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General information: Commercial reagents were used without further purification, 

unless otherwise stated. Merck 60 silica gel was used for chromatography, and Whatman 

silica gel plates with fluorescence UV254 were used for thin-layer chromatography (TLC) 

analysis. 
1
H and 

13
C NMR spectra were recorded on the varian-400. Chemical shifts were 

reported in ppm from tetramethylsilane with the solvent resonance as the internal 

standard. All first-order splitting patterns were assigned on the basis of the appearance of 

the multiplet. Splitting patterns that could not be easily interpreted were designated as 

multiplet (m) or broad (br). The high resolution mass spectra were analyzed by using 

ESI-TOF high-acc from the Scripps Research Institute. All the compounds synthesized 

(shown in Table 1 and 2) in the manuscript are known compounds
1
, except those 

described below. Their relative and absolute configurations of the products were 

determined by comparison with the known 
1
H and 

13
C NMR, chiral HPLC analysis, and 

optical rotation values. Optical rotations were measured using a 1 mL cell with a 1 dm 

path length and reported as follows: [α]D
20

 (c in g per 100 mL of solvent). HPLC analysis 

was performed using ChiralPak columns. 

Typical procedure for the Michael addition:  

To the solution of Brine (0.4 mL) was added aldehyde (0.8 mmol), maleimide (0.4 mmol), 

catalyst 2 (0.04 mmol) and ILS-sulfonic acid 6a (0.0412 mmol) at room temperature. The 

resulting mixture was stirred at 4
o
C for the time indicated in Table 2 and then quenched 

with 1 M HCl. The products were extracted three times with CH2Cl2 (3×10 mL). The 

combined organic phase was dried over anhydrous Na2SO4 and concentrated under 

reduced pressure to give the crude Michael product. The residue was purified by flash 

chromatography on silica gel to afford the desired products 7a-j.  

 

Data of Michael addition products shown in Table 2:
1
 

Yield: 69%. [α]
 20

D = +71 (c 0.6, CHCl3). (Lit
[1a]

: [α]
 25

D = + 70.2 

(c 1.0, CHCl3)). 
1
H NMR (400 MHz, CDCl3) δ = 9.69 (s, 1H), 

7.41 (t, J = 8Hz, 2H), 7.34(d, J = 8Hz, 1H), 7.21 (t, J = 8Hz, 2H), 

3.30-3.25 (m, 1H), 2.97-2.90  (m, 2H), 2.53 (dd, J = 20Hz, 8Hz, 

1H), 1.90-1.80 (m, 1H), 1.64-1.54 (m, 1H), 1.52 (s, 1H), 1.46-

1.38 (m, 2H), 1.37-1.28 (m, 2H), 1.19 (s, 1H), 0.87 (t, J = 8Hz, 3H). 
13

C NMR (100 MHz, 
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CDCl3) δ =200.5, 176.6, 174.1, 130.9, 128.2, 127.7, 125.5, 51.6, 37.6, 31.4, 28.8, 24.9, 

21.6, 12.8. HPLC: Chiralpak AD-H, i-propanol/hexane = 15/85, 25
o
C, flow rate = 0.8 

mL/min, λ = 254 nm; major diastereomer: tminor = 18.305 min, tmajor = 34.795 min, ee = 

96%. 

 

Yield: 74%. [α]
 20

D = +52 (c 0.6, CHCl3). 
1
H NMR (400 MHz, 

CDCl3) δ = 9.72 (s, 1H), 7.48 (t, J = 8Hz, 2H), 7.41 (t, J = 2Hz, 

1H), 7.28 (t, J = 7.2Hz, 2H), 3.43-3.38 (m, 1H), 3.22-3.15 (m, 

1H), 3.06-2.99 (dd, J = 16Hz, 8Hz, 1H), 2.57-2.51 (dd, J = 16Hz, 

4Hz, 1H), 1.33 (d, J = 8Hz, 3H). 
13

C NMR (100 MHz, CDCl3) δ = 201.3, 177.6, 175.0, 

131.8, 129.2, 128.7, 126.4, 47.0, 39.5, 31.6, 9.7. HPLC: Chiralpak AD-H, i-

propanol/hexane = 1/9, 25
 o

C, flow rate = 0.8 mL/min, λ = 254 nm; major diastereomer: 

tminor = 42.84 min, tmajor = 49.80 min, ee = 91%. 

 

Yield: 66%. [α]D
20

 = +35.0 (c = 0.8, CHCl3). 
1
H NMR (400 

MHz, CDCl3) δ = 9.77 (s, 1H), 7.48 (t, J = 8Hz, 2H), 7.40 (t, J = 

7.2Hz, 1H), 7.28 (t, J = 8Hz, 2H), 3.37-3.32 (m, 1H), 3.04-2.89 

(m, 2H), 2.60-2.54 (dd, J = 20Hz, 8Hz, 1H), 2.04-1.93 (m, 1H), 

1.77-1.70 (m, 1H), 1.14 (t, J = 8Hz, 3H). 
13

C NMR (100 MHz, 

CDCl3) δ = 201.5, 177.6, 175.0, 131.9, 129.2, 128.7, 126.4, 54.3, 38.4, 32.4, 19.6, 12.3. 

