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General Information: Commercial reagents were used as received, unless otherwise stated. 1H 

and 13C NMR were recorded on a Bruker-DPX 300 or 400 spectrometer. Chemical shifts are 

reported in ppm from tetramethylsilane with the solvent resonance as the internal standard. The 

following abbreviations were used to designate chemical shift mutiplicities: s= singlet, d= doublet, 

t= triplet, q= quartet, h= heptet, m= multiplet, br= broad. All first-order splitting patterns were 

assigned on the basis of the appearance of the multiplet. Splitting patterns that could not be easily 

interpreted are designated as multiplet (m) or broad (br). Mass spectra were obtained using 

electrospray ionization (ESI) mass spectrometer. 

General procedure of the Vinylogous Mannich reaction 

Catalyst 3k (0.01mmol, 10mol%), α,α-dicyanoolefin12 (0.1mmol) and 4A MS (50 mg) were 

stirred in dry CHCl3:MTBE (1:1, 0.5 mL) at -20oC. Then N-Bocketimines21 (0.12 mmol) in dry 

CHCl3:MTBE (1:1, 0.5 mL) were added. After the stated reaction time, the product was purified 

by flash chromatography on silica gel to give the product 4. The enantiomeric excess was 

determined by HPLC analysis on chiral column. 

 

The product was synthesized according to the general procedure as white 

solid in 87% yield. []20
D-132.9o (c= 0.8, CHCl3);

1H NMR (400 MHz, 

CDCl3) δ 7.60 – 7.49 (m, 2H), 7.43 (t, J = 7.6 Hz, 2H), 7.28 (d, J = 2.0 Hz, 4H), 

7.20 (d, J = 7.4 Hz, 4H), 7.05 (t, J = 7.6 Hz, 1H), 6.58 (d, J = 7.7 Hz, 1H), 5.15 

(s, 1H), 4.64 (d, J = 15.8 Hz, 1H), 4.07 (d, J = 15.9 Hz, 1H), 3.78 (d, J = 13.5 

Hz, 1H), 3.64 (d, J = 13.3 Hz, 1H), 1.24 (s, 9H);13C NMR (101 MHz, CDCl3) 

δ 174.1, 171.5, 166.0, 163.4, 153.7, 141.8, 134.7, 130.3, 130.2, 129.9, 129.8, 

129.8, 128.8, 128.0, 127.9, 127.5, 125.1, 123.4, 116.3, 116.1, 112.2, 112.1, 

109.6, 88.9, 81.0, 61.8, 44.0, 42.6, 28.0.HRMS (ESI+): calcd. for[C31H28N4O3+Na+] 527.2059, 
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found 527.2058.The enantiomeric excess was determined by HPLC with an IA column at 210 nm 

(2-propanol/hexane=1:4), 1.0 mL/min; tR = 9.3 min (minor), 22.9 min (major). 

The product was synthesized according to the general procedure as 

white solid in 80% yield. []20
D-103.5o (c= 0.7, CHCl3);

1H NMR 

(400 MHz, CDCl3) δ 7.51 (t, J = 7.4 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H), 

7.28 (d, J = 6.1 Hz, 3H), 7.22 (dd, J = 15.7, 9.3 Hz, 5H), 6.71 (dd, J = 

8.5, 2.2 Hz, 1H), 6.48 (d, J = 8.5 Hz, 1H), 5.18 (s, 1H), 4.60 (d, J = 

15.6 Hz, 1H), 4.03 (d, J = 15.8 Hz, 1H), 3.79 (d, J = 11.9 Hz, 1H), 3.77 

(s, 3H), 3.66 (d, J = 13.2 Hz, 1H), 1.24 (d, J = 15.9 Hz, 9H); 13C NMR 

(101 MHz, CDCl3) δ 173.9, 172.6, 156.3, 153.7, 135.0, 135.0, 133.8, 132.3, 129.1, 128.8, 128.8, 127.8, 

127.8, 127.4, 115.0, 112.4, 112.2, 111.4, 110.2, 88.8, 80.9, 62.1, 55.8, 43.9, 42.7, 28.1.HRMS (ESI+): 

calcd. for [C32H30N4O4+Na+] 557.2165, found 557.2160. The enantiomeric excess was determined by 

HPLC with an IA column at 210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 10.7 min (minor), 35.4 

min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 80% yield. []20
D-127.8o (c= 0.6, CHCl3);

1H NMR 

(400 MHz, CDCl3) δ 7.51 (t, J = 7.4 Hz, 1H), 7.42 (t, J = 7.6 Hz, 2H), 

7.33 (d, J = 12.1 Hz, 1H), 7.30 – 7.23 (m, 5H), 7.17 (d, J = 7.5 Hz, 2H), 

6.97 (d, J = 7.4 Hz, 1H), 6.47 (d, J = 7.9 Hz, 1H), 5.21 (s, 1H), 4.60 (d, 

J = 15.5 Hz, 1H), 4.14 – 4.00 (m, 1H), 3.77 (d, J = 13.2 Hz, 1H), 3.63 (d, 

J = 13.2 Hz, 1H), 2.28 (s, 3H), 1.26 (s, 9H); 13C NMR (101 MHz, 

CDCl3) δ 174.1, 172.6, 153.7, 139.4, 135.0, 133.8, 132.9, 132.2, 130.1, 128.8, 127.9, 127.8, 127.7, 

