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1. General Experimental Methods 

 

NMR spectra were all recorded on a Bruker (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 (δ ppm), 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. 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 Lux 5u Cmylose-2 column, Daicel IC 

or Daicel OD-H column. Optical rotations were measured in CH3CH2OH on a Jasco P-1030 

polarimeter.  

 

2. General procedure 

Procedure for the synthesis of  spirooxindole benzoquinolizines: A solution of 

methyleneindolinones 2 (0.20 mmol), PhCO2H (0.020 mmol) and catalyst S-1 (0.010 mmol) in 

toluene (1.0 mL) was added with aldehyade 1 (0.60 mmol) at rt. The resulted mixture was stirred 

until all the methyleneindolinones 2 was consumed (yellow disappears), then the ketimine 3 (0.30 

mmol) and DABCO (0.20 mmol) were added subsequently and further stirred for 22 hours. The 

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

the desired products 4a-s. 

Procedure for gram-scale one-pot stereoselective synthesis of spirooxindole 

benzoquinolizines 4b: A solution of methyleneindolinones 2b (4.0 mmol), PhCO2H (0.20 mmol) 

and catalyst S-1 (0.040 mmol) in toluene (20.0 mL) was added with aldehyade 1a (12.0 mmol) at 

rt. The resulted mixture was stirred until all the methyleneindolinones 2b was consumed (1.5 

hours), then the ketimine 3a (6.0 mmol) and DABCO (4.0 mmol) were added subsequently and 
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further stirred for 22 hours. The resulted crude product was purified by flash chromatography on a 

short silica gel directly to afford 1.35g (65% yield, >20:1, 91% ee) of the desired product 4b.  

Procedure for  the synthesis of  spirooxindole benzoindolizidine 5: A solution of 

spirooxindole benzoquinolizines 4b (0.10 mmol) in toluene (1.0 mL) was added with H2O (0.10 

mL), DABCO (0.10 mmol). Then NBS (0.20 mmol) was added to the mixture in three portions 

and further stirred for 2 hours. The resulted crude product was purified by flash chromatography 

on a short silica gel directly to afford the desired product 5.  

3. Characterization data   

 

 

(1'R,2'R,11b'R)-1-tert-butyl 2'-ethyl 

3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinol

ine]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 79:1). 79% yield, white solid, 12:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 98/2); flow rate 1.0 mL/min; λ = 254 nm; τ minor =15.9 min, τ major = 

21.5 min, 94% ee. 

[α]D 
20 = - 18.4 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 8.0 Hz, 1H), 7.33 – 7.30 (m, 2H), 7.08 (t, 

J = 8.0 Hz, 1H), 7.01 – 6.95 (m, 3H), 6.74 (d, J = 6.4 Hz, 1H), 6.32 (s, 1H), 4.66 (s, 

1H), 4.14 (s, 1H), 3.65 – 3.58 (m, 2H), 3.34 – 3.30 (m, 1H), 3.20 (t, J = 11.0 Hz, 1H), 

2.62 – 2.54 (m, 1H), 2.30 (d, J = 15.2 Hz, 1H), 1.86 (s, 3H), 1.64 (s, 9H), 0.73 (t, J = 

7.2 Hz, 3H). 

13C NMR (100 MHz, CDCl3) δ 176.9, 169.8, 148.7, 139.3, 136.8, 134.2, 131.2, 128.3, 

128.2, 127.0, 126.84, 126.82, 126.0, 125.2, 123.2, 113.2, 100.6, 83.8, 63.3, 60.2, 56.8, 

50.8, 47.8, 30.8, 28.1, 18.4, 13.3. 

HRMS (ESI) m/z calcd for C29H32N2O5 [M+ Na]+ 511.2203, found: 511.2203. 
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(1'R,2'R,11b'R)-di-tert-butyl 

3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinol

ine]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 20:1). 68% yield, white solid, >20:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 98/2); flow rate 1.0 mL/min; λ = 254 nm; τ minor =7.8 min, τ major = 

9.3 min, 96% ee.  

[α]D 
20 = - 116.0 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.44 (d, J = 8.0 Hz, 1H), 7.32-7.30 (m, 2H), 7.08 (t, J 

= 7.4 Hz, 1H), 7.00 – 6.96 (m, 3H), 6.73 (d, J = 6.0 Hz, 1H), 6.29 (s, 1H), 4.61 (s, 1H), 

4.05 (s, 1H), 3.31 – 3.15 (m, 2H), 2.59 – 2.53 (m, 1H), 2.31 – 2.27 (m, 1H), 1.88 (s, 

3H), 1.63 (s, 9H), 0.92 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 176.7, 168.7, 148.8, 139.5, 136.9, 134.1, 131.2, 128.2, 

128.1, 127.0, 126.9, 126.8, 126.6, 125.2, 123.2, 113.2, 101.7, 83.6, 80.8, 63.6, 57.2, 

51.2, 47.4, 30.8, 28.1, 27.0, 18.5. 

