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General Remarks. MPs were obtained with a Yanagimoto micro melting point apparatus and 

are uncorrected. Unless otherwise stated, all reactions were carried out under argon atmosphere. 

All solvents were purified by distillation. Infrared spectra were measured on a 

PERKIN-ELMER 983 spectrometer. 1H NMR spectra were recorded on a Bruker AM-300 

spectrometer as a solution in CDCl3 with tetramethylsilane (TMS) as an internal standard; 

J-values are in Hz. Mass spectra were recorded with a HP-5989 instrument and HRMS was 

measured by a Finnigan MA+ mass spectrometer. N-Sulfonated imines 1 were prepared 

according to the literature. All of the solid compounds reported in this paper gave satisfactory 

CHN microanalyses with a Carlo-Erba 1106 analyzer. Commercially obtained reagents were 

used without further purification. All reactions were monitored by TLC with Huanghai GF254 

silica gel coated plates. Flash column chromatography was carried out using 200-300 mesh 

silica gel at increased pressure. The optical purities of the aza-Morita-Baylis-Hillman adducts 

were determined by HPLC analysis using a chiral stationary phase column (column, Daicel Co. 

Chiralcel AD, AS, TBB and OJ; eluent: hexane/2-propanol mixture; flow rate, 0.7 mL min-1; 

detection, 254 nm or 220 nm light) and the absolute configuration of the major enantiomer was 

assigned according to the sign of the specific rotation.  
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Figures of 31P-NMR spectroscopy  

 

Figure S1. 31P NMR spectrum of CPLB1 in CDCl3.  

 

 

Figure S2. 31P NMR spectrum of CPLB1 with MVK in CDCl3.  

 



 4 

 

Figure S3. 31P NMR spectrum of CPLB6 in CDCl3.  

 

 

Figure S4. 31P NMR spectrum of CPLB6 with MVK in CDCl3.  
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Preparation of chiral phosphine Lewis bases (CPLB1) bearing multiple phenol groups.  

The primary synthetic strategies of chiral phosphine Lewis bases (CPLB1) bearing multiple 

phenol groups.  

 

PPh2

OH HO

HO

O

CPLB1

MOMO

MOMO

HO

PPh2

OH

CH2Br

+O

OMOM

OMOM

CH2Br

OTf

OTf

CH2OMe

OH

OH

CH2OMe

P(O)Ph2

OTf

CH2OMe

P(O)Ph2

OTf

CH2Br

60 oC, 1 h, 85%

HCl, CH3OH, Tf2O, pyridine

CH2Cl2, 0 oC, 12 h,
90%

Ph2P(O)H, 
Pd(OAc)2/dppp, i-Pr2NEt,

DMSO, 110 oC, 24 h, 70% CH2Cl2, 0 oC, 5 h, 96%

BBr3

CPLB1-9 CPLB1-12 CPLB1-13

CPLB1-14 CPLB1-15

OMOM

OMOM

CH2OH
1) NaH, THF, 1 h

2) CPLB1-15, DMF, 
48 h, r.t., yield < 20% P(O)Ph2

OTf
O

MOMO

MOMO

CPLB1-8 CPLB1-16

Scheme SI-1

retro synthetic analysis

 
 

On the basis of this synthetic strategy, the desired product CPLB1-16 was obtained in less than 

20% yield and the starting material CPLB1-15 was consumed when the nucleophilic 

substitution reaction of CPLB1-8 treated with NaH in THF and CPLB1-15 was performed in 

DMF for 48 hours. Therefore, we attempted another synthetic strategy shown in Scheme 1 in 

main text.  
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Preparation of compound CPLB1-12.  

 

OMOM

OMOM

CH2Br

OH

OH

CH2OMe

60 oC, 1 h, 85%

HCl, CH3OH,

CPLB1-9 CPLB1-12  

 

3-Methoxymethyl-[1,1']binaphthalenyl-2,2'-diol CPLB1-12.  

To a solution of CPLB1-9 (866 mg, 1.86 mmol) in CH3OH (50 mL) was added aqueous 

hydrochloric acid and the temperature was raised to 60 oC. After stirring for 1 hour, the solvent 

was removed under reduced pressure. The residue was further purified by silica gel column 

chromatography (Eluent: EtOAc/PE = 1/4) to give product CPLB1-12 (521 mg, 85%) as a 

colorless oil. [α]D
20 +16.0 (c 1.05, CHCl3). mp: 133-135 oC. IR (KBr): ν 3521, 3213, 3057, 

2928, 2826, 1620, 1596, 1506, 1467, 1433, 1386, 1341, 1275, 1197, 1108, 1086, 820, 753 cm-1. 
1H NMR (300 MHz, CDCl3, TMS): δ 3.55 (3H, s), 4.86 (2H, s), 5.06 (1H, s), 6.70 (1H, s), 7.15 

(2H, t, J = 8.7 Hz), 7.25-7.31 (2H, m), 7.34 (1H, d, J = 6.9 Hz), 7.36 (2H, d, J = 9.0 Hz), 7.87 

(2H, d, J = 7.8 Hz), 7.89 (1H, s), 7.94 (1H, d, J = 9.0 Hz). 13C NMR (CDCl3, TMS, 75 MHz): δ 

58.5, 72.0, 112.3, 112.5, 117.6, 123.5, 124.0, 124.3, 124.4, 125.7, 126.9, 127.1, 128.1, 128.2, 

128.8, 129.0, 129.2, 130.6, 133.4, 133.5, 151.7, 152.0. MS (EI): m/e 331 (M++1, 13.95), 330 

(M+, 57.87), 311 (M+-19, 12.43), 298 (M+-32, 100), 269 (M+-61, 61.84), 253 (M+-77, 58.02), 

235 (M+-95, 43.11), 197 (M+-133, 49.62), 77 (C6H5
+, 13.41). Anal. Calcd. for C22H18O3: 

requires C, 79.98; H, 5.49%; Found: C, 79.56; H, 5.83%.  
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Preparation of compound CPLB1-13.  

 

OTf

OTf

CH2OMe

OH

OH

CH2OMe

Tf2O, pyridine,

CH2Cl2, 0 oC, 12 h, 
90%

CPLB1-12 CPLB1-13  

 
Trifluoromethanesulfonic acid 3'-methoxymethyl-2'-trifluoromethanesulfonyloxy-[1,1'] 

binaphthalenyl-2-yl ester CPLB1-13.  

To a solution of CPLB1-12 (522 mg, 1.58 mmol) and pyridine (0.40 mL, 4.74 mmol) in 

CH2Cl2 (20 mL) was added Tf2O (0.28 mL, 1.67 mmol) dropwise at 0 oC for 10 minutes. After 

stirring for 6 hours, the reaction was quenched with H2O (10 mL). After extraction with ethyl 

acetate (10 mL x 2), the organic layer was washed with aqueous hydrochloric acid (10 mL), 

saturated aqueous NaHCO3 (15 mL) and brine (10 mL), then dried over anhydrous MgSO4. 

The organic solvent was removed under reduced pressure, and the residue was further purified 

by silica gel column chromatography (Eluent: EtOAc/PE = 1/10) to give product CPLB1-13 

(890 mg, 89%) as a colorless oil. [α]D
20 –157.3 (c 1.39, CHCl3). IR (KBr): ν 3066, 2992, 2933, 

2895, 2827, 1625, 1595, 1580, 1510, 1466, 1427, 1362, 1327, 1248, 1149, 1106, 1077, 1038, 

948, 820 cm-1. 1H NMR (300 MHz, CDCl3, TMS): δ 3.54 (3H, s), 4.82 (2H, d, J = 1.9 Hz), 

7.15 (1H, d, J = 8.7 Hz), 7.32 (1H, d, J = 8.7 Hz), 7.35-7.44 (2H, m), 7.51-7.61 (3H, m), 8.00 

(2H, d, J = 8.4 Hz), 8.14 (1H, d, J = 9.0 Hz), 8.27 (1H, s). 13C NMR (CDCl3, TMS, 75 MHz): δ 
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58.54, 69.44, 117.90 (d, JF-C = 318.5 Hz), 118.09 (d, JF-C = 318.0 Hz), 119.2, 123.7, 124.4, 

126.7, 127.1, 127.2, 127.5, 127.6, 127.9, 128.2, 128.3, 129.9, 131.0, 132.0, 132.3, 132.4, 132.6, 

133.6, 143.3, 145.5. MS (EI): m/e 594 (M+, 46.69), 563 (M+-31, 6.06), 461 (M+-133, 8.74), 

429 (M+-133-32, 8.47), 328 (M+-266, 8.64), 312 (M+-149-133, 100), 296 (M+-149-149, 16.72), 

282 (M+-149-133-30, 34.46), 281 (M+-149-133-31, 28.30), 69 (CF3
+, 42.90), 45 (M+-549, 

57.16). Anal. Calcd. for C24H16F6O7S2: requires C, 48.49; H, 2.71%; Found: C, 48.79; H, 

2.77%.  

 

Preparation of compound CPLB1-14.  

 

OTf

OTf

CH2OMe

CPLB1-13

P(O)Ph2

OTf

CH2OMe
Ph2P(O)H, 
Pd(OAc)2/dppp, i-Pr2NEt,

DMSO, 110 oC, 24 h, 70%

CPLB1-14  

 
Trifluoromethanesulfonic acid 

2'-(diphenyl-phosphinoyl)-3-methoxymethyl-[1,1']binaphthalenyl-2-yl ester CPLB1-14.  

To a solution of CPLB1-13 (890 mg, 1.40 mmol), Ph2P(O)H (566 mg, 2.80 mmol), Pd(OAC)2 

(32 mg, 0.14 mmol) and 1,4-bis(diphenylphosphanyl)butane (dppb) (60 mg, 0.14 mmol) in 

DMSO (15 mL) was added i-Pr2NEt (1.0 mL, 5.6 mmol) under argon atmosphere. After 

stirring at 120 oC for 12 hours, DMSO was removed under reduced pressure. The mixture was 

resolved with ethyl acetate (100 mL), and washed with water (30 mL x 3). The organic layer 

was dried over anhydrous MgSO4 and removed under reduced pressure. The residue was 
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further purified by silica gel column chromatography (Eluent: EtOAc/PE = 1/1) to give 

product CPLB1-14 as a colorless solid (633 mg, 70%). [α]D
20 –34.7 (c 1.01, CHCl3). mp: 

209-211 oC. IR (KBr): ν 3054, 2993, 2922, 2889, 2814, 1589, 1557, 1503, 1483, 1436, 1410, 

1368, 1219, 1136, 1117, 1072, 936, 904, 822, 697 cm-1. 1H NMR (300 MHz, CDCl3, TMS): δ 

3.61 (3H, s), 4.74 (2H, m), 6.82 (1H, d, J = 8.7 Hz), 7.10-7.13 (1H, m), 7.18-7.24 (2H, m), 

7.33-7.52 (9H, m), 7.60-7.69 (4H, m), 7.89 (1H, d, J = 8.1 Hz), 8.00 (1H, d, J = 8.1 Hz), 8.06 

(1H, dd, J1 = 8.1 Hz, J2 = 2.4 Hz), 8.11 (1H, s). 31P NMR (121.45 MHz, CDCl3, 85% H3PO4): δ 

+28.57. 19F NMR (282 MHz, CDCl3, CFCl3): δ -74.44 (3F, s). 13C NMR (CDCl3, TMS, 75 

MHz): δ 58.3 (d, J = 3.0 Hz), 69.3, 117.6 (d, JF-C = 319.4 Hz), 126.3, 126.4, 126.5, 126.8, 127.3, 

127.49, 127.54, 127.7, 127.8, 127.9, 128.0, 128.2, 128.3, 128.4, 128.46, 128.51, 129.18, 

129.22, 129.6, 130.5, 130.87, 130.90, 131.1, 131.17, 131.2, 131.3, 131.39, 131.42, 131.5, 

131.6, 131.8, 132.8, 133.2, 133.3, 133.5, 134.10, 134.13, 137.0, 137.1, 143.5. MS (EI): m/e 

615 (M+-31, 0.66), 513 (M+-133, 3.58), 497 (M+-149, 100), 481 (M+-133-32, 18.69), 465 

(M+-149-32, 3.77), 296 (M+-149-32-201, 2.50), 281 (M+-133-31-201, 10.47), 201 (Ph2PO+, 

24.58), 77 (Ph+, 8.24), 45 (M+-601, 11.14). Anal. Calcd. for C35H26F3O5PS: requires C, 65.01; 

H, 4.05%; Found: C, 65.28; H, 4.07%.  

