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 1. General Methods and Materials 

All commercially available reagents were used without further purification. Coumarins, catalysts and other reagents were 
purchased from Acros Organics. Column chromatography was carried out on silica gel. TLC was conducted on silica gel 250 
micron, F254 plates. 1H NMR spectra were recorded at room temperature on a Bruker 500 MHz spectrometer, using CDCl3 as 
solvent. Chemical shifts are reported in ppm with TMS as an internal standard (TMS: δ 0.0 ppm). 13C NMR spectra are 
referenced from the solvent central peak (77.23 ppm). Chemical shifts are given in ppm.
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2. Experimental Procedures

A vial equipped with a stir bar was charged with coumarin (0.1 mmol, 1.0 equiv), arylbromide (2.5 equiv), Pd(OAc)2 (20 mol%), 
Cs2CO3 (2.5 eqiuv.), 1,10-Phenanthroline (20 mol %), Mesitylene (0.5 mL),  and capped. The resulting mixture was heated in an 
oil bath at 160 °C for 18 h. Removal of the solvent gave a crude mixture which was purified by flash column chromatography 
(hexane/EtOAc gradient).

3. Further Experiments 

Other experiments being tested are as follows: iodobenzene was allowed to react with coumarin under standard reaction 
condition generating higher yield than did bromobenzene (Scheme S1). In another attempt, phenylboronic acid (Scheme S2) and 
phenyl tosylate (Scheme S3) were used in place of bromobenzene which both led to far lower yields (20%). In this context, 
neither phenyl triflate nor chlorobenzene furnished the product (Scheme S4). Besides, using coumarin-3-carboxylic acid as 
model substrate diminished the yield to a good deal (20%) (Scheme S5). It was also observed that use of 4Ao molecular sieve had 
a negligible effect on the reaction yield.

Scheme S1: Reaction of Coumarin with Iodobenzene
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Scheme S2: Reaction of Coumarin with Phenylboronic acid
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Scheme S3: Reaction of Coumarin with Phenyltosylate
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Scheme S4: Reaction of Coumarin with Chlorobenzene and Phenyltriflate
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Scheme S5: Reaction of Coumarin-3-carboxylic acid with Bromobenzene
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4. Monitoring Reaction Condition: 

Table S1: Optimization of Reaction of Coumarin (1a) and Bromobenzene (2a)a

O O

H
H

+

Br

O

[Pd]/L
additive

solvent

1a 2a 3a

entry catalyst ligand base
solvent temp.

(oC)
yield (%)b

1 Pd(OAc)2 PPh3 Cs2CO3 Mesitylene 160 30
2 Pd(OAc)2 PCy3 Cs2CO3 Mesitylene 160 28
3 Pd(OAc)2 Neocuproine Cs2CO3 Mesitylene 160 25
4 Pd(OAc)2 Bipy. Cs2CO3 Mesitylene 160 25
5 Pd(OAc)2 Phen. Cs2CO3 Mesitylene 160 76
6 Pd(OAc)2 DMAP Cs2CO3 Mesitylene 160 30
7 Pd(OAc)2 2,3-Lutidine Cs2CO3 Mesitylene 160 0
8 Pd(OAc)2 4-Methylbenzene-1,2-

diamine
Cs2CO3 Mesitylene 160 0

9 Pd(OAc)2 1,3-Dimethyl thiourea Cs2CO3 Mesitylene 160 0
10 Pd(OAc)2 Phen. K2CO3 Mesitylene 160 20
11 Pd(OAc)2 Phen. KOt-Bu Mesitylene 160 5
12 Pd(OAc)2 Phen. KF Mesitylene 160 0
13 Pd(OAc)2 Phen. Cs2CO3 1,4-Dioxane 160 15
14 Pd(OAc)2 Phen. Cs2CO3 Dimethylether 160 10
15 Pd(OAc)2 Phen. Cs2CO3 CH3CN 160 25
16 Pd(OAc)2 Phen. Cs2CO3 DMF 160 69
17 PdCl2 Phen. Cs2CO3 DMF 160 30
18 Pd(dba)2 Phen. Cs2CO3 DMF 160 40
19 Pd(acac)2 Phen. Cs2CO3 DMF 160 14
20 Pd(PPh3)4 Phen. Cs2CO3 DMF 160 58
21 Pd(OAc)2 - Cs2CO3 Mesitylene 160 20
22 Pd(OAc)2 Phen. - Mesitylene 160 0
23 Pd(OAc)2 Phen. Cs2CO3 Mesitylene 120 0
24 Pd(OAc)2 Phen. Cs2CO3 Mesitylene 180 70

a Reaction conditions: Coumarin (0.1 mmol, 1.0 equiv), bromobenzene (2.5 equiv), palladium catalyst (20 mol%), Phen. (20 
mol%), base (2.5 equiv), solvent (0.2 M), 160 oC, 18 h. bIsolated yields.
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5. Characterization Data

3a

O

2,3- Diphenylbenzofuran (3a). White crystal, 21 mg, Yield 76%, mp 111-114 ˚C; 1HNMR (500 MHz, CDCl3) δ 7.68 (d, J = 7.0 
Hz, 2H), 7.58 (d, J = 8.2 Hz, 1H), 7.52 – 7.41 (m, 7H), 7.37 – 7.24 (m, 4H); 13CNMR (125 MHz, CDCl3) δ 153.5, 150.0, 132.4, 
130.2, 129.8, 129.3, 128.5, 128.3, 127.9, 127.8, 127.1, 126.5, 124.2, 122.4, 119.5, 117.0, 110.6; Anal. Calcd for C20H14O 
(270.10): C, 88.86; H, 5.22. Found: C, 88.61; H, 5.43.

