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I. General Information 

 

1H NMR spectra were recorded with a Bruker Avance 400 at 25 °C and internally referenced to 

tetramethylsilane signal. 13C NMR spectra were recorded with a Bruker Avance 400 at 25 °C and internally 

referenced to residual solvent signals (CDCl3: δ 77.0). Data for 1H NMR were reported as follows: chemical 

shift (δ ppm), integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = 

broad), and coupling constant (Hz) when applicable. 13C NMR spectra were recorded with complete proton 

decoupling. High-resolution mass spectrometry experiments were performed with a Bruker Daltonics Apex IV 

spectrometer. Chiral HPLC analyses were carried out on a Shimadzu LC-20AD system. Infrared spectra were 

recorded on a Varian 3100 FT-IR. Specific rotations were measured on a Jasco P-2000 Polarimeter. 

 

All reactions were carried out using flame-dried glassware under a nitrogen atmosphere unless otherwise noted. 

Analytical thin layer chromatography (TLC) was performed using 0.25 mm silica gel 60-F plates. Flash 

chromatography was performed using 200-400 mesh silica gel. HPLC-grade tetrahydrofuran, methylene 

chloride, diethyl ether and toluene were purified and dried by passing through a PURE SOLV® solvent 

purification system (Innovative Technology, Inc.). L1 and L2 ligands were prepared according to the reported 

procedure.[S1] Chemical reagents were purchased from Adamas, Energy Chemicals, J&K, Innochem or 

Macklin and used without purification.  
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II. Preparation of Diene Substrates 
 

 

Diene substrates 1a, 1b, 1c, 1d, 1f, 1l, and 1m were prepared according to the procedure reported by Yin et 

al.[S2] Diene substrates 1e, 1g, 1h, 1i, 1j, and 1k were prepared according to the procedure reported by 

Fernandes et al.[S3] Diene substrate (Z)-1a was prepared according to the procedure reported by Malcolmson 

et al.[S4]  
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III. Optimization of the Reaction Conditions for R-Products 

 

Table S1. Optimization of additive loadings. 

 
Entry A6 Yield (%)[a] ee (%)[b] 

1 0.1 equiv 32 94 
2 0.5 equiv 51 93 
3 1.0 equiv 61 92 
4 2.0 equiv 54 86 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary 
phase. 
 

Table S2. Screening of bases. 

 
Entry Base  Yield (%)[a] ee (%)[b] 

1 none 51 93 
2 LiOAc 44 94 
3 NaOAc  86 93 
4 KOAc 62 92 
5 CsOAc 14 84 
6 Na2CO3 63 80 
7 Na3PO4 93 86 
8 Et3N 5 87 
9 DBU <2 - 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase. 
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Table S3. Screening of solvents. 

NH2

+

1a 2a

Me

NHPh

[Pd(η3-C3H5)Cl]2 (1 mol%)
(Sa,Sp)-L1 (2.4 mol%)

A6 (0.5 equiv)
NaOAc (2.0 equiv)

Solvent, 25 oC, 16 h

(R)-3aa

0.1 mmol scale 2.0 equiv

c = 0.2 M

(Sa,Sp)-L1

PCy2

 
Entry Solvent Yield (%)[a] ee (%)[b] 

1 toluene 86 93 
2 fluorobenzene 79 85 
3 benzotrifluoride 37 87 
4 chlorobenzene 46 89 
5 THF <2 - 
6 1,4-dioxane <2 - 
7 DCE 87 72 
8 DMF <2 - 
9 CH3CN 86 58 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase. 
 

Table S4. Optimization of concentrations. 

 
Entry Conc. Yield (%)[a] ee (%)[b] 

1 0.1 M 52 93 
2 0.2 M 86 93 
3 0.4 M 91 92 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase. 
  



S6 
 

Table S5. Optimization of reaction time. 

 
Entry Time Yield (%)[a] ee (%)[b] 

1 8 h  80 92 
2 16 h  86 93 
3 24 h 92 92 
4 36 h 98 87 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase. 
 

Table S6. Optimization of nucleophile loadings. 

 
Entry 2a Yield (%)[a] ee (%)[b] 

1 2.0 equiv 92 92 
2 3.0 equiv 99 92 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase. 
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Table S7. Screening of Pd sources. 

 

Entry [Pd]  Yield (%)[a] ee (%)[b] 
1 Pd(OAc)2 <2 - 
2 Pd2dba3 18 92 
3 [Pd(η3-C3H5)Cl]2 99 92 
4 Pd G4 dimer <2 - 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase. 
 

Table S8. Optimization of temperature. 

 

Entry Temperature Yield (%)[a] ee (%)[b] 
1 25 oC 99 92 
2 0 oC 13 94 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase. 
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Table S9. Screening of ligands. 

