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1. General 

All reactions were run under N2 in oven-dried Schlenk tubes. Palladium acetate was 

purchased from Strem Chemical. Other commercial reagents with high purity were 

purchased and used without further purification, unless otherwise noted. Reactions 

were monitored by thin-layer chromatography (TLC) carried out on 25 mm silica gel 

plates using UV light as a visualizing agent. 
1
H and 

13
C spectra were recorded on a 

Varian Mercury-400 MHz or an Agilent-400 MHz spectrometer. CDCl3 was 

purchased from J&K. The chemical shifts (δ) are given in parts per million relative to 

internal standard TMS (0 ppm for 
1
H), CDCl3 (77.0 ppm for 

13
C). High performance 

liquid chromatography was performed on Waters 2487-600E Series HPLC using 

DAICEL Chiralpak AD-H chiral column eluted with a mixture of hexane and 

isopropyl alcohol. Optical rotation was measured on a Rudolph-Autopol I. Flash 

column chromatography was performed on silica gel 60 (particle size 200-400 mesh 

ASTM, purchased from Yantai, China) and eluted with petroleum ether/ethyl acetate 

(PE/EA). Ethyl acetate was purified according to the procedure from “Purification of 

Laboratory Chemicals book”. 

 

2. Synthesis of chiral pyridine-oxazoline ligands 

Chiral pyridine-oxazoline ligands were synthesized according to the literatures and 

we take L12 as an example for the operation in detail.
[S1-3]

 Some new ligands with 

different substituents were characterized as below. 
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To a stirred solution of 2-isobutylpyridine (5.0 g, 37 mmol) in CH2Cl2 (120 mL), 85% 

m-CPBA (11.2 g, 63 mmol, 1.7 equiv) was added portion-wise at 0 °C. The resulting 

mixture was stirred at room temperature for 12 h. After the reaction was completed, 

the reaction mixture was diluted with CH2Cl2, and solid Na2CO3 (4.0 equiv) was 

added. The mixture was stirred for 10 min, and filtered. The filtrate was dried over 

Na2SO4 and concentrated under vacuum. The crude residue was purified by silica gel 

chromatography to afford the pure product S1 as a white solid (5.0 g, 90% yield). 
1
H 

NMR (400 MHz, CDCl3) δ 8.24 (d, J = 6.4 Hz, 1H), 7.22 – 7.08 (m, 3H), 2.78 (d, J = 

6.8 Hz, 2H), 2.35 – 2.19 (m, 1H), 0.96 (d, J = 6.8 Hz, 6H); 
13

C NMR (100 MHz, 

CDCl3) δ 151.7, 139.8, 126.6, 125.4, 123.4, 39.7, 25.3, 22.5; HRMS (ESI) calcd for 

C9H13NO [M+H]
+
: 152.1075, found: 152.1071. 

 

 

To a solution of S1 (5.6 g, 37 mmol) in CH2Cl2 (100 mL) was added trimethylsilyl 

cyanide (TMSCN, 4.58 g, 46.3 mmol, 1.25 equiv). Then a solution of 

diethylcarbamide chloride (6.79 g, 46.3 mmol, 1.25 equiv) in CH2Cl2 (50 mL) was 

slowly added in 30 min, and the reaction mixture was stirred at room temperature for 

24 h. After K2CO3 (100 mL, 10 % aq.) was added, the mixture was extracted several 

times with CH2Cl2. The combined organic phases was washed with water and then 

dried over MgSO4. The organic phase was concentrated and purified by silica gel 

chromatography to afford the product S2 as a white solid (5.16 g, 87% yield). 
1
H 

NMR (400 MHz, CDCl3) δ 7.72 (t, J = 7.6 Hz, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.32 (d, 

J = 7.6 Hz, 1H), 2.68 (d, J = 7.2 Hz, 2H), 2.18 – 2.03 (m, 1H), 0.91 (d, J = 6.4 Hz, 

6H); 
13

C NMR (100 MHz, CDCl3) δ 163.9, 136.9, 133.3, 127.0, 125.9, 117.5, 47.2, 

29.1, 22.3; HRMS (ESI) calcd for C10H13N2 [M+H]
+
: 161.1073, found: 161.1075. 
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To a stirred solution of S2 (4.8 g, 30 mmol) in MeOH (50 mL), NaOMe (540 mg, 10 

mol) was added portion-wise under N2. The mixture was stirred at 40 
o
C for 12 h. The 

solvent was removed under vacuum, and the residue was then dissolved in 50 mL of 

EtOAc and then washed with water and brine. The organic phase was separated and 

dried over MgSO4. After removal of the solvent, the crude product S3 was used in 

next step without further purification. Colorless oil, yield: 5.50 g (95%). 
1
H NMR 