3b

O

Cl

Cl

2,3-Bis(4-chlorophenyl)benzofuran (3b). White crystal, 27 mg, Yield 79%, mp 109-113 ˚C; 1HNMR (500 MHz, CDCl3) δ 7.59 
– 7.56 (m, 3H), 7.48 – 7.43 (m, 5H), 7.37 (t, J = 7.21 Hz, 1H), 7.33 – 7.25 (m, 3H); 13CNMR (125 MHz, CDCl3) δ 153.5, 149.1, 
133.9, 133.3, 130.5, 129.2, 128.9, 128.3, 127.7, 124.6, 122.7, 119.3, 116.3, 110.7; MS m/z (%) 338 (M•+,100), 302 (19), 268 
(55), 239 (56), 134 (29); Anal. Calcd for C20H12Cl2O (338.02): C, 70.81; H, 3.57. Found: C, 70.99; H, 3.75.

3c

O

Et

Et

2,3-Bis(4-ethylphenyl)benzofuran (3c). White crystal, 25 mg, Yield 78%, mp 76 – 79 ˚C; 1HNMR (500 MHz, CDCl3) δ 7.64 (d, 
J = 7.9 Hz, 2H), 7.57 (d, J = 8.0 Hz, 1H), 7.53 (d, J = 7.7 Hz, 1H), 7.46 (d, J = 7.6 Hz, 2H), 7.35 – 7.32 (m, 3H), 7.26 (t, J = 7.5 
Hz, 1H), 7.19 (d, J = 7.9 Hz, 2H), 2.76 (q, J = 7.5 Hz, 2H), 2.67 (q, J = 7.5 Hz, 2H), 1.35 (t, J = 7.5 Hz, 3H), 1.27 (t, J = 7.5 Hz, 
3H); 13CNMR (125 MHz, CDCl3) δ 153.4, 150.1, 144.0, 143.0, 130.0, 129.6, 129.1, 127.9, 127.7, 127.4, 126.5, 123.8, 122.2, 
119.5, 116.3, 110.5, 28.2, 14.9; MS m/z (%) 326 (M•+,100), 296 (14), 268 (25), 252 (17), 148 (29), 57 (10); Anal. Calcd for 
C24H22O (326.16): C, 88.31; H, 6.79. Found: C, 88.61; H, 6.97.
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3d

O
Me

Me

2,3-Di-m-tolylbenzofuran (3d). White crystal, 23 mg, Yield 76%, mp 112-116 ˚C; 1HNMR (500 MHz, CDCl3) δ 7.60 – 7.57 (m, 
2H), 7.53(d, J = 7.5 Hz, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.38 – 7.31 (m, 4H), 7.28 – 7.19 (m, 3H), 7.13 (d, J = 7.2 Hz, 1H), 2.42 (s, 
3H), 2.35 (s, 3H); 13CNMR (125 MHz, CDCl3) δ 153.4, 150.1, 138.0, 137.5, 132.2, 130.1, 129.8, 128.6, 128.2, 127.8, 127.7, 
127.0, 126.3, 124.0, 123.7, 122.3, 119.5, 117.0, 110.5, 20.9; MS m/z (%) 298 (M•+,100), 281 (15), 255 (23), 238(16); Anal. 
Calcd for C22H18O (298.13): C, 88.56; H, 6.08. Found: C, 88.71; H, 6.33.

3e

O

OMe

OMe

2,3-Bis(4-methoxyphenyl)benzofuran (3e). White crystal, 26 mg, Yield 79%, mp 146-148 ˚C; 1HNMR (500 MHz, CDCl3) δ 
7.62 (d, J = 8.2 Hz, 2H), 7.53 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 7.4 Hz, 1H), 7.43 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 7.23 
(t, J = 7.3 Hz, 1H) , 7.02 (d, J = 8.0 Hz, 2H) , 6.87 (d, J = 8.2 Hz, 2H), 3.90 (s, 3H), 3.83 (s, 3H); 13CNMR (125 MHz, CDCl3) δ 
159.6, 159.0, 153.8, 150.49, 130.9, 130.6, 128.4, 124.2, 123.5, 122.7, 119.7, 115.7, 114.5, 113.9, 110.9, 55.3; MS m/z (%) 330 
(M•+,100), 315 (61), 255 (30), 215 (15), 149 (16); Anal. Calcd for C22H18O3 (330.12): C, 79.98; H, 5.49. Found: C, 79.61; H, 
5.23. 

3f

OMeO

6-Methoxy-2,3-diphenylbenzofuran (3f). White crystal, 25 mg, Yield 83%, mp 117-120 ˚C; 1HNMR (500 MHz, CDCl3) δ 7.64 
(d, J = 6.6 Hz, 2H), 7.51 – 7.48 (m, 4H), 7.42 – 7.38 (m, 2H), 7.32 – 7.28 (m, 3H) , 7.12 (s, 1H) , 6.89 (d, J = 7.7 Hz, 1H), 3.91 
(s, 3H); 13CNMR (125 MHz, CDCl3 ) δ 157.9, 154.4, 149.1, 132.4, 130.3, 129.1, 128.4, 127.8, 127.4, 127.0, 126.0, 123.2, 119.7, 
116.9, 111.4, 95.1, 55.3; Anal. Calcd for C21H16O2 (300.11): C, 83.98; H, 5.37. Found: C, 83.64; H, 5.03. 

