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1.0 General Methods for Procedure of Synthesis 

Proton nuclear magnetic resonance
 
(
1
H NMR) spectra were recorded on Brucker 300 

MHz spectrometer in CDCl3 unless otherwise noted and carbon nuclear magnetic 

resonance
 
(
13

C NMR) spectra were recorded on Brucker 300 MHz spectrometer in CDCl3  

or (CD3)2SO using tetramethylsilane (TMS) as internal standard unless otherwise noted. 

Data are presented as follows: chemical shift, integration, multiplicity (br = broad, s = 

singlet, d = doublet, t = triplet, q = quartet, m = multiplet) and coupling constant in Hertz 

(Hz). Infrared (IR) spectra were recorded on a FT-IR spectrometer. Optical rotations were 

recorded on a Perkin-Elmer 341 polarimeter. HR-MS was measured with an APEX II 47e 

mass spectrometer. The ee values determination was carried out using chiral 

high-performance liquid chromatography (HPLC) with Daicel Chiracel OD-H column on 

Waters with a 2996 UV-detector and the dr values determined by 300 Hz 
1
H NMR.  

Materials: Thiourea catalysts were synthesized according to the procedures.
[1]

 cyclic 

imino esters were synthesized according to the procedures.
[2]

 and methyleneindolinones 

were synthesized according to the procedures.
[3]

   

2.0 General Procedure 

 

Cyclic imino ester 2 (0.11mmol) and methyleneindolinone 3 (0.10 mmol) were added to 

a stirred solution of catalyst 1b (0.01mmol, 10 mol %) in toluene and ether (1.0 mL, 1:1). 

Then the solution was stirred at room temperature for 24 h. After the reaction was 

completed (monitored by TLC), the resulting mixture was concentrated under reduced 

pressure and the residue was purified through column chromatography on silica gel 

(eluent, EtOAc / PE 1:4), to afford the corresponding product 4. The enantiomeric purity of 

the product was determined by using HPLC and the dr values determined by 300 Hz 
1
H 

NMR.  

The racemates were obtained by using DABCO instead of catalyst 1b. 
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3.0 Characterization of Products  

(4a):  

 

White solid, mp 175 °C, [α]
20

D= -124.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

7.80(br, 1 H), 7.28-7.31(m, 1 H), 7.09-7.22(m, 5 H), 6.80-6.87(m, 3 H), 4.66-4.74(m, 1 H), 

4.54-4.61(m, 2 H), 4.17(s, 1 H), 3.74-3.82(m, 1 H), 3.62-3.70(m, 1 H), 3.32-3.41(m, 1 H), 

3.22(br, 1 H), 2.49-2.58(m, 1 H), 0.60-0.65(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, CDCl3): δ 

178.8, 177.0, 168.6, 141.3, 134.5, 129.9, 128.9, 128.2, 125.8, 123.3, 122.9, 110.0, 73.9, 

66.8, 66.8, 62.1, 61.4, 60.7, 31.4, 13.3. IR: 3312.7, 2927.6, 1770.3, 1718.7, 1619.4, 

1470.9, 1375.2, 1218.9, 1114.9, 1028.7, 899.8, 748.4, 698.4 cm
-1

. 

HRMS-ESI (m/z): calcd for C23H22N2O5+Na
+
: 429.1421; found: 429.1419, 0.3 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 7.53 min, tmajor = 9.10 min, 

ee = 95%. 

(4b):  

 

White solid, mp 195 °C, [α]
20

D= -84.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.05(br, 

1 H), 7.30-7.33(m, 1 H), 7.09-7.22(m, 4 H), 6.80-6.84(m, 3 H), 4.66-4.73(m, 1 H), 

4.53-4.60(m, 2 H), 4.14(s, 1 H), 3.74-3.84(m, 1 H), 3.59-3.70(m, 1 H), 3.31-3.40 (m, 1 H), 

2.47-2.56(m, 1 H), 0.60-0.65(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, CDCl3): δ 178.9, 176.9, 

168.4, 141.2, 134.0, 133.2, 129.6, 129.1, 128.4, 127.3, 123.3, 123.0, 110.1, 73.1, 66.8, 

66.8, 62.0, 61.3, 60.8, 31.4, 13.2. IR: 3308.9, 2928.2, 1770.8, 1718.7, 1620.0, 1471.5, 

1375.9, 1217.7, 1116.3, 1094.4, 1030.4, 828.2, 7439.2 cm
-1

. 

HRMS-ESI (m/z): calcd for C23H21ClN2O5+Na
+
: 463.1031; found: 463.1029, 0.4 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 
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Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 8.69 min, tmajor = 10.16 min, 

ee = 92%. 

