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1. General Methods and Instrumentation 

Triphenylbismuthine (1a) was obtained from commercial supply.  The other bismuthines were synthesized 

according to the literature. All aliphatic isocyanides and 2,6-xylylisocyanide (2g) were obtained from commer-

cial supplies. The other isocyanides were synthesized according to the literatures.  All solvents were distilled 

before use.  1H NMR spectra were recorded on JEOL JNM-ECX400 (400 MHz) FT NMR or JEOL JNM-

ECS400 (400 MHz) FT NMR in CDCl3 with Me4Si as an internal standard. 13C NMR spectra were recorded on 

JEOL JNM-ECX400 (100 MHz) FT NMR or JEOL JNM-ECS400 (100 MHz) FT NMR in CDCl3.  19F NMR 

spectra were recorded on JEOL JNM-ECX400 (376 MHz) FT NMR or JEOL JNM-ECS400 (376 MHz) FT 

NMR in CDCl3 with CFCl3 as an external standard.  High resolution mass spectra were obtained on JEOL 

JMS700.  GC-MS spectra were obtained on SHIMADZU GCMS-QP5000. HPLC (recycle GPC) method for 

isolation was performed on JAPAN ANALYTICAL INDUSTRY LC-908 with JAIGEL-2HH (polystyrene-

based column). 

 

 

2. Synthesis of Isocyanides 

• Synthesis of 4-methoxyphenylisocyanide (2f) 

 

4-methoxyphenylisocyanide (2f) was synthesized by minor modified method of the literature.1 

  A solution of 4-methoxyaniline (1.85 g, 15 mmol) and formic acid (85% aq.) (1.0 mL, 22.5 mmol) in toluene 

(15 mL) is refluxed under N2 atmosphere. The reaction was monitored by TLC. After the reaction, volatile ma-

terials were evaporated under reduced pressure and crude product was purified recrystallization from CHCl3/hex-

ane. 4-Methoxyformanilide was obtained in 97% yield as white to pale blue crystal. 

  In 100 mL two-necked flask after heating for drying, 4-methoxyformanilide (1.51 g, 10 mmol) was dissolved 

in CHCl3 (15 mL) and NEt3 (4.2 mL, 30 mmol) under N2 atmosphere and cooled to 0 °C by ice bath.  To the 

mixture, phosphoryl chloride (1.2 mL, 12 mmol, 5 mL CHCl3 solution) was added dropwise slowly.  After 

stirring for 1 h, the reaction temperature was allowed to RT and the mixture was stirred for more 1 h.  After the 

reaction was completed, the resulting mixture was cooled to 0 °C and aqueous saturated solution of sodium 

carbonate (10 mL) was added dropwise to quench the reaction.  After vigorous stirring for 1 h, more water (ca. 

20 mL) was added and organic layer was separated.  Aqueous layer was extracted by CHCl3 (20 mL) twice.  

Combined organic layer was dried over sodium sulfate, and solvent was removed by evaporation.  The residue 

was purified by silica gel column chromatography (eluent: hexane/AcOEt = 9/1).  4-methoxyphenylisocyanide 

(1e) was obtained in 90% yield (1.20 g) as white smelling solid but rapidly change to green liquid. 

 

• Synthesis of 2-biphenylisocyanide (2h) 
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2-biphenylisocyanide (2h) was synthesized by minor modified method in the literature.2 

  2-Bromoaniline (1.38 g, 8.0 mmol), phenylboronic acid (1.17 g, 9.6 mmol) and potassium carbonate (2.21 g, 

16 mmol) were placed in 50 mL two-necked flask and dissolved in acetone/H2O = 2/1 solution (10 mL) under 

N2 atmosphere. After stirred for 1 h at RT, palladium acetate (90 mg, 0.4 mmol) and triphenylphosphine (210 mg, 

0.8 mmol) were added to the solution. The mixture was stirred at 60 °C for 18 h. After the reaction, water was 

added and extracted by AcOEt twice. Combined organic layer was dried over magnesium sulfate, and solvent 

was removed by evaporation. The residue was purified by silica gel column chromatography (eluent: hexane/Ac-

OEt = 5/1). 2-biphenylaniline was obtained in 79% yield (1.07 g) as white solid. 

