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Table 2.

Cul or Cu,0-bpy,
Mg (200 mol%)
Arl + 1/2(RY), DME. 110 °C Ar-YR

1 Y=Se(3), S(5)
(RY), = (PhSe), (2), (PhS), (4a), (p-TolylS), (4b), (n-BuS), (4c)

Table 1.
[Cu], bpy,
additive (0.6 mmol)
2-MeCgHy| +1/2(PhSe), —pu— o 2-MeCgH,-SePh
la 2 3a
entry [Cu] additive time(h) 3a(%)° 1a(%)°
1 Cul none 12 0 97
2 none Mg 12 0 98
3 Cul Mg 30 87 8
4 Cu,0O Mg 30 92 4
5 Cu,0 Zn 30 54 35
6 Cu,0O Al 30 75 16

 The mixture of 1a (0.3 mmol), 2 (0.15 mmol) and copper-catalyst in
DMF (0.5 mL) were stirred at 110 °C, and Cu,O of 5 mol% , Cul of 10
mol% and additive metals of 0.6 mmol were used. °bpy was not added.
“Isolated yields after silica-gel chromatography.
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(Table 1)

(entry 1)
87%

(entry 2)

(entry 3)

entry Arll (RY), time (h) 3or 5

(%)°
1 CeHsl 2 30 94
2 4a 18 90
3 2-MeCeHyl 2 30 92
4 4a 30 87
5 4b 18 95
6 4c 40 71
7 2-MeOCgH,I 2 18 83
8 4a 48 74
9 2-AcHNCgH,I 2 36 82
10 4b 48 80

11 2-F3CCgHyl 2 18 89
12 4a 72 80
13 4-MeOCsH,4l 2 36 78
14 4a 72 70
15 4-MeCgH,l 2 36 85
16 4a 72 73
17 4-BrC¢H,I 2 36 70

18° 4a 72 75¢
19 4-F3;CCgH4I 2 18 90
20 4a 48 67
21 1-Naphtyl-I 2 18 83
22 4a 40 72

3[solated yields after silica-gel chromatography. ® Cu,0 was used 10 mol%.
P Using of 15 mol% Cul. ¢ (PhS), was used 1.0 equiv. ¢ The yield of
1,4-Bis(phenylthio)benzene.
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100 mol%
la 2
3a  80%
(entry 1) 10 mol%
3a (entry 3)
87%
(entry 4)
IO 100
mol% 1a
(entries 5-6)
(entry 7)
Table 3.
2-MeCgHy-l  + 1/2(PhSe);, (Cul. bey 2-MeCgH,-SePh
1a 5 gz/lrl]:, 110 °C 3a
entry [Cu] (mol%)  ArSePh  Arl Recov.
3a(%)” 1la of 2
o) (%)
1° Cu  (100) 80 10 2
2 (10) 0 98 88
3% (10)+Mg 87 7 0
4 Cul  (100) 0 98 1
5 (10) 0 97 89
6> None + Mg 0 98 98

1a and 2 were used 0.3 mmol and 0.15 mmol respectively. ° Isolated
yields after silica-gel chromatography. ®Cu was used 75 um powder. “Mg
(0.6 mmol) was added.
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Table 4. PhYCu(l)
Ar-l + PhyCu(l) Py Ar-YPh
1 vesears DWRL0°C Tl
entry Ar PhYCu ArYPh
(%)°
1° Ph Se trace
2 Ph Se 81
3 4-MeCgH,4 S 80

The mixture of 1 (0.3 mmol), bpy (0.3 mmol) and PhYCu (0.3 mmol)
in DMF (1.0 mL) were stirred at 110 °C."Isolated yields after silica-gel
chromatography. “bpy was not additive.
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Table5.

8 Cul-bpy
(2:1, 5 mol %)

(4-MeC6H4S)2 + PhB(OH)2 2X 4'MeC6H4SPh
( ) 1d 21 Solvent/H,0 5da
(2/1), air,
10 100°C, 12 h

Entry Solvent 3 (%)™ 1(%)?

8 1° PhCH; 45 46
9 2 DMF 82 13
10 3 DMSO 97 0
4° DMSO 76 10
5¢ DMSO 18 79
( ) 3solated yields after silica-gel chromatography. ® H,O was not added. ©
bpy was not used. ¢ Yields of 3 are based on disulfide 1 (2 mol).
10
@
[12]
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3.
Table 5 DMF H,0
(5 mol %)
- 5da  82%
(entry 2)
DMSO
[13] 5da 97%
(entry 3)
- 2
[14]
[15]
(Scheme Table 6.
3)
Cul-bpy (5 mol %) S.
R!S-SR! + R*-B(OH), 2RY7R
4 22 DMSO/H,0 (2/1),
[16] air, 100 °C
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Entry R' R’ Time 6
() (%)°°
1 Ph Ph 12 97
2 2-MeCeH, 12 97
2-MeOC¢H, 24 50
4° 2-CIC¢H,4 24 76
5 4-MeCcH, 12 97
6 4-MeOCeH, 12 98
7 4-CIC¢H, 12 9
8 4-HOCH, 12 90
9 4-OHCCH, 12 98
10 4-MeO,CCH, 12 89
11 (E)-PhCH=CH 30 97
12 Ph Me 12 93
13 n-Bu 42 72
14 4-MeC¢H,  Ph 12 97
15 4-MeOC4H, 48 74
16 4-BrCqH, 12 67
17 4-0,NCeH, 12 97
18%  4-H,NCgH, 24 65
19 4-HO,CC¢H, 42 72

#Reaction Conditions: The mixture of 4 (0.2 mmol), 5 (0.6 mmol) and
Cul-bpy (1:1, 5 mol %) in DMSO (0.2 mL) and H,0O (0.1 mL) was treated
at 100 °C. Isolated yields after silica-gel chromatography. © Yields of 6
are based on disulfide 4 (2 mol). 9 This reaction was carried out at 90 °C.

Scheme 5.
[Cul-bpy (5 mol %)
(Phs)z + 4-M6C6H4B(OH)2 4-MeC6H4SPh
DMSO/H,0(2/1), 5da
100 °C, 18 h,
under N,
[Cu] 5da (%)
Cul 7
CuCl, 3

Scheme 6. PhYCu(l)
bpy
PhSCu + 4-MeCgH,B(OH), 4-MeCgH,SPh
DMSO/H,0
h 5da
(211), air, 530
100 °C, 18 h 0
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Table 7.
Cul-bpy (5 mol%
(RY), + 2R?B(OH), Py ( R 2 g1V g2
Y =SeorTe air, 100 °C
Entry (R'Y), R’ Time 8
) (%)
1 (PhSe),  Ph 12 93
2 4-MCC6H4 12 98
3 4-MeOC¢H, 12 93
4 4-BI'C6H4 12 83
5 4-HOC¢H, 12 80
6 4-OHCC4¢H, 12 96
7 4-MeO,CC¢H,4 12 95
8 (PhTe), Ph 4 87
9 4-MeC(,H4 4 81
10 4-MeOCH, 12 97
11 4-BrC¢H,4 4 90
12 4-HOC¢H,4 12 79
13 4-OHCC4¢H, 12 88
14 4-MeO,CCgsH, 12 86

#Reaction Conditions: The mixture of 7 (0.2 mmol), 5 (0.6 mmol) and
Cul-bpy (1:1, 5 mol %) in DMSO (0.2 mL) and H,O (0.1 mL) was treated
at 100 °C. "Isolated yields after silica-gel chromatography. ¢ Yields of 8
are based on dichalcogenide 7 (2 mol).
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