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General Information  Melting point (mp) was measured by Büchi B-545. 
1
H-NMR and 

13
C-NMR 

spectra were recorded on a JEOL JMN-300 spectrometer in CDCl3 with tetramethylsilane as an 

internal standard. Data are reported as follows: chemical shift in ppm (δ), integration, multiplicity (s = 

singlet, d = doublet, t = triplet, q = quartet, brs = broad singlet, m = multiplet), coupling constant (Hz). 

Infrared spectra (IR) were obtained on a Hitachi 270-50 spectrometer; absorptions are reported in 

reciprocal centimeters with the following relative intensities: s (strong), m (medium), or w (weak). 

Mass spectra were obtained on a Shimadzu GCMS-QP 5000 instrument with ionization voltages of 

70 eV. Elemental analyses and high resolution mass spectra were performed by the Elemental 

Analysis Section of Osaka University. Column chromatography and TLC were carried out on Merck 

Silica gel 60 (230-400 mesh) and Merck Silica gel F254 plates (0.25 mm), respectively. The spots and 

bands were detected by UV irradiation (254, 365 nm).    

 

Materials [hydroxyl(tosyloxy)iodo]benzene (PhI(OH)OTs), PhI(OAc)2 (PIDA), TMSBr, 

1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) are commercially available and used as recieved. 

Thiophenes (1a,
1)

 1d,
2)

 1f,
3)

), pyrrole (2g)
4)

 were prepared according to the literatures. 

3-(p-Tolyl)thiophene 2h
5)

 was prepared using the general Suzuki coupling methods. All other starting 

materials are commercially available. They were used without further purification. 
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General Experimental Procedure for the Mixed Biaryl Synthesis. (Scheme 1)  

To a stirred solution of 3,4-dihexylthiophene 1a (252 mg, 1 mmol) in (CF3)2CHOH, PhI(OH)OTs 

(412 mg, 1.05 mmol) was added at room temperature. After stirring for 30 min., 

1-methoxynaphthalene 2a (237 mg, 1.5 mmol) and TMSBr (0.27 mL, 2 mmol) were sequentially 

added and then stirred for an additional 3 hours under the same conditions, while the reaction 

progress was checked by TLC or GC. Saturated aqueous sodium hydrogen carbonate was added to 

the mixture when the reaction completed. The aqueous phase was extracted with CH2Cl2. The extract 

was dried over anhydrous Na2SO4 and then evaporated to dryness. The crude residue was purified by 

column chromatography on silica-gel (eluent: n-hexane/AcOEt) to give the pure biaryl 3aa in 86% 

yield (351 mg, 0.86 mmol). 

S

1a 3aa

TMSBr

HFIP

2a

Hex Hex

S
OMe

Hex
Hex

OMe

 PhI(OH)OTs

 

 

(3aa)  

Oil; 
1
H-NMR (300 MHz, CDCl3): δ 0.72 (3H, t, J = 6.6 Hz), 0.72 (3H, t, J = 6.6 Hz), 0.9-1.10 (6H, m), 

1.25-1.46 (8H, m), 1.73 (2H, q, J = 7.8 Hz), 2.30 (2H, m) 2.60 (2H, t, J = 6.6 Hz), 4.03 (3H, s), 6.83 

(1H, d, J = 7.8 Hz), 6.99 (1H, s), 7.38 (1H, d, J = 7.8 Hz), 7.42-7.29 (2H, m), 7.64 (1H, dd, J = 7.5, 1.8 

Hz), 8.30 (1H, dd, J = 7.5, 1.8 Hz) ppm; 
13

C-NMR (75 MHz, CDCl3); δ 14,0, 14.1, 22.4, 22.7, 27.4, 

29.1, 29.4, 29.8, 30.2, 31.3, 31.8, 55.5, 103.1, 119.0, 122.0, 124.9, 125.1, 125.5, 126.1, 126.7, 129.1, 

134.0, 135.8, 140.0, 142.3, 155.5 ppm; IR (KBr): 2928 s, 2855 s, 1585 s, 1508 m, 1462 s, 1383 s, 

1319 m, 1159 m, 1024 m, 987 w, 814 m, 763 s, 669 w cm
-1

; HRFABMS: calcd for C27H36OS [M + H]
+
 

409.2565, found 409.2553. 
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(3ba)  

OMe

1b 3ba

TMSBr

HFIP

2a

S

OO

 PhI(OH)OTs

S
OMe

O
O

 

White solid; mp. 178-180 °C; 
1
H-NMR (300 MHz, CDCl3): δ� 3.93 (3Η, s), 4.00-4.20 (m, 4H), 6.35 

