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1. General information. 

 

Air and moisture sensitive reactions were carried out in oven-dried glassware sealed with rubber septa 

under dry argon atmosphere. All reagents were purchased from commercial suppliers without further 

purification. Solvent purification was conducted by solvent purification system (Vigor YJC-7). Column 

chromatography was performed using 200-300 mesh silica gels. The NMR spectra were recorded on a 

Varian MERCURY plus-400 (400 MHz, 1H; 101 MHz, 13C); Bruker-400 instrument (400 MHz, 1H; 101 

MHz, 13C); Bruker-500 instrument (500 MHz, 1H; 126 MHz, 13C), spectrometer with chemical shifts 

reported in ppm relative to the residual deuterated solvent and the internal standard (1H NMR: CDCl3 at 

7.26 ppm; (CD3)2SO at 2.05 ppm; 13C NMR: CDCl3 at 77.1 ppm; (CD3)2SO at 39.5 ppm). 19F NMR 

spectra were recorded on a Varian instrument (376 MHz, respectively) and referenced relative to PhCF3. 

Data for 1H NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = doublet, 

t = triplet, q = quartet, m = multiple or unresolved, br = broad singlet, coupling constant(s) in Hz, 

integration). XRD and High-resolution mass spectra (HRMS) were performed at Instrumental Analysis 

Center of Shanghai Jiao Tong University with electrospray spectrometer Waters Micro mass Q-TOF 

Premier Mass Spectrometer. Enantiomeric excess was determined by HPLC using a Daicel chiral column. 

Melting points were measured with Hanon MP100 melting point apparatus. Optical rotations were 

measured on an Anton Paar MCP100 automatic polarimeter using a 100 mm path-length cell at 589 nm. 
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2. Procedure for the ligand synthesis. 

 

L1-L5 and L8 were prepared according to the literature.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

L6 [R1 =4-OMe-3,5-t-Bu2C6H2, R2 = t-Bu] 

The reaction was performed according to the modified literature procedure.1 In a flame dried schlenk 

tube, 2-(2-bromophenyl)-4-(tert-butyl)-4,5-dihydrooxazole (2.81 g, 10 mmol, 2.0 equiv) was dissolved 

in THF solvent (20 mL) under an argon atmosphere and the solution was cooled down to -78 oC. n-BuLi 

(7.5 mL, 1.6 M in hexane, 2.4 equiv, 12 mmol) was added dropwise and the mixture was stirred for 1 

hour at -78 oC. The reaction mixture was further cooled to ~ -100 oC and was added triphenyl phosphite 

(1.55 g, 5.0 mmol, 1.0 equiv) in 2.0 mL of THF in one portion under vigorous stirring. The reaction was 

slowly warmed up to room temperature and stirred for 5 hours. The reaction mixture A was used in the 

next step directly.  

 

In another flame dried schlenk tube, 5-bromo-1,3-di-tert-butyl-2-methoxybenzene (1.79 g, 6 mmol, 

1.2 equiv) was dissolved in THF (20 mL) under an argon atmosphere and the mixture was cooled down 

to -78 oC. n-BuLi (4 mL, 1.3 equiv, 1.6 M in hexane, 6.5 mmol) was slowly added to the solution at -78 

oC, and the reaction mixture B was stirred at this temperature for 1 hour. Then the reaction mixture A 

was added to the reaction mixture B dropwise via a syringe at -78 oC. The resulted solution was allowed 

to warm to room temperature slowly and stirred for 12 hours. The reaction was quenched with water, 

and the mixture was washed with sodium hydroxide. The aqueous phase was extracted with ethyl acetate, 

and the combined organic layer was dried over anhydrous sodium sulfate, filtered and concentrated in 

vacuum. The residue was purified by flash column chromatography on silica gel using petroleum 

ether/ethyl acetate (PE : EA 50 : 1) as eluent to afforded the product L6 2.25 g (69% yield) as light yellow 

solid. 
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L6 [R1 =4-OMe-3,5-t-Bu2C6H2, R2 = t-Bu]. 

m. p. 175.1 oC ~ 176.8 oC, TLC Rf = 0.2 (PE : EA 50 : 1). 

1H NMR (400 MHz, CDCl3) δ 7.92-7.87 (m, 2H), 7.32-7.26 (m, 3H), 7.25-7.18 (m, 

1H), 7.08 (d, J = 7.4 Hz, 2H), 6.92-6.84 (m, 2H), 4.13-3.84 (m, 6H), 3.65 (s, 3H), 

1.27 (s, 18H), 0.65 (s, 9H), 0.62 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 162.5 (d, J = 2.9 Hz), 162.5 (d, J = 3.3 Hz), 143.0, 

143.0, 142.3, 142.0, 141.0, 140.8, 134.6, 133.8, 133.0, 132.7, 132.2, 132.0, 131.9, 

131.8, 131.7, 131.5, 130.2, 130.0, 129.7 (d, J = 2.2 Hz), 129.4 (d, J = 3.9 Hz), 

127.5, 76.6 (d, J = 0.8 Hz), 68.1, 64.2, 35.8, 33.8, 33.6, 32.1, 26.0, 25.7. 

31P NMR (162 MHz, CDCl3) δ -5.69. 

[]D
25 = -44.5 (c 1.1, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C41H56N2O3P 655.4029; Found 655.4045. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

L7 [R1 =4-CF3C6H4, R2 = t-Bu] 

The reaction was performed according to the modified literature procedure.1 In a flame dried schlenk 

tube, 2-(2-bromophenyl)-4-(tert-butyl)-4,5-dihydrooxazole (2.81 g, 10 mmol, 2.0 equiv) was dissolved 

in THF solvent (20 mL) under an argon atmosphere and the solution was cooled down to -78 oC. n-BuLi 

(7.5 mL, 1.6 M in hexane, 2.4 equiv, 12 mmol) was added dropwise and the mixture was stirred for 1 

hour at -78 oC. The reaction mixture was further cooled to ~ -100 oC and was added triphenyl phosphite 

(1.55 g, 5.0 mmol, 1.0 equiv) in 2.0 mL of THF in one portion under vigorous stirring. The reaction was 

slowly warmed up to room temperature and stirred for 5 hours. The reaction mixture A was used in the 

next step directly.  

 

In another flame dried schlenk tube, 1-bromo-4-(trifluoromethyl)benzene (1.34 g, 6 mmol, 1.2 equiv)  

was dissolved in THF (20 mL) under an argon atmosphere and the solution was cooled down to -78 oC. 

n-BuLi (4 mL, 1.3 equiv, 1.6 M in hexane, 6.5 mmol) was slowly added to the solution at -78 oC, and the 

reaction mixture B was stirred at this temperature for 1 hour. Then the reaction mixture A was added to 

the reaction mixture B dropwise via a syringe at -78 oC. The resulted solution was allowed to warm to 

room temperature slowly and stirred for 12 hours. The reaction was quenched with water, and the mixture 

was washed with sodium hydroxide. The aqueous phase was extracted with ethyl acetate, and the 
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combined organic layer was dried over anhydrous sodium sulfate, filtered and concentrated in vacuum. 

The residue was purified by flash column chromatography on silica gel using petroleum ether/ethyl 

acetate (PE : EA 10 : 1) as eluent to afforded the product L7 1.65 g (57% yield) as white solid. 

 

L7 [R1 = 4-CF3C6H4, R2 = t-Bu]. 

m. p. 75.0 oC ~ 76.0 oC, TLC Rf = 0.4 ( PE : EA 10 : 1). 

1H NMR (400 MHz, CDCl3) δ 7.96-7.90 (m, 2H), 7.50 (d, J = 8.1 Hz, 2H), 7.40-

7.31 (m, 4H), 7.28-7.22 (m, 2H), 6.91-6.83 (m, 2H), 4.16-3.96 (m, 4H), 3.93-3.85 

(m, 2H), 0.63 (d, J = 2.1 Hz, 18H). 

13C NMR (101 MHz, CDCl3) δ 162.5 (d, J = 2.2 Hz), 162.1 (d, J = 3.1 Hz), 145.6, 

145.6, 145.5, 140.1, 139.9, 139.4, 139.1, 135.0, 134.3, 134.2, 134.1, 132.2, 132.2, 

132.0, 131.9, 130.5, 130.4, 129.8 (q, J = 32.5 Hz), 129.7 (d, J = 3.1 Hz), 128.2 (d, J 

= 3.5 Hz), 125.0-124.5 (m), 124.4 (q, J = 273.0 Hz), 76.8 (d, J = 28.6 Hz), 68.3, 68.2, 33.7, 33.5, 25.7, 

25.7. 

31P NMR (162 MHz, CDCl3) δ -7.68. 

19F NMR (376 MHz, CDCl3) δ -62.63. 

[]D
25 = -23.1 (c 1.1, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C33H37F3N2O2P 581.2545; Found 581.2554. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S6 

 

3. Syntheses of allylic carbonates, pyridinium salts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The allylic carbonate 1a – 1c2, 1g – 1i2, Z – 1j2, E – 1k2, 1e2, 1f1 were prepared according to the literature. 

