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Methyl 4,5-bis[l-(4-chlorophenyl)-l-hydroxyethyl]-4,5-dihydrothiophene-2-

carboxylate (2b). The SmI2 promoted coupling reaction of 1a with 4-chloroacetophenone

according to the representative procedure gave diol 2b (62% yield), and two diastereomers

(44:56) were separated by chromatography. 2b-minor isomer: Oil; TLC (EtOAc/hexane,

3:7) Rf = 0.27; IR (neat) 3471, 1704 cm−1; 1H NMR (CDCl3, 200 MHz) δ 7.26−7.08 (8 H,

m), 6.32 (1 H, d, J =  3.5 Hz), 3.79 (1 H, d, J =  2.9 Hz), 3.72 (3 H, s) 3.48 (1 H, dd, J =  3.5,

2.9 Hz), 2.86 (1 H, br s, OH), 2.57 (1 H, br s, OH), 1.55 (3 H, s), 1.29 (3 H, s); 13C NMR

(CDCl3, 75 MHz) δ 162.2, 143.4, 142.2, 135.3, 134.3, 133.1, 132.9, 128.2 (2 ×), 128.1 (2 ×)

127.2 (2 ×), 126.5 (2 ×), 76.1, 76.0, 61.6, 60.5, 52.4, 26.6, 26.0; FAB-MS m/z 435.1 (M+ + l

− H2O). 2b-major isomer: Oil; TLC (EtOAc/hexane, 3:7) Rf =  0.22; IR (neat) 3470, 1704

cm−1; 1H NMR (CDCl3, 200 MHz) δ 7.31−7.13 (8 H, m), 6.23 (1 H, d, J = 3.5 Hz), 4.03 (1

H, d, J = 2.9 Hz), 3.69 (3 H, s), 3.49 (1 H, dd, J =  3.5, 2.9 Hz), 2.93 (1 H, br s, OH), 2.53 (1

H, br s, OH), 1.48 (3 H, s), 1.37 (3 H, s); 13C NMR (CDCl3, 75 MHz) δ 162.1, 143.4, 143.3,

135.8, 134.1, 133.1 (2 ×), 128.3 (2 ×), 128.2 (2 ×), 127.0 (2 ×), 126.7 (2 ×), 76.2, 75.9, 61.3,

60.4, 52.4, 26.6, 25.2; FAB-MS m/z 435.1 (M+ + 1 - H2O).

Methyl 4,5-bis[1-hydroxy-1-(4-methylphenyl)ethyl]-4,5-dihydrothiophene-2-

carboxylate (2c). The SmI2 promoted coupling reaction of 1a with 4-methylacetophenone

according to the representative procedure gave diol 2c (60% yield), and two diastereomers

(46:54) were separated by chromatography. 2c-minor isomer: Oil; TLC (EtOAc/hexane,

3:7) Rf = 0.32; IR (neat) 3442, 1707 cm−1; 1H NMR (CDCl3, 200 MHz) δ 7.29 (2 H, d, J =

8.2 Hz), 7.15−7.02 (6 H, m), 6.30 (1 H, d, J = 3.5 Hz), 3.98 (1 H, d, J = 3.3 Hz), 3.71 (3 H,

s), 3.63 (1 H, dd, J = 3.5, 3.3 Hz), 2.88 (1 H, s, OH), 2.64 (1 H, s, OH), 2.33 (3 H, s), 2.30

(3 H, s), 1.62 (3 H, s), 1.24 (3 H, s); 13C NMR (CDCl3, 50 MHz) δ 162.3, 142.2, 141.1,

136.8, 136.2, 134.9, 134.7, 128.7 (2 ×), 128.6 (2 ×), 125.7 (2 ×), 124.7 (2 ×), 76.3, 76.2,
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61.8, 60.7, 52.2, 27.7, 25.7, 20.9, 20.8; HRMS calcd for C24H26O3S (M+ − H2O): 394.1603;

found: 394.1602. 2c-major isomer: Oil; TLC (EtOAc/hexane, 3:7) Rf = 0.26; IR (neat)

3472, 1707 cm−1; 1H NMR (CDCl3, 200 MHz) δ 7.28 (2 H, d, J = 8.0 Hz), 7.26 (2 H, d, J =

8.2 Hz), 7.11 (2 H, d, J = 8.2 Hz), 7.09 (2 H, d, J = 8.0 Hz), 6.29 (1 H, d, J = 3.5 Hz), 4.20

(1 H, d, J = 3.0 Hz), 3.68 (3 H, s), 3.61 (1 H, dd, J = 3.5, 3.0 Hz), 2.98 (1 H, s, OH), 2.61

(1 H, s, OH), 2.33 (3 H, s), 2.31 (3 H, s), 1.46 (3 H, s), 1.29 (3 H, s); 13C NMR (CDCl3, 50

MHz) δ 162.3, 142.5, 142.4, 136.6 (2 ×), 135.1, 134.9, 128.8 (4 ×), 125.2 (2 ×), 125.0 (2

×), 76.6, 76.1, 61.3, 60.6, 52.2, 26.5, 25.0, 20.8 (2 ×); HRMS calcd for C24H26O3S (M+ −

H2O): 394.1603; found: 394.1597.

Methyl 4,5-bis[l-hydroxy-l-(4-methoxyphenyl)ethyl]-4,5-dihydrothiophene-2-

carboxylate (2d). The SmI2 promoted coupling reaction of 1a with 4-

methoxyacetophenone according to the representative procedure gave diol 2d (67% yield),

and two diastereomers (49:51) were separated by chromatography. 2d-minor isomer: Oil;

TLC (EtOAc/hexane, 3:7) Rf =  0.13; IR (neat) 3482, 1709 cm−1; 1H NMR (CDCl3, 200

MHz) δ 7.30 (2 H, dd, J = 8.8, 2.0 Hz), 7.14 (2 H, dd, J =  8.8, 2.0 Hz), 6.83 (2 H, dd, J =

8.8, 2.0 Hz), 6.76 (2 H, dd, J = 8.8, 2.0 Hz), 6.29 (1 H, d, J = 3.5 Hz), 3.95 (1 H, d, J = 3.0

Hz), 3.79 (3 H, s), 3.77 (3 H, s), 3.73 (3 H, s), 3.57 (1 H, dd, J =  3.5, 3.0 Hz), 2.50 (1 H, br

s, OH), 2.20 (1 H, br s, OH), 1.60 (3 H, s), 1.24 (3 H, s); 13C NMR (CDCl3, 50 MHz) δ

162.4, 158.7, 158.4, 137.3, 136.0, 135.0, 134.9, 127.1 (2 ×), 126.1 (2 ×), 113.5 (2 ×), 113.4

(2 ×), 76.3, 76.2, 61.9, 60.9, 55.2, 55.1, 52.4, 27.7, 26.3; FAB-MS m/z 427.1 (M+ + 1 −

H2O); HRMS calcd for C24H26O5S (M+ − H2O): 426.1501; found: 426.1505. 2d-major

isomer: Oil; TLC (EtOAc/hexane, 3:7) Rf =  0.10; IR (neat) 3482, 1707 cm−1; 1HNMR

(CDCl3, 200 MHz) δ 7.26 (2 H, d, J = 8.6 Hz), 7.25 (2 H, d, J =  8.8 Hz), 6.79 (2 H, d, J =

8.6 Hz), 6.78 (2 H , d, J = 8.8 Hz), 6.29 (1 H, d, J =  3.5 Hz), 4.09 (1 H, d, J =  3.0 Hz), 3.76
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(3 H, s), 3.75 (3 H, s), 3.66 (3 H, s), 3.51 (1 H, dd, J =  3.5, 3.0 Hz), 2.95 (1 H, br s, OH),

2.59 (1 H, br s, OH), 1.42 (3 H, s), 1.28 (3 H, s); 13C NMR (CDCl3, 75 MHz) δ 162.3, 158.5

(2 ×), 137.4, 137.3, 135.2, 134.9, 126.6 (2 ×), 126.3 (2 ×), 113.4 (4 ×), 76.4, 75.9, 61.5,

60.9, 55.0 (2 ×), 52.2, 26.4, 25.0; FAB-MS m/z 427.2 (M+ + 1 − H2O); HRMS calcd for

C24H26O5S (M+ − H2O): 426.1501; found: 426.1499.

Ethyl 4,5-bis[1-hydroxy-1-(naphth-2-yl)ethyl]-4,5-dihydrothiophene-2-

carboxylate (2e). The SmI2 promoted coupling reaction of 1a with 2-acetylnaphthalene

according to the representative procedure gave diol 2e (50% yield). Solid, mp 189−192 oC;

TLC (EtOAc/hexane (2:8)) Rf = 0.15; IR (KBr) 3450, 1701 cm-1; 1H NMR (CDCl3, 300

MHz) δ 7.93 (1 H, s), 7.78−7.66 (4 H, m), 7.49−7.40 (5 H, m), 7.26 (2 H, dd, J = 8.6, 1.5

Hz), 7.09 (2 H, dd, J = 8.6, 1.5 Hz), 6.33 (1 H, d, J = 3.6 Hz), 4.22 (3 H, m), 3.78 (1 H, d, J

= 3.6 Hz), 2.66 (1 H, OH, br, s), 2.19 (1 H, OH, br, s), 1.60 (3 H, s), 1.59 (3 H, s), 1.25 (3 H,

t, J = 6.9 Hz); 13C NMR (CDCl3, 50 MHz) δ 162.0, 142.8, 135.6, 134.7, 132.9, 132.4, 132.3

(2 ×), 128.2 (2 ×), 127.9 (2 ×), 127.5, 127.4, 126.2 (2 ×), 126.1 (2 ×), 126.0 (2 ×), 125.8 (2

×), 125.0, 123.6, 123.1, 61.6, 61.5, 60.6, 27.2, 26.9, 14.2; FAB-MS m/z 481.2 (M+ + 1 –

H2O); HRMS calcd for C31H28O3S: 481.1759 (M+ + 1 – H2O); found: 481.1762.

Methyl 4,5-bis(l-phenylethenyl)-4,5-dihydrothiophene-2-carboxylate (3a). Oil; TLC

(EtOAc/hexane, 1:9) Rf =  0.34; IR (neat) 1712, 1590 cm−1; 1H NMR (CDCl3, 200 MHz) δ

7.28−7.20 (10 H, m), 6.55 (1 H, d, J =  3.2 Hz). 5.39 (1 H, s), 5.37 (1 H, s), 5.30 (1 H, s),

5.19 (1 H, s), 4.72 (1 H, d, J =  6.4 Hz). 4.38 (1 H, dd, J =  6.4, 3.2 Hz), 3.79 (3 H, s); 13C

NMR (CDCl3, 75 MHz) δ 162.7, 148.0, 146.6, 140.0, 139.9, 135.2, 134.7, 128.4 (2 ×),

128.2 (2 ×), 127.7 (2 ×), 127.3 (2 ×), 126.7 (2 ×), 115.2, 114.8, 57.9 (2 ×), 52.4; EI-MS m/z

(rel intensity) 348 (32, M+), 289 (100); HRMS calcd for C22H20O2S: 348.1184; found:

348.1193.

Methyl 4,5-bis[l-(4-chlorophenyl)ethenyl]-4,5-dihydrothiophene-2-carboxylate (3b).