(400 MHz, CDCl3) δ 9.19 (s, 1H), 7.69 – 7.56 (m, 2H), 7.15 (d, J = 6.4 Hz, 1H), 3.98 

(s, 3H), 2.66 (d, J = 7.2 Hz, 2H), 2.14 (td, J = 13.6, 6.4 Hz, 1H), 0.91 (d, J = 6.4 Hz, 

6H), 
13

C NMR (100 MHz, CDCl3) δ 167.3, 161.2, 146.6, 137.1, 125.2, 118.0, 53.8, 

47.2, 28.9, 22.4; HRMS (ESI) calcd for C11H17N2O [M+H]
+
:193.1335, found: 

193.1337. 

 

To a mixture of S3 (1.47 g, 7.7 mmol, 1.0 equiv) and (S)-2-amino-1-tert-butylethanol 

(1.1 g, 9.2 mmol, 1.2 equiv) in dry THF (20 mL), HCl (1 drop, 37% aq.) was added, 

and the mixture was refluxed under argon atmosphere until all the starting materials 

were consumed with monitored by TLC. After the reaction was complete (12 h), the 

mixture was diluted with saturated NaHCO3 (aq., 60 mL) and extracted with EtOAc 

(3 x 50 mL). After the removal of solvent under reduced pressure, the residue was 

purified by silica gel chromatography (1:1 hexanes/EtOAc) to afford product L12 as a 

white solid (1.45 g 72% yield). [α]D
27.7

 -55.90 (c 0.2, MeOH);
 1

H NMR (400 MHz, 

CDCl3) δ 7.93 (d, J = 7.6 Hz, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.17 (d, J = 8.0 Hz, 1H), 

4.42 (dd, J = 10.4, 8.8 Hz, 1H), 4.28 (t, J = 8.4 Hz, 1H), 4.07 (dd, J = 10.4, 8.8 Hz, 

1H), 2.73 (dd, J = 13.6, 7.6 Hz, 1H), 2.69 (dd, J = 13.6, 7.6 Hz, 1H), 2.17 – 2.02 (m, 
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1H), 0.94 (s, 9H), 0.91 (d, J = 7.2 Hz, 3H), 0.89 (d, J = 7.2 Hz, 3H); 
13

C NMR (100 

MHz, CDCl3) δ 162.9, 161.7, 146.6, 136.3, 125.20, 121.5, 76.2, 69.4, 47.4, 34.0, 29.0, 

25.9, 22.34, 22.30; HRMS (ESI) calcd for C16H25N2O [M+H]
+
: 261.1961, found: 

261.1965.  

 

 

Colrless oil, [α]D
27.5

 -42.16 (c 0.2, MeOH); 
1
H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 

8.0 Hz, 1H), 7.67 (t, J = 7.6 Hz, 1H), 7.27 (d, J = 8.0 Hz, 1H), 4.45 (dd, J = 10.4, 8.8 

Hz, 1H), 4.31 (t, J = 8.8 Hz, 1H), 4.09 (dd, J = 10.4, 8.0 Hz, 1H), 2.91 (q, J = 7.6 Hz, 

2H), 1.31 (t, J = 7.6 Hz, 3H), 0.96 (s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 163.8, 

162.8, 146.4, 136.8, 123.8, 121.5, 76.2, 69.4, 34.0, 31.5, 25.9, 14.2; HRMS (ESI) 

calcd for C14H21N2O [M+H]
+
: 233.1648, found: 233.1655. 

 

 

White solid, [α]D
27.5

 -55.49 (c 0.2, MeOH); 
1
H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 

7.8 Hz, 1H), 7.66 (t, J = 7.8 Hz, 1H), 7.24 (d, J = 7.8 Hz, 1H), 4.45 (dd, J = 10.0, 8.8 

Hz, 1H), 4.31 (t, J = 8.4 Hz, 1H), 4.09 (dd, J = 10.0, 8.4 Hz, 1H), 2.84 (dd, J = 8.8 Hz, 

6.8 Hz, 2H), 1.75 (dq, J = 14.8, 7.2 Hz, 2H), 0.97 (t, J = 7.2 Hz, 3H), 0.96 (s, 9H); 
13

C 

NMR (100 MHz, CDCl3) δ 162.8, 162.5, 146.5, 136.6, 124.5, 121.5, 76.2, 69.4, 40.4, 

34.0, 25.9, 23.4, 13.9; HRMS (ESI) calcd for C15H23N2O [M+H]
+
: 247.1805, found: 