The pyridinium salts 2a – 2c3-4, 2e – 2f3-4were prepared according to the literature. 
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Allylic carbonate 1d was synthesized in similar way to the other allylic carbonate reported in the 

literature.[1-2] 

In a flame dried schlenk tube, a solution of allyl alcohol substrate 1d’ (1.65 g, 8 mmol, 1.0 equiv) and 4-

dimethylaminopyridine (195.2 mg, 1.6 mmol, 0.2 equiv) in DCM (15 mL) was added pyridine (1.89 g, 

24 mmol, 3.0 equiv) under an argon atmosphere and cooled down to 0 oC. Methyl chloroformate (1.13 

g, 12 mmol, 1.5 equiv) was slowly added to the mixed solution at 0 oC. After being stirred at 0 oC for 30 

minutes, the reaction solution was allowed to warm to room temperature and continues to stir overnight. 

The reaction was quenched with saturated sodium bicarbonate, and the aqueous phase was extracted with 

ether. The combined organic layer was dried over anhydrous sodium sulfate, filtered and concentrated in 

vacuum. The residue was purified by silica gel column chromatography (PE : EA 20 : 1) to give 1d (1.58 

g, 75%) as a colorless oil. 

 

6-(benzyloxy)hex-1-en-3-yl methyl carbonate (1d). 

Colorless oil, 1.58 g, 75%. TLC Rf = 0.2 (PE : EA 20 : 1). 

1H NMR (400 MHz, CDCl3) δ 7.37-7.31 (m, 4H), 7.30-7.26 (m, 1H), 5.86-5.74 

(m, 1H), 5.30 (dt, J = 17.2, 1.2 Hz, 1H), 5.21 (dt, J = 10.5, 1.1 Hz, 1H), 5.09 (q, J = 6.7 Hz, 1H), 4.50 

(s, 2H), 3.77 (s, 3H), 3.52-3.46 (m, 2H), 1.82-1.74 (m, 2H), 1.72-1.66 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 155.3, 138.5, 135.9, 128.4, 127.6, 127.6, 117.6, 78.9, 72.9, 69.8, 54.7, 

31.0, 25.3. 

HRMS (ESI) m/z: [M + Na]+ calcd for C15H20O4Na 287.1254; Found 287.1260. 

 

 

 

 

 

 

All the pyridinium salts (2a to 2c, 2e to 2f) were prepared according to the reported literature procedure.4 

 

General Method for the Preparation of the Pyridinium Salts (2d, 2g, 2h, 2i) : The reaction was 

performed according to the modified literature procedure.3-4 In a flame dried schlenk tube, the pyridine 

(5 mmol, 1.0 equiv) was dissolved in THF (10 ml) and the alpha-bromo ketone (5 mmol, 1.0 equiv) was 

added dropwise. After stirring in refluxing THF (oil bath as heat source), the formed precipitate is filtered 

out, washed with Et2O (20 mL) and recrystallized from methanol/toluene (1 : 1). 

 

2-methyl-1-(2-(3-nitrophenyl)-2-oxoethyl)pyridin-1-ium bromide (2d). 

According to the general procedure, the reaction of 2-bromo-1-(3-

nitrophenyl)ethan-1-one (1.22 g, 5 mmol), 2-methylpyridine (0.465 g, 5 mmol) 

reflux in THF (10 mL) for 6 hours afforded the product 2d 1.42 g (84% yield) 

as yellow solid, the products were purified through by crystallization 

(methanol/toluene 1:1). m. p. 224.1 oC ~ 224.5 oC, TLC Rf = 0.3 (DCM : MeOH 10 : 1). 
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1H NMR (400 MHz, DMSO) δ 9.11-9.09 (m, 1H), 8.80 (t, J = 1.9 Hz, 1H), 8.66 (td, J = 7.9, 1.3 Hz, 1H), 

8.62-8.58 (m, 1H), 8.57-8.53 (m, 1H), 8.24 (d, J = 7.8 Hz, 1H), 8.17-8.09 (m, 1H), 7.98 (t, J = 8.0 Hz, 

1H), 6.85 (s, 2H), 2.78 (s, 3H). 

13C NMR (101 MHz, DMSO) δ 189.7, 156.6, 147.9, 146.6, 146.5, 134.8, 134.7, 130.9, 129.7, 128.7, 

125.6, 123.0, 64.0, 19.9. 

HRMS (ESI) m/z: [M]+ calcd for C14H13N2O3 257.0921; Found 257.0925. 

 

2-benzyl-1-(2-oxo-2-phenylethyl)pyridin-1-ium bromide (2g). 

According to the general procedure, the reaction of 2-bromo-1-phenylethan-1-one 

(0.99 g, 5 mmol), 2-benzylpyridine (0.845 g, 5 mmol) reflux in THF (10 mL) for 12 

hours afforded the product 2g 1.59 g (87% yield) as white solid, the products were 

purified through by crystallization (methanol/toluene 1:1). m. p. 190.5 oC ~ 191.0 oC, 

TLC Rf = 0.3 (DCM : MeOH 10 : 1). 

1H NMR (400 MHz, DMSO) δ 9.11 (dd, J = 6.2, 0.9 Hz, 1H), 8.68 (td, J = 7.9, 1.3 Hz, 1H), 8.23-8.11 

(m, 1H), 8.08-7.96 (m, 3H), 7.76 (t, J = 7.4 Hz, 1H), 7.60 (t, J = 7.8 Hz, 2H), 7.26-7.11 (m, 5H), 6.81 (s, 

2H), 4.65 (s, 2H). 

13C NMR (101 MHz, DMSO) δ 190.1, 157.4, 147.7, 146.6, 134.6, 134.3, 133.2, 129.5, 129.3, 128.8, 

128.4, 127.3, 125.8, 63.5, 37.4. 

HRMS (ESI) m/z: [M]+ calcd for C20H18NO 288.1383; Found 288.1383. 

 

2,3-dimethyl-1-(2-oxo-2-phenylethyl)pyridin-1-ium bromide (2h). 

According to the general procedure, the reaction of 2-bromo-1-phenylethan-1-one 

(0.99 g, 5 mmol), 2,3-dimethylpyridine (0.535 g, 5 mmol) reflux in THF (10 mL) 

for 12 hours afforded the product 2h 1.19 g (78% yield) as white solid, the products 

were purified through by crystallization (methanol/toluene 1:1). m. p. 182.5 oC ~ 

183.0 oC, TLC Rf = 0.3 (DCM : MeOH 10 : 1). 

1H NMR (400 MHz, DMSO) δ 8.89 (d, J = 5.9 Hz, 1H), 8.52 (d, J = 7.8 Hz, 1H), 8.16-8.08 (m, 2H), 

7.99 (dd, J = 7.6, 6.5 Hz, 1H), 7.84-7.77 (m, 1H), 7.71-7.63 (m, 2H), 6.71 (s, 2H), 2.61 (s, 3H), 2.55 (s, 

3H). 

13C NMR (101 MHz, DMSO) δ 190.8, 155.6, 146.4, 144.4, 138.4, 134.9, 133.4, 129.1, 128.6, 124.6, 

64.6, 19.3, 16.9. 

HRMS (ESI) m/z: [M]+ calcd for C15H16NO 226.1226; Found 226.1230. 

 

5-bromo-2-methyl-1-(2-oxo-2-phenylethyl)pyridin-1-ium bromide (2i). 

According to the general procedure, the reaction of 2-bromo-1-phenylethan-1-one 

(0.99 g, 5 mmol), 5-bromo-2-methylpyridine (0.855 g, 5 mmol) reflux in THF (10 

mL) for 24 hours afforded the product 2i 1.49 g (81% yield) as white solid, the 

products were purified through by crystallization (methanol/toluene 1:1). m. p. 

205.8 oC ~ 206.2 oC, TLC Rf = 0.3 (DCM : MeOH 10 : 1). 

1H NMR (400 MHz, DMSO) δ 9.42 (d, J = 2.1 Hz, 1H), 8.91 (dd, J = 8.6, 2.1 Hz, 1H), 8.17 (d, J = 8.7 

Hz, 1H), 8.13-8.05 (m, 2H), 7.85-7.76 (m, 1H), 7.72-7.62 (m, 2H), 6.58 (s, 2H), 2.70 (s, 3H). 

13C NMR (101 MHz, DMSO) δ 190.2, 156.0, 148.5, 147.4, 134.9, 133.4, 130.5, 129.1, 128.5, 118.8, 

63.9, 19.4. 

HRMS (ESI) m/z: [M]+ calcd for C14H13BrNO 290.0175; Found 290.018 
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4. Optimization of reaction conditions. 

Table S1: Optimization of reaction conditions. 

 
[a] Conditions: All reactions were run with 2.5 mol% catalyst precursor and 6 mol% ligand on a 0.3 mmol scale at 40 °C for 24 hours 

unless otherwise noted, and the reactions with 4 equivalent Cs2CO3 were conducted in the presence of air. [b] The ratio were determined by 

1H-NMR. [c] Yield of isolated product. [d] The enantiomeric excess values were determined by HPLC analysis with a chiral column. [e] 

The ratio of branch products to linear products were determined by 1H-NMR. [f] The reaction was carried out at room temperature. [g] The 

reaction was carried out at 60 °C. 
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5. General procedure for the enantioselective 3‑allyl indolizines. 

