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

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

according to standard methods prior to use. 

1
H NMR spectra were obtained at 300 MHz or 400 MHz and recorded relative to 

tetramethylsilane signal (0 ppm) or residual protio-solvent. 
13

C NMR spectra were 

obtained at 75 MHz or 100 MHz, and chemical shifts were recorded relative to the 

solvent resonance (CDCl3, 77.0 ppm).  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). 

 

The phosphinooxazoline ligands
1
, the substituted (E)-1,3-diphenylallyl acetates

2
, 

and the substituted indolines
3
 were prepared according to known procedures. 
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General Procedure for the Palladium-Catalyzed Asymmetric Allylic 

Amination/Oxidation: 

A flame dried Schlenk tube was cooled to room temperature and filled with argon. To 

this flask were added [Pd(C3H5)Cl]2 (3.65 mg, 0.01 mmol, 5 mol%), Phox ligand 

(S)-L1 (8.52 mg, 0.022 mmol, 11 mol%), and THF (1 mL). The reaction mixture was 

stirred at room temperature for about 10 min. After that, (E)-1,3-diphenylallyl acetate 

derivative 2 (0.20 mmol), indoline derivative 1 (0.24 mmol), Na2CO3 (42.4 mg, 0.4 

mmol) and THF (1 mL) were added. The reaction mixture was stirred at room 

temperature for 12 hours. After the reaction was complete (monitored by TLC), the 

crude reaction mixture was filtrated with celite and washed with DCM. The solvents 

were removed under reduced pressure. Then THF (4 mL) and DDQ (90.8 mg, 0.4 

mmol) were added to the crude reaction mixture. The reaction mixture was stirred at 

room temperature for about 10 min. After the reaction was complete (monitored by 

TLC), the solvents were removed under reduced pressure. Then the crude residue was 

purified by silica gel column chromatography to give the desired product 4 (eluents: 

hexanes/ethyl acetate). The characterization data of 4 are summarized below. 
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4aa. White solid, m.p. = 88-89 
o
C, 80% yield, 95% ee [Daicel Chiralcel OD-H, 

hexane/2-propanol = 98/2, v = 0.5 mL⋅min
-1

, λ = 254 nm, t (minor) = 6.82 min, t 

(major) = 11.72 min]; [α]D
20

 -67.7 (c 1.00, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 

7.65 (d, J = 7.2 Hz, 1H), 7.37-7.10 (m, 14H), 6.7 (dd, J = 6.3, 15.9 Hz, 1H), 6.55 (d, J 

= 3.3 Hz, 1H), 6.39 (d, J = 15.9 Hz, 1H), 6.28 (d, J = 6.6 Hz, 1H); 
13

C NMR (75 MHz, 

CDCl3) δ 139.5, 136.1, 133.7, 128.9, 128.8, 128.6, 128.1, 127.9, 127.6, 127.5, 126.7, 

126.3, 121.6, 120.9, 119.7, 110.2, 101.6, 61.5; IR (thin film): νmax (cm
-1

) = 3100, 3058, 

2924, 1609, 1573, 1507, 1205, 968, 740, 690; HRMS (EI) calcd for C23H19N (M
+
): 

309.1517. Found: 309.1519. 

 

 

4ba. White solid, m.p. = 62-63 
o
C, 81% yield, 96% ee [Daicel Chiralcel AD-H, 

hexane/2-propanol = 90/10, v = 1 mL⋅min
-1

, λ = 254 nm, t (minor) = 5.70 min, t 

(major) = 6.02 min]; [α]D
20

 +54.2 (c 1.00, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 7.53  

(d, J = 7.6 Hz, 1H), 7.37 (d, J = 8.8 Hz, 2H), 7.32-7.19 (m, 8H), 7.10 (d, J = 8.0 Hz, 

1H), 7.05-6.95 (m, 2H), 6.87 (dd, J = 6.8, 15.6 Hz, 1H), 6.49 (d, J = 16.0 Hz, 1H), 

6.32 (d, J = 6.4 Hz, 1H), 2.40 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 139.7, 136.8, 

136.3, 136.2, 133.7, 128.64, 128.60, 128.56, 128.0, 127.5, 126.9, 126.7, 126.6, 120.5, 

