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General Methods. Unless stated otherwise, all reactions were carried out in 

flame-dried glassware under a dry argon atmosphere. All solvents were purified and 

dried according to standard methods prior to use. 
1
H and 

13
C NMR spectra were 

recorded on a Varian instrument (300 MHz and 75 MHz, 400 MHz and 100 MHz, 

respectively) and internally referenced to tetramethylsilane signal or residual protio 

solvent signals. Data for 
1
H NMR are recorded as follows: chemical shift (δ, ppm), 

multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet or unresolved, br = 

broad singlet, coupling constant(s) in Hz, integration). Data for 
13

C NMR are reported 

in terms of chemical shift (δ, ppm). 

Compounds 1a–c [1-3]
 
were prepared by reductive amination of ferrocene 

aldehyde with the corresponding amines. Compound 2a was purchased from Alfa. 

Compounds 2b–d were synthesized following the reported procedures [4]. 
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Complete optimization data 

 

Table S1: Examination of oxidants
a
 

 

Entry Oxidant Yield (%)
b
 ee (%)

c
 

1 air 42 98% 

2 Cu(OAc)2 trace - 

3 Cu(OTf)2 trace - 

4 Ag2CO3 <5 - 

5 Ag2O <5 - 

6 AgOAc <5 - 

7 BQ 14 - 

a
Reaction conditions: 1a (0.2 mmol), 2a (2.3 equiv), Pd(OAc)2 (10 mol %), Boc-L- 

Val-OH (20 mol %), K2CO3 (100 mol %), TBAB (25 mol %) and oxidant (2 equiv for 

entries 2–7 under argon) in 1.5 mL DMA. 
b
Isolated yield. 

c
Determined by HPLC 

analysis.  

 

General procedure for the enantioselective synthesis of planar chiral ferrocenes 

 

To a solution of alkyne 2 (0.46 mmol) in DMA (1.5 mL) was added 

Boc-L-Val-OH (8.7 mg, 0.04 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), K2CO3 (27.6 
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mg, 0.2 mmol), TBAB (tetrabutyl ammonium bromide) (16.1 mg, 0.05 mmol) and 

ferrocene 1 (0.02 mmol) successively. The mixture was stirred at 80 °C under air 

(open flask) for 48 h. After the reaction was complete, it was then quenched with 

saturated aqueous NaHCO3 solution and extracted with EtOAc for three times. The 

combined organic layers were washed with H2O and brine successively, then dried 

over anhydrous Na2SO4 and filtrated. After the solvent was removed under reduced 

pressure, the residue was purified by silica gel column chromatography (ethyl 

acetate/petroleum ether = 1/10, v/v, 3% Et3N) to afford the desired product 3. 

 

 

(Sp)-1-[(N,N-Dimethylamino)methyl]-2-(2,3,4-triphenylnaphthalen-1-yl)ferrocene 

(3aa) 

Yellow solid (50 mg, 42% yield, 98% ee). Analytical data for 3aa: Mp = 78–80 °C; 

[α]D
20

 = −91.7° (c = 0.26 chloroform, 98% ee). 
1
H NMR (400 MHz, CDCl3) δ 2.23 (s, 

6H), 3.13 (d, J = 14.0 Hz, 1H), 3.64 (d, J = 14.0 Hz, 1H), 3.73 (dd, J2 = 2.4 Hz, J2 = 

1.6 Hz, 1H), 3.85 (t, J = 2.1 Hz, 1H), 4.21 (s, 5H), 4.50 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 

1H), 6.50–6.52 (m, 1H), 6.59–6.62 (m, 1H), 6.73–6.97 (series of m, 9H), 7.09 (td, J1 

= 7.2 Hz, J2 = 0.8 Hz, 1H), 7.18 (tt, J1 = 7.6 Hz, J2 = 1.2 Hz, 1H), 7.36 (td, J1 = 7.2 

Hz, J2 = 0.8 Hz, 1H), 7.43–7.50 (m, 2H), 7.63–7.70 (m, 2H), 10.18 (d, J = 8.0 Hz, 

1H); 
13

C NMR (100 MHz, CDCl3) δ 45.7, 58.2, 65.2, 69.1, 70.1, 71.9, 86.0, 86.9, 

123.8, 125.14, 125.18, 125.7, 126.20, 126.31, 126.4, 126.6, 127.0, 127.1, 127.8, 129.0, 

130.97, 131.19, 131.28, 131.39, 131.9, 132.0, 132.2, 138.4, 138.9, 139.7, 140.8, 142.1, 

142.4; The enantiomeric excess was determined by phenomenex cellulose-3 (25 cm), 

MeOH/IPA = 90/10, 0.7 mL/min, λ = 214 nm, t (major) = 5.577 min, t (minor) = 

9.827 min. 
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(Sp)-1-[(N,N-Dimethylamino)methyl]-2-(6-methyl-2,3,4-tri-p-tolylnaphthalen-1-yl)fer

rocene (3ab) 

