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1. General Experimental Methods: 

 

NMR spectra were all recorded on a Bruke (400M Hz) spectrometer. Nuclear magnetic 

resonance (NMR) spectra are recorded in parts per million from internal TMS on the δ scale. Data 

for 1H NMR are reported as follows: chemical shift (δppm), multiplicity (s = singlet, d = doublet, t 

= triplet, q = quartet, m = multiplet), integration, coupling constant (Hz) and assignment. Data for 
13C NMR are reported in terms of chemical shift and no special nomenclature is used for 

equivalent carbons. Flash column chromatography was performed using silica gel (300–400 mesh). 

Analytical thin–layer chromatography was performed using glass plates pre-coated with 0.25 mm 

300–400 mesh silica gel impregnated with a fluorescent indicator (254 nm). Thin layer 

chromatography plates were visualized by exposure to ultraviolet light. Commercial reagents and 

solvents were used as received. Catalyst S-1 was purchased from Aldrich and used as received. 

The nitroalkenes 21 and ketimines 32 were synthesized using known literature procedures. 

Enantioselectivities were determined by high-performance liquid chromatography (HPLC) with a 

Jasco uv-2075 plus intelligent uv/ivs detector (λ = 254 nm) and a Phenomenex Lux5u Amylose-2 

column or Daicel OD-H column. Optical rotations were measured in CH3CH2OH on a Jasco 

P-1030 polarimeter. Dichloromethane was fractionally distilled. 

 

2. Procedure for the synthesis of indolizidine and quinolizidine Alkaloids:   

Aldehyade 1 (0.6 mmol) was added to a solution of nitroalkene 2 (0.20 mmol), 

p-nitrophenol (0.010 mmol) and catalyst S-1 (0.010 mmol) in CH2Cl2 (0.20 mL) at 0 oC. The 

resulted mixture was stirred until the nitroalkene was consumed (most examples needed only 

5 hours, except 4n needed 12 hours, 4j, 4k and 4q needed 18 hours respectively), then the 

ketimine 3 (0.30 mmol) and DIPEA (0.20 mmol) were added subsequently and further stirred 

for another 5 hours at 0 oC. The solvent was removed under vacuum. The resulted crude 

product was purified by flash chromatography on a short silica gel directly to afford the 

desired products 4a-y. 

 

Procedure for gram-scale one-pot stereoselective synthesis of indolizidine 4a: 

Aldehyade 1a (18.0 mmol) was added to a solution of nitroalkene 2a (6.0 mmol), 

p-nitrophenol (0.30 mmol) and catalyst S-1 (0.060 mmol) in CH2Cl2 (6.0 mL) at 0 oC. The 

resulted mixture was stirred for 96 hours at 0 oC, then the ketimine 3a (9.0 mmol) and 

DIPEA (6.0 mmol) were added subsequently and further stirred for another 5 hours at 0 oC. 

The solvent was removed under vacuum. The resulted crude product was purified by flash 

chromatography on a short silica gel directly to afford 1.391g (85% yield, >20:1, 96% ee) of 

the desired product 4a. 
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3. Characterization data of indolizidine and quinolizidine derivatives  

 

 

(7R,8S,8aR)-6, 8a-dimethyl-8-nitro-7-phenyl-1,2,3,7,8,8a-hexahydroindolizine (4a) 

Purified by FC (PE:EtOAc = 50:1). 91% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1);flow rate 0.7 

mL/min; λ = 254 nm; τminor = 9.8 min, τmajor = 11.7 min, 98% ee. 

[α]D 
20 = - 60.5 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.30 – 7.20 (m, 3H), 7.16 (d, J = 6.8 Hz, 2H), 6.00 (s, 1H), 4.38 – 4.35 

(d, J = 11.2Hz, 1H), 3.94 – 3.91 (d, J = 11.2Hz, 1H), 3.45 – 3.40 (m, 1H), 3.05 – 2.99 (m, 1H), 2.18 – 

2.10 (m, 1H), 2.00 – 1.87 (m, 2H), 1.82 – 1.77 (m, 1H), 1.36 (s, 3H), 1.17 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 139.0, 128.6（2C）, 127.4（2C）, 105.6, 96.6, 61.0, 51.4, 46.4, 37.8, 23.3, 

19.3, 17.7. 

HRMS-ESI (m/z): [M + H]+ calcd for C16H22N2O2•H
+：273.1598; found：273.1605. 

 

N

NO2

Me

Me
4b

 

(7R,8S,8aR)-6,8a-dimethyl-8-nitro-7-(p-tolyl)-1,2,3,7,8,8a-hexahydroindolizine (4b) 

Purified by FC (PE:EtOAc = 50:1). 84% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 8.8 min, τmajor = 11.5 min, 98% ee. 