127.5, 125.6, 112.3, 112.3, 109.3, 88.8, 80.8, 61.9, 43.9, 42.9, 28.1, 21.1.HRMS (ESI+): calcd. for 

[C32H30N4O3+Na+] 541.2216, found 541.2215. The enantiomeric excess was determined by HPLC with 

an IA column at 210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 7.7 min (minor), 21.6 min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 73% yield. []20
D-77.0o (c= 0.7, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.56 – 7.45 (m, 2H), 7.43 (t, J = 7.7 Hz, 2H), 7.30 (tt, J = 

8.3, 4.3 Hz, 5H), 7.23 – 7.18 (m, 2H), 7.12 (dd, J = 8.4, 2.1 Hz, 1H), 6.52 

(d, J = 8.4 Hz, 1H), 5.07 (s, 1H), 4.72 (d, J = 15.7 Hz, 1H), 4.28 (d, J = 

15.7 Hz, 1H), 3.79 (d, J = 13.4 Hz, 1H), 3.58 (d, J = 13.4 Hz, 1H), 1.27 

(s, 9H); 13C NMR (101 MHz, CDCl3) δ 173.8, 171.9, 153.6, 140.4, 134.5, 

133.9, 132.3, 129.7, 129.7, 129.0, 129.0, 128.8, 128.0, 127.7, 127.5, 125.4, 112.1, 112.1, 110.6, 89.1, 

81.2, 61.8, 44.2, 42.7, 28.1.HRMS (ESI+): calcd. for [C31H27ClN4O3+Na+] 561.1670, found 561.1665. 

The enantiomeric excess was determined by HPLC with an IA column at 210 nm 

(2-propanol/hexane=1:4), 1.0 mL/min; tR = 7.6 min (minor), 13.8 min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 88% yield. []20
D-40.5o (c= 1.1, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.57 (s, 1H), 7.51 (t, J = 7.4 Hz, 1H), 7.41 (t, J = 7.6 Hz, 

2H), 7.32 (d, J = 6.3 Hz, 4H), 7.28 – 7.22 (m, 2H), 7.17 (d, J = 7.4 Hz, 

2H), 6.47 (d, J = 8.3 Hz, 1H), 5.24 (s, 1H), 4.68 (d, J = 15.4 Hz, 1H), 4.29 
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(d, J = 15.6 Hz, 1H), 3.78 (d, J = 13.3 Hz, 1H), 3.58 (d, J = 13.3 Hz, 1H), 1.26 (s, 9H); 13C NMR (101 

MHz, CDCl3) δ 173.8, 171.8, 153.6, 140.9, 134.5, 133.8, 132.5, 132.3, 130.0, 130.0, 128.9, 128.0, 

127.7, 127.5, 116.0, 112.1, 112.1, 111.0, 89.1, 81.2, 61.7, 44.2, 42.7, 28.1.HRMS (ESI+): calcd. for 

[C31H27BrN4O3+Na+] 605.1165,found 605.1163.The enantiomeric excess was determined by HPLC 

with an IA column at 210 nm(2-propanol/hexane=1:4), 1.0 mL/min; tR = 8.2 min (minor), 16.6 min 

(major). 

 
The product was synthesized according to the general procedure as 

white solid in 92% yield. []20
D-57.7o (c= 1.1, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.53 (t, J = 7.5 Hz, 1H), 7.48 – 7.35 (m, 3H), 7.35 – 7.26 

(m, 5H), 7.21 – 7.10 (m, 3H), 6.72 (s, 1H), 5.14 (s, 1H), 4.62 (d, J = 15.7 

Hz, 1H), 4.08 (d, J = 15.8 Hz, 1H), 3.77 (d, J = 13.4 Hz, 1H), 3.62 (d, J = 

13.4 Hz, 1H), 1.26 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 174.1, 172.0, 

153.6, 143.3, 134.3, 133.6, 132.4, 129.0, 128.9, 128.0, 127.8, 127.4, 

126.9, 126.1, 126.0, 123.5, 112.9, 112.2, 112.0, 89.0, 81.1, 61.4, 44.0, 42.6, 28.0.HRMS (ESI+): calcd. 

for [C31H27BrN4O3+Na+] 605.1165, found 605.1163. The enantiomeric excess was determined by 

HPLC with an IA column at 210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 7.8 min (minor), 14.2 

min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 87% yield. []20
D-183.6o (c= 0.5, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.58 – 7.50 (m, 2H), 7.46 (dd, J = 8.4, 6.9 Hz, 2H), 7.26 – 