247.1808. 
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White solid, [α]D
27.6

 -55.29 (c 0.2, MeOH); 
1
H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 

7.8 Hz, 1H), 7.69 (t, J = 7.8 Hz, 1H), 7.29 (d, J = 7.8 Hz, 1H), 4.45 (dd, J = 10.4, 8.8 

Hz, 1H), 4.31 (t, J = 8.4 Hz, 1H), 4.09 (dd, J = 10.4, 8.4 Hz, 1H), 3.27 – 3.14 (m, 1H), 

1.30 (d, J = 6.8 Hz, 6H), 0.96 (s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 167.8, 162.9, 

146.1, 136.9, 121.8, 121.7, 76.2, 69.4, 36.6, 34.0, 25.9, 22.9, 22.8; HRMS (ESI) calcd 

for C15H23N2O [M+H]
+
: 247.1805, found: 247.1807. 

 

 

White solid, [α]D
27.6

 -33.65 (c 0.2, MeOH); 
1
H NMR (400 MHz, CDCl3) δ 8.16 – 7.99 

(m, 3H), 7.88 – 7.76 (m, 2H), 7.55 – 7.35 (m, 3H), 4.48 (dd, J = 10.4, 8.8 Hz, 1H), 

4.35 (t, J = 8.4 Hz, 1H), 4.14 (dd, J = 10.4, 8.4 Hz, 1H), 0.99 (s, 9H); 
13

C NMR (100 

MHz, CDCl3) δ 162.9, 157.4, 147.0, 138.8, 137.2, 129.2, 128.7, 127.2, 122.5, 122.3, 

76.3, 69.4, 34.0, 26.0; HRMS (ESI) calcd for C18H21N2O [M+H]
+
: 281.1648, found: 

281.1649. 

 

 

White soild, [α]D
27.7

 -30.95 (c 0.2, MeOH); 
1
H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 

7.6 Hz, 1H), 7.61 (t, J = 7.6 Hz, 1H), 7.36 – 7.17 (m, 5H), 7.08 (d, J = 7.6 Hz, 1H), 

4.46 (t, J = 9.6 Hz, 1H), 4.33 (t, J = 8.4 Hz, 1H), 4.27 (s, 2H), 4.11 (dd, J = 10.4, 8.4 

Hz, 1H), 0.97 (s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 162.7, 161.3, 146.4, 139.0, 
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136.9, 129.3, 128.6, 126.5, 125.0, 121.8, 76.3, 69.4, 44.6, 34.0, 25.9; HRMS (ESI) 

calcd for C19H23N2O [M+H]
+
: 295.1805, found: 295.1810. 

 

 

White solid, [α]D
27.8

 -55.79 (c 0.2, MeOH); 
1
H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 

7.6 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.19 (d, J = 7.6 Hz, 1H), 4.43 (dd, J = 10.4, 8.8 

Hz, 1H), 4.29 (t, J = 8.0 Hz, 1H), 4.07 (dd, J = 10.4, 8.0 Hz, 1H), 2.80 (d, J = 12.4 Hz, 

1H), 2.74 (d, J = 12.4 Hz, 1H), 0.95 (s, 9H), 0.94 (s, 9H); 
13

C NMR (100 MHz, 

CDCl3) δ 163.1, 160.2, 146.3, 135.8, 126.3, 121.5, 76.1, 69.4, 51.6, 34.0, 32.1, 29.5, 

25.9; HRMS (ESI) calcd for C17H27N2O [M+H]
+
: 275.2118, found: 275.2125. 

 

 

White solid, [α]D
27.8

 -33.97 (c 0.2, MeOH); 
1
H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 

7.6 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.18 (d, J = 7.6 Hz, 1H), 4.46 (dd, J = 10.4, 8.8 

Hz, 1H), 4.32 (t, J = 8.8 Hz, 1H), 4.09 (dd, J = 10.4, 8.4 Hz, 1H), 2.75 (dd, J = 12.8, 

7.6 Hz, 1H), 2.72 (dd, J = 13.2, 7.2 Hz, 1H), 1.82 – 1.72 (m, 1H), 1.71 – 1.59 (m, 5H), 

1.25 – 1.11 (m, 3H), 1.05 – 0.94 (m, 2H), 0.97 (s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 

162.9, 161.4, 146.6, 136.1, 125.4, 121.5, 76.2, 69.4, 46.2, 38.3, 34.0, 33.0, 26.5, 26.1, 

25.9; HRMS (ESI) calcd for C19H29N2O [M+H]
+
: 301.2274, found: 301.2278. 
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Yellow solid, [α]D
27.8

