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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 chiral columns. 
 
2. Synthesis of ligands.  

H2N
S
O

+Br LiHMDS

rt
N
H

S
O

1a90%  

Under N2 atmosphere, 2 mL of LiHMDS (1 M in THF, 2 mmol) was added to a solution of 
(R)-tert-butanesulfinamide (121 mg, 1 mmol) in 5 mL THF at room temperature. After 15 
minutes, allyl bromide (1.6 mL, 2 mmol) was added to the mixture and the reaction was 
stirred for 2 hours at room temperature. When the reaction was complete, 10 mL of water was 
added. The solution was extracted with ethyl acetate, dried over anhydrous Na2SO4, and 
concentrated under reduced pressure. Purification by flash column chromatography gave the 
product 1a as colorless oil (145 mg, 90% yield). 

Ar N
H

S
O

1b-1i

Ar O H2N
S
O

+
Ti(OEt)4

NaBH4

 
Typical procedure for 1b: A solution of cinnamaldehyde (1.9 mL, 15 mmol), 
(R)-tert-butanesulfinamide (1.21 g, 10 mmol) and Ti(OEt)4 (4.1 mL, 20 mmol) in 30 mL THF 
was heated to reflux for 4 hours. Then the reaction was cooled to room temperature and 
NaBH4 (1.52 g, 40 mmol). The mixture was stirred at room temperature for additional 2 hours. 
When the reaction was complete, methanol was added dropwise until there was no bubble. 
The mixture was poured to 30 mL of brine, stirred for a while and filtered. The filtrate was 
extracted with ethyl acetate, dried over anhydrous Na2SO4, and concentrated under reduced 
pressure. Purification by flash column chromatography gave the product 1b as a white solid 
(2.15 g, 91% yield).  
 
 
3. General procedures for Rh-Catalyzed 1,4-additions. 

Under N2 atmosphere, a solution of [RhCl(C2H4)2]2 (1.5 mg, 0.00375 mmol of Rh), 1b (1.8 
mg, 0.0075 mmol), and arylboronic acid (0.60 mmol) in 0.5 mL of dioxane was stirred at 40 
oC for 30 min. To this mixture were added the α,β-unsaturated carbonyl compounds (0.25 
mmol) and then aqueous K3PO4 (83 µL, 1.5 M, 0.125 mmol). After being stirred at 40 oC for 
0.5-1 h, the mixture was concentrated under reduced pressure. The residue was purified by 
silica gel column chromatography to afford the corresponding addition product 3.  
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4. Characterization data of ligand compounds. 

N
H

S
O

1a  
1H NMR (300 MHz, CDCl3): δ 1.23 (s, 9H), 3.29 (s, 1H), 3.67-3.86 (m, 2H), 5.16 (dd, J = 
10.2, 1.2 Hz, 1H), 5.27 (dd, J = 17.1, 1.5 Hz, 1H), 5.85-5.98 (m, 1H); 13C NMR (100 MHz, 
CDCl3): δ 22.67, 48.20, 55.78, 117.12, 135.30; ESI-MS: 162.0 [M + H]+, 322.9 [2M + H]+; 
HRMS (ESI) for C7H15NOSNa [M + Na]+: calcd 184.0772, found 184.0764.  

N
H

S
O

1b  
1H NMR (300 MHz, CDCl3): δ 1.24 (s, 9H), 3.35 (t, J = 5.7 Hz, 1H), 3.82-4.01 (m, 2H), 6.25 
(dt, J = 15.9, 6.6 Hz, 1H), 6.58 (d, J = 15.9 Hz, 1H), 7.24-7.39 (m, 5H); 13C NMR (100 MHz, 
CDCl3): δ 22.74, 47.97, 55.88, 126.55, 127.89, 128.67, 132.66, 136.51; ESI-MS: 238.0 [M + 
H]+, 475.0 [2M + H]+; HRMS (ESI) for C13H19NOSNa [M + Na]+: calcd 260.1085, found 
260.1070.  