[α]D 
20 = - 60.5 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.09 – 7.03 (m, 4H), 5.98 (s, 1H), 4.34 (d, J = 11.2Hz, 1H), 3.88 (d, J = 

11.2Hz, 1H), 3.44 – 3.39 (m, 1H), 3.04 – 2.97 (m, 1H), 2.29 (s, 3H), 2.17 – 2.09 (m, 1H), 1.93 – 1.86 

(m, 2H), 1.81 – 1.76 (m, 1H), 1.36 (s, 3H), 1.16 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 136.9, 135.8, 129.3, 128.4, 127.3, 105.8, 96.7, 61.0, 51.4, 46.0, 37.7, 

23.3, 21.0, 19.3, 17.7. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C17H22N2O2•H
+：287.1754; found：287.1749. 

 

 

N

NO2

Me

MeO
4c

 

(7R,8S,8aR)-7-(4-methoxyphenyl)-6,8a-dimethyl-8-nitro-1,2,3,7,8,8a-hexahydroindolizine 
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(4c) 

Purified by FC (PE:EtOAc = 40:1). 52% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 14.4 min, τmajor = 27.8 min, 98% ee. 

[α]D 
20 = - 61.7 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.08 (d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 5.91 (s, 1H), 4.32 (d, 

J = 11.2 Hz, 1H), 3.87 (d, J = 11.2 Hz, 1H), 3.77 (s, 3H), 3.44 – 3.40 (m, 1H), 3.03 – 2.97 (m, 1H), 

2.17 – 2.09 (m, 1H), 1.94 – 1.87 (m, 2H), 1.81 – 1.76 (m, 1H), 1.36 (s, 3H), 1.16 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 158.8, 130.7, 129.6, 127.3, 114.0, 106.0, 96.8, 61.0, 55.2, 51.4, 45.6, 

37.7, 23.3, 19.3, 17.7. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C17H22N2O3•H
+：303.1703; found：303.1701. 

 

 

 

(7R,8S,8aR)-7-(4-chlorophenyl)-6,8a-dimethyl-8-nitro-1,2,3,7,8,8a-hexahydroindolizine (4d) 

Purified by FC (PE:EtOAc = 50:1). 70% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 9.4 min, τmajor = 14.4 min, 98% ee. 

[α]D 
20 = - 81.2 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.27 – 7.25 (m, 2H), 7.12 – 7.10 (m, 2H), 6.00 (s, 1H), 4.29 (d, J = 11.2 

Hz, 1H), 3.91 (d, J = 11.2 Hz, 1H), 3.45 – 3.40 (m, 1H), 3.05 – 2.99 (m, 1H), 2.17 – 2.10 (m, 1H), 1.96 

– 1.88 (m, 2H), 1.83 – 1.77 (m, 1H), 1.35 (s, 3H), 1.15 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 137.7, 133.1, 130.0, 128.9, 127.8, 104.6, 96.6, 61.1, 51.3, 45.8, 37.8, 

23.3, 19.2, 17.6. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C16H19ClN2O2•H
+：307.1208; found：307.1193. 

 

 

N

NO2

Me

Br 4e
 

(7R,8S,8aR)-7-(4-bromophenyl)-6,8a-dimethyl-8-nitro-1,2,3,7,8,8a-hexahydroindolizine (4e) 

Purified by FC (PE:EtOAc = 50:1). 84% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 10.1 min, τmajor = 17.7 min, 98% ee. 

[α]D 
20 = - 76.5 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H), 6.00 (s, 1H), 4.29 (d, 
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J = 11.2 Hz, 1H), 3.90 (d, J = 11.2 Hz, 1H), 3.44 – 3.40 (m, 1H), 3.05 – 2.99 (m, 1H), 2.17 – 2.08 (m, 

1H), 1.94 – 1.87 (m, 2H), 1.82 – 1.77 (m, 1H), 1.34 (s, 3H), 1.14 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 138.2, 131.8, 130.3, 127.7, 121.2, 104.4, 96.4, 61.0, 51.3, 45.8, 37.8, 

23.2, 19.2, 17.6. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C16H19BrN2O2•H
+：351.0703; found：351.0699. 

 

 

 

(7R,8S,8aR)-6,8a-dimethyl-8-nitro-7-(3-nitrophenyl)-1,2,3,7,8,8a-hexahydroindolizine (4f) 

Purified by FC (PE:EtOAc = 30:1). 89% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 16.2 min, τmajor = 18.5 min, 97% ee. 