 

Entry Ligand Yield (%)[a] ee (%)[b] 
1 L1 99 92 
2 L2 47 65 
3 L3 43 68 
4 L4 6 14 
5 L5 59 33 
6 L6 84 5 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (R)-3aa were determined by HPLC analysis on a chiral stationary phase. 
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IV. Optimization of the Reaction Conditions for S-Products 

 

Table S10. Optimization of additive loadings. 

 
Entry A30 Yield (%)[a] ee (%)[b] 

1 0.1 equiv 20 56 
2 0.5 equiv 40 59 
3 1.0 equiv 59 60 
4 2.0 equiv 47 60 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase. 
 

Table S11. Screening of bases. 

 
Entry Base Yield (%)[a] ee (%)[b] 

1 none 59 60 
2 LiOAc 58 57 
3 NaOAc 88 51 
4 KOAc 73 37 
5 CsOAc 94 45 
6 Na2CO3 56 51 
7 Na3PO4 43 48 
8 Et3N 14 51 
9 DBU <2 - 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase. 
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Table S12. Screening of solvents. 

 
Entry Solvent Yield (%)[a] ee (%)[b] 

1 toluene 59 60 
2 fluorobenzene 40 58 
3 benzotrifluoride 21 54 
4 chlorobenzene 27 59 
5 THF 3 55 
6 1,4-dioxane 3 52 
7 DCE 6 59 
8 DMF <2 - 
9 CH3CN 4 44 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase. 
 

Table S13. Optimization of concentrations. 

 

Entry Conc. Yield (%)[a] ee (%)[b] 
1 0.1 M 30 60 
2 0.2 M 59 60 
3 0.4 M 73 60 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase. 
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Table S14. Optimization of reaction time. 

 
Entry Time Yield (%)[a] ee (%)[b] 

1 8 h 64 60 
2 16 h 73 60 
3 24 h 82 60 
4 36 h 84 59 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase. 
 

Table S15. Optimization of nucleophile loadings. 

 

Entry 2a Yield (%)[a] ee (%)[b] 
1 2.0 equiv 82 60 
2 3.0 equiv 86 59 
3 4.0 equiv 94 59 
4 5.0 equiv 94 59 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase. 
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Table S16. Screening of Pd sources. 

 
Entry [Pd] Yield (%)[a] ee (%)[b] 

1 Pd(OAc)2 94 53 
2 Pd2dba3 8 60 
3 [Pd(η3-C3H5)Cl]2 94 59 
4 Pd G4 dimer <2 - 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase. 
 

Table S17. Optimization of temperatures. 

 

Entry Temperature Time Yield (%)[a] ee (%)[b] 
1 25 oC 24 h 94 59 
2 0 oC 40 h 72 65 
3 0 oC 48 h 80 65 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase. 
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Table S18. Screening of ligands. 

 
Entry Ligand Yield (%)[a] ee (%)[b] 

1 L1 94 59 
2 L2 21 39 
3 L3 <2 - 
4 L4 2 10 
5 L5 <2 - 
6 L6 <2 - 

[a] Determined by 1H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as the 
internal standard. [b] The ee values of (S)-3aa were determined by HPLC analysis on a chiral stationary phase. 
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V. Substrate Scope 

 

General Procedure A (Condition A): 

In a nitrogen-filled glove box, an 8-mL glass vial was charged with [Pd(η3-C3H5)Cl]2 (3.4 mg, 0.0092 mmol) 

and (Sa,Sp)-L1 (13.9 mg, 0.022 mmol), and the mixture was dissolved in dry toluene (2.3 mL). The solution 

was stirred at 25 °C for 10 min, providing a 0.008 M stock solution of Pd-(Sa,Sp)-L1 catalyst. 

 

In a nitrogen-filled glove box, an 8-mL glass vial was charged with stock solution of Pd-(Sa,Sp)-L1 (0.50 mL, 

0.008 M). 1 (0.20 mmol, 1.0 equiv) in 0.50 mL toluene was subsequently added, followed by 1-

adamantanecarboxylic acid (A6, 18.0 mg, 0.10 mmol, 0.5 equiv), 2 (0.60 mmol, 3.0 equiv), NaOAc (32.8 mg, 

0.40 mmol, 2.0 equiv). The vial was sealed with a Teflon-lined cap, transferred out of the glove box, and stirred 

at 25 °C for 24 h. The crude reaction mixture was analyzed by 1H NMR to determine regioisomer ratio, and 

was then concentrated and purified by flash silica gel chromatography to afford the desired product. 