3g

O

Me
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5-Methyl-2,3-diphenylbenzofuran (3g). White crystal, 22 mg, Yield 77%, mp 105-107 ˚C; 1HNMR (500 MHz, CDCl3) δ 7.66 
(d, J = 6.7 Hz, 2H), 7.51 – 7.43 (m, 6H), 7.32 – 7.27 (m, 4H), 7.16 (d, J = 7.9 Hz, 1H), 2.44 (s, 3H); 13CNMR (125 MHz, CDCl3) 
δ 151.9, 150.1, 132.5, 131.9, 130.2, 129.8, 129.2, 128.4, 127.8, 127.7, 127.0, 126.4, 125.4, 119.2, 110.1, 20.8; MS m/z (%) 284 
(M•+,100), 255 (42), 239 (42), 178 (20), 134 (24), 77 (14); Anal. Calcd for C21H16O (284.35): C, 88.70; H, 5.67. Found: C, 
88.91; H, 5.93. 

3h

O

Me

Cl

Cl

2,3-Bis(4-chlorophenyl)-5-methylbenzofuran (3h). White crystal, 26 mg, Yield 74%, mp 151-153 ˚C; 1HNMR (500 MHz, 
CDCl3) δ 7.56 (d, J = 8.5 Hz, 2H), 7.47 – 7.42 (m, 5H), 7.31 (d, J = 8.5 Hz, 2H), 7.24 (s, 1H), 7.17 (d, J = 8.1Hz, 1H), 2.44 (s, 
3H); 13CNMR (125 MHz, CDCl3) δ 151.9, 149.2, 133.8, 133.2, 132.3, 130.7, 130.5, 129.3, 128.9, 128.4, 128.2, 127.6, 125.9, 
119.0, 116.0, 110.2, 20.8; MS m/z (%) 352 (M•+,100), 282 (24), 252 (18), 141 (7); Anal. Calcd for C21H14Cl2O (354.24): C, 
71.40; H, 3.99. Found: C, 71.68; H, 4.23. 

3i

O

OMe

OMe
MeO

6-Methoxy-2,3-bis(4-methoxyphenyl)benzofuran (3i). White crystal, 33 mg, Yield 91%, mp 263 ˚C; 1HNMR (500 MHz, 
CDCl3) δ 7.57 (d, J = 8.7 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 7.34 (d, J = 8.5 Hz, 1H), 7.09 (d, J = 1.7 Hz, 1H), 7.01 (d, J = 8.5 Hz, 
2H), 6.88 – 6.86 (m, 3H), 3.89 (s, 6H), 3.82 (s, 3H); 13CNMR (125 MHz, CDCl3) δ 158.7, 158.4, 157.5, 154.2, 149.0, 130.2, 
127.4, 124.7, 123.5, 123.2, 119.3, 115.0, 113.8, 113.3, 111.0, 95.2, 55.3, 54.7; MS m/z (%) 360 (M•+,100), 345 (81), 326 (68), 
311 (27), 202 (12), 180 (19); Anal. Calcd for C23H20O4 (360.40): C, 76.65; H, 5.59. Found: C, 76.98; H, 5.88. 

3j

O

SMe

SMe
Me

5-Methyl-2,3-bis(4-(methylthio)phenyl)benzofuran (3j). White crystal, 33 mg, Yield 89%, mp 137-139 ˚C; 1HNMR (500 
MHz, CDCl3) δ 7.58 (d, J = 8.3 Hz, 2H), 7.51 (d, J = 8.2 Hz, 1H), 7.42 (d, J = 8.1 Hz, 2H), 7.37 – 7.32 (m, 3H), 7.19 (d, J = 8.3 
Hz, 2H), 7.14 (d, J = 8.2 Hz, 1H) , 2.57 (s, 3H) , 2.50 (s, 3H), 2.43 (s, 3H); 13CNMR (125 MHz, CDCl3) δ 151.8, 149.8, 138.5, 
137.3, 131.9, 129.6, 129.1, 126.8, 126.6, 126.5, 126.3, 125.4, 125.3, 119.0, 115.8, 110.0, 20.8, 15.1, 14.8; MS m/z (%) 376 
(M•+,100), 326 (88), 311 (29), 282 (21), 69 (25); Anal. Calcd for C23H20OS2 (376.53): C, 73.37; H, 5.35. Found: C, 73.68; H, 
5.63. 



S8

3k

OMeO

6-Methoxy-2,3-di(naphthalen-2-yl)benzofuran (3k). White crystal, 34 mg, Yield 85%, mp 161-164 ˚C; 1HNMR (500 MHz, 
CDCl3) δ 8.25 (s, 1H), 8.09 (s, 1H), 7.94 – 7.87 (m, 3H), 7.80 – 7.76 (m, 2H), 7.69 – 7.56 (m, 5H), 7.49 – 7.47 (m, 3H) , 7.19 (s, 
1H) , 6.94 (d, J = 6.8 Hz, 1H), 3.94 (s, 3H); 13CNMR (125 MHz, CDCl3) δ 158.1, 154.7, 149.5, 133.3, 132.8, 132.3, 132.3, 129.9, 
128.1, 128.0, 127.9, 127.8, 127.6, 127.4, 127.3, 127.2, 125.9, 125.7, 125.3, 123.9, 123.4, 119.8, 117.3, 111.6, 95.3, 55.3; MS m/z 
(%) 400 (M•+,71), 274 (27), 155 (27), 83 (66), 57 (100); Anal. Calcd for C29H20O2 (400.46): C, 86.98; H, 5.03. Found: C, 86.63; 
H, 4.78. 