[α]D 
20 = - 67.9 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 8.13 – 8.10 (m, 1H), 8.05 (s, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.48 (t, J = 

8.0 Hz, 1H), 6.07 (s, 1H), 4.35 (d, J = 11.2 Hz, 1H), 4.09 (d, J = 11.2 Hz, 1H), 3.49 – 3.44 (m, 1H), 

3.14 – 3.07 (m, 1H), 2.20 – 2.12 (m, 1H), 1.99 – 1.91 (m, 2H), 1.86 – 1.80 (m, 1H), 1.35 (s, 3H), 1.16 

(s, 3H). 
13C NMR (100 MHz, CDCl3) δ 148.5, 141.7, 135.3(bs), 129.6, 128.4, 123.4, 122.6, 102.7, 96.3, 61.0, 

51.1, 46.0, 37.8, 23.2, 19.1, 17.6. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C16H19N3O4•H
+：318.1448; found：318.1446. 

 

 

 

(7R,8S,8aR)-6,8a-dimethyl-7-(naphthalen-2-yl)-8-nitro-1,2,3,7,8,8a-hexahydroindolizine (4g) 

Purified by FC (PE:EtOAc = 40:1). 57% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 13.1min, τmajor = 16.4 min, 98% ee. 

[α]D 
20 = - 55.5 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.80 – 7.76 (m, 3H), 7.67 (s, 1H), 7.48 – 7.42 (m, 2H), 7.26 – 7.23 (m, 

1H), 6.05 (s, 1H), 4.48 (d, J = 11.2 Hz, 1H), 4.10 (d, J = 11.2 Hz, 1H), 3.47 – 3.43 (m, 1H), 3.10 – 3.03 

(m, 1H), 2.20 – 2.12 (m, 1H), 1.96 – 1.88 (m, 2H), 1.84 – 1.78 (m, 1H), 1.37 (s, 3H), 1.21 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ 136.4, 133.4, 132.8, 128.6(2C), 127.7, 127.6 (2C), 126.1, 125.8(2C), 

105.4, 96.4, 61.1, 51.4, 46.5, 37.8, 23.3, 19.3, 17.8. 
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HRMS-ESI (m/z): [M + H]+ calcd for C20H22N2O2•H
+：323.1754; found：323.1751. 

 

 

(7R,8S,8aR)-7-(furan-2-yl)-6,8a-dimethyl-8-nitro-1,2,3,7,8,8a-hexahydroindolizine (4h) 

Purified by FC (PE:EtOAc = 40:1). 84% yield, yellow oil. The ee was determined by chiral HPLC 

using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 mL/min; 

λ = 254 nm; τminor = 9.1 min, τmajor = 12.2 min, 98% ee. 

[α]D 
20 = - 116.6 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.33 (d, J = 1.2 Hz, 1H), 6.27 – 6.26 (m, 1H), 6.22 (d, J = 2.4 Hz, 1H), 

5.97 (s, 1H), 4.57(d, J = 11.2 Hz, 1H), 4.13 (d, J = 11.6 Hz, 1H), 3.42 – 3.37 (m, 1H), 3.07 – 3.01 (m, 

1H), 2.22 – 2.14 (m, 1H), 1.94 – 1.87 (m, 2H), 1.84 – 1.78 (m, 1H), 1.42 (s, 3H), 1.12 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 151.5, 142.2, 127.0, 110.1, 109.1, 103.2, 92.4, 60.8, 51.3, 40.0, 37.9, 

23.3, 19.2, 17.4. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C14H18N2O3•H
+：263.1390; found：263.1395. 

 

 

N

NO2

Me

S
4i

 

(7R,8S,8aR)-6,8a-dimethyl-8-nitro-7-(thiophen-2-yl)-1,2,3,7,8,8a-hexahydroindolizine (4i) 

Purified by FC (PE:EtOAc = 40:1). 79% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 10.2 min, τmajor = 14.0 min, 98% ee. 

[α]D 
20 = - 65.5 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.18 (d, J = 4.4 Hz, 1H), 6.92 – 6.88 (m, 2H), 5.95 (s, 1H), 4.41 (d, J = 

11.2 Hz, 1H), 4.29 (d, J = 11.2 Hz, 1H), 3.43 – 3.38 (m, 1H), 3.07 – 3.01 (m, 1H), 2.20 – 2.12 (m, 1H), 

1.96 – 1.87 (m, 2H), 1.82 – 1.77 (m, 1H), 1.47 (s, 3H), 1.14 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 142.4, 127.1, 127.0, 126.5, 124.6, 104.8, 96.8, 61.1, 51.2, 41.8, 37.8, 

23.3, 19.1, 17.4. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C14H18N2O2S•H+：279.1162; found：279.1156. 
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(7R,8S,8aR)-6,8a-dimethyl-8-nitro-7-phenethyl-1,2,3,7,8,8a-hexahydroindolizine (4j) 

Purified by FC (PE:EtOAc = 50:1). 78% yield, yellow solid. The ee was determined by chiral 

HPLC using a Daicel OD-H column (hexane/i-PrOH = 99/1); flow rate 1.0 mL/min; λ = 254 nm; 

τminor = 4.8 min, τmajor = 5.9 min, 99% ee. 