Yellow solid (46 mg, 35% yield, 97% ee). Analytical data for 3ab: Mp = 81–83 °C; 

[α]D
20

 = −176.3° (c = 0.29 chloroform, 97% ee). 
1
H NMR (300 MHz, CDCl3) δ 2.10 

(s, 3H ), 2.14 (s, 3H), 2.22 (s, 6H), 2.33 (s, 3H), 2.45 (s, 3H), 3.05 (d, J = 13.8 Hz, 

1H), 3.65–3.70 (m, 2H), 3.84 (t, J = 2.4 Hz, 1H), 4.17 (s, 5H), 4.50 (s, 1H), 6.35 (dd, 

J1 = 7.8 Hz, J2 = 1.2 Hz, 1H), 6.41 (d, J = 7.8 Hz, 1H), 6.55 (d, J = 7.8 Hz, 1H), 

6.60–6.68 (m, 3H), 6.71–6.74 (m, 2H), 6.80 (dd, J1 = 7.5 Hz, J2 = 1.2 Hz, 1H), 6.89 (d, 

J = 8.1 Hz, 1H), 7.15 (d, J = 7.8 Hz, 1H), 7.33 (dd, J1 = 7.8 Hz, J2 = 1.5 Hz, 1H), 7.37 

(s, 1H), 7.48 (dd, J1 = 8.7 Hz, J2 = 1.5 Hz, 1H), 10.00 (d, J = 9.0 Hz, 1H); 
13

C NMR 

(100 MHz, CDCl3) δ 21.05, 21.09, 21.3, 21.8, 45.8, 58.3, 65.1, 68.7, 69.9, 71.8, 86.3, 

87.1, 125.78, 125.89, 126.98, 127.00, 127.07, 127.11, 127.7, 128.4, 129.0, 129.5, 

130.8, 131.0, 131.14, 131.20, 131.31, 131.59, 131.74, 132.5, 134.0, 134.2, 134.9, 

135.4, 137.0, 137.8, 138.1, 139.1, 139.3, 141.7; The enantiomeric excess was 

determined by phenomenex cellulose-4 (25 cm), CH3CN/IPA = 95/5, 0.5 mL/min, λ = 

254 nm, t (major) = 10.318 min, t (minor) = 9.552 min. 

 

 

(Sp)-1-[(N,N-Dimethylamino)methyl]-2-(6-methoxy-2,3,4-tris(4-methoxyphenyl)naph

thalen-1-yl)ferrocene (3ac) 
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Yellow solid (64 mg, 45% yield, 99% ee). Analytical data for 3ac: Mp = 84–86 °C; 

[α]D
20

 = −154.4° (c = 0.29 chloroform, 99% ee). 
1
H NMR (300 MHz, CDCl3) δ 2.23 

(s, 6H), 3.08 (d, J = 13.5 Hz, 1H), 3.62 (s, 3H), 3.66 (s, 3H), 3.62–3.70 (m, 2H), 3.74 

(s, 3H), 3.79 (s, 3H), 3.88 (t, J = 2.4 Hz, 1H), 4.17 (s, 5H), 4.51 (s, 1H), 6.30–6.47 

(series of m, 6H), 6.62–6.65 (m, 2H), 6.75 (dd, J1 = 8.4 Hz, J2 = 2.1 Hz, 1H), 6.80 (dd, 

J1 = 8.4 Hz, J2 = 2.1 Hz, 1H), 6.90 (dd, J1 = 8.1 Hz, J2 = 2.4 Hz, 1H), 6.95 (d, J = 2.7 

Hz, 1H), 7.30 (dd, J1 = 9.3 Hz, J2 = 2.7 Hz, 1H), 7.37 (dd, J1 = 8.7 Hz, J2 = 2.1 Hz, 

1H), 10.06 (d, J = 9.3 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 45.5, 54.87, 54.98, 

55.06, 55.11, 58.1, 65.4, 68.9, 70.0, 71.9, 86.3, 105.7, 111.86, 111.89, 112.01, 112.06, 

112.7, 113.3, 115.6, 126.7, 130.7, 131.82, 132.00, 132.13, 132.17, 132.22, 132.36, 

132.9, 133.7, 133.9, 134.8, 137.2, 139.6, 140.2, 156.7, 156.9, 157.1, 157.7; The 

enantiomeric excess was determined by phenomenex cellulose-4 (25 cm), 

CH3CN/IPA = 95/5, 0.5 mL/min, λ = 254 nm, t (major) = 9.818 min, t (minor) = 8.218 

min. 

