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Table S1. Solvents Screening 

 

 

Typical Procedures for the preparation of 6: (Typical Procedure A) 

 

 

Oxalyl chloride (0.85 ml, 10.0 mmol) was added dropwise to a solution of 

ferrocenecarboxylic acid (1.15 g, 5.0 mmol) in CH2Cl2 (75 ml) at 25 °C under argon. 

The resulting solution was stirred at room temperature for 0.5 h and concentrated 

under reduced pressure. 2-Iodo-N-methylaniline (1.165 g, 5.0 mmol) and Et3N (1.4 ml, 

10.0 mmol) in CH2Cl2 (75 ml) was added to a solution of the above acid chloride in 

CH2Cl2 (125 ml) and stirred for 15 h. The reaction mixture was extracted with CH2Cl2 

and the organic layer was washed with NaHCO3 aq. and brine. The organic layer was 

dried over MgSO4, filtrated and concentrated under reduced pressure and the residue 

was purified by flash chromatography (hexanes/EtOAc = 5:1) on silica gel to afford 

6a as a yellow solid (1.50 g, 66%). 1H NMR (400 MHz, CDCl3) δ 7.95 (dd, J = 8.0, 

1.6 Hz, 1 H), 7.36 (td, J = 7.6, 1.2 Hz, 1 H), 7.18 (dd, J = 8.0, 1.6 Hz, 1 H), 7.07 (td, J 

= 7.6, 1.6 Hz, 1 H), 4.22 (bs, 1 H), 4.20 (s, 5 H), 4.16 (bs, 1 H), 4.08 (bs, 1 H), 3.80 

(bs, 1 H), 3.30 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 170.4, 147.1, 140.1, 129.74, 
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129.68, 129.5, 99.4, 75.4, 72.0, 70.3, 70.07, 70.03, 69.95, 37.7. HRMS (EI) calcd for 

C18H16
56FeINO [M+] 444.9626, found 444.9620. 

 

 

Compound S1 was prepared following the Typical Procedure A. 

The reaction of ferrocenecarboxylic acid (0.138 g, 0.60 mmol) and 

2-bromo-N-methylaniline (0.111 g, 0.60 mmol) afforded S1 (0.154 g, 65%). 1H NMR 

(400 MHz, CDCl3) δ 7.70 (dd, J = 8.0, 1.6 Hz, 1 H), 7.33 (td, J = 7.6, 1.6 Hz, 1 H), 

7.26 (td, J = 7.6, 1.6 Hz, 1 H), 7.19 (dd, J = 8.0, 1.6 Hz, 1 H), 4.29 (bs, 1 H), 4.19 (s, 

5 H), 4.17 (bs, 1 H), 4.08 (bs, 1 H), 3.75 (bs, 1 H), 3.32 (s, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 170.4, 143.6, 133.7, 130.5, 129.5, 128.7, 123.1, 75.3, 71.8, 70.0, 69.9, 37.3. 

HRMS (EI) calcd for C18H16
79Br56FeNO [M+] 396.9765, found 396.9760. 

 

 
Compound 6b was prepared following the Typical Procedure A. 

The reaction of ferrocenecarboxylic acid (0.552 g, 2.4 mmol) and 

2-iodo-N,4-dimethylaniline (0.593 g, 2.4 mmol) afforded 6b (0.881 g, 80%). 1H 

NMR (400 MHz, CDCl3) δ 7.77 (d, J = 1.2 Hz, 1 H), 7.15 (dd, J = 8.0, 1.2 Hz, 1 H), 

7.04 (d, J = 7.6 Hz, 1 H), 4.21 (bs, 1 H), 4.20 (s, 5 H), 4.16 (bs, 1 H), 4.09 (bs, 1 H), 

3.84 (bs, 1 H), 3.27 (s, 3 H), 2.36 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 170.4, 

144.5, 140.4, 139.9, 130.4, 129.1, 99.2, 75.5, 71.9, 70.4, 70.03, 69.99, 69.92, 37.8, 

20.6. HRMS (EI) calcd for C19H18
56FeINO [M+] 458.9782, found 458.9789. 

 

 

Compound S2 was prepared following the Typical Procedure A. 

The reaction of ferrocenecarboxylic acid (0.460 g, 2.0 mmol) and 

2-bromo-N,4-dimethylaniline (0.494 g, 2.0 mmol) afforded S2 (0.617 g, 75%). 1H 

NMR (400 MHz, CDCl3) δ 7.52 (d, J = 1.2 Hz, 1 H), 7.11 (dd, J = 8.0, 1.2 Hz, 1 H), 

7.06 (d, J = 8.0 Hz, 1 H), 4.28 (bs, 1 H), 4.18 (s, 5 H), 4.17 (bs, 1 H) 4.09 (bs, 1 H), 

3.78 (bs, 1 H), 3.29 (s, 3 H), 2.38 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 170.4, 

140.9, 139.9, 134.1, 129.9, 129.4, 122.7, 75.3, 71.8, 70.1, 70.0, 69.9, 37.4, 20.8. 