(4c):  

 

White solid, mp 209 °C, [α]
20

D= -115.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

8.30(br, 1 H), 7.29-7.33(m, 2 H), 6.97-7.21(m, 4 H), 6.87-6.90(d, J = 7.5 Hz, 1 H), 

6.73-6.76(d, J = 7.5 Hz, 1 H), 4.66-4.74(m, 1 H), 4.51-4.61(m, 2 H), 4.14(s, 1 H), 

3.74-3.85(m, 1 H), 3.60-3.70(m, 1 H), 3.31-3.40 (m, 1 H), 3.13(br, 1 H), 2.46-2.55(m, 1 H), 

0.61-0.66(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, CDCl3): δ 178.9, 176.9, 168.4, 141.4, 

137.1, 131.2, 129.7, 129.5, 129.2, 129.0, 124.4, 123.2, 123.0, 122.3, 110.3, 72.9, 66.8, 

66.8, 61.9, 61.4, 60.8, 31.4, 13.3. IR: 3311.0, 2929.0, 1770.9, 1718.3, 1619.8, 1472.0, 

1376.1, 1217.4, 1114.1, 1029.2, 882.4, 738.4, 689.4 cm
-1

. 

HRMS-ESI (m/z): calcd for C23H21BrN2O5+Na
+
: 507.0526; found: 507.0522, 0.8 ppm. 

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 0.5 mL/min, 230 nm.) Retention time: tminor = 16.97 min, tmajor = 18.54 min, 

ee = 90%. 

(4d):  

 

White solid, mp 187 °C, [α]
20

D= -142.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

8.39(br, 1 H), 7.25-7.30(m, 1 H), 7.18-7.20(m, 1 H), 7.06-7.11(m, 1 H), 6.91-6.94(d, J = 7.8 

Hz, 2 H), 6.74-6.80(m, 3 H), 4.62-4.70(m, 1 H), 4.48-4.57(m, 2 H), 4.14(s, 1 H), 

3.71-3.80(m, 1 H), 3.57-3.66(m, 1 H), 3.29-3.38(m, 1 H), 3.15-3.20(d, J = 14.1 Hz, 1 H), 

2.47-2.56(m, 1 H), 2.18(s, 3 H), 0.57-0.61(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, CDCl3): δ 

179.4, 177.1, 168.6, 141.5, 137.7, 131.8, 130.0, 128.9, 128.8, 125.7, 123.2, 122.8, 110.1, 

73.5, 66.8, 66.7, 62.1, 61.5, 60.7, 31.3, 21.0, 13.2. IR: 3366.0, 2926.4, 1770.4, 1716.9, 
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1619.7, 1471.0, 1375.4, 1219.6, 1118.5, 1029.2, 818.0, 741.4, 701.7 cm
-1

. 

HRMS-ESI (m/z): calcd for C24H24N2O5+Na
+
: 443.1577; found: 443.1579, -0.3 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 7.53 min, tmajor = 9.10 min, 

ee = 95%. 

(4e):  

 

 

White solid, mp 187 °C, [α]
20

D= -50.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.33(br, 

1 H), 7.25-7.30(m, 1 H), 7.18-7.21(m, 1 H), 7.07-7.12(m, 1 H), 6.96-7.00(m, 2 H), 

6.80-6.83(d, J = 7.8 Hz, 1 H),6.75(m, 1 H), 6.55-6.56(m, 1 H), 4.64-4.71(m, 1 H), 

4.50-4.57(m, 2 H), 4.15(s, 1 H), 3.72-3.83(m, 1 H), 3.57-3.68(m, 1 H), 3.31-3.39 (m, 1 H), 

3.20(br, 1 H), 2.47-2.56(m, 1 H), 2.20(s, 3 H), 0.58-0.63(t, J = 7.2 Hz, 3 H); 
13

C NMR 

(75MHz, CDCl3): δ 179.2, 177.2, 168.6, 141.5, 137.7, 134.5, 130.0, 128.9, 128.0, 126.4, 

123.2, 122.9, 122.8, 110.0, 73.7, 66.9, 66.7, 62.1, 61.5, 60.7, 31.3, 21.4, 13.2. IR: 3274.1, 

2984.4, 1771.1, 1720.7, 1619.0, 1471.6, 1377.3, 1217.8, 1112.4, 1031.0, 897.4, 737.3, 

698.7 cm
-1

. 

HRMS-ESI (m/z): calcd for C24H24N2O5+Na
+
: 443.1577; found: 443.1581, -0.9 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 6.47 min, tmajor = 9.36 min, 

ee = 94%. 

