C(13)  1.359(3) 

C(12)-C(14)  1.446(3) 

C(13)-N(1)  1.375(3) 

C(13)-H(13)  0.9500 

C(14)-O(2)  1.211(3) 

C(14)-H(14)  0.9500 

C(15)-O(3)  1.218(2) 

C(15)-C(16)  1.442(3) 

C(15)-H(15)  0.9500 
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C(16)-C(17)  1.322(3) 

C(16)-H(16)  0.9500 

C(17)-N(2)  1.395(3) 

C(17)-H(17)  0.9500 

C(18)-C(25)  1.355(3) 

C(18)-N(2)  1.410(3) 

C(18)-C(19)  1.469(3) 

C(19)-C(24)  1.386(3) 

C(19)-C(20)  1.390(3) 

C(20)-C(21)  1.383(3) 

C(20)-H(20)  0.9500 

C(21)-C(22)  1.376(4) 

C(21)-H(21)  0.9500 

C(22)-C(23)  1.370(4) 

C(22)-H(22)  0.9500 

C(23)-C(24)  1.377(3) 

C(23)-H(23)  0.9500 

C(24)-H(24)  0.9500 

C(25)-C(26)  1.421(3) 

C(25)-H(25)  0.9500 

C(26)-C(27)  1.363(3) 

C(26)-C(28)  1.454(3) 

C(27)-N(2)  1.371(3) 

C(27)-H(27)  0.9500 

C(28)-O(4)  1.215(3) 

C(28)-H(28)  0.9500 

C(29)-O(5)  1.216(2) 

C(29)-C(30)  1.441(3) 

C(29)-H(29)  0.9500 

C(30)-C(31)  1.326(3) 

C(30)-H(30)  0.9500 

C(31)-N(3)  1.394(3) 

C(31)-H(31)  0.9500 

C(32)-C(39)  1.352(3) 

C(32)-N(3)  1.414(2) 

C(32)-C(33)  1.477(3) 
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C(33)-C(38)  1.390(3) 

C(33)-C(34)  1.393(3) 

C(34)-C(35)  1.391(3) 

C(34)-H(34)  0.9500 

C(35)-C(36)  1.380(3) 

C(35)-H(35)  0.9500 

C(36)-C(37)  1.372(3) 

C(36)-H(36)  0.9500 

C(37)-C(38)  1.382(3) 

C(37)-H(37)  0.9500 

C(38)-H(38)  0.9500 

C(39)-C(40)  1.425(3) 

C(39)-H(39)  0.9500 

C(40)-C(41)  1.365(3) 

C(40)-C(42)  1.448(3) 

C(41)-N(3)  1.373(3) 

C(41)-H(41)  0.9500 

C(42)-O(6)  1.216(3) 

C(42)-H(42)  0.9500 

O(1)-C(1)-C(2) 124.3(2) 

O(1)-C(1)-H(1) 117.8 

C(2)-C(1)-H(1) 117.8 

C(3)-C(2)-C(1) 121.4(2) 

C(3)-C(2)-H(2) 119.3 

C(1)-C(2)-H(2) 119.3 

C(2)-C(3)-N(1) 125.12(19) 

C(2)-C(3)-H(3) 117.4 

N(1)-C(3)-H(3) 117.4 

C(11)-C(4)-N(1) 107.10(17) 

C(11)-C(4)-C(5) 129.05(18) 

N(1)-C(4)-C(5) 123.85(18) 

C(6)-C(5)-C(10) 118.61(19) 

C(6)-C(5)-C(4) 122.29(19) 

C(10)-C(5)-C(4) 118.92(19) 

C(7)-C(6)-C(5) 120.7(2) 

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

C(8)-C(7)-C(6) 120.1(2) 

C(8)-C(7)-H(7) 120.0 

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

C(9)-C(8)-C(7) 119.6(2) 

C(9)-C(8)-H(8) 120.2 

C(7)-C(8)-H(8) 120.2 

C(8)-C(9)-C(10) 120.5(2) 

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

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

C(9)-C(10)-C(5) 120.5(2) 

C(9)-C(10)-H(10) 119.8 

C(5)-C(10)-H(10) 119.8 

C(4)-C(11)-C(12) 108.57(19) 

