
 1

Supplementary Information for: 
 

Design of N-Sulfinyl Homoallylic Amines as Novel 

Sulfinamide-Olefin Hybrid Ligands for Asymmetric Catalysis: 

Application in Rh-Catalyzed Enantioselective 1,4-Additions 
 

Shen-Shuang Jin, Hui Wang and Ming-Hua Xu* 
 

Shanghai Institute of Materia Medica, Chinese Academy of Sciences, 555 Zuchongzhi 
Road, Shanghai 201203, China. 

 
xumh@mail.shcnc.ac.cn 

 
 
 
 

Table of Contents 
 

1. General ………………………………………………………………………..… 2 
 

2. General procedures for Rh-Catalyzed 1,4-additions.. ……………………….. 2 
                                                                      
3. Characterization data of new ligand compounds.. ………………………… 2-3 
 
4. Characterization data and HPLC of addition products …………………..4-24 

 
5. Copies of 1H and 13C NMR for new compounds ………………………. ...25-32 
 

 
 
 
 
 
 
 
 

 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



 2

1. General 

NMR spectra were recorded on a Varian spectrometer (300 MHz for 1H, and 100 MHz for 
13C). Chemical shifts are reported in δ ppm referenced to an internal SiMe4 standard for 1H 
NMR and chloroform-d (δ 77.16) for 13C NMR. HPLC was performed on a JASCO 2000 
instrument by using Daicel columns. 
 
 
2. General procedures for Rh-Catalyzed 1,4-additions. 

Under N2 atmosphere, a solution of [RhCl(C2H4)2]2 (1.5 mg, 0.0075 mmol of Rh), 11 (3.2 mg, 
0.0075 mmol), and arylboronic acid (0.60 mmol) in 0.5 mL of dioxane was stirred at 60 oC 
for 30 min. To this mixture were added the α,β-unsaturated carbonyl compounds (0.25 mmol) 
and then aqueous K3PO4 (83 µL, 1.5M, 0.125 mmol). After being stirred at 60 oC for 1 h, the 
mixture was concentrated under reduced pressure. The residue was purified by silica gel 
column chromatography to afford the corresponding addition product 14.  
 

 

3. Characterization data of new ligand compounds. 

Ligands 1, 5-12 were synthesized according to the procedures1 we reported before. Ligands 2 
was synthesized following the literature2. Ligands 3 and 4 were synthesized by general 
m-CPBA epoxidation and MeI/NaH methylation of ligand 1, respectively. 

 
1H NMR (300 MHz, CDCl3): δ 1.28 (s, 9H), 2.59-2.63 (m, 2H), 4.39 (d, J = 
8.7 Hz, 1H), 4.61-4,68 (m, 1H), 5.13-5.19 (m, 2H), 5.57-5.70 (m, 1H), 
7.24-7.38 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 23.25, 42.62, 56.98, 
58.94, 118.60, 125.43, 126.53, 127.76, 132.11, 140.92; ESI-MS: 266.2 [M - 
H]-; HRMS (ESI) for C14H21NO2SNa [M + Na]+: calcd 290.1191, found 

288.1189.  
 

1H NMR (300 MHz, CDCl3): δ 1.19 (s, 9H), 2.46 (s, 3H), 2.67-2.88 (m, 2H), 
4.43 (t, J = 7.5 Hz, 1H), 5.03 (d, J = 10.2 Hz, 1H), 5.11 (d, J = 17.1 Hz, 1H), 
5.67-5.81 (m, 1H), 7.25-7.38 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 22.99, 
26.36, 36.11, 57.94, 66.40, 116.42, 126.84, 127.10, 127.54, 134.41, 138.44; 
ESI-MS: 265.9 [M + H]+; HRMS (ESI) for C15H23NOSNa [M + Na]+: calcd 

288.1398, found 288.1392. 
 