3l

OMeO

SMe

SMe

6-Methoxy-2,3-bis(4-(methylthio)phenyl)benzofuran (3l). White crystal, 30 mg, Yield 88%, mp 115-118 ˚C; 1HNMR (500 
MHz, CDCl3) δ 7.55 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.2 Hz, 2H), 7.35 – 7.34 (m, 3H), 7.19 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 2.0 
Hz, 1H), 6.88 (dd, J = 2.0, 8.4 Hz, 1H), 3.89 (s, 3H), 2.56 (s, 3H), 2.50 (s, 3H); 13CNMR (125 MHz, CDCl3) δ 157.8, 154.4, 
148.8, 138.0, 137.3, 129.5, 129.0, 126.9, 126.5, 126.3, 126.2, 125.5, 123.1, 119.5, 115.9, 111.4, 95.2, 55.3, 15.1, 14.9; MS m/z 
(%) 392 (M•+,100), 317 (9), 226 (18), 196 (30), 149 (34), 57 (16); Anal. Calcd for C23H20O2S2 (392.53): C, 70.38; H, 5.14. 
Found: C, 70.68; H, 5.40. 

3m

OMeO

Cl

Cl

2,3-Bis(4-chlorophenyl)-6-methoxybenzofuran (3m). White crystal, 28 mg, Yield 78%, mp 93-95 ˚C; 1HNMR (500 MHz, 
CDCl3) δ 7.53 (d, J = 8.4 Hz, 2H), 7.45 – 7.42 (m, 4H), 7.33 – 7.29 (m, , 3H), 7.09 (d, J = 2.0 Hz, 1H), 6.88 (dd, J = 2.0, 8.4 Hz, 
1H), 3.90 (s, 3H); 13CNMR (125 MHz, CDCl3) δ 158.2, 154.5, 148.2, 133.4, 133.2, 130.6, 130.4, 128.8, 128.5, 128.2, 127.2, 
122.6, 119.5, 116.2, 111.8, 95.2, 55.3; MS m/z (%) 368 (M•+,100), 262 (23), 226 (33), 139 (33), 113 (30); Anal. Calcd for 
C21H14Cl2O2 (369.24): C, 68.31; H, 3.82. Found: C, 68.72; H, 3.97. 
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3n

O

Me

Me
Me

5-Methyl-2,3-di-p-tolylbenzofuran (3n). White crystal, 24 mg, Yield 76%, mp 84-87 ˚C; 1HNMR (500 MHz, CDCl3) δ 7.56 (d, 
J = 7.9 Hz, 2H), 7.44 – 7.39 (m, 3H), 7.30 – 7.28 (m, 3H),  7.14 – 7.13 (m, 3H), 2.46 (s, 3H), 2.43 (s, 3H), 2.36 (s, 3H); 13CNMR 
(125 MHz, CDCl3) δ 151.8, 150.2, 137.6, 136.6, 131.7, 130.0, 129.5, 129.1, 128.6, 127.6, 126.3, 125.1, 119.1, 116.0, 110.0, 20.8; 
MS m/z (%) 312 (M•+,100), 269 (18), 252 (11), 141 (8); Anal. Calcd for C23H20O (312.40): C, 88.43; H, 6.45. Found: C, 88.72; 
H, 6.23.

3q

O N

N

2,2'-(Benzofuran-2,3-diyl)dipyridine (3q). Pale yellow solid, 19 mg, Yield 72%, mp 120-122 ˚C; 1HNMR (500 MHz, CDCl3) δ 
8.56 (d, J = 3.7 Hz, 1H), 8.21 (d, J = 3.4 Hz, 1H), 7.81 – 7.76 (m, 1H), 7.70 (t, J = 7.1 Hz, 1H), 7.63 (t, J = 7.1 Hz, 1H), 7.40 – 
7.33 (m, 2H) , 7.28 – 7.26 (m, 1H) , 7.14 – 7.10 (m, 2H) , 7.00 – 6.96 (m, 2H); 13CNMR (125 MHz, CDCl3) δ 163.2, 154.9, 
151.6, 148.2, 147.4, 139.0, 136.4, 135.8, 129.0, 126.9, 124.7, 121.7, 121.6, 121.2, 118.0, 110.9; MS m/z (%) 271 (M•+,29), 196 
(26), 180 (100), 152 (29), 78 (75), 51 (60); Anal. Calcd for C18H12N2O (272.09): C, 79.39; H, 4.44; N, 10.29. Found: C, 79.61; H, 
4.63; N, 10.51. 

3r

O

OMe

2-phenyl-3-(p-tolyl)benzofuran (3r). White crystals, 21mg, Yield 70%, 1HNMR (500 MHz, CDCl3) δ 7.69 – 7.67 (m, 2H), 7.55 
(d, J = 8 Hz, 1H), 7.49 (d, J = 7.5 Hz, 1H), 7.44 – 7.42 (m, 2H), 7.35 – 7.22 (m, 5H), 7.03 – 7.00 (m, 2H) , 3.89 (s, 3H); 13CNMR 
(125 MHz, CDCl3) δ 159.1, 153.9, 150.2, 130.9, 130.5, 128.4, 128.2, 126.9, 124.9, 124.6, 122.8, 120.0, 117.1, 114.4, 111.0, 55.3; 
MS m/z (%)  300 (M•+, 100), 278 (15), 255 (13), 228 (13), 149 (14), 125 (23); Anal. Calcd for C21H16O (300.12): C, 83.98; H, 
5.3. Found: C, 84.03; H, 5.33.
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3s

O

OMe

OMe

OMeOMe

2-(3,4-dimethoxyphenyl)-7-methoxy-3-(4-methoxyphenyl)benzofuran (3s). oil, 26mg, Yield 68%, 1HNMR (500 MHz, 
CDCl3) δ 7.43 – 7.42 (m, 2H) , 7.17 – 7.13 (m, 4H) , 7.07 – 7.00 (m, 3H), 6.83 – 6.81 (m, 2H), 4.07 (s, 3H), 3.89 (s, 3H), 3.87 (s, 
3H), 3.71 (s, 3H); MS m/z (%) 390 (M•+, 86), 369 (7), 316 (5), 195 (9), 172 (13), 151 (15), 125 (22); Anal. Calcd for C24H22O5 
(390.43): C, 73.83; H, 5.68. Found: C, 73.97; H, 5.73.

