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The setup of electrochemical reaction

(@)

(b)

Figure S1. The setup of electrochemical reaction. (a) Equipment of standard reaction;

(b) Equipment of gram-scale reaction.



Optimization Studies

Table S1. Optimization of the Reaction Conditions®

4 o Graphite I,_|h|:| Pt pern
+ PhSeSePh - N ph
o-Me n-BusNPFg (0.1 M) o
MeCN/HFIP = 4:1, 10 mA, rt, 2 h
1a 2a undivided cell 3a
Entry Deviation from standard conditions Yield(%)"
1 None 96
2 MeOH as solvent (6 h) 76
3 MeCN as solvent (6 h) 92
4 Anhydrous MeCN 90
5 Anhydrous MeCN, N, 89
6 MeCN/HFIP = 4:1, N, 93
7 MeCN/H,0 =4:1 25
8 n-BusNCIO, instead of n-BusNPFg 85
9 n-BusNBF, instead of n-BusNPFg 85
10 LiClO, instead of n-BusNPFg 75
11 C(+)-C(-) 85
12 Pt plate as anode 93
13 5 mA instead of 10 mA (6h) 87
14 2a (0.18 mmol) instead of 2a (0.36 mmol) 81
15 no electrolyte
16 no electric current

#Reaction conditions: undivided cell, graphite anode (1.5 cm < 1.0 cm %< 0.2 cm), Pt
cathode (1.0 cm =<1.0 cm %<0.01 cm), 1a (0.3 mmol), 2a (0.36 mmol), n-BusNPFg (0.5
mmol), MeCN/HFIP (4:1, 5.0 mL), constant current = 10.0 mA, 2 h (25 F mol_l),

under air, at room temperature. ° Yields of isolated products.
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Gram-scale Synthesis

Se
Graphite Pt
PhSeSePh - O \ O
n-BuyNPFg (0.1 M) (0)

2a MeCN/HFIP = 4:1, 50 mA, rt, 14 h
1a, 15 mmol undivided cell 3a, 4.45 g, 85%

In an undivided cell (250 mL) equipped with a stir bar, a mixture of substrates 1la
(15.0 mmol, 3.12 g), 2a (18.0 mmol, 5.62 g), n-BusNPFg (25.0 mmol, 9.69 g) and
MeCN/HFIP = 4:1 (150 mL) were added. The cell was equipped with a graphite plate
(3cm x 3 cm x 0.6 cm) as the anode and platinum plate (3 cm x 3 cm x 0.01 cm) as
the cathode and connected to a DC regulated power supply. The reaction mixture was
stirred and electrolyzed at a constant current of 50 mA at 23 °C bath for 14 h. When
the reaction was finished, the mixture was concentrated under reduced pressure.
Purification by column chromatography on silica gel (eluent: petroleum ether) yielded

solo product 3a (4.45 g, 85%) as yellow solid.

Br Q

—1 Se
Graphite I |:|pt Me N
PhSeSePh -~ O O Br
2a n-BuyNPFg (0.1 M) ©
MeCN/HFIP =4:1,50 mA, rt, 5 h 1.86 g, 3v, 84%

undivided cell

In an undivided cell (250 mL) equipped with a stir bar, a mixture of substrates 1v
(5.0 mmol, 1.50 g), 2a (6.0 mmol, 1.87 g), n-BusNPFg (8.3 mmol, 3.23 g) and
MeCN/HFIP = 4:1 (150 mL) were added. The cell was equipped with a graphite plate
(3cm x 3 cm x 0.6 cm) as the anode and platinum plate (3 cm x 3 cm x 0.01 cm) as
the cathode and connected to a DC regulated power supply. The reaction mixture was
stirred and electrolyzed at a constant current of 50 mA at 23 °C bath for 5 h. When the
reaction was finished, the mixture was concentrated under reduced pressure.
Purification by column chromatography on silica gel (eluent: petroleum ether) yielded

solo product 3v (1.86 g, 84%) as white solid.
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Control Experiments