 -33.31 (c 0.2, MeOH); 
1
H NMR (400 MHz, CDCl3) δ 8.06 (d, J 

= 7.6 Hz, 1H), 7.79 (t, J = 7.6 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 5.28 (s, 2H), 4.45 (dd, 

J = 10.4, 8.8 Hz, 1H), 4.31 (t, J = 8.8 Hz, 1H), 4.11 (dd, J = 10.4, 8.4 Hz, 1H), 2.16 (s, 

3H), 0.96 (s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 170.5, 162.2, 156.0, 146.6, 137.3, 

123.4, 123.3, 76.3, 69.4, 66.7, 34.0, 25.9, 20.9; HRMS (ESI) calcd for C15H21N2O3 

[M+H]
+
: 277.1547, found: 277.1548. 

 

 

Colorless oil, [α]D
27.8

 -47.46 (c 0.2, MeOH); 
1
H NMR (400 MHz, CDCl3) δ 7.83 (d, J 

= 8.0 Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 4.41 (dd, J = 10.4, 8.8 Hz, 1H), 4.28 (t, J = 

8.4 Hz, 1H), 4.05 (dd, J = 10.4, 8.4 Hz, 1H), 2.72 (d, J = 7.2 Hz, 2H), 2.33 (s, 3H), 

2.14-2.11 (m, 1H), 0.94 (s, 9H), 0.92 (d, J = 7.2 Hz, 3H), 0.90 (d, J = 7.2 Hz, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ 163.1, 160.2, 144.1, 137.8, 133.8, 121.6, 76.1, 69.3, 43.8, 

34.0, 28.9, 25.9, 22.4, 19.4; HRMS (ESI) calcd for C17H27N2O [M+H]
+
: 275.2118, 

found: 275.2122. 

 

 

Colorless oil, [α]D
28.0

 -133.22 (c 0.2, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.82 (d, J 

= 8.0 Hz, 1H), 7.25 (d, J = 8.0 Hz, 1H), 4.41 (dd, J = 10.0, 8.8 Hz, 1H), 4.28 (t, J = 

8.4 Hz, 1H), 4.07 (dd, J = 10.0, 8.4 Hz, 1H), 3.18 (d, J = 2.8 Hz, 2H), 2.78 (t, J = 5.6 
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Hz, 1H), 2.71 – 2.62 (m, 1H), 2.37 – 2.33 (m, 1H), 1.38 (s, 3H), 1.23 (d, J = 9.6 Hz, 

1H), 0.94 (s, 9H), 0.61 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 162.8, 157.1, 144.5, 

144.0, 133.3, 121.2, 76.3, 69.2, 46.6, 40.0, 39.4, 36.6, 34.0, 31.6, 25.9, 21.2; HRMS 

(ESI) calcd for C19H27N2O [M+H]
+
: 299.2118, found: 299.2120. 

 

 

Colorless oil, [α]D
27.9

 -8.80 (c 0.2, MeOH); 
1
H NMR (400 MHz, CDCl3) δ 7.6 (d, J = 

7.8 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.14 (d, J = 8.0 Hz, 1H), 3.59 (s, 1H), 2.73 (dd, 

J = 13.2, 7.6 Hz, 1H), 2.69 (dd, J = 13.2, 7.6 Hz, 1H), 2.14 – 2.04 (m, 1H), 1.54 (s, 

3H), 1.50 (s, 3H), 1.09 (s, 9H), 0.89 (d, J = 7.2 Hz, 3H), 0.87 (d, J = 7.2 Hz, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ 161.7, 147.4, 136.1, 124.9, 121.3, 88.5, 82.9, 47.3, 34.1, 

30.7, 28.9, 27.8, 23.2, 22.4, 22.3; HRMS (ESI) calcd for C18H29N2O [M+H]
+
: 

289.2274, found: 289.2282. 

 

3. General Procedure for Pd-catalyzed hydroamination of 

styrenes. 

 

To an oven-dried Schlenk tube, Pd(OAc)2 (4.4 mg, 0.01 mmol), liagnd L13 (7.8 mg，

0.015 mmol), and NFSi (175 mg, 0.6 mmol) were dissolved in EtOAc(1 mL) under 

N2 atmosphere. Then styrene (0.2 mmol), n-butyl alcohol (44.5 mg, 0.6 mmol) and 

triethyl orthoformate (50 µL, 3 mmol) were added subsequently. The resulting 

mixture was stirred at 30 
o
C, and monitored by TLC. After the styrene was consumed, 

the solvent was removed and the residue was purified by silca gel chromatography to 
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give the product (See Table 1). 