119.7, 119.3, 111.2, 101.4, 59.9, 14.0; IR (thin film): νmax (cm
-1

) = 3027, 2974, 2918, 

1600, 1449, 1307, 1263, 1088, 1018, 744, 693; HRMS (ESI) calcd for C24H22N 

[M+H]
+
: 324.1674. Found: 324.1746. 
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4ca. White solid, m.p. = 129-130 
o
C, 53% yield, 96% ee [Daicel Chiralpak AD-H, 

hexane/2-propanol = 90/10, v = 1 mL⋅min
-1

, λ = 254 nm, t (minor) = 5.46 min, t 

(major) = 7.69 min]; [α]D
20

 +40.6 (c 1.00, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 7.64  

(d, J = 8.1 Hz, 1H), 7.54-7.22 (m, 15H), 7.10-6.97 (m, 3H), 6.88 (dd, J = 6.9, 15.9 Hz, 

1H), 6.63 (s, 1H), 6.42 (d, J = 15.6 Hz, 1H), 6.33 (d, J = 7.2 Hz, 1H); 
13

C NMR (75 

MHz, CDCl3) δ 142.2, 139.8, 136.2, 136.1, 133.8, 133.1, 129.5, 129.0, 128.6, 128.2, 

128.0, 127.4, 126.8, 126.6, 126.4, 121.4, 120.6, 119.9, 113.2, 102.9, 60.7; IR (thin 

film): νmax (cm
-1

) = 3052, 3025, 2918, 2849, 1647, 1489, 1454, 1347, 1026, 965, 737, 

687; HRMS (EI) calcd for C29H23N (M
+
): 385.1830. Found: 385.1828. 

 

 

4da. White solid, m.p. = 43-44 
o
C, 72% yield, 97% ee [Daicel Chiralpak OD-H, 

hexane/2-propanol = 90/10, v = 1.0 mL⋅min
-1

, λ = 254 nm, t (minor) = 5.41 min, t 

(major) = 7.26 min]; [α]D
20

 -71.4 (c 1.00, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 7.58  

(d, J = 7.8 Hz, 1H), 7.37-7.10 (m, 13H), 6.95 (s, 1H), 6.68 (dd, J = 6.3, 15.9 Hz, 1H), 

6.38 (d, J = 16.2 Hz, 1H), 6.22 (d, J = 6.0 Hz, 1H), 2.32 (s, 3H); 
13

C NMR (75 MHz, 

CDCl3) δ 139.8, 136.4, 136.2, 133.4, 129.1, 128.9, 128.7, 128.6, 128.0, 127.9, 127.8, 

127.5, 126.6, 123.8, 121.5, 119.0, 118.9, 110.8, 109.9, 61.3, 9.8; IR (thin film): νmax 

(cm
-1

) = 3027, 2918, 1611, 1494, 1452, 1354, 968, 737, 697; MS-EI: 323; HRMS (EI) 

calcd for C24H21N (M
+
): 323.1674. Found: 323.1676. 

 

 

4ea. White solid, m.p. = 66-68 
o
C, 77% yield, 95% ee [Daicel Chiralpak OD-H, 

hexane/2-propanol = 90/10, v = 1.0 mL⋅min
-1

, λ = 254 nm, t (minor) = 5.25 min, t 

(major) = 6.93 min]; [α]D
20

 -67.7 (c 1.00, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 

7.36-7.03 (m, 13H), 6.91 (d, J = 6.6 Hz, 1H), 6.69 (dd, J = 6.3, 15.6 Hz, 1H), 6.57 (d, 
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J = 3.0 Hz, 1H), 6.38 (d, J = 15.9 Hz, 1H), 6.25 (d, J = 6.3 Hz, 2H), 2.56 (s, 3H); 
13

C 

NMR (75 MHz, CDCl3) δ 139.6, 136.1, 135.8, 133.6, 130.4, 128.7, 128.6, 128.0, 

127.9, 127.6, 127.4, 126.6, 125.6, 121.7, 119.9, 107.8, 100.1, 61.6, 18.7; IR (thin 

film): νmax (cm
-1

) = 3028, 2922, 2856, 1699, 1489, 1451, 1231, 970, 745, 695; HRMS  

(EI) calcd for C24H21N (M
+
): 323.1674. Found: 323.1671. 