C(4)-C(11)-H(11) 125.7 

C(12)-C(11)-H(11) 125.7 

C(13)-C(12)-C(11) 107.45(19) 

C(13)-C(12)-C(14) 123.0(2) 

C(11)-C(12)-C(14) 129.5(2) 

C(12)-C(13)-N(1) 108.55(17) 

C(12)-C(13)-H(13) 125.7 

N(1)-C(13)-H(13) 125.7 

O(2)-C(14)-C(12) 125.9(2) 

O(2)-C(14)-H(14) 117.1 

C(12)-C(14)-H(14) 117.1 

O(3)-C(15)-C(16) 124.7(2) 

O(3)-C(15)-H(15) 117.7 

C(16)-C(15)-H(15) 117.7 

C(17)-C(16)-C(15) 119.8(2) 

C(17)-C(16)-H(16) 120.1 

C(15)-C(16)-H(16) 120.1 

C(16)-C(17)-N(2) 125.9(2) 

C(16)-C(17)-H(17) 117.0 

N(2)-C(17)-H(17) 117.0 

C(25)-C(18)-N(2) 107.19(19) 

C(25)-C(18)-C(19) 129.3(2) 
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N(2)-C(18)-C(19) 123.5(2) 

C(24)-C(19)-C(20) 118.5(2) 

C(24)-C(19)-C(18) 119.1(2) 

C(20)-C(19)-C(18) 122.2(2) 

C(21)-C(20)-C(19) 120.3(2) 

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

C(19)-C(20)-H(20) 119.8 

C(22)-C(21)-C(20) 120.4(3) 

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

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

C(23)-C(22)-C(21) 119.6(2) 

C(23)-C(22)-H(22) 120.2 

C(21)-C(22)-H(22) 120.2 

C(22)-C(23)-C(24) 120.6(3) 

C(22)-C(23)-H(23) 119.7 

C(24)-C(23)-H(23) 119.7 

C(23)-C(24)-C(19) 120.6(3) 

C(23)-C(24)-H(24) 119.7 

C(19)-C(24)-H(24) 119.7 

C(18)-C(25)-C(26) 108.4(2) 

C(18)-C(25)-H(25) 125.8 

C(26)-C(25)-H(25) 125.8 

C(27)-C(26)-C(25) 107.3(2) 

C(27)-C(26)-C(28) 125.1(2) 

C(25)-C(26)-C(28) 127.5(2) 

C(26)-C(27)-N(2) 108.66(19) 

C(26)-C(27)-H(27) 125.7 

N(2)-C(27)-H(27) 125.7 

O(4)-C(28)-C(26) 124.1(2) 

O(4)-C(28)-H(28) 118.0 

C(26)-C(28)-H(28) 118.0 

O(5)-C(29)-C(30) 124.1(2) 

O(5)-C(29)-H(29) 117.9 

C(30)-C(29)-H(29) 117.9 

C(31)-C(30)-C(29) 121.3(2) 

C(31)-C(30)-H(30) 119.3 
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C(29)-C(30)-H(30) 119.4 

C(30)-C(31)-N(3) 125.47(19) 

C(30)-C(31)-H(31) 117.3 

N(3)-C(31)-H(31) 117.3 

C(39)-C(32)-N(3) 107.22(17) 

C(39)-C(32)-C(33) 127.52(18) 

N(3)-C(32)-C(33) 125.23(18) 

C(38)-C(33)-C(34) 118.64(19) 

C(38)-C(33)-C(32) 117.68(19) 

C(34)-C(33)-C(32) 123.39(18) 

C(35)-C(34)-C(33) 120.3(2) 

C(35)-C(34)-H(34) 119.8 

C(33)-C(34)-H(34) 119.8 

C(36)-C(35)-C(34) 120.1(2) 

C(36)-C(35)-H(35) 119.9 

C(34)-C(35)-H(35) 119.9 

C(37)-C(36)-C(35) 119.7(2) 

C(37)-C(36)-H(36) 120.1 

C(35)-C(36)-H(36) 120.1 

C(36)-C(37)-C(38) 120.7(2) 

C(36)-C(37)-H(37) 119.6 

C(38)-C(37)-H(37) 119.6 

C(37)-C(38)-C(33) 120.5(2) 