 

 

White solid; 
1
H NMR (400 MHz, CDCl3) δ 7.71 (bs, 4H), 7.56 (t, J = 7.6 Hz, 2H), 

7.46 – 7.40 (m, 6H), 7.30 – 7.27 (m, 3H), 5.63 (q, J = 7.6 Hz, 1H), 1.65 (d, J = 7.6 Hz, 

3H); 
13

C NMR (100MHz, CDCl3) δ 140.4, 137.3, 133.5, 128.8, 128.7, 128.2, 128.1, 

128.0, 60.3, 18.0; IR cm
-1

: 1449, 1349, 1170, 1083, 959, 878, 757, 583; HRMS (ESI) 

calcd for C10H19NO4S2Na [M+Na]
+
: 424.0648, found: 424.0648; HPLC (DAICEL 

Chiralpak AD-H, hexane/ isopropanol = 9/1, flow 0.7 mL/min, detection at 214 nm) 

retention time = 14.0 min (minor) and 19.8 min (major). 

 

 

White solid；1
H NMR (400 MHz, CDCl3) δ 7.75 (bs, 4H), 7.60 (t, J = 7.2 Hz, 2H), 

7.48-7.41 (m, 6H), 6.96 (t, J = 8.8 Hz, 2H), 5.59 (q, J = 7.2 Hz, 1H), 1.64 (d, J = 7.2 

Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 163.4 (d, J = 246.2 Hz), 140.4, 133.6, 133.3 

(d, J = 3.8 Hz), 130.6 (d, J = 8.2 Hz), 128.8, 128.1, 114.9 (d, J = 21.6 Hz), 59.7, 18.2; 

HRMS (EI) calcd for C19H15FNO4S2 [M-CH3]: 404.0427, found: 404.0422; HPLC 

(DAICEL Chiralpak AD-H, hexane/ isopropanol = 9/1, flow 0.7 mL/min, detection at 

214 nm) retention time = 12.9 min (minor) and 16.5 min (major). 

 

 

White solid; 
1
H NMR (400 MHz, CDCl3) δ 7.75 (bs, 4H), 7.60 (t, J = 7.6 Hz, 2H), 7.5 

(t, J = 7.6 Hz, 4H), 7.4 (d, J = 8.4 Hz, 2H), 7.2 (d, J = 8.4 Hz, 2H), 5.58 (q, J = 7.2 Hz, 
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1H), 1.63 (d, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 140.3, 136.0, 134.0, 

133.6, 130.2, 128.8, 128.3, 128.1, 59.5, 18.0; HRMS (EI) calcd for C19H15ClNO4S2 

[M-CH3]: 420.0131, found: 420.0130; HPLC (DAICEL Chiralpak AD-H, hexane/ 

isopropanol = 7/3, flow 0.7 mL/min, detection at 214 nm) retention time = 7.4 min 

(minor) and 9.9 min (major). 

 

 

White solid;
 1

H NMR (400 MHz, CDCl3) δ 7.61 (bs, 4H), 7.46 (t, J = 7.6 Hz, 2H), 

7.32 (t, J = 7.6 Hz, 4H), 7.24 (d, J = 8.8 Hz, 2H), 7.15 (d, J = 8.8 Hz, 2H), 5.56 (q, J = 

7.2 Hz, 1H), 1.62 (d, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 140.3, 136.5, 

133.6, 131.1, 130.5, 128.8, 128.1, 122.1, 59.6, 17.9; HRMS (EI) calcd for 

C20H18BrNO4S2 [M]: 478.9861, found: 478.9868; HPLC (DAICEL Chiralpak AD-H, 

hexane/ isopropanol = 8/2, flow 0.7 mL/min, detection at 214 nm) retention time = 

9.5 min (minor) and 14.2 min (major). 

 

 

White solid; 
1
H NMR (400 MHz, CDCl3) δ 7.72 (bs, 4H), 7.60 – 7.55 (m, 4H), 7.44 (t, 

J = 7.6 Hz, 4H), 7.14 (d, J = 8.2 Hz, 2H), 5.54 (q, J = 7.2 Hz, 1H), 1.60 (d, J = 7.2 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 140.3, 137.2, 137.1, 133.7, 130.7, 128.9, 128.1, 

93.9, 59.7, 17.9; HRMS (ESI) calcd for C20H22IN2O4S2 [M+NH4]
+
: 545.0060, found: 