 

Preparation of compound CPLB1-15.  

 

P(O)Ph2

OTf

CH2OMe

P(O)Ph2

OTf

CH2Br

CH2Cl2, 0 oC, 5 h, 96%

BBr3

CPLB1-14 CPLB1-15  
Trifluoromethanesulfonic acid 

3-bromomethyl-2'-(diphenyl-phosphinoyl)-[1,1']binaphthalenyl-2-yl ester CPLB1-15.  

To a solution of CPLB1-14 (1.93 g, 3.0 mmol) in CH2Cl2 (20 mL) was added BBr3 (1.0 mL, 

2.5 g, 10 mmol) at 0 oC, then the reaction temperature was raised to room temperature slowly. 

And after stirring for 5 hours, water (10 mL) was added to quench the reaction. After extraction 

with ethyl acetate (10 mL x 2), the organic layer was dried over anhydrous MgSO4, and the 

solvent was removed under reduced pressure. The residue was further purified by silica gel 

column chromatography (Eluent: EtOAc/PE = 1/1) to give product CPLB1-15 (2.0 g, 96%) as 

a colorless solid: [α]D
20 +18.2 (c 1.01, CHCl3). mp: 207-209 oC. IR (KBr): ν 3055, 1590, 1557, 

1502, 1483, 1437, 1408, 1313, 1281, 1213, 1133, 1118, 1074, 1037, 936, 899, 821, 751, 697 

cm-1. 1H NMR (300 MHz, CDCl3, TMS): 4.77 (2H, d, J = 11.4 Hz), 6.87 (1H, d, J = 8.1 Hz), 
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7.10 (1H, t, J = 8.0 Hz), 7.19-7.47 (11H, m), 7.58-7.75 (4H, m), 7.84 (1H, d, J = 8.1 Hz), 7.99 

(1H, d, J = 7.8 Hz), 8.07 (1H, dd, J1 = 8.7 Hz, J2 = 2.1 Hz), 8.10 (1H, s). 31P NMR (121.45 

MHz, CDCl3, 85% H3PO4): δ +28.23. 19F NMR (282 MHz, CDCl3, CFCl3): δ -74.39 (3F, s). 
13C NMR (CDCl3, TMS, 75 MHz): δ 27.9 (d, J = 1.1 Hz), 117.8 (d, JF-C = 318.6 Hz), 126.9, 

127.0, 127.1, 127.2, 127.3, 127.7, 127.78, 127.80, 127.88, 127.94, 128.0, 128.2, 128.36, 

128.43, 128.6, 128.7, 128.9, 129.5, 129.86, 129.92, 130.8, 131.15, 131.18, 131.3, 131.4, 131.5, 

131.59, 131.63, 131.7, 131.8, 132.87, 132.91, 133.0, 133.3, 133.5, 134.3, 134.33, 136.7, 136.8, 

143.2, 143.2. MS (EI): m/e 615 (M+-Br, 8.94), 563 (M++2-133, 4.29), 561 (M+-133, 4.22), 547 

(M++2-149, 100), 545 (M+-149, 96.79), 467 (M+-149-Br, 55.8), 282 (M++1-133-80-201, 

48.83), 281 (M+-133-80-201, 42.12), 252 (M+-442, 35.23), 233 (M+-461, 47.09), 201 (Ph2PO+, 

89.61), 77 (Ph+, 24.37). Anal. Calcd. for C34H23BrF3O4PS: requires C, 58.72; H, 3.33%; Found: 

C, 58.63; H, 3.18%.  
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The improved preparation strategies of chiral phosphine Lewis bases (CPLB1) bearing 

multiple phenol groups.  

 

PPh2

OH HO

HO

O

CPLB1

MOMO

MOMO

Br

P(O)Ph2

OMOM

CH2OH

+

CPLB1-7 CPLB1-9  
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OMOM
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Tf2O, pyridine,

CH2Cl2, 0 oC, 
12 h, 90%

Ph2P(O)H, 
Pd(OAc)2/dppb, 
iPr2NEt,

DMSO, 110 oC, 
80%

iPrNEt2, MOMCl, 
DMAP, THF,

 95% 0 oC, 56%

CPLB1-1 CPLB1-2

CPLB1-3 CPLB1-4

CPLB1-5 CPLB1-6 CPLB1-7

1) NaH, THF, 1 h

2) CPLB1-9, THF, 24 h, 
60 oC, 90%

CPLB1-10

Trace HCl, CH3OH,

60 oC, 0.5 h, 90%

P(O)Ph2

OH
O

HO

HO

CPLB1-11

HSiCl3/Et3N

Toluene, 120 oC, 
15 h, 83%

PPh2

OH
O

HO

HO

(R)-MOM-BINOL

(R,R)-CPLB1

 I2, KOH,

HCI, CH3OH,

LiAlH4, THF

Scheme SI-2

OMOM

OMOM

CH2OH

OMOM

OMOM

CH2Br
1) MsCl, Et3N,
toluene/EtOAc

2) LiBr, DMF, 
92%

CPLB1-8 CPLB1-9

NaBH4, MeOH,   

0 oC, 30 min,

80%OMOM

OMOM

CHO

CPLB1-1
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Preparation of compound CPLB1-1.  

 

OMOM

OMOM

OMOM

OMOM

CHO

2) DMF, 0 oC, 
    60%

 1) nBuLi, 
THF, 5 h, rt

CPLB1-1(R)-MOM-BINOL  

 

2,2'-Bis-methoxymethoxy-[1,1']binaphthalenyl-3-carbaldehyde CPLB1-1.  

To a solution of (R)-MOM-BINOL (7.6 g, 20 mmol) in THF (40 mL) was added n-BuLi (1.6 M 

in hexane, 13.75 mL, 22 mmol) dropwise. After stirring for 5 hours, DMF (1.73 mL, 22 mmol) 

was added at 0 oC. The reaction was quenched with water (10 mL) after 4 hours. After 

extraction with ethyl acetate (20 mL x 3) and drying over anhydrous MgSO4, the organic 

solvent was removed under reduced pressure. The residue was further purified by silica gel 

column chromatography (Eluent: EtOAc/PE = 1/20) to give product CPLB1-1 (4.8 g, 60%) as 

a yellow solid. This is a known compound.1 [α]D
20 +81.0 (c 1.03, CHCl3). 1H NMR (300 MHz, 

CDCl3, TMS): δ 3.01 (3H, s), 3.15 (3H, s), 4.63 (1H, d, J = 6.0 Hz), 4.74 (1H, d, J = 6.0 Hz), 

5.04 (1H, d, J = 7.0 Hz), 5.15 (1H, d, J = 7.0 Hz), 7.16 (1H, d, J = 8.4 Hz), 7.23 (1H, d, J = 8.4 

Hz), 7.27-7.50 (5H, m), 7.62 (1H, d, J = 9.0 Hz), 7.90 (1H, d, J = 8.3 Hz), 8.01 (1H, d, J = 9.1 

Hz), 8.05 (1H, d, J = 8.3 Hz), 10.60 (1H, s).  
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Preparation of compound CPLB1-2.  

 

OMOM

OMOM

CHO

OMOM

OMOM

CO2Me

CH3OH, rt,  
2 d; 92%

CPLB1-1 CPLB1-2

 I2, KOH,

 

 
2,2'-Bis-methoxymethoxy-[1,1']binaphthalenyl-3-carboxylic acid methyl ester CPLB1-2.  

To a solution of CPLB1-1 (2.0 g, 5.0 mmol) in methanol (30 mL) were added KOH (60 mmol, 

3.4 g) and I2 (30 mmol, 7.6 g) in portions at 0 oC. The temperature was raised to room 

temperature slowly, and the mixture was stirred for 1-2 days. Saturated aqueous Na2SO3 was 

added to quench the reaction, and after extraction with ethyl acetate (10 mL x 3), drying over 

anhydrous Na2SO4, the organic solvent was removed under reduced pressure. The residue was 

further purified by silica gel column chromatography (Eluent: EtOAc/PE = 1/10) to give 

product CPLB1-2 (2.0 g, 92%) as a white solid. This is a known compound.2 1H NMR (300 

MHz, CDCl3, TMS): δ 2.59 (3H, s), 3.16 (3H, s), 3.98 (3H, s), 4.77 (2H, d, J = 5.4 Hz), 4.93 

(1H, d, J = 6.0 Hz), 5.08 (1H, d, J = 6.0 Hz), 7.14-7.38 (5H, m), 7.42-7.47 (1H, m), 7.58 (1H, d, 

J = 9.0 Hz), 7.86 (1H, d, J = 8.1 Hz), 7.95 (1H, d, J = 8.1 Hz), 7.96 (1H, d, J = 8.1 Hz), 8.51 

(1H, s).  
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Preparation of compound CPLB1-3.  

 

OH

OH

CO2Me

OMOM

OMOM

CO2Me

HCI, CH3OH, 
60 oC; 98%

CPLB1-2 CPLB1-3  

 
2,2'-Dihydroxy-[1,1']binaphthalenyl-3-carboxylic acid methyl ester CPLB1-3. 

The procedure for the preparation of CPLB1-12 was generally followed. This is a known 

compound.3 Yield: 98%. [α]D
20 +21.6 (c 1.12, CHCl3). 1H NMR (300 MHz, CDCl3, TMS): δ 

4.08 (3H, s), 4.95 (1H, s), 7.07 (1H, d, J = 8.4 Hz), 7.17-7.41 (6H, m), 7.87 (1H, d, J = 8.4 Hz), 

7.91-7.96 (2H, m), 8.74 (1H, s), 10.84 (1H, s).  

 

Preparation of compound CPLB1-4.  

 

OH

OH

CO2Me

OH

CO2Me

OTf

Tf2O, pyridine

CH2Cl2, 0 oC, 
12 h, 90%

CPLB1-3 CPLB1-4  
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2-Hydroxy-2'-trifluoromethanesulfonyloxy-[1,1']binaphthalenyl-3-carboxylic acid 

methyl ester CPLB1-4.  