3t

O

Me

2-phenyl-3-(p-tolyl)benzofuran (3t). White crystals, 19mg, Yield 68%, 1HNMR (500 MHz, CDCl3) δ 7.69 – 7.67 (m, 2H), 7.55 
(d, J = 8.0 Hz, 1H), 7.50 (d, J = 7.1 Hz , 1H), 7.70 (t, J = 7.5 Hz, 1H), 7.39 (d, J = 8 Hz, 2H), 7.34 – 7.22 (m, 7H), 2,44 (s, 3H); 
13CNMR (125 MHz, CDCl3) δ 154.0 , 137.4, 129.7, 129.6, 128.4, 128.2, 127.0, 124.6, 122.8, 120.1, 111.1, 29.7; MS m/z (%) 284 
(M•+, 100), 239 (19), 134 (13), 85 (20), 57 (40); Anal. Calcd for C21H16O (390.43): C, 73.83; H, 5.68. Found: C, 73.87; H, 5.77.

3u

O

Cl

3-(4-chlorophenyl)-2-phenylbenzofuran (3u). White crystals, 20mg, Yield 66%, 1HNMR (500 MHz, CDCl3) δ 7.65 – 7.63 (m, 
2H), 7.57 – 7.56 (m,1H), 7.48– 7.44 (m,5H), 7.36– 7.32 (m, 4H), 7.27– 7.26 (m, 1H); MS m/z (%)  306 (M•+2, 33), 305 
(M•+1,22), 304 (M•+,100), 268 (28), 239 (32), 194 (11), 149 (22), 119 (17), 85 (10), 57 (19); Anal. Calcd for C20H13ClO 
(304.07): C, 78.82; H, 4.30. Found: C, 78.91; H, 4.43.
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6. X-ray crystallography 

Diffraction data were collected at 100(1)K by the ω-scan technique on Agilent Technologies four-circle XCalibur diffractometer 
with Eos CCD detector, equipped with graphite-monochromated MoKα radiation source (λ = 0.71073 Å). The data were 
corrected for Lorentz-polarization as well as for absorption effects 1. Precise unit-cell parameters were determined by a least-
squares fit of 15846 reflections of the highest intensity, chosen from the whole experiment. The structure was solved with SIR92 
2 and refined with the full-matrix least-squares procedure on F2 by SHELXL-2013 3. The scattering factors incorporated in 
SHELXL97 were used. All non-hydrogen atoms were refined anisotropically, hydrogen atoms were found in difference Fourier 
maps, and freely refined with isotropic displacement parameters. 

 

6.1. Crystal Data and ORTEP diagram of compound 3e

Figure S1: ORTEP diagram of 3e (CCDC-1035494).

3e

O

OMe

OMe

Crystal data for 3e: C22H18O3, Mr=330.36, monoclinic, P21/c, a=8.6642(2)Å, b=20.3575(3)Å, c=10.1977(2)Å, 
β=115.123(3)°, V=1628.53(7)Å3, Z=4, dx=1.35g·cm-3, μ=0.089mm-1, F(000)-696, MoKα, λ=0.71073Å, T=100(1)K, 37859 
reflections measured of which 3818 symmetry-independent, Rint=2.36%. Final R(all reflections)=3.88%, wR2(all 
reflections)=8.98%, S=1.036, Δρmax/Δρmin=0.29/-0.22 e·Å-3. CCDC-1035494.
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CheckCIF/PLATON report 

Structure factors have been supplied for datablock(s) 1 

No syntax errors found.

Table S2: Crystal data for 3e

Bond precision:                   C-C = 0.0015 A             Wavelength = 0.71070

Cell: a = 8.6642 (2) b = 20.3575 (3) c = 10.1977 (2)

alpha = 90 beta = 115.123(3) gamma = 90
Temperature: 100 K

Calculated Reported

Volume 1628.53 (7) 1628.53 (7)
Space group P 21/c P 21/c
Hall group -P 2ybc -P 2ybc
Moiety formula C22 H18 O3 C22 H18 O3
Sum formula C22 H18 O3 C22 H18 O3
Mr 330.36 330.36
Dx,g cm-3 1.347 1.347
Z 4 4
Mu (mm-1) 0.089 0.089
F000 696.0 696.0
F000’ 696.34
h,k,lmax 11,27,13 11,27,13
Nref 4111 3818
Tmin,Tmax 0.968,0.991 0.925,1.000
Tmin’ 0.965

Correction method = MULTI-SCAN

Data completeness = 0.929 Theta (max) = 28.411

R(reflections) = 0.0353 ( 3500) wR2(reflections) =  0.0898 (3818)

S = 1.036                     Npar = 298
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7. Copies of 1H, 13C NMR and Mass Spectra

ppm (t1)
0.02.55.07.510.0

7.690
7.677

7.590
7.573
7.533
7.524
7.506
7.491
7.477
7.444
7.430
7.416
7.372
7.357
7.341
7.325
7.274
7.264
7.249

1.
00

0.
50

2.
60

0.
59

2.
10

0.
74

Compound 3a 

3a

O



S14

ppm (t1)
7.0007.0507.1007.1507.2007.2507.3007.3507.4007.4507.5007.5507.6007.6507.7007.7507.800