545.0066; HPLC (DAICEL Chiralpak AD-H, hexane/ isopropanol = 7/3, flow 0.7 

mL/min, detection at 214 nm) retention time = 8.1 min (minor) and 11.3 min (major). 
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White solid; 
1
H NMR (400 MHz, CDCl3) δ 7.73 (bs, 4H), 7.57 (t, J = 7.2 Hz, 2H), 

7.43 (t, J = 7.6 Hz, 4H), 7.32 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 5.61 (q, J = 

7.2 Hz, 1H), 2.36 (s, 3H), 1.65 (d, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

140.6, 137.8, 134.4, 133.4, 128.8, 128.7, 128.5, 128.2, 60.3, 21.1, 18.1; HRMS (ESI) 

calcd for C20H21NO4S2Na [M+Na]
+
: 438.0804, found: 438.0803; HPLC (DAICEL 

Chiralpak AD-H, hexane/ isopropanol = 9/1, flow 0.7 mL/min, detection at 214 nm) 

retention time = 12.4 min (minor) and 21.1 min (major). 

 

 

White solid; 
1
H NMR (400 MHz, CDCl3) δ 7.78 (s, 4H), 7.66 – 7.54 (m, 4H), 7.54 – 

7.35 (m, 11H), 5.72 (q, J = 7.2 Hz, 1H), 1.72 (d, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 140.9, 140.5, 136.4, 133.5, 129.3, 128.9, 128.8, 128.2, 127.6, 127.1, 126.7, 

60.2, 18.2; HRMS (ESI) calcd for C26H27N2O4S2 [M+NH4]
+
: 495.1407, found: 

495.1408; HPLC (DAICEL Chiralpak AD-H, hexane/ isopropanol = 7/3, flow 0.7 

mL/min, detection at 214 nm) retention time = 8.3 min (minor) and 10.1 min (major). 

 

 

Colorless oil; 
1
H NMR (400 MHz, CDCl3) δ 7.68 (bs, 4H), 7.56 (t, J = 11.2 Hz, 2H), 

7.43 – 7.38 (m, 6H), 7.31 (d, J = 8.4 Hz, 2H), 5.66 (q, J = 7.2 Hz, 1H), 1.67 (d, J = 

7.2 Hz, 3H), 1.36 (s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 151.2, 140.6, 134.2, 133.5, 

128.7, 128.2, 125.0, 60.3, 34.6, 31.4, 18.2; HRMS (EI) calcd for C24H27NO4S2 [M]: 

457.1381, found: 457.1380; HPLC (DAICEL Chiralpak AD-H, hexane/ isopropanol = 
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9/1, flow 0.7 mL/min, detection at 214 nm) retention time = 9.6 min (minor) and 10.7 

min (major). 

 

 

White solid; 
1
H NMR (400 MHz, CDCl3) δ 7.73 (bs, 4H), 7.57 (t, J = 7.2 Hz, 2H), 

7.43 (t, J = 7.2 Hz, 4H), 7.26 (d, J = 7.2 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 7.15 (s, 1H), 

7.09 (d, J = 7.2 Hz, 1H), 5.62 (q, J = 7.2 Hz, 1H), 2.23 (s, 3H), 1.65 (d, J = 7.2 Hz, 

3H). 
13

C NMR (100MHz, CDCl3) δ 140.5, 137.6, 137.2, 133.4, 129.6, 128.6, 128.3, 

128.2, 128.0, 125.6, 60.3, 21.3, 18.1; HRMS (ESI) calcd  for C21H21NO4S2Na 

[M+Na]
+
: 438.0804, found: 438.0823; HPLC (DAICEL Chiralpak AD-H, hexane/ 

isopropanol = 7/3, flow 0.7 mL/min, detection at 214 nm) retention time = 7.1 min 

(minor) and 9.0 min (major). 

 

 

White solid;
 1
H NMR (400 MHz, CDCl3) δ 7.76 (s, 4H), 7.60 (t, J = 7.6 Hz, 2H), 7.46 

(t, J = 7.6 Hz, 4H), 7.28 – 7.20 (m, 2H), 7.12 (d, J = 10.4 Hz, 1H), 7.06 – 6.90 (m, 

1H), 5.57 (q, J = 7.2 Hz, 1H), 1.64 (d, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) 

δ 162.6 (d, J = 245.2 Hz), 140.3, 140.1 (d, J = 7.6 Hz), 133.7, 129.5 (d, J = 8.5 Hz), 

128.8, 128.2, 124.3 (d, J = 3.2 Hz), 115.8 (d, J = 22.0 Hz), 114.9 (d, J = 20.4 Hz), 

59.6, 59.6, 18.0; HRMS (ESI) calcd for C20H22FN2O4S2 [M+NH4]
+
: 437.1000, found: 