The acid-catalyzed dehydration of diol 2b according to the representative procedure gave
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diene 3b in 97% yield. Oil; TLC (EtOAc/hexane, 1:4) Rf =  0.45; IR (neat) 1721 cm−1; lH

NMR (CDCl3, 300 MHz) δ 7.24−7.08 (8 H, m), 6.49 (1 H, d, J =  3.1 Hz), 5.40 (1 H, s),

5.32 (1 H, s), 5.26 (1 H, s), 5.18 (1 H, s), 4.62 (1 H, d, J =  7.0 Hz), 4.25 (1 H, dd, J = 7.0,

3.1 Hz), 3.78 (3 H, s); 13C NMR (CDCl3, 75 MHz) δ 162.4, 146.5, 145.6, 138.2, 138.0,

135.0, 134.5, 133.7 (2 ×), 128.6 (2 ×), 128.5 (2 ×), 128.3 (2 ×), 127.9 (2 ×), 116.1, 115.5,

58.0, 57.9, 52.3; EI-MS m/z (rel intensity) 416 (5, M+), 57 (100); HRMS calcd for

C22H18O2SCl2: 416.0404; found: 416.0406.

Methyl 4,5-bis[l-(4-methylphenyl)ethenyl]-4,5-dihydrothiophene-2-carboxylate (3c).

The acid-catalyzed dehydration of diol 2c according to the representative procedure gave

diene 3c in 98% yield. Oil; TLC (EtOAc/hexane, 1:19) Rf =  0.23; IR (neat) 1722 cm−1; 1H

NMR (CDCl3, 200 MHz) δ 7.21−7.07 (8 H, m), 6.59 (1 H, d, J =  3.2 Hz), 5.40 (2 H, br s),

5.34 (1 H, s), 5.20 (1 H, s), 4.78 (1 H, dd. J = 6.3, 0.6 Hz), 4.42 (1 H, dd, J = 6.3, 3.2 Hz),

3.81 (3 H, s), 2.36 (6 H, br s); 13C NMR (CDCl3, 50 MHz) δ 162.6, 147.8, 146.4, 137.4 (2

×), 136.9, 136.8, 135.3, 134.5, 128.9 (2 ×), 128.8 (2 ×), 127.0 (2 ×), 126.4 (2 ×), 114.3,

113.9, 57.6 (2 ×), 52.2, 20.9 (2 ×); EI-MS m/z (rel intensity) 376 (33, M+), 91 (100); HRMS

calcd for C24H24O2S: 376.1497; found: 376.1502.

Methyl 4,5-bis[l-(4-methoxyphenyl)ethenyl]-4,5-dihydrothiophene-2-carboxylate

(3d). The acid-catalyzed dehydration of diol 2d according to the representative procedure

gave diene 3d in 95% yield. Oil; TLC (EtOAc/hexane, 1:9) Rf =  0.16; IR (neat) 1720 cm−1;

1H NMR (CDCl3, 200 MHz) δ 7.19 (2 H, d, J = 8.7 Hz), 7.15 (2 H, d, J = 8.7 Hz), 6.78 (2 H,

d, J =  8.7 Hz), 6.77 (2 H, d, J = 8.7 Hz), 6.53 (1 H, d, J = 3.2 Hz), 5.29 (2 H, s), 5.24 (1 H,

s), 5.09 (1 H. s), 4.69 (1 H, d, J = 6.6 Hz), 4.34 (1 H, dd, J =  6.6, 3.2 Hz), 3.78 (9 H, s); 13C

NMR (CDCl3, 50 MHz) δ 162.8, 159.3 (2 ×), 147.4, 146.0, 135.5, 134.6, 132.3, 132.2,

128.4 (2 ×), 127.8 (2 ×), 113.9, 113.7 (2 ×), 113.6 (2 ×), 113.4, 58.0, 57.9, 55.2 (2 ×), 52.4;
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MS m/z (rel intensity) 408 (39, M+), 133 (100); HRMS calcd for C24H24O4S: 408.1395;

found: 408.1393.

Ethyl 4,5-bis[1-(2-naphth-2-yl)ethenyl]-4,5-dihydrothiophene-2-carboxylate (3e).

The acid-catalyzed dehydration of diol 2e according to the representative procedure gave

diene 3e in 92% yield. Oil; TLC (EtOAc/hexane (2:8)) Rf = 0.25; IR (neat) 1718 cm−1; 1H

NMR (CDCl3, 300 MHz) δ 7.75−7.73 (2 H, m), 7.64−7.58 (3 H, m), 7.55−7.52 (3 H, m),

7.45−7.33 (6 H, m), 6.61 (1 H, d, J = 3.4 Hz), 5.57 (1 H, s), 5.51 (1 H, s), 5.44 (1 H, s),

5.33 (1 H, s), 4.89 (1 H, d, J = 6.6 Hz), 4.55 (1 H, dd, J = 6.6, 3.4 Hz), 4.28 (2 H, q, J = 7.4

Hz), 1.33 (3 H, t, J = 7.4 Hz); 13C NMR (CDCl3, 75 MHz) δ 162.4, 147.9, 146.8, 137.2 (2

×), 135.5 (2 ×), 134.9, 133.1, 133.0 (2 ×), 132.8, 128.1, 128.0, 127.8, 127.4, 126.24, 126.19,

126.12, 126.08, 126.03, 125.6 (2 ×), 125.5, 124.8, 115.9, 115.4, 61.6, 58.3, 58.2, 14.2;

FAB-MS m/z 462.1 (M+); HRMS calcd for C31H26O2S: 462.1653 (M+); found: 462.1656

(M+).

Ethyl 4,5-bis{1-[4-(4-decoxybenzoyl)phenyl]ethenyl}-4,5-dihydrothiophene-2-

carboxylate (3h). According to the representative procedure, the SmI2 promoted coupling

reaction of 1b with 4-acetylphenyl 4-decoxybenzoate, followed by the acid-catalyzed

dehydration, gave diene 3h in 46% overall yield. Solid, mp 66−67 oC; TLC (EtOAc/hexane,

1:9) Rf = 0.20; IR (KBr) 1743 cm−1; 1H NMR (CDCl3, 300 MHz) δ 8.10 (3 H, d, J = 8.6 Hz),

7.78 (1 H, d, J = 8.6 Hz), 7.67 (1 H, d, J = 8.6 Hz), 7.37 (1 H, d, J = 8.6 Hz), 7.32−7.23 (4

H, m), 7.09 (2 H, dd, J = 8.6, 2.3 Hz), 6.97−6.90 (4 H, m), 6.55 (1 H, d, J = 3.3 Hz), 5.49 (1

H, d, J = 18.3 Hz), 5.39 (1 H, d, J = 6.4 Hz), 5.35 (1 H, d, J = 6.4 Hz), 5.22 (1 H, d, J =

18.3 Hz), 4.73 (1 H, d, J = 6.8 Hz), 4.36 (1 H, dd, J = 6.8, 3.3 Hz), 4.28 (2 H, q, J = 7.0 Hz),

4.05−3.97 (4 H, m), 1.83−1.77 (4 H, m), 1.48−1.27 (28 H, m), 1.34 (3 H, t, J = 7.0 Hz),

0.86 (6 H, t, J = 6.1 Hz); 13C NMR (CDCl3, 100 MHz) δ 164.9, 162.9, 162.89, 162.3, 162.1,

150.7, 147.2, 147.1, 146.1, 143.4, 137.4, 137.3, 136.0, 134.5, 132.3, 132.2, 129.9, 129.8,

128.4, 127.7 (2 ×), 127.6, 127.2, 121.72, 121.71, 121.49, 121.42, 121.3, 115.8, 115.6, 114.3,

114.2, 114.0, 68.2, 61.7, 61.6, 58.3, 58.1, 31.9 (2 ×), 29.6 (2 ×), 28.6 (2 ×), 26.5 (2 ×), 26.4

(2 ×), 26.3 (2 ×), 26.0 (2 ×), 23.7 (2 ×), 14.2 (2 ×), 14.0; FAB-MS m/z 914.5 (M+). HRMS

calcd for C57H70O8S: 914.4791; found: 914.4789.

Ethyl 4,5-bis{1-[4-(4-dodecoxybenzoyl)phenyl]ethenyl}-4,5-dihydrothiophene-2-
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carboxylate (3i). According to the representative procedure, the SmI2 promoted coupling

reaction of 1b with 4-acetylphenyl 4-dodecoxybenzoate, followed by the acid-catalyzed

dehydration, gave diene 3i in 43% overall yield. Solid, mp 56−57 oC; TLC (EtOAc/hexane,

1:9) Rf = 0.18; IR (KBr) 1733 cm−1; 1H NMR (CDCl3, 300 MHz) δ 8.09 (3 H, d, J = 8.8 Hz),

7.79 (1 H, d, J = 8.8 Hz), 7.67 (1 H, d, J = 8.8 Hz), 7.37 (1 H, d, J = 8.8 Hz), 7.30−7.23 (4

H, m), 7.10 (2 H, dd, J = 8.8, 2.3 Hz), 6.97−6.91 (4 H, m), 6.55 (1 H, d, J = 3.3 Hz), 5.49 (1

H, d, J = 18.6 Hz), 5.41 (1 H, d, J = 6.2 Hz), 5.36 (1 H, d, J = 6.2 Hz), 5.21 (1 H, d, J =

18.6 Hz), 4.74 (1 H, d, J = 6.8 Hz), 4.37 (1 H, dd, J = 6.8, 3.3 Hz), 4.28 (2 H, q, J = 7.2 Hz),

4.05−3.97 (4 H, m), 1.83−1.77 (4 H, m), 1.46−1.26 (36 H, m), 1.33 (3 H, t, J = 7.2 Hz),

0.87 (6 H, t, J = 6.0 Hz); 13C NMR (CDCl3, 100 MHz) δ 164.8, 163.6, 162.9, 162.3, 162.2,

150.8, 147.3, 147.1, 146.1, 143.4, 137.6, 137.3, 135.4, 134.6, 132.3, 132.2, 129.9, 129.8,

128.5, 127.8 (2 ×), 127.7, 127.2, 121.8, 121.7, 121.5, 121.4, 121.3, 115.9, 115.2, 114.3,

114.2, 114.0, 68.3, 61.7, 61.6, 58.4, 58.1, 31.9 (2 ×), 29.6 (2 ×), 28.6 (2 ×), 26.57 (2 ×),

26.5 (2 ×), 26.4 (2 ×), 26.3 (2 ×), 26.1 (2 ×), 26.0 (2 ×), 22.7 (2 ×), 14.2 (2 ×), 14.1; FAB-

MS m/z 970.6 (M+). HRMS calcd for C61H78O8S: 970.5417; found: 970.5407.