HRMS (EI) calcd for C19H18
79Br56FeNO [M+] 410.9921, found 410.9914. 
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Compound 6c was prepared following the Typical Procedure A. 

The reaction of ferrocenecarboxylic acid (0.138 g, 0.60 mmol) and 

2-bromo-N,5-dimethylaniline (0.119 g, 0.60 mmol) afforded 6c (0.201 g, 82%). 1H 

NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.0 Hz, 1 H), 7.06 (d, J = 8.4 Hz, 1 H), 7.01 (s, 

1 H), 4.33-4.03 (m, 8 H), 3.80 (bs, 1 H), 3.29 (s, 3 H), 2.30 (s, 3 H); 13C NMR (100 

MHz, CDCl3) δ 170.3, 143.3, 139.0, 133.3, 131.0, 130.4, 119.7, 75.4, 71.8, 70.2, 70.1, 

69.9, 37.4, 20.8. HRMS (EI) calcd for C19H18
79Br56FeNO [M+] 410.9921, found 

410.9915. 
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1) (COCl)2, DCM

2) Et3N, DCM

 

Compound 6d was prepared following the Typical Procedure A. 

The reaction of ferrocenecarboxylic acid (0.460 g, 2.0 mmol) and 

4-(tert-butyl)-2-iodo-N-methylaniline (0.578 g, 2.0 mmol) afforded 6d (0.731 g, 73%). 
1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 2.0 Hz, 1 H), 7.35 (dd, J = 8.0, 2.0 Hz, 1 

H), 7.07 (d, J = 8.0 Hz, 1 H), 4.29 (s, 1 H), 4.21 (s, 5 H), 4.17 (bs, 1 H), 4.08 (bs, 1 H), 

3.75 (bs, 1 H), 3.28 (s, 3 H), 1.33 (s, 9 H); 13C NMR (100 MHz, CDCl3) δ 170.5, 

153.2, 144.4, 137.0, 128.9, 126.8, 99.2, 75.5, 72.0, 70.2, 70.1, 69.9, 37.8, 34.6, 31.2. 

HRMS (EI) calcd for C22H24
56FeINO [M+] 501.0252, found 501.0250. 

 

 

Compound 6e was prepared following the Typical Procedure A. 

The reaction of ferrocenecarboxylic acid (0.460 g, 2.0 mmol) and 

2-bromo-4-methoxy-N-methylaniline (0.430 g, 2.0 mmol) afforded 6e (0.599 g, 70%). 
1H NMR (400 MHz, CDCl3) δ 7.22 (d, J = 2.8 Hz, 1 H), 7.10 (d, J = 8.8 Hz, 1 H), 

6.85 (dd, J = 8.8, 2.8 Hz, 1 H), 4.26 (bs, 1 H), 4.21-4.15 (m, 6 H) 4.10 (bs, 1 H), 3.84 

(s, 3 H), 3.81 (bs, 1 H), 3.28 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 170.6, 159.5, 

136.4, 130.7, 123.6, 118.5, 114.4, 75.4, 71.9, 70.2, 70.1, 70.0, 69.9, 55.8, 37.6. HRMS 

(EI) calcd for C19H18
79Br56FeNO2 [M

+] 426.9870, found 426.9868. 
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Compound 6f was prepared following the Typical Procedure A. 

The reaction of ferrocenecarboxylic acid (0.161 g, 0.70 mmol) and 

4-fluoro-2-iodo-N-methylaniline (0.176 g, 0.70 mmol) afforded 6f (0.253 g, 78%). 1H 

NMR (400 MHz, CDCl3) δ 7.66 (dd, J = 7.6, 2.8 Hz, 1 H), 7.17-7.04 (m, 2 H), 

4.33-4.16 (m, 7 H), 4.12 (bs, 1 H), 3.79 (bs, 1 H), 3.27 (s, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 170.5, 162.3, 159.7, 143.6, 143.5, 130.3, 130.2, 126.9, 126.7, 116.8, 116.6, 

99.3, 99.2, 75.3, 71.9, 70.2, 70.0, 37.8. HRMS (EI) calcd for C18H15F
56FeINO [M+] 

462.9532, found 462.9524. 

 

Fe
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Compound 6g was prepared following the Typical Procedure A. 

The reaction of ferrocenecarboxylic acid (0.460 g, 2.0 mmol) and 

2-iodo-4-chloro-N-methylaniline (0.534 g, 2.0 mmol) afforded 6g (0.651 g, 68%). 1H 

NMR (400 MHz, CDCl3) δ 7.94 (d, J = 2.4 Hz, 1 H), 7.33 (dd, J = 8.4, 2.4 Hz, 1 H), 

7.09 (d, J = 8.4 Hz, 1 H), 4.29 (bs, 1 H), 4.21 (s, 6 H), 4.13 (bs, 1 H), 3.82 (bs, 1 H), 

3.27 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 170.4, 145.9, 139.4, 134.2, 130.1, 129.8, 

99.6, 75.2, 72.0, 70.2, 70.08, 70.05, 37.7. HRMS (EI) calcd for C18H15
35Cl56FeINO 

[M+] 478.9236, found 478.9232. 

