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Scheme S1. Synthesis of 1,2-bis(dichlorophosphino)benzene. 

 

Preparation of  N, N, N', N'- tetraethyl(2-bromophenyl)phosphonous acid 

diamide: The synthesis follows a protocol reported by Reetz et al.[1] To a 

250-mL three-necked round-bottom flask equipped with a 100-mL dropping 

funnel were added a solution of nbutyllithium (1.6 M, 31.7 mL, 50.7 mmol) in 

hexane and 150 mL of THF. The mixture was cooled down to -130°C 

(pentane/liq.N2), to which a solution of 1,2-dibromobenzene (6 mL, 49.7 mmol) 

in THF (50 mL) was added dropwise within 30 min under vigorous stirring. The 

resulting solution was stirred for additional 30 min at -130°C before a solution of 

bis(diethylamino)chlorophosphine (11.0 g, 52.2 mmol) in 20 mL THF was 

added. The mixture was then allowed to warm to room temperature slowly, 

affording a pale yellow solution. This solution was then stirred overnight. After 

removal of the most of the solvent in vacuo, dry diethyl ether (30×3 mL) was 

added to the residue. The suspension was stirred for 30 min, and the resulting 

solids were removed by filtration under argon atmosphere. Removal of diethyl 

ether from the filtrate in vacuo yielded a yellow oily residue. Fractional 

distillation of the residue under high vacuum afforded the product as a colorless 

oil (150°C, 0.5 mmHg): 14.6 g, Yield = 86%; 1H NMR (300 MHz, C6D6) δ = 

7.49-7.53 (m, 1H), 7.43-7.47 (m, 1H), 7.04-7.10 (m, 1H), 6.72-6.78 (m, 1H), 

2.90-3.08 (m, 8H), 0.97 (t, J = 8.1 Hz, 12H); 31P NMR (C6D6, 121.46 M Hz) δ = 

97.4 (s); IR (KBr pellet) ν = 2967, 1555, 1461, 1443, 1423, 1375, 1294, 1197, 



1186, 1094, 1015, 921, 750 cm-1; EI-MS: m/z = 330 (M +, 20), 258 (100), 187 

(36). 

Preparation of 1,2-phenylenebis(N,N,N',N'-tetraethylphosphinediamine): 

To a 250-mL three-necked round-bottom flask equipped with a 100-mL 

dropping funnel was added a solution of N, N, N', N'- 

tetraethyl(2-bromophenyl)phosphonous acid diamide (20.51 g, 61.96 mmol)  

in dry THF (120 mL). The solution was cooled down to -78 °C, and then 

n-butyllithium solution in hexane (1.6 M, 38.7 mL, 61.96 mmol) was added 

dropwise in 1 h. The resulting yellow solution was stirred for additional 1 h at 

this temperature before a solution of bis(diethylamino)chlorophosphine (13.00 

g, 61.96 mmol) in THF (40 mL) was added over a period of 30 min. The reaction 

mixture was then allowed to warm up to RT slowly and stirred overnight. After 

removal of the most of solvent in vacuo, dry diethyl ether (30×3 mL) was added 

to the residue. The suspension was stirred for 30 min, and the resulting solids 

were removed by filtration under argon atmosphere. Removal of diethyl ether 

from the filtrate in vacuo yields an organge oil of the product: 26.0 g, Yield = 

99%; 1H NMR (300 MHz, C6D6) δ = 7.70-7.80 (m, 2 H), 7.20-7.24 (m, 2 H), 

3.02-3.11 (m, 16 H), 1.06 (t, J = 8.1 Hz, 24 H); 31P NMR (C6D6, 121.46 MHz) δ = 

98.5 (s); IR (KBr pellet) ν = 2967, 1460, 1375, 1185, 1102, 907, 755 cm-1.  

 

Preparation of 1,2-bis(dichlorophosphino)benzene: A 250-mL 

three-necked round-bottom flask equipped with a 100-mL dropping funnel  

was charged with a solution of hydrogen chloride in diethyl ether (4.8 M, 190 

mL) at -78°C. To this solution was added 

1,2-phenylenebis(N,N,N',N'-tetraethylphosphinediamine) (15.0 g, 0.0352 mol) 

in diethyl ether (40 mL) over 1h. The reaction mixture was then allowed to warm 

up to RT slowly and stirred overnight, yielding a suspension containing a lot of 

white precipitate. The white solid was filtered off under argon and the solvent 

was removed from the filtrate under reduced pressure to give a pale yellow oily 

residue. Fractional distillation of the residue under high vacuum afforded the 



pure product as a colorless oil (120°C, 0.5 mmHg): 8.0 g, Yield = 81%. It should 

be noted that this compound is very sensitive to moisture. All of the 

manipulations for its preparation and application must be carried out under 

moisture-free conditions.  

 



Optimization of reaction conditions: 

 
Table S1. The effect of substrate concentration on the AHF of styrene, vinyl acetate and allyl cyanide. 

 

Styrene[a] Vinyl acetate[a] Allyl cyanide[b] 
Entry [Sub.] 

conv.(%) [c] b/l[c] ee(%)[c] conv.(%) [c] b/l[c] ee(%)[c] conv.(%) [c] ee(%)[c] b/l[c] 

1 4.3 88 3.1 52.4 98 33.2 86.0 55 3.2 56.3 

2 3.0 95 3.0 53.2 99 31.7 86.6 70 3.3 57.0 

3 1.8 84 2.9 52.4 94 29.6 87.0 55 3.3 67.0 

4 1.0 73 2.9 51.9 86 32.6 87.1 54 3.6 67.6 

[a] Reaction conditions: [Rh] / 10b = 1:1.5, sub./cat. = 500, P(H2) = 10 bar, P(CO) = 10 bar, toluene, 60°C, 6 h. [b] Reaction 

conditions: [Rh] / 10b = 1:1.5, sub./cat. = 500, P(H2) = 10 bar, P(CO) = 10 bar, toluene, 60°C, 6 h. [c] Conversions, branched/linear 

(b/l) ratios and ee values were determined by GC analysis. The absolute configuration for the products 16a, 19 and 22 were 

assigned to be R, S and R, respectively, by comparing the signs of their optical rotations with those of literatures.[2,3]  



 

Table S2. The effect of CO/H2 pressure on the AHF of vinyl acetate and styrene. 