Ethyl 4,5-bis{1-[4-(4-tetradecoxybenzoyl)phenyl]ethenyl}-4,5-dihydro-thiophene-

2-carboxylate (3j). According to the representative procedure, the SmI2 promoted coupling

reaction of 1b with 4-acetylphenyl 4-tetradecoxybenzoate, followed by the acid-catalyzed

dehydration, gave diene 3j in 38% overall yield. Solid, mp 50−52 oC; TLC (EtOAc/hexane,

1:9) Rf = 0.19; IR (KBr) 1723 cm−1; 1H NMR (CDCl3, 300 MHz) δ 8.10 (3 H, d, J = 8.7 Hz),

7.80 (1 H, d, J = 8.7 Hz), 7.66 (1 H, d, J = 8.7 Hz), 7.36 (1 H, d, J = 8.7 Hz), 7.31−7.22 (4

H, m), 7.09 (2 H, dd, J = 8.7, 2.4 Hz), 6.97−6.91 (4 H, m), 6.54 (1 H, d, J = 3.2 Hz), 5.49 (1

H, d, J = 18.4 Hz), 5.42 (1 H, d, J = 6.3 Hz), 5.37 (1 H, d, J = 6.3 Hz), 5.22 (1 H, d, J =

18.4 Hz), 4.74 (1 H, d, J = 6.8 Hz), 4.37 (1 H, dd, J = 6.8, 3.3 Hz), 4.29 (2 H, q, J = 7.1 Hz),

4.05−3.95 (4 H, m), 1.84−1.78 (4 H, m), 1.46−1.26 (44 H, m), 1.34 (3 H, t, J = 7.1 Hz),

0.87 (6 H, t, J = 6.0 Hz); 13C NMR (CDCl3, 100 MHz) δ 164.7, 163.6, 162.8, 162.25,

162.21, 150.9, 147.2, 147.1, 146.1, 143.3, 137.5, 137.4, 135.3, 134.6, 132.2, 132.1, 129.9,

129.8, 128.5, 127.9 (2 ×), 127.7, 127.3, 121.8, 121.7, 121.6, 121.4, 121.3, 115.9, 115.1,

114.3, 114.1, 114.0, 68.2, 61.7, 61.6, 58.4, 58.2, 31.9 (2 ×), 29.5 (2 ×), 28.5 (2 ×), 27.5 (2 ×),

27.3 (2 ×), 26.6 (2 ×), 26.5 (2 ×), 26.4 (2 ×), 26.3 (2 ×), 26.1 (2 ×), 25.9 (2 ×), 22.6 (2 ×),
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14.2 (3 ×); FAB-MS m/z 1026.4 (M+). HRMS calcd for C65H86O8S: 1026.4395; found:

1026.4388.

Ethyl 4,5-bis{1-[4-(4-hexadecoxybenzoyl)phenyl]ethenyl}-4,5-dihydro- thiophene-

2-carboxylate (3k). According to the representative procedure, the SmI2 promoted

coupling reaction of 1b with 4-acetylphenyl 4-hexadecoxybenzoate, followed by the acid-

catalyzed dehydration, gave diene 3k in 40% overall yield. Solid, mp 41−43 oC; TLC

(EtOAc/hexane, 1:9) Rf = 0.18; IR (KBr) 1733, 1666 cm−1; 1H NMR (CDCl3, 300 MHz) δ

8.11 (3 H, d, J = 8.7 Hz), 7.79 (1 H, d, J = 8.7 Hz), 7.65 (1 H, d, J = 8.7 Hz), 7.35 (1 H, d, J

= 8.7 Hz), 7.31−7.21 (4 H, m), 7.10 (2 H, dd, J = 8.7, 2.3 Hz), 6.98−6.90 (4 H, m), 6.55 (1

H, d, J = 3.2 Hz), 5.50 (1 H, d, J = 18.3 Hz), 5.41 (1 H, d, J = 6.2 Hz), 5.38 (1 H, d, J = 6.2

Hz), 5.22 (1 H, d, J = 18.3 Hz), 4.74 (1 H, d, J = 6.8 Hz), 4.36 (1 H, dd, J = 6.8, 3.2 Hz),

4.29 (2 H, q, J = 6.8 Hz), 4.05−3.95 (4 H, m), 1.84−1.79 (4 H, m), 1.46−1.26 (52 H, m),

1.34 (3 H, t, J = 6.8 Hz), 0.86 (6 H, t, J = 6.0 Hz); 13C NMR (CDCl3, 100 MHz) δ 164.6,

163.6, 162.7, 162.25, 162.22, 151.0, 147.15, 147.14, 146.2, 143.3, 137.5, 137.4, 135.2,

134.6, 133.2, 132.1, 130.0, 129.8, 128.6, 127.9 (2 ×), 127.8, 127.3, 121.7, 121.6, 121.5,

121.4, 121.3, 115.8, 115.1, 114.2, 114.1, 114.0, 68.2, 61.7, 61.6, 58.3, 58.2, 31.9 (2 ×), 29.4

(2 ×), 28.5 (2 ×), 27.5 (2 ×), 27.3 (4 ×), 26.57 (2 ×), 26.56 (2 ×), 26.4 (2 ×), 26.3 (2 ×), 26.2

(2 ×), 26.1 (2 ×), 26.0 (2 ×), 22.6 (2 ×), 14.2 (3 ×); FAB-MS m/z 1082.7 (M+). HRMS calcd

for C69H94O8S: 1082.6669; found: 1082.6678.

Methyl 4,5-bis[l-(4-chlorophenyl)ethenyl]thiophene-2-carboxylate (4b). Oil; TLC

(EtOAc/hexane, 1:4) Rf =  0.40; IR (neat) 1716 cm−1; 1H NMR (CDCl3, 200 MHz) δ 7.64 (1

H, s), 7.13−7.08 (4 H, m), 6.94 (2 H, dd, J = 8.9, 2.1 Hz), 6.89 (2 H, dd, J =  8.6, 2.0 Hz),

5.44 (1 H, s), 5.39 (1 H, s), 5.31 (1 H, s), 5.21 (1 H, s), 3.87 (3 H, s); 13C NMR (CDCl3, 75

MHz) δ 162.3, 146.0, 142.4, 141.1, 139.3, 138.2, 137.6, 136.3, 133.9, 133.6, 131.0, 128.4

(2 ×), 128.2 (2 ×), 128.1 (4 ×), 119.1, 117.2, 52.2; EI-MS m/z (rel intensity) 414 (21, M+),

57 (100); HRMS calcd for C22H16O2SCl2: 414.0248; found: 414.0248.

Ethyl 4,5-bis[1-(2-naphth-2-yl)ethenyl]thiophene-2-carboxylate (4e).  According to

the representative procedure, the reaction of diene 3e with 1.2 equiv of DDQ at 60 oC in

benzene gave thiophene 4e in 82% yield. Solid, mp 109−111 oC; TLC (EtOAc/hexane, 1:9)
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Rf = 0.2; UV (CHCl3) λmax (ε) 242 nm (38800), 289 nm (13800); FL (CHCl3, c = 2 × 10−5 M)

λem 415 nm on excitation at 364 nm; 1H NMR (CDCl3, 300 MHz) ä 7.77 (1 H, s), 7.73−7.70

(2 H, m), 7.58−7.54 (4 H, m), 7.44−7.36 (6 H, m), 7.16 (1 H, dd, J = 8.5, 1.5 Hz), 7.10 (1 H,

dd, J = 8.5, 1.5 Hz), 5.57 (1 H, s), 5.50 (1 H, s), 5.41 (1 H, s), 5.35 (1 H, s), 4.38 (2 H, q, J =

7.3 Hz), 1.39 (3 H, t, J = 7.3 Hz); 13C NMR (CDCl3, 100 MHz) δ 162.2, 146.7, 143.6, 142.2,

140.1, 137.4, 136.8, 136.3, 133.0, 132.9, 132.8, 132.7, 131.3, 128.1, 127.5 (2 ×), 127.4,

127.3, 126.7 (2 ×), 126.3, 126.0 (2 ×), 125.9, 125.8, 125.0, 124.9, 118.9, 117.0, 61.2, 14.4;

FAB-MS m/z 460.1 (M+); HRMS calcd for C31H24O2S: 460.1497; found: 460.1487.

Ethyl 4,5-bis{1-[4-(4-decoxybenzoyl)phenyl]ethenyl}thiophene-2-carboxylate (4h).

According to the representative procedure, the reaction of diene 3h with 1.2 equiv of DDQ

at 60 oC in benzene gave thiophene 4h in 67% yield. Solid, mp 72−74 oC; TLC

(EtOAc/hexane, 1:19) Rf = 0.12; IR (KBr) 1753 cm−1; 1H NMR (CDCl3, 300 MHz) δ 8.21

(1 H, s), 8.18 (3 H, dd, J = 8.5, 2.0 Hz), 7.90−7.80 (4 H, m), 7.89 (1 H, s), 7.79−7.75 (1 H,

m), 7.65−7.52 (5 H, m), 7.38 (2 H, d, J = 8.5 Hz), 5.53 (1 H, s), 5.39 (1 H, s), 5.23 (1 H, s),

5.22 (1 H, s), 4.31 (2 H, q, J = 7.0 Hz), 4.15−3.96 (4 H, m), 1.80−1.78 (4 H, m), 1.45−1.26

(28 H, m), 1.36 (3 H, t, J = 7.0 Hz), 0.87 (6 H, t, J = 7.1 Hz); 13C NMR (CDCl3, 100 MHz)

δ 164.9, 162.9, 162.8, 162.3, 162.1, 150.7, 147.2, 147.1, 146.1, 143.4, 137.4, 137.3 (2 ×),

136.0, 134.5 (2 ×), 132.3, 132.2, 129.9, 129.8, 128.4, 127.7 (2 ×), 127.6, 127.2, 121.72,

121.71, 121.49, 121.42, 121.3, 115.8, 115.6, 114.3, 114.2, 114.0, 68.2, 61.7, 61.6, 31.9 (2 ×),

29.6 (2 ×), 28.6 (2 ×), 26.5 (2 ×), 26.4 (2 ×), 26.3 (2 ×), 26.0 (2 ×), 23.7 (2 ×), 14.2 (2 ×),

14.0; FAB-MS m/z 912.5 (M+). HRMS calcd for C57H68O8S: 912.4635; found: 912.4660.

Ethyl 4,5-bis{1-[4-(4-dodecoxybenzoyl)phenyl]ethenyl}thiophene-2-carboxylate

(4i). According to the representative procedure, the reaction of diene 3i with 1.2 equiv of

DDQ at 60 oC in benzene gave thiophene 4i in 78% yield. Solid, mp 56−57 oC; TLC

(EtOAc/hexane, 1:9) Rf = 0.19; IR (KBr) 1723 cm−1; 1H NMR (CDCl3, 300 MHz) δ 8.22 (1

H, s), 8.17 (3 H, dd, J = 8.8, 2.0 Hz), 7.93−7.83 (4 H, m), 7.90 (1 H, s), 7.80−7.77 (1 H, m),

7.65−7.51 (5 H, m), 7.37 (2 H, d, J = 8.8 Hz), 5.52 (1 H, s), 5.40 (1 H, s), 5.24 (1 H, s),

5.22 (1 H, s), 4.30 (2 H, q, J = 6.6 Hz), 4.05−3.96 (4 H, m), 1.83−1.77 (4 H, m), 1.46−1.26

(36 H, m), 1.36 (3 H, t, J = 6.6 Hz), 0.87 (6 H, t, J = 7.2 Hz); 13C NMR (CDCl3, 100 MHz)

δ 164.9, 162.9, 162.89, 162.3, 162.1, 150.7, 147.2, 147.1, 146.1, 143.4, 137.4 (2 ×), 137.3,
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136.0, 134.5 (2 ×), 132.3, 132.2, 129.9, 129.8, 128.4, 127.7 (2 ×), 127.6, 127.2, 121.72,

121.71, 121.49, 121.42, 121.3, 115.8, 115.6, 114.3, 114.2, 114.0, 68.2, 61.7, 61.6, 31.9 (2 ×),

29.6 (2 ×), 28.6 (2 ×), 26.5 (2 ×), 26.4 (2 ×), 26.3 (2 ×), 26.0 (2 ×), 23.7 (2 ×), 14.2 (2 ×),

14.0; FAB-MS m/z 968.5 (M+). HRMS calcd for C61H76O8S: 968.5161 (M+); found:

968.5134 (M+).