 

General Method: To an oven-dried 10 mL Schlenk flask were added [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), 

L5 (9.2 mg, 6 mol%) and 2 mL CH3CN. Then the mixture was added rac-1 (0.3 mmol, 1.0 equiv) and 2 

(0.36 mmol, 1.2 equiv) at room temperature under an argon atmosphere unless otherwise noted. After 

being stirred at 40 oC (oil bath as heat source) for 24 hours, the reaction mixture was treated with 4 equiv 

of Cs2CO3 under the air. After being stirred at 40 oC (oil bath as heat source) for 2-6 hours, the reaction 

mixture was filtered through a short pad of silica gel eluting with ethyl acetate and concentrated. The 

residue was purified by silica gel column chromatography (petroleum ether/ethyl acetate) to give desired 

product 3. 
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6. Spectral data of 3‑allyl indolizines products and 3aa’. 

(R)-3-(hex-1-en-3-yl)-2-phenylindolizine (3aa). 

Following the general method, the reaction of rac-1a (47.4 mg, 0.3 mmol), 2a (104.8 

mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), Cs2CO3(391 

mg, 1.2 mmol) and 2 mL CH3CN afforded product 3aa (78.6 mg, 95%) as brown oil 

[eluent: petroleum ether = 250 mL], TLC Rf = 0.5 (100% PE), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.93 (dd, J = 7.2, 0.6 Hz, 1H), 7.50-7.38 (m, 5H), 7.37-7.31 (m, 1H), 6.67 

(ddd, J = 8.9, 6.4, 0.9 Hz, 1H), 6.55 (s, 1H), 6.50-6.43 (m, 1H), 6.23-6.11 (m, 1H), 5.21 (ddd, J = 10.4, 

2.2, 1.5 Hz, 1H), 5.05 (ddd, J = 17.4, 2.1, 1.5 Hz, 1H), 4.14-4.05 (m, 1H), 2.03-1.91 (m, 1H), 1.87-1.75 

(m, 1H), 1.15-0.96 (m, 2H), 0.72 (t, J = 7.3 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 138.5, 137.4, 132.4, 129.8, 129.6, 128.3, 126.4, 124.0, 120.8, 119.3, 

116.1, 115.1, 109.6, 99.5, 39.5, 32.6, 21.0, 13.8. 

[]D
25 = +59.0 (c 0.1, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C20H22N 276.1747; Found 276.1747. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0 : 100, 1 ml/min), 40 

oC, 254 nm, Rt = 15.365 min (major) and 16.749 min (minor), 99% ee. 

 

(R)-3-(but-3-en-2-yl)-2-phenylindolizine (3ba). 

Following the general method, the reaction of rac-1b (39.0 mg, 0.3 mmol), 2a (104.8 

mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), Cs2CO3(391 

mg, 1.2 mmol) and 2 mL CH3CN afforded product 3ba (69.8 mg, 94%) as white solid 

[eluent: petroleum ether = 250 mL], TLC Rf = 0.5 (100% PE), 99% ee, m. p. 47.3 oC ~ 

47.9 oC. 

1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 7.2 Hz, 1H), 7.50-7.37 (m, 5H), 7.36-7.29 (m, 1H), 6.66 (dd, 

J = 8.9, 6.5 Hz, 1H), 6.53 (s, 1H), 6.50-6.42 (m, 1H), 6.17-6.05 (m, 1H), 5.22 (d, J = 10.5 Hz, 1H), 5.10 

(d, J = 17.4 Hz, 1H), 4.32- 4.20 (m, 1H), 1.52 (d, J = 7.4 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 139.6, 137.2, 132.4, 129.5, 128.4, 128.4, 126.5, 124.0, 122.1, 119.3, 

116.2, 114.7, 109.6, 99.4, 33.5, 15.8. 

[]D
25 = +15.8 (c 0.5, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C18H18N 248.1434; Found 248.1444. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0.9 : 99.1, 0.9 ml/min), 

40 oC, 254 nm, Rt = 76.730 min (major) and 82.711 min (minor), 99% ee (The ee value was determined 

after the hydroboration/oxidation sequence 9). 

 

(R)-2-phenyl-3-(5-phenylpent-1-en-3-yl)indolizine (3ca). 

Following the general method, the reaction of rac-1c (66.0 mg, 0.3 mmol), 2a (104.8 

mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), Cs2CO3(391 

mg, 1.2 mmol) and 2 mL CH3CN afforded product 3ca (97.3 mg, 96%) as brown oil 

[eluent: petroleum ether = 350 mL], TLC Rf = 0.45 (PE : EA 100 : 1), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 7.1 Hz, 1H), 7.48-7.37 (m, 5H), 7.36-7.31 (m, 1H), 7.19-7.10 

(m, 3H), 6.90 (d, J = 6.7 Hz, 2H), 6.68 (dd, J = 8.7, 6.6 Hz, 1H), 6.55 (s, 1H), 6.50-6.42 (m, 1H), 6.14 

(ddd, J = 17.3, 10.4, 4.5 Hz, 1H), 5.20 (d, J = 10.4 Hz, 1H), 5.04 (d, J = 17.4 Hz, 1H), 4.18-4.02 (m, 1H), 

2.37-2.24 (m, 3H), 2.18-2.12 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 141.8, 138.2, 137.3, 132.6, 129.9, 129.6, 128.4, 128.4, 128.3, 126.5, 
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125.7, 123.8, 120.2, 119.3, 116.3, 115.5, 109.8, 99.7, 39.3, 34.0, 32.5. 

[]D
25 = +16.6 (c 0.5, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C25H24N 338.1903; Found 338.1918. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 10 : 90, 2 ml/min), 40 

oC, 254 nm, Rt = 8.042 min (major) and 11.189 min (minor), 99% ee (The ee value was determined after 

the hydroboration/oxidation sequence). 

 

(R)-3-(6-(benzyloxy)hex-1-en-3-yl)-2-phenylindolizine (3da). 

Following the general method, the reaction of rac-1d (79.2 mg, 0.3 mmol), 2a 

(104.8 mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), 

Cs2CO3(391 mg, 1.2 mmol) and 2 mL CH3CN afforded product 3da (104.1 mg, 

91%) as brown oil [eluent: petroleum ether/ethyl acetate 50 : 1 = 250 mL], TLC Rf 

= 0.5 (PE : EA 20 : 1), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 7.2 Hz, 1H), 7.43-7.33 (m, 5H), 7.30-7.17 (m, 6H), 6.61 (dd, 

J = 8.6, 6.7 Hz, 1H), 6.49 (s, 1H), 6.44-6.36 (m, 1H), 6.18-6.05 (m, 1H), 5.21-5.12 (m, 1H), 5.07-4.96 

(m, 1H), 4.30-4.22 (m, 2H), 4.11-3.98 (m, 1H), 3.22-3.10 (m, 2H), 2.05-1.90 (m, 2H), 1.33-1.23 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 138.5, 138.3, 137.2, 132.5, 129.9, 129.5, 128.3, 128.3, 127.6, 127.5, 

126.5, 123.9, 120.3, 119.3, 116.2, 115.3, 109.6, 99.5, 72.7, 69.7, 39.4, 27.8, 26.7. 

[]D
25 = +18.6 (c 0.5, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C27H28NO 382.2165; Found 382,2166. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0.5 : 95.5, 1 ml/min), 

40 oC, 254 nm, Rt = 47.152 min (major) and 30.775 min (minor), 99% ee. 

 

(R)-3-(5-methylhex-1-en-3-yl)-2-phenylindolizine (3ea). 

Following the general method, the reaction of rac-1e (51.6 mg, 0.3 mmol), 2a (104.8 

mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), Cs2CO3(391 

mg, 1.2 mmol) and 2 mL CH3CN afforded product 3ea (74.7 mg, 86%) as brown oil 

[eluent: petroleum ether = 250 mL], TLC Rf = 0.6 (100% PE), >99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.94 (dd, J = 7.2, 0.8 Hz, 1H), 7.52-7.39 (m, 5H), 7.38-7.31 (m, 1H), 6.68 

(ddd, J = 8.9, 6.4, 0.9 Hz, 1H), 6.56 (s, 1H), 6.51-6.44 (m, 1H), 6.25-6.13 (m, 1H), 5.22 (ddd, J = 10.4, 

2.2, 1.5 Hz, 1H), 5.06 (ddd, J = 17.3, 2.1, 1.5 Hz, 1H), 4.24-4.15 (m, 1H), 2.03-1.92 (m, 1H), 1.68-1.57 

(m, 1H), 1.23-1.09 (m, 1H), 0.70 (d, J = 6.6 Hz, 3H), 0.60 (d, J = 6.5 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 138.8, 137.3, 132.5, 129.8, 129.5, 128.3, 126.5, 124.0, 120.8, 119.3, 

116.1, 115.0, 109.6, 99.5, 39.5, 37.7, 26.1, 23.0, 21.9. 

[]D
25 = +32.3 (c 0.48, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C21H24N 290.1903; Found 290.1916. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0 : 100, 1 ml/min), 40 

oC, 254 nm, Rt = 12.716 min (major) and 18.106 min (minor), 99% ee. 

 

(S)-3-(1-cyclopropylallyl)-2-phenylindolizine (3fa). 