 

 

(Sp)-1-[(N,N-Dimethylamino)methyl]-2-(6-fluoro-2,3,4-tris(4-fluorophenyl)naphthale

n-1-yl)ferrocene (3ad) 

Yellow solid (41 mg, 31% yield, 97% ee). Analytical data for 3ad: [α]D
20

 = −62.2° (c 

= 0.30 chloroform, 97% ee). 
1
H NMR (300 MHz, CDCl3) δ 2.18 (s, 6H ), 3.10 (d, J = 

13.2 Hz, 1H), 3.44 (d, J = 13.5 Hz, 1H), 3.66 (s, 1H), 3.91 (t, J = 2.4 Hz, 1H), 4.18 (s, 

5H), 4.45 (s, 1H), 6.39–6.66 (series of m, 7H), 6.79–6.86 (m, 3H), 7.08 (td, J1 = 8.4 

Hz, J2 = 1.5 Hz, 1H), 7.18 (dd, J1 = 11.1 Hz, J2 = 2.7 Hz, 1H), 7.36 (td, J1 = 6.6 Hz, J2 

= 2.1 Hz, 1H), 7.44 (td, J1 = 8.4 Hz, J2 = 2.4 Hz, 1H), 10.7 (dd, J1 = 9.3 Hz, J2 = 6.0 

Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 45.6, 57.9, 65.7, 69.6, 70.1, 71.8, 85.6, 86.9, 
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110.1 (d, J = 21.5 Hz), 113.6 (d, J = 21.2 Hz), 113.74 (d, J = 20.8 Hz), 113.78 (d, J = 

20.9 Hz), 113.9 (d, J = 21.0 Hz), 114.2 (d, J = 26.7 Hz), 114.6 (d, J = 21.4 Hz), 115.2 

(d, J = 20.6 Hz), 128.3, 131.7 (d, J = 8.1 Hz), 132.30, 132.38, 132.43, 132.50 (d, J = 

8.7 Hz), 132.62, 133.0 (d, J = 7.7 Hz), 133.11, 133.6 (d, J = 8.0 Hz), 134.9 (d, J = 3.4 

Hz), 136.2 (d, J = 3.1 Hz), 137.0 (d, J = 5.1 Hz), 137.5 (d, J = 3.7 Hz), 139.1, 140.6, 

160.65 (d, J = 244 Hz), 160.74 (d, J = 246 Hz), 160.76 (d, J = 242 Hz), 161.6 (d, J = 

245 Hz); 
19

F NMR (376 MHz, CDCl3) δ −116.8, −116.5, −115.2, −114.0; The 

enantiomeric excess was determined by Daicel Chiralcel OD-H (25 cm), hexanes/IPA 

= 98/2, 0.3 mL/min, λ = 254 nm, t (major) = 19.220 min, t (minor) = 16.953 min. 

 

 

(Sp)-1-[(Pyrrolidin-1-yl)-methyl]-2-(2,3,4-triphenylnaphthalen-1-yl)ferrocene (3ba) 

Yellow solid (44 mg, 35% yield, 95% ee). Analytical data for 3ba: Mp = 77–79 °C; 

[α]D
20

 = −101.4° (c = 0.31 chloroform, 95% ee). 
1
H NMR (300 MHz, CDCl3) δ 1.79 

(br, 4H), 2.53 (br, 4H), 3.32 (d, J = 13.8 Hz, 1H), 3.71 (s, 1H), 3.76 (d, J = 13.5 Hz, 

1H), 3.85 (s, 1H), 4.22 (s, 5H), 4.50 (s, 1H), 6.50 (d, J = 7.2 Hz, 1H), 6.63 (d, J = 6.0 

Hz, 1H), 6.73–6.98 (series of m, 9H), 7.10 (t, J = 7.2 Hz, 1H), 7.18 (t, J = 7.5 Hz, 1H), 

7.37 (t, J = 7.5 Hz, 1H), 7.42–7.51 (m, 2H), 7.63–7.70 (m, 2H), 10.22 (d, J = 9.0 Hz, 

1H); 
13

C NMR (100 MHz, CDCl3) δ 23.4, 54.2, 54.5, 65.1, 68.8, 69.6, 70.0, 71.7, 85.8, 

123.8, 125.1, 125.6, 126.21, 126.28, 126.38, 126.40, 126.5, 127.0, 127.1, 127.7, 129.0, 

130.9, 131.17, 131.25, 131.36, 131.39, 131.8, 132.1, 132.2, 138.3, 138.8, 139.7, 140.7, 

142.1 142.4; IR (film) 3445, 3055, 2959, 2775, 1651, 1601, 1491, 1441, 1373, 1107, 

1031, 1002, 819, 754, 699 cm
−1

; HRMS (ESI): Exact mass calcd for C43H38FeN
+1

 

(M+H) requires m/z 624.2348, found m/z 624.2339. The enantiomeric excess was 

determined by phenomenex cellulose-3 (25 cm), CH3CN/IPA = 95 5, 0.5 mL/min, λ = 

254 nm, t (major) = 6.917 min, t (minor) =7.473 min. 
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(Sp)-1-(Pyrrolidin-1-yl-methyl)-2-(6-methyl-2,3,4-tri-p-tolylnaphthalen-1-yl)ferrocene 