 

 

General Procedure B (Condition B): 

In a nitrogen-filled glove box, an 8-mL glass vial was charged with [Pd(η3-C3H5)Cl]2 (3.4 mg, 0.0092 mmol) 

and (Sa,Sp)-L1 (13.9 mg, 0.022 mmol), and the mixture was dissolved in dry toluene (0.92 mL). The solution 

was stirred at 25 °C for 10 min, providing a 0.02 M stock solution of Pd-(Sa,Sp)-L1 catalyst. 

 

In a nitrogen-filled glove box, an 8-mL glass vial was charged with stock solution of Pd-(Sa,Sp)-L1 (0.20 mL, 

0.02 M). 1 (0.20 mmol, 1.0 equiv) in 0.30 mL toluene was subsequently added, followed by 2-

trifluoromethylphenylboronic acid (A30, 38.0 mg, 0.20 mmol, 1.0 equiv), 2 (0.80 mmol, 4.0 equiv). The vial 

was sealed with a Teflon-lined cap, transferred out of the glove box, and stirred at 25 °C for 24 h. The crude 

reaction mixture was analyzed by 1H NMR to determine regioisomer ratio, and was then concentrated and 

purified by flash silica gel chromatography to afford the desired product. 
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Figure S1. Summary of unsuccessful substrates. 
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(E)-N-(4-phenylbut-3-en-2-yl)aniline (3aa) 

(R,E)-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow oil: 43.2 

mg, 97% yield, 92% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 mL/min, 

λ = 254 nm, t (minor) = 10.57 min, t (major) = 12.28 min]. [α]D
20 = +57.2 (c = 1.0, CH2Cl2). 

(S,E)-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow oil: 38.9 

mg, 87% yield, 59% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 mL/min, 

λ = 254 nm, t (minor) = 12.55 min, t (major) = 10.52 min].  

1H NMR (400 MHz, CDCl3) δ 7.39–7.31 (m, 2H), 7.32–7.25 (m, 2H), 7.24–7.11 (m, 3H), 6.72–6.61 (m, 3H), 

6.57 (d, J = 15.9 Hz, 1H), 6.21 (dd, J = 15.9, 5.8 Hz, 1H), 4.20–4.07 (m, 1H), 3.73 (br, s, 1H), 1.40 (d, J = 6.6 

Hz, 3H);  

Spectral data match those previously reported.[S5] 

 

 

(E)-4-methoxy-N-(4-phenylbut-3-en-2-yl)aniline (3ab) 

(R,E)-4-methoxy-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow 

oil: 44.9 mg, 89% yield, 93% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 97/3, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 13.28 min, t (major) = 16.06 min]. [α]D
20 = +62.5 (c = 1.0, CH2Cl2). 

(S,E)-4-methoxy-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow 

oil: 47.9 mg, 95% yield, 57% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 97/3, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 15.54 min, t (major) = 12.88 min].  

1H NMR (400 MHz, CDCl3) δ 7.37–7.32 (m, 2H), 7.31–7.26 (m, 2H), 7.23–7.17 (m, 1H), 6.79–6.72 (m, 2H), 

6.65–6.60 (m, 2H), 6.56 (d, J = 15.9 Hz, 1H), 6.21 (dd, J = 16.0, 5.9 Hz, 1H), 4.12–4.02 (m, 1H), 3.73 (s, 3H), 

1.39 (d, J = 6.6 Hz, 3H);  

Spectral data match those previously reported.[S6] 
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(E)-4-fluoro-N-(4-phenylbut-3-en-2-yl)aniline (3ac) 

(R,E)-4-fluoro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow 

oil: 46.1 mg, 96% yield, 91% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 99/1, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 13.05 min, t (major) = 14.12 min]. [α]D
20 = +51.7 (c = 1.0, CH2Cl2).  

(S,E)-4-fluoro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow 

oil: 44.9 mg, 93% yield, 58% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 99/1, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 13.81 min, t (major) = 12.75 min].  

1H NMR (400 MHz, CDCl3) δ 7.38–7.32 (m, 2H), 7.32–7.26 (m, 2H), 7.24–7.18 (m, 1H), 6.92–6.81 (m, 2H), 

6.63–6.50 (m, 3H), 6.18 (dd, J = 16.0, 5.9 Hz, 1H), 4.13–4.01 (m, 1H), 3.60 (br, s, 1H), 1.39 (d, J = 6.6 Hz, 

3H);  

13C NMR (101 MHz, CDCl3) δ 155.8 (d, J = 235.0 Hz), 143.7 (d, J = 1.9 Hz), 136.9, 133.0, 129.5, 128.5, 127.4, 

126.3, 115.6 (d, J = 22.2 Hz), 114.3 (d, J = 7.4 Hz), 51.6, 22.1;  

19F NMR (377 MHz, CDCl3) δ -128.1; 

IR (neat): νmax (cm-1) = 3412, 3028, 2967, 2923, 2859, 1608, 1501, 1306, 1205;  

HRMS (ESI) calcd for C16H17NF [M+H]+: 242.1340. Found: 242.1346. 