Following the general method, the reaction of rac-1f (46.8 mg, 0.3 mmol), 2a (104.8 

mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), Cs2CO3(391 

mg, 1.2 mmol) and 2 mL CH3CN afforded product 3fa (76.2 mg, 93%) as brown oil 

[eluent: petroleum ether = 250 mL], TLC Rf = 0.5 (100% PE), 90% ee. 
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1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 7.2, 0.9 Hz, 1H), 7.45-7.36 (m, 5H), 7.33-7.28 (m, 1H), 6.67 

(ddd, J = 8.9, 6.5, 0.9 Hz, 1H), 6.53 (s, 1H), 6.50-6.42 (m, 1H), 6.26-6.14 (m, 1H), 5.28-5.22 (m, 1H), 

5.22-5.15 (m, 1H), 3.35-3.23 (m, 1H), 1.44-1.32 (m, 1H), 0.70-0.58 (m, 1H), 0.33-0.20 (m, 2H), -0.05--

0.14 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 137.7, 137.2, 132.3, 129.6, 129.1, 128.2, 126.4, 124.1, 121.5, 119.2, 

116.3, 115.7, 109.6, 99.6, 44.8, 12.1, 5.9, 4.3. 

[]D
25 = +66.0 (c 0.25, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C20H20N 274.1590; Found 274.1602. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0.3 : 99.7, 0.7 ml/min), 

40 oC, 254 nm, Rt = 15.745 min (major) and 16.669 min (minor), 90% ee. 

 

(S)-3-(1-cyclohexylallyl)-2-phenylindolizine (3ga). 

Following the general method, the reaction of rac-1g (89.1 mg, 0.45 mmol), 2a (87.3 

mg, 0.3 mmol), BSA (N, O-Bis(trimethylsilyl)acetamide)(183 mg, 0.9 mmol), 

[Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), Cs2CO3(391 mg, 1.2 mmol), 

2 mL CH3CN and the reaction was run for 72 hours afforded product 3ga (77.1 mg, 

81%) as brown oil [eluent: petroleum ether = 250 mL], TLC Rf = 0.6 (100% PE), 99% 

ee. 

1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 7.2 Hz, 1H), 7.49-7.36 (m, 5H), 7.35-7.29 (m, 1H), 6.69-6.61 

(m, 1H), 6.51 (s, 1H), 6.49-6.44 (m, 1H), 6.30-6.18 (m, 1H), 5.16 (dt, J = 10.3, 1.6 Hz, 1H), 4.99 (dt, J 

= 17.1, 1.7 Hz, 1H), 3.76-3.64 (m, 1H), 2.12-1.91 (m, 2H), 1.78-1.67 (m, 1H), 1.60-1.53 (m, 1H), 1.51-

1.43 (m, 1H), 1.28-1.17 (m, 1H), 1.08-0.87 (m, 4H), 0.66-0.52 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 137.5, 136.2, 132.1, 130.0, 129. 7, 128.2, 126.4, 123.8, 121.1, 119.3, 

116.2, 115.9, 109.7, 99.7, 46.9, 38.2, 32.5, 31.4, 26.3, 26.3, 26.3. 

[]D
25 = -16.3 (c 0.56, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C23H26N 316.2060; Found 316.2073. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0 : 100, 1 ml/min), 40 

oC, 254 nm, Rt = 17.307 min (major) and 18.700 min (minor), 99% ee. 

 

(R)-3-(4-methylpent-1-en-3-yl)-2-phenylindolizine (3ha). 

Following the general method, the reaction of rac-1h (71.1 mg, 0.45 mmol), 2a (87.3 

mg, 0.3 mmol), BSA (N, O-Bis(trimethylsilyl)acetamide)(183 mg, 0.9 mmol), 

[Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), Cs2CO3(391 mg, 1.2 mmol), 

2 mL CH3CN and the reaction was run for 48 hours afforded product 3ha (79.0 mg, 

96%) as brown oil [eluent: petroleum ether = 250 mL], TLC Rf = 0.5 (100% PE), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 7.2, 0.7 Hz, 1H), 7.48-7.37 (m, 5H), 7.36-7.30 (m, 1H), 6.65 

(ddd, J = 8.9, 6.4, 0.9 Hz, 1H), 6.52 (s, 1H), 6.49-6.43 (m, 1H), 6.32-6.19 (m, 1H), 5.18 (dt, J = 10.3, 1.7 

Hz, 1H), 5.01 (dt, J = 17.2, 1.7 Hz, 1H), 3.66-3.55 (m, 1H), 2.45-2.27 (m, 1H), 1.05 (d, J = 6.5 Hz, 3H), 

0.51 (d, J = 6.6 Hz, 3H).  

13C NMR (101 MHz, CDCl3) δ 137.5, 136.5, 132.2, 130.0, 129.7, 128.2, 126.4, 123.8, 121.5, 119.3, 

116.3, 115.9, 109.7, 99.8, 48.3, 28.8, 22.0, 21.3.  

[]D
25 = -20.0 (c 0.06, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C20H22N 276.1747; Found 276.1759. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OJ-H Column, iPrOH : Hexane = 0.1 : 99.9 0.5 ml/min), 
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40 oC, 254 nm, Rt = 12.948 min (major) and 11.721 min (minor), 99% ee. 

 

(S)-2-phenyl-3-(1-phenylallyl)indolizine (3ia). 

Following the general method, the reaction of rac-1i (115.2 mg, 0.6 mmol), 2a (87.3 

mg, 0.3 mmol), BSA (N, O-Bis(trimethylsilyl)acetamide)(183 mg, 0.9 mmol), 

[Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), Cs2CO3 (391 mg, 1.2 mmol), 

2 mL CH3CN and the reaction was run for 72 hours afforded product 3ia (76.6 mg, 

83%) as brown oil [eluent: petroleum ether = 350 mL], TLC Rf = 0.45 (PE : EA 100 : 1), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.51-7.45 (m, 3H), 7.44-7.37 (m, 3H), 7.34-7.26 (m, 3H), 7.23-7.18 (m, 

1H), 7.17-7.11 (m, 2H), 6.68-6.61 (m, 1H), 6.61 (s, 1H), 6.47 (ddd, J = 16.9, 10.2, 6.4 Hz, 1H), 6.31-

6.25 (m, 1H), 5.49 (d, J = 6.3 Hz, 1H), 5.33 (dt, J = 10.2, 1.5 Hz, 1H), 5.07 (dt, J = 17.1, 1.5 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 139.9, 136.9, 135.4, 132.7, 130.1, 129.4, 128.7, 128.4, 127.6, 126.6, 

126.6, 123.9, 119.9, 119.1, 118.1, 116.6, 109.7, 99.5, 44.8. 

[]D
25 = -120.0 (c 0.18, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C23H20N 310.1590; Found 310.1591. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0.3 : 99.7, 0.7 ml/min), 

40 oC, 254 nm, Rt = 15.310 min (major) and 14.349 min (minor), 99% ee. 

 

(R)-3-(hex-1-en-3-yl)-2-(4-methoxyphenyl)indolizine (3ab). 

Following the general method, the reaction of rac-1a (47.4 mg, 0.3 mmol), 

2b (115.6 mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 

6 mol%), Cs2CO3(391 mg, 1.2 mmol) and 2 mL CH3CN afforded product 

3ab (83.5 mg, 91%) as brown oil [eluent: petroleum ether = 250 mL], TLC 

Rf = 0.7 (100% PE), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 7.2 Hz, 1H), 7.42-7.31 (m, 3H), 7.00-6.92 (m, 2H), 6.63 

(dd, J = 8.5, 6.8 Hz, 1H), 6.52-6.38 (m, 2H), 6.19-6.06 (m, 1H), 5.22-5.10 (m, 1H), 5.07-4.93 (m, 1H), 

4.07-3.99 (m, 1H), 3.85 (s, 3H), 1.98-1.87 (m, 1H), 1.81-1.74 (m, 1H), 1.10-0.93 (m, 2H), 0.69 (t, J = 

7.3 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 158.4, 138.6, 132.3, 130.6, 129.8, 129.4, 123.9, 120.7, 119.1, 116.0, 

115.0, 113.8, 109.4, 99.4, 55.4, 39.6, 32.6, 21.0, 13.9. 

[]D
25 = +30.9 (c 0.55, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C21H24NO 306.1852; Found 306.1857. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OJ-H Column, iPrOH : Hexane = 0.2 : 99.8, 0.5 ml/min), 

40 oC, 254 nm, Rt = 14.473 min (major) and 13.261 min (minor), 99% ee. 

 

(R)-2-(2-bromophenyl)-3-(hex-1-en-3-yl)indolizine (3ac). 

Following the general method, the reaction of rac-1a (47.4 mg, 0.3 mmol), 2c 

(132.8 mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), 

Cs2CO3(391 mg, 1.2 mmol) and 2 mL CH3CN afforded product 3ac (94.8 mg, 

89%) as green oil [eluent: petroleum ether = 250 mL], TLC Rf = 0.7 (100% PE), 

99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 7.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.39 (d, J = 9.0 Hz, 

1H), 7.33 (dd, J = 10.4, 2.7 Hz, 2H), 7.24-7.14 (m, 1H), 6.66 (ddd, J = 8.9, 6.5, 0.6 Hz, 1H), 6.56-6.39 

(m, 2H), 6.15-6.00 (m, 1H), 5.20-5.12 (m, 1H), 5.04 (d, J = 17.3 Hz, 1H), 3.76-3.61 (m, 1H), 1.96-1.80 
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(m, 1H), 1.77-1.65 (m, 1H), 1.18-1.02 (m, 2H), 0.72 (t, J = 7.3 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 138.3, 138.2, 132.8, 132.7, 132.0, 128.5, 128.2, 126.7, 125.0, 123.7, 

121.7, 119.5, 116.1, 115.1, 109.7, 100.5, 39.9, 32.6, 21.0, 13.9. 

