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(1) General Information  

Melting point (mp) was measured by Yanaco melting point apparatus MP-500D and uncorrected. 
1
H NMR and 

13
C NMR spectra were recorded by a Bruker Avance III 600 spectrometer operating at 600 MHz (150 MHz for 

13
C 

NMR) at 25 °C with tetramethylsilane ( = 0.0 ppm) as an internal standard. The data are reported as follows: 

chemical shift in ppm (), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), integration, 

and coupling constant (Hz). 
31

P NMR spectra were recorded with 85% H3PO4 ( = 0.0 ppm) as an external standard. 

High resolution mass spectra were measured with a JEOL JMS-3000. Analytical thin-layer chromatography (TLC) 

was performed on MERCK silica gel, grade 60 F254. The spots and bands were detected by UV light of irradiation 

(254 nm) and/or by staining with 5% phosphomolybdic acid followed by heating. Column chromatography for 

isolation of the products was carried out on KANTO Sillica Gel 60 (230-400 mesh). HPLC analyses were performed 

using Interigent UV/VIS Detector JASCO UV-7500. The chiral columns included CHIRALCEL OD-H and 

CHIRALPAK AD-H (Daicel Chemical Industries, Ltd., 0.46 Φ × 25 cm). 

 

Materials  Aldimines 3a–o were prepared by using reported methods.
1 

Allenoates 4b-d were prepared from the 

appropriate phosphorane according to the literature.
2
 Commercially available reagents were used throughout without 

purification unless otherwise stated. Catalysts (Sp)-1a
3
 and 1b

4
 were prepared using reported method in our previous 

paper.   

 

(2) Effects of the substituent on the imine nitrogen atom.
a
 

 

 
Entry R

 
R’

 
Phosphine Temp. t Yield (%)

b 
Ee (%)

c 

1 4-Cl Ts (Sp)-1a rt 25 min 96 40 

2 4-Cl Ms (Sp)-1a rt 40 min 95 37 

3 4-Cl 2-Naphthalene- 

sulfonyl 

(Sp)-1a rt 20 min 90 39 

4
 

4-Cl DPP (Sp)-1a rt 48 h 10 37 

5 4-Cl Ts (Sp)-1c –30 °C 7 h 99 80 

6 4-Cl Ms (Sp)-1c –30 °C 6 h 88 78 

7
 

4-Cl 2-Naphthalene- 

sulfonyl 

(Sp)-1c –30 °C 6 h 99 73 

a
 Reaction conditions: 3 (0.05 mmol), 4a (0.11 mmol), catalyst (2.5 × 10

-3
 mmol) in toluene (0.5 mL) at room temperature. 

b
 Isolated yield. 

c
 Determined by HPLC analysis using a chiral stationary phase. 

 

(3) Preparation of catalyst (Sp)-1c 

 

1-Bromo-3-[bis(3,5-di-tert-butyl)phosphino]benzene (S3)
 
 

 

 
This reaction was carried out under Ar. To a solution of phosphine oxide S1

5
 (2.03 g, 4.76 mmol), DPPP (176 mg, 

0.426 mmol) and Pd(OAc)2 (107 mg, 0.475 mmol) in DMSO (54.2 mL) were added 3-bromoiodobenzene (0.55 mL, 

4.33 mL) and i-Pr2NEt (2.28 mL 13.1 mmol). After being stirred for 10 h at 100 °C, the reaction mixture was 

quenched with 10% aqueous HCl (26.7 mL), and extracted with EtOAc (50 mL x 3). The combined extracts were 

washed with water (100 mL) and brine (100 mL), dried over Na2SO4 and concentrated to dryness. The residue was 

purified by column chromatography (EtOAc/hexane, 5:1) on silica gel to provide 1.73 g (65%) of S2 as a yellow oil. 



S3 

 

To a cooled (0 °C) stirred solution of the phosphine oxide S2 (1.73 g, 2.97 mmol) in toluene (26 mL) were added 

HSiCl3 (3.0 mL, 30 mmol) and i-Pr2NEt (10 mL, 57 mmol). After being stirred for 2 h at 80 °C, the mixture was 

quenched with 25% aqueous NaOH (70 mL). The precipitated solids were removed by filtration through a pad of 

Celite and washed well with EtOAc. The filtrate was extracted with EtOAc (30 mL × 3). The combined extracts were 

washed with water (100 mL) and saturated brine (100 mL), respectively. The organic layer was dried over Na2SO4 

and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (eluent: 

hexane only) to provide 1.44 g (86%) of S3 as a colorless oil: 
1
H NMR (600 MHz, CDCl3): δ 1.25 (s, 36H), 7.14 (d, 