 

 

4fa. Colourless oil, 72% yield, 61% ee [Daicel Chiralpak AD-H, hexane/2-propanol = 

90/10, v = 1.0 mL⋅min
-1

, λ = 254 nm, t (major) = 11.36 min, t (minor) = 11.93 min]; 

[α]D
20

 -34.8 (c 1.00, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 7.37-7.16 (m, 12H), 7.11 

(d, J = 2.0 Hz, 1H), 6.80 (dd, J = 2.4, 9.2 Hz, 1H), 6.68 (dd, J = 6.4, 15.6 Hz, 1H), 

6.47 (d, J = 3.2 Hz, 1H), 6.38 (d, J = 16.0 Hz, 1H), 6.21 (d, J = 6.4 Hz, 1H), 3.82 (s, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 154.1, 139.6, 136.1, 133.6, 131.4, 129.4, 129.3, 

128.7, 128.6, 128.2, 128.1, 127.9, 127.6, 127.4, 126.8, 126.6, 111.8, 110.9, 102.5, 

101.1, 61.8, 55.8; IR (thin film): νmax (cm
-1

) = 3058, 3028, 2926, 1575, 1476, 1448, 

1233, 1150, 1030, 834, 747, 693; HRMS (ESI) calcd for C24H22NO [M+H]
+
: 

340.1623. Found: 340.1690. 

 

 

4ga. Colourless oil, 75% yield, 97% ee [Daicel Chiralpak OD-H, hexane/2-propanol = 

90/10, v = 1.0 mL⋅min
-1

, λ = 254 nm, t (major) = 6.63 min, t (minor) = 7.13 min]; 

[α]D
20

 -55.3 (c 1.00, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 7.62 (d, J = 1.2 Hz, 1H), 

7.40-7.08 (m, 13H), 6.70 (dd, J = 6.3, 15.6 Hz, 1H), 6.51 (d, J = 3.0 Hz, 1H), 6.39 (d, 

J = 15.9 Hz, 1H), 6.25 (d, J = 6.0 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 139.1, 135.9, 

134.4, 133.9, 129.9, 128.9, 128.7, 128.2, 128.1, 127.6, 127.4, 127.1, 126.7, 125.4, 

121.9, 120.3, 111.2, 101.3, 61.9; IR (thin film): νmax (cm
-1

) = 3027, 2927, 2855, 1450, 
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1204, 968, 794, 751, 695; HRMS (EI) calcd for C23H18NCl (M
+
): 343.1128. Found: 

343.1125. 

 

 

4ha. Colorless oil, 73% yield, 96% ee [Daicel Chiralpak AD-H, hexane/2-propanol = 

90/10, v = 0.8 mL⋅min
-1

, λ = 254 nm, t (minor) = 6.48 min, t (major) = 7.36 min]; 

[α]D
20

 -77.3 (c 1.00, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 8.4 Hz, 1H), 

7.45-7.18 (m, 12H), 7.14 (d, J = 3.2 Hz, 1H), 6.64 (dd, J = 6.0, 15.6 Hz, 1H), 6.51 (d, 

J = 3.2 Hz, 1H), 6.35 (d, J = 16.0 Hz, 1H), 6.19 (d, J = 6.4 Hz, 1H); 
13

C NMR (100 

MHz, CDCl3) δ 139.0, 136.9, 135.9, 133.9, 128.9, 128.6, 128.2, 128.1, 127.7, 127.4, 

127.1, 126.9, 126.7, 123.0, 122.2, 115.3, 113.0, 101.9, 61.5; IR (thin film): νmax (cm
-1

) 

= 3083, 3059, 3028, 1601, 1449, 1308, 1206, 968, 803, 743, 694; HRMS (EI) calcd 

for C23H18NBr (M
+
): 387.0623. Found: 387.0627. 

 

 

4ia. White solid, m.p. = 114-115 
o
C 82% yield, 93% ee [Daicel Chiralcel AD-H, 

hexane/2-propanol = 90/10, v = 0.8 mL⋅min
-1

, λ = 254 nm, t (minor) = 6.23 min, t 

(major) = 13.34 min]; [α]D
20

 -105.9 (c 1.00, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 

7.50 (d, J = 7.6 Hz, 1H), 7.35-7.23 (m, 8H), 7.14-7.11 (m, 3H), 7.00 (t, J = 7.6 Hz, 

1H), 6.89 (d, J = 7.2 Hz, 1H), 6.83 (d, J = 9.6 Hz, 1H), 6.71 (dd, J = 5.6, 15.6 Hz, 1H), 

6.53 (d, J = 3.6 Hz, 1H), 6.21 (dd, J = 1.2, 7.6 Hz, 1H), 2.67 (s, 3H); 
13

C NMR (100 

MHz, CDCl3) δ 140.8, 136.1, 135.2, 133.4, 129.6, 129.1, 128.8, 128.6, 128.0, 127.8, 

127.4, 127.0, 126.6, 124.9, 120.9, 119.8, 119.2, 102.1, 62.3, 20.5; IR (thin film): νmax 

