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1. General Information 

Melting points were taken without correction. 1H, 13C and 31P NMR spectra were recorded on Bruker 400 

spectrometer. 1H NMR and 13C NMR spectra were referenced to tetramethylsilane (δ 0.00) using d6-DMSO 

as solvent. The chemical shifts of 31P NMR spectra were referenced to 85% H3PO4 (0.0 ppm). IR spectra 

were recorded on Nicolet Magna-I 550 spectrometer. High Resolution Mass spectra (HRMS) were recorded 

on Micromass GCT with Electron Spray Ionization (ESI) resource. Dichloromethane was distilled from 

CaH2. Thin-layer chromatography (TLC) was performed on Silicycle 10-40 μm silica gel plates. Column 

chromatography was performed using silica gel (300-400 mesh) eluting with ethyl acetate and petroleum 

ether. 

2. General Procedure for the Preparation of Chiral Catalysts 4d, 4e and ent-4e1 

To a solution of chiral squaramide2 (0.35 mmol) in CH2Cl2 (5 mL) was added the corresponding 

2-amino-1-(diphenylphosphino)-cyclohexane (80 mg, 0.28 mmol) in CH2Cl2 (5 mL). After stirring at room 

temperature for 5 days, the reaction mixture was filtered, and the precipitate was washed with CH2Cl2 (3×5 

mL) to afford phosphine-squaramide as solid. 

2.1 3-((1R,2R)-2-(diphenylphosphino)cyclohexylamino)-4-((R)-1-phenylethylamino)cyclobut-3-ene-1,2–di 

one (4d) 

White solid, 45% yield, Mp > 300 oC; [α]26
D -10.4 (c 0.13, DMSO); 1H NMR (DMSO-d6, 400 MHz): 

7.47-7.20 (m, 17H), 5.10-5.08 (m, 1H), 3.81-3.79 (m, 1H), 2.61-2.56 (m, 1H), 1.94-1.92 (m, 1H), 1.69-1.60 

(m, 3H), 1.49-1.48 (m, 4H), 1.27-1.25 (m, 2H), 0.91-0.89 (m, 1H); 13C NMR data can not be obtained for 

the poor solubility of 4d in organic solvent; 31P (DMSO-d6, 162 MHz): -8.19; IR (KBr, cm-1): ν 3159, 3057, 

2933, 2852, 1793, 1641, 1562, 1471, 1206, 1136, 1093, 781, 746, 695; HRMS (ESI) calcd for C30H32N2O2P 

([M+H]+): 483.2201, found: 483.2208. 

2.2 3-((1R,2R)-2-(diphenylphosphino)cyclohexylamino)-4-((S)-1-phenylethylamino)cyclobut-3-ene-1,2–di 

one (4e) 

White solid, 42% yield, Mp > 300 oC; [α]25
D -41.2 (c 0.25, DMSO); 1H NMR (DMSO-d6, 400 MHz): 

7.47-7.21 (m, 17H), 5.09-5.09 (m, 1H), 3.80-3.79 (m, 1H), 2.61-2.56 (m, 1H), 1.94-1.91 (m, 1H), 1.69-1.60 

(m, 3H), 1.49-1.48 (m, 4H), 1.27-1.24 (m, 2H), 0.91-0.86 (m, 1H); 13C NMR data can not be obtained for 

the poor solubility of 4e in organic solvent; 31P (DMSO-d6, 162 MHz): -8.24; IR (KBr, cm-1): ν 3160, 3053, 

2932, 2854, 1795, 1646, 1572, 1473, 1180, 1133, 1091, 778, 743, 697; HRMS (ESI) calcd for C30H32N2O2P 

([M+H]+): 483.2201, found: 483.2204. 

                                                              
1 J.-Y. Qian, C.-C. Wang, F. Sha and X.-Y. Wu, RSC Adv., 2012, 2, 6042. 
2  F. Lovering, S. Kirincich, W. Wang, K. Combs, L. Resnick, J. E. Sabalski, J. Butera, J. Liu, K. Parris and J. B. Telliez, 
Bioorg. Med. Chem., 2009, 17, 3342. 
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2.3 3-((1S,2S)-2-(diphenylphosphino)cyclohexylamino)-4-((R)-1-phenylethylamino)cyclobut-3-ene-1,2–di 

one (ent-4e) 

White solid, 39% yield, Mp > 300 oC; [α]25
D +40.8 (c 0.25, DMSO); 1H NMR (DMSO-d6, 400 MHz): 

7.47-7.20 (m, 17H), 5.09-5.08 (m, 1H), 3.80-3.79 (m, 1H), 2.61-2.56 (m, 1H), 1.94-1.91 (m, 1H), 1.69-1.60 

(m, 3H), 1.49-1.47 (m, 4H), 1.28-1.24 (m, 2H), 0.91-0.85 (m, 1H); 13C NMR data can not be obtained for 

the poor solubility of ent-4e in organic solvent; 31P (DMSO-d6, 162 MHz): -8.19; IR (KBr, cm-1): ν 3166, 

3068, 2937, 2854, 1800, 1644, 1563, 1477, 1187, 1143, 1088, 778, 748, 735, 694; HRMS (ESI) calcd for 

C30H30N2O2P ([M-H]-): 481.2045, found: 481.2047. 
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3. Copies of NMR Spectra of Chiral Catalysts 4d, 4e and ent-4e 

 

 



 

S5 
 

 

 

 



 

S6 
 

 

 

 



 

S7 
 

4. Copies of NMR Spectra of Products 8a-s 
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5. Copies of HPLC Spectra of Products 8a-s 
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