(3bb) 

Yellow solid (41 mg, 30% yield, 97% ee). Analytical data for 3bb: Mp = 84–86 
o
C; 

[α]D
20

 = –157.7° (c = 0.31 chloroform, 97% ee). 
1
H NMR (400 MHz, CDCl3) δ 1.77 

(br, 4H), 2.10 (s, 3H), 2.14 (s, 3H), 2.33 (s, 3H), 2.45 (s, 3H), 2.52 (br, 4H), 3.25 (d, J 

= 13.6 Hz, 1H), 3.67 (dd, J1 = 2.0 Hz, J2 = 1.2 Hz, 1H), 3.78 (d, J = 13.6 Hz, 1H), 

3.82-3.83 (m, 1H), 4.18 (s, 5H), 4.49 (s, 1H), 6.36 (dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H), 

6.43–6.45 (m, 1H), 6.55 (d, J = 8.0 Hz, 1H), 6.61–6.65 (m, 3H), 6.69–6.73 (m, 2H), 

6.81 (dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H), 6.89 (d, J = 7.2 Hz, 1H), 7.17 (d, J = 7.6 Hz, 

1H), 7.37 (dd, J1 = 7.6 Hz, J2 = 1.6 Hz, 1H), 7.38 (s, 1H), 7.48 (dd, J1 = 8.8 Hz, J2 = 

1.6 Hz, 1H), 10.04 (d, J = 8.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 21.06, 21.09, 

21.3, 21.8, 23.5, 54.3, 54.5, 65.0, 68.5, 69.9, 71.6, 86.2, 125.77, 125.83, 126.94, 

127.01, 127.09, 127.11, 127.7, 128.4, 129.0, 129.5, 130.8, 131.0, 131.20, 131.23, 

131.34, 131.67, 131.69, 132.5, 134.01, 134.11, 134.9, 135.3, 137.0, 137.7, 138.1, 

139.0, 139.3, 141.7; IR (film) 3440, 3020, 2920, 2871, 2776, 1622, 1511, 1447, 1375, 

1347, 1183, 1107, 833, 815, 731 cm
−1

; HRMS (ESI): Exact mass calcd for 

C47H46FeN
+1

 (M+H) requires m/z 680.2974, found m/z 680.2971. The enantiomeric 

excess was determined by phenomenex cellulose-4 (25 cm), CH3CN/IPA = 95/5, 0.5 

mL/min, λ = 254 nm, t (major) = 11.327 min, t (minor) = 9.835 min. 
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(Sp)-1-[(Pyrrolidin-1-yl)-methyl]-2-(6-methoxy-2,3,4-tris(4-methoxyphenyl)naphthale

n-1-yl)ferrocene (3bc) 

Yellow solid (61 mg, 41% yield, 97% ee). Analytical data for 3bc: Mp = 87–89 °C; 

[α]D
20

 = −174.3° (c = 0.30 chloroform, 97% ee). 
1
H NMR (300 MHz, CDCl3) δ 1.77 

(br, 4H), 2.51 (br, 4H), 3.24 (d, J = 13.5 Hz, 1H), 3.62 (s, 3H), 3.66 (s, 3H), 3.74 (s, 

3H), 3.79 (s, 3H), 3.69–3.89 (series of m, 3H), 4.17 (s, 5H), 4.47 (s, 1H), 6.31–6.47 

(series of m, 6H), 6.60–6.65 (m, 2H), 6.75 (d, J = 8.7 Hz, 1H), 6.81 (d, J = 8.4 Hz, 

1H), 6.91 (dd, J1 = 8.4 Hz, J2 = 2.4 Hz, 1H), 7.95 (d, J = 2.4 Hz, 1H), 7.30 (dd, J1 = 

9.3 Hz, J2 = 2.4 Hz, 1H), 7.38 (d, J = 8.4 Hz, 1H), 10.11 (d, J = 9.3 Hz, 1H); 
13

C 

NMR (75 MHz, CDCl3) δ 23.4, 54.1, 54.5, 54.78, 54.89, 54.97, 55.02, 65.1, 68.5, 

69.4, 69.8, 71.5, 86.1, 87.8, 105.5, 111.8, 112.0, 112.6, 113.2, 115.4, 126.7, 130.8, 

131.9, 132.11, 132.18, 132.31, 132.34, 132.7, 133.6, 133.8, 134.8, 137.0, 139.4, 140.1, 

156.6, 156.8, 157.0, 157.6; IR (film) 3423, 2932, 2833, 2776, 1609, 1509, 1459, 1286, 