C(37)-C(38)-H(38) 119.8 

C(33)-C(38)-H(38) 119.8 

C(32)-C(39)-C(40) 108.65(18) 

C(32)-C(39)-H(39) 125.7 

C(40)-C(39)-H(39) 125.7 

C(41)-C(40)-C(39) 107.12(19) 

C(41)-C(40)-C(42) 123.75(19) 

C(39)-C(40)-C(42) 129.11(19) 

C(40)-C(41)-N(3) 108.74(17) 

C(40)-C(41)-H(41) 125.6 

N(3)-C(41)-H(41) 125.6 

O(6)-C(42)-C(40) 125.5(2) 

O(6)-C(42)-H(42) 117.3 
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C(40)-C(42)-H(42) 117.3 

C(13)-N(1)-C(3) 125.25(16) 

C(13)-N(1)-C(4) 108.31(16) 

C(3)-N(1)-C(4) 125.72(17) 

C(27)-N(2)-C(17) 125.81(18) 

C(27)-N(2)-C(18) 108.36(18) 

C(17)-N(2)-C(18) 125.59(19) 

C(41)-N(3)-C(31) 124.50(16) 

C(41)-N(3)-C(32) 108.25(16) 

C(31)-N(3)-C(32) 127.16(17) 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  

 Table S9.   Anisotropic displacement parameters (Å2x 103)for d19435.  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) 33(1)  31(1) 45(1)  1(1) 9(1)  0(1) 

C(2) 32(1)  27(1) 42(1)  0(1) 10(1)  -1(1) 

C(3) 29(1)  24(1) 39(1)  -1(1) 12(1)  0(1) 

C(4) 25(1)  30(1) 31(1)  -2(1) 7(1)  -1(1) 

C(5) 28(1)  28(1) 28(1)  0(1) 6(1)  -1(1) 

C(6) 33(1)  33(1) 38(1)  -1(1) 11(1)  -2(1) 

C(7) 45(1)  30(1) 38(1)  -3(1) 9(1)  -8(1) 

C(8) 34(1)  47(2) 40(1)  1(1) 6(1)  -16(1) 

C(9) 32(1)  57(2) 49(2)  -9(1) 17(1)  -8(1) 

C(10) 32(1)  43(1) 40(1)  -10(1) 12(1)  -3(1) 

C(11) 28(1)  33(1) 50(2)  4(1) 8(1)  3(1) 

C(12) 32(1)  27(1) 49(1)  0(1) 10(1)  -3(1) 

C(13) 28(1)  28(1) 43(1)  -1(1) 10(1)  -4(1) 

C(14) 41(1)  33(2) 81(2)  5(1) 14(1)  -5(1) 

C(15) 33(1)  37(1) 46(2)  2(1) 7(1)  1(1) 

C(16) 31(1)  36(1) 38(1)  1(1) 8(1)  -2(1) 

C(17) 33(1)  35(1) 41(1)  2(1) 8(1)  -6(1) 

C(18) 31(1)  44(2) 30(1)  3(1) 8(1)  -4(1) 

C(19) 32(1)  43(2) 34(1)  4(1) 6(1)  -4(1) 
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C(20) 51(1)  50(2) 36(1)  -1(1) 10(1)  3(1) 

C(21) 55(2)  50(2) 56(2)  -7(1) 8(1)  6(1) 

C(22) 47(1)  41(2) 64(2)  10(1) -1(1)  -1(1) 

C(23) 50(2)  63(2) 45(2)  19(1) 6(1)  -3(1) 

C(24) 41(1)  63(2) 37(1)  9(1) 10(1)  2(1) 

C(25) 38(1)  50(2) 31(1)  -1(1) 9(1)  -2(1) 

C(26) 39(1)  40(1) 36(1)  1(1) 13(1)  -4(1) 

C(27) 40(1)  40(2) 35(1)  6(1) 8(1)  -5(1) 

C(28) 53(2)  48(2) 43(2)  0(1) 10(1)  -3(1) 

C(29) 34(1)  36(1) 43(1)  -5(1) 7(1)  2(1) 