[]D
25 = +20.7 (c 0.27, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C20H21BrN 354.0852; Found 354.0853. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0.3 : 99.7, 0.7 ml/min), 

40 oC, 254 nm, Rt = 11.723 min (major) and 12.802 min (minor), 99% ee. 

 

(R)-3-(hex-1-en-3-yl)-2-(3-nitrophenyl)indolizine (3ad). 

Following the general method, the reaction of rac-1a (47.4 mg, 0.3 mmol), 2d 

(121 mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), 

Cs2CO3(391 mg, 1.2 mmol) and 2 mL CH3CN afforded product 3ad (91.5 mg, 

95%) as green oil [eluent: petroleum ether/ethyl acetate 50 : 1 = 250 mL], TLC 

Rf = 0.4 (PE : EA 50 : 1), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 8.31 (t, J = 1.9 Hz, 1H), 8.16 (ddd, J = 8.2, 2.2, 0.9 Hz, 1H), 7.92 (dd, J 

= 7.2, 0.7 Hz, 1H), 7.78-7.72 (m, 1H), 7.56 (t, J = 7.9 Hz, 1H), 7.40 (d, J = 9.0 Hz, 1H), 6.74-6.67 (m, 

1H), 6.54 (s, 1H), 6.52-6.47 (m, 1H), 6.20-6.08 (m, 1H), 5.22 (ddd, J = 10.4, 2.0, 1.3 Hz, 1H), 5.03 (ddd, 

J = 17.3, 2.0, 1.4 Hz, 1H), 4.04-3.94 (m, 1H), 2.00-1.89 (m, 1H), 1.88-1.76 (m, 1H), 1.14-0.94 (m, 2H), 

0.71 (t, J = 7.3 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 148.3, 139.2, 137.9, 135.4, 132.7, 129.2, 127.2, 124.2, 124.1, 121.3, 

121.2, 119.5, 116.8, 115.6, 110.2, 99.4, 39.7, 32.8, 21.1, 13.8. 

[]D
25 = +16.8 (c 0.5, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C20H21N2O2 321.1598; Found 321.1600. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 5 : 95, 1 ml/min), 40 

oC, 254 nm, Rt = 60.440 min (major) and 29.567 min (minor), 99% ee (The ee value was determined 

after the hydroboration/oxidation sequence). 

 

(R)-3-(hex-1-en-3-yl)-2-methylindolizine (3ae). 

Following the general method, the reaction of rac-1a (47.4 mg, 0.3 mmol), 2e (82.4 

mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), 

Cs2CO3(391 mg, 1.2 mmol) and 2 mL CH3CN afforded product 3ae (57.3 mg, 89%) 

as brown oil [eluent: petroleum ether = 350 mL], TLC Rf = 0.5 (PE : EA 100 : 1), 

99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 7.1 Hz, 1H), 7.29-7.23 (m, 1H), 6.62-6.49 (m, 1H), 6.36 (t, J 

= 6.7 Hz, 1H), 6.26 (s, 1H), 6.10-5.97 (m, 1H), 5.09 (d, J = 10.4 Hz, 1H), 4.98 (d, J = 17.3 Hz, 1H), 3.84 

(dt, J = 8.6, 6.5 Hz, 1H), 2.30 (s, 3H), 1.95-1.83 (m, 2H), 1.32-1.23 (m, 1H), 1.19-1.09 (m, 1H), 0.87 (t, 

J = 7.3 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 138.6, 131.8, 122.8, 122.6, 121.3, 118.5, 115.2, 114.6, 108.9, 100.3, 39.5, 

33.3, 21.1, 14.1, 12.8. 

[]D
25 = +0.6 (c 0.5, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C15H20N 214.1590; Found 214.1589. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0 : 100, 0.3 ml/min), 

40 oC, 254 nm, Rt = 39.709 min (major) and 38.074 min (minor), 99% ee. 
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(R)-3-(hex-1-en-3-yl)-1-methyl-2-phenylindolizine (3af). 

Following the general method, the reaction of rac-1a (47.4 mg, 0.3 mmol), 2f (137.3 

mg, 0.45 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L7 (10.4 mg, 6 mol%), 

Cs2CO3(391 mg, 1.2 mmol), N, O-Bis(trimethylsilyl)acetamide(121.8 mg, 0.6 mmol), 

2 mL CH3CN and the reaction was run for 48 hours afforded product 3af (79.0 mg, 

91%) as colorless oil [eluent: petroleum ether = 350 mL], TLC Rf = 0.5 (PE : EA 100 : 

1), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 7.2 Hz, 1H), 7.43 (t, J = 7.4 Hz, 2H), 7.38-7.29 (m, 4H), 

6.64-6.56 (m, 1H), 6.40 (t, J = 6.8 Hz, 1H), 6.13-6.01 (m, 1H), 5.13 (d, J = 10.4 Hz, 1H), 4.99 (d, J = 

17.3 Hz, 1H), 3.91-3.80 (m, 1H), 2.26 (s, 3H), 1.93-1.81 (m, 1H), 1.77-1.65 (m, 1H), 1.11-0.96 (m, 

2H), 0.69 (t, J = 7.3 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 138.8, 136.4, 130.7, 129.7, 129.2, 128.0, 126.5, 123.5, 120.7, 117.6, 

114.8, 114.5, 109.2, 106.2, 39.7, 32.7, 21.0, 13.9, 9.3. 

[]D
25 = +24.0 (c 0.35, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C21H24N 290.1903; Found 290.1906. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OJ-H Column, iPrOH : Hexane = 0 : 100, 1 ml/min), 40 

oC, 254 nm, Rt = 49.114 min (major) and 44.506 min (minor), 99% ee. 

 

(R)-3-(hex-1-en-3-yl)-1,2-diphenylindolizine (3ag). 

Following the general method, the reaction of rac-1a (47.4 mg, 0.3 mmol), 2g (132.1 

mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L7 (10.4 mg, 6 mol%), 

Cs2CO3(391 mg, 1.2 mmol), N, O-Bis(trimethylsilyl)acetamide(121.8 mg, 0.6 mmol) 

and 2 mL CH3CN afforded product 3ag (78.0 mg, 74%) as brown oil [eluent: 

petroleum ether = 350 mL], TLC Rf = 0.3 (100% PE), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 7.2 Hz, 1H), 7.62 (d, J = 9.1 Hz, 1H), 7.35-7.26 (m, 4H), 

7.25-7.20 (m, 5H), 7.18-7.13 (m, 1H), 6.75-6.64 (m, 1H), 6.55-6.47 (m, 1H), 6.22-6.09 (m, 1H), 5.25-

5.16 (m, 1H), 5.14-5.04 (m, 1H), 4.03-3.88 (m, 1H), 2.01-1.90 (m, 1H), 1.83-1.74 (m, 1H), 1.17-0.99 (m, 

2H), 0.72 (t, J = 7.3 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 138.6, 136.0, 135.4, 131.1, 130.0, 128.3, 128.1, 127.9, 126.4, 125.1, 

123.9, 122.0, 118.3, 116.9, 115.1, 113.2, 110.2, 39.5, 32.6, 21.0, 13.9.  

[]D
25 = +4.2 (c 0.38, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C26H26N 352.2060; Found 352.2064. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0 : 100, 1 ml/min), 40 

oC, 254 nm, Rt = 9.799 min (major) and 11.326 min (minor), 99% ee. 

 

(R)-3-(hex-1-en-3-yl)-8-methyl-2-phenylindolizine (3ah). 

Following the general method, the reaction of rac-1a (47.4 mg, 0.3 mmol), 2h (109.8 

mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), Cs2CO3(391 

mg, 1.2 mmol) and 2 mL CH3CN afforded product 3ah (79.6 mg, 92%) as brown oil 

[eluent: petroleum ether = 350 mL], TLC Rf = 0.7 (PE : EA 100 : 1), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.1 Hz, 1H), 7.49-7.38 (m, 4H), 7.35-7.28 

(m, 1H), 6.50 (s, 1H), 6.50-6.47 (m, 1H), 6.41 (t, J = 6.8 Hz, 1H), 6.23-6.09 (m, 1H), 

5.18 (ddd, J = 10.4, 2.2, 1.5 Hz, 1H), 5.03 (ddd, J = 17.4, 2.1, 1.5 Hz, 1H), 4.11-4.01 (m, 1H), 2.43 (s, 

3H), 2.02-1.88 (m, 1H), 1.85-1.73 (m, 1H), 1.14-0.94 (m, 2H), 0.70 (t, J = 7.3 Hz, 3H). 
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13C NMR (101 MHz, CDCl3) δ 138.7, 137.5, 133.3, 129.6, 129.3, 128.3, 128.2, 126.4, 122.1, 121.3, 

115.6, 115.1, 109.7, 98.0, 39.6, 32.8, 21.0, 18.3, 13.9. 