7.17 (m, 7H), 7.09 (t, J = 7.5 Hz, 1H), 6.52 (d, J = 7.8 Hz, 1H), 5.16 (s, 1H), 

4.61 (d, J = 16.0 Hz, 1H), 3.91 (d, J = 16.0 Hz, 1H), 3.74 (d, J = 13.4 Hz, 

1H), 3.60 (d, J = 13.4 Hz, 1H), 1.25 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 

174.3, 172.3, 153.4, 141.6, 133.5, 133.3, 132.4, 129.9, 128.9, 128.9, 128.7, 

127.8, 127.8, 124.4, 123.4, 112.3, 112.1, 109.5, 88.9, 80.9, 61.7, 43.1, 42.8, 

28.0.HRMS (ESI+): calcd. for [C31H27ClN4O3+Na+] 561.1670, found  561.1665. The enantiomeric 

excess was determined by HPLC with an IA column at 210 nm (2-propanol/hexane=1:4), 1.0 mL/min; 

tR = 7.2 min (minor), 17.5 min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 88% yield. []20
D-165.2o (c= 0.5, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.54 (q, J = 7.2 Hz, 2H), 7.46 (t, J = 7.6 Hz, 2H), 7.39 (d, J 

= 8.2 Hz, 2H), 7.24 – 7.15 (m, 5H), 7.09 (t, J = 7.5 Hz, 1H), 6.51 (d, J = 7.8 

Hz, 1H), 5.15 (d, J = 11.4 Hz, 1H), 4.59 (d, J = 16.0 Hz, 1H), 3.89 (d, J = 

16.0 Hz, 1H), 3.74 (d, J = 13.4 Hz, 1H), 3.59 (d, J = 13.3 Hz, 1H), 1.25 (s, 

9H); 13C NMR (101 MHz, CDCl3) δ 174.2, 172.3, 153.4, 141.6, 133.8, 

133.5, 132.5, 131.8, 129.9, 129.1, 128.9, 127.8, 127.8, 124.3, 123.4, 121.6, 

112.3, 112.1, 109.4, 88.9, 80.9, 61.6, 43.1, 42.8, 28.0.HRMS (ESI+): calcd. for [C31H27BrN4O3+Na+] 

605.1165, found  605.1162. The enantiomeric excess was determined by HPLC with an IA column at 

210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 7.2 min (minor), 21.5 min (major). 
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The product was synthesized according to the general procedure as white 

solid in 83% yield. []20
D-142.0o (c= 0.3, CHCl3);

1H NMR (400 MHz, 

CDCl3) δ 7.59 – 7.47 (m, 2H), 7.44 (t, J = 7.7 Hz, 2H), 7.36 (t, J = 7.4 Hz, 1H), 

7.25 – 7.15 (m, 4H), 7.10 – 7.00 (m, 3H), 6.65 (d, J = 7.9 Hz, 1H), 5.24 (s, 1H), 

4.50 (d, J = 16.1 Hz, 1H), 4.20 (d, J = 16.1 Hz, 1H), 3.76 (d, J = 13.4 Hz, 1H), 

3.65 (d, J = 13.3 Hz, 1H), 1.23 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 174.45, 

172.3, 161.6, 159.1, 153.5, 141.6, 133.5, 132.4, 123.0, 129.6, 129.5, 128.9, 

127.8, 127.7, 124.7, 124.6, 124.5, 123.4, 121.9, 121.8, 115.3, 115.1, 112.3, 

112.1, 109.3, 109.3, 88.8, 80.9, 61.7, 42.8, 37.0, 28.0.HRMS (ESI+): calcd. for [C31H27FN4O3+Na+] 

545.1965, found 545.1962. The enantiomeric excess was determined by HPLC with an IA column at 

210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 7.7 min (minor), 23.7 min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 80% yield. []20
D-110.1o (c= 0.9, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.64 (d, J = 7.5 Hz, 1H), 7.36 – 7.28 (m, 5H), 7.25 – 7.18 

(m, 3H), 7.10 (dt, J = 21.4, 8.0 Hz, 3H), 6.64 (d, J = 7.8 Hz, 1H), 5.16 (s, 

1H), 4.74 (d, J = 15.6 Hz, 1H), 4.22 (d, J = 15.6 Hz, 1H), 3.88 (d, J = 13.4 

Hz, 1H), 3.64 (d, J = 13.4 Hz, 1H), 1.28 (s, 9H);13C NMR (101 MHz, 

CDCl3) δ 174.1, 171.5, 166.0, 163.5, 153.7, 141.8, 134.7, 130.3, 130.3, 

129.9, 129.8, 128.9, 128.1, 127.9, 127.5, 125.1, 123.5, 116.3, 116.1, 112.2, 112.1, 109.6, 89.0, 81.0, 