[α]D 
20 = - 36.5 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.28 – 7.24 (m, 2H), 7.19 – 7.12 (m, 3H), 5.94 (s, 1H), 4.30 (d, J = 

11.6Hz, 1H), 3.38 – 3.33 (m, 1H), 3.00 – 2.90 (m, 2H), 2.56 – 2.48 (m, 1H), 2.42 – 2.35 (m, 1H), 2.15 

– 2.04 (m, 1H), 1.96 – 1.85 (m, 3H), 1.82 – 1.77 (m, 1H), 1.73 (s, 3H), 1.70 – 1.61 (m, 1H), 1.07 (s, 

3H). 
13C NMR (100 MHz, CDCl3) δ 141.9, 128.4, 128.2, 127.9, 125.9, 105.0, 92.4, 60.9, 51.2, 38.0, 37.8, 

30.1, 29.6, 23.2, 19.1, 17.3. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C18H24N2O2•H
+：301.1911; found：301.1906. 

 

 

(7R,8S,8aR)-6,8a-dimethyl-8-nitro-7-propyl-1,2,3,7,8,8a-hexahydroindolizine (4k) 

Purified by FC (PE:EtOAc = 100:1). 78% yield, yellow oil. The ee was determined by chiral 

HPLC using a Daicel OD-H column (hexane/i-PrOH = 99/1); flow rate 0.7 mL/min; λ = 254 nm; 

τminor = 5.2 min, τmajor = 5.7 min, 98% ee. 

[α]D 
20 = - 16.6 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 5.85 (s, 1H), 4.19 (d, J = 11.6 Hz, 1H), 3.34 – 3.30 (m, 1H), 2.90 – 

2.84 (m, 2H), 2.13 – 2.05 (m, 1H), 1.91 – 1.82 (m, 2H), 1.79 – 1.73 (m, 1H), 1.63 (s, 3H), 1.58 – 1.52 

(m, 1H), 1.38 – 1.31 (m, 1H), 1.24 – 1.18 (m, 1H), 1.14 – 1.09 (m, 1H), 1.05 (s, 3H), 0.88 (t, J = 7.2 Hz, 

3H) 
13C NMR (100 MHz, CDCl3) δ 127.4, 106.1, 92.7, 60.9, 51.3, 38.0, 37.8, 29.8, 23.2, 19.2, 17.2, 17.0, 

14.5. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C13H22N2O2•H
+：239.1754; found：239.1749. 

 

 

(7R,8S,8aR)-6-ethyl-8a-methyl-8-nitro-7-phenyl-1,2,3,7,8,8a-hexahydroindolizine (4l) 

Purified by FC (PE:EtOAc = 50:1). 86% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 8.4 min, τmajor = 9.2 min, 99% ee. 

[α]D 
20 = - 1.6 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.29 – 7.16 (m, 5H), 6.02 (s, 1H), 4.36 (d, J = 11.2 Hz, 1H), 4.02 (d, J 
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= 11.2 Hz, 1H), 3.45 – 3.41 (m, 1H), 3.06 – 2.99 (m, 1H), 2.17 – 2.09 (m, 1H), 1.96 – 1.88 (m, 2H), 

1.82 – 1.69 (m, 2H), 1.68 – 1.58 (m, 1H), 1.17 (s, 3H), 0.88 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 138.9, 128.5(2C), 127.3, 126.2, 111.9, 96.9, 60.9, 51.3, 44.7, 37.7, 

24.8, 23.3, 19.0, 13.4. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C17H22N2O2•H
+：287.1754; found：287.1751. 

 

 

(7R,8S,8aR)-8a-methyl-8-nitro-7-phenyl-6-propyl-1,2,3,7,8,8a-hexahydroindolizine (4m) 

Purified by FC (PE:EtOAc = 50:1). 84% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 7.9 min, τmajor = 8.6 min, >99% ee. 