 

 

(E)-N-(4-phenylbut-3-en-2-yl)-4-(trifluoromethyl)aniline (3ad) 

(R,E)-N-(4-phenylbut-3-en-2-yl)-4-(trifluoromethyl)aniline was prepared following the General Procedure A 

as yellow oil: 56.2 mg, 96% yield, 79% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

95/5, v = 1.0 mL/min, λ = 254 nm, t (minor) = 14.91 min, t (major) = 10.71 min]. [α]D
20 = +53.6 (c = 1.0, 

CH2Cl2). 
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(S,E)-N-(4-phenylbut-3-en-2-yl)-4-(trifluoromethyl)aniline was prepared following the General Procedure B 

as yellow oil: 5.2 mg, 9% yield, 45% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, 

v = 1.0 mL/min, λ = 254 nm, t (minor) = 9.99 min, t (major) = 13.73 min].  

Note: The low yield of (S)-3ad was due to incomplete conversion. 

1H NMR (400 MHz, CDCl3) δ 7.41–7.32 (m, 4H), 7.32–7.27 (m, 2H), 7.25–7.19 (m, 1H), 6.63 (d, J = 8.4 Hz, 

2H), 6.55 (d, J = 16.0 Hz, 1H), 6.17 (dd, J = 15.9, 5.8 Hz, 1H), 4.23–4.12 (m, 1H), 4.07 (br, s, 1H), 1.42 (d, J 

= 6.5 Hz, 3H);  

Spectral data match those previously reported.[S5] 

 

 

ethyl (E)-4-((4-phenylbut-3-en-2-yl)amino)benzoate (3ae) 

ethyl (R,E)-4-((4-phenylbut-3-en-2-yl)amino)benzoate was prepared following the General Procedure A as 

colorless oil: 56.5 mg, 96% yield, 81% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

90/10, v = 1.0 mL/min, λ = 254 nm, t (minor) = 15.74 min, t (major) = 28.01 min]. [α]D
20 = +98.1 (c = 1.0, 

CH2Cl2). 

ethyl (S,E)-4-((4-phenylbut-3-en-2-yl)amino)benzoate was prepared following the General Procedure B as 

colorless oil: 14.6 mg, 25% yield, 57% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

90/10, v = 1.0 mL/min, λ = 254 nm, t (minor) = 27.54 min, t (major) = 15.44 min].  

Note: The low yield of (S)-3ae was due to incomplete conversion. 

1H NMR (400 MHz, CDCl3) δ 7.89–7.82 (m, 2H), 7.36–7.31 (m, 2H), 7.31–7.26 (m, 2H), 7.24–7.19 (m, 1H), 

6.63–6.51 (m, 3H), 6.17 (dd, J = 15.9, 5.7 Hz, 1H), 4.36–4.10 (m, 4H), 1.43 (d, J = 6.6 Hz, 3H), 1.34 (t, J = 

7.1 Hz, 3H).  

13C NMR (101 MHz, CDCl3) δ 166.8, 151.0, 136.6, 131.9, 131.4, 129.8, 128.5, 127.5, 126.3, 118.8, 112.1, 

60.1, 50.4, 21.8, 14.4;  

IR (neat): νmax (cm-1) = 3366, 3028, 2975, 2927, 1689, 1600, 1520, 1264, 1165, 1104;  

HRMS (ESI) calcd for C19H22NO2 [M+H]+: 296.1645. Found: 296.1652. 
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(E)-3-((4-phenylbut-3-en-2-yl)amino)benzonitrile (3af) 

(R,E)-3-((4-phenylbut-3-en-2-yl)amino)benzonitrile was prepared following the General Procedure A as 

bright yellow oil: 42.9 mg, 86% yield, 84% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH 

= 90/10, v = 1.0 mL/min, λ = 254 nm, t (minor) = 14.45 min, t (major) = 16.99 min]. [α]D
20 = +59.6 (c = 1.0, 

CH2Cl2). 

(S,E)-3-((4-phenylbut-3-en-2-yl)amino)benzonitrile was prepared following the General Procedure B as bright 

yellow oil: 3.5 mg, 7% yield, 58% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 90/10, 

v = 1.0 mL/min, λ = 254 nm, t (minor) = 16.48 min, t (major) = 14.13 min]. 

Note: The low yield of (S)-3af was due to incomplete conversion. 