2H, J = 1.8 Hz), 7.15 (d, 2H, J = 1.8 Hz), 7.16-7.21 (m, 2H), 7.39-7.41 (m, 2H), 7.42 (dt, 1H, J = 5.4, 1.8 Hz,), 7.46 

(dt, 1H, J = 6.6, 1.8 Hz); 
13

C NMR (150 MHz, CDCl3): δ 31.4 (12C), 34.9 (4C), 122.7, 122.9 (4C), 128.2 (d, 4C, Jc-p 

= 21.0 Hz), 129.7 (d, Jc-p = 21.0 Hz), 131.2 (2C), 131.8 (d, Jc-p = 18.0 Hz), 135.4 (d, Jc-p = 9.0 Hz), 135.9 (d, Jc-p = 

19.5 Hz), 142.0 (d, Jc-p = 16.5 Hz), 150.8 (d, 2C, Jc-p = 6.0 Hz). HRMS (MALDI) calcd for C34H47PBr [M+H]
+
: 

565.2593, found: 565.2611. 

 

Catalyst (Sp)-1c 

 

 

Procedure for preparation of S4 from S3: The following reaction was carried out under Ar. (Step 1) To a cooled (–

78 °C) solution of S3 (200 mg, 0.354 mmol) in THF (2.1 mL) was slowly added n-BuLi (0.29 mL, 0.46 mmol, 1.6 M 

in hexane solution). After stirring for 30 min at –78 °C, 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.22 

mL, 1.1 mmol) was added to the mixture at that temperature. Then the reaction mixture was stirred for 14.3 h at room 

temperature, quenched with water, and extracted with CH2Cl2 (15 mL x 4). The combined extracts were washed with 

water (30 mL) and brine (30 mL), dried over Na2SO4 and concentrated to dryness. The residue was purified by 

column chromatography (EtOAc/hexane, 1:80) on silica gel to provide 100.5 mg (46%) of borylated compound as 

white solids. 

(Step 2) A stirred solution of the compound obtained in step 1 (135 mg, 0.221 mmol), FeCl3•6H2O (6.0 mg, 0.022 

mmol), KSCN (10.8 mg, 0.111 mmol) and I2 (cat. amount) in dry MeCN (2.4 mL) was heated at 80 °C with vigorous 

O2 bubbling. After being stirred for 1 h at 80 °C, the mixture was cooled to room temperature, and concentrated under 

reduced pressure. The residue was extracted with EtOAc (40 mL × 3). The combined extracts were washed with 

saturated aqueous Na2S2O3 (30 mL), water (30 mL) and brine (30 mL), dried over Na2SO4 and concentrated to 

provide 140.9 mg (quant.) of S4 as light green solids. 

Procedure for preparation of (Sp)-1c: To a solution of S4 (126 mg, 0.200 mmol) in DMSO (3.0 mL) and H2O (0.3 

mL) were added (Sp)-12-bromo[2.2]paracyclophan-4-ol (60.6 mg, 0.200 mmol), Na2CO3 (63.6 mg, 0.600 mmol) and 

Pd(PPh3)4 (26.3 mg, 0.0228 mmol, 11 mol%). After being stirred for 18 h at 100 °C, the mixture was diluted with 

water and extracted with EtOAc (30 mL × 2). The combined extracts were washed with saturated brine (30 mL), 

dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by column chromatography on 

silica gel (CH2Cl2/EtOAc/hexane, 2:1:4) to provide S5 (116 mg, 80%) as yellow solids. To a solution of S5 (114 mg, 

0.157 mmol) in toluene (1.4 mL) were added HSiCl3 (0.16 mL, 1.6 mmol) and i-Pr2NEt (0.55 mL, 3.2 mmol) at 0 °C. 

After being stirred for 50 min at 100 °C, the reaction mixture was quenched with saturated aqueous NaHCO3 (9 mL) 

and extracted with EtOAc (40 mL × 2). The combined extracts were washed with saturated brine (40 mL), dried over 

Na2SO4 and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel 

(EtOAc/hexane, 1:20) to provide 70.8 mg (63%) of (Sp)-1c as colorless solids: mp 163-164 °C; []
25

D = ＋7.85 (c = 

0.46 in CHCl3); 
1
H NMR (600 MHz, CDCl3): δ 1.24 (s, 18H), 1.26 (s, 18H), 2.26 (m, 1H), 2.56 (m, 1H), 2.70-2.92 