[α]D 
20 = - 1.8 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.30 – 7.22 (m, 3H), 7.17 (d, J = 6.4 Hz, 2H), 6.03 (s, 1H), 4.34 (d, J = 

11.2 Hz, 1H), 3.97 (d, J = 11.2 Hz, 1H), 3.46 – 3.42 (m, 1H), 3.06 – 3.00 (m, 1H), 2.17 – 2.09 (m, 1H), 

1.95 – 1.88 (m, 2H), 1.82 – 1.77 (m, 1H), 1.68 – 1.57 (m, 2H), 1.34 – 1.30 (m, 1H), 1.26 – 1.21 (m, 

1H), 1.18 (s, 3H), 0.77 (t, J = 7.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 138.9, 128.5(2C), 127.3, 127.2, 109.7, 97.0, 60.9, 51.3, 44.7, 37.7, 

33.7, 23.3, 21.4, 19.1, 13.4. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C18H24N2O2•H
+：301.1911; found：301.1908. 

 

N

NO2

Ph

Bn

4n
 

(7R,8S,8aR)-6-benzyl-8a-methyl-8-nitro-7-phenyl-1,2,3,7,8,8a-hexahydroindolizine (4n) 

Purified by FC (PE:EtOAc = 50:1). 73% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 11.0 min, τmajor = 12.5 min, >99% ee. 

[α]D 
20 = 53.3 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.25 – 7.14 (m, 6H), 7.07 (br, 2H), 6.92 (d, J = 7.2Hz, 2H), 6.14 (s, 1H), 

4.49 (d, J = 11.6 Hz, 1H), 3.74 (d, J = 11.2 Hz, 1H), 3.46 (m, 1H), 3.10 – 3.05 (m, 2H), 2.83 – 2.79 (m, 

1H), 2.16 – 2.08 (m, 1H), 1.95 – 1.88 (m, 2H), 1.80 – 1.76 (m, 1H), 1.08 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 140.4, 138.5, 128.6(2C), 128.3, 128.1, 127.5(2C), 125.9, 109.3, 96.9, 

61.0, 51.1, 44.5, 38.3, 37.7, 23.3, 19.3. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C22H24N2O2•H
+：349.1911; found：349.1905. 
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(7R,8S,8aR)-6-heptyl-8a-methyl-8-nitro-7-(3-nitrophenyl)-1,2,3,7,8,8a-hexahydroindolizine 

(4o) 

Purified by FC (PE:EtOAc = 50:1). 97% yield, yellow oil. The ee was determined by chiral HPLC 

using a Daicel OD-H column (hexane/i-PrOH = 99/1); flow rate 1.0 mL/min; λ = 254 nm; τ

minor = 5.7 min, τmajor = 6.6 min, 99% ee. 

[α]D 
20 = 12.0 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 8.13 – 8.10 (m, 1H), 8.06 (s, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 

8.0 Hz, 1H), 6.09 (s, 1H), 4.32 (d, J = 11.2 Hz, 1H), 4.14 (d, J = 11.2 Hz, 1H), 3.49 – 3.45 (m, 1H), 

3.14 – 3.08 (m, 1H), 2.19 – 2.11 (m, 1H), 1.99 – 1.91 (m, 2H), 1.85 – 1.80 (m, 1H), 1.75 – 1.64 (m, 

1H), 1.59 – 1.53 (m, 1H), 1.26 – 1.15 (m, 12H), 1.08 – 1.06 (m, 1H), 0.85 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 148.5, 141.7, 135.2 (bs), 129.5, 128.1, 122.9, 122.6, 107.3, 96.6, 61.0, 

51.1, 44.4, 37.8, 31.6, 31.6, 28.9, 28.8, 28.4, 23.2, 22.5, 18.9, 14.0. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C22H31N3O4•H
+：402.2387; found：402.2388. 

 

 

(7R,8S,8aR)-8a-methyl-8-nitro-7-(3-nitrophenyl)-6-nonyl-1,2,3,7,8,8a-hexahydroindolizine 

(4p) 

Purified by FC (PE:EtOAc = 50:1). 98% yield, yellow oil. The ee was determined by chiral HPLC 

using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 mL/min; 

λ = 254 nm; τminor = 14.5 min, τmajor = 18.4 min, 99% ee. 