(1H, s), 6.76 (1H, d, J = 7.5 Hz), 7.37-7.43 (3H, m), 7.85 (1H, dd, J = 7.5, 1.8 Hz), 8.22 (1H, dd, J = 

7.5, 1.8 Hz) ppm; 
13

C-NMR (75 MHz, CDCl3): δ 55.8, 64.6, 64.7, 98.4, 103.4, 115.5, 121.9, 122.2, 

125.3, 125.7, 126.0, 126.7, 129.2, 132.8, 138.0, 141.4, 155.8 ppm; IR (KBr): 2963 m, 2926 m, 1585 s, 

1497 s, 1462 s, 1385 s, 1319 m, 1261 s, 1236 s, 1159 m, 1096 s, 1067 s, 1013 s, 907 m, 812 m, 764 m, 

714 w, 686 w cm
-1

; HRFABMS: calcd for C17H14O3S [M]
+
 298.0664, found 298.0656. 

 

(3ca)  

OMe

1c 3ca

TMSBr

HFIP

2a PhI(OH)OTs

S
OMe

S

 

White solid; mp. 100-102 °C; 
1
H- NMR (300 MHz, CDCl3): δ 2.35 (3H, s), 4.03 (3H, s), 6.82 (1H, d, 

J = 7.2 Hz), 6.95-6.99 (2H, m), 7.45-7.51 (3H, m), 8.19 (1H, dd, J = 7.5, 1.8 Hz), 8.32 (1H, dd, J = 7.5, 

1.8 Hz) ppm; 
13

C-NMR (75 MHz, CDCl3): δ 15.9, 55.6, 103.2, 120.4, 122.2, 125.0, 125.3, 125.6, 

125.7, 126.8, 128.1, 129.4, 132.7, 137.7, 141.9, 155.4 ppm; IR (KBr): 2936 w, 2837 w, 1585 s, 1510 

m, 1454 m, 1385 s, 1317 m, 1273 s, 1242 m, 1159 w, 1097 s, 1026 w, 818 m, 745 w, 713 w cm
-1

; 

HRFABMS: calcd for C16H14OS [M]
+
 254.0765, found 254.0773. 

 

 

(3da)  
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OMe

1d 3da

TMSBr

HFIP

2a PhI(OH)OTs

S

c-Hex

S
OMe

c-Hex

 

Oil; 
1
H-NMR: (300 MHz, CDCl3) δ 1.29-1.38 (6Η, m), 1.63-1.77 (2H, m), 1.96- 1.99 (2H, m), 

2.52-2.60 (1H, m), 3.93 (3H, s), 6.73 (1H, d, J = 8.1 Hz), 6.88 (1H, s), 6.98 (1H, d, J = 1.5 Hz), 

7.40-7.43 (3H, m), 8.10-8.13 (1H, m), 8.22-8.25 (1H, m) ppm; 
13

C-NMR (75 MHz, CDCl3): δ 26.2, 

26.6, 34.2, 39.8, 55.5, 103.2, 118.0, 122.1, 125.21, 125.24, 125.55, 125.64, 126.8, 127.2, 128.1, 

132.6, 141.5, 149.2, 155.3 ppm; IR (KBr): 2924 s, 2848 s, 1585 s, 1510 m, 1448 s, 1385 s, 1317s, 

1242 s, 1159 m, 1097s, 1026 w, 989 w, 815 m, 763 m, 713 m cm
-1

; HRFABMS: calcd for C21H22OS 

[M]
+
 322.1391, found 322.1399. 

 

(3eb)  

TMSBr

HFIP

2b PhI(OH)OTs
OMe

OMe

1e 3eb

S

Hex

S

Hex

OMe

MeO

 

White solid; mp. 38-40 °C; 
1
H-NMR (300 MHz, CDCl3): δ 0.89 (3H, t, J = 6.4 Hz), 1.29-1.35 (6H, 

m), 1.68 (2H, m), 2.60 (2H, t, J = 7.5 Hz), 3.82 (3H, s), 3.88 (3H, s), 6.49-6.52 (2H, m), 6.83 (1H, s), 

7.21 (1H, s), 7.50 (1H, d, J = 8.8 Hz) ppm; 
13

C-NMR (75 MHz, CDCl3): δ 14.1, 22.6, 29.1, 30.4, 30.6, 

31.7, 55.4, 55.5, 98.9, 104.9, 116.8, 118.9, 125.9, 129.2, 139.1, 142.9, 156.7, 160.0 ppm; IR (KBr): 

2928 s, 2855 m, 1611 s, 1578 s, 1504 s, 1462 s, 1435 m, 1304 s, 1273 m, 1159 s, 1130 m, 1032 m, 835 

m, 746 w cm
-1

; HRFABMS: calcd for C18H24O2S [M]
+
 304.1497, found 304.1496. 

