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Electrochemical behavior of 1 was investigated by means of cyclic voltammetry (CV) in DMF (Figure 1).  

In CV of 1, two reversible redox waves were observed at E1/2 = –0.76 V (V2+.D./V+·.D.) and –1.19 V 

(V+·.D./V0.D) (vs. Ag/AgCl), which were almost the same as those of C8V2+/C8V+·and C8V+·/C8V0.  As 

only one relatively sharp redox wave was observed at each potential, it was considered that three viologen 

units were reduced at the same time. 

 

 
Figure 1. Cyclic Voltammetry of 1 

 

Pd/1-Promoted homocoupling reaction of aryl bromides Ar-Br 4 proceeded smoothly to give the 

corresponding biaryl Ar-Ar 5.  Typical procedure is as follows (Table 1, Entry 1):  In an undivided cell 

equipped with a Zn sacrificial anode (1.5 x 1.0 cm2) and a Pt cathode (1.5 x 1.0 cm2) was placed a DMF 

(3 mL) solution of 4-bromopropiophenone (4a, 0.25 mmol), 1 (0.078 mmol), [Bu4N+][Tf2N–] (0.30 

mmol), and a catalytic amount of PdCl2(PPh3)2 (0.012 mmol).  The solution was electrolyzed under 

constant current conditions (10 mA) at 60 ºC until 2 F/mol-4a of electricity was passed.  Usual work-up 

and purification by silica-gel column chromatography gave 4,4’-dipropanoylbiphenyl (5a, 89% yield). 

 

Table 1. Optimization of Pd cat. and Electrodes 

 

 

2(Zn)–(Pt), Undiv. Cell
DMF (3 mL), 10 mA,  2 F/mol-4a, 60 ˚C

Br
O
Et

O

Et

V2+.D. (0.075 mmol)
[Bu4N+][Tf2N-] (0.3 mmol)

PdCl2(PPh3)2 (0.012 mmol)

5a4a

Entry
1
2
3
4

Pd cat
PdCl2(PPh3)2

none
PdCl2

PdCl2(PhCN)2

Anode
Zn
Zn
Zn
Zn

Cathode
Pt
Pt
Pt
Pt

5aa

89
n.d.b

17
n.d.b

4aa

n.d.b

81
33
78

aIsolated yields.  bNot detected.

5
6
7
8

PdCl2(PPh3)2

PdCl2(PPh3)2

PdCl2(PPh3)2

PdCl2(PPh3)2

Mg
Ni
Zn
Zn

Pt
Pt
Zn
CP

n.d.b

92
94
72

n.d.b

n.d.b

n.d.b

n.d.b

Entry Pd cat Anode Cathode 5aa 4aa
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did not occur with aryl chloride, the starting material disappeared (Entry 11).  It seems that the 

Ar-PdII-Cl did not form and the substrate was reduced directly at the platinum cathode.  When 

p-bromochlorobenzene was used as the substrate, the coupling proceeded only on the bromo side (Entry 

12).  The coupling reaction influenced by steric hindrance:  Biaryls were obtained from 

4-bromobenzonitrile and 3-bromobenzonitrile in 96% and 89% yields (Entries 2, 14), respectively, 

whereas 2-bromobenzonitrile gave 5k in 61% yields (Entry 13).   

A plausible mechanism, similar to that using C8V2+, is shown in Figure 1.  At the cathode, V2+.D. would 

be reduced to V0.D.  PdII was reduced with quinoid V0.D. to afford Pd0, and oxidative addition of Ar-Br 

to Pd0 species would generate Ar-PdII-Br.  Further reduction of Ar-PdII-Br with V0.D. would afford 

Ar-Pd0.  The second oxidative addition of Ar-Br on Ar-Pd0 would afford Ar-PdII-Ar, then reductive 

elimination would give Ar-Ar and Pd0. 

 

 
Figure 2. A Plausible Mechanism of Homocoupling Reaction of Aryl Halides 

 

In conclusion, dendrimer-type viologen 1 was synthesized by alkylation of 1-octylbipyridinium 

hexafluorophosphate with 1,3,5-tris(bromomethyl)benzene.  Pd/1-promoted homocoupling of aryl 

bromides Ar-Br proceeded smoothly to give the corresponding biaryls Ar-Ar in moderate to good yields.  

A catalytic amount of 1 promoted the homocoupling efficiently. 

 

 

Ar-PdII-Ar
D

Ar-PdII-X
B

Ar-Pd0

C

oxidative
addition

reductive
elimination

oxidative
addition

Ar-X

Ar-Ar
Ar-X

V0.D.

V2+.D.

2 e–

(–)

Pt

Pd0

A

PdII

V0.D.

V2+.D.
2 e–

(–)

Pt

reduction 
of Pd(II)

2136 HETEROCYCLES, Vol. 94, No. 11, 2017



in vacuo

J J 

J J J J 

= 

N

HETEROCYCLES, Vol. 94, No. 11, 2017 2137



 

pressure to give yellow solids.  The solids were dissolved in MeNO2 and filtered.  The MeNO2 solution 

was concentrated under reduced pressure to give colorless solids.  The mixture was filtered, and the 

solids were washed with THF until the solids turned to colorless.  The colorless solids were dissolved 

into MeCN and filtered.  The filtrate was concentrated under reduced pressure and dried overnight in 

vacuo to give 1,1’,1’’-[benzene-1,3,5-triyltris(methylene)]tris[(octyl)-4-pyridin-4-ylpyridinium] 

hexafluorophosphate [V2+.D.] (1, 2.99 g, 1.7 mmol, 84%) as colorless solids.  1H NMR (400 MHz, 