The procedure for the preparation of CPLB1-13 was generally followed. This is a known 

compound.4 Yield: 90%. [α]D
20 +108.4 (c 1.14, CHCl3). 1H NMR (300 MHz, CDCl3, TMS): δ 

4.00 (3H, s), 6.94-6.99 (1H, m), 7.34-7.42 (4H, m), 7.53-7.61 (2H, m), 7.92-7.95 (1H, m), 7.99 

(1H, d, J = 8.1 Hz), 8.08 (1H, d, J = 9.0 Hz), 8.73 (1H, s), 10.83 (1H, s).  

 

Preparation of compound CPLB1-5.  

 

OH

CO2Me

OTf P(O)Ph2

OH

CO2Me
Ph2P(O)H, 
Pd(OAc)2/dppb,
 i-Pr2NEt

DMSO, 110 oC, 
80%

CPLB1-4 CPLB1-5  
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2'-(Diphenyl-phosphinoyl)-2-hydroxy-[1,1']binaphthalenyl-3-carboxylic acid methyl 

ester CPLB1-5.  

The procedure for the preparation of CPLB1-14 was generally followed. This is a known 

compound.4 Yield: 80%. [α]D
20 –55.0 (c 1.05, CHCl3). 1H NMR (300 MHz, CDCl3, TMS): δ 

4.07 (3H, s), 6.94-7.00 (3H, m), 7.09-7.13 (1H, m), 7.20-7.35 (6H, m), 740-7.57 (3H, m), 

7.63-7.72 (4H, m), 7.83-8.02 (3H, m), 8.30 (1H, s), 10.38 (1H, s). 31P NMR (121.45 MHz, 

CDCl3, 85% H3PO4): δ +29.27.  

 

Preparation of compound CPLB1-6.  

 

P(O)Ph2

OH

CO2Me

P(O)Ph2

OMOM

CO2Me
iPrNEt2, MOMCl, 
DMAP

CPLB1-5

THF, 95%

CPLB1-6  
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2'-(Diphenyl-phosphinoyl)-2-methoxymethoxy-[1,1']binaphthalenyl-3-carboxylic acid 

methyl ester CPLB1-6.  

To a solution of CPLB1-5 (1.24 g, 2.3 mmol) in CH2Cl2 (30 mL) were added DMAP (107 mg, 

0.87 mmol), i-Pr2NEt (3.5 mL, 20 mmol) and MOMCl (1.05 mL, 13.8 mmol). The solution 

was refluxed for 3 hours, and quenched with water (5.0 mL). The mixture was washed with 

water (10 mL x 2) and extracted with CH2Cl2. After drying over anhydrous MgSO4, the 

organic solvent was evaporated under reduced pressure. The residue was further purified by 

silica gel column chromatography (Eluent: EtOAc/PE = 1/1) to give product CPLB1-6 (1.3 g, 

95%) as a white solid: [α]D
20 +124.0 (c 1.01, CHCl3). mp: 169-171 oC. IR (KBr): ν 3055, 2950, 

1725, 1701, 1623, 1589, 1554, 1499, 1436, 1397, 1339, 1289, 1237, 1203, 1158, 1114, 1070, 

974, 752, 699 cm-1. 1H NMR (300 MHz, CDCl3, TMS): δ 2.49 (3H, s), 3.94 (3H, s), 4.75 (1H, 

d, J = 6.0 Hz), 4.98 (1H, d, J = 6.0 Hz), 6.78 (1H, d, J = 8.1 Hz), 6.98-7.04 (1H, m), 7.07-7.13 

(2H, m), 7.15-7.57 (12H, m), 7.73 (1H, d, J = 8.1 Hz), 7.81 (1H, dd, J1 = 11.4 Hz, J2 = 9.0 Hz), 

7.91 (1H, d, J = 8.4 Hz), 7.99 (1H, dd, J1 = 8.4 Hz, J2 = 2.0 Hz), 8.28 (1H, s). 31P NMR (121.45 

MHz, CDCl3, 85% H3PO4): δ +29.66. 13C NMR (CDCl3, TMS, 75 MHz): δ 52.2, 55.7, 99.6, 

123.7, 125.1, 126.0, 126.8, 127.3, 127.4, 127.5, 127.6, 127.65, 127.69, 127.7, 127.8, 127.9, 

128.2, 128.3, 128.5, 128.7, 128.8, 129.0, 130.2, 130.8, 130.9, 130.95, 130.99, 131.5, 131.56, 

131.6, 131.63, 131.8, 131.9, 132.3, 133.2, 133.30, 133.32, 133.7, 134.1, 134.27, 134.30, 

135.21, 135.23, 139.4, 139.5, 151.47, 151.48, 166.3. MS (EI): m/e 572 (M+, 16.98), 557 

(M+-15, 1.66), 529 (M+-44+1, 9.76), 512 (M+-60, 5.00), 326 (M+-45-201, 70.75), 295 

(M+-45-201-31, 9.59), 267 (M+-201-45-59, 20.28), 216 (M+-356, 21.48), 201 (Ph2PO+, 89.61), 
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77 (Ph+, 24.37), 45 (572-527, 62.58). Anal. Calcd. for C36H29O5P: requires C, 75.51; H, 5.10%; 

Found: C, 75.26; H, 5.04%.  

 

Preparation of compound CPLB1-7. 

 

P(O)Ph2

OMOM

CO2Me

P(O)Ph2

OMOM

CH2OH

LiAlH4, THF

CPLB1-6 CLB1-7

0 oC, 56%

 

 
[2'-(Diphenyl-phosphinoyl)-2-methoxymethoxy-[1,1']binaphthalenyl-3-yl]-methanol 

CPLB1-7.  

To a stirred solution of CPLB1-6 (1.3 g, 2.2 mmol) in THF (30 mL) at ice bath LiAlH4 (152 

mg, 4.0 mmol) was added slowly. After completion of the reaction, it was quenched with water 

(10 mL). After extraction with CH2Cl2 (10 mL x 2), drying over anhydrous MgSO4 and 

evaporation, the crude mixture was further purified by silica gel column chromatography 

(Eluent: EtOAc/PE/CH3OH = 10/40/1) to give product CPLB1-7 (680 mg, 56%) as a white 

solid: [α]D
20 –42.1 (c 1.08, CHCl3). mp: 144-146 oC. IR (KBr): ν 3297 (br), 3054, 2930, 1590, 

1560, 1500, 1436, 1398, 1378, 1354, 1309, 1180, 1156, 1114, 1098, 1070, 1022, 969, 922, 749, 

723, 700 cm-1. 1H NMR (300 MHz, CDCl3, TMS): δ 3.06 (3H, s), 3.55 (1H, s, br), 4.44 (1H, d, 

J = 5.7 Hz), 4.52 (1H, d, J = 5.7 Hz), 4.71 (2H, s), 6.78 (1H, d, J = 8.1 Hz), 6.96-6.99 (1H, m), 

7.00-7.08 (2H, m), 7.17-7.38 (9H, m), 7.47-7.59 (3H, m), 7.65 (1H, d, J = 8.1 Hz), 7.71 (1H, s), 
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7.77 (1H, dd, J1 = 11.7 Hz, J2 = 8.4 Hz), 7.94 (1H, d, J = 8.1 Hz), 7.99 (1H, dd, J1 = 8.7 Hz, J2 

= 2.4 Hz). 31P NMR (121.45 MHz, CDCl3, 85% H3PO4): δ +29.27. 13C NMR (CDCl3, TMS, 75 

MHz): δ 56.2, 61.1, 98.3, 124.4, 125.6, 125.7, 125.98, 126.04, 126.9, 127.3, 127.4, 127.5, 

127.6, 127.7, 127.74, 127.8, 127.83, 127.9, 128.92, 129.1, 129.7, 129.9, 130.3, 130.7, 130.8, 

130.9, 131.0, 131.1, 131.2, 131.2, 131.3, 131.4, 131.5, 132.3, 132.6, 133.0, 133.2, 133.3, 133.7, 

134.0, 134.3, 134.32, 139.9, 140.0, 152.5. MS (EI): m/e 482 (M+-62, 6.26), 298 

(M+-62-30-77-77, 8.44), 282 (M+-62-30-77-77-16, 15.91), 281 (M+-263, 22.35), 268 

(M+-62-30-77-77-31+1, 12.29), 252 (M+-201-62-30+1, 25.56), 239 (M+-305, 25.32), 201 

(Ph2PO+, 86.84), 77 (Ph+, 18.77), 45 (572-469, 100). Anal. Calcd. for C35H29O4P: requires C, 

77.19; H, 5.37%; Found: C, 76.76; H, 5.55%.  

 

Preparation of compound CPLB1-8.  

 

OMOM

OMOM

CH2OH

CPLB1-8

NaBH4, MeOH,   

0 oC, 30 min,

80%OMOM

OMOM

CHO

CPLB1-1  

 
(2,2'-Bis-methoxymethoxy-[1,1']binaphthalenyl-3-yl)-methanol CPLB1-8.  

To a solution of CPLB1-1 (3.74 g, 9.3 mmol) in methanol (30 mL) was added NaBH4 (1.14 g, 

30 mmol) slowly at ice bath. After stirring for 1.5 hours, water (5.0 mL) was added to quench 

the reaction. After extraction with ethyl acetate (10 mL x 2), drying over anhydrous MgSO4, 
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the organic solvent was removed under reduced pressure. The residue was further purified by 

silica gel column chromatography (Eluent: EtOAc/PE = 1/4) to give product CPLB1-8 (3.1 g, 

83%) as a white solid. This is a known compound.5 [α]D
20 +63.4 (c 0.96, CHCl3). 1H NMR 

(300 MHz, CDCl3, TMS): δ 3.15 (3H, s), 3.26 (3H, s), 3.49 (1H, t, J = 6.6 Hz), 4.46 (1H, d, J = 

6.0 Hz), 4.67 (1H, d, J = 6.0 Hz), 4.88-4.94 (2H, m), 5.05 (1H, d, J = 6.3 Hz), 5.11 (1H, d, J = 

6.3 Hz), 7.12-7.30 (4H, m), 7.35-7.41 (2H, m), 7.59 (1H, d, J = 9.0 Hz), 7.89 (1H, d, J = 8.1 

Hz), 7.90 (1H, d, J = 8.4 Hz), 7.97 (1H, s), 7.98 (1H, d, J = 9.1 Hz).  

 

Preparation of compound CPLB1-9.  

 

OMOM

OMOM

CH2OH

OMOM

OMOM

CH2Br
1) MsCl, Et3N,
toluene/EtOAc

2) LiBr, DMF, 92%

CPLB1-8 CPLB1-9  

 

3-Bromomethyl-2,2'-bis-methoxymethoxy-[1,1']binaphthalenyl CPLB1-9.  