7.690
7.677

7.590

7.573

7.533
7.524
7.506

7.491

7.477

7.444

7.430

7.416
7.372

7.357

7.341

7.325
7.274
7.264

7.249

1.
00

0.
50

2.
60

0.
59

2.
10

0.
74

3a

O



S15

ppm (t1)
0255075100125150175200225

153.503
150.032

132.358

130.175
129.758
129.280
128.479
128.310
127.934
127.861
127.137
126.536

124.190

122.421
119.546

117.011
110.618

Compound 3a 

3a

O



S16

ppm (t1)
0.02.55.07.510.0

7.590
7.575
7.560

7.481
7.466
7.444
7.429
7.385
7.371
7.356
7.330
7.314
7.274

1.
66

0.
33

0.
85

0.
70

1.
01

Compound 3b 

3b

O

Cl

Cl



S17

ppm (t1)
7.1507.2007.2507.3007.3507.4007.4507.5007.5507.6007.6507.700

7.590

7.575
7.560

7.481
7.466

7.444
7.429

7.385
7.371
7.356

7.330

7.314

7.274

1.
66

0.
33

0.
85

0.
70

1.
01

Compound 3b 

3b

O

Cl

Cl



S18

ppm (t1)
0255075100125150175200225

153.497

149.137

133.984
133.311
130.503
129.247
128.925
128.342
127.731
124.652

122.743
119.345
116.268
110.751
76.763
76.509
76.255

Compound 3b 

3b

O

Cl

Cl



S19

ppm (t1)
0.02.55.07.510.0

7.650
7.634
7.581
7.565
7.547
7.531

7.471
7.456

7.356
7.340
7.325
7.272
7.257
7.242
7.198
7.182

2.785
2.770

2.690
2.675

1.374
1.359
1.344
1.291
1.276
1.261

1.
00

0.
48

0.
52

1.
00

1.
10

1.
25

1.
33

1.
61

1.
81

0.
67

1.
60

Compound 3c 

3c

O

Et

Et



S20

ppm (t1)
7.1507.2007.2507.3007.3507.4007.4507.5007.5507.6007.650

7.650

7.634

7.581

7.565

7.547

7.531

7.471

7.456

7.356

7.340

7.325

7.272

7.257

7.242

7.198

7.182
1.

00

0.
48

0.
52

1.
00

1.
10

0.
67

1.
60

3c

O

Et

Et



S21

ppm (t1)
1.001.251.501.752.002.252.502.753.00

2.785

2.770
2.690

2.675

1.374

1.359

1.344
1.291

1.276

1.261
1.

25

1.
33

1.
61

1.
81

3c

O

Et

Et



S22

ppm (t1)
0255075100125150175200225

153.434
150.177
144.060
143.011
130.028
129.646
129.183
127.923
127.758
127.441
126.485
123.878

122.258
119.520
116.346
110.509
76.798
76.543
76.290

28.213

14.940
14.820

Compound 3c 

3c

O

Et

Et



S23

ppm (t1)
0.02.55.07.510.0

7.600
7.589
7.573
7.539
7.524

7.449
7.434
7.379
7.366
7.354
7.331
7.316
7.278
7.263
7.255
7.241
7.221
7.206
7.191
7.143
7.129

2.429

2.358

0.
59

0.
51

2.
25

0.
42

1.
01

1.
65

1.
79

0.
67

1.
31

Compound 3d 

3d

O
Me

Me



S24

ppm (t1)
7.0007.0507.1007.1507.2007.2507.3007.3507.4007.4507.5007.5507.6007.650

7.600

7.589
7.573

7.539
7.524

7.449
7.434

7.379

7.366

7.354
7.331
7.316

7.278
7.263
7.255

7.241

7.221
7.206
7.191

7.143

7.129
0.

59

0.
51

2.
25

0.
42

1.
01

0.
67

1.
31

Compound 3d 

3d

O
Me

Me



S25

ppm (t1)
0255075100125150175200225

153.456
150.111

138.018
137.562
132.303

130.146
129.834
128.610
128.299
127.865
127.747
127.028
126.385

124.067
123.735
122.328
119.585

117.016
110.544
76.784
76.530
76.276

20.983

Compound 3d 

3d

O
Me

Me



S26

ppm (t1)
0.02.55.07.510.0

7.628
7.612

7.543
7.527
7.488
7.473
7.440
7.424

7.323
7.309
7.293
7.247
7.232
7.218

7.028
7.012
6.880
6.863

3.900

3.833

1.
02

1.
00

0.
53

0.
28

0.
32

0.
56

0.
33

0.
59

0.
59

0.
32

Compound 3e 

3e

O

OMe

OMe



S27

ppm (t1)
6.8006.8506.9006.9507.0007.0507.1007.1507.2007.2507.3007.3507.4007.4507.5007.5507.6007.6507.700

7.628

7.612

7.543

7.527

7.488

7.473

7.440

7.424

7.323

7.309

7.293

7.247

7.232
7.218

7.028

7.012

6.880

6.863

0.
53

0.
28

0.
32

0.
56

0.
33

0.
59

0.
59

0.
32

3e

O

OMe

OMe



S28

ppm (t1)
0255075100125150175200225

159.643
159.030
153.819
150.492

130.909
130.641

128.399
125.197
124.161
123.521
122.744
119.731

115.657
114.452
113.930
110.922
77.273
77.019
76.765

55.286

Compound 3e 

3e

O

OMe

OMe



S29

ppm (t1)
0.02.55.07.510.0

7.647
7.634
7.512
7.492
7.478
7.429
7.416
7.389
7.372
7.320
7.306
7.294
7.277
7.119
6.905
6.889