 

 

Compound 6j was prepared following the Typical Procedure A. 

The reaction of 1'-methoxycarbonylferrocene-1-carboxylic acid (0.144 g, 0.50 

mmol) and 2-iodo-N-methylaniline (0.117 g, 0.50 mmol) afforded 6j (0.151 g, 60%). 
1H NMR (400 MHz, CDCl3) δ 7.92 (dd, J = 7.6, 1.2 Hz, 1 H), 7.39 (td, J = 7.6, 1.2 

Hz, 1 H), 7.28 (dd, J = 7.6, 1.2 Hz, 1 H), 7.07 (td, J = 8.0, 1.6 Hz, 1 H), 4.89-4.73 (m, 

2 H), 4.49-4.39 (m, 2 H), 4.23-4.07 (m, 3 H), 3.98 (bs, 1 H), 3.80 (s, 3 H), 3.29 (s, 3 

H); 13C NMR (100 MHz, CDCl3) δ 171.3, 146.8, 140.1, 129.73, 129.68, 99.5, 73.61, 

73.56, 72.44, 72.40, 72.0, 71.8, 71.7, 71.6, 71.2, 51.7, 37.6. HRMS (EI) calcd for 

C20H18
56FeINO3 [M

+] 502.9681, found 502.9673. 
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Compound 6k was prepared following the Typical Procedure A. 

The reaction of 1-carboxy-1'-[(dimethylamino) carbonyl] ferrocene (60.0 mg, 

0.20 mmol) and 2-iodo-N-methylaniline (47.0 mg, 0.20 mmol) afforded 6k (45.0 mg, 

44%). 1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 8.0, 1.2 Hz, 1 H), 7.37 (td, J = 7.2, 

1.2 Hz, 3 H), 7.24 (dd, J = 8.0, 1.2 Hz, 1 H), 7.06 (td, J = 8.0, 1.6 Hz, 1 H), 4.66 (d, J 

= 12.4 Hz, 2 H), 4.38 (d, J = 10.8 Hz, 2 H), 4.28-4.08 (m, 3 H), 4.01 (bs, 1 H), 3.28 (s, 

3 H), 3.23-2.91 (br, 6 H); 13C NMR (100 MHz, CDCl3) δ 170.1, 169.8, 146.7, 140.0, 

129.7, 129.6, 99.2, 79.2, 76.7, 72.9, 72.4, 72.3, 72.2, 72.1, 72.0, 71.9, 71.7, 39.0, 37.7, 

36.6. HRMS (EI) calcd for C21H21
56FeIN2O2 [M

+] 515.9997, found 515.9991. 

 

 

Compound 6m was prepared following the Typical Procedure A. 

The reaction of ruthenocenecarboxylic acid (0.275 g, 1.0 mmol) and 

2-iodo-N-methylaniline (0.233 g, 1.0 mmol) afforded 6m (0.368 g, 75%). 1H NMR 

(400 MHz, CDCl3) δ 7.93 (d, J = 8.0 Hz, 1 H), 7.40 (td, J = 8.0, 1.6 Hz, 1 H), 7.24 (dd, 

J = 8.0, 1.2 Hz, 1 H), 7.09 (td, J = 8.0, 1.2 Hz, 1 H), 4.57 (s, 5 H), 4.47 (bs, 1 H), 4.43 

(bs, 1 H), 4.32 (bs, 1 H), 4.28 (bs, 1 H) 3.24 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 

168.8, 146.8, 140.1, 129.71, 129.65, 129.58, 99.5, 79.7, 72.9, 72.4, 72.0, 71.9, 71.7, 

37.7. HRMS (EI) calcd for C18H16
102RuINO [M+] 490.9320, found 490.9315. 

 

 

Compound 6o was prepared following the Typical Procedure A. 

The reaction of ferrocenecarboxylic acid (0.138 g, 0.60 mmol) and 

2-bromo-N-methyl-4-(trifluoromethoxy)aniline (0.162 g, 0.60 mmol) afforded 6o 

(87.0 mg, 30%). 1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 1.6 Hz, 1 H), 7.24-7.15 

(m, 2 H), 4.35 (bs, 1 H), 4.26-4.16 (m, 6 H), 4.12 (bs, 1 H), 3.74 (bs, 1 H), 3.30 (s, 3 

H); 13C NMR (100 MHz, CDCl3) δ 170.5, 148.4, 142.5, 131.2, 126.1, 123.7, 121.5, 

121.0, 118.9, 116.4, 75.2, 71.9, 70.3, 70.1, 69.9, 37.4. HRMS (EI) calcd for 

C19H15
79BrF3

56FeNO2 [M
+] 480.9588, found 480.9591. 