HPLC: Chiralpak AD-H, i-propanol/hexane = 5/95, 25
 o

C, flow rate = 0.8 mL/min, λ = 

254 nm; major diastereomer: tminor = 20.30 min, tmajor = 26.16 min, ee = 96%. HRMS 

(ESI-TOF high-acc) m/z calcd for C14H16NO3
+
 (MH

+
): 246.1125, found: 246.1129. 

 

Yield: 51%. [α]
 20

D = -7.2 (c 0.3, CHCl3). 
1
H NMR (400 MHz, 

CDCl3) δ = 9.64 (s, 1H), 7.48 (t, J = 8Hz, 2H), 7.40 (t, J = 7.2Hz, 

1H), 7.31 (t, J = 10.8Hz, 2H), 3.29-3.24 (m, 1H), 3.10-3.00 (m, 

1H), 2.90-2.83 (dd, J = 20 Hz, 12Hz, 1H), 2.64-2.58 (dd, J = 20 

Hz, 8Hz, 1H), 2.02-1.86 (m, 1H), 1.67-1.48 (m, 2H), 1.26 (s, 

1H), 1.06 (t, J = 8Hz, 3H). 
13

C NMR (100 MHz, CDCl3) δ = 202.0, 178.2, 175.2, 132.2, 
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129.1, 128.6, 126.7, 51.4, 39.0, 31.5, 28.5, 20.7, 13.9. HPLC: Chiralpak AD-H, i-

propanol/hexane = 5/95, 25
 o
C, flow rate = 1.0 mL/min, λ = 254 nm; major diastereomer: 

tminor = 45.44 min, tmajor = 87.18 min, ee = 94%. HRMS (ESI-TOF high-acc) m/z calcd for 

C15H18NO3
+ 

(MH
+
): 260.1281, found: 260.1283. 

 

Yield: 76%. [α]
 20

D = +64.8 (c 0.8, CHCl3). 
1
H NMR (400 MHz, 

CDCl3) δ = 9.76 (d, J = 4Hz, 1H), 7.47 (t, J = 4.8Hz, 2H), 7.43-

7.39 (m, 1H), 7.30-7.26 (m, 1H), 3.37-3.32 (m, 1H), 3.05-2.97 

(m, 2H), 2.67-2.54 (m, 1H), 1.96-1.86 (m, 1H), 1.71-1.61 (m, 

1H), 1.51 (s, 2H), 1.36-1.33 (m, 4H), 0.91 (t, J = 8Hz, 3H). 
13

C 

NMR (100 MHz, CDCl3) δ = 201.5, 177.6, 175.1, 131.9, 129.2, 

128.7, 126.4, 52.7, 38.6, 32.4, 31.7, 27.3, 26.2, 22.3, 13.9. HPLC: Chiralpak AD-H, i-

propanol/hexane = 1/9, 25
 o

C, flow rate = 0.8 mL/min, λ = 254 nm; major diastereomer: 

tminor = 22.30 min, tmajor = 48.34 min, ee = 96%. HRMS (ESI-TOF high-acc) m/z calcd for 

C17H22NO3
+
 (MH

+
): 288.1594, found: 288.1595. 

 

Yield: 60%. [α]
 20

D = +29.6 (c 0.3, CHCl3). 
1
H NMR (400 MHz, 

CDCl3) δ = 9.75 (s, 1H), 7.44-7.35 (m, 3H), 7.27-7.22 (m, 1H), 

3.33-3.29 (m, 1H), 3.05-2.98 (m, 1H), 2.60-2.54 (dd, J = 20Hz, 

4Hz,  1H), 1.96-1.87 (m, 1H), 1.73-1.67 (m, 1H), 1.59-1.52 (m, 

2H), 1.25 (s, 1H), 1.02 (t, J = 8Hz, 3H). 
13

C NMR (100 MHz, 

CDCl3) δ = 201.4, 177.2, 174.6, 134.7, 132.9, 130.1, 128.9, 126.8, 124.7, 52.7, 38.5, 32.6, 

28.5, 20.9, 14.0. HPLC: Chiralpak AD-H, i-propanol/hexane = 1/9, 25
 o
C, flow rate = 0.8 

mL/min, λ = 254 nm; major diastereomer: tminor = 33.06 min, tmajor = 46.76 min, ee = 95%. 

HRMS (ESI-TOF high-acc) m/z calcd for C15H17ClNO3
+
 (MH

+
): 294.0891, found: 

294.0895. 