437.1002; HPLC (DAICEL Chiralpak AD-H, hexane/ isopropanol = 7/3, flow 0.7 

mL/min, detection at 214 nm) retention time = 7.8 min (minor) and 9.6 min (major). 
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White solid; 
1
H NMR (400 MHz, CDCl3) δ 7.76 (bs, 4H), 7.61 (t, J = 7.6 Hz, 2H), 

7.47 (t, J = 7.6 Hz, 4H), 7.35 – 7.26 (m, 3H), 7.24 – 7.16 (m, 1H), 5.56 (q, J = 7.2 Hz, 

1H), 1.64 (d, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 139.6, 134.1, 133.8, 

129.4, 129.0, 128.9, 128.2, 128.1, 126.7, 59.6, 18.0; HRMS (ESI) calcd for 

C20H22ClN2O4S2 [M+NH4]
+
: 453.0704, found: 453.0703; HPLC (DAICEL Chiralpak 

AD-H, hexane/ isopropanol = 7/3, flow 0.7 mL/min, detection at 214 nm) retention 

time = 7.7 min (minor) and 9.9 min (major). 

 

 

White solid; 
1
H NMR (400 MHz, CDCl3) δ 7.77 (bs, 4H), 7.61 (t, J = 7.6 Hz, 2H), 

7.47 (t, J = 7.6 Hz, 5H), 7.44 – 7.34 (m, 2H), 7.15 (t, J = 8.0 Hz, 1H), 5.55 (q, J = 7.2 

Hz, 1H), 1.63 (d, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 139.8, 133.8, 131.8, 

131.1, 129.7, 128.9, 128.2, 127.1, 122.3, 59.5, 18.0; HRMS (ESI) calcd for 

C20H22BrN2O4S2 [M+NH4]
+
: 497.0199, found: 497.0195; HPLC (DAICEL Chiralpak 

AD-H, hexane/ isopropanol = 7/3, flow 0.7 mL/min, detection at 214 nm) retention 

time = 7.6 min (minor) and 10.1 min (major). 

 

 

White solid; 
1
H NMR (400 MHz, CDCl3) δ 7.73 (bs, 4H), 7.62 (d, J = 7.6 Hz, 1H), 

7.52 (t, J = 7.6 Hz, 2H), 7.36 (t, J = 7.6 Hz, 4H), 7.25 (t, J = 7.6 Hz, 1H), 7.12 (t, J = 
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7.2 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H), 5.98 (q, J = 7.2 Hz, 1H), 1.99 (s, 3H), 1.89 (d, J 

= 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 140.7, 139.0, 133.7, 133.1, 130.2, 

130.0, 128.5, 128.4, 128.1, 125.7, 58.2, 19.9, 19.4; HRMS (ESI) calcd for 

C21H21NO4S2Na [M+Na]
+
: 438.0804, found: 438.0811; HPLC (DAICEL Chiralpak 

AD-H, hexane/ isopropanol = 9/1, flow 0.7 mL/min, detection at 214 nm) retention 

time = 24.9 min (minor) and 33.8 min (major). 

 

 

White solid; 
1
H NMR (400 MHz, CDCl3) δ 7.75 (br, 4H), 7.58 (t, J = 7.6 Hz, 2H), 

7.42 (t, J = 7.6 Hz, 4H), 7.18 (d, J = 8.0 Hz, 1H), 7.08 – 7.05 (m, 2H), 5.63 (q, J = 7.2 

Hz, 1H), 2.26 (s, 3H), 2.12 (s, 3H), 1.67 (d, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 140.6, 136.4, 136.1, 134.7, 133.4, 130.2, 129.2, 128.7, 128.2, 125.9, 60.4, 

19.7, 19.5, 18.2; HRMS (ESI) calcd for C22H27N2O4S2 [M+NH4]
+
: 447.1407, found: 

447.1409; HPLC (DAICEL Chiralpak AD-H, hexane/ isopropanol = 9/1, flow 0.7 

mL/min, detection at 214 nm) retention time = 10.5 min (minor) and 15.0 min 

(major). 