61.8, 44.0, 42.6, 28.1.HRMS (ESI+): calcd. for [C31H27FN4O3+Na+] 545.1965, found 545.1960. The 

enantiomeric excess was determined by HPLC with an IA column at 210 nm (2-propanol/hexane=1:4), 

1.0 mL/min; tR = 9.7 min (minor), 25.5 min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 90% yield. []20
D-11.8o (c= 0.7, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.62 (d, J = 5.2 Hz, 1H), 7.41 – 7.36 (m, 2H), 7.35 – 7.26 

(m, 5H), 7.21 (td, J = 7.8, 1.1 Hz, 1H), 7.13 (d, J = 8.5 Hz, 2H), 7.04 (td, J 

= 8.3, 7.6, 0.7 Hz, 1H), 6.63 (d, J = 7.8 Hz, 1H), 5.15 (s, 1H), 4.72 (d, J = 

15.5 Hz, 1H), 4.23 (d, J = 15.6 Hz, 1H), 3.89 (d, J = 13.4 Hz, 1H), 3.59 (d, 

J = 13.5 Hz, 1H), 1.26 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 173.1, 

170.5, 152.7, 140.8, 137.4, 133.7, 131.2, 128.8, 128.2, 128.1, 127.9, 127.1, 126.9, 126.5, 124.2, 122.5, 

111.1, 111.0, 108.6, 88.2, 80.0, 60.8, 43.0, 41.5, 27.0.HRMS (ESI+): calcd. for [C31H27ClN4O3+Na+] 

561.1670, found 561.1668. The enantiomeric excess was determined by HPLC with an IA column at 

210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 9.0 min (minor), 25.9 min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 87% yield. []20
D-59.8o (c= 0.6, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.65 (d, J = 7.5 Hz, 1H), 7.58 – 7.53 (m, 2H), 7.31 (d, J = 

6.2 Hz, 5H), 7.21 (t, J = 7.8 Hz, 1H), 7.06 (dd, J = 7.8, 4.2 Hz, 3H), 6.63 

(d, J = 7.8 Hz, 1H), 5.00 (s, 1H), 4.75 (d, J = 15.7 Hz, 1H), 4.23 (d, J = 

15.6 Hz, 1H), 3.90 (d, J = 13.5 Hz, 1H), 3.57 (d, J = 13.4 Hz, 1H), 1.27 (s, 

9H);13C NMR (101 MHz, CDCl3) δ 174.0, 171.7, 153.7, 141.8, 134.7, 

132.8, 132.2, 129.9, 129.3, 128.9, 128.2, 127.9, 127.5, 126.9, 125.4, 123.5, 112.1, 112.0, 109.7, 89.2, 

N
O

BocHN

NC
CN

4i F

N
Bn

O

BocHN

NC
CN

4j

F

N
Bn

O

BocHN

NC
CN

4k

Cl

N
Bn

O

BocHN

NC
CN

4l

Br



81.0, 61.8, 44.0, 42.4, 28.1.HRMS (ESI+): calcd. for [C31H27BrN4O3+Na+] 605.1165, found  605.1160. 

The enantiomeric excess was determined by HPLC with an IA column at 210 nm 

(2-propanol/hexane=1:4), 1.0 mL/min; tR = 8.8 min (minor), 26.8 min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 83% yield. []20
D-114.8o (c= 0.6, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.54 (s, 1H), 7.28 (d, J = 4.4 Hz, 5H), 7.25 – 7.17 (m, 

3H), 7.14 (d, J = 7.9 Hz, 2H), 7.06 (t, J = 7.5 Hz, 1H), 6.58 (d, J = 7.8 Hz, 

1H), 5.05 (s, 1H), 4.66 (d, J = 15.8 Hz, 1H), 4.07 (d, J = 15.8 Hz, 1H), 

3.73 (d, J = 13.5 Hz, 1H), 3.60 (d, J = 13.3 Hz, 1H), 2.42 (s, 3H), 1.23 (s, 

9H);13C NMR (101 MHz, CDCl3) δ 174.3, 172.4, 153.5, 143.3, 141.9, 

134.9, 130.9, 129.7, 129.6, 128.8, 127.9, 127.9, 127.7, 127.4, 124.6, 123.2, 112.4, 112.4, 109.6, 88.0, 

80.8, 61.8, 43.8, 42.7, 28.0, 21.6.HRMS (ESI+): calcd. for [C32H30N4O3+Na+] 541.2216, found 

541.2215. The enantiomeric excess was determined by HPLC with an IA column at 210 nm 

(2-propanol/hexane=1:4), 1.0 mL/min; tR = 7.5 min (minor), 20.9 min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 95% yield. []20
D-97.6o (c= 1.1, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.59 (d, J = 7.0 Hz, 1H), 7.44 (dd, J = 8.0, 1.9 Hz, 1H), 