(4f):  

 

White solid, mp 162 °C, [α]
20

D= -95.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

7.43-7.45(d, J = 7.8 Hz, 1 H), 7.36(br, 1 H), 7.17-7.23(m, 3 H), 7.04-7.13(m, 2 H), 
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6.94-6.96(m, 1 H), 6.74-6.76(d, J = 7.5 Hz, 1 H), 4.83(s, 1 H), 4.69-4.74(m, 1 H), 

4.54-4.61(m, 1 H), 4.33(s, 1 H), 3.79-3.87(m, 1 H), 3.61-3.72(m, 1 H), 3.36-3.45(m, 1 H), 

2.57-2.59(m, 1 H), 1.52(s, 3 H), 0.60-0.65(t, J = 7.2 Hz, 3 H);
 13

C NMR (75MHz, CDCl3): δ 

177.0, 168.6, 168.2, 141.1, 136.0, 132.4, 130.4, 130.3, 128.8, 128.3, 128.0, 127.1, 125.8, 

123.3, 122.8, 109.8, 70.3, 66.9, 66.7, 62.1, 61.2, 60.7, 31.3, 24.9, 19.2, 13.3. IR: 3299.8, 

2925.5, 1771.2, 1723.4, 1619.6, 1470.5, 1375.9, 1218.8, 1121.8, 1085.3, 1030.4, 738.4, 

702.0 cm
-1

. 

HRMS-ESI (m/z): calcd for C24H24N2O5+Na
+
: 443.1577; found: 443.1579, -0.3 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 7.88 min, tmajor = 15.41 min, 

ee = 97%. 

(4g):  

 

White solid, mp 129 °C, [α]
20

D= -139.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

8.23(br, 1 H), 7.25-7.30(m, 1 H), 7.17-7.19(m, 1 H), 7.04-7.12(m, 1 H), 6.84-6.87(d, J = 

7.8 Hz, 1 H), 6.57-6.59(d, J = 8.1 Hz, 1 H), 6.44(m, 1 H), 6.30-6.32(d, J = 8.1 Hz, 1 H), 

5.86(d, J = 1.2 Hz, 1 H), 5.76(d, J = 0.9 Hz, 1 H), 4.65-4.73(m, 1 H), 4.53-4.60(m, 1 H), 

4.48(s, 1 H), 4.15(s, 1 H), 3.74-3.82(m, 1 H), 3.61-3.71(m, 1 H), 3.30-3.39(m,1 H), 3.05(br, 

1 H), 2.47-2.56(m, 1 H), 1.52(s, 3 H), 0.60-0.64(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, 

CDCl3): δ 179.2, 177.0, 168.6, 147.4, 147.3, 141.4, 129.9, 128.9, 128.2, 123.1, 122.9, 

119.5, 110.1, 108.0, 106.5, 101.0, 73.7, 66.8, 66.9, 62.0, 61.3, 60.8, 53.5, 31.4, 13.2. IR: 

3310.6, 2925.2, 1770.4, 1719.5, 1618.8, 1471.0, 1375.9, 1345.7, 1237.2, 1213.7, 1113.5, 

1037.1, 933.6, 738.1 cm
-1

. 

HRMS-ESI (m/z): calcd for C24H22N2O7+Na
+
: 473.1319; found: 473.1311, 1.7 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 0.5 mL/min, 230 nm.) Retention time: tminor = 22.58 min, tmajor = 24.85 min, 

ee = 92%. 
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(4h):  

 

White solid, mp 263 °C, [α]
20

D= -60.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, (CD3)2SO): δ 

10.17(br, 1 H), 7.79-7.82(m, 2 H), 7.68-7.71(m, 2 H), 7.45-7.48(m, 2 H), 7.25-7.34(m, 2 H), 

7.07-7.12(m, 1 H), 6.87-6.89(d, J = 8.4 Hz, 1 H), 6.77-6.79(d, J = 7.5 Hz, 1 H), 4.81-4.94(d, 

J = 8.1 Hz, 1 H), 4.51-4.60(m, 2 H), 4.08(s, 1 H), 4.15(s, 1 H), 3.86-3.89(d, J = 8.1 Hz, 2 H), 

3.71-3.82(m, 1 H), 3.54-3.65(m, 1 H), 3.17-3.21(m, 1 H), 2.65-2.70(m, 1 H), 0.55-0.56(t, J 

= 7.2 Hz, 3 H); 
13

C NMR (75MHz, DMSO): δ 177.7, 176.8, 168.3, 142.5, 134.7, 132.5, 

132.4, 130.8, 128.6, 127.8, 127.3, 127.0, 126.0, 125.9, 125.1, 124.7, 123.4, 121.9, 109.2, 

72.2, 66.0, 65.5, 60.0, 59.8, 58.7, 29.5, 12.9. IR: 3317.8, 2925.5, 1770.4, 1720.8, 1619.3, 

1470.4, 1374.9, 1218.6, 1123.1, 1029.1, 819.9, 745.2 cm
-1

. 