 

                                                        
1 (a) X.-W. Sun, M.-H. Xu, G.-Q. Lin, Org. Lett., 2006, 8, 4979; (b) X.-W. Sun, M. Liu, M.-H. 
Xu, G.-Q. Lin, Org. Lett., 2008, 10, 1259; (c) M. Liu, X.-W. Sun, M.-H. Xu G.-Q. Lin, Chem. Eur. 
J., 2009, 15, 10217. (d) M. Liu, A. Shen, X.-W. Sun, F. Deng, M.-H. Xu, G.-Q. Lin, 
Chem.Commun., 2010, 46, 8460. 
2 J. T. Colyer, N. G. Andersen, J. S. Tedrow, T. S. Soukup, M. M. Faul, J. Org. Chem., 2006, 71, 
6859. 
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1H NMR (300 MHz, CDCl3): δ 1.21 (s, 9H), 4.01 (d, J = 7.2 Hz, 1H), 
5.22-5.26 (m, 1H), 5.32-5.41 (m, 2H), 5.80-5.96 (m, 2H), 7.13-7.19 (m, 1H), 
7.32-7.59 (m, 7H), 8.02 (d, J = 10.2 Hz, 2H); 13C NMR (100 MHz, CDCl3): 
δ 21.69, 55.91, 59.28, 74.51, 118.76, 122.98, 126.73, 127.56, 128.76, 
131.06, 132.34, 136.77, 164.18; ESI-MS: 450.0 [M + H]+; HRMS (ESI) for 

C21H25BrNO3S [M + H]+: calcd 450.0739, found 450.0748. 
 

1H NMR (300 MHz, CDCl3): δ 1.20 (s, 9H), 3.83 (d, J = 5.7 Hz, 1H), 
4.84-4.87 (m, 1H), 5.32-5.43 (m, 2H), 5.69-5.80 (m, 1H), 5.92-5.95 (m, 
1H), 7.44-7.49 (m, 2H), 7.57-7.66 (m, 5H), 8.00 (d, J = 8.1 Hz, 2H); 13C 
NMR (100 MHz, CDCl3): δ 21.69, 55.88, 60.20, 75.25, 119.03, 124.65, 
124.68, 127.52, 127.69, 128.70, 130.76, 132.55, 141.32, 164.52; ESI-MS: 

440.0 [M + H]+; HRMS (ESI) for C22H25F3NO3S [M + H]+: calcd 440.1507, found 440.1498. 
 

1H NMR (300 MHz, CDCl3): δ 1.17 (s, 9H), 4.07 (d, J = 6.6 Hz, 1H), 5.33 
(d, J = 10.5 Hz, 1H), 5.44 (d, J = 17.4 Hz, 1H), 5.72-5.83 (m, 2H), 
6.01-6.04 (m, 1H), 7.42-7.67 (m, 7H), 7.83 (d, J = 8.1 Hz, 1H), 7.89 (d, J = 
8.4 Hz, 1H), 8.07 (d, J = 8.1 Hz, 2H), 8.46 (d, J = 8.7 Hz, 1H); 13C NMR 
(100 MHz, CDCl3): δ 21.76, 54.87, 55.92, 74.93, 118.63, 122.25, 124.22, 

124.64, 125.04, 125.98, 127.57, 127.98, 128.05, 128.82, 129.02, 129.99, 130.64, 132.33, 
132.89, 133.37, 164.73; ESI-MS: 422.0 [M + H]+; HRMS (ESI) for C25H28NO3S [M + H]+: 
calcd 422.1790, found 422.1800. 
 

1H NMR (300 MHz, CDCl3): δ 1.23 (s, 9H), 4.08 (d, J = 2.7 Hz, 1H), 5.35 
(d, J = 10.5 Hz, 1H), 5.46 (d, J = 17.1 Hz, 1H), 5.71-5.86 (m, 2H), 
6.00-6.02 (m, 1H), 7.40-7.65 (m, 7H), 7.81 (d, J = 7.8 Hz, 1H), 7.87 (d, J = 
8.4 Hz, 1H), 8.08 (d, J = 7.2 Hz, 2H), 8.41 (d, J = 8.4 Hz, 1H); 13C NMR 
(100 MHz, CDCl3): δ 21.61, 55.20, 55.87, 75.39, 119.24, 122.12, 124.01, 

124.89, 125.16, 125.82, 127.51, 127.83, 127.98, 128.68, 128.75, 128.90, 130.38, 130.54, 
132.31, 132.79, 164.74; ESI-MS: 422.0 [M + H]+; HRMS (ESI) for C25H28NO3S [M + H]+: 
calcd 422.1790, found 422.1800.  
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4. Characterization data and HPLC of addition products. 
 