HRMS (ESI) m/z calcd for C31H36N2O5 [M+ Na]+ 539.2516, found: 539.2516. 

 

 

(1'R,2'R,11b'R)-2'-benzyl 1-tert-butyl 

3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinol

ine]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 20:1). 60% yield, white solid, >20:1 dr. The ee was 
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determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; λ = 254 nm; τ minor =9.3 min, τ major = 

12.7 min, 91% ee. 

[α]D 
20 = - 77.6 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.30 (d, J = 7.2 Hz, 1H), 7.26-7.24 (m , 2H), 

7.20-7.19 (m , 3H),7.03 (t, J = 7.2 Hz, 1H), 6.98 – 6.94 (m, 5H), 6.72 – 6.70 (m, 1H), 

6.32 (s, 1H), 4.63 – 4.50 (m, 3H), 4.22 (s, 1H), 3.32 – 3.28 (m, 1H), 3.18 (t, J = 11.6 

Hz, 1H), 2.57 – 2.49 (m, 1H), 2.27 (d, J = 15.2 Hz, 1H), 1.86 (s, 3H), 1.57 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 176.5, 169.9, 148.4, 139.1, 136.8, 135.0, 134.3, 131.0, 

128.3, 128.2, 128.2, 127.8, 126.9, 126.8, 126.7, 125.7, 125.2, 123.1, 113.5, 100.4, 

83.5, 66.3, 63.5, 56.8, 50.5, 47.5, 30.7, 28.1, 18.4. 

HRMS (ESI) m/z calcd for C34H34N2O5 [M+Na]+ 573.2360, found: 573.2353 

 

 

(1'R,2'R,11b'R)-1-tert-butyl 2'-methyl 

9',10'-dimethoxy-3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyri

do[2,1-a]isoquinoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 5:1). 60% yield, white solid, 10:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 90/10); flow rate 1.0 mL/min; λ = 254 nm; τ major = 20.5 min, τ minor 

= 37.3 min, 92% ee. 

[α]D 
20 = - 120.8 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.43 (d, J = 8.0 Hz, 1H), 7.35 (d, J = 8.8 Hz, 1H), 

7.12 (t, J = 8.6 Hz, 1H), 7.02 (t, J = 7.8 Hz, 1H), 6.84 (s, 1H), 6.31 (s, 1H), 6.25 (s, 

1H), 4.65 (s, 1H), 4.13 (s, 1H), 3.85 (s, 3H), 3.71 (s, 3H), 2.34 – 2.30 (m, 1H), 3.21 (t, 

J = 11.8 Hz, 1H), 3.14 (s, 3H), 2.61 – 2.54 (m, 1H), 2.24 (d, J = 14.8 Hz, 1H), 1.82 (s, 

3H), 1.61 (s, 9H), 0.74 (t, J = 7.0 Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 177.5, 170.3, 148.6, 147.4, 146.8, 139.1, 134.3, 129.0, 

128.2, 126.8, 126.1, 123.4, 123.1, 113. 7, 111.0, 109.7, 100.0, 84.2, 62.5, 56.7, 55.7, 

55.5, 52.0, 51.2, 47.9, 30.2, 28.0, 18.3. 

HRMS (ESI) m/z calcd for C30H34N2O7 [M+ Na]+ 557.2258, found: 557.2258 

 

 

(1'R,2'R,11b'R)-1-tert-butyl 2'-ethyl 

7-fluoro-9',10'-dimethoxy-3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-

3,1'-pyrido[2,1-a]isoquinoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 5:1). 50% yield, white solid, 6:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 90/10); flow rate 1.0 mL/min; λ = 254 nm; τ minor = 17.5 min, τ major 

= 27.5 min, 92% ee. 

[α]D 
20 = - 166.8 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.17 (d, J = 7.2 Hz, 1H), 7.01 – 6.96 (m, 1H), 6.91 – 

6.84 (m, 2H), 6.32 (s, 1H), 6.27 (s, 1H), 4.64 (s, 1H),4.12 (s, 1H), 3.88 (s, 3H), 3.74 (s, 

3H), 3.72 – 3.63 (m, 2H), 3.32 – 3.29 (m, 1H), 3.19 (t, J = 11.6 Hz, 1H), 2.55 – 2.47 

(m, 1H), 2.23 (d, J = 14.8 Hz, 1H), 1.83 (s, 3H), 1.53 (s, 9H), 0.83 (t, J = 7.0 Hz, 3H). 