[]D
25 = +17.1 (c 0.45, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C21H24N 290.1903; Found 290.1907. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak ID Column, iPrOH : Hexane = 0 : 100, 0.3 ml/min), 40 

oC, 254 nm, Rt = 20.019 min (major) and 19.262 min (minor), 99% ee. 

 

(R)-6-bromo-3-(hex-1-en-3-yl)-2-phenylindolizine (3ai). 

Following the general method, the reaction of rac-1a (56.9 mg, 0.36 mmol), 2i 

(100.7 mg, 0.3 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L5 (9.2 mg, 6 mol%), 

Cs2CO3(391 mg, 1.2 mmol), 2 mL CH3CN and the reaction was run for 48 hours 

afforded product 3ai (95.3 mg, 90%) as green oil [eluent: petroleum ether = 350 

mL], TLC Rf = 0.7 (PE : EA 100 : 1), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 8.08-8.01 (m, 1H), 7.42 (d, J = 4.4 Hz, 4H), 7.37-7.31 (m, 1H), 7.31-7.27 

(m, 1H), 6.72 (dd, J = 9.4, 1.6 Hz, 1H), 6.55 (s, 1H), 6.18-6.07 (m, 1H), 5.23 (ddd, J = 10.4, 2.3, 1.3 Hz, 

1H), 5.03 (ddd, J = 17.4, 2.2, 1.3 Hz, 1H), 4.09-4.00 (m, 1H), 1.97-1.85 (m, 1H), 1.84-1.73 (m, 1H), 

1.12-0.96 (m, 2H), 0.71 (t, J = 7.3 Hz, 3H).  

13C NMR (101 MHz, CDCl3) δ 137.9, 136.7, 130.7, 130.5, 129.5, 128.4, 126.7, 123.7, 121.7, 119.9, 

119.4, 115.6, 104.7, 101.0, 39.5, 32.5, 21.0, 13.8. 

[]D
25 = +31.7 (c 0.6, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C20H21BrN 354.0852; Found 354.0864. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0 : 100, 1 ml/min), 40 

oC, 254 nm, Rt = 7.379 min (major) and 8.318 min (minor), 99% ee. 

 

2-phenylindolizine(3aa’). 

Following the general method, the reaction was carried out with rac-1a (47.4 mg, 0.3 

mmol), 2a (104.8 mg, 0.36 mmol), [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%), L1 (7.7 mg, 6 

mol%) and 2 mL CH3CN (Table 1, entry 1) afforded product 3aa (19 mg, 23%) and 3aa’ (55.6 mg) as 

silvery white flake solid [eluent: petroleum ether/ethyl acetate 50 : 1 = 250 mL], TLC Rf = 0.35 (PE : 

EA 100 : 1), m. p. 211 oC ~ 214 oC. 

1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 6.8 Hz, 1H), 7.71-7.62 (m, 2H), 7.58 (s, 1H), 7.49-7.32 (m, 

3H), 7.31-7.22 (m, 2H), 6.70 (s, 1H), 6.68-6.61 (m, 1H), 6.51-6.42 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 135.5, 133.8, 129.6, 128.9, 126.7, 126.3, 125.2, 119.2, 117.5, 110.6, 

109.4, 96.8. 

HRMS (ESI) m/z: [M + H]+ calcd for C14H12N 194.0964; Found 194.0966. 
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7. The Reactions of Linear Allylic Carbonates.  

 

 

 

 

 

 

 

To a solution of [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%) and L4 (8.7 mg, 6 mol%) in CH3CN (2 mL) was added 

Z-1j (47.4 mg, 0.3 mmol, 1.0 equiv) and 2a (104.8 mg, 0.36 mmol, 1.2 equiv) at room temperature under 

an argon atmosphere. After being stirred at 40 oC (oil bath as heat source) for 24 hours, the reaction 

mixture was treated with 4 equiv of Cs2CO3 under the air. After being stirred at 40 oC (oil bath as heat 

source) for 2 hours, the reaction mixture was filtered through a short pad of silica gel eluting with ethyl 

acetate and the solvent was removed in vacuum. The residue was purified by silica gel column 

chromatography (100% PE) to give 3aa (75.1 mg, 91%) as a brown oil. 

 

 

To a solution of [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%) and L8 (9.0 mg, 6 mol%) in CH3CN (2 mL) was added 

E-1j (47.4 mg, 0.3 mmol, 1.0 equiv) and 2a (104.8 mg, 0.36 mmol, 1.2 equiv) at room temperature under 

an argon atmosphere. After being stirred at 40 oC (oil bath as heat source) for 24 hours, the reaction 

mixture was treated with 4 equiv of Cs2CO3 under the air. After being stirred at 40 oC (oil bath as heat 

source) for 2 hours, the reaction mixture was filtered through a short pad of silica gel eluting with ethyl 

acetate and the solvent was removed in vacuum. The residue was purified by silica gel column 

chromatography (100% PE) to give 3aa (69.3 mg, 84%) as a brown oil. 
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8. Large scale synthesis of 3ba.  

 

To a solution of [Rh(cod)Cl]2 (61 mg, 2.5 mol%) and L5 (140 mg, 5.5 mol%) in CH3CN (30 mL) was 

added rac-1b (650 mg, 5 mmol, 1.0 equiv) and 2a (1.6 g, 5.5 mmol, 1.1 euqiv) at room temperature under 

an argon atmosphere. After being stirred at 40 oC (oil bath as heat source) for 24 hours, the reaction 

mixture was treated with 4 equiv of Cs2CO3 under the air. After being stirred at 40 oC (oil bath as heat 

source) for 2 hours, the reaction mixture was filtered through a short pad of silica gel eluting with ethyl 

acetate and the solvent was removed in vacuum. The residue was purified by silica gel column 

chromatography (100% PE) to give 3ba (1.124 g, 91%) as a colorless oil, freeze-dried to obtain a white 

solid. 
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9. Procedures of derivatization and spectral data of the products. 

 

 

 

 

 

 

A 10 mL tube equipped with a magnetic stirring bar was charged with 3ba (24.7 mg, 0.1 mmol), Pd/C 

(1.3 mg, 5% wt), and MeOH (1.0 ml). The reaction mixture was flushed with H2 (3x), and stirred at room 

temperature with a H2 balloon for 12 hours. The reaction mixture was filtered through a short pad of 

silica gel eluting with ethyl acetate and concentrated. The residue was purified by silica gel column 

chromatography (100% PE) to give 8 (23.9 mg, 96%) as a yellow oil. 

 

(R)-3-(sec-butyl)-2-phenylindolizine (8). 

Yellow oil, 23.9 mg, 96%. TLC Rf = 0.7 (100% PE), 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.97 (dd, J = 7.2, 0.8 Hz, 1H), 7.45-7.35 (m, 5H), 7.35-

7.30 (m, 1H), 6.63 (ddd, J = 8.9, 6.4, 0.8 Hz, 1H), 6.51-6.47 (m, 1H), 6.47 (s, 1H), 3.38-

3.26 (m, 1H), 1.96-1.86 (m, 1H), 1.81- 1.68 (m, 1H), 1.42 (d, J = 7.3 Hz, 3H), 0.77 (t, 

J = 7.4 Hz, 3H).  

13C NMR (101 MHz, CDCl3) δ 137.8 (s), 132.0 (s), 129.9 (s), 128.5 (s), 128.1 (s), 126.3 (s), 124.7 (s), 

123.4 (d, J = 4.1 Hz), 119.5 (d, J = 3.8 Hz), 115.7 (d, J = 7.0 Hz), 109.8 (d, J = 5.5 Hz), 99.9 (d, J = 7.3 

Hz), 32.7 (s), 27.0 (s), 18.0 (d, J = 6.1 Hz), 12.8 (d, J = 5.0 Hz). 

[]D
25 = -42.0 (c 0.05, CHCl3). 

HRMS (ESI) m/z: [M + H]+ calcd for C18H20N 250.1590; Found 250.1592. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OD-H Column, iPrOH : Hexane = 0 : 100, 1 ml/min), 40 

oC, 254 nm, Rt = 19.809 min (major) and 19.070 min (minor), 99% ee. 

 

 

 

 

 

 

The reaction was performed according to the modified literature procedure.5 3‑Allyl indolizines 3ba 

(74.1 mg, 0.3 mmol, 1.0 euqiv) was dissolved in THF (1.5 ml) and cooled to 0 ℃, then 9-BBN (1.5 ml, 

90.8 mg, 0.75 mmol, 0.5 M in THF, 2.5 equiv) was slowly added. The reaction was stirred for 15 min at 

0 oC, and then slowly warmed up to room temperature and stir for 12 hours. The reaction mixture was 

cooled to 0 oC, then EtOH (0.5 ml), NaOH (0.5 ml, 2 M in H2O) and H2O2 (0.5 ml, 30% wt in H2O) were 

added slowly in the given order. The reaction was warmed up to room temperature and stirred for 3 hours. 

The reaction mixture was diluted with dichloromethane and transferred into a separation funnel. The 

aqueous phase was extracted with dichloromethane (3x). The combined organic layer was dried over 

anhydrous sodium sulfate, filtered and concentrated in vacuum. The residue was purified by silica gel 

column chromatography (PE : EA 10 : 1) to give 9 (72.6 mg, 91%) as a yellow oil. 
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(R)-3-(2-phenylindolizin-3-yl)butan-1-ol (9). 