Ethyl 4,5-bis{1-[4-(4-tetradecoxybenzoyl)phenyl]ethenyl}thiophene-2- carboxylate

(4j). According to the representative procedure, the reaction of diene 3j with 1.2 equiv of

DDQ at 60 oC in benzene gave thiophene 4j in 72% yield. Solid, mp 53−54 oC; TLC

(EtOAc/hexane, 3:17) Rf = 0.15; IR (KBr) 1753, 1678 cm−1; 1H NMR (CDCl3, 300 MHz) δ

8.24 (1 H, s), 8.18 (3 H, dd, J = 8.5, 2.0 Hz), 7.94−7.83 (4 H, m), 7.89 (1 H, s), 7.83−7.67

(1 H, m), 7.67−7.52 (5 H, m), 7.38 (2 H, d, J = 8.5 Hz), 5.53 (1 H, s), 5.41 (1 H, s), 5.24 (1

H, s), 5.22 (1 H, s), 4.32 (2 H, q, J = 6.5 Hz), 4.05−3.96 (4 H, m), 1.83−1.76 (4 H, m),

1.52−1.23 (44 H, m), 1.36 (3 H, t, J = 6.5 Hz), 0.87 (6 H, t, J = 7.2 Hz); 13C NMR (CDCl3,

100 MHz) δ 164.7, 163.6, 162.8, 162.25, 162.21, 150.9, 147.2, 147.1, 146.1, 143.3, 137.5,

137.4 (2 ×), 135.3, 134.6 (2 ×), 132.2, 132.1, 129.9, 129.8, 128.5, 127.8 (2 ×), 127.7, 127.3,

121.8, 121.7, 121.6, 121.3 (2 ×), 115.9, 115.1), 114.2, 114.1, 113.9, 68.3, 61.9, 61.6, 31.9 (2

×), 29.5 (2 ×), 28.5 (2 ×), 27.5 (2 ×), 27.3 (2 ×), 26.5 (4 ×), 26.4 (2 ×), 26.3 (2 ×), 26.1 (2 ×),

25.9 (2 ×), 22.6 (2 ×), 14.2 (3 ×); FAB-MS m/z 1024.6 (M+). HRMS calcd for C65H84O8S:

1024.5887; found: 1024.5871.

Ethyl 4,5-bis{1-[4-(4-hexadecoxybenzoyl)phenyl]ethenyl}thiophene-2-carboxylate

(4k). According to the representative procedure, the reaction of diene 3k with 1.2 equiv of

DDQ at 60 oC in benzene gave thiophene 4k in 70% yield. Solid, mp 67−69 oC; TLC

(EtOAc/hexane, 1:9) Rf = 0.18; IR (KBr) 1733, 1666 cm−1; 1H NMR (CDCl3, 300 MHz) δ

8.20 (1 H, s), 8.17 (3 H, dd, J = 8.8, 2.0 Hz), 7.93−7.87 (4 H, m), 7.90 (1 H, s), 7.81−7.76

(1 H, m), 7.68−7.54 (5 H, m), 7.39 (2 H, d, J = 8.8 Hz), 5.50 (1 H, s), 5.40 (1 H, s), 5.24 (1

H, s), 5.22 (1 H, s), 4.30 (2 H, q, J = 6.6 Hz), 4.08−3.94 (4 H, m), 1.85−1.76 (4 H, m),

1.46−1.24 (52 H, m), 1.35 (3 H, t, J = 6.6 Hz), 0.87 (6 H, t, J = 7.2 Hz); 13C NMR (CDCl3,

100 MHz) δ 164.6, 163.5, 162.6, 162.25 (2 ×), 151.0, 147.15, 147.13, 146.2, 143.3, 137.5

(2 ×), 137.4, 135.2, 134.5 (2 ×), 133.0, 132.1, 129.0, 129.8, 128.7, 127.9 (2 ×), 127.8, 127.3,

121.7, 121.6, 121.5, 121.4, 121.9, 115.6, 115.2, 114.2, 114.1, 114.0, 68.3, 61.7, 61.6, 32.0
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(2 ×), 29.4 (2 ×), 28.5 (2 ×), 27.5 (2 ×), 27.3 (4 ×), 26.57 (4 ×), 26.4 (2 ×), 26.3 (2 ×), 26.2

(2 ×), 26.1 (2 ×), 26.0 (2 ×), 22.5 (2 ×), 14.3 (3 ×); FAB-MS m/z 1080.7 (M+). HRMS calcd

for C69H92O8S: 1080.6513; found: 1082.6501.

Ethyl 4,5-bis(1-phenyl-2-methylpropenyl)thiophene-2-carboxylate (4m). Oil, TLC

(EtOAc/hexane (1:19)) Rf = 0.13; IR (neat) 1705, 1614 cm-1; UV (CH3CN) λmax (ε) 249 nm

(34400), 300 nm (16800); FL (CH3CN, c = 5 × 10−5 M) λem 423 nm by excitation at 300 nm;
1H NMR (CDCl3, 300 MHz) δ 7.52 (1 H, s), 7.17−7.08 (6 H, m), 6.79 (4 H, dd, J = 9.0, 3.0

Hz), 4.29 (2 H, q, J = 7.1 Hz), 1.64 (3 H, s), 1.63 (3 H, s), 1.54 (3 H, s), 1.43 (3 H, s), 1.31

(3 H, t, J = 7.1 Hz); 13C NMR (CDCl3, 50 MHz) δ 162.6, 141.9 (2 ×), 141.8, 141.5, 137.4,

136.4, 133.8, 130.9 (2 ×), 129.4, 128.5, 127.9 (2 ×), 127.5 (2 ×), 126.3 (3 ×), 125.9 (2 ×),

60.9, 22.7, 22.3, 20.0, 21.7, 14.4; FAB-MS 416.2 (M+); HRMS calcd for C27H28O2S:

416.1810; found: 416.1812. Anal. Calcd for C27H28O2S: C, 77.85; H, 6.77. Found: C, 77.70;

H, 6.66.

Ethyl 4,5-bis[1-(4-methoxyphenyl)-2-methylpropenyl]thiophene-2-carboxylate (4n).

Oily solid, TLC (EtOAc/hexane (1:19)) Rf = 0.13; IR (neat) 1716, 1534 cm-1; UV (CH3CN)

λmax (ε) 251 nm (34900), 300 nm (13700); FL (CH3CN, c = 5 × 10−5 M) λem 433 nm by

excitation at 300 nm; 1H NMR (CDCl3, 300 MHz) δ 7.50 (1 H, s), 6.72−6.67 (8 H, m), 4.30

(2 H, q, J = 7.3 Hz), 3.74 (6 H, s), 1.65 (6 H, s), 1.64 (3 H, s), 1.47 (3 H, s), 1.33 (3 H, t, J =

7.3 Hz); 13C NMR (CDCl3, 50 MHz) δ 162.6, 158.0, 157.7, 148.3, 141.9 (2 ×), 136.8, 136.5,

134.5, 134.1 (2 ×), 133.2, 130.6 (2 ×), 130.4, 128.6, 128.1, 112.9 (2 ×), 112.8 (2 ×), 60.9,

55.2 (2 ×), 22.8, 22.4, 22.1, 21.7, 14.4; FAB-MS 476.2 (M+). HRMS calcd for C29H32O4S:

476.2021; found: 476.2018.

Methyl 4,7-diphenylbenzo[b]thiophene-2-carboxylate (5a). Solid, mp 177−178 °C;

TLC (EtOAc/hexane, 1:9) Rf =  0.33; IR (neat) 1715 cm−1; UV (CHCl3) λmax (ε) 341 nm

(38600); FL (CHCl3, c = 2 × 10−5 M) λem 407 nm by excitation at 342 nm; 1H NMR (CDCl3,

200 MHz) δ 8.24 (1 H, s), 7.74 (2 H, dd, J =  8.2, 1.6 Hz), 7.61−7.44 (10 H, m), 3.90 (3 H,

s); 13C NMR (CDCl3, 50 MHz) δ 163.2, 142.0, 139.9, 139.7, 138.8, 137.7, 136.0, 133.4,

130.5, 129.1 (2 ×), 128.9 (2 ×), 128.7 (2 ×), 128.3, 128.1 (2 ×), 127.8, 127.0, 126.1, 52.4;

EI-MS m/z (rel intensity) 344 (100, M+); HRMS calcd for C22H16O2S: 344.0871; found:
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344.0875. Anal. Calcd for C, 76.72; H, 4.69. Found: C, 76.82; H, 4.62.

Methyl 4,7-bis(4-chlorophenyl)benzo[b]thiophene-2-carboxylate (5b). According to

the representative procedure, the reaction of diene 3b with 2.2 equiv of DDQ in refluxing

toluene gave benzothiophene 5b in 91% yield. Solid, mp 237−239 oC; TLC (EtOAc/hexane,

1:4) Rf =  0.43; IR (KBr) 1716 cm−1; UV (CHCl3) λmax (ε) 281 nm (59100), 304 nm (46800),

342 nm (23500); FL (CHCl3, c = 1 × 10−5 M) λem 404 nm by excitation at 342 nm; 1H NMR

(CDCl3, 300 MHz) δ 8.13 (1 H, s), 7.65 (2 H, d, J = 8.4 Hz), 7.49−7.42 (8 H, m), 3.89 (3 H,

s); 13C NMR (CDCl3, 75 MHz) δ 163.0, 142.0, 138.2, 138.0, 137.8, 137.7, 135.2, 134.4,

134.1, 133.9, 130.3 (2 ×), 130.1, 129.5 (2 ×), 129.2 (2 ×), 129.0 (2 ×), 126.9, 126.1, 52.6;

EI-MS m/z (rel intensity) 412 (100, M+); HRMS calcd for C22H14O2SCl2: 412.0091; found:

412.0100; Anal. Calcd for C22H14O2SCl2: C, 64.08; H, 3.42; found: C, 63.84; H 3.49.