HO Ph,
CI f’ﬁ Se
Graphite Pt
Z + PhSeSePh - O A O
O e n-BuyNPFg (0.1 M) 0

MeCN/HFIP = 4:1, 10 mA, rt, 2h MeO
1w 2a undivided cell 3w 88%

a)

In an undivided cell (20 mL) equipped with a stirring bar, a mixture of 1w (0.3
mmol), 2a (0.36 mmol), n-BusNPF¢ (0.5 mmol) and MeCN/HFIP = 4:1 (5 mL) were
added. The cell was equipped with graphite plate (1.5 cm %<1 cm % 0. 2 cm) as the
anode and platinum plate (1 cm x1 cm >0.01 cm) as the cathode and connected to a
DC regulated power supply. The reaction mixture was stirred and electrolyzed at a
constant current of 10 mA at room temperature for 2 h. When the reaction was
finished, the mixture was concentrated under reduced pressure. Purification by
column chromatography on silica gel (eluent: petroleum ether) yielded product 3w

(100 mg, 88%) as yellow oil.

,_|
Graphite I ﬁpt SePh
+ PhSeSePh BHT (4.0 equiv)
n-BuyNPFg (0.1 M) o
MeCN/HFIP = 4:1, 10 mA, rt, 2 h
2a undivided cell 3a, 57%

In an undivided cell (20 mL) equipped with a stirring bar, a mixture of 1a (0.3
mmol), BHT (1.2 mmol), 2a (0.36 mmol), n-BusNPFg (0.5 mmol) and MeCN/HFIP =
4:1 (5 mL) were added. The cell was equipped with graphite plate (1.5 cm <1 cm x<0.
2 cm) as the anode and platinum plate (1 cm ><1 cm % 0.01 cm) as the cathode and
connected to a DC regulated power supply. The reaction mixture was stirred and
electrolyzed at a constant current of 10 mA at room temperature for 2 h. When the
reaction was finished, the mixture was concentrated under reduced pressure.
Purification by column chromatography on silica gel (eluent: petroleum ether) yielded

product 3a (60 mg, 57%) as yellow solid.
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SePh

MeCN/HFIP = 4:1
+ PhSeCl N
2h,rt o

2a' 3a, 48%

\/

To a solution of compound 1a (0.3 mmol, 62 mg) in MeCN/HFIP=4:1 (5.0 mL)
at room temperature, was added 2a' (0.36 mmol, 69 mg). The solution was stirred for
2 hours at room temperature without electric current. The crude compound was
purified by silica gel chromatography (eluent: petroleum ether) to give a yellow solid

3a (50 mg, 48%).

d)
O —1 SePh
Graphite I |:|pt
= + PhSeSePh .
n-BusNPFg (0.1 M) 0
O R MeCN/HFIP = 4:1, 10 mA, tt, 2 h ) .
- =(I)4, o 2a undivided cell 2 - Eh?gk?goﬁ

In an undivided cell (10 mL) equipped with a stirring bar, a mixture of 2-
(phenylethynyl)phenol 1 (0.3 mmol), 2a (0.36 mmol), n-BusNPFs (0.5 mmol) and
MeCN/HFIP = 4:1 (5 mL) were added. The cell was equipped with graphite plate (1.5
cm x1 cm x0. 2 cm) as the anode and platinum plate (1 cm <1 cm %<0.01 cm) as the
cathode and connected to a DC regulated power supply. The reaction mixture was
stirred and electrolyzed at a constant current of 10 mA at room temperature for 2 h.
When the reaction was finished, the mixture was concentrated under reduced pressure.
Purification by column chromatography on silica gel (eluent: petroleum ether) yielded
product 3a (90 mg, 86%) as yellow solid. In addition, when the substituent was

phenyl, the product of 3x was not produced under standard conditions.

i SePh
Graphite I Dpt
+  PhSeSePh +  PhSeMe
n-BuyNPFg (0.1 M) o
MeCN/HFIP = 4:1, 10 mA, 1t, 2 h 3a, 96%
2a undivided cell