HRMS-ESI (m/z): calcd for C27H25N2O5+Na
+
: 457.1758; found: 457.1751, 1.5 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 5.57 min, tmajor = 13.13 min, 

ee = 90%. 

(4i):  

 

White solid, mp 165 °C, [α]
20

D= -36.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.30(br, 

1 H), 7.25-7.31(m, 2 H), 7.14-7.18 (m, 2 H), 7.05-7.10(m, 1 H), 6.88-6.90(d, J = 7.8 Hz, 1 

H), 6.21-6.23(q, J = 1.8 Hz, 1 H), 6.14-6.15(d, J = 3.3 Hz, 1 H), 4.54-4.72(m, 3 H), 4.18(s, 

1 H), 3.75-3.86(m, 1 H), 3.61-3.71(m, 1 H), 3.28-3.37 (m, 2 H), 2.46-2.55(m, 1 H), 

0.62-0.67(t, J = 7.2 Hz, 3 H);
 13

C NMR (75MHz, CDCl3): δ 179.1, 176.6, 168.3, 148.9, 

142.3, 141.4, 129.7,128.9, 123.1, 122.8, 110.5, 110.1, 107.2, 68.5, 67.1, 66.7, 61.3, 61.0, 

60.8, 31.2, 13.2. IR: 3300.9, 2923.1, 1770.8, 1719.2, 1619.3, 1470.4, 1374.7, 1220.9, 

1121.5, 1027.9, 741.4 cm
-1

. 
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HRMS-ESI (m/z): calcd for C21H20N2O6+Na
+
: 419.1214; found: 419.1212, 0.4 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 8.67 min, tmajor = 10.15 min, 

ee = 92%. 

(4j): 

 

White solid, mp 144 °C, [α]
20

D= -24.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.16(br, 

1 H), 7.30-7.32(m, 1 H), 7.05-7.19(m, 3 H), 6.85-6.88 (d, J = 7.8 Hz, 1 H), 6.79-6.82(m, 1 

H), 6.70-6.71(d, J = 3.3 Hz, 1 H), 4.55-4.73(m, 3 H), 4.20(s, 1 H), 3.75-3.85(m, 1 H), 

3.62-3.72(m, 1 H), 3.29-3.38 (m, 2 H), 2.48-2.57(m, 1 H), 0.63-0.67(t, J = 7.2 Hz, 3 H); 
 

13
C NMR (75MHz, CDCl3): δ 179.1, 176.7, 168.5, 141.6, 136.8, 129.1,129.0, 126.8, 124.7, 

124.5, 123.3, 122.9, 110.2, 70.3, 67.0, 66.8, 62.0, 61.3, 60.8, 31.5, 13.3. IR: 3310.1, 

2924.1, 1770.7, 1717.2, 1619.3, 1469.7, 1375.2, 1217.6, 1116.5, 1028.8, 741.1, 701.9 

cm
-1

. 

HRMS-ESI (m/z): calcd for C21H20N2O5S+Na
+
: 435.0985; found: 435.0982, 0.8 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 8.23 min, tmajor = 10.88 min, 

ee = 91%. 

(4k):  

  

White solid, mp 178 °C, [α]
20

D= -16.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.82(br, 

1 H), 7.22-7.24(m, 1 H), 7.00-7.09(m, 2 H), 6.93-6.96(d, J = 7.5 Hz, 1 H), 4.52-4.66(m, 2 

H), 3.94(s, 1 H), 3.58-3.72(m, 2 H), 3.18-3.27(m, 2 H), 2.36-2.45(m, 2 H), 1.92-1.99(m, 2 

H), 1.64-1.68(m, 1 H), 1.51-1.55(m, 1 H), 1.38-1.42(m, 1 H), 1.16-1.25(m, 2 H), 

0.94-1.10(m, 3 H), 0.63-0.68(t, J = 7.2 Hz, 3 H),0.44-0.55(m, 1 H); 
13

C NMR (75MHz, 
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CDCl3): δ 186.0, 177.5, 168.5, 141.1, 131.5, 128.6, 123.2, 122.7, 110.1, 76.1, 66.7, 66.3, 

64.0, 60.7, 59.9, 38.6, 31.7, 31.4, 30.0, 26.1, 25.5, 13.2. IR: 3264.7, 2927.4, 1770.7, 

1710.5, 1620.2, 1479.3, 1376.4, 1214.9, 1102.0, 1032.6, 883.9, 738.4 cm
-1

. 

HRMS-ESI (m/z): calcd for C23H29N2O5+Na
+
: 413.2071; found: 413.2069, 0.4 ppm. 

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 4.48 min, tmajor = 5.92 min, 

ee = 90%. 