Methyl 4,7-bis(4-methylphenyl)benzo[b]thiophene-2-carboxylate (5c). According to

the representative procedure, the reaction of diene 3c with 2.2 equiv of DDQ in refluxing

toluene gave benzothiophene 5c in 89% yield. Solid, mp 189−190 °C; TLC (EtOAc/hexane,

1:19) Rf =  0.18; IR (KBr) 1714 cm−1; UV (CHCl3) λmax (ε) 278 nm (37400), 345 nm

(13300); FL (CHCl3, c = 1 × 10−5 M) λem 418 nm by excitation at 345 nm; 1H NMR (CDCl3,

200 MHz) δ 8.26 (1 H, s), 7.65 (2 H, d, J =  8.0 Hz), 7.52 (1 H, d, J =  7.6 Hz), 7.49 (2 H, d,

J =  8.0 Hz), 7.46 (1 H, d, J = 7.6 Hz), 7.33 (4 H, d, J =  8.0 Hz), 3.91 (3 H, s), 2.47 (3 H, s),

2.46 (3 H, s); 13C NMR (CDC13, 50 MHz) δ 163.2, 142.0, 138.6, 138.0, 137.7, 137.5, 137.1,

136.9, 135.8, 133.2, 130.7, 129.6 (2 ×), 129.4 (2 ×), 129.0 (2 ×), 128.0 (2 ×), 126.8, 125.9,

52.3, 21.2, 21.1; EI-MS m/z (rel intensity) 372 (100, M+); HRMS calcd for C24H20O2S:

372.1184; found: 372.1185. Anal. Calcd for C24H20O2S: C, 77.39; H, 5.42. Found: C, 77.37;

H, 5.54. The structure of 5c was confirmed by an X-ray analysis.

Methyl 4,7-bis(4-methoxyphenyl)benzo[b]thiophene-2-carboxylate (5d). According
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to the representative procedure, the reaction of diene 3d with 2.2 equiv of DDQ in refluxing

toluene gave benzothiophene 5d in 72% yield. Solid, mp 209−211 oC; TLC (EtOAc/hexane,

1:9) Rf =  0.18; IR (KBr) 1718 cm−1; UV (CHCl3) λmax (ε) 279 nm (38300), 290 nm (27500),

351 nm (12400); FL (CHCl3, c = 1 × 10−5 M) λem 446 nm by excitation at 351 nm; 1H NMR

(CDCl3, 200 MHz) δ 8.21 (1 H, s), 7.66 (2 H, d, J =  8.7 Hz), 7.52−7.39 (4 H, m), 7.03 (4 H,

d, J =  8.7 Hz), 3.89 (9 H, s); 13C NMR (CDCl3, 75 MHz) δ 163.3, 159.6, 159.4, 142.1,

138.1, 137.8, 135.3, 133.1, 132.5, 132.2, 130.8, 130.2 (2 ×), 129.3 (2 ×), 126.8, 125.9,

114.3 (2 ×), 114.2 (2 ×), 55.4 (2 ×), 52.4; EI-MS m/z (rel intensity) 404 (100, M+); HRMS

calcd for C24H20O4S: 404.1082; found: 404.1086.

Ethyl 4,5-di(naphth-2-yl)benzo[b]thiophene-2-carboxylate (5e). According to the

representative procedure, the reaction of dialkenylthiophene 4e with 1.2 equiv of DDQ in

refluxing toluene gave benzothiophene 5e in 84% yield. Solid, mp 235−237 oC; TLC

(EtOAc/hexane (1:9)) Rf = 0.19; IR (KBr) 1712 cm-1; UV (CHCl3) λmax (ε) 241 nm (34600),

269 nm (30900), 345 nm (11400); FL (CHCl3, c = 8 × 10−4 M) λem 417 nm on excitation at

365 nm; 1H NMR (CDCl3, 200 MHz) ä 8.27 (1 H, s), 8.25 (1 H, s), 8.05−8.02 (2 H, m),

7.98−7.88 (6 H, m), 7.75−7.69 (1 H, m), 7.66−7.64 (2 H, m), 7.60−7.53 (4 H, m), 4.37 (2 H,

q, J = 7.1 Hz), 1.35 (3 H, t, J = 7.1 Hz); 13C NMR (CDCl3, 50 MHz) δ 162.8, 142.4, 138.8,

138.1 (2 ×), 137.5, 137.2, 136.1, 134.3, 133.5, 133.1 (2 ×), 132.8, 130.3, 128.7, 128.4 (2 ×),

128.3 (2 ×), 128.2, 128.1, 127.8, 127.3, 126.5, 126.4, 126.3 (2 ×), 126.2 (2 ×), 61.6, 14.3;

FAB-MS m/z 458.1 (M+); HRMS calcd for C31H22O2S: 458.1340; found: 458.1359.

Methyl 4,7-bis[(4-octadecanoyloxy)phenyl]benzo[b]thiophene-2-carboxylate (5g).

According to the representative procedure, the reaction of diene 3g with 2.2 equiv of DDQ

in refluxing toluene gave benzothiophene 5g in 89% yield. Solid, mp 94−95 °C; TLC

(EtOAc/hexane, 1:9) Rf =  0.24; IR (KBr) 1753 cm−1; UV (CHCl3) λmax (ε) 279 nm (8600),

345 nm (3400); FL (CHCl3, c = 2 × 10−4 M) λem 409 nm by excitation at 345 nm; 1H NMR

(CDCl3, 300 MHz) δ 8.19 (1 H, s), 7.73 (2 H, d, J = 8.3 Hz), 7.57 (2 H, d, J = 8.3 Hz), 7.50
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(1 H, d, J =  7.5 Hz), 7.45 (1 H, d, J = 7.5 Hz), 7.23 (4 H, d, J = 8.3 Hz), 3.89 (3 H, s), 2.59

(4 H, t, J = 7.0 Hz), 1.78 (4 H, quint, J = 7.0 Hz), 1.50−1.25 (56 H, m), 0.87 (6 H, t, J = 6.8

Hz); 13C NMR (CDC13, 75 MHz) δ 172.3, 172.2, 163.1, 150.7, 150.5, 142.0, 138.0, 137.7,

137.4, 137.1, 135.3, 133.7, 130.3, 130.1 (2 ×), 129.2 (2 ×), 127.0, 126.1, 122.1 (2 ×), 121.9

(2 ×), 52.4, 34.4 (2 ×), 31.9 (2 ×), 29.6 (16 ×), 29.5 (2 ×), 29.33 (2 ×), 29.26 (2 ×), 29.1 (2

×), 25.0 (2 ×), 22.7 (2 ×), 14.1 (2 ×); FAB-MS m/z 908.5 (M+). Anal. Calcd for C58H84O6S:

C, 76.60; H, 9.32. Found: C, 76.47; H, 9.32.

Ethyl 4,7-bis[4-(4-decoxybenzoyl)phenyl]benzo[b]thiophene-2-carboxylate (5h).

According to the representative procedure, the reaction of dialkenylthiophene 4h with 1.2

equiv of DDQ in refluxing toluene gave benzothiophene 5h in 81% yield. Solid, mp

197−199 oC; TLC (EtOAc/hexane, 1:9) Rf = 0.22; IR (KBr) 1727 cm−1; 1H NMR (CDCl3,

300 MHz) δ 8.23 (1 H, s), 8.17 (2 H, dd, J = 8.8, 2.0 Hz), 7.93−7.77 (6 H, m), 7.65−7.51 (4

H, m), 7.37 (2 H, d, J = 8.8 Hz), 6.97 (4 H, d, J = 8.8 Hz), 4.36 (2 H, q, J = 7.3 Hz), 4.03 (4

H, t, J = 6.6 Hz), 1.82 (4 H, tt, J = 6.6, 6.6 Hz), 1.56−1.20 (28 H, m), 1.40 (3 H, t, J = 7.3

Hz), 0.87 (6 H, t, J = 6.6 Hz); 13C NMR (CDCl3, 100 MHz) δ 164.7, 163.7, 163.2, 162.8,

150.9, 143.2, 141.9, 138.6, 138.1, 137.9, 137.3, 135.2, 134.4, 132.6, 132.4, 130.4, 130.2,

129.8, 129.4, 128.2, 127.1 (2 ×), 126.7 (2 ×), 126.4 (2 ×), 122.3 (2 ×), 121.4 (2 ×), 114.4 (2

×), 114.1, 68.5 (2 ×), 61.7, 31.9 (2 ×), 29.6 (2 ×), 29.4 (2 ×), 29.3 (2 ×), 29.2 (2 ×), 29.1 (2

×), 25.8 (2 ×), 22.6 (2 ×), 14.3 (2 ×), 14.1; FAB-MS m/z 854.4 (M+); HRMS calcd for

C53H58O8S: 854.3852; found: 854.3812.

Ethyl 4,7-bis[4-(4-dodecoxybenzoyl)phenyl]benzo[b]thiophene-2-carboxylate (5i).

According to the representative procedure, the reaction of dialkenylthiophene 4i with 1.2

equiv of DDQ in refluxing toluene gave benzothiophene 5i in 75% yield. Solid, mp

187−189 oC; TLC (EtOAc/hexane, 1:9) Rf = 0.25; IR (KBr) 1734 cm−1; 1H NMR (CDCl3,

300 MHz) δ 8.23 (1 H, s), 8.17 (2 H, dd, J = 8.8, 2.0 Hz), 7.93−7.77 (6 H, m), 7.65−7.51 (4

H, m), 7.36 (2 H, dd, J = 8.8, 2.0 Hz), 6.98 (4 H, d, J = 8.8 Hz), 4.37 (2 H, q, J = 7.2 Hz),

4.05 (4 H, t, J = 6.6 Hz), 1.82 (4 H, tt, J = 6.6, 6.5 Hz), 1.56−1.19 (36 H, m), 1.38 (3 H, t, J

= 7.2 Hz), 0.86 (6 H, t, J = 6.5 Hz); 13C NMR (CDCl3, 100 MHz) δ 164.9, 163.7, 163.2,

162.7, 150.9, 143.2, 141.9, 138.6, 138.1, 137.9, 137.3, 135.2, 134.4, 132.6, 132.4, 130.4,
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130.2, 129.8, 129.3, 128.1, 127.1 (2 ×), 126.7 (2 ×), 126.2 (2 ×), 122.4 (2 ×), 121.4 (2 ×),

114.4 (2 ×), 114.1, 68.4 (2 ×), 61.7, 31.9 (2 ×), 29.6 (2 ×), 29.5 (4 ×), 29.4 (2 ×), 29.3 (2 ×),

29.2 (2 ×), 29.1 (2 ×), 25.9 (2 ×), 22.7 (2 ×), 14.3 (2 ×), 14.1; FAB-MS m/z 966.5 (M+);

HRMS calcd for C61H74O8S: 966.5104; found: 966.5070.

Ethyl 4,7-bis[4-(4-tetradecoxybenzoyl)phenyl]benzo[b]thiophene-2-carboxylate (5j).

According to the representative procedure, the reaction of dialkenylthiophene 4j with 1.2

equiv of DDQ in refluxing toluene gave benzothiophene 5j in 71% yield. Solid, mp

184−186 oC; TLC (EtOAc/hexane, 1:9) Rf = 0.23; IR (KBr) 1734, 1675, cm−1; 1H NMR

(CDCl3, 300 MHz) δ 8.23 (1 H, s), 8.16 (2 H, dd, J = 8.6, 1.5 Hz), 7.94−7.76 (6 H, m),

7.66−7.50 (4 H, m), 7.36 (2 H, dd, J = 8.6, 1.5 Hz), 6.98 (4 H, d, J = 8.6 Hz), 4.36 (2 H, q,

J = 7.0 Hz), 4.04 (4 H, t, J = 6.5 Hz), 1.83 (4 H, tt, J = 6.5, 6.5 Hz), 1.57−1.20 (44 H, m),

1.38 (3 H, t, J = 7.0 Hz), 0.86 (6 H, t, J = 6.5 Hz); 13C NMR (CDCl3, 100 MHz) δ 164.8,

163.7, 163.2, 162.7, 150.9, 143.2, 141.9, 138.6, 138.1, 137.9, 137.3, 135.2, 134.4, 132.6,

132.4, 130.4, 130.2, 129.9, 129.4, 128.3, 127.2 (2 ×), 126.7 (2 ×), 126.2 (2 ×), 122.4 (2 ×),

121.4 (2 ×), 114.3 (2 ×), 114.0, 68.4 (2 ×), 61.8, 31.9 (2 ×), 30.1 (2 ×), 29.7 (2 ×), 29.5 (4 ×),

29.4 (2 ×), 29.2 (4 ×), 29.1 (2 ×), 29.0 (2 ×), 25.9 (2 ×), 22.8 (2 ×), 14.3 (2 ×), 14.1; FAB-

MS m/z 1022.6 (M+); HRMS calcd for C65H82O8S: 1022.5730; found: 1022.5702.