C(30) 30(1)  32(1) 40(1)  -6(1) 7(1)  2(1) 

C(31) 30(1)  26(1) 35(1)  -4(1) 11(1)  0(1) 

C(32) 28(1)  29(1) 29(1)  0(1) 7(1)  -1(1) 

C(33) 30(1)  29(1) 25(1)  -2(1) 7(1)  1(1) 

C(34) 35(1)  31(1) 35(1)  1(1) 12(1)  -1(1) 

C(35) 50(1)  31(1) 36(1)  4(1) 13(1)  7(1) 

C(36) 39(1)  46(2) 37(1)  0(1) 3(1)  15(1) 

C(37) 29(1)  49(2) 49(2)  -5(1) 4(1)  3(1) 

C(38) 32(1)  36(1) 40(1)  -2(1) 7(1)  -3(1) 

C(39) 35(1)  29(1) 34(1)  -3(1) 6(1)  -2(1) 

C(40) 32(1)  25(1) 37(1)  -1(1) 11(1)  -1(1) 

C(41) 26(1)  29(1) 36(1)  1(1) 8(1)  3(1) 

C(42) 39(1)  32(1) 50(2)  -2(1) 16(1)  1(1) 

N(1) 23(1)  25(1) 35(1)  -1(1) 7(1)  -1(1) 

N(2) 35(1)  37(1) 31(1)  2(1) 7(1)  -4(1) 

N(3) 25(1)  25(1) 32(1)  -3(1) 7(1)  -2(1) 

O(1) 40(1)  41(1) 55(1)  11(1) -3(1)  3(1) 

O(2) 55(1)  37(1) 135(2)  30(1) 11(1)  2(1) 

O(3) 41(1)  47(1) 46(1)  -4(1) 1(1)  -2(1) 

O(4) 73(1)  59(1) 57(1)  -21(1) 8(1)  -2(1) 

O(5) 41(1)  50(1) 51(1)  -16(1) -5(1)  -2(1) 

O(6) 51(1)  37(1) 70(1)  -21(1) 13(1)  -5(1) 

______________________________________________________________________________
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Table S10.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 103) 

for d19435. 

________________________________________________________________________________ 

 x  y  z  U(eq) 

________________________________________________________________________________ 

 

H(1) 8009 -1859 6032 46 

H(2) 8518 -206 5796 42 

H(3) 6814 -1107 4856 37 

H(6) 5715 -1337 3180 42 

H(7) 4407 -2261 2783 48 

H(8) 2967 -1943 3049 51 

H(9) 2836 -697 3700 55 

H(10) 4127 237 4077 46 

H(11) 5158 1203 3173 47 

H(13) 8044 829 4773 40 

H(14) 7700 2246 4036 65 

H(15) 4836 3392 2845 49 

H(16) 4681 5142 2752 44 

H(17) 5785 4090 4153 45 

H(20) 7609 4226 4696 57 

H(21) 8614 3129 5409 68 

H(22) 8815 2766 6912 68 

H(23) 8041 3521 7712 67 

H(24) 7041 4618 7015 58 

H(25) 7119 6180 6338 48 

H(27) 4919 6209 3814 48 

H(28) 5129 7580 4757 60 

H(29) 5975 3274 705 48 

H(30) 5405 4885 1045 43 

H(31) 7155 4019 1900 37 

H(34) 7936 3564 3339 41 

H(35) 9238 2630 3897 48 

H(36) 10876 3068 4327 52 

H(37) 11212 4428 4177 54 

H(38) 9928 5361 3598 45 
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H(39) 8623 6158 4011 41 

H(41) 5902 5935 1998 37 

H(42) 6159 7287 2912 48 

 

(C) X-ray crystallographic data of compound (6a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S11.  Crystal data and structure refinement for 171016LT_0M_A. 

Identification code  171016lt_0m_a 

Empirical formula  C21 H17 N O2 
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Formula weight  315.36 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21/c 

Unit cell dimensions a = 7.9072(2) Å = 90°. 

 b = 16.7423(5) Å = 90.1880(10)°. 

 c = 12.1333(4) Å  = 90°. 