3.910

1.
00

0.
49

0.
44

1.
78

2.
08

0.
53

0.
68

1.
75

Compound 3f 

 

3f

OMeO



S30

ppm (t1)
7.007.257.507.75

7.647
7.634

7.512
7.492
7.478

7.429
7.416

7.389

7.372

7.320
7.306
7.294

7.277

7.119

6.905

6.889

1.
00

0.
49

0.
44

1.
78

2.
08

0.
53

0.
68

3f

OMeO



S31

ppm (t1)
0255075100125150175200225

157.930
154.483
149.125
132.468

130.387
129.197
128.447
127.899
127.430
127.083
126.102
123.230
119.743
116.943
111.436
95.198
76.774
76.521
76.267

55.311

Compound 3f 

3f

OMeO



S32

ppm (t1)
0.02.55.07.510.0

7.669
7.656
7.509
7.492
7.478
7.462
7.444
7.429

7.326
7.311
7.289
7.275
7.168
7.152

2.440
1.

00
3.

08
2.

18
0.

52

1.
59

Compound 3g 

3g

O

Me



S33

ppm (t1)
7.0507.1007.1507.2007.2507.3007.3507.4007.4507.5007.5507.6007.6507.7007.750

7.669

7.656

7.509
7.492

7.478
7.462
7.444
7.429

7.326
7.311

7.289

7.275

7.168
7.152

1.
00

3.
08

2.
18

0.
52

3g

O

Me



S34

ppm (t1)
0255075100125150175200225

151.912

150.114

132.537
131.931

130.296
129.827
129.304
128.468
127.903
127.737
127.073
126.438
125.450
119.274
110.123

76.778
76.524
76.270

20.888

Compound 3g 

3g

O

Me



S35

ppm (t1)
0.02.55.07.510.0

7.575
7.558

7.483
7.467
7.449
7.433
7.417

7.318
7.302

7.240
7.184
7.168

1.
00

0.
93

0.
51

0.
48

1.
28

1.
50

1.
61

Compouund 3h 

3h

O

Me

Cl

Cl



S36

ppm (t1)
7.1007.1507.2007.2507.3007.3507.4007.4507.5007.5507.6007.650

7.575

7.558

7.483

7.467

7.449

7.433

7.417

7.318

7.302

7.240

7.184

7.168
1.

00

0.
93

0.
51

0.
48

1.
28

1.
50

3h

O

Me

Cl

Cl



S37

ppm (t1)
0255075100125150175200225

151.930
149.209

133.829
133.229
132.310

130.727
130.531
129.327
128.905
128.481
128.298
127.640

125.927

119.070
116.069
110.257

76.771
76.517
76.264

20.883

Compound 3h 

3h

O

Me

Cl

Cl



S38

ppm (t1)
0.02.55.07.510.0

7.587
7.570
7.433
7.416

7.356
7.339
7.092
7.089

7.018
7.001
6.885
6.881
6.870
6.853

3.897

3.828

1.
00

0.
56

0.
45

1.
04

1.
01

1.
71

3.
21

1.
36

0.
52

Compound 3i 

3i

O

OMe

OMe
MeO



S39

ppm (t1)
6.8506.9006.9507.0007.0507.1007.1507.2007.2507.3007.3507.4007.4507.5007.5507.600

7.587
7.570

7.433
7.416

7.356
7.339

7.092
7.089

7.018
7.001

6.885
6.881
6.870
6.853

1.
00

0.
56

0.
45

1.
04

1.
01

1.
36

0.
52

3i

O

OMe

OMe
MeO



S40

ppm (t1)
0255075100125150175200225

158.802
158.452
157.560
154.238

149.077
130.303
127.470
124.767
123.572
123.252
119.397

115.012
113.897
113.382

111.074
95.225
76.784
76.531
76.276
55.312
54.769

Compound 3i 

3i

O

OMe

OMe
MeO



S41

ppm (t1)
0.02.55.07.510.0

7.590
7.573
7.520
7.503

7.432
7.416
7.369
7.353
7.341
7.325
7.274
7.257
7.201
7.185
7.149
7.133

2.574

2.501

2.431

1.
00

1.
32

1.
09

0.
50

0.
35

1.
70

1.
63

1.
61

1.
36

1.
41

Compound 3j 

3j

O

SMe

SMe
Me



S42

ppm (t1)
7.1007.1507.2007.2507.3007.3507.4007.4507.5007.5507.6007.650

7.590

7.573

7.520

7.503

7.432

7.416

7.369

7.353

7.341

7.325

7.274

7.257

7.201

7.185

7.149

7.133

1.
00

1.
32

1.
09

0.
50

0.
35

1.
36

1.
41

3j

O

SMe

SMe
Me



S43

ppm (t1)
0255075100125150175200225

151.853

149.854
138.532
137.353
131.967

129.647
129.125

126.861
126.683
126.532
126.328
125.503
125.400
119.078
115.853
110.078

76.762
76.508
76.254

20.869
15.126
14.896

Compound 3j 

3j

O

SMe

SMe
Me



S44

ppm (t1)
0.02.55.07.510.0

8.257

8.090
7.947
7.931
7.892
7.879

7.776

7.697
7.680
7.653
7.634
7.625
7.609
7.568
7.561
7.554

7.488
7.471

7.193
6.946
6.932
6.929

3.940

1.
00

1.
01

2.
20

1.
10

0.
99

0.
98

2.
04

3.
30

2.
04

2.
96

3.
13

Compound 3k 

3k

OMeO



S45

ppm (t1)
7.007.257.507.758.008.25

8.257

8.090

7.947
7.931

7.892

7.879

7.776

7.697
7.680

7.653
7.634

7.625
7.609

7.568
7.561
7.554
7.488
7.471

7.193

6.946

6.932
6.929

1.
00

1.
01

2.
20

1.
10

0.
99

0.
98

2.
04

3.
30

2.
04

2.
96

3k

OMeO



S46

ppm (t1)
0255075100125150175200225

158.116
154.735
149.477
133.304
132.832
132.387
132.334

129.992

128.109
128.066
127.899
127.808
127.555
127.410
127.344
127.160
125.862
125.709
125.285
123.910
123.353
119.838