Ethyl 4,7-bis[4-(4-hexadecoxybenzoyl)phenyl]benzo[b]thiophene-2-carboxylate

(5k). According to the representative procedure, the reaction of dialkenylthiophene 4k with

1.2 equiv of DDQ in refluxing toluene gave benzothiophene 5k in 68% yield. Solid, mp

190−192 oC; TLC (EtOAc/hexane, 1:9) Rf = 0.22; IR (KBr) 1767, 1671 cm−1; 1H NMR

(CDCl3, 300 MHz) δ 8.23 (1 H, s), 8.17 (2 H, dd, J = 8.6, 1.5 Hz), 7.95−7.75 (6 H, m),

7.66−7.51 (4 H, m), 7.37 (2 H, dd, J = 8.6, 1.5 Hz), 6.97 (4 H, d, J = 8.6 Hz), 4.36 (2 H, q,

J = 6.8 Hz), 4.04 (4 H, t, J = 6.3 Hz), 1.82 (4 H, tt, J = 6.3, 6.5 Hz), 1.56−1.19 (52 H, m),

1.38 (3 H, t, J = 6.8 Hz), 0.86 (6 H, t, J = 6.5 Hz); 13C NMR (CDCl3, 100 MHz) δ 164.8,

163.7, 163.2, 162.7, 150.9, 142.2, 141.9, 138.6, 138.1, 137.9, 137.2, 136.2, 134.3, 132.6,

132.4, 130.4, 130.2, 130.0, 129.4, 128.3, 127.7 (2 ×), 126.7 (2 ×), 126.2 (2 ×), 122.4 (2 ×),

121.4 (2 ×), 114.3 (2 ×), 114.2, 68.5 (2 ×), 61.7, 32.0 (2 ×), 30.1 (2 ×), 29.6 (2 ×), 29.5 (4 ×),

29.4 (2 ×), 29.2 (4 ×), 29.1 (4 ×), 29.0 (2 ×), 25.8 (2 ×), 24.4 (2 ×), 22.8 (2 ×), 14.2 (2 ×),

14.1; FAB-MS m/z 1078.7 (M+); HRMS calcd for C69H90O8S: 1078.6356; found:

1078.6335.
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Methyl 4,7-bis(2-thienyl)benzo[b]thiophene-2-carboxylate (7a). According to the

representative procedure, the SmI2 promoted coupling reaction of 1a with 2-

acetylthiophene, followed by the acid-catalyzed dehydration and DDQ oxidative

cyclization, gave benzothiophene 7a in 38% overall yield. Solid, mp 143−144 °C; TLC

(EtOAc/hexane, 3:7) Rf =  0.59; UV (CHCl3) λmax (ε) 290 nm (20700), 335 nm (17800); FL

(CHCl3, c = 1 × 10−5 M) λem 454 nm by excitation at 335 nm; 1H NMR (CDCl3, 400 MHz) δ

8.47 (1 H, s), 7.64 (1 H, d, J =  7.6Hz), 7.62 (1 H, dd, J=  3.6, 1.2 Hz), 7.53 (1 H, d, J=  7.6

Hz), 7.43−7.40 (2 H, m), 7.35 (1 H, dd, J=  4.2, 1.6 Hz), 7.20−7.17 (2 H, m), 3.93 (3 H, s);

13C NMR (CDC13, 100 MHz) δ 163.0, 141.4, 141.3, 141.0, 137.5, 133.7, 131.4, 130.5,

129.1, 127.9, 127.9, 126.7, 126.5, 126.2, 126.2, 125.9, 125.8, 52.6; MS m/z (rel intensity)

356 (24, M+), 154 (100); HRMS calcd for C18H12O2S3: 355.9999; found: 355.9980.

Methyl 4,7-bis(3-methyl-2-thienyl)benzo[b]thiophene-2-carboxylate (7c). According

to the representative procedure, the SmI2 promoted coupling reaction of 1a with 2-acetyl-3-

methylthiophene, followed by the acid-catalyzed dehydration and DDQ oxidative

cyclization, gave benzothiophene 7c in 36% overall yield. Oil; TLC (EtOAc/hexane, 3:7) Rf

= 0.56; UV (CHCl3) λmax (ε) 275 nm (24400), 365 nm (19000); FL (CHCl3, c = 2 × 10−5 M)

λem 434 nm on excitation at 365 nm; 1H NMR (CDC13, 400 MHz) δ 8.05 (1 H, s), 7.46 (1 H,

d, J=  7.6 Hz), 7.43 (1 H, d, J=  7.6 Hz), 7.34 (1 H, d, J = 5.2 Hz), 7.32 (1H, d, J=  4.8 Hz),

7.01 (1 H, d, J=  4.8 Hz), 7.00 (1 H, d, J = 5.2 Hz), 3.89 (3 H, s), 2.23 (3 H, s), 2.18 (3 H, s);

13C NMR (CDCl3, 100 MHz) δ 163.1, 143.8, 138.6, 135.7, 135.2, 134.6, 134.2, 133.9,

131.4, 130.8, 130.4, 130.3, 129.3, 128.6, 127.4, 124.9, 124.7, 52.5, 14.9, 14.8; EI-MS m/z

(rel intensity) 384 (100, M+); HRMS calcd for C20H16O2S3: 384.0312; found: 384.0527.

Methyl 4,7-bis(3-thienyl)benzo[b]thiophene-2-carboxylate (8). According to the

representative procedure, the SmI2 promoted coupling reaction of 1a with 3-
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acetylthiophene, followed by the acid-catalyzed dehydration and DDQ oxidative

cyclization, gave benzothiophene 8 in 42% overall yield. Solid, mp 205−206 °C; TLC

(EtOAc/hexane, 3:7) Rf = 0.57; UV (CHCl3) λmax (ε) 280 nm (21400), 360 nm (17200); FL

(CHCl3, c = 2 × 10−5 M) λem 429 nm on excitation at 360 nm; 1H NMR (CDCl3, 300 MHz) δ

8.30 (1 H, s), 7.73 (1 H, d, J =  1.1 Hz), 7.58 (1 H, d, J =  7.6 Hz), 7.52−7.47 (5 H, m), 7.36

(1 H, d, J =  6.3 Hz), 3.92 (3H, s); 13C NMR (CDCl3, 75 MHz) δ 163.2, 141.5, 140.5, 140.1,

137.8, 133.3, 133.3, 130.7, 130.5, 128.4, 127.3, 126.4, 126.3, 126.2. 125.6, 123.3, 123.0,

52.5; EI-MS m/z (rel intensity) 356 (11, M+), 154 (100); HRMS calcd for C18H12O2S:

355.9999; found: 355.9995.

Methyl 4,5-bis(1-hydroxycyclohexyl)-4,5-dihydrothiophene-2-carboxylate (9a).

The reaction of 1a (142 mg, 1.0 mmol) with cyclohexanone (220 mg, 2.1 mmol), by a

procedure similar to that for 2a, gave diol 9a (310 mg, 91% yield). Solid; mp 98−100 oC;

TLC (EtOAc/hexane, 3:7) Rf = 0.20; IR (KBr) 3406, 1710 cm−1; 1H NMR (CDCl3, 300

MHz) δ 6.43 (1 H, d, J = 3.5 Hz), 3.72 (3 H, s), 3.69 (1 H, d, J = 2.7 Hz), 3.18 (1 H, dd, J =

3.5, 2.7 Hz), 2.55 (2 H, br s, 2 OH), 1.69−1.29 (18 H, m), 1.10−1.00 (2 H, m); 13C NMR

(CDCl3, 75 MHz) δ 162.6, 135.1, 134.4, 74.4, 73.9, 60.6, 59.8, 52.1, 35.7, 34.4, 32.0, 30.9,

25.4 (2 ×), 21.5 (2 ×), 21.2 (2 ×); EI-MS m/z (rel intensity) 340 (M+, 56), 144 (100); HRMS

calcd for C18H28O4S: 340.1708; found: 340.1704. The structure of 9a was confirmed by an

X-ray analysis.

Methyl 4,5-bis(l-hydroxy-l,2,3,4-tr trahydronaphth-l-yl)-4,5-dihydrothiophene-2-

carboxylate (9b). The reaction of 1a with α-tetralone, by a procedure similar to that for 2a,

gave diol 9b (68% yield). Solid, mp 114−116 °C; TLC (EtOAc/hexane, 1:4) Rf =  0.13; IR

(KBr) 3444, 1719 cm−1; 1H NMR (CDCl3, 200 MHz) δ 7.68 (1 H, dd, J = 8.8, 2.2 Hz), 7.61

(1 H, dd, J = 8.9, 2.0 Hz), 7.22−7.10 (6 H, m), 5.77 (1 H, d, J =  3.3 Hz), 4.76 (1 H, d, J =
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3.6 Hz), 4.40 (1 H, br s, OH), 4.27 (1 H, br s, OH), 4.20 (1 H, t, J = 3.5 Hz), 3.61 (3 H, s),

2.82−2.60 (4 H, m), 2.12−1.84 (8 H, m); 13C NMR (CDCl3, 75 MHz) δ 162.4, 139.9, 139.8,

138.8, 138.1, 135.2, 134.0, 129.4, 129.2, 127.6 (2 ×), 126.8, 126.7, 126.1, 125.9, 74.9, 74.3,

60.7, 57.6, 52.2, 31.6, 30.4 (2 ×), 30.3, 19.1, 18.8; EI-MS m/z (rel intensity) 289 (11, M+

−C10H11O), 147 (100, C10H11O); HRMS calcd for C16H17O3S (M+ − C10H11O): 289.0898;

found: 289.0892. The structure of 9b was confirmed by an X-ray analysis.

Methyl 4,5-bis(cyclohexenyl)-4,5-dihydrothiophene-2-carboxylate (10a). The acid-

catalyzed dehydration of diol 9a according to the representative procedure gave diene 10a

in 88% yield. Oil; TLC (EtOAc/hexane, 1:9) Rf =  0.43; IR (neat) 1715 cm−1; 1H NMR

(CDCl3, 300 MHz) δ 6.35 (1 H, d, J = 3.1 Hz), 5.59 (1 H, br s), 5.48 (1 H, br s), 4.18 (1 H,

d, J = 7.0 Hz), 3.75 (3 H, s), 3.53 (1 H, dd, J = 7.0, 3.1 Hz), 2.23−2.15 (1H, m), 1.97−1.88

(7 H, m), 1.75−1.46 (8 H, m); 13C NMR (CDC13, 75 MHz) δ 162.9, 136.8, 136.5, 136.1,

134.2, 124.5, 123.8, 61.5, 60.5, 52.2, 26.5, 25.2 (2 ×), 24.2, 22.8, 22.6, 22.3, 22.2; EI-MS

m/z (rel intensity) 304 (100, M+); HRMS calcd for C18H24O2S: 304.1497; found: 304.1498.