13C NMR (100 MHz, CDCl3) δ 176.6, 169.6, 148.9, 147.5, 147.0, 146.9, 146.4, 134.4, 

129.6, 128.7, 124.2 (d, J C-F= 7.0 Hz), 122.9 (d, J C-F = 3.0 Hz), 122.6, 116.5 (d, J C-F = 

20.0 Hz), 110.9, 109.9, 100.6, 84.6, 63.0, 60.6, 57.6, 55. 7, 55.5, 51.5, 47.7, 30.1, 27.5, 

18.3, 13.4. 

HRMS (ESI) m/z calcd for C31H35FN2O7 [M+ H]+ 567.2501, found: 567.2501. 
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(1'R,2'R,11b'R)-1-tert-butyl 2'-ethyl 

5-chloro-3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]

isoquinoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 20:1). 53% yield, white solid, 7:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; λ = 254 nm; τ major =6.3 min, τ minor = 

8.5 min, 83% ee. 

[α]D 
20 = - 93.8 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.8 Hz, 1H), 7.30-7.29 (d, J = 0.8 Hz, 1H), 

7.06 (d, J = 8.8 Hz, 1H), 6.99 – 6.97 (m, 2H), 6.78 (s, 1H), 6.30 (s, 1H), 4.65 (s, 1H), 

4.14 (s, 1H), 3.68 (t, J = 7.0 Hz, 2H), 3.37 – 3.33 (m, 1H), 3.21 (t, J = 10.8 Hz, 1H), 

2.63 – 2.55 (m, 1H), 2.37 (d, J = 15.2 Hz, 1H), 1.84 (s, 3H), 1.63 (s, 9H), 0.78 (t, J = 

7.0 Hz, 3H). 

13C NMR (100 MHz, CDCl3) δ 176.1, 169.7, 148.5, 137. 9, 136.7, 134.1, 130.8, 

128.7, 128.6, 128.1, 128.0, 127.0, 126.8, 125.3, 114.4, 100.6, 84.5, 63.4, 60.4, 56. 7, 

50.8, 47.6, 30.8, 28.1, 18.4, 13.4. 

HRMS (ESI) m/z calcd for C29H31ClN2O5 [M+ H]+ 523.1994, found: 523.1998. 

 

 

(1'R,2'R,11b'R)-1-tert-butyl 2'-ethyl 

3',5-dimethyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoqu

inoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 20:1). 53% yield, white solid, 11:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; λ = 254 nm; τ major =7.8 min, τ minor = 

9.9 min, 90% ee. 

[α]D 
20 = - 62.1 (c = 1.0, CH3CH2OH). 
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1H NMR (400 MHz, CDCl3) δ 7.30 – 7.26 (m, 2H), 7.12 (s , 1H), 6.98 – 6.96 (m, 

2H), 6.86 (d, J = 8.0Hz, 1H), 6.75 – 6.73 (m, 1H), 6.32 (s, 1H), 4.64 (s, 1H), 4.13 (s, 

1H), 3.68 – 3.56 (m, 2H), 3.34 – 3.30 (m, 1H), 3.20 (t, J = 12.8 Hz, 1H), 2.60 – 2.52 

(m, 1H), 2.32 (d, J = 14.8 Hz, 1H), 2.27 (s, 3H), 1.86 (s, 3H), 1.63 (s, 9H), 0.74 (t, J = 

7.0 Hz, 3H). 

13C NMR (100 MHz, CDCl3) δ 177.0, 169.9, 148.8, 136.9, 136.7, 134.2, 132.6, 131.3, 

128.6, 128.3, 127.3, 126.9, 126. 8, 126.0, 125.2, 113.0, 100.8, 83.6, 63.4, 60.2, 57.0, 

50.7, 47.5, 30.8, 28.1, 21.1, 18.5, 13.3. 

HRMS (ESI) m/z calcd for C30H34N2O5 [M+ H]+ 503.2540, found: 503.2540. 

 

 

(1'R,2'R,11b'R)-1-benzyl 2'-ethyl 

3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinol

ine]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 20:1). 62% yield, white solid, 18:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; λ = 254 nm; τ major = 15.3 min, τ minor 

= 22.4 min, 90% ee. 

[α]D 
20 = - 69.8 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.2 Hz, 1H), 7.48 (d, J = 8.4 Hz, 1H), 

7.44 – 7.32 (m, 4H), 7.22 (d, J = 8.0 Hz, 1H), 7.09 (t, J = 7.4 Hz, 1H), 7.01 (t, J = 7.4 

Hz, 1H), 6.87 (t, J = 7.4 Hz, 1H), 6.70 (d, J = 3.8 Hz, 1H), 6.64 (t, J = 7.6 Hz, 1H), 

6.32 (s, 1H), 5.51 – 5.38 (m, 2H), 4.67 (s, 1H), 4.16 (s, 1H), 3.64 – 3.54 (m, 2H), 3.33 

– 3.29 (m, 1H), 3.18 (t, J = 11.8Hz, 1H), 2.59 – 2.52 (m, 1H), 2.28 (d, J = 14.6 Hz, 

1H), 1.86 (s, 3H), 0.64 (t, J = 7.0 Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 176.7, 169.7, 150.2, 138.8, 136.7, 135.2, 134.2, 130.9, 

128.6, 128.4, 128.3, 128.1, 126.92, 126.87, 126.7, 126.1, 125.3, 123.6, 113.4, 100.6, 

68.2, 63.4, 60.3, 57.0, 50.8, 47.5, 30.7, 18.4, 13.2. 