Exact Mass: 350.0210 Exact Mass: 171.9791
Detected by GC-MS Detected by GC-MS
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Figure S2. GC-MS detection of PhSeMe



Cyclic Voltammetry Experiment
Cyclic voltammetry experiments were carried out on an IGS 1230 electrochemical

work station (Ingsens instruments, Guangzhou). 0.1 M electrolyte was dissolved in
acetonitrile. Working electrode: glassy carbon, counter electrode: Pt, reference

electrode: Ag/AgCI (3 M KCI). Scan rate: 100 mV/s.
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Figure S3. Cyclic voltammetry studies. Conditions: a 0.1 M n-BusNPF¢ solution in
MeCN/HFIP = 4:1 at room temperature; a glassy carbon working electrode, Ag/AgCI
(3 M KCI) reference electrode, and a graphite counter electrode, respectively. Scan
rate: 100mV/s. (a) Black line: background; (b) Red line: 1a (1mM); (c) Blue line: 2a
(ImM); (d) Green line: 3a (ImM); (e) Pink line: 1a (1 mM) + 2a (1 mM).

S-8



Crystallographic Details

Table S2. Crystal data and structure refinement for 3l.

Identification code 2201985
Empirical formula CasH150Se
Formula weight 449.38
Temperature/K 296.15
Crystal system monoclinic
Space group P2;/c

alA 9.9986(17)
b/A 16.723(3)
c/A 13.239(2)
o/° 90

B/° 111.216(3)
/° 90
Volume/A® 2063.6(6)
Z 4
peaicglcm’ 1.446
w/mm™ 1.837
F(000) 912.0

Crystal size/mm?®

0.14 %0.12 x0.1

Radiation

MoKa (A =10.71073)

20 range for data collection/°

5.886 to 50.23

Index ranges

-11<h<10,-19<k<16,-13<1<15

Reflections collected

23052

Independent reflections

Data/restraints/parameters

3630/0/271

Goodness-of-fit on F?

1.015

Final R indexes [[>=2c (1)]

R1 =0.0484, wR, = 0.0868

Final R indexes [all data]

R1 =0.1240, wR, = 0.1120

Largest diff. peak/hole / e A’

0.28/-0.43




Figure S4. X-ray structure of 3l.

Fractional Atomic Coordinates (<104) and Equivalent Isotropic Displacement
Parameters (A2x103) for 3l. Ueq is defined as 1/3 of the trace of the

orthogonalised UlJ tensor.

Atom X y z U(eq)

Sel 3969.9(5) 6083.0(3) 5592.0(4) 55.6(2)
01 8247(3) 5544.4(16) 6846(2) 48.8(7)
C1 7350(4) 8217(2) 5826(3) 46.1(11)
C2 6912(5) 8934(3) 6169(4) 65.3(13)
C3 7140(6) 9651(3) 5788(4) 73.9(15)
C4 7829(6) 9687(3) 5053(4) 73.9(15)
C5 8292(5) 9008(3) 4720(4) 64.7(13)
C6 8061(4) 8245(3) 5089(3) 46.0(11)
C7 8492(4) 7500(3) 4732(3) 43.2(10)
C8 8131(4) 6763(2) 5093(3) 41.3(10)
C9 8467(4) 6048(3) 4679(3) 49.8(11)
C10 9177(5) 6055(3) 3977(3) 60.0(13)
Cl1 9594(5) 6775(3) 3660(4) 69.7(14)
C12 9240(5) 7476(3) 4027(3) 60.5(13)
C13 7408(4) 6773(2) 5860(3) 41.9(10)
Cl4 7056(4) 7465(3) 6200(3) 48.6(11)
C15 7071(5) 6022(2) 6296(3) 45.2(11)
C16 5842(4) 5688(2) 6308(3) 44.8(11)
C17 6247(5) 4948(2) 6904(3) 44.4(11)
C18 5507(5) 4340(3) 7186(4) 60.6(13)
C19 6305(7) 3715(3) 7796(4) 74.4(15)
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Atom
C20
c21
Cc22
C23
C24
C25
C26
c27
C28