1245, 1176, 1107, 1035, 827, 774 cm
−1

; HRMS (ESI): Exact mass calcd for 

C47H46FeNO4
+1

 (M+H) requires m/z 744.2771, found m/z 744.2770. The enantiomeric 

excess was determined by phenomenex cellulose-4 (25 cm), CH3CN/IPA = 95/5, 0.5 

mL/min, λ = 254 nm, t (major) = 11.677 min, t (minor) = 8.627 min. 
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(Sp)-1-[(N,N-Dimethylamino)methyl]-2-(2,3,4-triphenylnaphthalen-1-yl)-1’-bromofer

rocene (3ca) 

Yellow solid (85 mg, 42% yield, 96% ee). Analytical data for 3ca: Mp = 82–84 °C; 

[α]D
20

 = −13.3° (c = 0.15 chloroform, 96% ee). 
1
H NMR (400 MHz, CDCl3) δ 2.31 (s, 

6H ), 3.12 (d, J = 14.0 Hz, 1H), 3.79 (d, J = 14.0 Hz, 1H), 3.89 (s, 1H), 3.94 (t, J = 2.4 

Hz, 1H), 3.86 (d, J = 1.2 Hz, 1H), 4.23 (d, J = 0.8 Hz, 1H), 4.47 (d, J = 1.2 Hz, 1H), 

4.49 (d, J = 0.8 Hz, 1H), 4.67 (s, 1H), 6.61 (d, J = 7.6 Hz, 1H), 6.74 (t, J = 2.8 Hz, 

1H), 6.80–6.98 (series of m, 8H), 7.05 (d, J = 8.0 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 

7.23 (t, J = 7.6 Hz, 1H), 7.42 (t, J = 7.6 Hz, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.56 (d, J = 

8.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.80 (t, J = 7.6 Hz, 1H), 10.01 (d, J = 8.4 Hz, 

1H); 
13

C NMR (100 MHz, CDCl3) δ 46.0, 56.6, 68.4, 68.6, 69.5, 70.3, 71.7, 73.4, 74.3, 

79.6, 87.6, 88.6, 124.2, 125.28, 125.39, 125.9, 126.46, 126.54, 126.58, 126.74, 127.2, 

127.9, 128.9, 131.0, 131.23, 131.25, 131.35, 131.45, 131.93, 132.23, 138.7, 139.0, 

139.7, 140.8, 142.1, 142.6; IR (film) 3056, 2941, 2814, 2765, 1602, 1491, 1442, 1370, 

1265, 1152, 1072, 1024, 872, 789, 772, 755, 737, 700, 624 cm
−1

; HRMS (ESI): Exact 

mass calcd for C41H35BrFeN
+1

 (M+H) requires m/z 676.1297, found m/z 676.1287. 

The enantiomeric excess was determined by Daicel Chiralcel OD-H (25 cm), 

hexanes/IPA = 98/2, 0.4 mL/min, λ = 254 nm, t (major) = 16.438 min, t (minor) = 

14.545 min. 
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(Sp)-1-[(N,N-Dimethylamino)methyl]-2-(6-methyl-2,3,4-tri-p-tolylnaphthalen-1-yl)-1’

-bromo ferrocene (3cb) 

Yellow solid (41 mg, 28% yield, 96% ee). Analytical data for 3cb: Mp = 87–89 °C;  

[α]D
20

 = −59.7° (c = 0.29 chloroform, 96% ee). 
1
H NMR (400 MHz, CDCl3) δ 2.09 (s, 

3H), 2.15 (s, 3H), 2.25 (s, 6H), 2.32 (s, 3H), 2.45 (s, 3H), 3.00 (d, J = 14.0 Hz, 1H), 

3.77–3.80 (m, 2H), 3.85 (t, J = 2.8 Hz, 1H), 4.00 (dd, J1 = 4.0 Hz, J2 = 2.4 Hz, 1H), 

4.15 (dd, J1 = 4.0 Hz, J2 = 2.4 Hz, 1H), 4.38–4.39 (m, 2H), 4.64 (br, 1H), 6.35 (dd, J1 

= 7.6 Hz, J2 = 1.6 Hz, 1H), 6.41 (d, J = 7.2 Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H), 

6.62-6.74 (series of m, 5H), 6.80 (dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H), 6.89 (dt, J1 = 8.0 

Hz, J2 = 0.8 Hz, 1H), 7.16 (d, J = 7.6 Hz, 1H), 7.32 (dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H), 

7.38 (s, 1H), 7.52 (dd, J1 = 8.4 Hz, J2 = 1.6 Hz, 1H), 9.73 (d, J = 8.8 Hz, 1H); 
13

C 

NMR (100 MHz, CDCl3) δ 21.00, 21.04, 21.21, 21.7, 45.5, 56.4, 68.2, 68.6, 69.3, 

70.2, 71.3, 73.2, 74.3, 79.5, 87.8, 126.0, 126.1, 127.00, 127.08, 127.10, 127.12, 127.7, 