In 50 mL two-necked flask, a solution of 2-biphenylaniline (0.85 g, 5 mmol) and formic acid (85% aq.) (1.0 

mL, 22.5 mmol) in toluene (5 mL) is refluxed under N2 atmosphere. The reaction was monitored by TLC.  After 

the reaction, volatile materials were evaporated in reduced pressure. More purification was not operated. 2-phe-

nylformanilide was obtained in 99% yield (0.98 g) as white solid.  

  In 100 mL two-necked flask after heating for drying, 2-phenylformanilide (0.98 g, 5 mmol) was dissolved in 

CHCl3 (30 mL) and NEt3 (3 mL, 20 mmol) under N2 atmosphere and cooled to 0 °C by ice bath. To the mixture, 

phosphoryl chloride (1.2 mL, 12 mmol, 5 mL CHCl3 solution) was added dropwise slowly.  After stirring 1 h, 

the reaction temperature was allowed to RT and mixture was stirrer for more 1 h.  After the reaction was com-

pleted, the resulting mixture was cooled to 0 °C and aqueous saturated solution of sodium carbonate (5 mL) was 

added dropwise to quench the reaction.  After vigorous stirring for 1 h, more water (ca. 20 mL) was added and 

organic layer was separated.  Aqueous layer was extracted by CHCl3 (20 mL) twice.  Combined organic layer 

was dried over sodium sulfate, and solvent was removed by evaporation.  The residue was purified by silica gel 

column chromatography (eluent: hexane/AcOEt = 10/1).  2-biphenylisocyanide (2h) was obtained in 96% yield 

(0.85 g) as green liquid. 

 

• Synthesis of 4-cyanophenylisocyanide (2i) 

 

4-cyanophenylisocyanide (2i) was synthesized by minor modified method in the literatures. 3 

  In 50 mL 2-neck flask, a suspension of 4-cyanoaniline (2.36 g, 20 mmol) and formic acid (85% aq.) (10 mL, 

67.5 mmol) in water (5 mL) is stirred at 90 °C under N2 atmosphere overnight. The reaction was monitored by 
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TLC.  After the reaction, all volatile materials were removed in reduced pressure. The residue was recrystallized 

from water. Obtained white crystal was corrected by filtration under reduced pressure. 4-cyanoformanilide was 

obtained in 43% yield (1.26 g). 

  In 100 mL two-necked flask after heating for drying, 4-cyanoformanilide (1.00 g, 6.8 mmol) was dissolved in 

CHCl3 (30 mL) and NEt3 (3.0 mL, 20 mmol) under N2 atmosphere and cooled to 0 °C.  After stirred for 3 h at 

RT, phosphoryl chloride (0.69 mL, 7.4 mmol, 10 mL CHCl3 solution) was added dropwise slowly.  After 2 h, 

the reaction temperature was allowed to RT and mixture was stirred for more 2 h.  After the reaction was com-

pleted, the resulting mixture was cooled to 0 °C and aqueous saturated solution of sodium carbonate (10 mL) 

was added dropwise to quench the reaction.  After vigorous stirring for 1 h, more water (ca. 20 mL) was added 

and organic layer was separated.  Aqueous layer was extracted by CHCl3 (20 mL) twice.  Combined organic 

layer was dried over sodium sulfate, and solvent was removed by evaporation.  The residue was purified by 

silica gel column chromatography (eluent: hexane/AcOEt = 5/2).  4-cyanophenylisocyanide (2i) was obtained 

in 67% yield (0.584 g) as white solid. 