To a solution of CPLB1-8 (1.9 g, 4.7 mmol) in toluene (30 mL) and ethyl acetate (30 mL) was 

added triethylamine (1.4 mL, 9.4 mmol) at ice bath, then methanesulfonyl chloride (0.45 mL, 

6.0 mmol) was added slowly. After stirring for 90 minutes, the mixture was filtrated and the 

organic solvent in the filtrate was removed under reduced pressure. DMF (20 mL) and LiBr 

(4.3 g, 50 mmol) was added to the residue. The mixture was stirred for 12 hours, and the DMF 

was removed under reduced pressure. After washing with water (10 mL), extraction with ethyl 
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acetate (10 mL x 2) and evaporation, the residue was further purified by silica gel column 

chromatography (Eluent: EtOAc/PE = 1/8) to give product CPLB1-9 (2.0 g, 92%) as a white 

solid. This is a known compound.5 [α]D
20 +60.0 (c 0.96, CHCl3). 1H NMR (300 MHz, CDCl3, 

TMS): δ 3.03 (3H, s), 3.19 (3H, s), 4.59 (1H, d, J = 6.0 Hz), 4.69 (1H, d, J = 6.0 Hz), 4.89 (2H, 

s), 5.05 (1H, d, J = 7.2 Hz), 5.11 (1H, d, J = 7.2 Hz), 7.14-7.69 (7H, m), 7.59 (1H, d, J = 9.0 

Hz), 7.87 (2H, d, J = 8.4 Hz), 7.98 (1H, d, J = 9.0 Hz), 8.06 (1H, s).  

 

Preparation of compound CPLB1-11.  

 

P(O)Ph2

OMOM

CH2OH

P(O)Ph2

OH
O

HO

HO

CPLB1-7

1) NaH, THF, 1 h
2) CPLB1-9, THF, 

   24 h, 60 oC, 90%

CPLB1-11

3) Trace HCl, CH3OH, 

     60 oC, 0.5 h, 90%

 

 
3-[2'-(Diphenyl-phosphinoyl)-2-hydroxy-[1,1']binaphthalenyl-3-ylmethoxymethyl]-[1,1']

binaphthalenyl-2,2'-diol CPLB1-11.  

To a suspension of NaH (60 mg, 2.5 mmol) in THF (10 mL) was added dropwise the solution 

of CPLB1-7 (680 mg, 1.25 mmol) in THF (40 mL). After stirring for 1 hour, CPLB1-9 (582 

mg, 1.25 mmol) was added. The mixture was refluxed for 20 hours, quenched with water (10 

mL). After extraction with ethyl acetate (40 mL x 2) and evaporation, the crude product was 

obtained as a white solid. The solid was dissolved in methanol (60 mL), and 5-10 drops 

hydrochloric acid was added at 60 oC. When the starting materials disappeared, the organic 



 23 

solvent was removed under reduced pressure. The crude product was washed with water (10 

mL x 2), extracted with CH2Cl2 and dried over anhydrous MgSO4. After evaporation, the 

residue was further purified by silica gel column chromatography (Eluent: EtOAc/PE = 1/1) to 

give product CPLB1-11 (799 mg, 80%) as a white solid: [α]D
20 –25.3 (c 1.06, CHCl3). mp: 

273-275 oC. IR (KBr): ν 3529, 3272 (br), 3055, 1620, 1597, 1505, 1468, 1438, 1383, 1356, 

1129, 1114, 1090, 818, 749, 724, 703 cm-1. 1H NMR (300 MHz, CDCl3, TMS): δ 4.99 (1H, d, J 

= 12.6 Hz), 5.13 (2H, d, J = 12.6 Hz), 5.28 (1H, d, J = 12.6 Hz), 5.67 (1H, s), 6.41 (1H, d, J = 

8.4 Hz), 6.63-6.69 (2H, m), 6.76-6.81 (1H, m), 6.89 (1H, dd, J1 = 8.4 Hz, J2 = 7.2 Hz), 

7.06-7.56 (19H, m), 7.73-7.91 (8H, m), 8.01 (1H, s), 8.75 (1H, s). 31P NMR (121.45 MHz, 

CDCl3, 85% H3PO4): δ +32.44. 13C NMR (CDCl3, TMS, 75 MHz): δ 69.0, 70.8, 113.5, 113.8, 

117.9, 123.25, 123.32, 123.5, 123.9, 124.5, 124.8, 125.4, 125.6, 126.1, 126.7, 127.0, 127.3, 

127.5, 127.6, 127.7, 127.9, 128.0, 128.1, 128.16, 128.18, 128.3, 128.6, 128.7, 128.73, 128.9, 

129.1, 129.3, 129.4, 129.6, 129.8, 123.0, 130.1, 130.2, 130.3, 130.35, 130.37, 131.0, 131.4, 

132.0, 132.06, 132.10, 132.14, 133.11, 133.4, 133.5, 133.69, 133.72, 135.1, 135.2, 141.2, 

141.3, 151.8, 152.1, 152.4. MS (EI): m/e 500 (M+-298, 7.64), 482 (M+-500-18, 28.85), 316 

(M+-482, 19.41), 298 (M+-500, 39.79), 282 (M+-316-201+1, 69.75), 281 (M+-316-201, 45.24), 

252 (M+-201-316-30+1, 25.56), 239 (M+-559, 68.40), 201 (Ph2PO+, 100), 77 (Ph+, 37.57). 

HRMS (MALDI) for C54H39O5PNa+1: requires 821.2427; Found: 821.2415.  

 

Preparation of compound CPLB1.  

 

P(O)Ph2

OH
O

HO

HO PPh2

OH
O

HO

HO

CPLB1-11

HSiCl3/Et3N

toluene, 120 oC, 
15 h, 83%

(R,R)-CPLB1  
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3-(2'-Diphenylphosphanyl-2-hydroxy-[1,1']binaphthalenyl-3-ylmethoxymethyl)-[1,1']bin

aphthalenyl-2,2'-diol CPLB1.  

To a solution of CPLB1-11 (799 mg, 1.0 mmol) and Et3N (0.67 mL, 5.6 mmol) in toluene (30 

mL) was added HSiCl3 (0.45 mL, 4.4 mmol) at 0 oC. The temperature was raised to 120 oC, 

and after 12 hours, the mixture was cooled to room temperature, then diluted with CH2Cl2 (100 

mL). Saturated aqueous Na2CO3 was added to quench the reaction. After stirring for 15 

minutes and extraction with water (3 x 30 mL), the organic layer was washed with aqueous 

hydrochloric acid (10 mL), saturated aqueous NaHCO3 (30 mL) and brine (20 mL). After 

drying over anhydrous MgSO4 and evaporation, the residue was further purified by silica gel 

column chromatography (Eluent: EtOAc/PE = 1/1) to give product CPLB1 (650 mg, 83%) as 

a white solid: [α]D
20 +32.4 (c 1.04, CHCl3). mp: 168-170 oC. IR (KBr): ν 3514, 3373 (br), 3052, 

2923, 1725, 1621, 1594, 1504, 1466, 1434, 1385, 1338, 1256, 1211, 1108, 1067, 817, 746, 696 

cm-1. 1H NMR (300 MHz, CDCl3, TMS): δ 4.89-5.04 (5H, m), 6.12 (1H, s), 6.29 (1H, s), 6.81 

(1H, d, J = 8.1 Hz), 7.01-7.50 (23H, m), 7.79-7.94 (8H, m). 31P NMR (121.45 MHz, CDCl3, 

85% H3PO4): δ -12.22. 13C NMR (CDCl3, TMS, 75 MHz): δ 69.6, 70.7, 112.2, 112.4, 117.7, 

119.6, 119.7, 123.4, 123.6, 124.1, 124.3, 124.4, 124.6, 124.9, 125.6, 126.2, 126.2, 126.4, 126.9, 

127.0, 127.2, 127.8, 128.0, 128.0, 128.1, 128.1, 128.1, 128.2, 128.2, 128.6, 128.8, 129.1, 129.2, 

129.8, 130.1, 130.7, 132.9, 133.0, 133.2, 133.3, 133.4, 133.46, 133.47, 133.6, 133.7, 134.01, 

134.04, 137.0, 137.2, 137.3, 137.40, 137.43, 137.6, 139.4, 139.8, 150.66, 150.69, 151.7, 152.0. 

MS (MALDI): m/e 783 (M+), 781 (M+-2). HRMS (MALDI) for C54H40O4P+1: requires 

783.2659; Found: 783.2633.  
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Preparation of chiral phosphine Lewis bases (CPLB2) bearing multiple phenol groups.  

 

HSiCl3/Et3N

Toluene, 120 oC, 
15 h, 83%

(R,S)-CPLB2

HO

HOPPh2

OH
O

P(O)Ph2

OMOM

CH2OH

P(O)Ph2

OH
O

CPLB1-7

1) NaH, THF, 1 h
2) (S)-CPLB1-9, THF, 
   24 h, 60 oC, 90%

CPLB2-1

3) Trace HCl,CH3OH, 

    60 oC, 0.5 h, 90%

Scheme SI-3

HO

HO

 
 

Preparation of compound CPLB2-1.  

 

P(O)Ph2

OH
O

CPLB2-1

HO

HO
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3-[2'-(Diphenyl-phosphinoyl)-2-hydroxy-[1,1']binaphthalenyl-3-ylmethoxymethyl]-[1,1']

binaphthalenyl-2,2'-diol CPLB2-1.  

The procedure for the preparation of CPLB1-11 was generally followed. Yield: 81%. [α]D
20 

–51.2 (c 1.08, CHCl3). mp: 180-182 oC. IR (KBr): ν 3525, 3363 (br), 3058, 2926, 1622, 1597, 

1505, 1437, 1386, 1345, 1276, 1169, 1150, 1113, 1071, 817, 748, 724, 703 cm-1. 1H NMR (300 

MHz, CDCl3, TMS): δ 4.98 (2H, s), 5.07 (1H, d, J = 12.3 Hz), 5.18 (1H, d, J = 12.3 Hz), 6.45 

(1H, s), 6.48 (1H, s), 6.57-6.64 (2H, m), 6.74-6.79 (1H, m), 6.89-6.92 (1H, m), 7.07-7.19 (9H, 

m), 7.22-7.28 (2H, m), 7.32-7.56 (8H, m), 7.63 (1H, s), 7.74-7.93 (7H, m), 8.00 (1H, s), 8.69 

(1H, s). 31P NMR (121.45 MHz, CDCl3, 85% H3PO4): δ +32.24. 13C NMR (CDCl3, TMS, 75 

MHz): δ 69.3, 70.4, 113.2, 114.3, 118.2, 121.8, 121.9, 123.1, 123.16, 123.21, 123.6, 124.7, 

125.1, 125.3, 125.5, 126.0, 126.5, 126.7, 127.0, 127.1, 127.2, 127.3, 127.5, 127.8, 127.8, 127.9, 

128.0, 128.1, 128.2, 128.3, 128.5, 128.8, 128.9, 129.1, 129.3, 129.4, 129.6, 129.7, 129.8, 130.1, 

130.15, 130.22, 130.3, 130.6, 131.7, 131.8, 131.9, 133.1, 133.2, 133.3, 133.7, 133.8, 134.9, 

135.0, 140.9, 141.1, 151.7, 151.9, 152.6. MS (MALDI): m/e 799.3 (M++1). HRMS (MALDI) 

for C54H39O5PNa+1: requires 821.2427; Found: 821.2417.  

 

Preparation of compound CPLB2.  

 

HO

HOPPh2

OH
O

(R,S)-CPLB2  
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3-(2'-Diphenylphosphanyl-2-hydroxy-[1,1']binaphthalenyl-3-ylmethoxymethyl)-[1,1']bin

aphthalenyl-2,2'-diol CPLB2.  