 

Yield: 63%. [α]
 20

D = +17 (c 0.3, CHCl3). 
1
H NMR (400 

MHz, CDCl3) δ = 9.76 (d, J = 8Hz, 1H), 7.62 (d, J = 8Hz, 
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2H), 7.28-7.20 (m, 2H), 3.35-3.28 (m, 1H), 3.07-2.98 (m, 2H), 2.61-2.54 (m, 1H), 1.98-

1.87 (m, 1H), 1.70-1.65 (m, 1H), 1.60-1.53 (m, 2H), 1.27 (d, = 8Hz, 1H), 1.03 (t, J = 4Hz, 

3H). 
13

C NMR (100 MHz, CDCl3) δ = 201.4, 177.3, 174.7, 132.4, 130.9, 128.0, 122.6, 

52.7, 38.5, 32.6, 28.5, 21.0, 14.0. HPLC: Chiralpak AD-H, i-propanol/hexane = 5/95, 25
 

o
C, flow rate = 1.0 mL/min, λ = 254 nm; major diastereomer: tmajor = 87.88 min, tminor = 

99.41 min, ee = 94%. HRMS (ESI-TOF high-acc) m/z calcd for C15H17ClNO3
+
 (MH

+
): 

338.0386, found: 338.0375. 

 

Yield: 51%. [α]
 20

D = -5.1 (c 0.1, CHCl3). 
1
H NMR (400 

MHz, CDCl3) δ = 9.62 (s, 1H), 7.45 (d, J = 8Hz, 2H), 7.29 

(d, J = 12Hz, 2H), 3.30-3.25 (m, 1H), 3.08-3.03 (m, 1H), 

2.86 (dd, J = 16Hz, 8Hz, 1H), 2.60 (dd, J = 16Hz, 4Hz, 1H), 

2.00-1.93 (m, 1H), 1.55 (s, 2H), 1.34 (s, 2H), 1.06 (t, J = 

8Hz, 3H). 
13

C NMR (100 MHz, CDCl3) δ = 202.0, 178.0, 174.9, 134.5, 130.6, 129.4, 

127.9, 51.5, 39.0, 31.4, 28.5, 20.7, 13.9. HPLC: Chiralpak AD-H, i-propanol/hexane = 

1/9, 25
 o

C, flow rate = 0.8 mL/min, λ = 254 nm; major diastereomer: tminor = 33.03 min, 

tmajor = 69.45 min, ee = 95%. HRMS (ESI-TOF high-acc) m/z calcd for C15H17ClNO3
+
 

(MH
+
): 294.0891, found: 294.0890. 

 

Yield: 15%. [α]
 20

D = -41.5 (c 0.1, CHCl3). 
1
H NMR (400 

MHz, CDCl3) δ = 9.64 (s, 1H), 7.29-7.15 (m, 4H), 3.28-3.23 

(m, 1H), 3.09-2.96 (m, 1H), 2.89-2.82 (dd, J = 20Hz, 12Hz, 

1H), 2.63-2.57 (dd, J = 20Hz, 12Hz, 1H), 2.38 (s, 3H), 1.99-

1.90 (m, 1H), 1.54 (s, 3H), 1.25 (s, 1H), 1.05 (t, J = 4Hz, 3H). 

13
C NMR (100 MHz, CDCl3) δ = 202.0, 178.3, 175.4, 138.7, 129.9, 126.5, 126.3, 51.4, 

39.1, 31.5, 28.5, 21.2, 20.7, 13.9. HPLC: Chiralpak AD-H, i-propanol/hexane = 15/85, 25
 

o
C, flow rate = 0.8 mL/min, λ = 254 nm; major diastereomer: tminor = 25.09 min, tmajor = 

26.93 min, ee = 86%. HRMS (ESI-TOF high-acc) m/z calcd for C16H20NO3
+
 (MH

+
): 

274.1438, found: 274.1436. 
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Yield: 53%. [α]
 20

D = +5.9 (c 0.2, CHCl3). 
1
H NMR (400 MHz, 

CDCl3) δ = 9.67 (s, 1H), 7.37-7.22 (m, 5H), 3.54-3.45 (m, 2H), 

3.36-3.31 (dd, J = 16Hz, 8Hz, 1H), 2.73-2.66 (m, 2H), 2.64-2.60 

(m, 1H), 2.49-2.44 (dd, J = 12Hz, 4Hz, 1H), 1.66-1.56 (m, 2H), 

1.26 (s, 1H), 0.91 (t, J = 4Hz, 3H). 
13

C NMR (100 MHz, CDCl3) 

δ = 201.0, 178.9, 176.0, 136.8, 129.1, 128.7, 127.3, 53.0, 40.6, 38.5, 32.8, 31.2, 20.8, 

11.2. HPLC: Chiralpak AD-H, i-propanol/hexane = 1/9, 25
 o
C, flow rate = 0.8 mL/min, λ 

= 254 nm; major diastereomer: tmajor = 19.40 min, tminor = 29.25 min, ee = 90%. HRMS 

(ESI-TOF high-acc) m/z calcd for C16H20NO3
+
 (MH

+
): 274.1438, found: 274.1440. 
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