 

• Synthesis of 4-nitrophenylisocyanide (2j) 

 

4-nitrophenylisocyanide (2j) was synthesized by minor modified method in the literatures. 3 

  In 50 mL two-necked flask, a suspension of 4-nitroaniline (2.07 g, 15 mmol) and formic acid (85% aq.) (3.0 

mL, 67.5 mmol) in water (3 mL) is stirred at 80 °C under N2 atmosphere overnight. The reaction was monitored 

by TLC.  After the reaction, AcOEt (30 mL) was poured. Organic layer was washed by sat. NaHCO3 aqueous 

solution, followed by brine. Organic layer was separated and dried over sodium sulfate.  Solvent was removed 

under reduced pressure, and obtained solid was washed by methanol.  4-nitroformanilide was obtained in 88% 

yield as yellow solid. 

  In 100 mL two-necked flask after heating for drying, 4-nitroformanilide (1.02 g, 6 mmol) was dissolved in 

CHCl3 (60 mL) and NEt3 (2.6 mL, 18 mmol) under N2 atmosphere and cooled to 0 °C.  After stirred for 3 h at 

RT, phosphoryl chloride (0.87 mL, 9 mmol, 15 mL CHCl3 solution) was added dropwise slowly.  After 1 h, the 

reaction temperature was allowed to RT and mixture was stirrer for more 2 h.  After the reaction was completed, 

the resulting mixture was cooled to 0 °C and aqueous saturated solution of sodium carbonate (10 mL) was added 

dropwise to quench the reaction.  After vigorous stirring for 1 h, more water (ca. 20 mL) was added and organic 

layer was separated.  Aqueous layer was extracted by CHCl3 (20 mL) twice.  Combined organic layer was 

dried over sodium sulfate, and solvent was removed by evaporation.  The residue was purified by silica gel 

column chromatography (eluent: hexane/AcOEt = 7/3).  4-nitrophenylisocyanide (2j) was obtained in 78% 

yield (0.693 g) as pale yellow solid. 
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3. Synthesis of Bismuthines   

 

All triarylbismuthines except 1a were synthesized by minor modified method in the literatures. 4 

  Magnesium (1.53 g, 63 mmol) was placed in 200 mL two-necked flask, and heated for drying under N2. Small 

amount of dry THF and iodine was added to the flask. The corresponding aryl bromide (63 mmol) was added 

through dropwise funnel for generation of Grignard reagent, and the reaction mixture was diluted by dry THF.  

The mixture was heated at 50 °C until the reaction was completed. After all magnesium was consumed, the 

mixture was cooled to 0 °C by ice bath.  THF suspension of BiCl3 (6.3 g, 20 mmol) was added to solution of 

Grignard reagent slowly. The resulting mixture was stirred for 4 h at 60 °C. After the reaction, sat. NH4Cl aq. 

was added and extracted by CHCl3 twice. Combined organic layer was dried over sodium sulfate, and solvent 

was removed in reduced pressure. Pure triarylbismuthines was obtained in 40-60% yield by recrystallization of 

crude product from hot ethanol. 

 

 

4. Typical Reaction Procedure of α-Diimine Synthesis (Scheme 1) 

To 10 mL flask, Triphenylbismuthine 1a (176.1 mg, 0.4 mmol) and tert-butylisocyanide 2a (135.7 μL, 1.2 

mmol) were dissolved in MeCN (2 mL).  Palladium diacetate (5.4 mg, 0.024 mmol) was added to the mixture.  

The resulting mixture was stirred for 4 h at 70 °C.  After the reaction, the crude product was filtered through 

Celite pat.  All volatile was evaporated under reduced pressure, and the crude product was purified by recycle 

GPC (eluent: CHCl3). N,N’-bis(1,1-dimethylethyl)-1,2-diphenylethane-1,2-diimine (3aa) was obtained in 80% 

yield (154 mg). 
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5. Investigation of Palladium Catalysts and Solvents 

   