1H NMR (400 MHz, CDCl3) δ 7.39–7.27 (m, 4H), 7.25–7.16 (m, 2H), 6.95–6.90 (m, 1H), 6.87–6.76 (m, 2H), 

6.55 (d, J = 16.0 Hz, 1H), 6.14 (dd, J = 15.9, 5.9 Hz, 1H), 4.17–4.06 (m, 1H), 3.98 (s, 1H), 1.42 (d, J = 6.6 Hz, 

3H); 

13C NMR (101 MHz, CDCl3) δ 147.5, 136.5, 131.7, 129.9, 129.8, 128.6, 127.6, 126.3, 120.7, 119.5, 117.6, 

115.6, 112.8, 50.7, 21.9; 

IR (neat): νmax (cm-1) = 3381, 3028, 2971, 2927, 2870, 1598, 1484, 1332, 964; 

HRMS (ESI) calcd for C17H16N2Na [M+Na]+: 271.1206. Found: 271.1211. 

 

 

(E)-4-chloro-N-(4-phenylbut-3-en-2-yl)aniline (3ag) 

(R,E)-4-chloro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow 

oil: 50.7 mg, 98% yield, 83% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 90/10, v = 

1.0 mL/min, λ = 254 nm, t (minor) = 10.61 min, t (major) = 8.67 min]. [α]D
20 = +66.2 (c = 1.0, CH2Cl2). 
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(S,E)-4-chloro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow 

oil: 49.9 mg, 97% yield, 57% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 90/10, v = 

1.0 mL/min, λ = 254 nm, t (minor) = 8.56 min, t (major) = 10.25 min].  

1H NMR (400 MHz, CDCl3) δ 7.38–7.32 (m, 2H), 7.32–7.26 (m, 2H), 7.24–7.19 (m, 1H), 7.13–7.05 (m, 2H), 

6.62–6.48 (m, 3H), 6.17 (dd, J = 15.9, 5.8 Hz, 1H), 4.15–4.03 (m, 1H), 3.74 (br, s, 1H), 1.39 (d, J = 6.6 Hz, 

3H); 

Spectral data match those previously reported.[S7] 

 

 

(E)-3-chloro-N-(4-phenylbut-3-en-2-yl)aniline (3ah) 

(R,E)-3-chloro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow 

oil: 48.2 mg, 93% yield, 83% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 97/3, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 8.96 min, t (major) = 10.95 min]. [α]D
20 = +56.9 (c = 1.0, CH2Cl2). 

(S,E)-3-chloro-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow 

oil: 48.9 mg, 95% yield, 60% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 97/3, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 10.75 min, t (major) = 8.85 min]. 

1H NMR (400 MHz, CDCl3) δ 7.39–7.33 (m, 2H), 7.32–7.27 (m, 2H), 7.24–7.19 (m, 1H), 7.05 (dd, J = 8.0, 

8.0 Hz, 1H), 6.67–6.60 (m, 2H), 6.56 (d, J = 16.0 Hz, 1H), 6.50 (dd, J = 8.2, 2.3 Hz, 1H), 6.17 (dd, J = 16.0, 

5.8 Hz, 1H), 4.18–4.06 (m, 1H), 3.82 (br, s, 1H), 1.40 (d, J = 6.6 Hz, 3H);  

13C NMR (101 MHz, CDCl3) δ 148.4, 136.8, 134.9, 132.4, 130.1, 129.6, 128.5, 127.5, 126.3, 117.2, 113.0, 

111.6, 50.7, 22.0; 

IR (neat): νmax (cm-1) = 3415, 3028, 2969, 2923, 2863, 1596, 1492, 1321, 1165, 1078; 

HRMS (ESI) calcd for C16H17NCl [M+H]+: 258.1044. Found: 258.1054. 
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(E)-2-methyl-N-(4-phenylbut-3-en-2-yl)aniline (3ai) 

(R,E)-2-methyl-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow 

oil: 42.6 mg, 90% yield, 85% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 7.79 min, t (major) = 14.76 min]. [α]D
20 = +23.0 (c = 1.0, CH2Cl2). 

(S,E)-2-methyl-N-(4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow 

oil: 45.7 mg, 96% yield, 57% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 14.87 min, t (major) = 7.68 min].  

1H NMR (400 MHz, CDCl3) δ 7.39–7.33 (m, 2H), 7.31–7.26 (m, 2H), 7.22–7.17 (m, 1H), 7.12–7.02 (m, 2H), 

6.70–6.61 (m, 2H), 6.57 (d, J = 16.0 Hz, 1H), 6.24 (dd, J = 16.0, 5.8 Hz, 1H), 4.24–4.14 (m, 1H), 3.55 (br, s, 

1H), 2.18 (s, 3H), 1.44 (d, J = 6.6 Hz, 3H);  

Spectral data match those previously reported.[S5] 

 

 

(E)-N-(4-phenylbut-3-en-2-yl)-4-vinylaniline (3aj) 

(R,E)-N-(4-phenylbut-3-en-2-yl)-4-vinylaniline was prepared following the General Procedure A as yellow oil: 

49.0 mg, 98% yield, 91% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 97/3, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 10.24 min, t (major) = 11.84 min]. [α]D
20 = +77.9 (c = 1.0, CH2Cl2). 