 

 

(3ec)  
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1e

3ec

TMSBr

HFIP

2c PhI(OH)OTs

S

Hex OMe

OMe

S

Hex

OMe

MeOI

I

 

Oil; 
1
H-NMR (300 MHz, CDCl3): δ 0.86-0.91 (3H, m), 1.25-1.34 (6H, m), 1.65 (2H, t, J = 7.5 Hz), 

2.63 (2H, t, J = 7.5 Hz), 3.72 (3H, s), 3.82 (3H, s), 6.49 (1H, d, J = 2.4 Hz), 6.74 (1H, d, J = 1.3 Hz), 

6.97 (1H, s, J = 1.3 Hz), 7.07 (1H, d, J = 2.4 Hz) ppm; 
13

C-NMR (75 MHz, CDCl3): δ 14.1, 21.7, 29.0, 

30.3, 30.6, 31.7, 55.7, 56.1, 99.1, 103.6, 115.2, 120.5, 121.7, 129.9, 141.1, 142.7, 158.5, 160.9 ppm; 

IR (KBr): 3018 w, 2929 w, 1593 w, 1415 w, 1365 m, 1217 m, 1143 w, 1047 w, 908 w, 850 w, 772 s 

cm
-1

.   

 

(3fd) 

1f
3fd

TMSBr

HFIP

2d PhI(OH)OTs
OMe

OMe

S

Br(CH2)6

S

Br(CH2)6
MeO

OMe

 

Oil; 
1
H-NMR (300 MHz, CDCl3): δ 1.38-1.47 (4H, m), 1.66 (2H, q, J = 7.2 Hz), 1.86 (2H, q, J = 7.2 

Hz), 2.19 (3H, s), 2.63 (2H, t, J = 7.2 Hz), 3.40 (2H, t, J = 7.2 Hz), 3.73 (3H, s), 3.82 (3H, s), 6.37 (1H, 

d, J = 1.8 Hz), 6.41 (1H, s), 6.69 (1H, s), 6.94 (1H, s) ppm; 
13

C-NMR (75 MHz, CDCl3): δ 21.1, 28.0, 

28.4, 30.1, 30.4, 32.7, 33.9, 55.3, 55.8, 96.1, 106.4, 116.1, 120.0, 128.9, 137.6, 140.2, 142.3, 158.9, 

160.1 ppm; IR (KBr): 2932 s, 2854 m, 1604 s, 1580 s, 1495 w, 1454 s, 1454 s, 1276 w, 1202 s, 1156 s, 

1094 s, 1061 m, 931 w, 829 m, 742 m, 642 w cm
-1

; HRFABMS calcd for C19H25O2SBr [M]
+
 396.0759, 

found 396.0722. 

(3be)  
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TMSBr

HFIP

2e PhI(OH)OTs

1b 3be

S

OO
N
H H

N

S

O
O

 

Oil; 
1
H-NMR (300 MHz, CDCl3): δ 4.21-4.25 (2H, m), 4.29-4.32 (2H, m), 6.11 (1H, s), 6.20-6.23 

(1H, m), 6.28-6.33 (1H, m), 6.72-6.73 (1H, m), 9.10 (1H, brs) ppm; 
13

C-NMR (75 MHz, CDCl3): δ 

64.6, 65.0, 94.9, 104.6, 109.0, 111.1, 117.1, 125.5, 135.4, 141.5 ppm; IR (KBr): 3427 w, 3109 w, 2980 

w, 2929 w, 2872 w, 1693 w, 1551 m, 1497 s, 1445 s, 1366 s, 1175 m, 1070 s, 910 m, 795 w, 719 s, 654 

m cm
-1

; HRFABMS: calcd for C10H9NO2S [M]
+
 207.0354, found 207.0357. 