[α]D 
20 = 9.4 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 8.13 – 8.10 (m, 1H), 8.05 (s, 1H), 7.56 (d, J = 7.6 Hz, 1H), 7.47 (t, J 

=7.6 Hz, 1H), 6.09 (s, 1H), 4.32 (d, J = 11.2 Hz, 1H), 4.14 (d, J = 11.2 Hz, 1H), 3.49 – 3.45 (m, 1H), 

3.14 – 3.08 (m, 1H), 2.19 – 2.11 (m, 1H), 1.99 – 1.91 (m, 2H), 1.85 – 1.80 (m, 1Hz), 1.74 – 1.67 (m, 

1H), 1.61 – 1.53 (m, 1H), 1.28 – 1.15 (m, 16H), 1.09 – 1.04 (m, 1H), 0.87 (t, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 148.6, 141.7, 135.8 (bs), 129.6, 128.1, 123.2, 122.6, 107.4, 96.7, 61.0, 

51.1, 44.5, 37.8, 31.8, 31.6, 29.4, 29.3, 29.2, 28.8, 28.4, 23.2, 22.6, 18.9, 14.0. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C24H35N3O4•H
+：430.2700; found：430.2693. 
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(7R,8S,8aR)-8a-methyl-8-nitro-6,7-diphenyl-1,2,3,7,8,8a-hexahydroindolizine (4q) 

Purified by FC (PE:EtOAc = 50:1). 57% yield, yellow solid. The ee was determined by chiral 

HPLC using a Daicel OD-H column (hexane/i-PrOH = 99/1); flow rate 0.7 mL/min; λ = 254 nm; 

τmajor = 14.2 min, τminor = 16.3 min, 90% ee. 

[α]D 
20 = - 71.7 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.16 – 7.05 (m, 9H), 6.91 – 6.87 (m, 1H), 6.74 (s, 1H), 4.61 (d, J = 

10.8Hz, 1H), 4.46 (d, J = 10.8Hz, 1H), 3.59 – 3.54 (m, 1H), 3.34 – 3.28 (m, 1H), 2.16 – 2.08 (m, 1H), 

2.06 – 1.97 (m, 2H), 1.89 – 1.84 (m, 1H), 1.24 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ 139.6, 139.2, 130.3, 128.6, 128.4, 127.9, 127.1, 125.4, 124.3, 108.5, 

98.2, 61.1, 50.4, 44.0, 37.8, 22.9, 18.3. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C21H22N2O2•H
+：335.1754; found：335.1745. 

 

 

(1R,2S,11bS)-3,11b-dimethyl-1-nitro-2-phenyl-2,6,7,11b-tetrahydro-1H-pyrido[2,1-a]isoquin

oline (4r) 

Purified by FC (PE:EtOAc = 50:1). 41% yield, yellow solid. The ee was determined by chiral 

HPLC using a Daicel OD-H column (hexane/i-PrOH = 99/1); flow rate 0.7 mL/min; λ = 254 nm; 

τmajor = 11.2 min, τminor = 13.0 min, 99% ee. 

[α]D 
20 = - 276.8 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.27 – 7.12 (m, 8H), 7.00 (m, 1H), 5.95 (s, 1H), 4.62 (d, J = 10.8 Hz, 

1H), 4.02 (d, J = 10.8 Hz, 1H), 3.38 – 3.32 (m, 1H), 3.20 – 3.14 (m, 1H), 3.03 – 2.96 (m, 1H), 2.86 – 

2.80 (m, 1H), 1.71 (s, 3H), 1.42 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 138.5, 137.3, 134.6, 131.3, 129.2, 128.7, 128.3, 127.6, 127.2, 126.6, 

126.0, 106.3, 96.8, 59.2, 48.8, 46.4, 30.8, 18.8, 17.6. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C21H22N2O2•H
+：335.1754; found：335.1737. 

 

 

(1R,2S,11bS)-3,10,11b-trimethyl-1-nitro-2-phenyl-2,6,7,11b-tetrahydro-1H-pyrido[2,1-a]isoq

uinoline (4s) 
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Purified by FC (PE:EtOAc = 50:1). 44% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 10.4 min, τmajor = 13.7 min, >99% ee. 

[α]D 
20 = - 289.8 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.25 – 7.19 (m, 3H), 7.13 – 7.11 (m, 2H), 7.01 – 6.96 (m, 2H), 6.77 (s, 

1H), 5.95 (s, 1H), 4.62 (d, J = 10.4 Hz, 1H), 4.00 (d, J = 10.8 Hz, 1H), 3.37 – 3.31 (m, 1H), 3.19 – 3.13 

(m, 1H), 2.99 – 2.92 (m, 1H), 2.80 – 2.74 (m, 1H), 2.22 (s, 3H), 1.69 (s, 3H), 1.42 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 138.6, 137.1, 136.0, 131.5, 131.4, 129.0, 128.6, 128.3, 128.1, 127.5, 

126.4, 106.0, 96.8, 59.0, 48.7, 46.6, 30.3, 21.2, 19.0, 17.6. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C22H24N2O2•H
+：349.1911; found：349.1897. 