128.4, 128.6, 129.2, 130.69, 130.92, 130.99, 131.16, 131.24, 131.7, 132.4, 134.1, 

134.4, 135.0, 135.4, 136.8, 137.9, 138.1, 139.07, 139.16, 141.8; IR (film) 3421, 3021, 

2920, 1814, 2761, 2602, 2496, 1508, 1151, 1107, 1022, 869, 834, 815, 742, 668 cm
−1

; 

HRMS (ESI): Exact mass calcd for C45H43BrFeN
+1

 (M+H) requires m/z 732.1923, 

found m/z 732.1919. The enantiomeric excess was determined by phenomenex 

cellulose-4 (25 cm), CH3CN/IPA = 95/5, 0.5 mL/min, λ = 254 nm, t (major) = 17.027 

min, t (minor) = 16.227 min. 
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(Sp)-1-[(N,N-Dimethylamino)methyl]-2-(6-methoxy-2,3,4-tris(4-methoxyphenyl)naph

thalen-1-yl)-1’-bromo ferrocene (3cc) 

Yellow solid (64 mg, 40% yield, 96% ee). Analytical data for 3cc: Mp = 90–92 °C; 

[α]D
20

 = −80.7° (c = 0.30 chloroform, 96% ee). 
1
H NMR (400 MHz, CDCl3) δ 2.22 (s, 

6H), 2.98 (d, J = 13.6 Hz, 1H), 3.62 (s, 3H), 3.66 (s, 3H), 3.68 (d, J = 18.4 Hz, 1H), 

3.75 (s, 3H), 3.76 (dd, J1 = 2.4 Hz, J2 = 1.6 Hz, 1H), 3.79 (s, 3H), 3.88 (t, J = 2.8 Hz, 

1H), 4.00 (td, J1 = 2.8 Hz, J2 = 1.2 Hz, 1H), 4.14 (td, J1 = 2.8 Hz, J2 = 1.2 Hz, 1H), 

4.36–4.38 (m, 2H), 4.58 (s, 1H), 6.31–6.48 (series of m, 6H), 6.63 (t, J = 2.4 Hz, 1H), 

6.65 (t, J = 2.0 Hz, 1H), 6.76 (dd, J1 = 8.4 Hz, J2 = 2.4 Hz, 1H), 6.81 (dd, J1 = 8.4 Hz, 

J2 = 2.4 Hz, 1H), 6.90 (dd, J1 = 8.4 Hz, J2 = 2.4 Hz, 1H), 7.96 (d, J = 2.8 Hz, 1H), 

7.34–7.38 (m, 2H), 9.80 (d, J = 9.6 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 45.6, 

54.84, 54.96, 55.03, 55.11, 56.4, 68.2, 68.7, 69.3, 70.2, 71.4, 73.1, 74.2, 79.4, 87.8, 

105.7, 111.9, 112.1, 112.7, 113.3, 115.8, 126.5, 130.5, 131.1, 131.96, 132.10, 132.12, 

132.21, 132.28, 132.9, 133.6, 133.8, 134.7, 137.4, 139.6, 140.3, 156.7, 157.0, 157.2, 

157.7; IR (film) 3384, 2934, 2833, 2762, 1735, 1610, 1577, 1509, 1459, 1370, 1286, 

1286, 1244, 1176, 1035, 828 cm
−1

; HRMS (ESI): Exact mass calcd for 

C45H43BrFeNO4
+1

 (M+H) requires m/z 796.1719, found m/z 796.1714. The 

enantiomeric excess was determined by phenomenex cellulose-4 (25 cm), 

CH3CN/IPA = 95/5, 0.5 mL/min, λ = 254 nm, t (major) = 9.277 min, t (minor) = 8.377 

min. 
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(Sp)-1-[(N,N-Dimethylamino)methyl]-2-(6-methoxy-2,3,4-tris(4-methoxyphenyl)naph

thalen-1-yl)ferrocene (3cd) 

Yellow solid (45 mg, 30% yield, 92% ee). Analytical data for 3cd: Mp = 94–96 °C; 

[α]D
20

 = −9.7° (c = 0.31 chloroform, 92% ee). 
1
H NMR (300 MHz, CDCl3) δ 2.27 (s, 

6H), 3.11 (d, J = 13.5 Hz, 1H), 3.71–3.75 (m, 2H), 3.97 (br, 1H), 4.05 (br, 1H), 4.18 

(br, 1H), 4.35 (d, J = 0.9 Hz, 1H), 4.44 (br, 1H), 4.68 (br, 1H), 6.43–6.71 (series of m, 

7H), 6.80-6.86 (m, 3H), 7.08 (td, J1 = 8.1 Hz, J2 = 1.2 Hz, 1H), 7.20 (dd, J1 = 10.8 Hz, 

J2 = 2.7 Hz, 1H), 7.34-7.39 (td, J1 = 6.9 Hz, J2 = 1.5 Hz,1H), 7.48-7.55 (td, J1 = 8.4 