Methyl 4,5-bis(3,4-dihydronaphth-l-yl)-4,5-dihydrothiophene-2-carboxylate (10b).

The acid-catalyzed dehydration of diol 9b according to the representative procedure gave

diene 10b in 97% yield. Oil; TLC (EtOAc/hexane, 1:4) Rf =  0.45; IR (neat) 1720 cm−1;

1HNMR (CDCl3, 200 MHz) δ 7.21−7.05 (8 H, m), 6.68 (1 H, d, J =  3.2 Hz), 6.22 (1 H, t, J

=  4.6 Hz), 6.05 (1 H, t, J = 4.6 Hz), 4.80 (1 H, d, J =  5.5 Hz), 4.59 (1 H, dd, J =  5.5, 3.2

Hz), 3.81 (3 H, s), 2.75 (4 H, t, J = 8.1 Hz), 2.37−2.25 (4 H, m); 13C NMR (CDCl3, 75 MHz)

δ 162.9, 136.9, 136.8, 136.7, 135.8, 135.2, 134.6, 133.6, 133.2, 127,8, 127.7, 127.0, 126.9

(2 ×), 126.4, 126.3, 126.2, 122.8, 122.5, 55.2, 54.0, 52.3, 27.9 (2 ×), 23.2, 23.1; EI-MS m/z

(rel intensity) 400 (21, M+), 226 (100); HRMS calcd for C26H24O2S: 400.1497; found:

400.1505.
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Methyl 4,5-bis(naphth-l-yl)thiophene-2-carboxylate (11b). According to the

representative procedure, the reaction of diene 10b with 4.5 equiv of DDQ in refluxing

toluene for 2 h gave diarylthiophene 11b in 94% yield. Oil; TLC (EtOAc/hexane, 1:4) Rf =

0.42; IR (neat) 1715 cm−1; UV (CHCl3) λmax (ε) 290 nm (26300); FL (CHCl3, c = 1 × 10−5 M)

λem 434 nm by excitation at 327 nm; 1H NMR (CDCl3, 200 MHz) δ 8.05 (1 H, s), 7.99 (1 H,

m), 7.94 (1 H, d, J =  8.5 Hz), 7.77−7.67 (3 H, m), 7.63−7.58 (1 H, m), 7.45−7.34 (4 H, m),

7.31−7.20 (2 H, m), 7.12−7.09 (2 H, m), 3.95 (3 H, s); 13C NMR (CDCl3, 75 MHz) δ 162.7,

145.5, 139.9, 136.7, 133.5, 133.3, 133.0, 132.1 (2 ×), 131.8, 130.4, 129.2, 129.1, 128.2,

128.0, 127.9, 127.8, 126.3, 126.2, 125.9, 125.7, 125.5, 125.4, 125.0, 124.8, 52.2; EI-MS

m/z (rel intensity) 394 (100, M+); HRMS calcd for C26H18O2S: 394.1027; found: 394.1033.

 Methyl phenanthro[9,10-b]thiophene-2-carboxylate (12a). Solid, mp 208−209 °C;

TLC (EtOAc/hexane, 1:9) Rf =  0.24; IR (KBr) 1712 cm−1; UV (CHCl3) λmax (ε) 290 nm

(43800), 302 nm (51500), 336 nm (43700), 358 nm (12200); FL (CHCl3, c = 1 × 10−5 M)

λem 385 nm by excitation at 358 nm; 1H NMR (CDCl3, 200 MHz) δ 8.55−8.51 (2 H, m),

8.49 (1 H, s), 8.15 (1 H, dd, J =  8.8, 2.9 Hz), 8.00 (1 H, dd, J = 8.2, 2.2 Hz), 7.63−7.50 (4

H, m), 3.97 (3 H, s); 13C NMR (CDCl3, 75 MHz) δ 163.0, 141.1, 134.5, 131.5, 129.6, 129.3,

129.0, 128.4, 127.6, 127.4, 127.3 (2 ×), 126.5, 124.4, 124.0, 123.6, 123.4, 52.4; EI-MS m/z

(rel intensity) 292 (100, M+); HRMS calcd for C18H12O2S: 292.0559; found: 292.0555; Anal.

Calcd for C18H12O2S: C, 73.96; H, 4.14. Found: C, 73.48; H, 4.12.

Methyl 5,6-dimethyl-4,7-diphenylbenzo[b]thiophene-2-carboxylate (13a).

According to the representative procedure, the SmI2 promoted coupling reaction of 1a with

propiophenone, followed by the acid-catalyzed dehydration and DDQ oxidation, gave 4,5-

di(1-phenylpropenyl)thiophene in 42% overall yield. Irradiation of 4,5-di(1-

phenylpropenyl)thiophene with 300-nm light in the presence of I2 (2.5 equiv), according to

the representative procedure, gave benzothiophene 13a in 32% yield. Solid, mp 137−138 oC;
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TLC (hexane/EtOAc, 95:5) Rf = 0.30; IR (KBr) 1706 cm−1; UV λmax 256 nm (ε = 33900);
1H NMR (300 MHz, CDCl3) δ 7.62 (1 H, s), 7.26−7.52 (10 H, m), 3.81 (3 H, s), 2.25 (3 H,

s), 2.22 (3 H, s); 13C NMR (100 MHz, CDCl
3
) δ 163.4, 141.7, 140.0, 139.8, 137.7, 136.5,

135.1, 134.6, 132.5, 131.9, 131.2, 129.8, 129.3, 129.1, 128.8, 128.4, 127.9, 127.4, 52.2,

18.1, 17.7; FAB-MS m/z (rel intensity) 372 (M+, 90), 251 (100); FAB-HRMS calcd for

C24H20O2S: 372.1184 (M+), found: 372.1169.

Methyl 4,7-bis(4-methoxyphenyl)-5,6-dimethylbenzo[b]thiophene-2-carboxylate

(13b). According to the representative procedure, the SmI2 promoted coupling reaction of

1a with (4-methoxyphenyl)propanone, followed by the acid-catalyzed dehydration, gave

4,5-di(1-phenylpropenyl)-4,5-dihydothiophene, which was subjected to oxidation with

excess amounts of DDQ (3 equiv) in refluxing xylene for 3 days to give benzothiophene

13b in 23% overall yield. Solid, mp 228−229 oC; TLC (hexane/EtOAc, 95:5) R
f = 0.14; IR

(KBr) 1712 cm−1; UV λmax 263 nm (ε = 23400); 1H NMR (300 MHz, CDCl3) δ 2.20 (3 H, s),

2.23 (3 H, s), 3.80 (3 H, s), 3.88 (3 H, s), 3.89 (3 H, s), 7.00−7.04 (4 H, m), 7.23 (2 H, d, J

= 8.3 Hz), 7.32 (2 H, d, J = 8.3 Hz), 7.63 (1 H, s); 13C NMR (100 MHz, CDCl
3 
) δ 17.7,

18.1, 52.2, 55.2, 55.3, 113.8, 114.2, 130.4, 130.9, 131.4, 131.7, 132.1, 132.3, 132.7, 134.6,

134.8, 137.2, 142.1, 158.8, 159.2, 163.5; HRMS calcd for C26H26O4S: 432.1552, found:

432.1386 (M+).

Ethyl 5,6-diphenyl-4,7-di(3,4,5-tr imethoxyphenyl)benzo[b]thiophene-2-carboxylate

(14b). According to the representative procedure, the SmI2 promoted coupling reaction of

1b with α-phenylacetyl-3,4,5-trimethoxyphenone, followed by the acid-catalyzed

dehydration and DDQ oxidative cyclization, gave tetraphenylbenzothiophene 14b in 31%

overall yield. Solid, mp 213−215 oC; TLC (EtOAc/hexane, 1:4) Rf = 0.15; IR (KBr) 1714

cm−1; UV (CHCl3) λmax (ε) 276 nm (31100), 340 nm (16200); FL (CHCl3, c = 1 × 10−5 M)

λem 435 nm on excitation at 340 nm; 1H NMR (CDCl3, 300 MHz) δ 8.01 (1 H, s), 6.91−6.90

(5 H, m), 6.84−6.82 (5 H, m), 6.47 (2 H, s), 6.35 (2 H, s), 4.34 (2 H, q, J = 6.0 Hz), 3.82 (6

H, s), 3.63 (6 H, s), 3.62 (6 H, s), 1.33 (3 H, t, J = 6.0 Hz); 13C NMR (CDCl3, 100 MHz) δ

162.9, 152.8, 152.5 (3 ×), 142.9, 139.7 (2 ×), 139.6 (2 ×), 139.4, 138.5, 137.7, 137.6, 137.2,

135.0, 134.4, 134.2, 134.1, 131.3 (2 ×), 131.2 (2 ×), 127.0, 126.9, 125.9 (2 ×), 125.8 (2 ×),

108.3 (2 ×), 107.4 (2 ×), 61.6, 60.9, 60.8, 56.1 (2 ×), 56.0 (2 ×), 14.3; FAB-MS m/z 690.2
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(M+); HRMS calcd for C41H38O8S: 690.2287; found: 690.2289.

Ethyl 4,5,6,7-tetra(4-methylphenyl)benzo[b]thiophene-2-carboxylate (14c).

According to the representative procedure, the SmI2 promoted coupling reaction of 1b with

1,2-di(4-methylphenyl)ethanone, followed by the acid-catalyzed dehydration and DDQ

oxidative cyclization, gave tetraphenylbenzothiophene 14c in 41% overall yield. Solid, mp

254−255 oC; TLC (EtOAc/hexane, 1:4) Rf = 0.35; IR (KBr) 1716 cm−1; UV (CHCl3) λmax (ε)

261 nm (28800), 340 nm (13600); FL (CHCl3, c = 1 × 10−5 M) λem 404 nm by excitation at

340 nm; 1H NMR (CDCl3, 300 MHz) δ 7.85 (1 H, s), 7.14 (2 H, d, J = 8.1 Hz), 7.10 (2 H, d,

J = 8.1 Hz), 7.05−7.03 (4 H, m), 6.69−6.68 (8 H, m), 4.30 (2 H, q, J = 7.3 Hz), 2.30 (6 H, s),

2.11 (6 H, s), 1.32 (3 H, t, J = 6.0 Hz); 13C NMR (CDCl3, 75 MHz) δ 162.9, 143.4, 139.7,

138.6, 137.7, 136.74, 136.70, 136.6 (2 ×), 136.4 (2 ×), 136.1, 135.0, 134.9, 134.7, 133.4,

131.5 (2 ×), 131.3 (2 ×), 131.2 (3 ×), 130.3 (2 ×), 129.6 (2 ×), 128.8 (2 ×), 128.4 (2 ×),

127.5 (2 ×), 61.4, 21.3, 21.2, 21.1 (2 ×), 14.3; FAB-MS m/z 566.2 (M+); HRMS calcd for

C39H34O2S: 630.2280; found: 566.2278.

Ethyl 4,5,6,7-tetra(4-methoxyphenyl)benzo[b]thiophene-2-carboxylate (14d).