The procedure for the preparation of CPLB1 was generally followed. Yield: 83%. [α]D
20 –20.0 

(c 0.99, CHCl3). mp: 180-183 oC. IR (KBr): ν 3519, 3383 (br), 3053, 2922, 2852, 1621, 1596, 

1504, 1465, 1435, 1385, 1340, 1258, 1211, 1108, 1068, 1025, 817, 746, 696 cm-1. 1H NMR 

(300 MHz, CDCl3, TMS): δ 4.93 (2H, s), 4.97 (2H, s), 5.03 (1H, s), 6.14 (1H, s), 6.24 (1H, s), 

6.79 (1H, d, J = 8.4 Hz), 6.99-7.41 (23H, m), 7.78-7.93 (8H, m). 31P NMR (121.45 MHz, 

CDCl3, 85% H3PO4): δ -12.12. 13C NMR (CDCl3, TMS, 75 MHz): δ 69.6, 70.7, 112.1, 112.4, 

117.6, 119.6, 119.7, 123.4, 123.6, 124.1, 124.2, 124.3, 124.5, 124.9, 125.5, 126.2, 126.3, 126.7, 

126.8, 126.9, 127.3, 127.8, 127.9, 128.0, 128.1, 128.16, 128.21, 128.5, 128.7, 129.1, 129.2, 

130.0, 130.1, 130.6, 132.8, 132.9, 133.2, 133.3, 133.38, 133.44, 133.5, 133.6, 133.7, 134.0, 

134.1, 137.0, 137.1, 137.2, 137.3, 137.4, 137.6, 139.4, 139.9, 150.7, 150.8, 151.8, 152.1. MS 

(MALDI): m/e 821.4 (M++23), 783.5 (M+), 782.5 (M+-1), 781.5 (M+-2). HRMS (MALDI) for 

C54H40O4P+1: requires 783.2659; Found: 783.2656.  
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Preparation of chiral phosphine Lewis bases CPLB3.  

 

OMOM

OMOM

CH2OH

OMOM

OMOM

CH2Br

+

1) NaH, THF,
     r. t. ,1 h

OMOM

OMOM

O
MOMO

MOMO

Trace HCl

CH3OH, 60 oC, 

0.5 h, 90%
OH

OH
O

HO

HO

Tf2O, pyridine

OTf

OTf
O

TfO

TfO

PPh2

OH
O

HO

Ph2P
OO

PPh2

OH
O

HO

Ph2P

2) THF, 60 oC, 

    90%

CPLB1-8 CPLB1-9 CPLB3-1

CPLB3-2

CH2Cl2, r.t., 
12 h, 85%

CPLB3-3

1) Ph2P(O)H, 
Pd(OAc)2/dppb, 
i-Pr2NEt, DMSO, 

120 oC,

2) aq. NaOH, 
CH3OH/dioxane, 
r.t., 24 h, 50%

HSiCl3/PPh3

Toluene, 

100 oC, 20 
h, 53%CPLB3-4 (R,R)-CPLB3

Scheme SI-4  
 

Preparation of compound CPLB3-1.  

 

OMOM

OMOM
O

MOMO

MOMO

CPLB3-1  
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2-(methoxymethoxy)-3-(((3-(methoxymethoxy)-4-(2-(methoxymethoxy)naphthalen-1-yl)

naphthalen-2-yl)methoxy)methyl)-1-(2-(methoxymethoxy)naphthalen-1-yl)naphthalene 

CPLB3-1.  

The procedure for the preparation of CPLB1-11 was generally followed. This is a known 

compound.4 1H NMR (300 MHz, CDCl3, TMS): δ 2.86 (6H, s), 3.16 (6H, s), 4.58 (2H, d, J = 

5.4 Hz), 4.70 (2H, d, J = 5.4 Hz), 5.00 (2H, d, J = 6.9 Hz), 5.12 (2H, d, J = 6.9 Hz), 5.10 (4H, s), 

7.18-7.24 (8H, m), 7.33-7.40 (4H, m), 7.59 (2H, d, J = 9.0 Hz), 7.87 (2H, d, J = 7.8 Hz), 7.92 

(2H, d, J = 8.1 Hz), 7.97 (2H, d, J = 9.0 Hz), 8.21 (2H, s).  

 

Preparation of compound CPLB3-2.  

 

OH

OH
O

HO

HO

CPLB3-2  
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3,3''-(oxydimethylene)-di-1,1'-bi-2-naphthol CPLB3-2.  

The procedure for the preparation of CPLB1-11 was generally followed. [α]D
20 +60.6 (c 1.07, 

CHCl3). This is a known compound.4 1H NMR (300 MHz, CDCl3, TMS): δ 5.04 (4H, s, br), 

6.34 (2H, s), 7.09 (2H, d, J = 8.7 Hz), 7.12 (2H, d, J = 9.3 Hz), 7.20 (2H, dd, J1 = 7.2 Hz, J2 = 

1.8 Hz), 724-7.38 (8H, m), 7.84 (2H, d, J = 7.8 Hz), 7.86 (2H, d, J = 7.2 Hz), 7.91 (1H, d, J = 

9.0 Hz), 7.97 (2H, s).  

 

Preparation of compound CPLB3-3.  

 

OH

OH
O

HO

HO

Tf2O, pyridine

OTf

OTf

O

TfO

TfO

CPLB3-2

CH2Cl2, r.t., 
12 h, 85%

CPLB3-3  
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Trifluoromethanesulfonic acid 3'-(2,2'-bis-trifluoromethanesulfonyloxy-[1,1'] 

binaphthalenyl-3-ylmethoxymethyl)-2'-trifluoromethanesulfonyloxy-[1,1']binaphthaleny

l-2-yl ester CPLB3-3.  

The procedure for the preparation of CPLB1-4 was generally followed. [α]D
20 –143.0 (c 1.08, 

CHCl3). IR (KBr): ν 3066 1595, 1510, 1418, 1361, 1217, 1137, 940, 890, 822, 751 cm-1. 1H 

NMR (300 MHz, CDCl3, TMS): δ 5.08 (4H, s), 7.18 (2H, d, J = 8.7 Hz), 7.35-7.46 (6H, m), 

7.56-7.64 (6H, m), 8.02 (4H, d, J = 8.4 Hz), 8.15 (2H, d, J = 9.3 Hz), 8.38 (2H, s). 19F NMR 

(282 MHz, CDCl3, CFCl3): δ –75.1 (6F, s), -74.4 (6F, s). 13C NMR (CDCl3, TMS, 75 MHz): δ 

67.9, 118.0 (d, JC-F = 318.9 Hz), 118.4 (d, JC-F = 317.7 Hz), 119.3, 123.7, 124.7, 126.7, 127.1, 

127.3, 127.6, 127.8, 128.0, 128.2, 128.4, 129.4, 131.7, 132.1, 132.3, 132.5, 132.8, 133.6, 143.4, 

145.5. MS (ESI): m/e 1160 (M++18). Anal. Calcd. for C46H26F12O4S4: requires C, 48.34; H, 

2.29%; Found: C, 48.04; H, 2.40%.  

 

Preparation of compound CPLB3-4.  

 

OTf

OTf
O
TfO

TfO PPh2

OH
O

HO

Ph2P
OO

CPLB3-3

1) Ph2P(O)H, 

Pd(OAc)2/dppb, 
i-Pr2NEt, DMSO, 
120 oC,

2) aq. NaOH, 
CH3OH/dioxane, 
r.t., 24 h, 50%

CPLB3-4  



 32 

 
1-(2-(diphenylphosphoryl)naphthalen-1-yl)-3-(((4-(2-(diphenylphosphoryl)naphthalen-1-

yl)-3-hydroxynaphthalen-2-yl)methoxy)methyl)naphthalen-2-ol CPLB3-4.  

The procedure for the preparation of CPLB1-5 was generally followed. [α]D
20 –37.8 (c 0.86, 

CHCl3). IR (KBr): ν 3360 (br), 3055, 2924, 2853, 1624, 1590, 1533, 1503, 1438, 1383, 1354, 

1311, 1237, 1152, 1115, 1091, 817, 747, 724, 702 cm-1. 1H NMR (300 MHz, CDCl3, TMS): δ 

5.14 (4H, d, J = 11.4 Hz), 6.49 (2H, d, J = 8.4 Hz), 6.74-6.84 (6H, m), 6.92 (2H, t, J = 7.0 Hz), 

7.11 (2H, t, J = 7.5 Hz), 7.18-7.32 (8H, m), 7.38-7.55 (12H, m), 7.77-7.94 (10H, m), 8.92 (2H, 

s). 31P NMR (121.45 MHz, CDCl3, 85% H3PO4): δ 31.75. 13C NMR (CDCl3, TMS, 75 MHz): δ 

69.0, 122.6, 122.7, 123.2, 125.0, 125.5, 127.0, 127.2, 127.3, 127.4, 127.5, 127.7, 127.8, 127.9, 

128.1, 128.2, 128.3, 128.35, 128.41, 128.5, 128.6, 129.7, 129.8, 129.9, 130.1, 131.0, 131.1, 

131.5, 131.7, 131.8, 131.86, 131.93, 132.9, 133.2, 133.4, 134.9, 135.0, 141.2, 141.3, 151.6. 

MS (MALDI): m/e 1006 (M++23), 1023 (M++39+1). HRMS (MALDI) for C66H49O5P2
+1: 

requires 983.3049; Found: 983.3050.  

 

Preparation of compound CPLB3.  

 

PPh2

OH

O
HO

Ph2P

OO
PPh2

OH
O

HO

Ph2P

HSiCl3/PPh3

Toluene, 100 oC, 20 h, 
53%

CPLB3-4 (R,R)-CPLB3  
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1-(2-(diphenylphosphino)naphthalen-1-yl)-3-(((4-(2-(diphenylphosphino)naphthalen-1-yl

)-3-hydroxynaphthalen-2-yl)methoxy)methyl)naphthalen-2-ol CPLB3.  

The procedure for the preparation of CPLB1 was generally followed. 1H NMR (300 MHz, 

CDCl3, TMS): δ 4.87 (4H, d, J = 12.3 Hz), 5.56 (2H, s), 6.85 (2H, d, J = 8.7 Hz), 7.06-7.18 (6H, 

m), 7.20-7.33 (22H, m), 7.44 (2H, dd, J1 = 8.4 Hz, J2 = 2.0 Hz), 7.48-7.53 (2H, m), 7.80 (2H, s), 

7.81 (2H, d, J = 6.6 Hz), 7.91 (2H, d, J = 8.1 Hz), 7.93 (2H, d, J = 8.4 Hz). 31P NMR (121.45 

MHz, CDCl3, 85% H3PO4): δ -12.27. 13C NMR (CDCl3, TMS, 75 MHz): δ 54.9, 56.0, 118.4, 

118.5, 122.6, 124.2, 152.1, 125.7, 126.2, 126.5, 126.9, 127.5, 127.7, 127.9, 128.0, 128.1, 128.2, 

128.2, 128.3, 130.4, 130.9, 132.5, 132.7, 132.9, 133.00, 133.04, 133.5, 135.7, 135.9, 137.1, 

137.3, 138.1, 138.3, 141.5, 142.0, 150.6. MS (MALDI): m/e 983 (M++1). HRMS (MALDI) for 

C66H49O3P2
+1: requires 951.3152; Found: 951.3137.  
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Preparation of chiral phosphine Lewis bases CPLB4.  