7.38 – 7.27 (m, 6H), 7.20 (td, J = 7.8, 1.2 Hz, 1H), 7.09 – 6.92 (m, 3H), 

6.66 (d, J = 7.8 Hz, 1H), 5.17 (s, 1H), 4.72 (d, J = 15.6 Hz, 1H), 4.28 (d, J 

= 15.6 Hz, 1H), 3.85 (d, J = 13.3 Hz, 1H), 3.63 (d, J = 13.3 Hz, 1H), 1.27 

(s, 9H);13C NMR (101 MHz, CDCl3) δ 174.0, 171.1, 153.7, 141.8, 135.6, 

134.9, 134.8, 131.8, 130.1, 129.9, 128.9, 128.0, 127.9, 127.6, 127.6, 125.8, 125.3, 123.4, 111.8, 111.6, 

109.5, 90.0, 81.0, 61.7, 44.0, 42.7, 28.1.HRMS (ESI+): calcd. for [C31H27ClN4O3+Na+] 561.1670, found  

561.1668. The enantiomeric excess was determined by HPLC with an IA column at 210 nm 

(2-propanol/hexane=1:4), 1.0 mL/min; tR = 8.2 min (minor), 14.0 min (major). 

 

The product was synthesized according to the general procedure as 

white solid in 95% yield. []20
D-84.8o (c= 1.4, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 7.57 (d, J = 7.2 Hz, 1H), 7.38 (d, J = 8.3 Hz, 1H), 7.28 (d, 

J = 1.0 Hz, 2H), 7.24 – 7.20 (m, 1H), 7.19 (s, 1H), 7.16 – 7.11 (m, 1H), 

7.07 (d, J = 2.2 Hz, 1H), 6.94 (td, J = 7.7, 1.1 Hz, 2H), 6.62 (d, J = 7.7 Hz, 

1H), 5.04 (s, 1H), 4.69 (d, J = 15.5 Hz, 1H), 4.35 (d, J = 15.5 Hz, 1H), 

3.86 (d, J = 13.4 Hz, 1H), 3.50 (d, J = 13.4 Hz, 1H), 1.20 (s, 9H);13C 

NMR (101 MHz, CDCl3) δ 172.8, 169.2, 152.8, 140.7, 135.2, 133.7, 132.8, 132.3, 129.8, 128.9, 128.5, 

128.0, 127.1, 127.1, 126.6, 125.8, 124.6, 122.5, 110.7, 110.5, 108.5, 89.1, 80.1, 60.7, 43.1, 41.5, 

27.0.HRMS (ESI+): calcd. for [C31H26Cl2N4O3+Na+] 595.1280, found 595.1278. The enantiomeric 

excess was determined by HPLC with an IA column at 210 nm (2-propanol/hexane=1:4), 1.0 mL/min; 

tR = 7.1 min (minor), 14.2 min (major). 

 

The product was synthesized according to the general procedure 

asyellowsolidin 96% yield. []20
D-100.7o (c= 0.4, CHCl3);

1H NMR (400 

MHz, CDCl3) δ 8.46 – 8.19 (m, 2H), 8.07 (d, J = 8.0 Hz, 1H), 7.65 – 7.55 (m, 
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2H), 7.51 – 7.36 (m, 5H), 7.35 – 7.26 (m, 14H), 7.24 (d, J = 7.4 Hz, 5H), 7.21 – 7.06 (m, 5H), 6.81 (t, J 

= 7.9 Hz, 3H), 6.72 (d, J = 7.8 Hz, 1H), 5.48 (s, 1H), 5.15 – 4.54 (m, 7H), 4.28 – 4.18 (m, 1H), 3.81 (s, 

2H), 3.48 (s, 2H), 3.22 – 2.94 (m, 4H), 1.31 (s, 9H), 1.19 (s, 17H);13C NMR (101 MHz, CDCl3) δ 174.4, 

154.0, 153.6, 150.2, 149.1, 142.8, 142.7, 136.3, 135.5, 135.3, 135.2, 134.9, 134.8, 130.0, 129.6, 128.9, 

128.8, 128.7, 128.0, 127.8, 127.7, 127.6, 127.5, 127.3, 126.7, 125.9, 125.8, 125.4, 125.2, 124.9, 123.1, 

122.7, 113.8, 112.6, 112.5, 109.8, 108.9, 81.1, 81.0, 79.1, 64.7, 64.1, 53.6, 52.6, 44.4, 44.3, 32.8, 32.2, 

29.7, 28.1, 28.0.HRMS (ESI+): calcd. for [C32H28N4O3+Na+] 539.2059, found 539.2058. The 

enantiomeric excess was determined by HPLC with an IA column at 210 nm (2-propanol/hexane=1:4), 

1.0 mL/min; tR = 10.4 min (minor), 13.8 min (major), 18.1 min (minor),31.8 min (major). 