CD3CN) 0.89 (t, J = 6.8 Hz, 9H), 1.29-1.37 (m, 30H), 1.98-2.05 (m, 6H), 4.61 (t, J = 7.6 Hz, 6H), 5.84 

(s, 6H), 7.68 (s, 3H), 8.36-8.41 (m, 12H), 8.88-8.93 (m, 12H); 13C NMR (100 MHz, CD3CN)  14.7, 23.6, 

26.9, 29.9, 30.0, 32.3, 32.7, 63.5, 64.9, 128.5, 128.8, 133.2, 136.2, 146.9, 147.1, 151.1, 152.0; IR (KBr) 

417, 428, 442, 557, 740, 835, 1041, 1174, 1224, 1346, 1453, 1507, 1561, 1640, 2859, 2929, 3076, 3140, 

3427, 3667 cm-1; Anal. Calcd for C63H84F36N6P6:  C, 42.15; H, 4.72; N, 4.68. Found:  C, 41.98; H, 

4.54; N, 4.68. 
V2+.D./Pd-Mediated Reductive Coupling of 4-Bromopropiophenone (4a).  In an undivided cell 

equipped with a Zn sacrificial anode (1.5 x 1.0 cm2) and a Pt cathode (1.5 x 1.0 cm2) was placed a DMF 

(3 mL) solution of 4-bromopropiophenone (4a, 0.053 g, 0.25 mmol), 1 (0.14 g, 7.6 x 10-2 mmol), 

[Bu4N+][Tf2N–] (0.16 g, 0.30 mmol), and a catalytic amount of PdCl2(PPh3)2 (0.0086 g, 1.2 x 10-2 mmol).  

The solution was electrolyzed under constant current conditions (10 mA) at 60 ºC until 2 F/mol-4a of 

electricity was passed.  The reaction mixture was poured into 5% aq. HCl (12 mL).  The mixture was 

extracted with AcOEt (10 mL x 3).  The combined organic layer was washed successively with water 

and brine, dried (Na2SO4), and concentrated under reduced pressure.  The residue was purified by 

column chromatography (SiO2, toluene/AcOEt = 10/1) to afford 4,4’-dipropanoylbiphenyl (5a, 0.030 g, 

0.11 mmol, 89%).11  Rf = 0.58 (toluene/AcOEt = 10/1); 1H NMR (400 MHz, CDCl3)  1.26 (t, J = 6.8 

Hz, 6H), 3.06 (q, J = 6.8 Hz, 4H), 7.72 (d, J = 8.2 Hz, 4H), 8.07 (d, J = 8.2 Hz, 4H). 

4,4’-Dicyanobiphenyl (7b):11  colorless solids; Rf = 0.67 (toluene/AcOEt = 10/1); 1H NMR (400 MHz, 

CDCl3)  7.70 (d, J = 8.2 Hz, 4H), 7.79 (d, J = 8.2 Hz, 4H). 

4,4’-Bis(ethoxycarbonyl)biphenyl (7c):11  colorless solids; Rf = 0.42 (hexane/AcOEt = 5/1); 1H NMR 

(400 MHz, CDCl3)  1.42 (t, J = 7.0 Hz, 6H), 4.41 (q, J = 7.0 Hz, 4H), 7.69 (d, J = 8.2 Hz, 4H), 8.14 (d, J 

= 8.2 Hz, 4H),. 

4,4’-Bis(trifluoromethyl)biphenyl (7d):12  colorless solids; Rf = 0.37 (hexane); 1H NMR (400 MHz, 

CDCl3)  7.69–7.75 (m, 8H). 

4,4’-Di-tert-butylbiphenyl (7e):13  colorless solids; Rf = 0.28 (hexane); 1H NMR (400 MHz, CDCl3)  

1.36 (s, 18H), 7.45 (d, J = 8.6 Hz, 4H), 7.53 (d, J = 8.6 Hz, 4H). 

4,4’-Dimethylbiphenyl (7f):12  colorless solids; Rf = 0.40 (hexane); 1H NMR (400 MHz, CDCl3)  2.39 
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(s, 6H), 7.23 (d, J = 7.6 Hz, 4H), 7.48 (d, J = 7.6 Hz, 4H). 

4,4’-Dimethoxybiphenyl (7g):11  colorless solids; Rf = 0.60 (toluene); 1H NMR (400 MHz, CDCl3)  

3.84 (s, 6H), 6.96 (d, J = 8.6 Hz, 4H), 7.48 (d, J = 8.6 Hz, 4H). 

N,N,N’,N’-Tetramethylbenzidine (7h):14  colorless solids; Rf = 0.80 (Et2O); 1H NMR (400 MHz, 

CDCl3)  2.93 (s, 12H), 6.66 (d, J = 8.8 Hz, 4H), 7.32 (d, J = 8.8 Hz, 4H). 

4,4’-Dichlorobiphenyl (7j):11  Rf = 0.37 (hexane); 1H NMR (400 MHz, CDCl3)  7.41 (d, J = 8.8 Hz, 

4H), 7.48 (d, J = 8.8 Hz, 4H). 

2,2’-Dicyanobiphenyl (7k):15  Rf = 0.28 (toluene); 1H NMR (400 MHz, CDCl3)  7.56-7.60 (m, 4H), 

7.73 (t, J = 8.2 Hz, 2H), 7.84 (d, J = 8.2 Hz, 4H). 

3,3’-Dicyanobiphenyl (7l):16  Rf = 0.23 (toluene); 1H NMR (400 MHz, CDCl3)  7.62 (t, J = 8.0, 2H), 

7.72 (d, J = 8.0 Hz, 2H), 7.80 (d, J = 8.0 Hz, 2H), 7.85 (s, 2H). 
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