 

Typical Procedures for the preparation of 6h, 6i, 6l: (Typical Procedure B) 
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The benzoyl chloride (0.14 ml, 1.2 mmol, 1.2 equiv) was added to a mixture of 

6a (0.445 g, 1.0 mmol) and AlCl3 (0.267 g, 2.0 mmol, 2.0 equiv) in CH2Cl2 (10 ml) at 

room temperature and stirred for additional 3 h. The reaction was quenched by the 

addition of crushed ice and extracted with CH2Cl2 twice. The combined organic phase 

was washed with water and dried over Na2SO4. After filtration the solvent was 

removed by evaporation, and the resulting mixture was purified by column 

chromatography on silica gel (hexanes/ethyl acetate = 1:1) to afford the desired 

product 6h (0.480 g, 85%). 1H NMR (400 MHz, CDCl3) δ 7.96-7.80 (m, 3 H), 7.56 (t, 

J = 7.2 Hz, 1 H), 7.46 (t, J = 8.0 Hz, 2 H), 7.33 (t, J = 7.2 Hz, 1 H), 7.17 (dd, J = 7.6, 

1.2 Hz, 1 H), 7.06 (t, J = 7.6 Hz, 1 H), 4.93 (s, 2 H), 4.66 (s, 1 H), 4.65 (s, 1 H), 

4.22-3.97 (m, 4 H), 3.27 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 198.5, 168.9, 146.6, 

140.1, 139.3, 131.7, 129.75, 129.69, 128.2, 99.4, 79.0, 75.2, 73.2, 73.05, 72.98, 72.61, 

72.56, 72.4, 72.0, 37.7. HRMS (EI) calcd for C25H20
56FeINO2 [M

+] 548.9888, found 

548.9895. 

 

O

N

I
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O

N

I
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Fe O

Cl
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+

6i6d  

Compound 6i was prepared following the Typical Procedure B. 

The reaction of benzoyl chloride (70 μl, 0.60 mmol, 1.2 equiv) and 6d (0.251 g, 

0.50 mmol) afforded 6i (0.242 g, 80%). 1H NMR (400 MHz, CDCl3) δ 8.04-7.74 (m, 

3 H), 7.64-7.31 (m, 4 H), 7.06 (bs, 1 H), 4.92 (bs, 2 H), 4.66 (bs, 2 H), 4.25-3.85 (m, 4 

H), 3.32 (br, 3 H), 1.30 (s, 9 H). 13C NMR (100 MHz, CDCl3) δ 198.5, 169.1, 153.5, 

143.8, 139.4, 136.9, 131.7, 128.9, 128.2, 126.9, 99.2, 78.9, 75.2, 73.2, 73.0, 72.7, 72.4, 

72.1, 37.7, 34.6, 31.1. HRMS (EI) calcd for C29H28
56FeINO2 [M+] 605.0514, found 

605.0511. 

 

 

Compound 6l was prepared following the Typical Procedure B. 

The reaction of t-BuOH (16.3 mg, 0.22 mmol, 1.1 equiv) and 6a (89.0 mg, 0.20 
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mmol) afforded 6l (40.1 mg, 40%). 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.0 Hz, 

1 H), 7.36 (t, J = 7.2 Hz, 1 H), 7.18 (d, J = 6.8 Hz, 1 H), 7.07 (t, J = 7.6 Hz, 1 H), 

4.25-4.11 (m, 4 H), 4.10-4.02 (m, 3 H), 3.87 (bs, 1 H), 3.29 (s, 3 H), 1.17 (s, 9 H); 13C 

NMR (100 MHz, CDCl3) δ 170.6, 147.2, 140.1, 129.7, 129.6, 129.4, 103.2, 99.4, 75.5, 

71.8, 70.6, 70.5, 70.04, 69.98, 66.9, 66.4, 37.7, 31.4, 30.2. HRMS (EI) calcd for 

C22H24
56FeINO2 [M

+] 501.0252, found 501.0250. 

 

 

The LiHMDS (1.0 M in THF) (10.0 ml, 10.0 mmol) was added to 

3-bromo-4-(methylamino)benzonitrile (0.422 g, 2.0 mmol) in THF (20 ml) at -10 oC. 

After stirring for 20 min at -10 oC the reaction mixture was allowed to warm to room 

temperature and stirred for additional 2 h. 

Oxalyl chloride (0.43 ml, 5.0 mmol) was added dropwise to a solution of 

ferrocenecarboxylic acid (0.576 g, 2.5 mmol) in CH2Cl2 (20 ml) at 25 °C under argon. 

The resulting solution was stirred at room temperature for 0.5 h and concentrated 

under reduced pressure. The residue was diluted with THF (12 ml). This solution was 

added to the above amide solution at 0 oC in 25 min then the reaction mixture was 

allowed to warm to room temperature and stirred for another 20 min. After quenched 

with water, the residue was extracted with ethyl acetate twice. The combined organic 

layer was washed with brine, dried over Na2SO4, filtrated and concentrated, and 

purified by column chromatography (hexanes/EtOAc = 4:1) on silica gel to afford 6n 

(0.558 g, 66%). 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 1.6 Hz, 1 H), 7.59 (dd, J = 

8.0, 1.6 Hz, 1H), 7.26 (d, J = 8.0 Hz, 1H), 4.41 (bs, 1 H), 4.32-3.95 (m, 7 H), 3.73 (bs, 

1 H), 3.31 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 170.4, 148.3, 137.3, 132.3, 131.3, 

123.7, 116.6, 113.1, 75.1, 71.9, 70.3, 70.2, 69.8, 37.2. HRMS (EI) calcd for 

C19H15
79Br56FeN2O [M+] 421.9717, found 421.9709. 