X
7782(7)
8525(5)
7708(5)
3484(4)
2057(5)
1616(5)
2605(6)
4033(5)
4474(5)

y
3687(3)
4277(3)
4893(2)
6349(2)
6361(3)
6597(3)
6826(3)
6815(3)
6574(3)

YA
8104(4)
7816(4)
7212(3)
6821(3)
6688(4)
7514(4)
8487(4)
8627(4)
7810(4)

U(eq)
70.2(15)
57.6(13)
44.8(11)
43.8(10)
60.1(13)
69.1(14)
64.6(13)
65.3(14)
57.1(12)

Anisotropic Displacement Parameters (A2x103) for 3l. The Anisotropic

displacement factor exponent takes the form: -2a2[h2a*2U11+2hka*b*U12+...].

Atom
Sel
01
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl1
C12
C13
Cl14
Ci15
Cl6
C17
C18
C19
C20
c21
c22
Cc23
C24
C25
C26
Cc27

Ui

U2

43.9(3) 73.2(4)
43.2(19)  55.2(18)

46(3)
77(4)
88(4)
92(4)
71(4)
44(3)
39(3)
34(2)
49(3)
65(3)
81(4)
71(4)
35(3)
47(3)
43(3)
38(3)
51(3)
58(3)
98(5)
102(5)
66(3)
55(3)
37(3)
37(3)
45(3)
61(4)
54(4)

45(3)
62(3)
50(3)
54(3)
63(3)
57(3)
57(3)
54(3)
52(3)
75(3)
85(4)
72(3)
47(3)
54(3)
50(3)
54(3)
46(3)
60(3)
45(3)
50(3)
58(3)
40(3)
43(2)
75(3)
94(4)
77(3)
84(4)

Uss
50.7(3)
53.8(18)
46(3)
65(3)
87(4)
76(4)
61(3)
35(3)
33(2)
36(2)
49(3)
48(3)
60(3)
48(3)
45(3)
52(3)
48(3)
47(3)
47(3)
77(3)
93(4)
73(4)
57(3)
49(3)
54(3)
64(3)
76(4)
61(4)
49(3)
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Uzs Uiz U
07(2)  183(2)  -14(3)
52(15)  24.3(16)  -3.5(16)
2(2) 15(2) 2(2)
3(3) 35(3) 0(3)
7(3) 35(4) 3(3)
10(3) 30(3) 9(3)
8(3) 24(3) 9(3)
5(2) 11(2) 702)
1(2) 13(2) 6(2)
0Q2) 13(2) 5(2)
6(2) 19(2) 11(2)
9(3) 20(3) 03)
5(3) 46(3) 6(3)
2(3) 32(3) 15(3)
42) 15(2) 3(2)
1(2) 27(2) 3(2)
2(2) 23(2) 3(2)
5(2) 21(2) 2(2)
702) 30(2) 3(2)
1(3) 40(3) -12(3)
1(3) 51(4) 9(3)
8(3) 49(4) 18(3)
203) 31(3) 12(3)
6(2) 31(3) 2(2)
1(2) 20(2) 2(2)
11(3) 14(2) 8(2)
6(3) 31(3) 1(3)
203) 29(3) 12(3)
15(3) 8(3) 3(3)



Atom Ui U2 Uss Uz Uiz U
Cc28 39(3) 70(3) 58(3) 3(3) 13(3) 2(2)