 

entry cat. [Pd] solvent yielda 

1 Pd(OAc)2 benzene 93% 

2 PdCl2 benzene 67% 

3 PdCl2(PPh3)2 benzene 60% 

4 PdCl2(PhCN)2 benzene 69% 

5 PdCl2(cod) benzene 63% 

6 Pd(PPh3)4 benzene 69% 

7b Pd2(dba)3·CHCl3 benzene 78% 

8 Pd(OAc)2 toluene 94% 

9 Pd(OAc)2 MeCN 97% 

10 Pd(OAc)2 THF 96% 

11 Pd(OAc)2 acetone 31% 

12 Pd(OAc)2 MeOH 18% 

13c Pd(OAc)2 (2 mol%) MeCN >99% (80%) 

14c Pd(OAc)2 (1 mol%) MeCN 29% 

aDetermined by 1H NMR. Isolated yield is shown in the parentheses. bPd2(dba)3·CHCl3 (2.5 mmol) was used. cRe-

action conditions: 2a (1.2 mmol), 1a (0.4 mmol), MeCN (2 mL). 

 

 

6. Compounds Characterization Data 

• N,N’-bis(1,1-dimethylethyl)-1,2-diphenylethane-1,2-diimine (3aa) 

 

CAS [38015-77-9]   

3aa is a known compound.5 However, 3aa was not fully characterized in the literature. This compound was 
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isolated in 80% yield (153.8 mg) by recycle GPC (eluent: CHCl3) 

  White solid; m.p. 107.5–109.0 °C; 1H NMR (400 MHz, CDCl3) δ 7.83–7.74 (m, 4H), 7.37–7.27 (m, 6H), 1.24 

(s, 18H); 13C NMR (100 MHz, CDCl3) δ 159.1, 140.4, 129.6, 128.2, 127.7, 57.9, 30.0; HRMS (FAB) Calcd for 

C22H29N2 [M+H]+: 321.2331, Found: 321.2320. 

 

• N,N’-bis(1,1,3,3-tetramethylpropyl)-1,2-diphenylethane-1,2-diimine (3ab) 

 

3ab is a new compound. This compound was isolated in 80% yield (207.7 mg) by recycle GPC (eluent: CHCl3). 

  White solid; m.p. 108.0–109.0 °C; 1H NMR (400 MHz, CDCl3) δ 7.81–7.74 (m, 4H), 7.34–7.28 (m, 6H), 1.50 

(s, 4H), 1.38 (s, 6H), 1.16 (s, 6H), 1.04 (s, 18H); 13C NMR (100 MHz, CDCl3) δ 158.6, 140.7, 129.5, 128.1, 127.9, 

62.0, 57.1, 32.1, 32.0, 30.0, 29.5; HRMS (FAB) Calcd for C30H45N2 [M+H]+: 433.3583, Found: 433.3580. 

 

• N,N’-dicyclohexyl-1,2-diphenylethane-1,2-diimine (3ac) 

 

CAS [20586-41-8]   

3ac is a known compound.6  However 3ac was not fully characterized in the literature. This compound was 

isolated in 82% yield (183.3 mg) by recycle GPC (eluent: CHCl3). 

  White solid; m.p. 89.5–91.0 °C; 1H NMR (400 MHz, CDCl3) δ 7.84–7.74 (m, 4H), 7.40–7.29 (m, 6H), 3.25 

(tt, J = 4.1, 9.6 Hz, 2H), 1.89–1.84 (m, 2H), 1.73–1.18 (m, 16H), 1.14–0.99 (m, 2H); 13C NMR (100 MHz, CDCl3) 

δ 162.1, 137.1, 130.2, 128.4, 127.6, 62.8, 33.9, 32.9, 25.6, 24.1, 24.0; HRMS (FAB) Calcd for C26H33N2 [M+H]+: 

373.2644, Found: 373.2644. 

 

• N,N’-dipentyl-1,2-diphenylethane-1,2-diimine (3ad) 

 

3ad is a new compound.  

This compound was isolated in 76% yield (158.9 mg) by recycle GPC (eluent: CHCl3). 

  Pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.77–7.72 (m, 4H), 7.39–7.31 (m, 6H), 3.33 (t, J = 7.3 Hz, 4H), 



8 

 

1.74–1.65 (m, 4H), 1.37–1.23 (m, 8H), 0.86 (t, J = 7.3 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 165.0, 136.1, 

130.5, 128.6, 127.1, 54.5, 30.5, 29.8, 22.5, 14.0; HRMS (FAB) Calcd for C24H33N2 [M+H]+: 349.2644, Found: 

349.2663. 

 

• N,N’-bis(phenylmethyl)-1,2-diphenylethane-1,2-diimine (3ae) 

 

CAS [59508-51-9]   

3ae is a known compound. This compound was isolated in 60% yield (139.9 mg) by recycle GPC (eluent: 

CHCl3). 

  White solid; 1H NMR (400 MHz, CDCl3) δ 7.88–7.83 (m, 4H), 7.43–7.16 (m, 16H), 4.60 (d, J = 15.9 Hz, 2H), 

4.53 (d, J = 15.9 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 165.8, 139.5, 135.7, 131.0, 128.8, 128.3, 127.9, 127.4, 

126.8, 57.7; GC-MS (EI) m/z = 388 (M+). 

 

• N,N’-bis(4-methoxyphenyl)-1,2-diphenylethane-1,2-diimine (3af) 

 

CAS [32349-49-8]   

3af is a known compound. This compound was isolated in 58% yield (48.8 mg) by preparative TLC (eluent: 

hexane/AcOEt = 1/1). 

  Yellow solid; 1H NMR (400 MHz, CDCl3) δ 7.88–7.83 (m, 4H), 7.43–7.33 (m, 6H), 6.70–6.61 (m, 8H), 3.72 

(s, 6H); 13C NMR (100 MHz, CDCl3) δ 163.2, 157.3, 142.4, 137.4 130.8, 128.7, 128.0, 122.1, 113.7, 55.3; GC-

MS (EI) m/z = 420 (M+). 

 

• N,N’-bis(2,6-dimethylphenyl)-1,2-diphenylethane-1,2-diimine (3ag) 

 

CAS [38015-82-6]   
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3ag is a known compound. This compound was isolated as mixture of two geometrical isomers (isomers ratio 

is 4:1) in 85% yield (70.8 mg) by preparative TLC (eluent: hexane/AcOEt = 8/1). 

  Viscous yellow oil; 1H NMR (400 MHz, CDCl3) δ 8.27–8.20 (m, 4H), 7.60–6.68 (m, 12H), 2.13–1.75 (m, 

12H); GC-MS (EI) m/z = 416 (M+). 

 

• N,N’-bis(2-biphenyl)-1,2-diphenylethane-1,2-diimine (3ah) 

 

3ah is a new compound.  

This compound was isolated in 62% yield (63.6 mg) by preparative TLC (eluent: hexane/AcOEt = 6/1). 

  Yellow solid; m.p. 184.5–185.5 °C; 1H NMR (400 MHz, CDCl3) δ 7.62–7.55 (m, 4H), 7.41–7.33 (m, 2H), 

7.28–7.21 (m, 6H), 7.20–7.10 (m, 6H), 7.11–7.01 (m, 2H), 6.91–6.80 (m, 6H), 6.50–6.42 (m, 2H); 13C NMR (100 

MHz, CDCl3) δ 162.9, 145.8, 139.4, 137.6, 134.8, 130.6, 130.3, 129.7, 128.6, 128.3, 127.4, 127.4, 126.3, 125.8, 

118.3; HRMS (FAB) Calcd for C38H29N2 [M+H]+: 513.2331, Found: 513.2340. 

 

• N,N’-bis(1,1-dimethylethyl)-1,2-bis(4-fluorophenyl)ethane-1,2-diimine (3ba) 

 

3ba is a new compound.  This compound was isolated in 80% yield (171.1 mg) by recycle GPC (eluent: 

CHCl3). 