Hz, J2 = 2.7 Hz, 1H), 9.98 (dd, J1 = 9.3 Hz, J2 = 6.0 Hz, 1H); 
13

C NMR (100 MHz, 

CDCl3) δ 45.68, 45.80, 56.3, 68.3, 68.8, 69.2, 70.1, 70.5, 72.0, 73.3, 74.1, 79.4, 87.2, 

110.1 (d, J = 21.8 Hz), 113.7 (d, J = 21.4 Hz), 113.8 (d, J = 21.2 Hz), 113.9 (d, J = 

21.3 Hz), 114.5 (d, J = 24.8 Hz), 114.6 (d, J = 21.5 Hz), 115.2 (d, J = 21.2 Hz), 128.1, 

131.5 (d, J = 8.3 Hz), 132.28, 132.33, 132.37, 132.45, 132.52, 132.6 (d, J = 7.8 Hz), 

133.0 (d, J = 7.7 Hz), 133.6 (d, J = 8.2 Hz), 134.8 (d, J = 3.4 Hz), 136.1 (d, J = 3.3 

Hz), 137.3, 137.4 (d, J = 3.1 Hz), 139.2, 140.7, 160.7 (d, J = 244 Hz), 160.815 (d, J = 

247 Hz), 160.824 (d, J = 244 Hz), 161.6 (d, J = 245 Hz); 
19

F NMR (376 MHz, CDCl3) 

δ -116.2, -116.1, -115.0, -113.3; IR (film) 2941, 2814, 2765, 2604, 2498, 1625, 1604, 

1513, 1368, 1228, 1156, 1093, 1039, 1015, 872, 847, 831, 819, 785 cm
−1

; HRMS 

(ESI): Exact mass calcd for C41H31BrF4FeN
+1

 (M+H) requires m/z 748.0920, found 

m/z 748.0920. The enantiomeric excess was determined by Daicel Chiralcel OD-H 

(25 cm), hexanes/IPA = 98/2, 0.3 mL/min, λ = 254 nm, t (major) = 20.938 min, t 

(minor) = 17.655 min.  
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Synthesis of (Sp)-L1 

 

To a solution of compound (Sp)-3ca (610 mg, 0.90 mmol) in THF (10 mL) was 

added n-BuLi (0.68 mL, 1.08 mmol, 1.6 M in n-hexane) at −78 °C under argon. The 

resulting deep red solution was stirred for 30 min. Then chlorodiphenylphosphine 

(0.194 mL, 1.08 mmol) was added. The mixture was warmed slowly to 0 °C and 

stirred for 1 h. Then the reaction mixture was quenched with water, extracted with 

ethyl acetate. The combined organic layers were washed with brine, dried over 

Na2SO4, and filtrated. After the solvent was removed under reduced pressure, the 

residue was purified by silica gel column chromatography (dichloromethane/methanol 

= 1/100, v/v) to give (Sp)-L1 (306 mg, 43% yield, 97% ee) as an orange solid. 

Analytical data for (Sp)-L1: Mp = 93–95 °C; [α]D
20

 = −130.6° (c = 0.63 chloroform, 

97% ee). 
1
H NMR (400 MHz, CDCl3) δ 2.18 (s, 6H), 3.11 (d, J = 13.6 Hz, 1H), 3.62 

(d, J = 13.6 Hz, 1H), 3.76 (br, 1H), 3.78 (t, J = 2.4 Hz, 1H), 4.04 (s, 1H), 4.13 (br, 1H), 

4.39 (br, 1H), 4.48 (br, 1H), 4.52 (br, 1H), 6.47 (d, J = 7.6 Hz, 1H), 6.53 (d, J = 7.2 

Hz, 1H), 6.72 (td, J1 = 7.6 Hz, J2 = 0.8 Hz, 1H), 6.76–6.90 (series of m, 7H), 6.96 (d, 

J = 7.6 Hz, 1H), 7.02–7.08 (m, 3H), 7.11–7.31 (series of m, 9H), 7.33–7.38 (m, 2H), 

7.48 (d, J = 7.6 Hz, 1H), 7.534 (td, J1 = 9.4 Hz, J2 = 1.2 Hz, 1H), 7.59 (d, J = 8.4 Hz, 

1H), 9.86 (d, J = 8.4 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 45.2, 57.8, 66.8, 70.6, 

73.3, 73.51, 73.58, 73.62, 74.07, 74.10, 74.19, 74.95, 75.07, 76.55, 76.61, 86.7, 123.8, 

125.17, 125.32, 123.6, 126.36, 126.42, 126.44, 126.46, 126.6, 127.09, 127.16, 127.74, 

127.79, 127.80, 128.10, 128.17, 128.24, 128.56, 128.75, 130.97, 131.00, 131.18, 

131.27, 131.33, 132.0, 132.2, 133.3 (d, J = 18.6 Hz), 133.5 (d, J = 19.2 Hz), 138.45, 