1H NMR (300 MHz, CDCl3): δ 1.70-1.92 (m, 2H), 2.05-2.20 (m, 2H), 2.35-2.62 
(m, 4H), 2.95-3.08 (m, 1H), 7.19-7.25 (m, 3H), 7.34 (t, J = 7.8 Hz, 2H). [α]D

20 
-18.2 (c 1.01, CHCl3) for 96% ee [Lit. 1: [α]D

23 -19.5 (c 0.95, CHCl3) for 93% 
ee of the S-isomer; Org. Lett., 2008, 10, 4101; Lit. 2: [α]D

20 -21 (c 0.96, CHCl3) 
for 97% ee of the S-isomer; J. Am. Chem. Soc. 1998, 120, 5579.] 

HPLC: Chiracel OJ-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 90/10; 
flow = 0.7 mL/min; Retention time: 13.4 min, 15.6 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.73-1.94 (m, 2H), 2.05-2.17 (m, 2H), 
2.31-2.60 (m, 4H), 2.33 (s, 3H), 2.94-3.02 (m, 1H), 7.11 (d, J = 8.7 Hz, 2H), 
7.15 (d, J = 8.7 Hz, 2H).  
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 95/5; flow = 0.7 mL/min; Retention time: 8.7 min (maj), 9.7 

min. 
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1H NMR (300 MHz, CDCl3): δ 1.75-1.89 (m, 2H), 2.05-2.17 (m, 2H), 
2.37-2.61 (m, 4H), 2.95-3.04 (m, 1H), 6.99-7.04 (m, 2H), 7.16-7.20 (m, 2H).  
HPLC: Chiracel OJ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 14.8 min, 16.0 min 
(maj). 
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1H NMR (300 MHz, CDCl3): δ 1.74-1.89 (m, 2H), 2.05-2.19 (m, 2H), 
2.32-2.61 (m, 4H), 2.94-3.04 (m, 1H), 7.15 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 
8.4 Hz, 2H).  
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 95/5; flow = 0.7 mL/min; Retention time: 8.8 min (maj), 9.3 
min. 
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1H NMR (300 MHz, CDCl3): δ 1.73-1.88 (m, 2H), 2.05-2.16 (m, 2H), 
2.36-2.61 (m, 4H), 2.92-3.01 (m, 1H), 3.80 (s, 3H), 6.87 (d, J = 7.8 Hz, 
2H), 7.14 (d, J = 8.1 Hz, 2H).  
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 10.9 min (maj), 
11.6 min. 
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1H NMR (300 MHz, CDCl3): δ 1.75-1.91 (m, 2H), 2.05-2.18 (m, 2H), 2.35 (s, 
3H), 2.35-2.62 (m, 4H), 2.92-3.01 (m, 1H), 7.01-7.07 (m, 3H), 7.20-7.26 (m, 
1H).  
HPLC: Chiracel OD-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 11.2 min (maj), 13.3 

min.  
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1H NMR (300 MHz, CDCl3): δ 1.77-1.91 (m, 2H), 1.99-2.05 (m, 1H), 2.16-2.20 
(m, 1H), 2.32 (s, 3H), 2.37-2.53 (m, 4H), 3.16-3.25 (m, 1H), 7.13-7.25 (m, 4H).  
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 7.5 min (maj), 8.5 min. 
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1H NMR (300 MHz, CDCl3): δ 1.75-1.93 (m, 2H), 2.01-2.16 (m, 2H), 
2.34-2.61 (m, 4H), 3.37-3.46 (m, 1H), 3.82 (s, 3H), 6.86-6.97 (m, 2H), 
7.18-7.26 (m, 2H).  
HPLC: Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 60/40; flow = 0.6 mL/min; Retention time: 12.6 min, 18.0 min 