(S,E)-N-(4-phenylbut-3-en-2-yl)-4-vinylaniline was prepared following the General Procedure B as yellow oil: 

8.3 mg, 17% yield, 56% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 97/3, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 12.04 min, t (major) = 10.36 min].  

Note: The low yield of (S)-3aj was due to incomplete conversion. 

1H NMR (400 MHz, CDCl3) δ 7.38–7.31 (m, 2H), 7.31–7.25 (m, 2H), 7.25–7.17 (m, 3H), 6.64–6.52 (m, 4H), 

6.19 (dd, J = 16.0, 5.8 Hz, 1H), 5.50 (d, J = 17.6 Hz, 1H), 4.99 (d, J = 10.9 Hz, 1H), 4.20–4.10 (m, 1H), 3.77 

(br, s, 1H), 1.40 (d, J = 6.6 Hz, 3H);  

13C NMR (101 MHz, CDCl3) δ 147.1, 136.9, 136.6, 132.9, 129.4, 128.5, 127.4, 127.3, 127.2, 126.3, 113.3, 

109.4, 50.8, 22.0; 

IR (neat): νmax (cm-1) = 3404, 3026, 2965, 2923, 2865, 1611, 1513, 1317, 1175; 
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HRMS (ESI) calcd for C18H20N [M+H]+: 250.1590. Found: 250.1596. 

 

 

(E)-N-(4-phenylbut-3-en-2-yl)naphthalen-1-amine (3ak) 

(R,E)-N-(4-phenylbut-3-en-2-yl)naphthalen-1-amine was prepared following the General Procedure A as red 

oil: 52.9 mg, 97% yield, 80% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 18.94 min, t (major) = 27.20 min]. [α]D
20 = -85.6 (c = 1.0, CH2Cl2). 

(S,E)-N-(4-phenylbut-3-en-2-yl)naphthalen-1-amine was prepared following the General Procedure B as red 

oil: 46.7 mg, 85% yield, 66% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 27.60 min, t (major) = 18.28 min].  

1H NMR (400 MHz, CDCl3) δ 7.90–7.82 (m, 1H), 7.82–7.76 (m, 1H), 7.49–7.40 (m, 2H), 7.38–7.33 (m, 2H), 

7.33–7.25 (m, 3H), 7.24–7.17 (m, 2H), 6.67 (d, J = 7.6 Hz, 1H), 6.63 (d, J = 16.0 Hz, 1H), 6.30 (dd, J = 16.0, 

5.7 Hz, 1H), 4.40 (br, s, 1H), 4.37–4.28 (m, 1H), 1.54 (d, J = 6.6 Hz, 3H);  

13C NMR (101 MHz, CDCl3) δ 142.3, 136.9, 134.4, 132.9, 129.5, 128.7, 128.5, 127.4, 126.6, 126.3, 125.6, 

124.6, 123.3, 119.8, 117.3, 105.7, 50.9, 22.2; 

IR (neat): νmax (cm-1) = 3430, 3058, 3026, 2969, 2925, 2863, 1581, 1520, 1399; 

HRMS (ESI) calcd for C20H20N [M+H]+: 274.1590. Found: 274.1596. 

 

 

(E)-N-(4-phenylbut-3-en-2-yl)naphthalen-2-amine (3al) 

(R,E)-N-(4-phenylbut-3-en-2-yl)naphthalen-2-amine was prepared following the General Procedure A as a red 

solid: 54.0 mg, 99% yield, 88% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 

1.0 mL/min, λ = 254 nm, t (minor) = 10.18 min, t (major) = 11.31 min]. [α]D
20 = +159.9 (c = 1.0, CH2Cl2). 

(S,E)-N-(4-phenylbut-3-en-2-yl)naphthalen-2-amine was prepared following the General Procedure B as a red 

solid: 49.8 mg, 91% yield, 58% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 
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1.0 mL/min, λ = 254 nm, t (minor) = 11.41 min, t (major) = 10.24 min].  

