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Copper-Catalyzed Stereoselective Synthesis of Organochalcogenide
Compounds via Cleavage of Dichalcogenide Bonds
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1) B
Cu-L (5 mol %),
additive Br, Pr
Pr———Pr + 1/2(PhS); ——M — —
1 2 AcOH, in air, PrSPh
3
100°C, 18 h

Table 1 Copper-catalyzed bromosulfidation of 4-octyne

(Table 1) Cul-bpy
n-BusNBr 81%
(entry 3)
(entries 5-7)
Cul-bpy
(5mol%), N b
dditi r
Pr—=—Pr + (PhS), _additve )=
1 5 AcOH, in air Pr SPh
100 °C, 18h

Table 2 Copper-catalyzed -halosulfidation

Entry Additive X 3
(%)°
1 n-Bus,NBr Br 81
2 Et,NBr Br 78
3 n-BuyNI | 77
4 n-Bu,NClI Cl 42
4|solated yields.
Cul-bpy (5 mol%),
n-BuyNBr Br. R2
1L — 2 3 - —
R 1 R V2R, AcOH, in air, RY YR®
100 °C 3

Y=S or Se

Table 3 Copper-catalyzed [-bromoschalcogenation of

Entry Cu-L Additive 3(%)°
1 Cul-bpy (BrCH,), trace
2 Cul-bpy KBr 38

3 Cul-bpy n-Bu,;NBr 81

4 Cul-TMEDA n-Bu,NBr 21

5 CuBr-bpy n-Bu,;NBr 7

6 CuCl-bpy n-Bu,;NBr 5

7 CuBr-bpy n-Bu,;NBr 15

“Reaction Conditions: The mixture of 4-octyne 1 (0.2 mmol),
2 (0.1 mmol), Cu-L (1:1, 5 mol %) and additive (0.21 mmol)
in AcOH (0.3 mL) was treated at 100 °C. °Isolated yields.

internal alkynes
Entry 1 2 Time  3(%)?
(h) (E12)

1 R=R’*=Pr (4-MeCgH.S), 18 85

2 R'=R*=Pr (4-MeOCeH,S), 18 87

3 R'=R*=Pr (4-BrCgH.S), 18 65

4 R'=R%*=Pr (4-ONCgH,S), 24 45

5 R'=R*=Pr (MeS), 18 74

6 R'=R*=Pr (n-BuS), 18 76

7 R'=R%*=Pr (BnS), 18 81

8 R'=R*=Et (PhS), 18 71

9 R'=R?*=Ph (4-MeCgH.S), 42 70

10 R'=Ph, (PhS), 18 94
R’=Me (98/2)°

11 R'=Ph, (PhS), 48 69
R?=CH,OH

12 R=Me, (PhS), 36 85¢
R?=CH,0OH (87/13)°

13° R!=Ph,R%=H (PhS), 18 28

(65/35)°

14 R'=R*=Pr (PhSe), 18 94

15 R=R’*=Et (PhSe), 18 80

16 R'=R?=Ph (PhSe), 40 81

17 R'=Ph, (PhSe), 18 80
R’=Me

18 R'=Ph, (PhSe), 48 84
R?=CH,0OH

19 R!=Me, (PhSe), 48 87
R’=CH,OH (87/13)°

3|solated yields. ®10 mol% of Cul was used. “Detremined by

H

NMR ¢ Hydroxy-groups were converted to acetoxy-groups

after the reactions.



(Teble 2)

(entries 1-3)
(entry 4)
(Table
3) 4
(entries 1-7)
4
45% (entry 4)
(entries 7-8)

1-phenyl-1-propyne, 1-phenyl-1-butyne,
2-butyn-1-ol (entries 11-12)

(entry 13)
(entries 14-19)
CsCl or NH4SCN,
Cul-bpy (5 mol%), X R?
L= R? +1/2(PhY =
R R PhY) AcOH, in air, R!  YPh
1 20r6  100°C 3cor7
X =Clor SCN

Table 4 Copper-catalyzed introduction of chloride or
thiocyanide and chal cogenide-groups to alkynes

(Figure
1)

ST — =
R<L-R RY  sph

PhS* or Ph?*-sph
[Cu]

H+
(©2) . cu(o)L,
(PhS)2 ™ cuhxL, (PhS),Cu(llL,

PhsCu(l)L,

X, 0,

cu@IL,

(PhS), X, Oy

Figure 1. A Plausible mechanism

Cul-bpy (10 mol%),

n-Bu,NBr Br, R?
R—==R? + RSH ————— 3
1 4 AcOH, under Oy, R SR

100 °C 3

Table 5 Copper-catalyzed p-bromosulfidation of akynes
using thiols

Entry 1 Y X Time 7 Entry 1 4 Time  3(%)*
(h) (%)° (h) (E2)

1 R'=R’=Pr S cl 40 76 1 R'=R*=Pr PhSH 18 60

2 R'=R’=Pr Se cl 42 86 2 R'=R*=Pr 4-MeCgH,SH 18 57

3 R'=R’=Et S cl 43 67 3 R'=R*=Pr 4-MeOCgH,SH 18 52

4 R'=Ph, S cl 42 75 4 R'=R*=Pr 4-BrCgH,SH 18 60
R’=Me 5 R'=R*=Pr n-BuSH 18 45

5 R'=Ph, Se cl 42 78 6 R'=R’=Ph 4-MeCgH,SH 24 77
R’=Me 7 R'=Ph, PhSH 18 90

6 R'=Ph, S cl 72 52 R?=Me (98/2)°
R?=CH,OH 8 R'=Ph, PhSH 18 74°

7 R'=Ph, Se cl 72 70 R?=CH,OH
R?=CH,OH 3| solated yields. "Detremined by *H NMR ¢ Hydroxy-group
R=R%=Pr s SCN 18 90 was converted to acetoxy-group after the reaction.

9 R'=R*=pPr Se SCN 18 63

10 R'=R?*=Ph S SCN 18 66

2 |solated yields. ® Hydroxy-group was converted to
acetoxy-group after the reaction.

(Table 4)

(Teble 5)

10 mol% Cul



2 -

-
-
1/2(MeCgHy4S)s,
Cul-bpy (8 mol %),
nBuyNBr Br. Ph
Ph——Ph ——MMmm™@8@™ -
AcOH, air, 100°C, Ph  SCgH4-Me
24 h 94%
Me ,NCH ,CH,0C gH,Bpin
cat.Pd(PPhgz)4 (8 mol %),
K2CO3 dioxane-H,0,100 °C,
18 h
O(CH),NMe, O(CH2)2NMe;
EtMgBr(5eq)
1 [}
Ph NiCl,(dppe) (8 mol%) Ph
— Et,0, reflux, 15 h -
PH  SCeHs4-Me - Ph  Et
729% 75%(Z/E =93/7)

Figure 2. Synthesis of (Z)-Tamoxifen
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