(cm
-1

) = 2972, 2903, 1464, 1335, 1244, 1155, 970, 783, 746, 695; HRMS (EI) calcd 

for C24H21N (M
+
): 323.1674. Found: 323.1670. 
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4ab. Colorless oil, 48% yield, 39% ee [Daicel Chiralpak OD-H, hexane/2-propanol = 

98/2, v = 0.5 mL⋅min
-1

, λ = 254 nm, t (major) = 13.13 min, t (minor) = 14.86 min]; 

[α]D
20

 -24.8 (c 0.50, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 7.63 (d, J = 8.1 Hz, 1H), 

7.37 (d, J = 8.1 Hz, 1H), 7.24-7.06 (m, 3H), 6.51 (d, J = 3.0 Hz, 1H), 5.71-5.52 (m, 

2H), 5.04-4.98 (m, 1H), 1.68 (d, J = 6.0 Hz, 3H), 1.60 (d, J = 6.9 Hz, 3H); 
13

C NMR 

(75 MHz, CDCl3) δ 135.6, 131.8, 128.6, 126.6, 124.6, 121.1, 120.9, 119.2, 109.8, 

101.1, 52.6, 20.4, 17.6; IR (thin film): νmax (cm
-1

) = 3051, 3030, 2963, 2919, 2852, 

1459, 1259, 1012, 794, 736; HRMS (EI) calcd for C13H15N (M
+
): 185.1204. Found: 

185.1202. 

 

 

4ac. White solid, m.p. = 58-59 
o
C, 91% yield, 97% ee [Daicel Chiralpak AD-H, 

hexane/2-propanol = 90/10, v = 1.0 mL⋅min
-1

, λ = 254 nm, t (minor) = 7.17 min, t 

(major) = 8.64 min]; [α]D
20

 -43.6 (c 1.00, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 

7.66-7.64 (m, 1H), 7.30-7.09 (m, 12H), 6.62 (dd, J = 6.4, 15.6 Hz, 1H), 6.56 (dd, J = 

0.8, 3.2 Hz, 1H), 6.30 (dd, J = 1.6, 16.0 Hz, 1H) 6.21 (d, J = 6.4 Hz, 1H); 
13

C NMR 

(100 MHz, CDCl3) δ 137.8, 135.9, 134.3, 133.92, 133.86, 132.8, 129.0, 128.9, 128.8, 

128.7, 127.9, 127.6, 125.9, 121.8, 121.1, 119.9, 110.0, 102.1, 60.8; IR (thin film): νmax 

(cm
-1

) = 3084, 3027, 1488, 1458, 1332, 1213, 1088, 1012, 980, 740, 608; HRMS (EI) 

calcd for C23H17NCl2 (M
+
): 377.0738. Found: 377.0733. 
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NMR and HPLC spectra of 4                                      
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X-ray crystal structure of (S)-4aa 

   

 

   Table 1.  Crystal data and structure refinement for cu_dm12452_0m.  

   

   

      Identification code               cu_dm12452_0m  

   

      Empirical formula                 C23 H19 N  

   

      Formula weight                    309.39  

   

      Temperature                       173(2) K  

   

      Wavelength                        1.54178 A  

   

      Crystal system, space group       Monoclinic,  P2(1)  

   

      Unit cell dimensions            a = 8.5200(2) A   alpha = 90 deg.  

                                   b = 5.8727(2) A    beta = 98.145(2) deg.  

                                   c = 16.9410(5) A   gamma = 90 deg.  

   

      Volume                            839.10(4) A^3  

   

      Z, Calculated density             2,  1.225 Mg/m^3  

   

      Absorption coefficient            0.537 mm^-1  
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      F(000)                            328  

   

      Crystal size                      0.20 x 0.15 x 0.02 mm  

   

      Theta range for data collection   5.24 to 69.93 deg.  

   

      Limiting indices                  -9<=h<=10, -7<=k<=7, -20<=l<=20  

   

      Reflections collected / unique    8656 / 2875 [R(int) = 0.0400]  

   

      Completeness to theta = 69.93     97.7 %  

   

      Absorption correction             Semi-empirical from equivalents  

   

      Max. and min. transmission        0.9893 and 0.9002  

   

      Refinement method                 Full-matrix least-squares on F^2  

   

      Data / restraints / parameters    2875 / 1 / 217  

   

      Goodness-of-fit on F^2            1.047  

   

      Final R indices [I>2sigma(I)]     R1 = 0.0350, wR2 = 0.0895  

   

      R indices (all data)              R1 = 0.0367, wR2 = 0.0907  

   

      Absolute structure parameter      0.1(6)  

   

      Largest diff. peak and hole       0.165 and -0.201 e.A^-3 