Bond Lengths for 3lI.
AtomAtom  Length/A AtomAtom  Length/A

Sel C16 1.885(4) C11 C12 1.366(6)
Sel C23 1.911(4) C13 Cl4 1.334(5)
01 Ci15 1.390(5) C13 C15 1.471(5)
01 C22 1.378(4) C15 C16 1.356(5)
Cl C2 1.407(6) C16 C17 1.445(6)
Cl C6 1.400(5) C17 C18 1.384(5)
Cl cCl4 1.421(5) C17 C22 1.371(6)
c2 C3 1.352(6) C18 C19 1.384(7)
C3 C4 1.383(6) C19 C20 1.383(7)
C4 C5 1.359(6) C20 C21 1.370(6)
C5 C6 1.415(6) C21 C22 1.377(6)
c6 C7 1.453(5) C23 C24 1.374(6)
Cc7 C8 1.415(5) C23 C28 1.378(6)
C7 C12 1.391(5) C24 C25 1.376(6)
c8 C9 1.406(5) C25 C26 1.365(6)
c8 C13 1.443(5) C26 C27 1.372(6)
C9 C10 1.359(5) C27 C28 1.367(6)
C10 ci1 1.387(6)

Bond Angles for 3.

Atom Atom Atom Angle/° Atom Atom Atom Angle/®
Cl6 Sel C23 99.52(17) C13 C14 cC1 122.4(4)
C22 01 Ci15 105.9(3) 01 Ci15 C13 115.2(3)
C2 Cl1 Ci14 120.9(4) C16 C15 O1 110.8(3)
Cé6 Cl1 cC2 119.4(4) C16 C15 C13 134.0(4)
C6 C1 cCu4 119.6(4) C15 C16 Sel 126.1(3)
C3 C2 cC1 121.5(4) C15 Ci16 C17 106.5(4)
C2 C3 C4 119.7(5) C17 C16 Sel 127.3(3)
C5 C4 cC3 120.4(5) C18 C17 C16 134.8(4)
C4 C5 C6 121.7(5) C22 C17 C16 106.1(4)
Cl C6 G5 117.3(4) C22 C17 C18 119.2(4)
Cl Ce6 C7 118.9(4) C17 C18 C19 117.4(5)
C5 C6 C7 123.8(4) C20 C19 C18 121.7(5)
C8 C7 C6 119.7(4) C21 C20 C19 121.5(5)
Cl12 C7 C6 122.5(4) C20 C21 C22 115.7(5)
Ci12 C7 Cs8 117.8(4) O1 C22 cC21 124.8(4)
Cr C8 Ci13 118.8(4) C17 C22 O1 110.7(4)
c9 C8 cC7 118.8(4) C17 C22 C21 124.5(4)
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Atom Atom Atom

C9
C10
C9
C12
Cl1
C8
Cl4
C14

Torsion Angles for 3l.

A
Sel
Sel
Sel
Sel
01
01
C1
C1
C1
C2
Cc2
Cc2
C2
C3
C4
C4
C5
C5
C6
C6
C6
C6
C6
C7
C7
C7
C8
C8
C8
C8
C8
C9

C8 C13
Cc9 C8
C10 C1i1
Cl1 C10
Ci2 C7v
C13 Ci15
Ci13 C8
C13 C15

B C D
C16C17C18
Cl6C17C22
C23C24C25
C23C28C27
C15C16Sel
C15C16C17
C2 C3 C4
Co6 C7 C8
C6 C7 C12
Cl C6 C5
Cl C6 C7
Cl C14C13
C3 C4 C5
C4 C5 C6
C5 C6 C1
C5 C6 C7
C6 C7 C8
Ce6 C7 Ci2
Cl C2 C3
Cl1l C14cC13
C7 C8 C9
C7 C8 C13
C7 Cl2C11
C8 C9 C10
C8 C13C14
C8 C13C15
C7 Cl2C11
C9 Ci10C11
Cl3Ci14cC1
C13C1501
C13C15C16
C8 C13Ci14