 

 

Typical procedure for the palladium-catalyzed asymmetric C-H 

functionalization/cyclization reaction: (Typical Procedure C). 

A mixture of 6a (44.5 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) was stirred at 120 °C for 12 h (the 

reaction was monitored by TLC). After cooling to room temperature the solvent was 

removed by evaporation and the residue was purified by column chromatography on 

silica gel (hexanes/ethyl acetate = 5:1) to afford 7a (31.0 mg, 98%, 67% ee). [α]23
D 
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+19.6 (c 1.0, CHCl3). HPLC conditions: Chiralcel AD-H, isopropanol/hexane = 8:92, 

flow: 1.0 ml/min, λ = 254 nm. 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 7.6 Hz, 1 

H), 7.39 (t, J = 7.6 Hz, 1 H), 7.27 (d, J = 7.6 Hz, 1 H), 7.18 (t, J = 7.6 Hz, 1 H), 5.22 

(s, 1 H), 5.15 (s, 1 H), 4.49 (s, 1 H), 3.94 (s, 5 H), 3.70 (s, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 167.8, 138.2, 127.2, 123.5, 123.0, 122.3, 114.9, 83.4, 71.5, 71.3, 70.4, 67.2, 

63.6, 29.3. HRMS (EI) calcd for C18H15
56FeNO [M+] 317.0503, found 317.0497. 

 

 
The reaction of S1 (39.8 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7a (29.8 mg, 

94%, 49% ee).  

 

 
The reaction of 6b (45.9 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7b (Rf = 

0.30, PE:EA = 5:1) (29.8 mg, 90%, 67% ee). [α]23
D +185.0 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 6:94, flow: 1.0 ml/min, λ = 254 

nm. 1H NMR (400 MHz, CDCl3) δ 7.51 (s, 1 H), 7.23-7.11 (m, 2 H), 5.20 (s, 1 H), 

5.12 (s, 1 H), 4.47 (s, 1 H), 3.94 (s, 5 H), 3.67 (s, 3 H), 2.44 (s, 3 H); 13C NMR (100 

MHz, CDCl3) δ 167.7, 136.1, 131.7, 128.1, 123.7, 122.8, 114.9, 83.5, 71.6, 71.2, 70.4, 

67.1, 63.5, 29.3, 20.7. HRMS (EI) calcd for C19H17
56FeNO [M+] 331.0660, found 

331.0656. 

 

 
The reaction of S2 (41.1 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol %) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7b (31.4 

mg, 95%, 57% ee). 
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The reaction of 6c (41.1 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7c (Rf = 

0.20, PE:EA = 5:1) (32.1 mg, 97%, 51% ee). [α]23
D +6.4 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 6:94, flow: 1.0 ml/min, λ = 254 

nm. 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 7.6 Hz, 1 H), 7.08 (s, 1 H), 7.00 (d, J 

= 7.6 Hz, 1 H), 5.19 (dd, J = 2.4, 1.2 Hz, 1 H), 5.11 (dd, J = 2.4, 1.2 Hz, 1 H), 4.46 (t, 

J = 2.4 Hz, 1 H), 3.93 (s, 5 H), 3.68 (s, 3 H), 2.46 (s, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 168.1, 138.2, 137.2, 123.3, 123.2, 120.0, 115.6, 83.8, 71.15, 71.06, 70.3, 

66.9, 63.3, 29.3, 22.0. HRMS (EI) calcd for C19H17
56FeNO [M+] 331.0660, found 

331.0655. 

 

 
The reaction of 6d (50.1 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7d (Rf = 

0.30, PE:EA = 5:1) (32.1 mg, 86%, 60% ee). [α]23
D +293.8 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 0.5:99.5, flow: 1.0 ml/min, λ = 254 

nm. 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 2.4 Hz, 1 H), 7.42 (dd, J = 8.8, 2.4 Hz, 

1 H), 7.21 (d, J = 8.8 Hz, 1 H), 5.24-5.18 (m, 1 H), 5.18-5.13 (m, 1 H), 4.48 (t, J = 2.8 

Hz, 1 H), 3.94 (s, 5 H), 3.68 (s, 3 H), 1.41 (s, 9 H); 13C NMR (100 MHz, CDCl3) δ 

167.8, 145.2, 136.0, 124.5, 122.4, 119.9, 114.7, 83.8, 71.6, 71.1, 70.4, 67.1, 63.4, 34.3, 

31.5, 29.2. HRMS (EI) calcd for C22H23
56FeNO [M+] 373.1129, found 373.1126. 