 

 

(1R,2S,11bS)-10-methoxy-3,11b-dimethyl-1-nitro-2-phenyl-2,6,7,11b-tetrahydro-1H-pyrido[2

,1-a]isoquinoline (4t) 

Purified by FC (PE:EtOAc = 50:1). 42% yield, yellow solid. The ee was determined by chiral 

HPLC using a Daicel OD-H column (hexane/i-PrOH = 99/1); flow rate 0.7 mL/min; λ = 254 nm; 

τmajor = 11.4 min,τminor = 13.7 min , 98% ee. 

[α]D 
20 = - 325.9 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.26 – 7.20 (m, 3H), 7.12 (d, J = 6.8 Hz, 2H), 7.02 (d, J = 8.4 Hz, 1H), 

6.74 (d, J = 8.4 Hz, 1H), 6.52 (s, 1H), 5.95 (s, 1H), 4.63 (d, J = 10.8 Hz, 1H), 4.00 (d, J = 10.8 Hz, 1H), 

3.68 (s, 3H), 3.36 – 3.30 (m, 1H), 3.17 – 3.12 (m, 1H), 2.95 – 2.89 (m, 1H), 2.78 – 2.72 (m, 1H), 1.70 

(s, 3H), 1.42 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 158.0, 138.5, 138.2, 131.4, 130.0, 128.7, 128.3, 127.5, 126.6, 113.9, 

110.8, 106.1, 96.8, 59.2, 55.2, 48.8, 46.6, 29.8, 18.9, 17.6. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C22H24N2O3•H
+：365.1860; found：365.1850. 

 

 

(1R,2S,11bS)-10-bromo-3,11b-dimethyl-1-nitro-2-phenyl-2,6,7,11b-tetrahydro-1H-pyrido[2,1

-a]isoquinoline (4u) 

Purified by FC (PE:EtOAc = 50:1). 58% yield, yellow solid. The ee was determined by chiral 

HPLC using a Daicel OD-H column (hexane/i-PrOH = 99/1);flow rate 0.7 mL/min; λ = 254 nm; 

τmajor = 7.8 min,τminor = 8.6 min,  98% ee. 

[α]D 
20 = - 268.8 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.29 – 7.21 (m, 4H), 7.11 – 7.07 (m, 3H), 6.99 (d, J = 8.4 Hz, 1H), 5.95 
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(s, 1H), 4.64 (d, J = 10.4 Hz, 1H), 3.98 (d, J = 10.4 Hz, 1H), 3.36 – 3.30 (m, 1H), 3.20 – 3.15 (m, 1H), 

2.98 – 2.90 (m, 1H), 2.80 – 2.74 (m, 1H), 1.68 (s, 3H), 1.43 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 139.5, 138.2, 133.6, 131.2, 130.7, 130.4, 129.0, 128.7, 128.3, 127.6, 

120.1, 106.9, 96.4, 58.6, 48.5, 46.2, 30.1, 19.3, 17.6. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C21H21BrN2O2•H
+：413.0859; found：413.0850. 

 

 

(1R,2S,11bS)-9,10-dimethoxy-3,11b-dimethyl-1-nitro-2-phenyl-2,6,7,11b-tetrahydro-1H-pyri

do[2,1-a]isoquinoline (4v) 

Purified by FC (PE:EtOAc = 20:1). 67% yield, yellow oil. The ee was determined by chiral HPLC 

using a Daicel OD-H column (hexane/i-PrOH = 95/5); flow rate 0.7 mL/min; λ = 254 nm; τ

major = 11.4 min,τminor = 13.5 min, 98% ee. 

[α]D 
20 = - 209.9 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.27 – 7.20 (m, 3H), 7.12 (d, J = 6.4 Hz, 2H), 6.58 (s, 1H), 6.46 (s, 1H), 

5.95 (s, 1H), 4.62 (d, J = 10.8 Hz, 1H), 4.00 (d, J = 10.8 Hz, 1H), 3.84 (s, 3H), 3.74 (s, 3H), 3.38 – 3.32 

(m, 1H), 3.16 – 3.10 (m, 1H), 2.95 – 2.88 (m, 1H), 2.78 – 2.72 (m, 1H), 1.70 (s, 3H), 1.43 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 148.0, 147.3, 138.4, 131.6, 129.2, 128.7, 128.3, 127.6, 126.9, 111.4, 

109.0, 106.4, 97.1, 58.9, 55.8, 55.7, 48.9, 46.3, 30.2, 18.9, 17.6. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C23H26N2O4•H
+：395.1965; found：395.1959. 