 

X-Ray structure of enantiopure 2a and (L12)PdCl2 
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Crystal data and structure refinement for 2a 

Identification code cd213489  

Empirical formula C20 H19 N O4 S2 

Formula weight 401.48  

Temperature 293(2) K 

Wavelength 0.71073 Å 

Crystal system Monoclinic 

space group P2(1) 

Unit cell dimensions a = 8.4228(10) Å α = 90° 

b = 13.7083(17) Å β= 104.508(2) °  

c = 8.6714(11) Å γ = 90° 

Volume 969.3(2) Å 
3
  

Z 2 

Calculated density   1.376 Mg/m
3
 

Absorption coefficient 0.300 mm
-1

 

F(000) 420 
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Crystal size 0.212 x 0.175 x 0.114 mm
3
 

Theta range for data collection 2.43 to 26.00 ° 

Limiting indices -10≤h≤10, -15≤k≤16, -10≤l≤10 

Reflections collected  5776  

unique 3147 [R(int) = 0.0429] 

Completeness to theta = 26.00° 99.9 % 

Absorption correction Empirical 

Max. and min. transmission 1.00000 and 0.46327 

Refinement method Full-matrix least-squares on F
2
 

Data / restraints / parameters 3147 / 1 / 246 

Goodness-of-fit on F
2
 1.059 

Final R indices [I>2sigma(I)] R1 = 0.0426, wR2 = 0.1018 

R indices (all data) R1 = 0.0450, wR2 = 0.1040 

Absolute structure parameter 0.05(7) 

Extinction coefficient 0.017(3) 

Largest diff. peak and hole 0.434 and -0.328 e. Å
 -3
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X-ray of (L12)PdCl2 

 

Crystal data and structure refinement for mo_dm14620_0m. 

Identification code (L12)PdCl2 

Empirical formula C16 H24 Cl2 N2 O Pd 

Formula weight 437.67 

Temperature 130 K 

Wavelength 0.71073 Å 

Crystal system Monoclinic 

space group P 1 21 1 

Unit cell dimensions a = 12.1876(18) Å  

b = 9.8204(14) Å 96.796(3)°  

c =15.854(2) Å  

Volume 1884.2(5) Å
3
 

Z 4 

Calculated density   11.543 Mg/m
3
 

Absorption coefficient 1.271 mm
-1

 

F(000) 888 
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Crystal size 0.18 x 0.03 x 0.02 mm
3
 

Theta range for data collection 1.293 to 30.495° 

Limiting indices -14≤h≤17, -13≤k≤13, -22≤22 

Reflections collected  18529  

unique 10955 [R(int) = 0.0640] 

Completeness to theta = 26.00° 99.9 % 

Absorption correction Empirical 

Max. and min. transmission 1.00000 and 0.46327 

Refinement method Semi-empirical from equivalents 

Data / restraints / parameters 10955 / 40 / 407 

Goodness-of-fit on F
2
 1.023 

Final R indices [I>2σ(I)] R1 = 0.0638, wR2 = 0.1180 

R indices (all data) R1 = 0.0974, wR2 = 0.1327 

Absolute structure parameter -0.03(4) 

Extinction coefficient n/a 

Largest diff. peak and hole 1.263 and -1.046 e.Å
-3
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4. Deuterium labeled experiments 

 

The deuterium labeled styrene E-1h-d was synthesized and subjected to the standard 

condition, and the hydroamination product 2h-d was obtained as a mixture of isomers 

with the deuterium incorporation on both α and β carbon (eq 1). The 
1
H NMR 

spectrum of 2h-d was shown in Figure S1. 

 

Figure S1. 
1
H NMR spectrum of 2h-d obtained in eq 1 
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When styrene E-1h-d was subjected to the standard condition with iPrOH-d8, the 

same product 2h-d was given (eq 2), however with 40% deuterium incorporation on 

both α and β carbon (eq 2). The 
1
H NMR spectrum of 2h-d was shown in Figure S2. 

 

Figure S2. 
1
H NMR spectrum of 2h-d obtained in eq 2 

 

 

Reference 
                                                        

[S1] Shuman, R.T.; Ornstein, P. L.; Paschal, J. W.; Gesellchen, P. D. An improved 

synthesis of homoproline and derivatives. J. Org. Chem. 1990, 55, 738-741. 

[S2]
 
Kikushima, K.; Holder, J. C.; Gatti, M.; Stoltz, B. M. Palladium-catalyzed 

asymmetric conjugate addition of arylboronic acids to five-, six-, and 

seven-membered β-substituted cyclic enones: Enantioselective construction of 

all-carbon quaternary stereocenters. J. Am. Chem. Soc. 2011, 133, 6902–6905. 

[S3] Werner, E. W.; Mei, T.-S.; Burckle, A. J.; Sigman, M. S. Enantioselective heck 

arylations of acyclic alkenyl alcohols using a redox-relay strategy. Science, 2012, 338, 

1455-1458. 



 

S21 
  

7. NMR spectra of ligands and products 
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8. HPLC of products 
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