  White solid; m.p. 99.5–102.0 °C; 1H NMR (400 MHz, CDCl3) δ 7.78–7.71 (m, 4H), 7.03–6.97 (m, 4H), 1.23 

(s, 18H); 13C NMR (100 MHz, CDCl3) δ 163.8 (d, JC–F = 250.8 Hz), 157.5, 136.3 (d, JC–F = 2.9 Hz), 129.5 (d, JC–

F = 8.6 Hz), 115.2 (d, JC–F = 21.9 Hz), 58.0, 29.9; 19F NMR (376 MHz, CDCl3) δ -111.3; HRMS (FAB) Calcd for 

C22H27F2N2 [M+H]+: 357.2142, Found: 357.2133. 

 

• N,N’-bis(1,1-dimethylethyl)-1,2-bis(4-chlorophenyl)ethane-1,2-diimine (3ca) 

 

3ca is a new compound. This compound was isolated in 77% yield (179.9 mg) by recycle GPC (eluent: CHCl3). 
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  Pale yellow solid; m.p. 120.0–121.5 °C; 1H NMR (400 MHz, CDCl3) δ 7.71–7.65 (m, 4H), 7.32–7.26 (m, 4H), 

1.23 (s, 18H); 13C NMR (100 MHz, CDCl3) δ157.4, 138.4, 135.9, 128.8, 128.6, 58.2, 29.9; HRMS (FAB) Calcd 

for C22H27Cl2N2 [M+H]+: 389.1551, Found: 389.1546. 

 

• N,N’-bis(1,1-dimethylethyl)-1,2-bis(4-trifluoromethylphenyl)ethane-1,2-diimine (3da) 

 

3da is a new compound.  This compound was isolated in 65% yield (178.0 mg) by recycle GPC (eluent: 

CHCl3). 

  White solid; m.p. 107.0–109.0 °C; 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 8.2 Hz, 4H), 7.59 (d, J = 8.2 Hz, 

4H), 1.26 (s, 18H); 13C NMR (100 MHz, CDCl3) δ 157.4, 138.4, 131.7 (q, JC–F = 32.4 Hz), 127.8, 125.4 (q, JC–F 

= 3.8 Hz), 124.1 (q, JC–F = 272.8 Hz), 58.6, 29.9; HRMS (FAB) Calcd for C24H27F6N2 [M+H]+: 457.2078, Found: 

457.2068. 

 

• N,N’-bis(1,1-dimethylethyl)-1,2-bis(4-methylphenyl)ethane-1,2-diimine (3ea) 

 

3ea is a new compound.  This compound was isolated in 81% yield (169.4 mg) by recycle GPC (eluent: 

CHCl3). 

  White solid; m.p. 83.5–85.0 °C; 1H NMR (400 MHz, CDCl3) δ 7.69–7.62 (m, 4H), 7.13–7.08 (m, 4H), 2.32 

(s, 6H), 1.23 (s, 18H); 13C NMR (100 MHz, CDCl3) δ 159.1, 139.6, 137.9, 128.9, 127.6, 57.7, 30.0, 21.3; HRMS 

(FAB) Calcd for C24H33N2 [M+H]+: 349.2644, Found: 349.2646. 

 

• N,N’-bis(1,1-dimethylethyl)-1,2-bis(4-methoxyphenyl)ethane-1,2-diimine (3fa) 

 

3fa is a new compound.  This compound was isolated in 87% yield (198.6 mg) by recycle GPC (eluent: 

CHCl3). 

  White solid; m.p. 80.0–84.0 °C; 1H NMR (400 MHz, CDCl3) δ 7.73–7.68 (m, 4H), 6.84–6.80 (m, 4H), 3.78 

(s, 6H), 1.24 (s, 18H); 13C NMR (100 MHz, CDCl3) δ 160.7, 158.6, 133.2, 113.4, 127.6 57.6, 55.2, 30.0; HRMS 



11 

 

(FAB) Calcd for C24H33N2O2 [M+H]+: 381.2542, Found: 381.2539. 
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