(m, 2H), 2.85-2.95 (m, 2H), 3.03 (t, 1H, J = 11.4 Hz), 3.25-3.39 (m, 2H), 5.13 (d, 1H, J = 1.2 Hz), 6.18 (dd, 1H, J = 

7.8, 1.2 Hz), 6.37 (dd, 1H, J = 7.8, 1.2 Hz), 6.40 (d, 1H, J = 7.8 Hz), 6.60 (d, 1H, J = 7.8 Hz), 6.78 (d, 1H, J = 1.8 

Hz), 7.10 (d, 1H, J = 5.4 Hz), 7.20-7.25 (m, 4H), 7.34 (d, 1H, J = 7.8 Hz), 7.38 (td, 1H, J = 7.8, 1.8 Hz), 7.41-7.50 

(m, 2H), 7.54 (m, 1H); 
13

C NMR (150 MHz, CDCl3): δ 31.1, 31.4 (6C), 31.5 (6C), 33.1, 33.9, 34.2, 34.9 (2C), 35.0 

(2C), 118.0, 123.0 (d, Jc-p = 18.0 Hz), 124.5, 125.4, 128.1, 128.2, 128.3, 130.8, 132.2, 132.5, 132.7 (d, Jc-p = 4.5 Hz), 

135.1, 135.3, 135.8 (d, Jc-p = 9.0 Hz), 136.1, 136.8 (d, Jc-p = 9.0 Hz), 138.9 (d, Jc-p = 12.0 Hz), 140.0, 141.2, 141.3, 



S4 

 

141.7, 151.0 (d, Jc-p = 7.5 Hz), 153.1; 
31

P NMR (242 MHz, CDCl3): δ –3.21. HRMS (MALDI) calcd for C50H62OP 

[M+H]
+
: 709.4528, found: 709.4533. 

 

(4) Determination of the absolute configuration for 5j and 5m 

 
 
To a cooled (0 °C) stirred solution of 5j (18.0 mg, 0.0467 mmol, 84% ee) in THF (0.9 mL) and EtOH (0.9 mL) was 

added 1M aqueous LiOH (0.9 mL) slowly. After being stirred at room temperature for 1.5 h, the mixture was 

quenched with 2M aqueous HCl (2 mL) and extracted with EtOAc (30 mL x 3). The combined extracts were washed 

with saturated brine (20 mL), dried over Na2SO4 and concentrated under reduced pressure to provide the crude 

product (18.3 mg), which was used in the next step without further purification. To a cooled (0 °C) stirred solution of 

the crude product (13.5 mg) in MeOH (0.5 mL) was added TMSCH2N2 (0.6 M in hexane) (0.38 mL, 0.23 mmol). 

After being stirred for 20 min at 0 °C, the mixture was concentrated under reduced pressure. The residue was purified 

by PTLC (EtOAc/hexane, 1:2) to provide 9.9 mg (70%) of S6 as a colorless oil: []
26

D = –120 (c = 0.49 in CHCl3); 

{ref. 6 (S)-S6; []
rt

D = –157 (c = 1.02 in CHCl3) for 87% ee}. 
1
H NMR (600 MHz, CDCl3): δ 2.23 (s, 3H), 2.37 (s, 

3H), 3.59 (s, 3H), 4.43-4.55 (m, 2H), 5.70 (dt, 1H, J = 5.4, 1.8 Hz), 6.77 (q, 1H, J = 1.8 Hz), 6.90 (s, 1H), 7.03 (d, 2H, 

J = 7.8 Hz), 7.10-7.15 (m, 3H), 7.60 (d, 2H, J = 7.8 Hz). 

 

 
 
To a cooled (0 °C) stirred solution of 5m (15.8 mg, 0.0389 mmol, 90% ee) in THF (0.8 mL) and EtOH (0.8 mL) was 

added 1M aqueous LiOH (0.8 mL) slowly. After being stirred at room temperature for 1.5 h, the mixture was 

quenched with 2M aqueous HCl (2 mL) and extracted with EtOAc (30 mL × 3). The combined extracts were washed 

with saturated brine (20 mL), dried over Na2SO4 and concentrated under reduced pressure to provide the crude 

product (18.1 mg), which was used in the next step without further purification. To a cooled (0 °C) stirred solution of 

the crude product (18.1 mg) in MeOH (0.5 mL) was added TMSCH2N2 (0.6 M in hexane) (0.38 mL, 0.23 mmol). 