 

 

(1R,2S,11bS)-11b-ethyl-9,10-dimethoxy-3-methyl-1-nitro-2-phenyl-2,6,7,11b-tetrahydro-1H-

pyrido[2,1-a]isoquinoline (4w) 

Purified by FC (PE:EtOAc = 20:1). 30% yield, yellow solid. The ee was determined by chiral 

HPLC using a Daicel OD-H column (hexane/i-PrOH = 99/1);flow rate 0.7 mL/min; λ = 254 nm; 

τmajor = 18.2 min,τminor = 25.2 min,  >99% ee. 

[α]D 
20 = - 177.1 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.28 – 7.19 (m, 3H), 7.13 – 7.11 (m, 2H), 6.59 (s, 1H), 6.48 (s, 1H), 

5.97 (s, 1H), 4.54 (d, J = 11.2 Hz, 1H), 3.98 (d, J = 11.6 Hz, 1H), 3.84 (s, 3H), 3.75 (s, 3H), 3.40 – 3.34 

(m, 1H), 3.19 – 3.13 (m, 1H), 2.89 – 2.74 (m, 2H), 2.23 (q, J = 7.2 Hz, 2H), 1.42 (s, 3H), 0.66 (t, J = 

7.2 Hz, 3H ). 
13C NMR (100 MHz, CDCl3) δ 148.0, 147.5, 138.4, 131.1, 128.7(2C), 128.5, 127.6, 126.4, 111.3, 

109.0, 108.6, 97.2, 62.6, 55.9, 55.7, 48.4, 47.7, 30.0, 23.0, 17.5, 8.3. 
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HRMS-ESI (m/z): [M + H]+ calcd for C24H28N2O4•H
+：409.2122; found：409.2125. 

 

N
Me

Ph

NO2 HN

4x
 

(1R,2S,12bR)-3,12b-dimethyl-1-nitro-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3-a]quinoli

zine (4x) 

Purified by FC (PE:EtOAc = 20:1). 83% yield, yellow solid. The ee was determined by chiral 

HPLC using a Phenomenex Lux 5u Amylose-2 column (hexane/i-PrOH = 99/1); flow rate 0.7 

mL/min; λ = 254 nm; τminor = 12.9 min, τmajor = 15.9 min, 98% ee. 

[α]D 
20 = - 128.4 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.71 (s, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.30 – 7.24 (m, 3H), 7.21 – 7.06 

(m, 5H), 5.99 (s, 1H), 4.85 (d, J = 11.2 Hz, 1H), 3.96 (d, J = 11.2 Hz, 1H), 3.47 – 3.41 (m, 1H), 3.19 – 

3.13 (m, 1H), 2.92 – 2.80 (m, 2H), 1.73 (s, 3H), 1.44 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 137.8, 136.5, 133.6, 131.7, 128.9, 128.3, 127.8, 126.1, 122.4, 119.6, 

118.4, 111.3, 109.6, 108.3, 95.6, 57.0, 48.9, 46.7, 21.9, 18.1, 17.7. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C23H23N3O2•H
+：374.1863; found：374.1859. 

 

 

(1R,2S,12bR)-12b-ethyl-3-methyl-1-nitro-2-phenyl-1,2,6,7,12,12b-hexahydroindolo[2,3-a]qui

nolizine (4y) 

Purified by FC (PE:EtOAc = 20:1). 70% yield, yellow solid. The ee was determined by chiral 

HPLC using a Daicel OD-H column (hexane/i-PrOH = 95/5);flow rate 0.7 mL/min; λ = 254 nm; 

τmajor = 7.0 min,τminor = 15.4 min, >99% ee. 

[α]D 
20 = - 41.4 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.67 (s, 1H), 7.50 (d, J = 7.6 Hz, 1H), 7.31 – 7.06 (m, 8H), 6.00 (s, 1H), 

4.81 (d, J = 11.2 Hz, 1H), 3.95 (d, J = 11.2 Hz, 1H), 3.50 – 3.45 (m, 1H), 3.16 – 3.10 (m, 1H), 2.94 – 

2.80 (m, 2H), 2.28 – 2.16 (m, 2H), 1.44 (s, 3H), 0.55 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ  137.7, 136.6, 131.3, 131.2, 128.9, 128.3, 127.8, 126.0, 122.4, 119.5, 

118.3, 112.2, 111.9, 111.3, 95.1, 60.6, 48.4, 47.3, 22.9, 21.6, 17.6, 7.9. 

 

HRMS-ESI (m/z): [M + H]+ calcd for C24H25N3O2•H
+：388.2020; found：388.2005. 
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5. 1H and 13C NMR Spectra 
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6. Chiral HPLC Traces 
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7. X-ray Crystallography of 4n 

 

The single crystal of 4n grown from a solution of petroleum: ethyl acetate = 5:1 was submitted to 

X-Ray crystallography 

 