 

 

The reaction of 6e (42.8 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7e (Rf = 

0.30, PE:EA = 3:1) (31.2 mg, 90%, 64% ee). [α]23
D +198.9 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 6:94, flow: 1.0 ml/min, λ = 254 nm. 
1H NMR (400 MHz, CDCl3) δ 7.22 (d, J = 2.8 Hz, 1 H), 7.20 (d, J = 9.2 Hz, 1 H), 
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6.96 (dd, J = 9.2, 2.8 Hz, 1 H), 5.21 (dd, J = 2.4, 1.2 Hz, 1 H), 5.10 (dd, J = 2.4, 1.2 

Hz, 1 H), 4.48 (t, J = 2.4 Hz, 1 H), 3.95 (s, 5 H), 3.91 (s, 3 H), 3.67 (s, 3 H); 13C 

NMR (100 MHz, CDCl3) δ 167.3, 154.9, 132.3, 124.2, 116.0, 112.8, 108.2, 83.0, 71.8, 

71.3, 70.4, 67.3, 63.7, 55.6, 29.4. HRMS (EI) calcd for C19H17
56FeNO2 [M

+] 347.0609, 

found 347.0610. 

 

 
The reaction of 6f (46.3 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7f (Rf = 

0.30, PE:EA = 5:1) (28.5 mg, 85%, 45% ee). [α]23
D -67.0 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 8:92, flow: 1.0 ml/min, λ = 254 

nm. 1H NMR (400 MHz, CDCl3) δ 7.39 (dd, J = 8.8, 3.2 Hz, 1 H), 7.21 (dd, J = 8.8, 

4.8 Hz, 1 H), 7.09 (td, J = 8.8, 2.8 Hz, 1 H), 5.23 (d, J = 1.2 Hz, 1 H), 5.10 (d, J = 1.6 

Hz, 1 H), 4.52 (t, J = 2.8 Hz, 1 H), 3.97 (s, 5 H), 3.68 (s, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 167.4, 159.6, 157.2, 134.5, 124.94, 124.86, 116.3, 116.2, 114.0, 113.8, 109.7, 

109.5, 82.2, 71.65, 71.62, 70.5, 67.6, 64.0, 29.5. HRMS (EI) calcd for 

C18H14F
56FeNO [M+] 335.0409, found 335.0402. 

 

 

The reaction of 6g (49.4 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol %), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7g (Rf = 

0.30, PE:EA = 3:1) (33.0 mg, 94%, 28% ee). [α]23
D +93.0 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 6:94, flow: 1.0 ml/min, λ = 254 

nm. 1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 2.4 Hz, 1 H), 7.33 (dd, J = 8.8, 2.4 Hz, 

1 H), 7.18 (d, J = 8.8 Hz, 1 H), 5.23 (s, 1 H), 5.11 (s, 1 H), 4.52 (s, 1 H), 3.97 (s, 5 H), 

3.67 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 167.5, 136.8, 127.7, 126.9, 124.9, 122.9, 

116.2, 82.0, 71.7, 71.5, 70.6, 67.6, 63.9, 29.4. HRMS (EI) calcd for 

C18H14
35Cl56FeNO [M+] 351.0113, found 351.0109. 
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The reaction of 6h (54.9 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7 h (Rf = 

0.20, PE:EA = 1:1) (21.1 mg, 50%, 61% ee). [α]23
D -465.0 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 8:92, flow: 1.0 ml/min, λ = 254 

nm. 1H NMR (400 MHz, CDCl3) δ 7.62-7.48 (m, 4 H), 7.46-7.33 (m, 3 H), 7.22 (d, J 

= 8.4 Hz, 1 H), 7.15 (t, J = 7.6 Hz, 1 H), 5.23 (s, 1 H), 5.12 (s, 1 H), 4.85 (s, 1 H), 

4.55 (s, 1 H), 4.47 (s, 1 H), 4.45 (s, 1 H), 4.31 (s, 1 H), 3.58 (s, 3 H); 13C NMR (100 

MHz, CDCl3) δ 196.7, 166.5, 138.9, 138.4, 131.7, 128.3, 128.00, 127.96, 124.3, 122.4, 

120.5, 115.2, 85.7, 79.4, 74.6, 74.0, 73.6, 72.9, 72.5, 72.2, 68.0, 65.5, 29.3. HRMS (EI) 

calcd for C25H19
56FeNO2 [M

+] 421.0765, found 421.0767. 