After being stirred for 20 min at 0 °C, the mixture was concentrated under reduced pressure. The residue was purified 

by PTLC (EtOAc/hexane, 1:2) to provide 10.5 mg (68%) of S7 as a colorless oil: []
26

D = –240 (c = 0.51 in CHCl3); 

{ref. 6 (S)-S7; []
rt

D = –206 (c = 0.98 in CHCl3) for 83% ee}. 
1
H NMR (600 MHz, CDCl3): δ 2.39 (s, 3H), 3.57 (s, 

3H), 4.43-4.55 (m, 2H), 6.14 (m, 1H), 6.79 (q, 1H, J = 1.8 Hz), 7.13-7.19 (m, 3H), 7.21 (d, 2H, J = 8.4 Hz), 7.30 (m, 

1H), 7.60 (d, 2H, J = 8.4 Hz) 

 

References 

 

1. a) D. Huang, X. Wang, X. Wang, W. Chen, X. Wang, Y. Hu, Org. Lett. 2016, 18, 604. b) S. Morales, 

F. G. Guijarro, J. L. G. Ruano, M. B. Cid, J. Am. Chem. Soc. 2014, 136, 1082. c) Z. Li, X. Ren, P. Wei, H. Wan, Y. 

Shi, P. Ouyang, Green Chem. 2006, 8, 433. d) J. L. G. Ruano, J. Alemán, M. B. Cid, A. Parrad, Org. Lett. 2005, 7, 

179. e) B. E. Love, P. S. Raje, T. C. Williams II, Synlett, 1994, 493. 

2. a) G. Wang, X. Liu, Y. Chen, J. Yang, J. Li, L. Lin, X. Feng, ACS Catal. 2016, 6, 2482. b) B. J. Cowen, L. B. 

Saunders, S. J. Miller, J. Am. Chem. Soc. 2009, 131, 6105. c) C.-Y. Li,
 

X.-B. Wang,
 

X.-L. Sun,
 

Y. Tang,
 

J.-C. Zheng, 

Z.-H. Xu, Y.-G. Zhou, L.-X. Dai, J. Am. Chem. Soc. 2007, 129, 1494.  

3. S. Kitagaki, Y. Ohta, R. Takahashi, M. Komizu, C. Mukai, Tetrahedron Lett. 2013, 54, 384. 

4. N. Takenaga, S. Adachi, A. Furusawa, K. Nakamura, N. Suzuki, Y. Ohta, M. Komizu, C. Mukai, S. Kitagaki, 

Tetrahedron 2016, 54, 384. 

5. P. Dotta, A. Magistrato, U. Rothlisberger, P. S. Pregosin, A. Albinati, Organometallics 2002, 21, 3033. 

6. W. Sun, X. Ma, L. Hong, R. Wang, J. Org. Chem. 2011, 76, 7826. 

 
 

http://pubs.acs.org/author/Cowen%2C+Bryan+J
http://pubs.acs.org/author/Saunders%2C+Lindsey+B
http://pubs.acs.org/author/Saunders%2C+Lindsey+B
http://pubs.acs.org/author/Miller%2C+Scott+J


S5 

 

1
H and 

13
C NMR Spectra 

 



S6 

 

 



S7 

 

 

 



S8 

 

 



S9 

 

 



S10 

 

 

 



S11 

 

 



S12 

 

 



S13 

 

 



S14 

 

 



S15 

 

 



S16 

 

 



S17 

 

 



S18 

 

 



S19 

 

 



S20 

 

 



S21 

 

 



S22 

 

 
 



S23 

 

 



S24 

 

 

 



S25 

 

 



S26 

 

 



S27 

 

 



S28 

 

 



S29 

 

 

HPLC Data 

 

 
 

 
 

 
 

 

 

 



S30 

 

 

 

 
 

 
 

 
 

 

 

 



S31 

 

 

 
 

 
 

 
 

 
 

 

 

 



S32 

 

 

 
 

 
 

 
 

 
 

 

 

 



S33 

 

 

 

 
 

 

 
 

 

 

 



S34 

 

 

 

 
 

 
 

 
 

 

 

 



S35 

 

 

 
 

 
 

 
 

 
 

 

 



S36 

 

 

 
 

 
 

 
 

 
 

 

 



S37 

 

 

 
 

 
 

 

 
 

 
 

 

 

 



S38 

 

 

 
 

 
 

 

 
 

 
 

 

 



S39 

 

 

 
 

 
 

 

 
 

 
 

 

 

 



S40 

 

 

 
 

 
 

 
 

 
 

 

 



S41 

 

 

 
 

 
 

 
 

 
 

 

 



S42 

 

 

 
 

 
 

 

 
 

 
 

 

 



S43 

 

 

 
 

 
 

 
 

 