138.54, 138.74, 138.83, 138.94, 139.7, 140.7, 142.0, 142.4; 
31

P NMR (161 MHz, 

CDCl3) δ −18.05; IR (film) 3054, 2941, 2854, 2813, 2765, 1737, 1601, 1434, 1370, 

1265, 1160, 1071, 1027, 846, 789, 772, 739, 698 cm
−1

; HRMS (ESI): Exact mass 
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calcd for C53H45FeNP
+1

 (M+H) requires m/z 782.2634, found m/z 782.2643. The 

enantiomeric excess was determined by phenomenex cellulose-2 (25 cm), 

hexanes/EtOH = 94/6, 0.7 mL/min, λ = 254 nm, t (major) = 8.690 min, t (minor) = 

7.317 min. 

 

Pd-catalyzed allylic amination reaction with (Sp)-L1 

 

[Pd(C3H5)Cl]2 (1.5 mg, 0.004 mmol) and ligand (Sp)-L1 (9.4 mg, 0.012 mmol, 

99% ee) were dissolved in dry THF (0.5 mL), and the mixture was stirred for 30 min 

at rt under argon. To this solution were successively added (rac)-4 (50.4 mg, 0.2 

mmol), BnNH2 (42.8 mg, 0.4 mmol), and TBAF (1 M in THF, 0.4 mL, 0.4 mmol). 

The reaction mixture was stirred at 50 °C for 14 h. After completion, the reaction 

mixture was diluted with Et2O (20 mL) and washed twice with ice-cold saturated 

aqueous ammonium chloride. The organic phase was dried over anhydrous Na2SO4 

and then concentrated under reduced pressure. The residue was purified by 

preparative TLC (ethyl acetate/petroleum = 1/10) to give (R)-5 (19.1 mg, 32% yield, 

43% ee). Analytical data for (R)-5: [α]D
20

 = −14.24° (c = 0.25 chloroform, 43% ee). 

1
H NMR (300 MHz, CDCl3) δ 1.84 (s, 1H), 3.78 (s, 2H), 4.39 (d, J = 6.9 Hz, 1H), 

6.31 (dd, J1 = 15.9 Hz, J2 = 7.2 Hz, 1H), 6.57 (d, J = 15.9 Hz , 1H) 7.20–7.42 

(series of m, 15H); The enantiomeric excess was determined by Diacel Chiralcel 

OJ-H (25 cm), hexanes/IPA = 90/10, 0.6 mL/min, λ = 254 nm, t (minor) = 18.40 min, 

t (major) = 22.07 min. The absolute configuration of the product (R)-5 was assigned 

as (R) by comparing the optical rotation with that reported in the literature [5].
 

 

 

 

 

 



S17 
 

Pd-catalyzed allylic alkylation reaction with (Sp)-L1 

 

A mixture of ligand (Sp)-L1 (9.4 mg, 0.012 mmol, 97% ee) and [Pd(C3H5)Cl]2 (1.5 

mg, 0.004 mmol) in dry THF (2 mL) was stirred at room temperature for 0.5 h, and to 

the resulting yellow solution was added 4 (50.4 mg, 0.2 mmol). After an additional 

stirring for 10 min, sodium dimethyl malonate [generated in situ by adding dimethyl 

malonate (79.2 mg, 0.6 mmol) and sodium hydride (14.4 mg, 0.6 mmol) in 1 mL THF] 

was added. The reaction was stirred at room temperature. After completion of the 

reaction (monitored by TLC), the reaction mixture was quenched with NH4Cl (aq.) 

and extracted with ether. The combined organic layers were washed with brine, dried 

over anhydrous Na2SO4 and filtrated. After the solvent was removed under reduced 

pressure, the residue was purified by silica gel column chromatography (ethyl 

acetate/petroleum = 1/15) to give (S)-6 (61 mg, 94% yield, 44% ee). Analytical data 

for (S)-6
[6]

: [α]D
20

 = −8.8° (c = 1.4 chloroform, 44% ee). 
1
H NMR (300 MHz, CDCl3) 

δ 3.52 (s, 3H), 3.70 (s, 3H), 3.96 (d, J = 10.8 Hz, 1H), 4.27 (dd, J = 8.8, 10.4 Hz , 1H), 

6.33 (dd, J = 8.4, 15.9 Hz , 1H), 6.48 (d, J = 15.6 Hz, 1H), 7.17–7.33 (series of m, 

10H); The enantiomeric excess was determined by Diacel Chiralcel OD-H (25 cm), 

hexanes/IPA = 90/10, 0.7 mL/min, λ = 254 nm, t (minor) = 8.507 min, t (major) = 

9.140 min. The absolute configuration of the product (S)-6 was assigned as (S) by 

comparing the optical rotation with that reported in the literature
 
[6]. 
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