 

O

N

I

t-Bu

Fe

Ph

O

Fe
N

O

t-Bu

Ph

O

6i 7i

Pd(OAc)2 (5 mol%)

(R,Sa)-O-PINAP (15 mol%)

Cs2CO3, toluene, 120
oC

 

The reaction of 6i (60.5 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7i (Rf = 

0.20, PE:EA = 2:1) (35.8 mg, 75%, 63% ee). [α]23
D -242.1 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 6:94, flow: 1.0 ml/min, λ = 254 nm. 
1H NMR (400 MHz, CDCl3) δ 7.61-7.52 (m, 3 H), 7.52-7.42 (m, 2 H), 7.37 (t, J = 7.2 

Hz, 2 H), 7.16 (d, J = 8.4 Hz, 1 H), 5.22 (s, 1 H), 5.16 (s, 1 H) 4.86 (s, 1 H), 4.56 (s, 1 

H), 4.46 (s, 1 H), 4.43 (s, 1 H), 4.30 (s, 1 H), 3.57 (s, 3 H), 1.37 (s, 9 H); 13C NMR 

(100 MHz, CDCl3) δ 196.7, 166.5, 145.3, 139.0, 136.2, 131.7, 128.3, 128.0, 125.4, 

120.7, 119.9, 115.0, 86.3, 79.5, 74.5, 73.9, 73.6, 72.8, 72.6, 72.3, 68.0, 65.2, 34.2, 

31.4, 29.2. HRMS (EI) calcd for C29H27
56FeNO2 [M

+] 477.1391, found 477.1389. 

 

 
The reaction of 6j (50.3 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7j (Rf = 

0.40, PE:EA = 2:1) (30.0 mg, 80%, 55% ee). [α]23
D -284.5 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 6:94, flow: 1.0 ml/min, λ = 254 nm. 
1H NMR (400 MHz, CDCl3) δ 7.65 (dd, J = 7.6, 1.6 Hz, 1 H), 7.45 (td, J = 7.6, 1.6 

Hz, 1 H), 7.29 (d, J = 8.4 Hz, 1 H), 7.20 (td, J = 7.6, 1.2 Hz, 1 H), 5.24 (dd, J = 2.4, 

1.2 Hz, 1 H), 5.14 (dd, J = 2.4, 1.2 Hz, 1 H), 4.65 (dt, J = 2.4, 1.2 Hz, 1 H), 4.49 (t, J 

= 2.4 Hz, 1 H), 4.44-4.35 (m, 2 H), 4.31 (td, J = 2.4, 1.2 Hz, 1 H), 3.68 (s, 3 H), 3.34 
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(s, 3 H); 13C NMR (100 MHz, CDCl3) δ 168.8, 166.6, 138.6, 127.9, 124.2, 122.2, 

120.2, 115.1, 85.4, 74.1, 72.9, 72.8, 72.2, 71.9, 71.2, 67.8, 64.5, 51.6, 29.4. HRMS (EI) 

calcd for C20H17
56FeNO3 [M

+] 375.0558, found 375.0550. 

 

 

The reaction of 6k (51.6 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7k (Rf = 

0.20, ethyl acetate) (29.1 mg, 75%, 53% ee). [α]23
D +31.3 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 6:94, flow: 1.0 ml/min, λ = 254 nm. 
1H NMR (400 MHz, CDCl3) δ 7.73 (dd, J = 7.6, 1.6 Hz, 1 H), 7.42 (td, J = 7.2, 1.6 

Hz, 1 H), 7.27 (d, J = 7.6 Hz, 1 H), 7.19 (td, J = 7.6, 0.8 Hz, 1 H), 5.23 (dd, J = 2.4, 

1.2 Hz, 1 H), 5.21 (dd, J = 2.8, 1.2 Hz, 1 H), 4.61 (dt, J = 2.4, 1.2 Hz, 1 H), 4.58 (t, J 

= 2.4 Hz, 1 H), 4.23 (dt, J = 2.4, 1.2 Hz, 1 H), 4.16 (td, J = 2.4, 1.2 Hz, 1 H), 4.02 (td, 

J = 2.4, 1.2 Hz, 1 H), 3.69 (s, 3 H), 2.88 (br, 6 H); 13C NMR (100 MHz, CDCl3) δ 

168.3, 167.2, 138.4, 127.6, 124.2, 122.2, 121.5, 114.9, 84.7, 79.8, 73.5, 73.1, 72.3, 

72.0, 71.9, 71.3, 67.9, 66.5, 38.8, 36.6, 29.4. HRMS (EI) calcd for C21H20
56FeN2O2 

[M+] 388.0874, found 388.0871. 

 

 

The reaction of 6l (50.1 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7l (Rf = 

0.30, PE:EA = 2:1) (19.4 mg, 52%, 60% ee). [α]23
D -26.0 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 8:92, flow: 1.0 ml/min, λ = 254 nm. 
1H NMR (400 MHz, CDCl3) δ 7.71 (dd, J = 7.6, 1.2 Hz, 1 H), 7.38 (t, J = 7.6, 1 H), 

7.26(d, J = 7.6 Hz, 1 H), 7.17 (t, J = 7.2 Hz, 1 H), 5.20 (d, J = 1.2 Hz, 1 H), 5.12 (s, 1 

H), 4.48 (t, J = 2.4 Hz, 1 H), 3.98 (s, 1 H), 3.77 (s, 1 H), 3.74 (s, 1 H), 3.69 (s, 3 H), 

3.61 (s, 1 H), 1.18 (s, 9 H); 13C NMR (100 MHz, CDCl3) δ 167.9, 138.2, 127.1, 123.6, 