(4l):  

 

White solid, mp 104 °C, [α]
20

D= -59.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.33(br, 

1 H), 7.39-7.46(m, 2 H), 7.29-7.37(m, 1 H), 7.13-7.19(m, 2 H), 6.84-6.87(m, 2 H), 

6.71-6.75(d, J = 8.1 Hz, 1 H), 4.65-4.71(m, 1 H), 4.53-4.61(m, 2 H), 4.16(s, 1 H), 

3.87-3.93(m, 1 H), 3.67-3.76(m, 1 H), 3.22-3.31(m, 2 H), 2.50-2.55(m, 1 H), 0.68-0.73(t, J 

= 7.2 Hz, 3 H); 
 13

C NMR (75MHz, CDCl3): δ 178.6, 176.9, 168.2, 140.5, 134.1, 132.1, 

131.8, 128.7, 128.6, 128.4, 128.3, 126.8, 126.6, 126.3, 125.8, 115.8, 115.2, 111.6, 74.1, 

66.9, 66.8, 62.2, 61.5, 61.0, 31.4, 13.4. IR: 3292.2, 2925.3, 1771.6, 1724.8, 1622.9, 

1474.3, 1375.8, 1302.8, 1218.3, 1122.6, 1029.4, 818.9, 737.4 cm
-1

. 

HRMS-ESI (m/z): calcd for C23H21BrN2O5+Na
+
: 507.0526; found: 507.0525, 0.2 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 8.24 min, tmajor = 9.44 min, 

ee = 92%. 

(4m): 

 

White solid, mp 118 °C, [α]
20

D= -139.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

8.15(br, 1 H), 7.29-7.30(m, 1 H), 7.12-7.22(m, 4 H), 6.85-6.87(m, 2 H), 6.76-6.79(d, J = 
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8.1 Hz, 1 H), 4.65-4.73(m, 1 H), 4.54-4.61(m, 2 H), 4.17(s, 1 H), 3.84-3.94(m, 1 H), 

3.65-3.76(m, 1 H), 3.22-3.31(m, 2 H), 2.49-2.58(m, 1 H), 0.69-0.73(t, J = 7.2 Hz, 3 H); 
13

C 

NMR (75MHz, CDCl3): δ 178.7, 176.8, 168.2, 139.9, 134.1, 131.7, 128.9, 128.4, 125.8, 

123.6, 111.0, 74.0, 66.9, 66.8, 62.3, 61.5, 61.0, 31.4, 13.4. IR: 3294.1, 2926.4, 1771.7, 

1723.0, 1619.7, 1478.4, 1375.6, 1220.0, 1123.9, 1029.8, 819.9, 737.9, 698.4 cm
-1

. 

HRMS-ESI (m/z): calcd for C23H21ClN2O5+H
+
: 441.1212; found: 441.1214, -0.5 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 7.74 min, tmajor = 9.35 min, 

ee = 90%. 

(4n): 

 

White solid, mp 121 °C, [α]
20

D= -76.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 7.95(br, 

1 H), 7.14-7.23(m, 3 H), 6.95-7.04(m, 2 H), 6.85-6.87(m, 2 H), 6.75-6.79(m, 1 H), 

4.65-4.73(m, 1 H), 4.52-4.61(m, 2 H), 4.19(s, 1 H), 3.82-3.93(m, 1 H), 3.66-3.77(m, 1 H), 

3.23-3.31(m, 2 H), 2.48-2.57(m, 1 H), 0.70-0.74(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, 

CDCl3): δ 178.8, 176.8, 168.3, 137.3, 134.1, 131.4, 128.4, 128.3, 125.8, 115.4, 115.1, 

111.5, 111.2, 110.5, 74.2, 66.9, 66.8, 62.5, 61.4, 60.9, 31.4, 13.4. IR: 3280.4, 2925.3, 

1772.1, 1724.6, 1664.6, 1486.7, 1375.7, 1300.6, 1217.3, 1191.9, 1116.2, 1029.6, 821.0, 

735.0 cm
-1

. 

HRMS-ESI (m/z): calcd for C23H21FN2O5+H
+
: 441.1507; found: 441.1512, -1.1 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 8.72 min, tmajor = 12.35 min, 

ee = 90%. 