 

PPh2

OMOM

CH2OH

CPLB1-7

PPh2

OH

CH2OH

CPLB4-1

PPh2

OH

CH2OH

CPLB4

Trace HCl

CH3OH, 60 oC, 

0.5 h, 90%

HSiCl3/Et3N

Toluene, 120 oC, 
15 h, 57%

OO

Scheme SI-5  
 

Preparation of compound CPLB4-1.  

 

PPh2

OH

CH2OH

O

CPLB4-1  

 
2'-(Diphenyl-phosphinoyl)-3-hydroxymethyl-[1,1']binaphthalenyl-2-ol CPLB4-1.  

The procedure for the preparation of CPLB1-11 was generally followed. 1H NMR (300 MHz, 

CDCl3, TMS): δ 3.75 (1H, m), 4.96 (2H, d, J = 12.9 Hz), 6.42 (1H, d, J = 8.7 Hz), 6.68-6.75 

(2H, m), 6.78-6.84 (1H, m), 6.86-6.94 (1H, m), 7.09-7.24 (5H, m), 7.38 (1H, dd, J1 = 12.0 Hz, 

J2 = 7.8 Hz), 7.47-7.60 (6H, m), 7.86-7.94 (4H, m), 9.35 (1H, s). 31P NMR (121.45 MHz, 

CDCl3, 85% H3PO4): δ +32.69.  
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Preparation of compound CPLB4.  

 

PPh2

OH

CH2OH

CPLB4  

 

2'-Diphenylphosphanyl-3-hydroxymethyl-[1,1']binaphthalenyl-2-ol CPLB4.  

The procedure for the preparation of CPLB1 was generally followed. mp: 222-225 oC. IR 

(KBr): ν 3279 (br), 3051, 1633, 1583, 1504, 1479, 1434, 1390, 1352, 1256, 1203, 1104, 1045, 

1025, 939, 817, 743, 696 cm-1. 1H NMR (300 MHz, CDCl3, TMS): δ 2.18 (1H, t, J = 6.6 Hz, 

OH), 4.87 (2H, m), 5.48 (1H, s), 6.86 (1H, d, J = 8.4 Hz) 7.05-7.12 (3H, m), 7.16-7.32 (11H, 

m), 7.44 (1H, dd, J1 = 8.4 Hz, J1 = 2.4 Hz), 7.48-7.53 (1H, m), 7.81 (1H, s), 7.82 (1H, d, J = 5.1 

Hz), 7.91 (1H, d, J = 8.1 Hz), 7.93 (1H, d, J = 9.0 Hz). 31P NMR (121.45 MHz, CDCl3, 85% 

H3PO4): δ -12.24. MS (EI): m/e 485 (M++1, 30.91), 484 (M+, 89.02), 483 (M+-1, 30.26), 467 

(M+-17, 70.73), 377 (M+-107, 44.11), 298 (M+-186, 90.24), 282 (M+-202, 97.95), 281 (M+-203, 

68.73), 265 (M+-219, 59.19), 252 (M+-232, 46.47), 233 (M+-251, 100), 202 (Ph2PO++1, 50.05), 

183 (M+-301, 48.79), 77 (Ph+, 11.29). HRMS (MALDI) for C33H26O2P+1: requires 485.1644; 

Found: 485.1665.  
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Preparation of chiral phosphine Lewis bases CPLB6.  

 

OCH3

OCH3

OCH3

OCH3

CHO

OCH3

OCH3

CH2Br

OCH3

OCH3

CH2OH

P(O)Ph2

OMOM
O

H3CO

H3CO

2) DMF, 0 oC, 
60%

 1) n-BuLi, 
THF, 5 h, r. t.

THF, r.t., 
8 h, 92%

BBr3, CH2Cl2,

CPLB6-2 CPLB6-3

CPLB6-4

1) CPLB1-7, NaH, 
    THF, 1 h

2) THF, 24 h, 
    60 oC, 90%

CPLB6-5

2) HSiCl3/Et3N, Toluene, 
120 oC, 15 h, 83%

PPh2

OH
O
H3CO

H3CO

(R,R)-CPLB6

Scheme SI-6

NaBH4

1) Trace HCl, CH3OH, 

   60 oC, 0.5 h, 90%

90%

CPLB6-1

 
 

Preparation of compound CPLB6-4.  

 

OCH3

OCH3

CH2Br

CPLB6-4  
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3-Bromomethyl-2,2'-dimethoxy-[1,1']binaphthalenyl CPLB6-4.  

To a solution of CPLB6-3 (69 mg, 0.2 mmol) in CH2Cl2 (3.0 mL) was added PBr3 (28 µL, 0.3 

mmol). The mixture was stirred for 1 hour at room temperature. Water (2.0 mL) was added to 

quench the reaction. After extraction with CH2Cl2 (5.0 mL x 2), the organic layer was removed 

under reduced pressured and the residue was further purified by silica gel column 

chromatography (Eluent: EtOAc/PE = 1/20) to give product CPLB6-4 (67 mg, 83%) as a 

white solid. [α]D
20 +56.1 (c 1.0, CHCl3). mp: 162-164 oC. IR (KBr): ν 2924, 2854, 1735, 1690, 

1620, 1591, 1497, 1461, 1433, 1357, 1265, 1249, 1221, 1190, 1079, 804, 756 cm-1. 1H NMR 

(300 MHz, CDCl3, TMS): δ 3.43 (3H, s), 3.80 (3H, s), 4.83 (2H, s), 7.10-7.14 (2H, m), 

7.19-7.28 (2H, m), 7.30-7.40 (2H, m), 7.46 (1H, d, J = 9.0 Hz), 7.86 (2H, m), 8.01 (2H, m). 13C 

NMR (CDCl3, TMS, 75 MHz): δ 31.9, 56.5, 61.0, 113.5, 118.7, 118.9, 123.7, 125.0, 125.1, 

125.4, 126.7, 126.8, 127.9, 128.0, 129.0, 130.1, 130.4, 130.7, 131.1, 133.9, 134.4, 154.6, 154.9. 

MS (EI): m/e 408 (M++2, 61.27), 406 (M+, 74.62), 327 (M+-79, 100), 296 (M+-110, 69.24), 282 

(M+-124, 35.08), 252 (M+-154, 36.26), 239 (M+-167, 40.10), 145 (M+-261, 64.99), 126 

(M+-280, 38.85), 70 (M+-336, 33.96), 45 (M+-361, 42.73). Anal. Calcd. for C22H18O3: requires 

C, 67.82; H, 4.70%; Found: C, 67.49; H, 4.63%.  
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Preparation of compound CPLB6-5.  

 

P(O)Ph2

OMOM
O

MeO

MeO

CPLB6-5  

 

3-(2,2'-Dimethoxy-[1,1']binaphthalenyl-3-ylmethoxymethyl)-2'-(diphenyl-phosphinoyl)-2

-methoxylmethyl[1,1']binaphthalenyl-2-ol CPLB6-5.  

The procedure for the preparation of CPLB1-11 was generally followed. A white solid. Yield: 

55%. [α]D
20 +16.0 (c 1.0, CHCl3). mp: 162-164 oC. IR (KBr): ν 3055, 2925, 2853, 1722, 1677, 

1622, 1593, 1503, 1462, 1436, 1357, 1266, 1115, 970, 915, 890 cm-1. 1H NMR (300 MHz, 

CDCl3, TMS): δ 2.77 (3H, s), 3.40 (3H, s), 3.77 (3H, s), 4.44 (1H, d, J = 5.1 Hz), 4.66 (2H, m), 

4.84 (1H, d, J = 12.6 Hz), 4.92 (2H, s), 6.77 (1H, d, J = 15.6 Hz), 6.89-7.40 (22H, m), 7.61 (1H, 

d, J = 5.1 Hz), 7.78-8.07 (7H, m), 8.07 (1H, s). 31P NMR (121.45 MHz, CDCl3, 85% H3PO4): δ 

29.90. 13C NMR (CDCl3, TMS, 75 MHz): 56.5, 60.9, 61.8, 68.6, 71.0, 71.6, 98.7, 113.5, 114.0, 

119.0, 123.6, 124.6, 124.65, 124.70, 125.2, 125.3, 125.8, 126.0, 126.3, 126.4, 126.6, 126.9, 

127.5, 127.6, 127.8, 127.9, 128.0, 128.5, 128.96, 129.04, 129.2, 129.7, 129.8, 130.1, 130.3, 

130.6, 131.0, 131.2, 131.5, 131.6, 132.5, 133.1, 133.3, 133.5, 133.6, 133.7, 133.9, 134.0, 134.4, 

139.2, 139.8, 139.9, 151.7, 154.5, 154.9. MS (ESI): m/e 893.3 (M++23). HRMS (MALDI) for 

C58H47PO6Na+1: requires 893.3003; Found: 893.3004.  
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Preparation of compound CPLB6.  

 

PPh2

OH
O

MeO

MeO

CPLB6  

 
3-(2,2'-Dimethoxy-[1,1']binaphthalenyl-3-ylmethoxymethyl)-2'-diphenylphosphanyl-[1,1

']binaphthalenyl-2-ol CPLB6.  

The procedure for the preparation of CPLB1 was generally followed. A white solid. yield: 

87%. [α]D
20 +10.2 (c 0.55, CHCl3). mp: 138-140 oC. IR (KBr): ν 3369, 3054,2925, 2850, 1623, 

1593, 1508, 1460, 1434, 1357, 1265, 1248, 1109, 1108, 1049, 1005, 893 cm-1. 1H NMR (300 

MHz, CDCl3, TMS): δ 3.30 (3H, s), 3.75 (3H, s), 4.88 (2H, s), 4.99 (1H, d, J = 12.6 Hz), 5.08 

(1H, d, J = 12.6 Hz), 6.87 (2H, m), 7.01-7.28 (17H, m), 7.35 (2H, m), 7.45 (3H, m), 7.77-7.91 

(6H, m), 8.07 (2H, m). 31P NMR (121.45 MHz, CDCl3, 85% H3PO4): δ -12.02. 13C NMR 

(CDCl3, TMS, 75 MHz): 56.4, 60.9, 68.6, 71.0, 113.4, 118.9, 119.8, 123.3, 123.6, 124.7, 

124.72, 125.0, 125.2, 125.3, 126.2, 126.5, 126.5, 126.9, 126.8, 127.7, 127.9, 128.0, 128.05, 

128.08, 128.1, 128.3, 128.9, 129.1, 129.8, 130.3, 130.5, 132.9, 133.0, 133.1, 133.3, 133.4, 

133.6, 133.86, 133.93, 134.1, 136.7, 136.9, 137.5, 137.7, 137.8, 138.0, 140.6, 141.0, 151.31, 

151.33, 154.7, 154.8. MS (ESI): m/e 811 (M++1). HRMS (MALDI) for C56H44PO4
+1: requires 

811.2971; Found: 811.2935.  
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Typical reaction procedure for CPLB catalyzed aza-Baylis-Hillman reaction of 

N-sulfonated Imines with MVK.  