N
H

S
O

1c
MeO

 
1H NMR (300 MHz, CDCl3): δ 1.24 (s, 9H), 3.34 (t, J = 5.4 Hz, 1H), 3.80 (s, 3H), 3.83-3.98 
(m, 2H), 6.11 (dt, J = 15.6, 6.6 Hz, 1H), 6.52 (d, J = 15.6 Hz, 1H), 6.85 (d, J = 8.1 Hz, 2H), 
7.31 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 22.75, 48.13, 55.37, 55.86, 114.07, 
124.26, 127.76, 129.29, 132.22, 159.43; ESI-MS: 267.9 [M + H]+, 535.0 [2M + H]+; HRMS 
(ESI) for C14H22NO2S [M + H]+: calcd 268.1371, found 268.1360.  

N
H

S
O

1d
F3C

 
1H NMR (300 MHz, CDCl3): δ 1.25 (s, 9H), 3.72 (t, J = 5.4 Hz, 1H), 3.85-4.03 (m, 2H), 6.36 
(dt, J = 15.6, 6.3 Hz, 1H), 6.61 (d, J = 15.6 Hz, 1H), 7.46 (d, J = 8.1 Hz, 2H), 7.55 (d, J = 8.1 
Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 22.59, 47.65, 55.89, 125.39, 125.43, 125.46, 126.60, 
129.51, 130.86, 140.00; ESI-MS: 306.0 [M + H]+, 610.9 [2M + H]+; HRMS (ESI) for 
C14H19F3NOS [M + H]+: calcd 306.1139, found 306.1124.  

N
H

S
O

1e

MeO
OMe

MeO

 
1H NMR (300 MHz, CDCl3): δ 1.25 (s, 9H), 3.47 (s, 1H), 3.84 (s, 3H), 3.87 (s, 6H), 3.84-4.00 
(m, 2H), 6.19 (dt, J = 15.6, 6.6 Hz, 1H), 6.50 (d, J = 15.6 Hz, 1H), 6.61 (s, 2H); 13C NMR 
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(100 MHz, CDCl3): δ 22.62, 47.88, 55.79, 56.02, 60.85, 103.47, 126.01, 132.18, 132.46, 
137.84, 153.23; ESI-MS: 327.9 [M + H]+, 655.1 [2M + H]+; HRMS (ESI) for C16H25NO4SNa 
[M + Na]+: calcd 350.1402, found 350.1381.  

N
H

S
O

1f  
1H NMR (300 MHz, CDCl3): δ 1.26 (s, 9H), 3.45 (t, J = 5.4 Hz, 1H), 3.93-4.15 (m, 2H), 6.28 
(dt, J = 15.6, 6.3 Hz, 1H), 7.34 (d, J = 15.3 Hz, 1H), 7.40-7.59 (m, 4H), 7.77 (d, J = 8.1 Hz, 
1H), 7.84 (d, J = 8.7 Hz, 1H), 8.09 (d, J = 7.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 22.78, 
48.17, 55.94, 123.76, 124.08, 125.66, 125.91, 126.25, 128.24, 128.62, 129.81, 129.83, 131.16, 
133.65, 134.30; ESI-MS: 288.0 [M + H]+, 575.0 [2M + H]+; HRMS (ESI) for C17H21NOSNa 
[M + Na]+: calcd 310.1242, found 310.1224.  

N
H

S
O

1g  
1H NMR (300 MHz, CDCl3): δ 1.26 (s, 9H), 3.37 (s, 1H), 3.90-4.05 (m, 2H), 6.38 (dt, J = 
15.6, 6.6 Hz, 1H), 6.74 (d, J = 15.6 Hz, 1H), 7.44-7.46 (m, 2H), 7.59 (d, J = 8.4 Hz, 1H), 
7.73-7.84 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 22.80, 48.18, 55.99, 123.63, 126.11, 
126.44, 126.64, 126.96, 127.78, 128.11, 128.38, 132.80, 133.17, 133.64, 134.00; ESI-MS: 
287.9 [M + H]+, 575.0 [2M + H]+; HRMS (ESI) for C17H22NOS [M + H]+: calcd 288.1422, 
found 288.1409.  