 
The product was synthesized according to the general procedure as white solid 

in 90% yield. []20
D-34.6o (c= 0.6, CHCl3);

1H NMR (400 MHz, CDCl3) δ 7.83 

(d, J = 14.2 Hz, 2H), 7.43 (d, J = 7.5 Hz, 2H), 7.33 (tt, J = 14.6, 7.3 Hz, 8H), 7.23 

(dd, J = 11.8, 8.2 Hz, 3H), 7.05 (td, J = 7.5, 3.6 Hz, 2H), 6.87 (d, J = 7.5 Hz, 1H), 

6.74 (dd, J = 12.6, 7.7 Hz, 2H), 4.89 (d, J = 60.3 Hz, 4H), 3.95 (d, J = 14.7 Hz, 

1H), 3.71 – 3.34 (m, 4H), 3.34 – 3.21 (m, 1H), 3.11 (ddt, J = 18.5, 13.5, 4.0 Hz, 

4H), 3.02 – 2.80 (m, 4H), 1.27 (d, J = 10.7 Hz, 18H); 13C NMR (101 MHz, CDCl3) 

δ 179.6, 176.7, 176.2, 173.7, 154.1, 153.4, 142.4, 142.0, 135.2, 135.1, 129.8, 129.8, 129.6, 128.8, 128.8, 

127.7, 127.6, 127.5, 127.1, 123.4, 122.9, 122.7, 122.4, 111.0, 110.9, 110.6, 110.3, 110.3, 109.6, 89.7, 

87.9, 81.0, 80.9, 66.5, 64.4, 45.1, 44.6, 44.2, 44.2, 34.5, 33.9, 30.6, 30.6, 29.9, 29.7, 28.1, 28.0.HRMS 

(ESI+): calcd. for [C28H28N2O3S+Na+] 523.1780,found 523.1778.The enantiomeric excess was 

determined by HPLC with an IA column at 210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 8.7 min 

(minor),12.2 min (major), 15.4 min (minor), 17.0 min (major). 

 

The product was synthesized according to the general procedure as white 

solid in 76% yield. []20
D-85.3o (c= 0.5, CHCl3);

1H NMR (400 MHz, CDCl3) 

δ 7.64 (d, J = 6.5 Hz, 1H), 7.52 (d, J = 7.1 Hz, 1H), 7.49 – 7.41 (m, 4H), 7.36 

(t, J = 8.2 Hz, 3H), 7.29 – 7.25 (m, 1H), 7.14 (dd, J = 16.9, 7.7 Hz, 3H), 6.73 

(d, J = 7.8 Hz, 1H), 5.04 (s, 1H), 3.90 (d, J = 13.2 Hz, 1H), 3.59 (d, J = 13.6 

Hz, 1H), 1.24 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 173.7, 172.8, 153.6, 

143.1, 134.1, 133.7, 132.4, 129.9, 129.5, 129.28, 128.4, 128.1, 127.9, 126.2, 

124.8, 123.7, 112.4, 112.2, 110.0, 89.1, 80.9, 62.0, 42.7, 28.1.HRMS (ESI+): calcd. for 

[C30H26N4O3+Na+] 513.1903, found 513.1901. The enantiomeric excess was determined by HPLC with 

an IA column at 210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 6.5 min (minor), 20.3 min (major). 

 

The product was synthesized according to the general procedure as white 

solid in 85% yield. []20
D-120.0o(c= 0.8, CHCl3);

1H NMR (400 MHz, 

CDCl3) δ 7.58 (s, 1H), 7.50 (t, J = 7.3 Hz, 1H), 7.43 (t, J= 7.4 Hz, 2H), 7.35 (t, 

J = 7.7 Hz, 1H), 7.21 – 7.09 (m, 3H), 6.68 (d, J = 7.7 Hz, 1H), 5.29 (s, 1H), 

3.73 (d, J = 13.3 Hz, 1H), 3.62 (d, J = 13.3 Hz, 1H), 2.66 (s, 3H), 1.21 (s, 9H);  

13C NMR (101 MHz, CDCl3) δ 174.0, 172.5, 153.6, 142.8, 133.3, 132.4, 130.0, 

128.8, 127.9, 124.4, 123.3, 112.3, 112.2, 108.5, 88.7, 80.9, 61.7, 42.7, 28.0, 
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25.9.HRMS (ESI+): calcd. for [C25H24N4O3+Na+] 451.1746, found 451.1745. The enantiomeric excess 

was determined by HPLC with an IA column at 210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 

11.2 min (minor), 24.5 min (major). 

 

The product was synthesized according to the general procedure as white 

solid in 85% yield. []20
D-52.8o (c= 0.6, CHCl3);

1H NMR (400 MHz, CDCl3) 

δ 8.14 (d, J = 8.1 Hz, 1H), 7.56 – 7.49 (m, 2H), 7.46 – 7.39 (m, 3H), 7.33 (t, J 

= 7.5 Hz, 1H), 7.09 (d, J = 7.7 Hz, 2H), 5.86 (s, 1H), 3.74 – 3.58 (m, 2H), 2.13 

(s, 3H), 1.17 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 175.5, 171.1, 169.7, 

153.4, 139.5, 132.8, 132.7, 130.4, 129.0, 128.0, 126.9, 125.8, 123.0, 116.8, 

112.2, 111.6, 89.4, 81.8, 61.9, 43.7, 27.8, 26.0.HRMS (ESI+): calcd. for 

[C26H24N4O4+Na+] 479.1696, found 479.1695. The enantiomeric excess was determined by HPLC with 

an IA column at 210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 15.0 min (minor), 19.1 min 

(major). 