According to the representative procedure, the SmI2 promoted coupling reaction of 1b with

1,2-di(4-methoxyphenyl)ethanone, followed by the acid-catalyzed dehydration and DDQ

oxidative cyclization, gave tetraphenylbenzothiophene 14d in 35% overall yield.  Solid,

mp 243−245 oC; TLC (EtOAc/hexane, 1:4) Rf = 0.30; IR (near) 1706 cm−1; UV (CHCl3)

λmax (ε) 269 nm (35400), 340 nm (18300); FL (CHCl3, c = 1 × 10−5 M) λem 425 nm by

excitation at 340 nm; 1H NMR (CDCl3, 400 MHz) δ 7.85 (1 H, s), 7.17 (2 H, d, J = 6.6 Hz),

7.06 (2 H, d, J = 6.6 Hz), 6.77 (4 H, dd, J = 6.6, 1.5 Hz), 6.70 (4 H, dd, J = 6.6, 1.5 Hz),

6.45 (4 H, dd, J = 6.6, 1.5 Hz), 4.32 (2 H, q, J = 6.0 Hz), 3.79 (6 H, s), 3.64 (6 H, s), 1.33 (3

H, t, J = 6.0 Hz); 13C NMR (CDCl3, 75 MHz) δ 162.9, 158.5, 158.2, 157.3, 157.1, 143.4,

139.6, 138.4, 137.9, 134.8, 133.5, 132.5, 132.4 (2 ×), 132.3 (2 ×), 132.1 (2 ×), 132.0 (2 ×),

131.7 (2 ×), 131.5 (2 ×), 131.4, 130.9, 113.6 (2 ×), 113.2 (2 ×), 112.4 (3 ×), 61.4, 55.1, 55.0,

54.8 (2 ×), 14.3; FAB-MS m/z 630.1 (M+); HRMS calcd for C39H34O6S: 630.2076; found:

630.2086.

Ethyl 4,5,6,7-tetra(4-hydroxyphenyl)benzo[b]thiophene-2-carboxylate (14e). Under

an atmosphere of argon, a solution of tetraanisole 14d (315 mg, 0.5 mmol) in CH2Cl2 was

cooled to −78 oC. A solution of BBr3 in CH2Cl2 (7.5 mmol, 7.5 mL of 1 M solution) was
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added dropwise. The mixture was stirred at −78 oC for 30 min, and at room temperature for

24 h. The reaction mixture was cooled in an ice bath, and 10 mL of water was added

cautiously. The mixture was extracted with CH2Cl2. The combined organic phase was dried

(Na2SO4), concentrated and recrystallized from EtOAc/hexane (5:95) to give tetraphenol

14e (211 mg, 74%). Solid, mp >300 oC; TLC (EtOAc/hexane, 1:9) Rf = 0.08; IR (KBr)

3376, 1695 cm−1; 1H NMR (CD3OD, 400 MHz) δ 7.78 (1 H, s), 7.07 (2 H, d, J = 8.6 Hz),

6.87 (2 H, d, J = 8.6 Hz), 6.70 (4 H, d, J = 7.6 Hz), 6.66 (2 H, d, J = 8.6 Hz), 6.64 (2 H, d, J

= 8.6 Hz), 6.39 (4 H, d, J = 7.6 Hz), 4.32 (2 H, q, J = 6.0 Hz), 1.33 (3 H, t, J = 6.0 Hz); 13C

NMR (CD3OD, 100 MHz) δ 165.1, 157.6, 157.4, 156.1, 144.7, 141.8, 140.6, 139.2, 136.5,

134.0, 133.9, 133.1, 132.9, 132.8, 132.7, 132.6, 132.5 (4 ×), 132.1 (5 ×), 116.1 (2 ×), 115.7

(4 ×), 115.0 (2 ×), 61.4, 14.3; FAB-MS m/z 574.1 (M+). HRMS calcd for C35H26O6S:

574.1302; found: 574.1299.

4,5,6,7-Tetra(4-octoxyphenyl)benzo[b]thiophene-2-carboxylic acid (14f). A mixture

of tetraphenol 14e (560 mg, 1.0 mmol) and KOH (280 mg, 5.0 mmol) in diethylene glycol

(10 mL) was heated at 65 oC until it became a clear solution. After addition of 1-

bromooctane (920 mg, 5.0 mmol), the mixture was heated at 110 oC for 24 h. The mixture

was cooled to room temperature, added 1 N HCl (10 mL), and extracted with CH2Cl2. The

organic phase was washed with water, dried (Na2SO4), and chromatographed on a silica gel

column by elution with EtOAc/hexane (1:9) to give the alkylation product 14f (508 mg,

54%). Compound 14f existed as a carboxylic acid as the reaction proceeded in alkaline

conditions. Solid, mp 140−142 oC; TLC (EtOAc/hexane, 1:9) Rf = 0.18; IR (KBr) 1695

cm−1; 1H NMR (CDCl3, 400 MHz) δ 7.92 (1 H, s), 7.13 (2 H, d, J = 8.4 Hz), 7.04 (2 H, d, J

= 8.4), 6.77−6.73 (4 H, m), 6.67 (4 H, d, J =8.4 Hz), 6.43 (4 H, d, J = 8.4 Hz), 3.91 (4 H,

m), 3.75 (4 H, t, J = 6.4 Hz), 1.76−1.70 (4 H, m), 1.70−1.63 (4 H, m), 1.46−1.20 (40 H, m),

0.89−0.84 (12 H, m); 13C NMR (CDCl3, 100 MHz) δ 167.6, 158.3, 158.1, 157.1, 156.9,

144.3, 140.1, 139.1, 138.2, 138.1, 135.2, 133.5, 132.8, 132.3 (2 ×), 132.2, 132.0 (2 ×),

131.8 (2 ×), 131.7 (3 ×), 131.2 (4 ×), 114.4 (2 ×), 114.0 (2 ×), 113.3 (2 ×), 68.1 (4 ×), 32.0

(4 ×), 29.9 (4 ×), 29.6, 29.5, 29.4 (2 ×), 26.3 (4 ×), 26.2 (4 ×), 22.9 (4 ×), 14.3 (4 ×); FAB-

MS m/z 994 (M+); HRMS calcd for C65H86O6S: 994.6145; found: 994.6132.

4,5,6,7-Tetra(4-decoxyphenyl)benzo[b]thiophene-2-carboxylic acid (14g).

Alkylation of tetraphenol 14e with 1-bromodecane, by a procedure similar to that for 14f,
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gave acid 14g in 61% yield. Solid, mp 135−138 oC; TLC (EtOAc/hexane, 1:9) Rf = 0.20; IR

(KBr) 1664 cm−1; 1H NMR (CDCl3, 400 MHz) δ 7.93 (1 H, s), 7.13 (2 H, d, J = 8.4 Hz),

7.03 (2 H, d, J = 8.4), 6.77−6.67 (4 H, m), 6.66 (4 H, dd, J = 8.4, 8.4 Hz), 6.43 (4 H, d, J =

8.4 Hz), 3.91 (4 H, m), 3.76 (4 H, t, J = 6.2 Hz), 1.76−1.73 (4 H, m), 1.70−1.62 (4 H, m),

1.58−1.21 (56 H, m) , 0.87−0.84 (12 H, m); 13C NMR (CDCl3, 100 MHz) δ 167.6, 158.1,

157.8, 156.9, 156.8, 144.2, 140.2, 138.7, 137.9, 137.8, 135.0, 133.3, 132.5, 132.1 (3 ×),

131.9 (2 ×), 131.8 (2 ×), 131.6 (3 ×), 131.4 (3 ×), 130.9, 114.2 (2 ×), 113.8 (2 ×), 113.0 (2

×), 68.0 (4 ×), 32.0 (4 ×), 31.9 (4 ×), 29.6 (4 ×), 29.4 (4 ×), 29.3 (4 ×), 26.2 (4 ×), 26.1 (4 ×),

22.6 (4 ×), 14.0 (4 ×); FAB-MS m/z 1107 (M+ for C73H102O6S).

4,5,6,7-Tetra(4-dodecoxyphenyl)benzo[b]thiophene-2-carboxylic acid (14h).

Alkylation of tetraphenol 14e with 1-bromododecane, by a procedure similar to that for 14f,

gave acid 14h in 40% yield. Solid, mp 130−131 oC; TLC (EtOAc/hexane, 1:9) Rf = 0.20; IR

(near) 1684 cm−1; 1H NMR (CDCl3, 400 MHz) δ 7.92 (1 H, s), 7.13 (2 H, d, J = 8.4 Hz),

7.03 (2 H, d, J = 8.4), 6.77−6.67 (4 H, m), 6.66 (4 H, dd, J = 8.4, 8.4 Hz), 6.43 (4 H, d, J =

8.4 Hz), 3.91 (4 H, m), 3.75 (4 H, t, J = 6.2 Hz), 1.76−1.73 (4 H, m), 1.67−1.63 (4 H, m),

1.66−1.21 (72 H, m) , 0.87−0.84 (12 H, m); 13C NMR (CDCl3, 100 MHz) δ 167.3, 158.1,

157.8, 156.9, 156.8, 144.2, 140.2, 138.7, 137.9, 137.8, 134.9, 133.3, 132.5, 132.4 (3 ×),

132.1, 131.9 (2 ×), 131.8 (2 ×), 131.6 (3 ×), 131.4 (3 ×), 130.9, 114.2 (2 ×), 113.9 (2 ×),

113.0 (2 ×), 68.0 (4 ×), 32.0 (4 ×), 31.9 (4 ×), 29.7 (4 ×), 29.6 (4 ×), 29.5 (4 ×), 29.4 (4 ×),

29.3 (4 ×), 26.1 (4 ×), 26.0 (4 ×), 22.7 (4 ×), 14.3 (4 ×); FAB-MS m/z 1219 (M+ for

C81H118O6S).

Ethyl 5,6,7,14,15,16-hexamethoxy-tr ibenzo[fg,ij,rst]pentapheno[15,16-b]-

thiophene-2-carboxylate (15b). Compound 14b was treated with FeCl3, by a procedure

similar to that for 15a, gave the desired product 15b in 79% yield. Solid, mp >300 oC (from

CH2Cl2/hexane); IR (KBr) 1725 cm−1; UV (CHCl3) λmax (ε) 309 nm (38400); FL (CHCl3, c =

1 × 10−5 M) λem 467 nm by excitation at 350 nm; 1H NMR (CDCl3, 300 MHz) δ 9.84 (1 H,

d, J = 7.9 Hz), 9.81 (1 H, d, J = 7.9 Hz), 9.29 (1 H, s), 8.98 (2 H, d, J = 7.9 Hz), 8.84 (1 H,

s), 8.83 (1 H, s), 8.06 (1 H, t, J = 7.9 Hz), 8.04 (1 H, d, J = 7.9 Hz), 4.46 (2 H, q, J = 7.2

Hz), 4.24 (6 H, s), 4.16 (3 H, s), 4.14 (3 H, s), 4.06 (3 H, s), 4.05 (3 H, s), 1.30 (3 H, t, J =

7.2 Hz); FAB-MS m/z 684.2 (M+); HRMS calcd for C41H32O8S: 684.1818; found: 684.1805.
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NOESY spectrum of compound 6
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