N
H

S
O

1h  
1H NMR (300 MHz, CDCl3): δ 0.99-1.28 (m, 6H), 1.22 (s, 9H), 1.62-1.72 (m, 4H), 1.91-2.00 
(m, 2H), 3.18 (t, J = 5.4 Hz, 1H), 3.58-3.78 (m, 2H), 5.45 (dt, J = 15.3, 6.3 Hz, 1H), 5.61 (dd, 
J = 15.3, 6.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 22.72, 26.04, 26.18, 32.80, 32.81, 
40.41, 47.99, 55.69, 124.27, 140.17; ESI-MS: 244.1 [M + H]+, 487.1 [2M + H]+; HRMS (ESI) 
for C13H26NOS [M + H]+: calcd 244.1735, found 244.1722.  

N
H

S
O

Ph

Ph

1i  
1H NMR (300 MHz, CDCl3): δ 1.21 (s, 9H), 3.42 (t, J = 4.5 Hz, 1H), 3.73-3.92 (m, 2H), 6.14 
(t, J = 6.6 Hz, 1H), 7.16-7.39 (m, 10H); 13C NMR (100 MHz, CDCl3): δ 22.65, 44.93, 55.79, 
125.63, 127.52, 127.60, 128.18, 128.36, 129.67, 138.89, 141.66, 144.41; ESI-MS: 314.0 [M + 
H]+, 627.0 [2M + H]+; HRMS (ESI) for C19H24NOS [M + H]+: calcd 314.1579, found 
314.1564.  
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5. 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 
-19.6 (c 1.30, CHCl3) for 97% 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: Chiralcel 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, 15.5 min (maj). 
Ref: Takaya, Y.; Ogasawara, M.; Hayashi, T. J. Am. Chem. Soc. 1998, 120, 5579.  

 

O

3a
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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: Chiralpak AD-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 95/5; flow = 0.7 mL/min; Retention time: 8.6 min (maj), 9.5 

min. 
Ref: Takaya, Y.; Ogasawara, M.; Hayashi, T. J. Am. Chem. Soc. 1998, 120, 5579.  

 
 
 
 

O

3b
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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: Chiralpak AD-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), 
12.0 min.  

Ref: Cho, C. S.; Motofusa, S.; Ohe, K.; Uemura, S. J. Org. Chem. 1995, 60, 883.  

 
 
 
 

O

OMe
3c
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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: Chiralcel OJ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 14.7 min, 15.9 min 
(maj). 

Ref: Hayashi, T.; Takahashi, M.; Takaya, Y.; Ogasawara, M. J. Am. Chem. Soc. 2002, 124, 
5052.  

 

 

 
 

O

F
3d
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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: Chiralpak AD-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 95/5; flow = 0.7 mL/min; Retention time: 11.0 min (maj), 11.9 
min. 

Ref: Cho, C. S.; Motofusa, S.; Ohe, K.; Uemura, S. J. Org. Chem. 1995, 60, 883.  

 

 
 
 

O

Cl
3e
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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: Chiralcel OD-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 10.5 min (maj), 11.2 

min.  
Ref: Boiteau, J.; Imbos, R.; Minnaard, A.; Feringa, B. Org. Lett., 2003, 5, 681.  

 
 
 

O

3f
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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: Chiralpak AD-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 7.6 min (maj), 8.6 min. 
 

Ref: Hayashi, T.; Tokunaga, N.; Yoshida, K.; and Han,J.-W. J. Am. Chem. Soc., 2002, 124, 
12102. 

 

 
 
 
 

O

3g
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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: Chiralpak AS-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 60/40; flow = 0.6 mL/min; Retention time: 13.1 min, 19.3 min 

(maj). 
Ref: Boiteau, J.; Imbos, R.; Minnaard, A.; Feringa, B. Org. Lett., 2003, 5, 681.  