(maj). 
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1H NMR (300 MHz, CDCl3): δ 1.89-2.07 (m, 2H), 2.19-2.27 (m, 2H), 
2.41-2.79 (m, 4H), 3.81-3.90 (m, 1H), 7.39-7.56 (m, 4H), 7.76 (d, J = 8.1 Hz, 
1H), 7.88 (d, J = 7.5 Hz, 1H), 8.04 (d, J = 8.1 Hz, 1H).  
HPLC: Chiracel OJ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 26.7 min, 28.8 min 

(maj). 
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1H NMR (300 MHz, CDCl3): δ 1.81-2.04 (m, 2H), 2.15-2.23 (m, 2H), 
2.37-2.53 (m, 2H), 2.59-2.71 (m, 2H), 3.14-3.22 (m, 1H), 7.37 (d, J = 8.4 
Hz, 1H), 7.45-7.47 (m, 2H), 7.64 (s, 1H), 7.79-7.83 (m, 3H).  
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 10.1 min (maj), 

10.9min. 
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1H NMR (300 MHz, CDCl3): δ 1.90-2.08 (m, 1H), 2.22-2.54 (m, 4H), 2.67 (dd, J 
= 18.3, 7.8 Hz, 1H), 3.35-3.49 (m, 1H), 7.22-7.30 (m, 3H), 7.31-7.39 (m, 2H). 
[α]D

20 -81.2 (c 0.81, CHCl3) for 90% ee [Lit. 1: [α]D
24 -73.8 (c 1.21, CHCl3) for 

80% ee of the S-isomer; Org. Lett., 2008, 10, 4101; Lit. 2: [α]D
20 -92 (c 0.82, 

CHCl3) for 97% ee of the S-isomer; J. Am. Chem. Soc. 1998, 120, 5579.] 

HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 99/1; 
flow = 1.0 mL/min; Retention time: 19.5 min, 21.7 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.90-2.04 (m, 1H), 2.27-2.51 (m, 4H), 2.34 (s, 
3H), 2.66 (dd, J = 18.0, 7.5 Hz, 1H), 3.33-3.45 (m, 1H), 7.16 (s, 4H).  
HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 99/1; flow = 0.5 mL/min; Retention time: 37.7 min, 40.2 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.88-2.02 (m, 1H), 2.24-2.51 (m, 4H), 2.66 (dd, 
J = 18.0, 7.5 Hz, 1H), 3.34-3.45 (m, 1H), 7.19 (d, J = 8.7 Hz, 2H), 7.31 (d, J = 
8.4 Hz, 2H).  
HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.8 mL/min; Retention time: 16.2 min, 18.7 min 
(maj). 
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1H NMR (300 MHz, CDCl3): δ 1.88-2.02 (m, 1H), 2.22-2.50 (m, 4H), 2.64 (dd, 
J = 18.0, 7.5 Hz, 1H), 3.31-3.43 (m, 1H), 3.80 (s, 3H), 6.88 (d, J = 7.8 Hz, 2H), 
7.18 (d, J = 8.1 Hz, 2H).  
HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 99/1; flow = 0.5 mL/min; Retention time: 16.8 min, 18.4 min 
(maj). 
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1H NMR (300 MHz, CDCl3): δ 2.10-2.23 (m, 1H), 2.31-2.59 (m, 4H), 2.80 (dd, 
J = 18.0, 7.2 Hz, 1H), 4.15-4.25 (m, 1H), 7.35 (d, J = 6.9 Hz, 1H), 7.42-7.58 
(m, 3H), 7.76 (d, J = 7.8 Hz, 1H), 7.88 (d, J = 7.8 Hz, 1H), 8.09 (d, J = 8.4 Hz, 
1H).  
HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.8 mL/min; Retention time: 16.5 min, 22.1 min 