A 10 mL Schlenk tube containing N-(benzylidene)-4-chlorobenzenesulfonamide 1e (0.5 mmol) 

3-(2'-diphenylphosphanyl-2-hydroxy-[1,1']binaphthalenyl-3-ylmethoxymethyl)-[1,1']binaphth

alenyl-2,2'-diol CPLB1 (0.05 mmol) was degassed and the reaction vessel was protected under 

argon atmosphere. Then, THF (1.0 mL) was added. After the reaction mixture was cooled to 

-30 °C, methyl vinyl ketone (MVK) (1.5 mmol) was added into the Schlenk tube. The reaction 

mixture was stirred at -20 °C for 24-48 hours. The solvent was removed under reduced 

pressure and the residue was purified by flash column chromatography (SiO2, eluent: 

EtOAc/Petroleum ether = 1/5) to yield the corresponding aza-Baylis-Hillman adduct as a 

colorless solid, which was immediately subjected to the chiral HPLC for the analysis of the 

achieved enantiomeric excess. For microanalysis, all these products were recrystallized from 

acetone and n-hexane.  

 

Ar CH
O O

Ar

TsHN

NTs +
CPLB1 (10 mol%)

THF, -20 oC

2a-m

a: Ar = C6H5, b: Ar = p-EtC6H4, c: Ar = p-MeOC6H4, d: Ar = p-FC6H4, e: Ar = p-ClC6H4, f: Ar 
= p-BrC6H4, g: Ar = o-ClC6H4, h: Ar = m-ClC6H4,i: Ar = p-NO2C6H4, j: Ar = o-NO2C6H4, k: Ar 
= m-NO2C6H4, l: Ar = trans-C6H5-CH=CH, R = MeC6H4SO2, m: R = MeSO2, Ar = p-ClC6H4.

1a-m

 
 

OTsHN

2a  
4-Methyl-N-(2-methylene-3-oxo-1-phenylbutyl)benzenesulfonamide 2a: a colorless solid, 

yield: 97%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.16 (3H, s, Me), 2.42 (3H, s, Me), 5.26 (1H, 

d, J = 8.6 Hz), 5.61 (1H, d, J = 8.6 Hz), 6.10 (1H, s), 6.11 (1H, s), 7.11 (2H, m, Ar), 7.20-7.27 

(5H, m, Ar), 7.66 (2H, d, J = 8.1 Hz, Ar). HPLC: AD column; λ = 254 nm; eluent: 

Hexane/Isopropanol = 80/20; Flow rate: 0.7 mL/min; tmajor = 17.14 min, tminor = 18.80 min; 

ee% = 92%.  

 
OTsHN

C2H5
2b  
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N-[1-(4-Ethylphenyl)-2-methylene-3-oxobutyl]-4-methylbenzenesulfonamide 2b: a 

colorless solid, yield: 94%. 1H NMR (CDCl3, TMS, 300 MHz): δ 1.23 (3H, t, J = 7.6 Hz, Me), 

2.15 (3H, s, Me), 2.39 (3H, s, Me), 2.54 (2H, q, J = 7.6 Hz, CH2), 5.20 (1H, d, J = 6.1 Hz, NH), 

5.51 (1H, d, J = 8.4 Hz, CH), 6.09 (2H, s), 6.97 (2H, d, J = 6.1 Hz, Ar), 6.98 (2H, J = 6.1 Hz, 

Ar), 7.21 (2H, d, J = 8.4 Hz, Ar), 7.63 (2H, d, J = 8.4 Hz). HPLC: TBB column; λ = 254 nm; 

eluent: Hexane/Isopropanol = 80/20; Flow rate: 0.7 mL/min; tminor = 10.84 min; tmajor = 11.52 

min, ee% = 96%.  

 
OTsHN

H3CO
2c  

N-[1-(4-Methoxyphenyl)-2-methylene-3-oxobutyl]-4-methylbenzenesulfonamide 2c: a 

colorless solid, yield: 70%.1H NMR (CDCl3, TMS, 300 MHz): δ 2.17 (3H, s, Me), 2.41 (3H, s, 

Me), 3.74 (3H, s, Me), 5.21 (1H, d, J = 8.3 Hz, NH), 5.49 (1H, d, J = 8.3 Hz, CH), 6.10 (2H, s), 

6.73 (2H, d, J = 6.8 Hz, Ar), 6.99 (2H, d, J = 6.8 Hz, Ar), 7.25 (2H, d, J = 9.3 Hz, Ar), 7.65 (2H, 

d, J = 9.3 Hz, Ar). HPLC: TBB column; λ = 220 nm; eluent: Hexane/Isopropanol/TBME = 

75/5/20; Flow rate: 0.7 mL/min; tminor = 11.83 min; tmajor = 12.67 min, ee% = 95%.  

 
OTsHN

F
2d  

N-[1-(4-Fluorophenyl)-2-methylene-3-oxobutyl]-4-methylbenzenesulfonamide 2d: a 

colorless solid, yield: 83%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.15 (3H, s, Me), 2.41 (3H, s, 

Me), 5.24 (1H, d, J = 8.7 Hz), 5.75 (1H, d, J = 8.7 Hz), 6.07 (1H, s), 6.09 (1H, s), 6.84-6.9 (2H, 

dd, J1 = 9.0 Hz, J2 = 8.6 Hz), 7.04-7.09 (2H, dd, J1 = 8.6 Hz, J2 = 5.2 Hz), 7.23 (2H, d, J = 8.1 

Hz), 7.63 (2H, J = 8.1 Hz). HPLC: AD column; λ = 254 nm; eluent: Hexane/Isopropanol = 

70/30; Flow rate: 0.7 mL/min; tmajor = 13.15 min, tminor = 14.26 min; ee% = 96%.  

 
OTsHN

Cl
2e  
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N-[1-(4-Chlorophenyl)-2-methylene-3-oxobutyl]-4-methylbenzenesulfonamide 2e: a 

colorless solid, yield: 94%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.11 (3H, s, Me), 2.38 (3H, s, 

Me), 5.24 (1H, d, J = 9.1 Hz, NH), 5.99 (1H, d, J = 9.1 Hz, CH), 6.03 (1H, s), 6.06 (1H, s,), 

7.01 (2H, d, J = 8.6 Hz, Ar), 7.12 (2H, d, J = 8.6 Hz, Ar), 7.19 (2H, d, J = 8.1 Hz, Ar), 7.59 (2H, 

d, J = 8.1 Hz, Ar). HPLC: AS column; λ = 254 nm; eluent: Hexane/Isopropanol = 65/35; Flow 

rate: 0.7 mL/min; tmajor = 24.437 min, tminor = 32.41 min; ee% = 96%.  

 
OTsHN

Br
2f  

N-[1-(4-Bromophenyl)-2-methylene-3-oxobutyl]-4-methylbenzenesulfonamide 2f: a 

colorless solid, yield: 85%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.15 (3H, s, Me), 2.41 (3H, s, 

Me), 5.19 (1H, d, J = 9.1 Hz), 5.71 (1H, d, J = 9.1 Hz), 6.06 (1H, s), 6.09 (1H, s), 6.98 (2H, d, J 

= 7.8 Hz), 7.26 (2H, d, J = 8.0 Hz), 7.31 (2H, dd, J1 = 7.8 Hz, J2 = 2.0 Hz), 7.62 (2H, J = 8.0 

Hz). HPLC: AD column; λ = 254 nm; eluent: Hexane/Isopropanol = 80/20; Flow rate: 0.7 

mL/min; tmajor = 23.16 min, tminor = 25.65 min; ee% = 95%.  

 

OTsHN

Cl

2g  
N-[2-Acetyl-1-(2-chloro-phenyl)-allyl]-4-methylbenzenesulfonamide 2g: a colorless solid, 

yield: 97%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.21 (3H, s, Me), 2.37 (3H, s, Me), 5.68 (1H, 

d, J = 8.6 Hz), 5.78 (1H, d, J = 8.6 Hz), 6.16 (1H, s), 6.17 (1H, s,), 7.06-7.15 (2H, m, Ar), 7.20 

(2H, d, J = 8.4 Hz, Ar), 7.21-7.24 (1H, m, Ar), 7.30-7.33 (1H, m, Ar), 7.63 (2H, d, J = 8.4 Hz, 

Ar). HPLC: AD column; λ = 254 nm; eluent: Hexane/Isopropanol = 80/20; Flow rate: 0.7 

mL/min; tmajor = 22.13 min, tminor = 24.46 min; ee% = 92%.  

 
OTsHN

Cl
2h  

N-[1-(3-Chlorophenyl)-2-methylene-3-oxobutyl]-4-methylbenzenesulfonamide 2h: a 

colorless solid, yield: 87%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.16 (3H, s, Me), 2.41 (3H, s, 

Me), 5.20 (1H, d, J = 9.0 Hz), 5.69 (1H, d, J = 9.0 Hz), 6.08 (1H, s), 6.12 (1H, s), 7.0-7.03 (2H, 
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m), 7.13-7.15 (2H, m), 7.24 (2H, d, J = 8.2 Hz), 7.63 (2H, J = 8.2 Hz). HPLC: AD column; λ = 

254 nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 0.7 mL/min; tmajor = 17.65 min, tminor = 

20.81 min; ee% = 94%.  

 
OTsHN

NO2
2i  

4-Methyl-N-[2-methylene-1-(4-nitrophenyl)-3-oxobutyl]benzenesulfonamide 2i: a 

colorless solid, yield: 93%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.15 (3H, s, Me), 2.44 (3H, s, 

Me), 5.32 (1H, d, J = 9.4 Hz), 5.94 (1H, d, J = 9.4 Hz), 6.08 (1H, s), 6.14 (1H, s), 7.25 (2H, d, J 

= 8.3 Hz, Ar), 7.34 (2H, d, J = 8.7 Hz, Ar), 7.65 (2H, d, J = 8.3 Hz, Ar), 8.07 (2H, d, J = 8.7 

Hz). HPLC: OJ column; λ = 254 nm; eluent: Hexane/Isopropanol = 60/40; Flow rate: 0.7 

mL/min; tmajor = 13.15 min, tminor = 14.26 min; ee% = 93%.  

 

OTsHN

NO2

2j  
N-[2-Acetyl-1-(2-nitro-phenyl)-allyl]-4-methylbenzenesulfonamide 2j: a yellow solid, yield: 

85%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.17 (3H, s, Me), 2.40 (3H, s, Me), 5.91 (1H, d, J = 

9.0 Hz), 5.96 (1H, s), 5.97 (1H, d, J = 9.0 Hz), 6.08 (1H, s), 7.23 (2H, d, J = 8.1 Hz, Ar), 7.36 

(1H, ddd, J1 = 7.8 Hz, J2 = 7.5 Hz, J3 = 1.5 Hz, Ar), 7.50 (1H, ddd, J1 = 7.8 Hz, J2 = 7.5 Hz, J3 

= 1.2 Hz, Ar), 7.64 (1H, dd, J1 = 7.8 Hz, J2 = 1.2 Hz, Ar), 7.68 (2H, d, J = 8.1 Hz, Ar), 7.75 (1H, 

dd, J1 = 7.8 Hz, J2 = 1.2 Hz, Ar). HPLC: AS column; λ = 254 nm; eluent: Hexane/Isopropanol 

= 60/40; Flow rate: 0.7 mL/min; tmajor = 30.88 min, tminor = 78.03 min; ee% = 90%. 