HRMS (ESI) m/z calcd for C32H30N2O5 [M+ Na]+ 545.2047, found: 545.2047. 

 

 

(1'R,2'R,11b'R)-ethyl 

1-acetyl-3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]i

soquinoline]-2'-carboxylate 

Purified by FC (PE:EtOAc = 20:1). 58% yield, white solid, 8:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; λ = 254 nm; τ minor= 6.0 min, τ major = 

6.9 min, 89% ee. 

[α]D 
20 = - 161.1 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 8 Hz, 1H), 7.36 (d, J = 6.4 Hz, 1H), 7.23 

– 7.20 (m, 1H), 7.12 (t, J = 7.8 Hz, 1H), 7.07 – 6.98 (m, 3H), 6.76 – 6.74 (m, 1H), 

6.35 (s, 1H), 4.70 (s, 1H), 4.13 (s, 1H), 3.60 (q, J = 6.4 Hz, 2H), 3.37 – 3.32 (m, 1H), 

3.22 (t, J = 11.8Hz, 1H), 2.74 (s, 3H), 2.61 – 2.53 (m, 1H), 2.30 (d, J = 15.2 Hz, 1H), 

1.87 (s, 3H), 0.70 (t, J = 7.2 Hz, 3H). 

13C NMR (100 MHz, CDCl3) δ 179.2, 170.2, 169.7, 139.6, 137.0, 134.2, 131.1, 128.6, 

128.5, 127.2, 126.8, 126.4, 126.1, 125.3, 124.0, 114.9, 100.5, 63.3, 60.4, 57.1, 51.2, 

47.4, 30.7, 26.7, 18.4, 13.3. 

HRMS (ESI) m/z calcd for C26H26N2O4 [M+ Na]+ 453.1785, found: 453.1785. 
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(1'R,2'R,11b'R)-2'-benzyl 1-tert-butyl 

3'-ethyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinolin

e]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 20:1). 65% yield, white solid, 5:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; λ = 254 nm; τ major = 6.2 min, τ minor = 

9.5 min, 88% ee. 

[α]D 
20 = - 47.2 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.30 – 7.25 (m, 3H), 7.21 – 7.19 (m, 3H), 7.04 – 6.94 

(m, 6H), 6.72 – 6.70 (m, 1H), 6.33 (s, 1H), 4.62 – 4.51 (m, 3H), 4.32 (s, 1H), 3.34 – 

3.30 (m, 1H), 3.21 (t, J = 12.8Hz, 1H), 2.58 – 2.50 (m, 1H), 2.36 – 2.17 (m, 3H), 1.57 

(s, 9H), 1.10 (t, J = 7.4 Hz, 3H). 

13C NMR (100 MHz, CDCl3) δ 176.6, 170.1, 148.4, 139.1, 136.9, 135.0, 133.3, 131.0, 

128.3, 128.2, 128.2, 127.8, 127.0, 126.9, 126.8, 125.7, 125.2, 123.2, 113.5, 106.8, 

83.5, 66.3, 63.6, 56.6, 48.9, 47.7, 30.8, 28.1, 25.3, 13.8. 

HRMS (ESI) m/z calcd for C35H36N2O5 [M+ Na]+ 587.2516, found: 587.2516. 

 

 

(1'R,2'R,11b'R)-di-tert-butyl 

9',10'-dimethoxy-2-oxo-3'-propyl-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyri

do[2,1-a]isoquinoline]-1,2'-dicarboxylate 
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Purified by FC (PE:EtOAc = 5:1). 72% yield, white solid, 8:1 dr. The ee was 

determined by chiral HPLC using a Daicel OD-H column (hexane/i-PrOH = 90/10); 

flow rate 1.0 mL/min; λ = 254 nm; τ major = 4.3 min, τ minor = 4.9 min, 94% ee. 

[α]D 
20 = - 170.4 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 7.2 Hz, 1H), 

7.11 (t, J = 7.6 Hz, 1H), 7.01 (t, J = 7.6 Hz, 1H), 6.84 (s, 1H), 6.31 (s, 1H), 6.23 (s, 

1H), 4.58 (s, 1H), 4.06 (s, 1H), 3.85 (s, 3H), 3.71 (s, 3H), 3.32 – 3.29 (m, 1H), 3.19 (t, 

J = 10.6 Hz, 1H), 2.58 – 2.50 (m, 1H), 2.42 – 2.36 (m, 1H), 2.22 (d, J = 14.8 Hz, 1H), 

2.06 – 1.98 (m, 1H), 1.61 (s, 9H), 0.96 (s, 14H). 