 

The product was synthesized according to the general procedure as white 

solid in 88% yield. []20
D -161.0o (c= 0.8, CHCl3); 

1H NMR (400 MHz, 

CDCl3) δ 7.65 (d, J = 7.5 Hz, 1H), 7.49 (d, J = 7.4 Hz, 1H), 7.42 (t, J = 7.6 Hz, 

2H), 7.35 (t, J = 7.7 Hz, 1H), 7.22 – 7.11 (m, 3H), 6.70 (d, J = 7.8 Hz, 1H), 

5.40 (s, 1H), 4.01 – 3.74 (m, 1H), 3.62 (d, J = 13.4 Hz, 1H), 2.71 (s, 1H), 1.05 

(t, J = 7.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 173.7, 172.7, 154.6, 142.8, 

133.3, 132.3, 130.2, 128.7, 128., 127.9, 127.9, 127.6, 124.8, 123.4, 112.4, 112.2, 108.6, 88.7,   61.6, 

61.4, 42.2, 26.0, 14.2. HRMS (ESI+): calcd. for [C23H20N4O3+Na+] 423.1433, found 423.1428. The 

enantiomeric excess was determined by HPLC with an IA column at 210 nm (2-propanol/hexane=1:4), 

1.0 mL/min; tR = 10.0 min (minor), 16.0 min (major). 

 

Transformations of 4a: 

 

Hantzsch ester (582mg, 2.3mmol) was added to a stirred solution of direct vinylogousMannich 

product 4a (231.8mg, 0.46mmol) in DCM/EtOH (1:1, 20.0mL). The solution was stirred at 50°C 

and monitored by TLC. After 96h,the mixture was concentrated and purified by flash 

chromatography on silica gel to give the reduced product 5. 78% yield (181.6mg); white solid. 

[]20
D-26.8o (c= 0.2, CHCl3);

1H NMR (400 MHz, CDCl3) δ 7.53 – 7.34 (m, 4H), 7.30 (d, J = 4.3 Hz, 

4H), 7.26 – 7.19 (m, 4H), 7.10 (t, J = 7.5 Hz, 1H), 6.67 (d, J = 7.8 Hz, 1H), 5.05 (s, 1H), 4.59 (d, J = 

15.7 Hz, 1H), 4.36 (d, J = 10.4 Hz, 1H), 3.82 (d, J = 6.0 Hz, 1H), 3.37 (s, 1H), 2.85 (dd, J = 14.2, 9.0 

Hz, 1H), 2.46 (dd, J = 14.2, 4.4 Hz, 1H), 1.59 (s, 1H), 1.25 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 

175.4, 153.7, 142.6, 135.9, 135.1, 129.6, 129.5, 129.4, 129.3, 128.9, 128.0, 127.7, 127.3, 123.6, 123.4, 
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111.5, 111.4, 109.6, 80.8, 60.6, 43.9, 41.4, 38.7, 30.5, 28.1.HRMS (ESI+): calcd. for [C26H24N4O4+Na+] 

529.2216, found 529.2215.The enantiomeric excess was determined by HPLC with an IA column at 

210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 12.4 min (minor), 22.2 min (major). 

 

 

To a solution of concd. HCl (6.0mL) was added hydrogenated product 5 (67.5mg, 0.14mmol). The 

mixture was stirred at 90°C for 8 hours and a homogeneous solution was obtained. Then excess 

HCl solution was removed under vacuum, and the residue was diluted with water (6 mL). After 

adjusting the pH of the solution is about 10 by K2CO3, (Boc)2O (31.5mg, 0.15mmol) in EtOH (5.0 

mL) was added. The mixture was stirred at room temperature overnight. The mixture was 

extracted with EtOAc (3×6 mL). The combined organic layers were washed with water and brine, 

dried over Na2SO4 and concentrated. The residue was purified by flash chromatography on silica 

gel to give the cyclic product 6. 70% yield for two steps (36.1mg);white solid. []20
D-50.7o(c= 

0.08, CHCl3);
1H NMR (400 MHz, CDCl3) δ 7.39 – 7.31 (m, 4H), 7.28 (d, J = 2.8 Hz, 4H), 7.24 (dt, J 

= 7.8, 1.5 Hz, 4H), 7.15 – 7.06 (m, 1H), 6.75 (d, J = 7.8 Hz, 1H), 5.73 (s, 1H), 4.96 (d, J = 15.6 Hz, 