1H NMR (400 MHz, CDCl3) δ 7.64 (dd, J = 11.7, 8.4 Hz, 2H), 7.58 (d, J = 8.2 Hz, 1H), 7.38–7.25 (m, 5H), 

7.22–7.14 (m, 2H), 6.91 (dd, J = 8.7, 2.4 Hz, 1H), 6.86 (d, J = 2.3 Hz, 1H), 6.62 (d, J = 16.0 Hz, 1H), 6.27 (dd, 

J = 16.0, 5.6 Hz, 1H), 4.34–4.22 (m, 1H), 3.90 (br, s, 1H), 1.46 (d, J = 6.6 Hz, 3H);  

13C NMR (101 MHz, CDCl3) δ 144.9, 136.9, 135.1, 132.8, 129.4, 128.9, 128.5, 127.6, 127.5, 127.4, 126.3, 

126.2, 126.0, 121.9, 118.1, 105.6, 50.8, 21.9;  

IR (thin film): νmax (cm-1) = 3427, 3056, 3015, 2963, 2920, 2859, 1627, 1515, 1357; 

HRMS (ESI) calcd for C20H20N [M+H]+: 274.1590. Found: 274.1598. 

 

 

(E)-N-(4-phenylbut-3-en-2-yl)benzo[d][1,3]dioxol-5-amine (3am) 

(R,E)-N-(4-phenylbut-3-en-2-yl)benzo[d][1,3]dioxol-5-amine was prepared following the General Procedure 

A as a yellow solid: 46.2 mg, 86% yield, 93% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-

PrOH = 90/10, v = 1.0 mL/min, λ = 254 nm, t (minor) = 11.68 min, t (major) = 15.61 min]. [α]D
20 = +70.2 (c 

= 1.0, CH2Cl2). 

(S,E)-N-(4-phenylbut-3-en-2-yl)benzo[d][1,3]dioxol-5-amine was prepared following the General Procedure 

B as a yellow solid: 36.7 mg, 69% yield, 58% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-

PrOH = 90/10, v = 1.0 mL/min, λ = 254 nm, t (minor) = 14.32 min, t (major) = 11.06 min].  

1H NMR (400 MHz, CDCl3) δ 7.38–7.32 (m, 2H), 7.31–7.25 (m, 2H), 7.23–7.17 (m, 1H), 6.63 (d, J = 8.3 Hz, 

1H), 6.55 (d, J = 16.0 Hz, 1H), 6.28 (d, J = 2.3 Hz, 1H), 6.18 (dd, J = 16.0, 5.9 Hz, 1H), 6.08 (dd, J = 8.3, 2.3 

Hz, 1H), 5.82 (s, 2H), 4.08–3.98 (m, 1H), 3.45 (br, s, 1H), 1.37 (d, J = 6.6 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 148.2, 143.1, 139.6, 136.9, 133.3, 129.3, 128.5, 127.3, 126.3, 108.6, 105.4, 

100.5, 96.6, 51.9, 22.1;  

IR (thin film): νmax (cm-1) = 3419, 2975, 2958, 2920, 2857, 1636, 1488, 1209, 1032; 

HRMS (ESI) calcd for C17H18NO2 [M+H]+: 268.1332. Found: 268.1337. 

 



S24 
 

 

(E)-N-(4-phenylbut-3-en-2-yl)benzo[d]oxazol-6-amine (3an) 

(R,E)-N-(4-phenylbut-3-en-2-yl)benzo[d]oxazol-6-amine was prepared following the General Procedure A as 

a yellow solid: 44.9 mg, 85% yield, 91% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

80/20, v = 1.0 mL/min, λ = 254 nm, t (minor) = 9.71 min, t (major) = 21.00 min]. [α]D
20 = +82.1 (c = 1.0, 

CH2Cl2). 

(S,E)-N-(4-phenylbut-3-en-2-yl)benzo[d]oxazol-6-amine was prepared following the General Procedure B as 

a yellow solid: 18.9 mg, 36% yield, 48% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

80/20, v = 1.0 mL/min, λ = 254 nm, t (minor) = 21.44 min, t (major) = 9.70 min].  

1H NMR (400 MHz, CDCl3) δ 7.85 (s, 1H), 7.51 (d, J = 8.6 Hz, 1H), 7.38-7.33 (m, 2H), 7.32–7.26 (m, 2H), 

7.24–7.18 (m, 1H), 6.79 (d, J = 2.2 Hz, 1H), 6.68 (dd, J = 8.6, 2.2 Hz, 1H), 6.60 (d, J = 16.0 Hz, 1H), 6.21 (dd, 

J = 16.0, 5.9 Hz, 1H), 4.20–4.09 (m, 1H), 3.99 (br, s, 1H), 1.44 (d, J = 6.6 Hz, 3H);  

13C NMR (101 MHz, CDCl3) δ 151.7, 150.2, 146.4, 136.7, 132.5, 131.4, 129.7, 128.5, 127.5, 126.3, 120.4, 

112.6, 94.1, 51.4, 22.0;  

IR (thin film): νmax (cm-1) = 3341, 3113, 3024, 2963, 2923, 2842, 1625, 1488, 1201, 1070;  

HRMS (ESI) calcd for C17H17N2O [M+H]+: 265.1335. Found: 265.1340. 