117.330
111.577
95.297
76.775
76.521
76.267
55.346

Compound 3k 

3k

OMeO



S47

ppm (t1)
0.02.55.07.510.0

7.564
7.547
7.432
7.416

7.354
7.340
7.198
7.181

7.092
7.088

6.894
6.890
6.877
6.873

3.899

2.567

2.501
1.

00
1.

10
1.

73
1.

18
0.

43
0.

54

1.
55

1.
53

1.
66

Compound 3l 

3l

OMeO

SMe

SMe



S48

ppm (t1)
6.8506.9006.9507.0007.0507.1007.1507.2007.2507.3007.3507.4007.4507.5007.5507.6007.650

7.564

7.547

7.432

7.416

7.354

7.340

7.198

7.181

7.092
7.088

6.894
6.890
6.877
6.873

1.
00

1.
10

1.
73

1.
18

0.
43

0.
54

3l

OMeO

SMe

SMe



S49

ppm (t1)
0255075100125150175200225

157.904
154.420
148.848
138.097
137.364
129.533
129.034

126.979
126.366
126.293
125.572

123.112
119.523
115.986

111.422
95.225
76.778
76.523
76.269
55.310

15.117
14.951

Compound 3l 

3l

OMeO

SMe

SMe



S50

ppm (t1)
0.02.55.07.510.0

7.543
7.526

7.467
7.450
7.429
7.413

7.336
7.318
7.308
7.291

7.095
7.092

6.913
6.909
6.896

3.903

1.
00

1.
01

1.
22

0.
41

0.
40

1.
60

1.
51

Compound 3m 

3m

OMeO

Cl

Cl



S51

ppm (t1)
6.9006.9507.0007.0507.1007.1507.2007.2507.3007.3507.4007.4507.5007.5507.600

7.543
7.526

7.467
7.450

7.429
7.413

7.336
7.318
7.308
7.291

7.095
7.092

6.913
6.909

6.896

1.
00

1.
01

1.
22

0.
41

0.
40

1.
51

3m

OMeO

Cl

Cl



S52

ppm (t1)
0255075100125150175200225

158.234
154.530
148.211

133.469
133.236

130.663
130.422

128.885
128.568
128.287
127.286

122.688
119.560
116.233

111.804
95.248
76.770
76.516
76.263
55.314

Compound 3m 

3m

OMeO

Cl

Cl



S53

ppm (t1)
0.02.55.07.510.0

7.576
7.560
7.440
7.423
7.409
7.394

7.301
7.285
7.279
7.145
7.130

2.460
2.432

2.363

1.
00

1.
61

1.
60

1.
57

1.
60

1.
60

1.
77

Compound 3n 

3n

O

Me

Me
Me



S54

ppm (t1)
7.1007.1507.2007.2507.3007.3507.4007.4507.5007.5507.600

7.576

7.560

7.440

7.423
7.409

7.394

7.301

7.285
7.279

7.145

7.130
1.

00

1.
61

1.
77

1.
60

3n

O

Me

Me
Me



S55

ppm (t1)
0255075100125150175200225

151.813

150.256

137.652
136.670

131.756

130.023
129.582
129.162
128.614
127.607
126.342
125.129
119.199
116.061
110.018

76.791
76.538
76.284

20.887

Compound 3n 

3n

O

Me

Me
Me



S56

ppm (t1)
0.02.55.07.510.0

8.569
8.562
8.216
8.209

7.818
7.800
7.766
7.715
7.701
7.686
7.651
7.636
7.622
7.400
7.385
7.363
7.348
7.333
7.288
7.274
7.259
7.144
7.130
7.119
7.103

7.009
6.997
6.985
6.973
6.957

1.
00

1.
00

2.
20

1.
14

1.
17

2.
23

2.
17

2.
14

2.
73

Compound 3q 

3q

O N

N



S57

ppm (t1)
6.757.007.257.507.758.008.258.50

8.569
8.562

8.216
8.209

7.818

7.800
7.715

7.701

7.686

7.651

7.636

7.622
7.400

7.385
7.363

7.348

7.333
7.288

7.274

7.259

7.144

7.130

7.119

7.103

7.009

6.997

6.985

6.973

6.957

1.
00

1.
00

1.
14

1.
17

2.
17

2.
14

2.
60

1.
36

1.
02

1.
18

Compound 3q 

3q

O N

N



S58

ppm (t1)
0255075100125150175200225

163.298
154.983
151.657
148.295
147.453
139.016

136.487

129.063

126.954

124.746
121.750
121.635
121.240
118.062

110.922
76.774
76.520
76.266

Compound 3q 

3q

O N

N



S59

3r

O

OMe



S60

3r

O

OMe



S61

3r

O

OMe



S62

3s

O

OMe

OMe

OMe

OMe



S63

3s

O

OMe

OMe

OMe

OMe



S64

3t

O

Me



S65

3t

O

Me



S66

3t

O

Me



S67

3u

O

Cl



S68

3u

O

Cl