 

 
 
 

O

OMe

3h
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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: Chiralcel OJ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 37.0 min, 40.9 min 

(maj). 
Ref: Cho, C. S.; Motofusa, S.; Ohe, K.; Uemura, S. J. Org. Chem. 1995, 60, 883.  

 
 
 
 

O

3i
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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: Chiralpak AD-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), 

12.0 min. 
Ref: Takaya, Y.; Ogasawara, M.; Hayashi, T. Tetrahedron Lett. 1999, 40, 6957.  

 
 
 
 

O

3j

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



 15

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).  
HPLC: Chiralcel OZ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 99/1; flow = 1.0 mL/min; Retention time: 20.2 min, 22.5 min (maj). 
 

Ref: Takaya, Y.; Ogasawara, M.; Hayashi, T. J. Am. Chem. Soc. 1998, 120, 5579. 

 
 
 
 
 

O

3k
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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: Chiralcel OZ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 99/1; flow = 0.5 mL/min; Retention time: 37.4 min, 39.6 min (maj). 
 
Ref: Feng, C.-G.; Wang, Z.-Q.; Tian, P.; Xu, M.-H.; Lin, G.-Q. Chem. Asian J. 

2008, 3, 1511. 

 

 
 
 

O

3l
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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: Chiralcel OZ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.8 mL/min; Retention time: 14.0 min, 15.8 min 
(maj). 

Ref: Feng, C.-G.; Wang, Z.-Q.; Tian, P.; Xu, M.-H.; Lin, G.-Q. Chem. Asian J. 2008, 3, 1511. 

 
 
 
 

O

Cl
3m
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1H NMR (300 MHz, CDCl3): δ 2.00-2.11 (m, 1H), 2.23-2.48 (m, 4H), 2.64 (dd, 
J = 18.0, 7.5 Hz, 1H), 3.63-3.74 (m, 1H), 3.84 (s, 3H), 6.88-6.97 (m, 2H), 
7.17-7.26 (m, 2H).  
HPLC: Chiralcel OZ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 99/1; flow = 0.7 mL/min; Retention time: 10.6 min, 12.4 min 
(maj).  

Ref: Yelb, Q.; Grunewald, G. L. J. Med. Chem. 1989, 32, 478.  

 
 
 
 

O

3n

OMe
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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: Chiralcel OZ-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 90/10; flow = 0.8 mL/min; Retention time: 12.2 min, 13.5 min 

(maj). 
Ref: Feng, C.-G.; Wang, Z.-Q.; Tian, P.; Xu, M.-H.; Lin, G.-Q. Chem. Asian J. 2008, 3, 1511. 

 

 

O

3o
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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: Chiralpak AS-H Column (250 mm); detected at 214 nm; n-hexane / 
i-propanol = 60/40; flow = 0.7 mL/min; Retention time: 27.9 min, 32.1 min 

(maj). 
Ref: Boiteau, J.; Imbos, R.; Minnaard, A.; Feringa, B. Org. Lett., 2003, 5, 681. 

 

 

O

O

3p
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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).  
HPLC: Chiralpak AS-H Column (250 mm); detected at 214 nm; n-hexane / 

i-propanol = 60/40; flow = 0.7 mL/min; Retention time: 22.9 min, 40.2 min (maj). 
Ref: Jin, S.-S.; Wang, H.; Xu, M.-H. Chem.Common, 2011, 47, 7230.  