 

(3bf)  

TMSBr

HFIP

2f PhI(OH)OTs

1b 3bf

S

OO
N
Ph Ph

N

S

O
O

 

Brown solid; mp. 61-63 °C; 
1
H-NMR (300 MHz, CDCl3): δ 3.81-3.84 (2H, m), 3.99-4.01 (2H, m), 

6.16 (1H, s), 6.33 (1H, dd, J = 3.2, 2.7 Hz), 6.50 (1H, dd, J = 3.2, 1.8 Hz), 6.90 (1H, dd, J = 2.7, 1.8 

Hz). 7.20-7.36 (5H, m) ppm; 
13

C-NMR (75 MHz, CDCl3): δ 64.2, 64.2, 98.2, 108.7, 109.2, 111.7, 

123.5, 124.2, 125.7, 126.8, 128.6, 137.8, 140.3, 141.1 ppm; IR (KBr): 3105 w, 2978 w, 2926 w, 2870 

w, 1597 m, 1541 m, 1499 s, 1441 s, 1364 s, 1321 m, 1167 s, 1070 s, 1038 m, 910 s, 874 m, 782 w, 694 

s cm
-1

; HRFABMS: calcd for C16H13NO2S [M]
+
 283.0667, found 283.0675. 

 

 

 

 

 

(3bg)  
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TMSBr

HFIP

2g PhI(OH)OTs

1b 3bg

S

OO

N

N

S

O
O

CO2Me

MeO2C

 

White solid; mp: 128-130 
o
C; 

1
H-NMR (300 MHz, CDCl3): δ 3.77-3.79 (2H, m), 3.84 (3H, s), 

4.00-4.03 (2H, m), 6.25 (1H, s), 6.38 (1H, dd, J = 3.6, 2.8 Hz), 6.48 (1H, dd, J = 3.6, 1.8 Hz), 6.97 

(1H, dd, J = 2.8, 1.8 Hz), 7.30 (2H, d, J = 9.0 Hz), 8.02 (2H, d, J = 9.0 Hz) ppm; 
13

C-NMR (75 MHz, 

CDCl3): δ  52.2, 64.2, 64.3, 98.8, 108.2, 110.1, 112.9, 123.2, 123.9, 124.6, 127.9, 130.2, 138.0, 141.2, 

144.4, 166.5 ppm; IR (KBr): 3109 w, 2951 w, 2928 w, 2872 w, 1720 s, 1607 s, 1514 s, 1435 s, 1366 s, 

1279 s, 1171 m, 1070 s, 910 m, 796 w, 717 m cm
-1

; HRFABMS: calcd for C18H15NO4S [M]
+
 

341.0722, found 341.0739. 

 

(3eh)  

TMSBr

HFIP

 PhI(OH)OTs

1e

S

2h

3eh

SS

SHex

p-Tolyl

Hex
p-Tolyl

 

Oil; 
1
H-NMR (300 MHz, CDCl3): δ 0.86-0.88 (3H, t, J = 6.6 Hz), 1.07-1.32 (6H, m), 1.51-1.53 (2H, 

m), 2.37 (3H, s), 2.50 (2H, t, J = 7.5 Hz), 6.75 (1H, s), 6.81 (1H, d, J = 1.3Hz), 7.03 (1H, d, J = 5.1Hz), 

7.13-7.27 (5H, m) ppm; 
13

C-NMR (75 MHz, CDCl3): δ 14.1, 21.3, 22.6, 28.9, 30.3, 30.4, 31.7, 120.3, 

123.6, 127.9, 129.0, 129.1, 130.5, 131.7, 133.3, 135.6, 137.0, 138.60, 143.4 ppm; IR (KBr): 2953 s, 

2926 s, 2855 s, 1730 w, 1504 s, 1454 m, 1275 w, 1182 w, 1109 w, 879 w, 879 w, 818 s, 731 s, 667 m 

cm
-1

; HRFABMS: calcd for C21H24S2 [M]
+
 340.1319, found 340.1396. 

 

(3ge)  
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TMSBr

HFIP

 PhI(OH)OTs
N
Ph

1g

2e

3ge

H
N

N
Ph

N
H

 

Brown solid; mp: 120-122 
o
C; 

1
H-NMR (300 MHz, CDCl3): δ 5.81-5.84 (1H, m), 6.07-6.11 (1H, m), 

6.30-6.36 (2H, m), 6.63 (1H, m), 6.85 (1H, dd, J = 2.7, 1.8 Hz), 7.23-7.37 (5H, m), 7.83 (1H, brs) 

ppm; 
13

C-NMR (75 MHz, CDCl3): δ 107.5, 108.4, 108.8, 109.0, 117.5, 123.2, 124.2, 125.9, 126.8, 

127.2, 129.0, 140.3 ppm; IR (KBr): 3389 m, 3103 w, 3001 w, 2926 w, 2853 w, 1597 m, 1499 s, 1400 

m ,1219 m, 1034 m, 907, w, 772 s, 719 s, 667 cm
-1

; HRFABMS: calcd for C14H12N2 [M]
+
 208.1000, 

found 208.0995. 
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3aa 



 10

 