1H), 4.83 (d, J = 15.6 Hz, 1H), 4.19 (tt, J = 12.4, 3.9 Hz, 1H), 2.95 (dd, J = 18.3, 4.8 Hz, 1H), 2.63 (dd, 

J = 17.6, 12.3 Hz, 1H), 2.24 (dt, J = 38.9, 13.8 Hz, 2H).13C NMR (101 MHz, CDCl3) δ 176.6, 172.4, 

142.9, 141.8, 135.3, 130.2, 129.8, 129.0, 128.9, 127.9, 127.3, 127.1, 126.8, 123.7, 123.6, 109.8, 61.3, 

44.0, 39.5, 38.8, 33.1.HRMS (ESI+): calcd. for [C26H24N4O4+Na+] 405.1579, found 405.1578. The 

enantiomeric excess was determined by HPLC with an IA column at 210 nm (2-propanol/hexane=1:4), 

1.0 mL/min; tR = 16.5 min (minor), 20.9 min (major). 

 

 
A solution of 6 (50 mg, 0.13 mmol) in chlorobenzene (4 mL) containing NBS (28.7 mg, 0.15 

mmol) and AIBN (5 mg, 0.03 mmol) was heated to reflux under a nitrogen atmosphere. After 4 h 

AIBN (3 mg, 0.02 mmol) and NBS (20 mg, 0.11 mmol) were added. The solution was heated 

overnight then cooled to room temperature. Diethyl ether (5 mL) and water (10 mL) were added to 

the solution, which was stirred for 4 h, then the organic layer was separated, dried over anhydrous 

Na2SO4, and evaporated and the crude product was purified by silica gel chromatography 

(DCM/MeOH, 50:1 v/v) to give 7 (22.8 mg, 60% yield). []20
D -50.1o (c= 0.4, CHCl3);

 1H NMR 

(400 MHz, CDCl3) δ 8.46 (s, 1H), 7.31 (t, J = 6.5 Hz, 2H), 7.23 – 7.17 (m, 1H), 7.08 (t, J = 7.5 Hz, 1H), 



6.91 (d, J = 7.8 Hz, 1H), 6.28 (s, 1H), 4.00 (dt, J = 11.1, 5.6 Hz, 1H), 2.91 – 2.71 (m, 1H), 2.58 (dd, J = 

17.6, 12.3 Hz, 1H), 2.20 – 2.07 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 178.7, 172.9, 142.7, 139.8, 

130.4, 130.1, 128.8, 127.0, 126.7, 123.8, 123.4, 110.6, 61.6, 39.2, 38.5, 32.9. HRMS (ESI+): calcd. for 

[C23H20N4O3+H+] 293.1290, found 293.1293. The enantiomeric excess was determined by HPLC with 

an IA column at 210 nm (2-propanol/hexane=1:4), 1.0 mL/min; tR = 13.8 min (major), 16.4 min 

(minor).  

 

Reference 
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X-ray crystallography data of 4a. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



Table 1.  Crystal data and structure refinement for shelxl.  
 
      Identification code               shelxl 
 
      Empirical formula                 C31 H28 N4 O3  
 
      Formula weight                    504.57  
 
      Temperature                       173(2) K  
 
      Wavelength                        1.54187 A  
 
      Crystal system, space group       Monoclinic,  P2(1)  
 
      Unit cell dimensions              a = 9.837(2) A   alpha = 90 deg.  
                                        b = 10.113(2) A    beta = 106.063(8) deg.  
                                        c = 14.456(3) A   gamma = 90 deg.  
 
      Volume                            1382.0(5) A^3  
 
      Z, Calculated density             2,  1.213 Mg/m^3  
 
      Absorption coefficient            0.638 mm^-1  
 
      F(000)                            532  
 
      Crystal size                      0.340 x 0.220 x 0.200 mm  
 
      Theta range for data collection   6.351 to 77.819 deg.  
 
      Limiting indices                  -12<=h<=12, -11<=k<=12, -18<=l<=17  
 
      Reflections collected / unique    23289 / 5369 [R(int) = 0.0357]  
 
      Completeness to theta = 67.687    99.8 %  
 
      Absorption correction             Semi-empirical from equivalents  

 
  Max. and min. transmission        0.880 and 0.662  
 
      Refinement method                 Full-matrix least-squares on F^2  
 
      Data / restraints / parameters    5369 / 1 / 351  
 
      Goodness-of-fit on F^2            1.069  
 
      Final R indices [I>2sigma(I)]     R1 = 0.0278, wR2 = 0.0742  
 
      R indices (all data)              R1 = 0.0283, wR2 = 0.0783  
 
      Absolute structure parameter      0.08(4)  

 
    Extinction coefficient            0.0042(8)  
 
      Largest diff. peak and hole       0.158 and -0.147 e.A^-3 
 



NMR Spectra (1H NMR, 13C NMR) 
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HPLC Spectra 
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