 
OTsHN

NO2 2k  
4-Methyl-N-[2-methylene-1-(3-nitrophenyl)-3-oxobutyl]benzenesulfonamide 2k: a 

colorless solid, yield: 89%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.18 (3H, s, Me), 2.41 (3H, s, 

Me), 5.32 (1H, d, J = 9.4 Hz), 5.89 (1H, d, J = 9.4 Hz), 6.12 (1H, s), 6.18 (1H, s), 7.25 (2H, d, J 

= 8.6 Hz), 7.44 (1H, dd, J1 = 8.2 Hz, J2 = 7.8 Hz), 7.61 (1H, d, J = 7.8 Hz), 7.65 (2H, d, J = 8.6 

Hz), 7.89 (1H, s), 8.05 (1H, d, J = 8.2 Hz). HPLC: AD column; λ = 254 nm; eluent: 
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Hexane/Isopropanol = 80/20; Flow rate: 0.7 mL/min; tmajor = 23.60 min, tminor = 29.04 min; 

ee% = 96%. 

 
OTsHN

2l  
N-[2-Acetyl-1-styryl-allyl]-4-methylbenzenesulfonamide 2l: a colorless solid, yield: 

97%.1H NMR (CDCl3, TMS, 300 MHz): δ 2.19 (3H, s, Me), 2.33 (3H, s, Me), 4.76 (1H, dd, J1 

= 6.9 Hz, J2 = 9.6 Hz, CH), 5.61 (1H, d, J = 9.6Hz, NH), 5.98 (1H, s), 5.99 (1H, dd, J1 = 6.9 Hz, 

J2 = 15.9 Hz), 6.00 (1H, s), 6.28 (1H, d, J = 15.9 Hz), 7.14-7.28 (7H, m, Ar), 7.69 (2H, d, J = 

8.1 Hz, Ar). HPLC: AD column; λ = 254 nm; eluent: Hexane/Isopropanol = 80/20; Flow rate: 

0.7 mL/min; tmajor = 23.30 min, tminor = 26.88 min; ee% = 90%. 

 
OMsHN

Cl
2m  

N-[2-Acetyl-1-(4-chloro-phenyl)-allyl]-methanesulfonamide 2m: a colorless solid, yield: 

92%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.34 (3H, s, Me), 2.88 (3H, s, Me), 5.41 (1H, d, J = 

9.0 Hz), 5.64 (1H, d, J = 9.0 Hz), 6.18 (1H, s), 6.29 (1H, s), 7.25-7.34 (4H, m, Ar). HPLC: OD 

column; λ = 254 nm; eluent: Hexane/Isopropanol = 85/15; Flow rate: 0.7 mL/min; tminor = 

24.03 min, tmajor = 25.54 min; ee% = 91%.  

 

Typical reaction procedure for CPLB catalyzed aza-Morita-Baylis-Hillman reaction of 

N-Sulfonated Imines with Acrolein or EVK.  

 

a: Ar = p-FC6H4, b: Ar = m-FC6H4,c: Ar = m-ClC6H4, d: Ar = p-BrC6H4, R = C2H5;
e: Ar = p-BrC6H4,  f: Ar = p-FC6H4, g: Ar = p-ClC6H4, R = H.

Ar CH
O

NTs C2H5

O

R

TsHN

Ar
THF

3a-g

+
 CPLB1 (10 mol%)

Ia-g

 
 

A 10 mL Schlenk tube contained with N-(benzylidene)-4-chlorobenzenesulfonamide 1g (0.5 

mmol) and 3-(2'-diphenylphosphanyl-2-hydroxy-[1,1']binaphthalenyl-3-ylmethoxy 

methyl)-[1,1'] binaphthalenyl-2,2'-diol CPLB1 (0.05 mmol) was degassed and the reaction 
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vessel was protected under argon atmosphere. Then, THF (1.0 mL) and acrolein (1.0 mmol) 

was added into the Schlenk tube at room temperature. The reaction was monitored by TLC, 

when the imine disappeared, the solvent was removed under reduced pressure and the residue 

was purified by a flash chromatography (SiO2, EtOAc-Petroleum ether = 1/5) to yield the 

product as a colorless solid, which was immediately subjected to the chiral HPLC for the 

analysis of the achieved enantiomeric excess. For microanalysis, all these products were 

recrystallized from acetone and n-hexane.  

 

3a

C2H5

OTsHN

F
 

4-Methyl-N-[1-(4-fluorophenyl)-2-methylene-3-oxo-pentyl]benzenesulfonamide 3a: a 

colorless solid, yield: 86%. 1H NMR (CDCl3, TMS, 300 MHz): δ 0.95 (3H, t, J = 7.2 Hz, Me), 

2.43 (3H, s, Me), 2.44-2.62 (2H, m, CH2), 5.26 (1H, d, J = 9.0 Hz), 5.77 (1H, d, J = 9.0 Hz), 

6.04 (1H, s), 6.10 (1H, s), 6.87-6.93 (2H, m, Ar), 7.08-7.12 (2H, m, Ar), 7.26 (2H, d, J = 8.1 Hz, 

Ar), 7.66 (2H, d, J = 8.1 Hz, Ar). HPLC: AS column; λ = 254 nm; eluent: Hexane/Isopropanol 

= 75/25; Flow rate: 0.7 mL/min; tmajor = 22.56 min, tminor = 25.86 min; ee% = 92%. 

 

3b

C2H5

OTsHN

F  
4-Methyl-N-[1-(3-fluorophenyl)-2-methylene-3-oxo-pentyl]benzenesulfonamide 3b: a 

colorless solid , yield: 83%. 1H NMR (CDCl3, TMS, 300 MHz): δ 0.94 (3H, t, J = 7.2 Hz, Me), 

2.41 (3H, s, Me), 2.43-2.60 (2H, m, CH2), 5.23 (1H, d, J = 9.1 Hz), 5.77 (1H, d, J = 9.1 Hz), 

6.01 (1H, s), 6.10 (1H, s), 6.79-6.93 (3H, m, Ar), 7.17-7.26 (3H, m, Ar), 7.65 (2H, d, J = 8.0 Hz, 

Ar). HPLC: AD column; λ = 254 nm; eluent: Hexane/Isopropanol = 80/20; Flow rate: 0.7 

mL/min; tmajor = 18.57 min, tminor = 20.24 min; ee% = 90%.  

 

3c

C2H5

OTsHN

Cl  
4-Methyl-N-[1-(3-chlorophenyl)-2-methylene-3-oxo-pentyl]benzenesulfonamide 3c: a 

colorless solid , yield: 83%. 1H NMR (CDCl3, TMS, 300 MHz): δ 0.94 (3H, t, J = 7.2 Hz, Me), 
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2.41 (3H, s, Me), 2.44-2.61 (2H, m, CH2), 5.22 (1H, d, J = 9.2 Hz), 5.72 (1H, d, J = 9.2 Hz), 

6.03 (1H, s), 6.11 (1H, s), 7.01-7.04 (2H, m, Ar), 7.14-7.16 (2H, d, m, Ar), 7.24 (2H, d, J = 8.2 

Hz, Ar), 7.64 (2H, d, J = 8.2 Hz, Ar). HPLC: AD column; λ = 254 nm; eluent: 

Hexane/Isopropanol = 75/25; Flow rate: 0.7 mL/min; tmajor = 13.05 min, tminor = 14.85 min; 

ee% = 90%.  

 

3d

C2H5

OTsHN

Br
 

4-Methyl-N-[1-(4-bromophenyl)-2-methylene-3-oxo-pentyl]benzenesulfonamide 3d: a 

colorless solid , yield: 88%. 1H NMR (CDCl3, TMS, 300 MHz): δ 0.93 (3H, t, J = 7.3 Hz, Me), 

2.41 (3H, s, Me), 2.46-2.61 (2H, m, CH2), 5.20 (1H, d, J = 8.9 Hz), 5.73 (1H, d, J = 8.9 Hz), 

6.00 (1H, s), 6.08 (1H, s), 6.99 (2H, d, J = 8.3 Hz, Ar), 7.22 (2H, d, J = 8.0 Hz, Ar), 7.32 (2H, d, 

J = 8.3 Hz, Ar), 7.63 (2H, d, J = 8.0 Hz, Ar). HPLC: OD column; λ = 254 nm; eluent: 

Hexane/Isopropanol = 70/30; Flow rate: 0.7 mL/min; tminor = 11.89 min; tmajor = 13.12 min, ee% 

= 93%.  

 

3e

H

OTsHN

Br

 
N-[1-(4-Bromophenyl)-2-formyl-allyl]-4-methylbenzenesulfonamide 3e: a colorless solid , 

yield: 90%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.45 (3H, s, Me), 5.25 (1H, d, J = 8.3 Hz), 

5.56 (1H, d, J = 8.3 Hz), 6.14 (1H, s), 6.53 (1H, s), 7.00 (2H, d, J = 8.4 Hz, Ar), 7.27 (2H, d, J = 

8.5 Hz, Ar), 7.36 (2H, d, J = 8.4 Hz, Ar), 7.65 (2H, d, J = 8.5 Hz, Ar), 9.40 (1H, s). HPLC: AS 

column; λ = 254 nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 0.7 mL/min; tmajor = 

30.78 min, tminor = 42.31 min; ee% = 90%.  

 

3f

H

OTsHN

F
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N-[1-(4-Fluorophenyl)-2-formyl-allyl]-4-methylbenzenesulfonamide 3f: a colorless solid, 

yield: 75%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.42 (3H, s, Me), 5.26 (1H, d, J = 7.8 Hz), 

5.61 (1H, d, J = 7.8 Hz), 6.12 (1H, s), 6.52 (1H, s), 6.90 (2H, dd, J = 8.4, 8.3 Hz, Ar), 7.07 (2H, 

dd, J = 8.3, 5.8 Hz, Ar), 7.25 (2H, d, J = 8.4 Hz, Ar), 7.64 (2H, d, J = 8.4 Hz, Ar), 9.38 (1H, s). 

HPLC: OJ column; λ = 254 nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 0.7 mL/min; 

tminor = 28.84 min; tmajor = 32.41 min, ee% = 99%.  

 

3g

H

OTsHN

Cl

 
N-[1-(4-Chlorophenyl)-2-formyl-allyl]-4-methylbenzenesulfonamide 3g: a colorless solid , 

yield: 67%. 1H NMR (CDCl3, TMS, 300 MHz): δ 2.46 (3H, s, Me), 5.26 (1H, d, J = 8.6 Hz), 

5.62 (1H, d, J = 8.6 Hz), 6.12 (1H, s), 6.52 (1H, s), 7.04 (2H, d, J = 8.4 Hz, Ar), 7.19 (2H, d, J = 

8.4 Hz, Ar), 7.25 (2H, d, J = 8.6 Hz, Ar), 7.64 (2H, d, J = 8.6 Hz, Ar), 9.38 (1H, s). HPLC: AS 

column; λ = 254 nm; eluent: Hexane/Isopropanol = 70/30; Flow rate: 0.7 mL/min; tmajor = 

31.18 min, tminor = 44.35 min; ee% = 85%.  
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Chiral HPLC analysis.  
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