Yellow oil, 72.6 mg, 91%. TLC Rf = 0.15 (PE : EA 10 : 1), 99% ee. 

1H NMR (400 MHz, DMSO) δ 8.19 (d, J = 6.7 Hz, 1H), 7.45-7.37 (m, 5H), 7.34-

7.27 (m, 1H), 6.72-6.62 (m, 1H), 6.60-6.52 (m, 1H), 6.41 (s, 1H), 4.42 (t, J = 4.3 

Hz, 1H), 3.64-3.49 (m, 1H), 3.32-3.19 (m, 2H), 2.03-1.81 (m, 2H), 1.32 (d, J = 7.3 

Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 137.4, 132.2, 129.8, 128.6, 128.3, 126.6, 123.6, 123.3, 119.5, 116.0, 

110.2, 100.03 61.31 36.52 27.4, 18.5. 

[]D
25 = -34.4 (c 0.55, CHCl3). 

HRMS (ESI) m/z: [M + Na]+ calcd for C18H19NONa 288.1359; Found 288.1373. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OJ-H Column, iPrOH : Hexane = 0.9 : 99.1, 0.9 ml/min), 

40 oC, 254 nm, Rt = 76.730 min (major) and 82.711 min (minor), 99% ee. 

 

 

 

 

 

 

 

The reaction was performed according to the modified literature procedure.6, 4c (R)-3-(but-3-en-2-yl)-2-

phenylindolizine 3ba (74.1 mg, 0.3 mmol, 1.0 equiv) was dissolved in DMF (0.5 mL). A solution of 

freshly distilled POCl3 (55.2 mg, 0.36 mmol, 35 uL, 1.2 equiv) in DMF (110 uL) was added to the 

indolizines solution. After being stirred at 40 oC (oil bath as heat source) for 45 minutes, the mixture was 

allowed to cool and carefully quenched with water (0.5 ml). The reaction mixture was diluted with 

dichloromethane and transferred into a separation funnel. The aqueous phase was extracted with 

dichloromethane (3x). The combined organic layers were dried over anhydrous sodium sulfate, filtered 

and concentrated in vacuum. The residue was purified by silica gel column chromatography (PE : EA 

50 : 1) to give 10 (81.0 mg, 98%) as a white solid. 

 

(R)-3-(but-3-en-2-yl)-2-phenylindolizine-1-carbaldehyde (10). 

White solid, m. p. 121.3 oC ~ 121.9 oC, 81.0 mg, 98%. TLC Rf = 0.15 (PE : EA 10 : 1), 

99% ee. 

1H NMR (400 MHz, CDCl3) δ 9.71 (s, 1H), 8.51 (d, J = 8.9 Hz, 1H), 8.10 (d, J = 7.0 

Hz, 1H), 7.57-7.33 (m, 5H), 7.31-7.07 (m, 1H), 6.85 (t, J = 6.8 Hz, 1H), 6.16-5.93 (m, 

1H), 5.34-5.13 (m, 1H), 5.17-4.99 (m, 1H), 4.12-3.88 (m, 1H), 1.44 (d, J = 7.4 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 185.7, 138.9, 135.7, 133.1, 131.7, 130.9, 128.3, 127.8, 125.1, 125.0, 

124.4, 120.5, 115.4, 113.7, 112.0, 33.2, 16.1. 

[]D
25 = 38.2 (c 0.5, CHCl3). 

HRMS (ESI) m/z: [M + Na]+ calcd for C19H17NONa 298.1202; Found 298.1216. 

HPLC (Shimadzu LC-2030) (Daicel Chiralpak OJ-H Column, iPrOH : Hexane = 0.4 : 99.6, 0.4 ml/min), 

40 oC, 254 nm, Rt = 70.948 min (major) and 66.125 min (minor), 99% ee. 

 



S22 

 

 

 

 

 

 

 

 

To a solution of Pd(OAc)2 (6.7 mg, 10 mol%, 0.03 mmol) and PPh3 (31.4 mg, 40 mol%, 0.12 mmol) in 

DMF (1 mL) was added 3ac (105.9 mg, 0.3 mmol, 1.0 equiv) and Et3N (30.4 mg, 100 mol%, 0.3 mmol) 

at room temperature under an argon atmosphere. After being stirred at 130 oC (oil bath as heat source) 

for 12 hours, the reaction mixture was filtered through a short pad of silica gel eluting with ethyl acetate 

and concentrated. The residue was purified by silica gel column chromatography (100% PE) to give 11 

(59.3 mg, 72%) as a green oil. 

 

5-methyl-6-propylbenzo[e]pyrido[1,2-a]indole (11). 

Green oil, 59.3 mg, 72%. TLC Rf = 0.6 (100% PE). 

1H NMR (400 MHz, CDCl3) δ 8.87 (t, J = 174.4 Hz, 1H), 8.48-8.39 (m, 1H), 8.18-

8.10 (m, 1H), 7.62-7.54 (m, 3H), 7.31 (s, 1H), 6.86 (dd, J = 9.0, 6.3 Hz, 1H), 6.61-

6.53 (m, 1H), 3.38-3.26 (m, 2H), 2.78 (s, 3H), 1.95-1.77 (m, 2H), 1.22 (t, J = 7.3 

Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 135.9, 130.3, 126.7, 126.4, 126.3, 125.7, 125.5, 125.0, 124.8, 124.7, 

124.2, 124.1, 119.9, 119.2, 109.3, 92.0, 31.7, 23.2, 14.7, 14.3. 

HRMS (ESI) m/z: [M + H]+ calcd for C20H20N 274.1590; Found 274.1591. 
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10. Procedures of control experiments and spectral data of the products. 

 

 

To a solution of [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%) and L5 (9.2 mg, 6 mol%) in CH3CN (2 mL) was added 

rac-1a (47.4 mg, 0.3 mmol, 1.0 equiv) and 2a (104.8 mg, 0.36 mmol, 1.2 equiv) at room temperature 

under an argon atmosphere. After being stirred at 40 oC (oil bath as heat source) for 24 hours, the crude 

reaction mixture was directly subjected to flash column chromatography (100% PE) to give 3aa (7.4 mg, 

9%) as a brown oil and (DCM : MeOH 10 : 1) to give 4 (97.4 mg, 87%, 1 : 1.3 dr) as a white solid. 

 

3-(hex-1-en-3-yl)-2-hydroxy-2-phenyl-2,3-dihydro-1H-indolizin-4-ium bromide 

(4). 

White solid, m. p. 190.5 oC ~ 191.3 oC, 97.4 mg, 87%. TLC Rf = 0.4 (DCM : MeOH 

10 : 1), 1 : 1.3 dr. 

Minor diastereomer. 1H NMR (400 MHz, CDCl3) δ 8.74 (d, J = 6.2 Hz, 1H), 8.22 (dd, 

J = 17.3, 8.3 Hz, 2H), 7.87-7.79 (m, 2H), 7.78-7.73 (m, 2H), 7.26-7.18 (m, 3H), 6.08 (dt, J = 17.4, 9.9 

Hz, 1H), 5.74 (s, 1H), 5.47 (d, J = 4.4 Hz, 1H), 5.05-4.95 (m, 2H), 4.36-4.23 (m, 2H), 3.86 (d, J = 6.9 

Hz, 1H), 3.17-3.04 (m, 2H), 1.21-1.04 (m, 4H), 0.62 (t, J = 8.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 157.2, 144.9, 142.4, 140.9, 137.9, 128.5, 127.8, 125.9, 125.4, 125.2, 

119.4, 81.3, 81.2, 49.5, 45.7, 32.3, 20.8, 13.7. 

[]D
25 = +22.7 (c 0.3, CHCl3). 

HRMS (ESI) m/z: [M]+ calcd for C20H24NO 294.1852; Found 294.1854. 

 

 

 

 

 

 

 

To a solution of 2a (87.3 mg, 1.0 equiv) in CH3CN (2 mL) was added LiOMe (0.6 mg, 5 mol%) at room 

temperature under an argon atmosphere. After being stirred at 40 oC (oil bath as heat source) for 12 hours, 

the formed precipitate was filtered out and then washed with dichloromethane (2 mL). The crude product 

was sonicated and centrifuged sequentially (3x) to obtain target compound 5 (71.5 mg, 82%) as a white 

solid. 

 

2-hydroxy-2-phenyl-2,3-dihydro-1H-indolizin-4-ium bromide (5). 

White solid, m. p. 221.3 oC ~ 222.5 oC, 71.5 mg, 82%. TLC Rf = 0.2 (DCM : MeOH 5 : 

1). 

1H NMR (400 MHz, DMSO) δ 9.16 (d, J = 6.0 Hz, 1H), 8.60 (t, J = 7.7 Hz, 1H), 8.22 

(d, J = 8.0 Hz, 1H), 8.08 (t, J = 6.8 Hz, 1H), 7.69 (dd, J = 5.2, 3.3 Hz, 2H), 7.51-7.43 (m, 2H), 7.42-7.35 

(m, 1H), 6.39 (s, 1H), 5.18 (d, J = 13.4 Hz, 1H), 5.03 (d, J = 13.4 Hz, 1H), 4.00 (d, J = 17.7 Hz, 1H), 
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3.78 (d, J = 17.7 Hz, 1H). 