Styrene[a] Vinyl acetate[a] 
Entry 

PH2 

[bar] 

PCO 

[bar] conv.(%) [b] b/l[b] ee (%)[b] conv.(%) [b] b/l[b] ee (%)[b] 

1 10 5 99 2.2 43.7 99 28.7 85.5 

2 10 10 95 3.0 53.2 99 31.7 86.6 

3 10 20 65 4.0 51.2 88 28.4 85.5 

4 5 10 44 2.6 39.4 73 30.8 85.4 

5 20 10 99 4.1 58.7 99 29.6 86.3 

6 30 10 96 4.6 60.7 98 31.2 86.7 

7 40 10 99 5.0 64.1 99 32.6 86.9 

8 60 10 99 5.4 65.0 99 31.3 86.8 

[a] Reaction conditions: [Rh] / 10b = 1:1.5, sub./cat. = 500, [substrate] = 3.0 M, toluene, 60°C, 6 h. [b] Conversions, branched/linear 

(b/l) ratios and ee values were determined by GC analysis. The absolute configuration for the products 16a and 19 were assigned to 

be R and S, respectively by comparing the signs of their optical rotations with those of literatures.[2] 



 

Table S3. The effect of CO/H2 pressure on the AHF of allyl cyanide. 

Allyl cyanide[a] 
Entry P(H2)[bar] P(CO)[bar] 

conv.(%) [b] ee(%)[b] b/l[b] 

1 10 10 55 67 3.3 

2 20 10 76 71 3.2 

3 30 10 99 71 3.2 

4 40 10 99 71 3.3 

5 50 10 99 65 3.3 

6 30 5 99 68 3.1 

7 30 20 65 67 3.3 

[a] Reaction conditions: [Rh] / 10b = 1:1.5, sub./cat. = 500, [substrate] = 1.0 M, toluene, 60°C, 6 h. [c] Conversions, branched/linear 

(b/l) ratios and ee values were determined by GC analysis. The absolute configuration for the products 22 was assigned to be R  by 

comparing its optical rotation with those of literatures.[3] 



 

Table S4. Solvent effect on AHF. 

Vinyl acetate [a] Styrene [a] Allyl cyanide [b] 
Entry Solvent 

conv.(%)[c] b/l[c] ee(%)[c] conv.(%) [c] b/l[c] ee(%)[c] conv.(%) [c] b/l[c] ee(%)[c] 

1 Toluene 99 32.6 86.9 99 5.0 64.1 99 3.2 71.6 

2 THF 92 27.9 86.9 87 5.2 65.9 99 2.9 63.8 

3 Benzene 92 29.0 87.2 88 5.0 66.2 99 3.0 64.6 

4 t-BuOMe 99 36.0 86.4 99 5.7 63.8 99 3.2 73.6 

5 CH2Cl2 99 32.7 82.0 99 6.1 58.3 99 3.8 71.2 

6[d] Toluene 78 34.0 91.1 66 9.5 72.6 99 3.4 72.2 

7[d] t-BuOMe 99 40.7 91.2 99 12.2 79.1 80 3.2 76.8 

[a] Reaction conditions: [Rh] / 10b = 1:1.5, sub./cat. = 500, P(H2) = 40 bar, P(CO) = 10 bar, [substrate] = 3.0 M, 60°C, 2 h. [b] 

Reaction conditions: [Rh] / 10b = 1:1.5, sub./cat. = 500, P(H2) = 30 bar, P(CO) = 10 bar, [substrate] = 1.0 M, 60°C, 4 h. [c] 

Conversions, branched/linear (b/l) ratios and ee values were determined by GC analysis. The absolute configuration for the 

products 16a, 19 and 22 were assigned to be R, S and R, respectively, by comparing the signs of their optical rotations with those of 

literatures.[2,3] [d] Ligand 10c is used instead of 10b.



Chiral GC Determination of enantiomeric excess (ee) of the asymmetric 

hydroformylation of alkene  
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Supelco’s Beta Dex 225 column, Temperature program: 100 oC for 5 min, then 
4 oC/min to160 oC; Flow rate: 1.0 mL/min 
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Supelco’s Beta Dex 120 column, temperature program: 80°C for 0 min, then 
1°C /min to 100°C, 100°C for 8 min, then 4°C/min to 130°C 
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Supelco’s Beta Dex 225 column, Temperature program: 100 oC for 5 min, then 
4 oC/min to160 oC; Flow rate: 1.0 mL/min 
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Supelco’s Beta Dex 225 column, Temperature program: 100 oC for 5 min, then 
4 oC/min to160 oC; Flow rate: 1.0 mL/min 
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Supelco’s Beta Dex 225 column, Temperature program: 100 oC for 5 min, then 
4 oC/min to160 oC; Flow rate: 1.0 mL/min 
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HPLC (column, chiraipak IC; eluent, hexane/2-propanol = 99/1; room 
temperature; flow rate, 0.5mL/min, detection, 214nm UV) 
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