13C NMR (100 MHz, CDCl3) δ 177.2, 168.8, 148.7, 147.3, 146.7, 139.5, 134.0, 129.1, 

128.0, 127.0, 126.6, 123.3, 123.2, 113.6, 110.9, 109.9, 105.6, 84.0, 80.6, 63.1, 56.8, 

55.7, 55.5, 50.3, 47.8, 34.5, 30.2, 28.0, 27.1, 21.8, 13. 8. 

HRMS (ESI) m/z calcd for C35H44N2O7 [M+ H]+ 605.3221, found: 605.3221. 

 

 

(1'R,2'R,11b'R)-di-tert-butyl 

3'-benzyl-9',10'-dimethoxy-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrid

o[2,1-a]isoquinoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 5:1). 85% yield, white solid, 8:1 dr. The ee was 

determined by chiral HPLC using a Daicel OD-H column (hexane/i-PrOH = 90/10); 

flow rate 1.0 mL/min; λ = 254 nm; τ major = 5.5 min, τ minor = 6.2 min, 92% ee. 

[α]D 
20 = - 59.6 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 8.0 Hz, 1H), 7.36 (d, J = 7.2 Hz, 1H), 

7.31-7.18 (m , 5H), 7.12 (t, J = 7.6 Hz, 1H), 7.04 (t, J = 7.4 Hz, 1H), 6.80 (s, 1H), 

6.38 (s, 1H), 6.22 (s, 1H), 4.58 (s, 1H), 3.84 (s, 1H), 3.83 (s, 3H), 3.70 (s, 3H), 3.48 – 

3.11 (m, 4H), 2.57 – 2.49 (m, 1H), 2.21 (t, J = 14.8 Hz, 1H), 1.58 (s, 9H), 0.95 (s, 

9H). 



S-12 
 

13C NMR (100 MHz, CDCl3) δ 176.9, 168.8, 148.7, 147.4, 146.7, 140.8, 139.5, 135.1, 

129.1, 128.8, 128.3, 128.1, 126.9, 126.4, 125.9, 123.3, 122.9, 113.7, 110.9, 110.0, 

105.5, 84.0, 80.7, 62.9, 56.8, 55.7, 55.4, 49.8, 47.8, 39.0, 30.2, 28.0, 27.0. 

HRMS (ESI) m/z calcd for C39H44N2O7 [M+ H]+ 653.3221, found: 653.3221. 

 

 

(1'R,2'R,11b'R)-2'-benzyl 1-tert-butyl 

3'-heptyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinoli

ne]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 50:1). 80% yield, yellow oil, 10:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; λ = 254 nm; τ major = 4.3 min, τ minor = 

5.8 min, 88% ee. 

[α]D 
20 = - 35.3 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.31 – 7.25 (m, 3H), 7.21 – 7.20 (m, 3H), 7.05 – 6.94 

(m, 6H), 6.73 – 6.70 (m, 1H), 6.33 (s, 1H), 4.64 – 4.48 (m, 3H), 4.29 (s, 1H), 3.33 – 

3.30 (m, 1H), 3.21 (t, J = 12.6Hz, 1H), 2.57 – 2.49 (m, 1H), 2.36 – 2.26 (m, 2H), 2.12 

– 2.04 (m, 1H), 1.57 (s, 9H), 1.28 – 1.26 (m, 10H), 0.90 (t, J = 6.4 Hz, 3H). 

13C NMR (100 MHz, CDCl3) δ 176.5, 170.1, 148.5, 139.2, 136.9, 135.1, 133.8, 131.0, 

128.3, 128.2, 128.2, 127.9, 127.0, 126. 9, 126.8, 125.7, 125.2, 123.2, 113.5, 105.1, 

83.4, 66.3, 63.6, 56. 6, 48. 9, 47.7, 32.5, 31.9, 30.8, 29.7, 29.4, 29.2, 29.0, 28.1, 22.7, 

14.1. 

HRMS (ESI) m/z calcd for C40H46N2O5 [M+ Na]+ 657.3299, found: 657.3299. 
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(1'R,2'R,11b'R)-2'-benzyl 1-tert-butyl 

3'-nonyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]isoquinoli

ne]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 50:1). 90% yield, yellow oil, 8:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; λ = 254 nm; τ major = 4.1 min, τ minor = 

5.1 min, 87% ee. 