13C NMR (101 MHz, DMSO) δ 157.1, 145.7, 141.7, 140.8, 128.4, 128.0, 125.9, 125.8, 125.1, 78.6, 70.3, 

47.4. 

HRMS (ESI) m/z: [M]+ calcd for C14H14NO 212.1070; Found 212.1077. 

 

 

 

 

 

 

 

To a solution of [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%) and L5 (9.2 mg, 6 mol%) in CH3CN (2 mL) was added 

rac-1a (47.4 mg, 0.3 mmol, 1.0 equiv) and 5 (104.8 mg, 0.36 mmol, 1.2 equiv) at room temperature under 

an argon atmosphere. After being stirred at 40 oC (oil bath as heat source) for 24 hours, the crude reaction 

mixture was analyzed by TLC and NMR, and the target compound 4 was not observed. 

 

 

 

 

 

 

 

To a solution of [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%) and L5 (9.2 mg, 6 mol%) in CH3CN (2 mL) was added 

rac-1a (47.4 mg, 0.3 mmol, 1.0 equiv) and 6 (99.7 mg, 0.36 mmol, 1.2 equiv) at room temperature under 

an argon atmosphere. After being stirred at 40 oC (oil bath as heat source) for 24 hours, the crude reaction 

mixture was directly subjected to flash column chromatography (DCM : MeOH 10 : 1) to give 7 (100.1 

mg, 93%, 2.7 : 1 dr) as a light yellow solid. 

 

1-(1-oxo-1-phenyl-3-vinylhexan-2-yl)pyridin-1-ium bromide (7). 

Light yellow solid, m. p. 111.0 oC ~ 112.3 oC, 100.1 mg, 93%. TLC Rf = 0.5 (DCM : 

MeOH 10 : 1), 2.7 : 1 dr. 

Major diastereomer. 1H NMR (400 MHz, CDCl3) δ 9.78 (d, J = 5.9 Hz, 2H), 8.58 (t, 

J = 7.8 Hz, 1H), 8.54-8.45 (m, 2H), 8.08 (t, J = 7.3 Hz, 2H), 7.83 (d, J = 9.6 Hz, 1H), 

7.53-7.39 (m, 3H), 5.91-5.76 (m, 1H), 4.88-4.72 (m, 2H), 3.10-2.88 (m, 1H), 1.56-1.40 (m, 1H), 1.35-

1.24 (m, 2H), 1.15-1.05 (m, 1H), 0.66 (t, J = 6.9 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 194.0, 146.2, 145.0, 135.3, 135.1, 134.4, 130.2, 129.4, 127.9, 120.4, 72.1, 

49.8, 32.4, 20.2, 13.3. 

[]D
25 = -58.0 (c 0.5, CHCl3). 

HRMS (ESI) m/z: [M]+ calcd for C19H22NO 280.1696; Found 280.1696. 
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To a solution of [Rh(cod)Cl]2 (3.7 mg, 2.5 mol%) and L5 (9.2 mg, 6 mol%) in CH3CN (2 mL) was added 

rac-1a (47.4 mg, 0.3 mmol, 1.0 equiv) and 3aa’ (69.5 mg, 0.36 mmol, 1.2 equiv) at room temperature 

under an argon atmosphere. After being stirred at 40 oC (oil bath as heat source) for 24 hours, the crude 

reaction mixture was directly subjected to flash column chromatography (100% PE) to give 3aa (8.5 mg, 

10%, 98% ee) as a brown oil. When the reaction of 3aa’ was conducted at 80 oC (oil bath as heat source) 

under otherwise the identical condition, 3aa (8.2 mg, 10%, 98% ee) was obtained. 
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11. Single crystal X-ray diffraction data. 

11.1 Crystal data of 3ba. 

Single crystals of 3ba were obtained by recrystallization from pentane at 0 oC (very fast 

evaporation in air). Absolute configuration of compound 3ba was tested by Single-

crystal X-ray diffractometer (D8 Venture) analysis. 

 

Figure S1. Compound structure with atom labeling scheme of 3ba. H atoms and counter anions are 

omitted for structural clarity. ORTEP diagram are drawn at the 30% probability level. 

Table S2: Crystal data. 

Bond precision: C-C = 0.0047 A   Wavelength = 1.54178  

Cell: a = 8.8552 (11) 

alpha = 90 

b = 9.7214 (11)  

beta = 90 

c = 16.4722 (18) 

gamma = 90 

Temperature: 297 K 

 Calculated Reported 

Volume  1418.0 (3)  1418.0 (3) 

Space group P 21 21 21   P 21 21 21  

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

Moiety formula C18 H17 N  C18 H17 N 

Sum formula C18 H17 N   C18 H17 N 

Mr 247.33 247.32  

Dx, g cm-3  1.158 1.159  

Z  4  4 
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Mu (mm-1) 0.508  0.508   

F000 528.0   528.0   

F000’ 529.35   

h, k, lmax 10, 11, 19  10, 11, 19     

Nref 2595 [ 1509]   2525  

Tmin, Tmax  0.903, 0.927  0.665, 0.753  

Tmin’  0.903  

Correction method = # Reported T Limits: Tmin = 0.665 Tmax = 0.753  

AbsCorr = ? 

Data completeness = 1.67/0.97 Theta (max) = 68.023 

R (reflections) = 0.0355 ( 1873) wR2 (reflections) = 0.1272 ( 2525) 

S = 1.093 Npar = 174 
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12.  NMR spectra and HPLC data. 

(4S,4'S)-2,2'-(((3,5-di-tert-butyl-4-methoxyphenyl)phosphanediyl)bis(2,1-phenylene))bis(4-(tert-

butyl)-4,5-dihydrooxazole) (L6). 
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(4S,4'S)-2,2'-(((4-(trifluoromethyl)phenyl)phosphanediyl)bis(2,1-phenylene))bis(4-(tert-butyl)-

4,5-dihydrooxazole) (L7). 
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6-(benzyloxy)hex-1-en-3-yl methyl carbonate (1d). 
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2-methyl-1-(2-(3-nitrophenyl)-2-oxoethyl)pyridin-1-ium bromide (2d). 
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2-benzyl-1-(2-oxo-2-phenylethyl)pyridin-1-ium bromide (2g). 
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2,3-dimethyl-1-(2-oxo-2-phenylethyl)pyridin-1-ium bromide (2h). 
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5-bromo-2-methyl-1-(2-oxo-2-phenylethyl)pyridin-1-ium bromide (2i). 
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(R)-3-(hex-1-en-3-yl)-2-phenylindolizine (3aa). 
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(R)-3-(but-3-en-2-yl)-2-phenylindolizine (3ba). 
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The ee value was determined after the hydroboration/oxidation sequence (9).  
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(R)-2-phenyl-3-(5-phenylpent-1-en-3-yl)indolizine (3ca). 
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The ee value was determined after the hydroboration/oxidation sequence.  
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(R)-3-(6-(benzyloxy)hex-1-en-3-yl)-2-phenylindolizine (3da). 
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(R)-3-(5-methylhex-1-en-3-yl)-2-phenylindolizine (3ea). 
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(S)-3-(1-cyclopropylallyl)-2-phenylindolizine (3fa). 
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(S)-3-(1-cyclohexylallyl)-2-phenylindolizine (3ga). 
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(R)-3-(4-methylpent-1-en-3-yl)-2-phenylindolizine (3ha). 
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(S)-2-phenyl-3-(1-phenylallyl)indolizine (3ia). 
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(R)-3-(hex-1-en-3-yl)-2-(4-methoxyphenyl)indolizine (3ab). 
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(R)-2-(2-bromophenyl)-3-(hex-1-en-3-yl)indolizine (3ac). 
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(R)-3-(hex-1-en-3-yl)-2-(3-nitrophenyl)indolizine (3ad). 
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The ee value was determined after the hydroboration/oxidation sequence. 
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(R)-3-(hex-1-en-3-yl)-2-methylindolizine (3ae). 
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(R)-3-(hex-1-en-3-yl)-1-methyl-2-phenylindolizine (3af). 
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(R)-3-(hex-1-en-3-yl)-1,2-diphenylindolizine (3ag). 
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(R)-3-(hex-1-en-3-yl)-8-methyl-2-phenylindolizine (3ah). 
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(R)-6-bromo-3-(hex-1-en-3-yl)-2-phenylindolizine (3ai). 
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2-phenylindolizine(3aa’). 
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(R)-3-(sec-butyl)-2-phenylindolizine (8). 
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(R)-3-(2-phenylindolizin-3-yl)butan-1-ol (9). 
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(R)-3-(but-3-en-2-yl)-2-phenylindolizine-1-carbaldehyde (10). 
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5-methyl-6-propylbenzo[e]pyrido[1,2-a]indole (11). 
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3-(hex-1-en-3-yl)-2-hydroxy-2-phenyl-2,3-dihydro-1H-indolizin-4-ium bromide (4). 
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2-hydroxy-2-phenyl-2,3-dihydro-1H-indolizin-4-ium bromide (5). 
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1-(1-oxo-1-phenyl-3-vinylhexan-2-yl)pyridin-1-ium bromide (7). 
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