(4o): 
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White solid, mp 133 °C, [α]
20

D= -50.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.44(br, 

1 H), 7.23-7.24(m, 1 H), 7.14-7.20(m, 3 H), 6.97(d, J = 1.5 Hz, 1 H), 6.84-6.87(m, 2 H), 

4.62-4.70(m, 1 H), 4.51-4.59(m, 2 H), 4.13(s, 1 H), 3.78-3.89(m, 1 H), 3.65-3.75(m, 1 H), 

3.20-3.31(m, 2 H), 2.46-2.55(m, 1 H), 0.69-0.74(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, 

CDCl3): δ 179.1, 176.8, 168.3, 142.7, 134.3, 128.9, 128.4, 128.3, 125.7, 125.6, 124.5, 

122.4, 113.6, 73.8, 66.9, 66.8, 61.9, 61.4, 61.0, 31.3, 13.4. IR: 3320.4, 2926.7, 1771.9, 

1725.4, 1656.8, 1610.1, 1456.1, 1331.1, 1223.8, 1124.4, 1069.1,1029.4, 908.2, 737.6, 

697.9 cm
-1

. 

HRMS-ESI (m/z): calcd for C23H21BrN2O5-H
+
: 458.0707; found: 458.0704, 0.6 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 8.72 min, tmajor = 12.80 min, 

ee = 92%. 

(4p): 

 

White solid, mp 121 °C, [α]
20

D= -77.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.32(br, 

1 H), 7.08-7.21(m, 5 H), 6.84-6.87(m, 3 H), 4.62-4.71(m, 1 H), 4.54-4.60(m, 1 H), 4.14(s, 1 

H), 3.78-3.89(m, 1 H), 3.65-3.76(m, 1 H), 3.23-3.32(m, 1 H), 2.47-2.56(m, 1 H), 

0.70-0.75(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, CDCl3): δ 179.1, 176.8, 168.3, 142.5, 

134.6, 134.2,  128.4, 128.3, 125.8, 124.2, 122.7, 110.7, 73.8, 66.9, 66.8, 61.8, 61.3, 61.0, 

31.3, 13.4. IR: 3282.2, 2926.9, 1771.9, 1726.2, 1617.0, 1485.6, 1453.9, 1376.8, 1340.6, 

1219.0, 1122.3, 1029.9, 911.4, 735.8 cm
-1

. 

HRMS-ESI (m/z): calcd for C23H21ClN2O5+H
+
: 441.1212; found: 441.1211, 0.2 ppm. 

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 8.48 min, tmajor = 12.42 min, 

ee = 93%. 

(4q): 
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White solid, mp 184 °C, [α]
20

D= -135.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

7.45(br, 1 H), 7.17-7.24(m, 3 H), 7.01-7.11(m, 3 H), 6.85-6.88(m, 2 H), 4.65-4.72(m, 1 H), 

4.52-4.60(m, 2 H), 4.20(s, 1 H), 3.75-3.86(m, 1 H), 3.64-3.73(m, 1 H), 3.22-3.35(m, 2 H), 

2.48-2.57(m, 1 H), 0.67-0.72(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, CDCl3): δ 177.6, 176.7, 

168.3, 148.4, 145.2, 134.1, 132.8, 132.8, 128.6, 128.4, 128.4, 125.8, 123.6, 123.5, 119.0, 

119.0, 116.1, 115.9, 74.3, 66.9, 66.7, 65.9, 62.5, 61.6, 60.8, 31.3, 15.3,13.3. IR: 3280.9, 

2926.4, 1773.2, 1729.9, 1672.6, 1500.4, 1466.2, 1404.3, 1300.8, 1195.0, 1115.9, 1028.6, 

755.7 cm
-1

. 

HRMS-ESI (m/z): calcd for C23H21FN2O5+H
+
: 441.1507; found: 441.1497, 2.4 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 8.01 min, tmajor = 12.75 min, 

ee = 90%. 

(4r): 

 

White solid, mp 103 °C, [α]
20

D= -105.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

7.49(br, 1 H), 7.15-7.19(m, 3 H), 7.06-7.09(d, J = 7.5 Hz, 1 H), 6.99(s, 1 H), 6.85-6.87(m, 2 

H), 6.69-6.71(d, J = 8.1 Hz, 1 H), 4.68-4.75(m, 1 H), 4.55-4.63(m, 2 H), 4.18(s, 1 H), 

3.77-3.88(m, 1 H), 3.60-3.71(m, 1 H), 3.33-3.42(m, 1 H), 2.55(m, 1 H), 2.38(s, 3 H), 

0.61-0.66(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, CDCl3): δ 178.6, 177.0, 168.7, 138.8, 

134.6, 130.0, 129.2, 128.2, 128.1, 125.8, 123.9, 109.6, 73.9, 66.8, 66.7, 62.1, 61.4, 60.7, 

31.5, 21.3, 13.3. IR: 3277.6, 2925.5, 1771.2, 1719.8, 1665.1, 1493.1, 1456.1, 1376.1, 

1301.6, 1206.4, 1121.4, 1029.9, 734.1 cm
-1

. 

HRMS-ESI (m/z): calcd for C24H24N2O5+Na
+
: 443.1577; found: 443.1580, -0.6 ppm.  
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Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 6.83 min, tmajor = 8.31 min, 

ee = 93%. 