(maj). 
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1H NMR (300 MHz, CDCl3): δ 1.83-2.05 (m, 1H), 2.17-2.51 (m, 4H), 2.35 (s, 
3H), 2.65 (dd, J = 18.0, 7.5 Hz, 1H), 3.27-3.44 (m, 1H), 6.94-7.12 (m, 3H), 
7.21-7.26 (m, 1H).  
HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 95/5; flow = 0.7 mL/min; Retention time: 13.2 min, 14.1 min 
(maj). 
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1H NMR (300 MHz, CDCl3): δ 1.97-2.10 (m, 1H), 2.15-2.21 (m, 1H), 2.63 (dd, 
J = 17.7, 10.8 Hz, 1H), 2.92 (dd, J = 17.7, 5.7 Hz, 1H), 3.19-3.29 (m, 1H), 
4.35-4.43 (m, 1H), 4.48-4.54 (m, 1H), 7.20-7.39 (m, 5H).  
HPLC: Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 60/40; flow = 0.7 mL/min; Retention time: 25.6 min, 29.4 min 

(maj). 
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1H NMR (300 MHz, CDCl3): δ 1.94-2.07 (m, 1H), 2.14-2.20 (m, 1H), 2.58 
(dd, J = 17.7, 10.8 Hz, 1H), 2.91 (dd, J = 17.7, 5.7 Hz, 1H), 3.18-3.28 (m, 
1H), 7.15 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H); 13C NMR (100 MHz, 
CDCl3): δ 30.17, 36.90, 37.40, 68.52, 127.85, 129.12, 132.98, 141.23, 
170.32; EI-MS: 210.0 M+; HRMS (ESI) for C11H11ClO2 M+: calcd 210.0448, 
found 210.0450. 

HPLC: Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 60/40; 
flow = 0.7 mL/min; Retention time: 28.2 min, 30.2 min (maj).  
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1H NMR (300 MHz, CDCl3): δ 2.05-2.13 (m, 1H), 2.64 (dd, J = 14.4, 9.9 Hz, 
1H), 2.91 (dd, J = 14.4, 6.3 Hz, 1H), 3.49-3.59 (m, 1H), 3.84 (s, 3H), 
4.33-4.52 (m, 2H), 6.88-6.98 (m, 2H), 7.12 (d, J = 7.5 Hz, 1H), 7.23-7.28 (m, 
1H); 13C NMR (100 MHz, CDCl3): δ 28.45, 32.17, 35.93, 55.16, 68.68, 
110.69, 120.77, 126.88, 128.19, 130.85, 156.88, 171.65; EI-MS: 206.1 M+; 

HRMS (ESI) for C12H14O3 M+: calcd 206.0943, found 206.0946.  
HPLC: Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 60/40; 
flow = 0.7 mL/min; Retention time: 26.0 min, 46.8 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.96-2.09 (m, 1H), 2.12-2.20 (m, 1H), 2.36 (s, 
3H), 2.63 (dd, J = 17.7, 10.8 Hz, 1H), 2.90 (dd, J = 18.0, 6.0 Hz, 1H), 
3.15-3.25 (m, 1H), 4.34-4.42 (m, 1H), 4.47-4.54 (m, 1H), 7.00-7.02 (m, 2H), 
7.08-7.10 (d, J = 7.8 Hz, 1H), 7.22-7.27 (m, 1H).  
HPLC: Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane / 

i-propanol = 60/40; flow = 0.7 mL/min; Retention time: 23.2 min, 26.0 min (maj). 
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1H NMR (300 MHz, CDCl3): δ 1.85-2.09 (m, 2H), 2.59 (dd, J = 17.4, 10.8 
Hz, 1H), 2.82 (dd, J = 17.4, 4.8 Hz, 1H), 3.05-3.12 (m, 1H), 3.27-3.35 (m, 
2H), 4.55 (d, J = 15.0 Hz, 1H), 4.74 (d, J = 14.7 Hz, 1H), 7.17-7.33 (m, 
10H).  
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane / 

i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 22.0 min (maj), 23.9 min. 
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5. Copies of 1H and 13C NMR for new compounds. 
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