 

 
 
 

O

O

OMe

3q
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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: Chiralpak AS-H Column (250 mm); detected at 214 nm; n-hexane / 

i-propanol = 60/40; flow = 0.7 mL/min; Retention time: 21.7 min, 24.0 min (maj).  
Ref: Bürgi, J. J.; Mariz, R.; Gatti, M.; Drinkel, E.; Luan, X.; Blumentritt, S.; Linden, A.; 
Dorta, R. Angew. Chem. Int. Ed. 2009, 48, 2768.  
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1H NMR (300 MHz, CDCl3): δ 2.10-2.23 (m, 1H), 2.30-2.36 (m, 1H), 2.76 
(dd, J = 17.7, 9.9 Hz, 1H), 3.08 (dd, J = 17.7, 6.0 Hz, 1H), 4.02-4.12 (m, 1H), 
4.46-4.50 (m, 2H), 7.00-7.02 (m, 2H), 7.33 (d, J = 7.2 Hz, 1H), 7.45-7.58 (m, 
3H), 7.78 (d, J = 8.1 Hz, 1H), 7.89 (d, J = 7.5 Hz, 1H), 8.00 (d, J = 8.1 Hz, 
1H).  

HPLC: Chiralpak AS-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 
60/40; flow = 0.7 mL/min; Retention time: 23.4 min, 35.0 min (maj).  
Ref: Gendrineau, T.; Chuzel, O.; Eijsberg, H.; Genet, J-P.; Darses, S. Angew. Chem. Int. Ed. 
2008, 47, 7669.  
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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: Chiralpak AD-H Column (250 mm); detected at 214 nm; n-hexane / 

i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 21.0 min (maj), 22.7 min. 
Ref: Senda, T. Ogasawara, M. Gayashi, T. J. Org. Chem. 2001, 66, 6852.  
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1H NMR (300 MHz, CDCl3): δ 1.83-2.08 (m, 2H), 2.54 (dd, J = 17.7, 11.1 
Hz, 1H), 2.80 (dd, J = 17.1, 4.8 Hz, 1H), 3.05-3.13 (m, 1H), 3.27-3.31 (m, 
2H), 4.55 (d, J = 15.0 Hz, 1H), 4.74 (d, J = 14.7 Hz, 1H), 7.00 (t, J = 8.4 
Hz, 2H), 7.13-7.17 (m, 2H), 7.27-7.36 (m, 5H).  
HPLC: Chiralpak AD-H Column (250 mm); detected at 214 nm; n-hexane 

/ i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 22.5 min (maj), 23.7 min.  
Ref: Senda, T. Ogasawara, M. Gayashi, T. J. Org. Chem. 2001, 66, 6852. 
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1H NMR (300 MHz, CDCl3): δ 1.84-2.07 (m, 2H), 2.53 (dd, J = 17.4, 
11.1 Hz, 1H), 2.79 (dd, J = 17.4, 5.4 Hz, 1H), 3.03-3.13 (m, 1H), 
3.23-3.33 (m, 2H), 4.54 (d, J = 14.7 Hz, 1H), 4.73 (d, J = 15.0 Hz, 1H), 
7.11 (d, J = 8.1 Hz, 2H), 7.27-7.36 (m, 7H).  
HPLC: Chiralcel OJ-H Column (250 mm); detected at 214 nm; n-hexane / 

i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 22.9 min, 24.1 min (maj).  
Ref: Senda, T. Ogasawara, M. Gayashi, T. J. Org. Chem. 2001, 66, 6852.  
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1H NMR (300 MHz, CDCl3): δ 1.27 (s, 9H), 2.93 (d, J = 8.1 Hz, 2H), 
3.76 (s, 3H), 4.43 (t, J = 8.1 Hz, 1H), 6.81 (d, J = 8.4 Hz, 2H), 
7.14-7.29 (m, 7H).  
HPLC: Chiralpak AD-H Column (250 mm); detected at 214 nm; 
n-hexane / i-propanol = 99/1; flow = 1.0 mL/min; Retention time: 

12.8 min (maj), 15.2 min.  
Ref: Paquin, J.-F.; Stephenson, C. R. J.; Defieber, C.; Carreira, E. M. Org. Lett. 2005, 7, 
3821. 
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6. Copies of 1H and 13C NMR for ligand compounds.  
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7. Copies of 1H and 13C NMR for ligand 1b-Rh complex 
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