Volume 1606.26(8) Å3 

Z 4 

Density (calculated) 1.304 Mg/m3 

Absorption coefficient 0.084 mm-1 

F(000) 664 

Crystal size 0.20 x 0.15 x 0.14 mm3 

Theta range for data collection 2.073 to 26.372°. 

Index ranges -9<=h<=8, -20<=k<=20, -15<=l<=15 

Reflections collected 13209 

Independent reflections 3282 [R(int) = 0.0288] 

Completeness to theta = 25.242° 99.9 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9485 and 0.8870 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3282 / 39 / 237 

Goodness-of-fit on F2 1.270 

Final R indices [I>2sigma(I)] R1 = 0.0903, wR2 = 0.1958 

R indices (all data) R1 = 0.0945, wR2 = 0.1975 

Extinction coefficient 0.0088(14) 

Largest diff. peak and hole 0.285 and -0.335 e.Å-3 

Table S12.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for 171016LT_0M_A.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

C(1) 4935(4) 3812(2) 6123(3) 18(1) 

C(2) 4009(5) 4412(2) 6584(3) 21(1) 

C(3) 4861(5) 4669(2) 7554(3) 24(1) 
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C(4) 6333(5) 4219(2) 7656(3) 21(1) 

C(5) 7679(5) 4217(2) 8498(3) 29(1) 

C(6) 8389(7) 4983(3) 8906(5) 55(2) 

C(7) 9463(6) 4441(4) 8224(4) 50(1) 

C(8) 7744(4) 3170(2) 6519(3) 19(1) 

C(9) 8030(5) 2498(2) 7161(3) 23(1) 

C(10) 9304(5) 1975(2) 6871(3) 27(1) 

C(11) 10270(5) 2114(2) 5941(4) 32(1) 

C(12) 10007(5) 2793(2) 5311(3) 29(1) 

C(13) 8744(4) 3337(2) 5604(3) 20(1) 

C(14) 8563(5) 4089(2) 4973(3) 25(1) 

C(15) 4539(4) 3308(2) 5157(3) 18(1) 

C(16) 4631(4) 2475(2) 5215(3) 21(1) 

C(17) 4113(5) 2013(2) 4326(3) 24(1) 

C(18) 3527(5) 2373(2) 3362(3) 26(1) 

C(19) 3479(5) 3200(3) 3296(3) 27(1) 

C(20) 3978(4) 3666(2) 4181(3) 23(1) 

N(1) 6366(4) 3697(2) 6782(2) 17(1) 

O(1) 9342(5) 4249(2) 4142(3) 46(1) 

C(21) 4030(20) 5300(11) 8196(11) 28(3) 

O(2) 4530(8) 5528(4) 9095(5) 43(2) 

C(21') 4460(20) 5251(12) 8436(14) 25(3) 

O(2') 3199(10) 5664(4) 8357(6) 42(2) 

________________________________________________________________________________  

Table S13.   Bond lengths [Å] and angles [°] for  171016LT_0M_A. 

_____________________________________________________  

C(1)-C(2)  1.364(5) 

C(1)-N(1)  1.396(4) 

C(1)-C(15)  1.476(5) 

C(2)-C(3)  1.421(5) 

C(2)-H(2)  0.9500 

C(3)-C(4)  1.392(5) 

C(3)-C(21)  1.470(15) 

C(3)-C(21')  1.482(16) 

C(4)-N(1)  1.374(4) 

C(4)-C(5)  1.473(5) 
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C(5)-C(6)  1.483(6) 

C(5)-C(7)  1.498(6) 

C(5)-H(5)  1.0000 

C(6)-C(7)  1.495(8) 

C(6)-H(6A)  0.9900 

C(6)-H(6B)  0.9900 

C(7)-H(7A)  0.9900 

C(7)-H(7B)  0.9900 

C(8)-C(9)  1.387(5) 

C(8)-C(13)  1.393(5) 

C(8)-N(1)  1.440(4) 

C(9)-C(10)  1.381(5) 

C(9)-H(9)  0.9500 

C(10)-C(11)  1.384(6) 

C(10)-H(10)  0.9500 

C(11)-C(12)  1.384(6) 

C(11)-H(11)  0.9500 

C(12)-C(13)  1.398(5) 

C(12)-H(12)  0.9500 

C(13)-C(14)  1.481(5) 