(4s): 

 

White solid, mp 182 °C, [α]
20

D= -107.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

8.21(br, 1 H), 7.13-7.15(m, 3 H), 6.71-6.88(m, 5 H), 4.64-4.71(m, 1 H), 4.51-4.58(m, 2 H), 

4.16(s, 1 H), 3.78-3.94(m, 4 H), 3.58-3.72(m, 1 H), 3.27-3.35(m, 1 H), 2.17-3.21(d, J = 

14.1 Hz, 1 H), 2.46-2.55(m, 1 H), 0.65-0.69(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, CDCl3): 

δ 179.1, 177.1, 168.5, 155.9, 134.9, 134.6, 131.4, 128.1, 125.8, 112.3, 111.2, 110.4, 74.0, 

66.8, 66.8, 62.4, 61.4, 60.8, 55.9, 31.3, 13.3. IR: 3281.0, 2926.9, 1771.0, 1713.6, 1604.6, 

1490.8, 1376.2, 1300.2, 1206.3, 1121.0, 1030.5, 735.7 cm
-1

. 

HRMS-ESI (m/z): calcd for C24H24N2O6+H
+
: 437.1707; found: 437.1710, -0.6 ppm. 

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 9.05 min, tmajor = 10.98 min, 

ee = 94%. 

(4t): 

 

White solid, mp 203 °C, [α]
20

D= -64.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.09(br, 

1 H), 7.26-7.31(m, 1 H), 7.09-7.22(m, 5 H), 6.80-6.85(m, 3 H), 4.63-4.71(m, 1 H), 

4.53-4.61(m, 2 H), 4.18(s, 1 H), 3.24-3.39(m, 2 H), 3.21(s, 3 H), 2.49-2.58(m, 1 H); 
13

C 

NMR (75MHz, CDCl3): δ 179.0, 177.0, 169.1, 141.2, 134.4, 129.5, 129.0, 128.2, 125.8, 

123.2, 122.8, 110.1, 73.8, 66.9, 66.8, 62.2, 61.2, 51.7, 31.5. IR: 3286.2, 2954.1, 1770.9, 

1716.4, 1619.3, 1470.9, 1353.2, 1219.1, 1116.0, 1028.1, 738.8, 698.0 cm
-1

. 

HRMS-ESI (m/z): calcd for C22H20N2O5+H
+
: 393.1445; found: 393.1440, 1.2 ppm. 
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Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 8.71 min, tmajor = 12.35 min, 

ee = 90%. 

(4u): 

 

White solid, mp 208 °C, [α]
20

D= -133.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

7.81(br, 1 H), 7.25-7.33(m, 1 H), 7.10-7.22(m, 5 H), 6.82-6.88(m, 3 H), 4.69-4.77(m, 1 H), 

4.52-4.60(m, 2 H), 4.12(s, 1 H), 3.29-3.37(m, 1 H), 2.46-2.55(m, 1 H), 0.95(s, 9 H); 
13

C 

NMR (75MHz, CDCl3): δ 178.9, 177.2, 167.6, 141.5, 134.8, 130.6, 128.8, 128.2, 128.1, 

125.8, 123.4, 122.9, 109.9, 82.1, 73.8, 66.8, 66.6, 62.5, 61.9, 31.1, 27.3. IR: 3198.6, 

2924.8, 1773.9, 1721.9, 1671.4, 1470.9, 1370.5, 1262.9, 1156.6, 1115.5, 1027.1, 752.9, 

700.1 cm
-1

. 

HRMS-ESI (m/z): calcd for C25H26N2O5+H
+
: 435.1914; found: 435.1911, 0.9 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 5.47 min, tmajor = 6.54 min, 

ee = 92%. 

(4v): 

 

White solid, mp 210 °C, [α]
20

D= -121.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

7.32-7.37(m, 1 H), 7.11-7.25(m, 5 H), 6.77-6.79(m, 3 H), 4.65-4.73(m, 1 H), 4.55-4.62(m, 

2 H), 4.19(s, 1 H), 3.71-3.82(m, 1 H), 3.59-3.70(m, 1 H), 3.26-3.40(m, 2 H), 2.84(s, 3 H), 

2.49-2.58(m, 1 H), 0.61-0.65(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, CDCl3): δ 176.9, 176.8, 

168.7, 144.2, 134.6, 129.5, 128.9, 128.1, 125.5, 122.9, 122.8, 108.1, 73.8, 66.8, 66.7, 

61.9, 61.1, 60.6, 31.5, 26.1, 13.3. IR: 3298.2, 2926.8, 1771.3, 1713.7, 1611.7, 1469.9, 

1378.0, 1217.0, 1128.0, 1029.3, 898.3, 752.0, 698.0 cm
-1

. 
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HRMS-ESI (m/z): calcd for C24H24N2O5-H
+
: 421.1758; found: 421.1755, 0.7 ppm.  