3ba 



 11

 

3ba 



 12

 

3ca 



 13

 

3ca 



 14

 

3da 



 15

 

3da 



 16

 

3eb 



 17

 

3eb 



 18

 

3ec 



 19

 

3ec 



 20

 

3fd 



 21

 

3fd 



 22

 

3be 



 23

 

3be 



 24

 

3bf 



 25

 

3bf 



 26

 

3bg 



 27

 

3bg 



 28

 

3eh 



 29

 

3eh 



 30

 

3ge 



 31

 

3ge 



 32
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Praparation of Diaryliodonium(III) Salts 4c-OTs. (Scheme 3)  

S

1c

TFE

4c-OTs

SPhI

PhI(OH)OTs

OTsr.t., 2 h

 

To a stirred solution of 3-methylthiophene 1c (98 mg, 1 mmol) in 2,2,2-trifluoroethanol (TFE, 5 

mL), [hydroxyl(tosyloxy)iodo]benzene (392 mg, 1 mmol) was added in one portion at room 

temperature under air, and it was stirred for 2 h. MeOH was then added to the reaction mixture when 

the solvents were removed under vacuum. The resulting oily crude 4c-OTs was precipitated by the 

addition of Et2O with stirring. The precipitate was filtered and dried in vacuo to give pure 4c-OTs 

(480 mg, 98%) as a white powder. 

 

(4c-OTs)
6)

 

White powder; mp: 165 
o
C; 

1
H-NMR (300 MHz, CD3OD): δ 2.33 (3H, s), 2.49 (3H, s), 7.03 (1H, 

d, J = 5.1 Hz), 7.19 (2H, d, J = 7.2 Hz), 7.46-7.49 (2H, m), 7.59-7.67 (3H, m), 7.83 (1H, d, J = 

5.1 Hz), 8.05 (2H, d, J = 7.8 Hz) ppm; 13
C-NMR (75.5 MHz, CD3OD): δ  17.5, 21.3, 98.4, 118.4, 

126.9, 129.8, 131.0, 133.0, 133.1, 133.4, 135.4, 137.7, 141.6, 150.0 ppm.  

 

The corresponding 4c-Br was prepared from 4c-OTs by treatment of KBr in MeOH/water. The 

resulting insoluble 4c-Br could be collected by simple filtration. 
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Reaction of Diaryliodonium(III) Salts 4c-X with Nucleophile 2b. (Scheme 3)  

SPhI

OMe

MeO

TMSBr

HFIP

r.t., 2 h

S
OMe

MeO

3cb

87% (from 4c-OTs)

87% (from 4c-Br)

4c-X

2b

X

 

To a stirred solutions of 4c-X (0.5 mmol) in HFIP, 1,3-dimethoxybenzene 2b (104 mg, 0.75 mmol) 

and TMSBr (0.13 mL, 1 mmol) were sequentially added. The reaction mixtures are then stirred for an 

additional 2 hours under the same conditions. Saturated aqueous sodium hydrogen carbonate was 

added to the mixtures, and the aqueous phases were extracted with CH2Cl2. The extracts were dried 

over anhydrous Na2SO4 and then evaporated to dryness. The crude residues were purified by column 

chromatography on silica-gel (eluent: n-hexane/AcOEt) to give the pure biaryl 3cb (102 mg, 87%). 

 

(3cb)  

White solid; mp. 38-40 °C; 
1
H-NMR (300 MHz, CDCl3): δ� 2.27 (3H, s), 3.82 (3H, s), 3.88 (3H, s), 

6.49-6.52 (2H, m), 6.82 (1H, d, J = 1.8 Hz), 7.19 (1H, s), 7.50 (1H, d, J = 8.7 Hz) ppm; 
13

C-NMR (75 

MHz, CDCl3): δ 15.8, 55.3, 55.5, 98.9, 104.9, 116.6, 119.6, 126.9, 129.2, 137.3, 139.3, 156.7, 160.0 

ppm; IR (KBr): 2935 w, 2833 w, 1609 s, 1574 s, 1504 s, 1454 s, 1301 s, 1273 s, 1209 s, 1159 s, 1130 

m, 1030 s, 935 w, 833 m, 799 w, 748 m cm
-1

; HRFABMS: calcd for C13H14O2S [M]
+
 234.0715, found 

234.0715. 

 

 

 

 

 

 

 

 

3cb 
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3cb 
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