Angle/*

Angle/° Atom Atom Atom

122.4(4) C24
121.2(4) C24
120.2(4) C28
119.5(4) C25
122.3(4) C26
120.7(4) C25
120.5(4) C28
118.8(4) C27

C23
C23
C23
C24
C25
C26
C27
C28

A B C D
-3.4(7) C12C7 C8 C13
176.0(3) C13C8 C9 C10
-175.7(4) C13C15C16Sel
175.0(3) C13C15C16C17
-175.8(3) C14C1 C2 C3
0.1(4) C14C1 C6 C5
-0.6(8) C14C1 C6 C7
2.9(6) C14C13C1501
-178.0(4) C14C13C15C16
-0.5(6) C1501 C22C17
-179.3(4) C1501 C22C21
177.4(4) C15C13C14C1
-0.7(8) C15C16C17C18
1.4(8) C15C16C17C22
-0.8(7) C16C17C18C19
177.9(4) C16C17C2201
-175.9(4) C16C17C22C21
3.2(7) C17C18C19C20
1.2(7) C18C17C2201
-1.3(6) C18C17C22C21
175.5(4) C18C19C20C21
-3.4(6) C19C20C21C22
-177.3(4) C20C21C2201
2.6(6) C20C21C22C17
1.7(6) C2201 C15C13
-177.2(4) C2201 C15C16
1.8(7) C22C17C18C19
0.4(7) C23Sel C16C15
0.7(6) C23Sel C16C17
59.1(5) C23C24C25C26
-122.8(5) C24C23C28C27
-177.2(4) C24C25C26C27
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Sel
C28
Sel
C23
C24
C27
C26
C23

Angle/*
177.4(4)
-178.5(4)
6.1(7)
-178.0(4)
-177.6(4)
178.3(4)
-0.5(6)
-119.7(4)
58.3(6)
0.4(4)
-178.9(4)
179.6(4)
-179.2(5)
0.2(4)
-179.0(4)
-0.3(4)
178.9(4)
-0.9(7)
179.1(3)
-1.6(6)
-0.1(8)
0.3(7)
179.7(4)
0.6(6)
178.2(3)
-0.3(4)
1.7(6)
-114.2(4)
70.7(4)
0.1(7)
-0.9(6)
-0.1(7)

Angle/®
117.8(3)
118.3(4)
123.8(3)
121.2(4)
120.0(5)
119.1(4)
121.0(4)
120.4(4)



A B C D Angle” A B C D Angle/*

C9 C8 C13C15 3.9(6) C25C26C27C28 -0.4(7)
C9 C10C11C12 -2.4(7) C26C27C28C23 0.9(7)
C10C11C12C7 1.2(8) C28C23C24C25 0.4(7)
C12C7 C8 C9 -3.6(6)

Hydrogen Atom Coordinates (Ax104) and Isotropic Displacement Parameters
(A2x103) for 3.

Atom X y z U(eq)

H2 6456.27 8913.92 6668.19 78
H3 6834.88 10117.96 6020.29 89
H4 7976.91 10180.06 4784.33 89
H5 8772.02 9045.76 4237.51 78
H9 8199.09 5562.15 4889.64 60
H10 9383.85 5575.72 3707.67 72
H11 10110.44 6778.97 3199.89 84
H12 9507.95 7955.79 3798.59 73
H14 6600.87 7454.49 6700.72 58
H18 4513.49 4352 6972.87 73
H19 5835.99 3303.22 8004.87 89
H20 8281.3 3257.28 8515.03 84
H21 9517.44 4262.28 8015.38 69
H24 1374.92 6206.46 6027.01 72
H25 645.02 6600.47 7408.44 83
H26 2314.9 6986.68 9048.29 77
H27 4711.68 6972.87 9287.07 78
H28 5447.39 6563.56 7922.73 68

Crystal structure determination of 3l

Crystal Data for CygH130Se (M =449.38 g/mol): monoclinic, space group P2;/c
(no. 14),a= 9.9986(17) A, b= 16.723(3) A, c = 13.239(2) A, = 111.216(3)SV =
2063.6(6) A®, Z= 4, T= 296.15K, p(MoKo) = 1.837 mm™, Dcalc = 1.446 g/cm?,
23052 reflections measured (5.886° < 20 < 50.23°), 3630 unique (Rix= 0.0957,
Rsigma = 0.0884) which were used in all calculations. The final R; was 0.0484 (I >

26(1)) and WR, was 0.1120 (all data).
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