[α]D 
20 = - 20.9 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.31 – 7.25 (m, 3H), 7.21 – 7.19 (m, 3H), 7.04 – 6.94 

(m, 6H), 6.72 – 6.70 (m, 1H), 6.33 (s, 1H), 4.61 – 4.51 (m, 3H), 4.29 (s, 1H), 3.33 – 

3.29 (m, 1H), 3.20 (t, J = 12.6Hz, 1H), 2.57 – 2.49 (m, 1H), 2.37 – 2.25 (m, 2H), 2.12 

– 2.04 (m, 1H), 1.57 (s, 9H), 1.33 – 1.23 (m, 14H), 0.89 (t, J = 6.6 Hz, 3H). 

13C NMR (100 MHz, CDCl3) δ 176.5, 170.1, 148.4, 139.1, 136.9, 135.1, 133.8, 131.0, 

128.3, 128.2, 128.2, 127.9, 127.0, 126.9, 126.8, 125.7, 125.2, 123.2, 113.5, 105.1, 

83.4, 66.3, 63.6, 56.5, 48.9, 47.6, 32.5, 31.9, 30.8, 29.6, 29.5, 29.4, 29.3, 29.0, 28.1, 

22.7, 14.1. 

HRMS (ESI) m/z calcd for C42H50N2O5 [M+ Na]+ 663.3792, found: 663.3792. 

 

 

(1'R,2'R,11b'R)-2'-benzyl 1-tert-butyl 

9',10'-dimethoxy-3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyri

do[2,1-a]isoquinoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 5:1). 54% yield, white solid, 8:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; λ = 254 nm; τ major = 34.2 min, τ minor 

= 38.7 min, 90% ee. 

[α]D 
20 = - 116.6 (c = 1.0, CH3CH2OH). 
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1H NMR (400 MHz, CDCl3) δ 7.34 (d, J = 6.8 Hz, 1H), 7.28 – 7.26 (m, 1H), 7.22 – 

7.20 (m, 3H), 7.07 (t, J = 7.4 Hz, 1H), 7.01 – 6.97 (m, 3H), 6.80 (s, 1H), 6.32 (s, 1H), 

6.22 (s, 1H), 4.66 – 4.46 (m, 3H), 4.21 (s, 1H), 3.83 (s, 3H), 3.70 (s, 3H), 3.32 – 3.28 

(m, 1H), 3.19 (t, J = 12.2Hz, 1H), 2.52 – 2.44 (m, 1H), 2.19 (d, J = 14.8 Hz, 1H), 1.84 

(s, 3H), 1.50 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 177.1, 169.9, 148.2, 147.4, 146.8, 139.2, 135.1, 134.4, 

129.0, 128.3, 128.2, 127. 9, 127.8, 126. 9, 125.9, 123.3, 122. 9, 113.8, 111.0, 109.8, 

100.4, 84.0, 66.1, 63.1, 56.8, 55.7, 55.5, 51.4, 47.7, 30.2, 27.9, 18.4. 

HRMS (ESI) m/z calcd for C36H38N2O7 [M+ Na]+ 633.2571, found: 633.2571. 

 

 

(1'R,2'R,11b'R)-di-tert-butyl 

3',10'-dimethyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a]iso

quinoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 20:1). 73% yield, white solid, > 20:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 98/2); flow rate 1.0 mL/min; λ = 254 nm; τ minor =6.7 min, τ major = 

7.7 min, 96% ee. 

[α]D 
20 = - 148.1 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 8.0 Hz, 1H), 7.30 (d, J = 7.2 Hz, 1H), 

7.15 (s , 1H), 7.08 (t, J = 7.2 Hz, 1H), 6.97 (t, J = 7.0 Hz, 1H), 6.77 (d, J = 7.2 Hz, 

1H), 6.62 (d, J = 7.2 Hz, 1H), 6.29 (s, 1H), 4.56 (s, 1H), 4.03 (s, 1H), 3.28 – 3.12 (m, 

2H), 2.54 (t, J = 10.2 Hz, 1H), 2.27 – 2.23 (m, 4H), 1.86 (s, 3H), 1.64 (s, 9H), 0.93 (s, 

9H). 

13C NMR (100 MHz, CDCl3) δ 176.8, 168.7, 149.0, 139.5, 134.8, 134.2, 133.7, 131.2, 

128.0, 127.5, 127.4, 126.8, 126.7, 123.2, 113.2, 101.6, 83.7, 80.8, 63.4, 57.2, 51.4, 

47.7, 30.4, 28.1, 27.0, 21.0, 18.4. 
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HRMS (ESI) m/z calcd for C32H38N2O5 [M+ H]+ 531.2853, found: 531.2853. 

 

 

(1'R,2'R,11b'R)-2'-benzyl 1-tert-butyl 

10'-bromo-3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-

a]isoquinoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 20:1). 47% yield, white oil, 12:1 dr. 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; τ major = 12.4 min, τ minor = 13.3 min, 94% ee. 