123.0, 122.2, 114.9, 103.3, 83.3, 71.9, 71.3, 70.8, 70.5, 67.5, 67.1, 66.5, 64.1, 31.3, 

30.2, 29.3. HRMS (EI) calcd for C22H23
56FeNO [M+] 373.1129, found 373.1126. 
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The reaction of 6m (49.0 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7m (Rf = 

0.20, PE:EA = 5:1) (35.5 mg, 98%, 65% ee). [α]23
D -22.9 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 1:99, flow: 1.0 ml/min, λ = 254 nm. 
1H NMR (400 MHz, CDCl3) δ 7.64 (dd, J = 7.6, 1.6 Hz, 1 H), 7.34 (td, J = 7.6, 1.6 

Hz, 1 H), 7.22 (d, J = 8.0 Hz, 1 H), 7.12 (td, J = 7.6, 0.8 Hz, 1 H), 5.51 (dd, J = 2.4, 

0.8 Hz, 2 H), 4.84 (t, J = 2.4 Hz, 1 H), 4.38 (s, 5 H), 3.62 (s, 3 H); 13C NMR (100 

MHz, CDCl3) δ 166.4, 137.8, 127.1, 123.2, 122.1, 121.8, 114.8, 86.6, 76.2, 72.8, 72.1, 

69.3, 66.3, 29.3. HRMS (EI) calcd for C18H15
102RuNO [M+] 363.0197, found 

363.0195. 

 

Scheme 3. The effects by the addition of PivOH 

 

 

The reaction of 6n (42.3 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7n (Rf = 

0.20, PE:EA = 2:1) (14.4 mg, 42%, 88% ee). [α]23
D +197.8 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel OJ-H, isopropanol/hexane = 15:85, flow: 1.0 ml/min, λ = 254 

nm. 1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 2.0 Hz, 1 H), 7.65 (dd, J = 8.8, 1.6 Hz, 

1 H), 7.31 (d, J = 8.8 Hz, 1 H), 5.26 (d, J = 1.6 Hz, 1 H), 5.18 (d, J = 1.6 Hz, 1 H), 

4.59 (t, J = 2.4 Hz, 1 H), 3.99 (s, 5 H), 3.70 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 

167.7, 141.3, 130.6, 127.1, 124.4, 118.9, 115.4, 105.5, 81.2, 72.3, 71.1, 70.7, 67.9, 

64.2, 29.5. HRMS (EI) calcd for C19H14
56FeN2O [M+] 342.0456, found 342.0453. 

 

O

N

Br

CN

Fe

Pd(OAc)2 (5 mol%)

(R,Sa)-O-PINAP (15 mol%)

PivOH (30 mol%)

Cs2CO3, toluene, 120
oC N

O

CN

Fe

6n 7n  

The reaction of 6n (42.3 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 
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mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%), PivOH (3.1 mg, 

0.030 mmol, 30 mol %) and Cs2CO3 (81.5 mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 

ml) at 120 °C for 12 h afforded 7n (Rf = 0.20, PE:EA = 2:1) (33.5 mg, 98%, 4% ee). 

 

 

The reaction of 6o (48.1 mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%) and Cs2CO3 (81.5 

mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 ml) at 120 °C for 12 h afforded 7o (Rf = 

0.30, PE:EA = 3:1) (13.2 mg, 33%, 48% ee). [α]23
D -11.0 (c 1.0, CHCl3). HPLC 

conditions: Chiralcel AD-H, isopropanol/hexane = 6:94, flow: 1.0 ml/min, λ = 254 nm. 
1H NMR (400 MHz, CDCl3) δ 7.54 (s, 1 H), 7.26-7.22 (m, 2 H), 5.24 (dd, J = 2.4, 1.2 

Hz, 1 H), 5.13 (dd, J = 2.4, 1.2 Hz, 1 H), 4.54 (t, J = 2.4 Hz, 1 H), 3.97 (s, 5 H), 3.69 

(s, 3 H); 13C NMR (100 MHz, CDCl3) δ 167.5, 144.1, 136.8, 124.8, 124.4, 121.9, 

119.6, 119.3, 116.0, 115.8, 81.9, 71.8, 71.5, 70.6, 67.7, 64.0, 29.5. HRMS (EI) calcd 

for C19H14F3
56FeNO2 [M

+] 401.0326, found 401.0319. 

 

 

The reaction of 6o (48.1mg, 0.10 mmol, 1.0 equiv), Pd(OAc)2 (1.1 mg, 0.005 

mmol, 5 mol%), (R,Sa)-O-PINAP (8.4 mg, 0.015 mmol, 15 mol%), PivOH (3.1 mg, 

0.030 mmol, 30 mol %) and Cs2CO3 (81.5 mg, 0.25 mmol, 2.5 equiv) in toluene (2.0 

ml) at 120 °C for 12 h afforded 7o (Rf = 0.30, PE:EA = 3:1) (16.8 mg, 42%, 16% ee). 
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