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tminor = 15.09 min, tmajor = 17.43 min, 

ee = 93%. 

(4w): 

 

White solid, mp 90 °C, [α]
20

D= -151.0 (c=1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 

7.06-7.21(m, 9 H), 6.90-6.92(m, 2 H), 6.68-6.70(m, 2 H), 6.57-6.59(d, J = 7.2 Hz, 1 H), 

4.75-4.81(d, J = 15.6 Hz, 1 H), 4.68-4.73(m, 2 H), 4.56-4.64(m, 2 H), 4.38-4.43(d, J = 15.9 

Hz, 1 H), 4.30(s, 1 H), 3.70-3.81(m, 1 H), 3.56-3.67(m, 1 H), 3.35-3.44(m, 2 H), 

2.51-2.60(m, 1 H), 0.51-0.55(t, J = 7.2 Hz, 3 H); 
13

C NMR (75MHz, CDCl3): δ 177.7, 176.9, 

168.7, 143.4, 135.2, 134.3, 129.4, 128.8, 128.5, 128.4, 128.3, 127.3, 127.0, 126.3, 122.9, 

122.8, 109.2,74.1, 66.8, 61.8, 61.7, 60.6, 43.9, 31.4, 13.2. IR: 3300.5, 2925.3, 1771.2, 

1711.4, 1611.1, 1490.7, 1465.5, 1371.4, 1216.5, 1116.3, 1029.8, 738.2, 697.7 cm
-1

. 

HRMS-ESI (m/z): calcd for C30H28N2O5-H
+
: 497.2071; found: 497.2071, 0.0 ppm. 

Major diastereomer: ee was determined by HPLC analysis (Chiralcel OD-H, i-PrOH/ 

Hexane = 20/80, 1.0 mL/min, 230 nm.) Retention time: tmajor = 27.04 min, ee = >99%. 
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4.0 The X-ray crystal structure of 4b:  

 

 

Bond precision:    C-C = 0.0053 A      Wavelength=0.71070 

Cell:             a=6.39013(18)  b=16.4094(5)  c=20.8853(6) 

alpha=90       beta=90       gamma=90 

Temperature:     292 K 

Calculated             Reported 

Volume          2190.00(11)            2190.00(11) 

Space group     P 21 21 21             P 21 21 21 

Hall group       P 2ac 2ab              P 2ac 2ab 

Moiety formula   C23 H21 Cl N2 O5      C23 H21 Cl N2 O5 

Sum formula     C23 H21 Cl N2 O5      C23 H21 Cl N2 O5 

Mr              440.87                440.87 

Dx,g cm-3       1.337                  1.337 

Z               4                      4 

Mu (mm-1)      0.211                  0.211 

F000           920.0                  920.0 

F000’           921.03 

h,k,lmax        8,22,28                8,22,26 

Nref            3214[ 5627]            4150 

Tmin,Tmax      0.933,0.943            0.996,1.000 

Tmin’           0.933 

Correction method= MULTI-SCAN 

Data completeness= 1.29/0.74       Theta(max)= 28.630 

R(reflections)= 0.0563( 3172)        wR2(reflections)= 0.1508( 4150) 

S = 1.065 Npar= 281 
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5.0 Plausible reaction mechanism: 

 

Figure 1. Plausible reaction mechanism. 

According to the theoretical works performed by Takemoto and Pápai,
 Ref4

 we proposed 

a plausible mechanism featuring a Re face process (Figure 1). The tertiary amine moiety 

of the catalyst may interact with the cyclic imino ester via H-bonds, enhancing the 

electrophilicity of the reacting carbon center, and the thiourea moiety may coordinate to 

the methyleneindolinone simultaneously. Then Re-face selective Michael addition occurs 

under the synergistic interaction of the catalyst and affords a transient Michael adduct. 

Subsequent intramolecular Mannich reaction takes place to furnish the cyclization and 

provide the desired spirocyclic skeleton with a (1S,2R,3S,4S) configuration, which is in 

keeping with the experimental results. 
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7.0 Copies of HPLC Spectra of Racemic /Chiral Products 

(4a):  
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(4b):  
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1 8.268 5781658 49.45 146368 bb Unknown 
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(4c):  
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(4d): 
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1 7.917 1618402 49.94 41559 Bb Unknown 

2 12.145 1622182 50.06 28991 Bb Unknown 
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1 7.123 12553961 50.57 394714 bb Unknown 

2 12.087 12269616 49.43 261102 bb Unknown 
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1 8.498 19512976 50.46 512898 VV Unknown 
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