[α]D 
20 = - 120.7 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.36-7.32 (m , 2H), 7.24-7.13 (m , 4H), 6.89 (t, J = 

8.0 Hz, 2H), 6.91 – 6.88 (m, 3H), 6.53 (d, J = 8.0 Hz, 2H), 6.23 (s, 1H), 4.56 – 4.38 

(m, 3H), 4.11 (s, 1H), 3.26 – 3.22 (m, 1H), 3.06 (t, J = 11.4 Hz, 1H), 2.47 – 2.39 (m, 

1H), 2.19 (d, J = 15.6 Hz, 1H), 1.77 (s, 3H), 1.53 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 176.1, 169.7, 148.5, 139.3, 135.9, 134.9, 134.1, 133.5, 

130.0, 129.9, 129.8, 128.5, 128.4, 128.3, 127.9, 126.7, 125.4, 123.2, 119.2, 113.6, 

101.1, 84.1, 66.4, 62.8, 56.6, 51.1, 47.4, 30.4, 28.1, 18.4, 1.0. 

HRMS (ESI) m/z calcd for C34H33BrN2O5 [M+ H]+ 629.1646, found: 629.1646. 

 

 

(1'R,2'R,11b'R)-di-tert-butyl 

10'-chloro-3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-

a]isoquinoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 20:1). 58% yield, white solid, >20:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 
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(hexane/i-PrOH = 98/2); flow rate 1.0 mL/min; λ = 254 nm; τ minor = 6.0 min, τ major = 

6.8 min, 98% ee. 

[α]D 
20 = - 234.6 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.0 Hz, 1H), 7.34 – 7.28 (m, 2H), 7.10 (t, 

J = 8.0 Hz, 1H), 7.00 – 6.93 (m, 2H), 6.67 (d, J = 8.0 Hz, 1H), 6.27 (s, 1H), 4.53 (s, 

1H), 4.02 (s, 1H), 3.32 – 3.28 (m, 1H), 3.13 (t, J = 10.8 Hz, 1H), 2.58 – 2.50 (m, 1H), 

2.29 (d, J = 15.2 Hz, 1H), 1.86 (s, 3H), 1.67 (s, 9H), 0.93 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 176.4, 168.5, 149.0, 139.6, 135.4, 133.9, 133.2, 131.2, 

129.5, 128.3, 127.0, 126.9, 126.8, 126.3, 123.3, 113.4, 102.2, 84.1, 81.0, 63.1, 57.0, 

51.4, 47.4, 30.4, 28.0, 27.0, 18.4. 

HRMS (ESI) m/z calcd for C31H35ClN2O5 [M+ H]+ 551.2307, found: 551.2307. 

 

 

(1'R,2'R,11b'R)-di-tert-butyl 

9'-bromo-3'-methyl-2-oxo-2',6',7',11b'-tetrahydrospiro[indoline-3,1'-pyrido[2,1-a

]isoquinoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 20:1). 62% yield, white solid, >20:1 dr. The ee was 

determined by chiral HPLC using a Phenomenex Lux 5u Cmylose -2 column 

(hexane/i-PrOH = 95/5); flow rate 1.0 mL/min; λ = 254 nm; τ minor = 4.8 min, τ major = 

5.9 min, 97% ee. 

[α]D 
20 = -113.2 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 8.4 Hz, 1H), 7.30 (d, J = 7.2 Hz, 1H), 

7.19 (d, J = 8.4 Hz, 1H), 7.14 – 7.08 (m, 2H), 7.00 (t, J = 7.4 Hz, 1H), 6.90 (s, 1H), 

6.27 (s, 1H), 4.54 (s, 1H), 4.03 (s, 1H), 3.31 – 3.27 (m, 1H), 3.14 (t, J = 10.8 Hz, 1H), 

2.57 – 2.50 (m, 1H), 2.26 (d, J = 15.2 Hz, 1H), 1.86 (s, 3H), 1.64 (s, 9H), 0.93 (s, 9H). 
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13C NMR (100 MHz, CDCl3) δ 176.6, 168.5, 148.6, 139.4, 139.2, 133.9, 131.1, 130.4, 

128.8, 128.4, 128.3, 126.9, 126.2, 123.4, 120.8, 113.4, 102.2, 83. 9, 81.0, 63.2, 57.0, 

51.2, 47.1, 30.6, 28.1, 27.0, 18.4. 

HRMS (ESI) m/z calcd for C31H35BrN2O5 [M+ H]+ 595.1802, found: 595.1764. 

 

 

(1'R,2'S,3'S,10b'R)-di-tert-butyl 

3'-formyl-3'-methyl-2-oxo-3',5',6',10b'-tetrahydro-2'H-spiro[indoline-3,1'-pyrrol

o[2,1-a]isoquinoline]-1,2'-dicarboxylate 

Purified by FC (PE:EtOAc = 5:1). 63% yield, white solid, 15:1 dr. The ee was determined by 

chiral HPLC using a Daicel IC column (hexane/i-PrOH = 95/5); flow rate 0.7 mL/min; λ = 214 nm; 

τ minor = 17.2 min, τ major = 20.1 min, 95% ee. [α]D 
20 = +6.0 (c = 1.0, CH3CH2OH). 