C(14)-O(1)  1.213(5) 

C(14)-H(14)  0.9500 

C(15)-C(20)  1.398(5) 

C(15)-C(16)  1.398(5) 

C(16)-C(17)  1.388(5) 

C(16)-H(16)  0.9500 

C(17)-C(18)  1.394(6) 

C(17)-H(17)  0.9500 

C(18)-C(19)  1.387(6) 

C(18)-H(18)  0.9500 

C(19)-C(20)  1.384(5) 

C(19)-H(19)  0.9500 

C(20)-H(20)  0.9500 

C(21)-O(2)  1.221(11) 

C(21)-H(21)  0.9500 

C(21')-O(2')  1.219(13) 
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C(21')-H(21')  0.9500 

C(2)-C(1)-N(1) 107.5(3) 

C(2)-C(1)-C(15) 129.3(3) 

N(1)-C(1)-C(15) 123.0(3) 

C(1)-C(2)-C(3) 108.0(3) 

C(1)-C(2)-H(2) 126.0 

C(3)-C(2)-H(2) 126.0 

C(4)-C(3)-C(2) 107.7(3) 

C(4)-C(3)-C(21) 135.9(6) 

C(2)-C(3)-C(21) 116.4(6) 

C(4)-C(3)-C(21') 118.1(6) 

C(2)-C(3)-C(21') 134.1(6) 

N(1)-C(4)-C(3) 107.0(3) 

N(1)-C(4)-C(5) 121.3(3) 

C(3)-C(4)-C(5) 131.7(3) 

C(4)-C(5)-C(6) 120.1(4) 

C(4)-C(5)-C(7) 121.6(4) 

C(6)-C(5)-C(7) 60.2(3) 

C(4)-C(5)-H(5) 114.7 

C(6)-C(5)-H(5) 114.7 

C(7)-C(5)-H(5) 114.7 

C(5)-C(6)-C(7) 60.4(3) 

C(5)-C(6)-H(6A) 117.7 

C(7)-C(6)-H(6A) 117.7 

C(5)-C(6)-H(6B) 117.7 

C(7)-C(6)-H(6B) 117.7 

H(6A)-C(6)-H(6B) 114.9 

C(6)-C(7)-C(5) 59.4(3) 

C(6)-C(7)-H(7A) 117.8 

C(5)-C(7)-H(7A) 117.8 

C(6)-C(7)-H(7B) 117.8 

C(5)-C(7)-H(7B) 117.8 

H(7A)-C(7)-H(7B) 115.0 

C(9)-C(8)-C(13) 121.3(3) 

C(9)-C(8)-N(1) 119.7(3) 

C(13)-C(8)-N(1) 119.0(3) 
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C(10)-C(9)-C(8) 119.2(3) 

C(10)-C(9)-H(9) 120.4 

C(8)-C(9)-H(9) 120.4 

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

C(9)-C(10)-H(10) 119.8 

C(11)-C(10)-H(10) 119.8 

C(10)-C(11)-C(12) 120.3(4) 

C(10)-C(11)-H(11) 119.8 

C(12)-C(11)-H(11) 119.8 

C(11)-C(12)-C(13) 120.0(4) 

C(11)-C(12)-H(12) 120.0 

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

C(8)-C(13)-C(12) 118.6(3) 

C(8)-C(13)-C(14) 121.9(3) 

C(12)-C(13)-C(14) 119.4(3) 

O(1)-C(14)-C(13) 124.7(4) 

O(1)-C(14)-H(14) 117.7 

C(13)-C(14)-H(14) 117.7 

C(20)-C(15)-C(16) 119.1(3) 

C(20)-C(15)-C(1) 119.6(3) 

C(16)-C(15)-C(1) 121.2(3) 

C(17)-C(16)-C(15) 120.1(3) 

C(17)-C(16)-H(16) 119.9 

C(15)-C(16)-H(16) 119.9 

C(16)-C(17)-C(18) 120.5(4) 

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

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

C(19)-C(18)-C(17) 119.3(3) 

C(19)-C(18)-H(18) 120.4 

C(17)-C(18)-H(18) 120.4 

C(20)-C(19)-C(18) 120.7(4) 

C(20)-C(19)-H(19) 119.7 

C(18)-C(19)-H(19) 119.7 

C(19)-C(20)-C(15) 120.3(3) 

C(19)-C(20)-H(20) 119.8 

C(15)-C(20)-H(20) 119.8 
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C(4)-N(1)-C(1) 109.7(3) 

C(4)-N(1)-C(8) 125.3(3) 

C(1)-N(1)-C(8) 124.7(3) 

O(2)-C(21)-C(3) 123.6(12) 

O(2)-C(21)-H(21) 118.2 

C(3)-C(21)-H(21) 118.2 

O(2')-C(21')-C(3) 119.4(12) 

O(2')-C(21')-H(21') 120.3 

C(3)-C(21')-H(21') 120.3 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

  Table S14.   Anisotropic displacement parameters  (Å2x 103) for 171016LT_0M_A.  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 

______________________________________________________________________________  

C(1) 16(2)  16(2) 22(2)  4(1) 0(1)  0(1) 

C(2) 21(2)  15(2) 27(2)  6(1) 4(1)  2(1) 

C(3) 35(2)  16(2) 20(2)  0(1) 8(2)  -2(2) 

C(4) 29(2)  20(2) 14(2)  -1(1) 3(1)  -5(2) 

C(5) 36(2)  31(2) 19(2)  -1(2) -4(2)  -7(2) 

C(6) 74(4)  36(3) 55(3)  -10(2) -29(3)  -14(3) 

C(7) 38(3)  82(4) 29(2)  1(2) -8(2)  -26(3) 

C(8) 16(2)  19(2) 21(2)  0(1) -3(1)  -2(1) 

C(9) 18(2)  27(2) 24(2)  8(2) -2(1)  -1(2) 

C(10) 17(2)  22(2) 43(2)  14(2) -5(2)  2(2) 

C(11) 18(2)  25(2) 53(3)  8(2) 6(2)  6(2) 

C(12) 25(2)  28(2) 34(2)  5(2) 6(2)  4(2) 

C(13) 20(2)  19(2) 22(2)  2(1) -1(1)  0(1) 

C(14) 27(2)  24(2) 25(2)  5(2) 2(2)  5(2) 

C(15) 14(2)  20(2) 19(2)  -2(1) 1(1)  -1(1) 

C(16) 19(2)  21(2) 23(2)  1(2) -1(1)  4(1) 

C(17) 21(2)  22(2) 30(2)  -6(2) 6(2)  0(2) 

C(18) 22(2)  38(2) 19(2)  -11(2) 0(1)  -5(2) 

C(19) 23(2)  40(2) 17(2)  5(2) -1(1)  -2(2) 

C(20) 18(2)  23(2) 26(2)  5(2) 0(1)  -3(1) 



S54 
 

N(1) 18(1)  17(1) 16(1)  2(1) -2(1)  0(1) 

O(1) 61(2)  40(2) 38(2)  16(2) 24(2)  17(2) 

C(21) 37(7)  21(4) 27(6)  0(5) -3(4)  1(5) 

O(2) 59(4)  41(4) 27(3)  -12(3) -4(3)  5(3) 

C(21') 36(7)  20(4) 19(7)  -2(5) -1(5)  11(5) 

O(2') 51(5)  38(4) 39(4)  -8(3) -1(3)  27(4) 

______________________________________________________________________________  

 Table S15.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for 171016LT_0M_A. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(2) 2976 4621 6305 25 

H(5) 7566 3792 9072 34 

H(6A) 8652 5025 9702 66 

H(6B) 7978 5482 8561 66 

H(7A) 10386 4147 8600 59 

H(7B) 9711 4604 7457 59 

H(9) 7357 2398 7794 28 

H(10) 9519 1517 7312 33 

H(11) 11119 1742 5734 38 

H(12) 10685 2889 4680 35 

H(14) 7781 4474 5238 30 

H(16) 5048 2225 5863 25 

H(17) 4159 1447 4375 29 

H(18) 3164 2056 2757 31 

H(19) 3100 3449 2636 32 

H(20) 3938 4232 4125 27 

H(21) 3045 5544 7895 34 

H(21') 5189 5302 9058 30 

________________________________________________________________________________  
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