1H NMR (400 MHz, CDCl3) δ 9.86 (s, 1H)，7.76 (d, J = 8.4 Hz, 1H), 7.38 (d, J = 8.4 

Hz, 1H), 7.12 (t, J = 8.6 Hz, 1H), 6.95 – 6.80 (m, 4H), 6.58 (d, J = 8.0 Hz, 1H), 4.74 

(s, 1H), 4.26 (s, 1H), 3.52 – 3.44 (m, 1H), 3.06 – 3.97 (m, 2H), 2.74 – 2.67 (m, 1H), 

1.70 (s, 9H), 1.67 (s, 3H), 1.04 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 202.4, 176.2, 166.6, 149.2, 140.5, 135.2, 132.8, 129.0, 

128.2, 127.2, 126.6, 125.8, 124.7, 124.0, 123.9, 114.2, 84.5, 82.1, 68.5, 67.6, 59.0, 56. 

6, 41.3, 31.2, 28.1, 27.3, 15.8. 

HRMS (ESI) m/z calcd for C31H36N2O6 [M+ H]+ 533.2646, found: 533.2653. 

 

 

 

 

 

 

4. 1H and 13C NMR Spectra 
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6. X-ray Crystallography Data of 4l. 

Crystals of 4l were grown from PE:EA =10:1 to give colourless crystals that 

were submitted to X-Ray crystallography. 

Table 1.  Crystal data and structure refinement for cu_60113b. 

Identification code  cu_60113b 

Empirical formula  C39 H44 N2 O7 

Formula weight  652.76 

Temperature  296(2) K 

Wavelength  1.54178 Å 

Crystal system  Monoclinic 

Space group  C 2 

Unit cell dimensions a = 22.0361(10) Å a= 90°. 

 b = 8.9726(4) Å b= 98.967(3)°. 

 c = 18.4215(8) Å g = 90°. 

Volume 3597.8(3) Å3 

Z 4 

Density (calculated) 1.205 Mg/m3 

Absorption coefficient 0.668 mm-1 

F(000) 1392 

Crystal size 0.640 x 0.500 x 0.020 mm3 

Theta range for data collection 2.428 to 69.495°. 

Index ranges -25<=h<=26, -10<=k<=10, -22<=l<=22 

Reflections collected 9159 

Independent reflections 4929 [R(int) = 0.0440] 

Completeness to theta = 67.679° 93.6 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.753 and 0.561 

Refinement method Full-matrix least-squares on F2 
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Data / restraints / parameters 4929 / 67 / 442 

Goodness-of-fit on F2 1.334 

Final R indices [I>2sigma(I)] R1 = 0.0977, wR2 = 0.2925 

R indices (all data) R1 = 0.1055, wR2 = 0.3097 

Absolute structure parameter 0.1(2) 

Extinction coefficient 0.0013(5) 

Largest diff. peak and hole 1.028 and -0.479 e.Å-3 

 

 

X-ray Crystallography Data of 5. 

Crystals of 5 were grown from PE:EA =10:1 to give colourless crystals that were 

submitted to X-Ray crystallography. 

Table 1.  Crystal data and structure refinement for cu_60121a. 

Identification code  cu_60121a 

Empirical formula  C31 H36 N2 O6 

Formula weight  532.62 

Temperature  296(2) K 

Wavelength  1.54178 Å 

Crystal system  Orthorhombic 

Space group  P 21 21 21 

Unit cell dimensions a = 9.9835(14) Å a= 90°. 

 b = 12.2707(16) Å b= 90°. 

 c = 23.460(3) Å g = 90°. 

Volume 2873.9(6) Å3 

Z 4 

Density (calculated) 1.231 Mg/m3 

Absorption coefficient 0.693 mm-1 

F(000) 1136 
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Crystal size 0.250 x 0.220 x 0.180 mm3 

Theta range for data collection 3.768 to 67.416°. 

Index ranges -11<=h<=10, -14<=k<=14, -24<=l<=28 

Reflections collected 14287 

Independent reflections 4523 [R(int) = 0.0593] 

Completeness to theta = 67.679° 91.8 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.753 and 0.589 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4523 / 42 / 360 

Goodness-of-fit on F2 1.778 

Final R indices [I>2sigma(I)] R1 = 0.1890, wR2 = 0.3905 

R indices (all data) R1 = 0.1975, wR2 = 0.4010 

Absolute structure parameter -0.11(17) 

Extinction coefficient 0.109(16) 

Largest diff. peak and hole 1.483 and -0.831 e.Å-3 

 

 

 

 