 

 

(E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]furan-1-amine (3ao) 

(R,E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]furan-1-amine was prepared following the General Procedure A 

as a yellow solid: 62.0 mg, 99% yield, 78% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH 

= 95/5, v = 1.0 mL/min, λ = 254 nm, t (minor) = 12.17 min, t (major) = 13.99 min]. [α]D
20 = -153.9 (c = 1.0, 

CH2Cl2). 
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(S,E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]furan-1-amine was prepared following the General Procedure B 

as a yellow solid: 23.2 mg, 37% yield, 58% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH 

= 95/5, v = 1.0 mL/min, λ = 254 nm, t (minor) = 14.34 min, t (major) = 12.20 min].  

1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.6 Hz, 1H), 7.56 (d, J = 7.8 Hz, 1H), 7.43–7.32 (m, 4H), 7.31–

7.25 (m, 3H), 7.23–7.18 (m, 1H), 6.96 (d, J = 8.1 Hz, 1H), 6.66 (d, J = 15.9 Hz, 1H), 6.61 (d, J = 8.1 Hz, 1H), 

6.32 (dd, J = 16.0, 5.7 Hz, 1H), 4.48–4.33 (m, 2H), 1.57 (d, J = 6.5 Hz, 3H);  

13C NMR (101 MHz, CDCl3) δ 157.2, 155.3, 143.7, 136.8, 132.6, 129.7, 128.5, 128.4, 127.5, 126.4, 125.4, 

124.0, 122.5, 120.1, 111.3, 110.3, 105.1, 100.8, 50.9, 22.3; 

IR (thin film): νmax (cm-1) = 3436, 3026, 2963, 2925, 2861, 1596, 1501, 1237, 1175, 1061;  

HRMS (ESI) calcd for C22H20NO [M+H]+: 314.1539. Found: 314.1544. 

 

 

(E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]thiophen-3-amine (3ap) 

(R,E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]thiophen-3-amine was prepared following the General Procedure 

A as yellow oil: 61.4 mg, 93% yield, 82% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

95/5, v = 1.0 mL/min, λ = 254 nm, t (minor) = 15.71 min, t (major) = 18.10 min]. [α]D
20 = +119.9 (c = 1.0, 

CH2Cl2). 

(S,E)-N-(4-phenylbut-3-en-2-yl)dibenzo[b,d]thiophen-3-amine was prepared following the General Procedure 

B as yellow oil: 64.6 mg, 98% yield, 18% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

95/5, v = 1.0 mL/min, λ = 254 nm, t (minor) = 18.36 min, t (major) = 15.90 min].  

1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.1 Hz, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.72 (d, J = 7.7 Hz, 1H), 

7.38–7.31 (m, 3H), 7.31–7.24 (m, 3H), 7.21–7.16 (m, 1H), 7.00 (d, J = 2.2 Hz, 1H), 6.75 (dd, J = 8.6, 2.2 Hz, 

1H), 6.59 (dd, J = 16.0 Hz, 1H), 6.22 (dd, J = 16.0, 5.6 Hz, 1H), 4.27–4.14 (m, 1H), 3.93 (br, s, 1H), 1.42 (d, 

J = 6.6 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 146.8, 141.5, 137.9, 136.8, 136.1, 132.6, 129.5, 128.5, 127.4, 126.4, 126.3, 

124.7, 124.2, 122.5, 122.1, 120.0, 112.6, 104.9, 51.0, 22.0; 

IR (neat): νmax (cm-1) = 3411, 3062, 3024, 2969, 2920, 1602, 1494, 1452; 
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HRMS (ESI) calcd for C22H20NS [M+H]+: 330.1311. Found: 330.1315. 

 

 

(E)-N-(4-(4-methoxyphenyl)but-3-en-2-yl)aniline (3ba) 

(R,E)-N-(4-(4-methoxyphenyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as a 

white solid: 49.1 mg, 97% yield, 84% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

90/10, v = 1.0 mL/min, λ = 254 nm, t (minor) = 9.45 min, t (major) = 12.39 min]. [α]D
20 = +60.0 (c = 1.0, 

CH2Cl2). 

(S,E)-N-(4-(4-methoxyphenyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as a 

white solid: 47.3 mg, 93% yield, 40% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

90/10, v = 1.0 mL/min, λ = 254 nm, t (minor) = 12.51 min, t (major) = 9.24 min].  

1H NMR (400 MHz, CDCl3) δ 7.28 (d, J = 8.7 Hz, 2H), 7.19–7.09 (m, 2H), 6.87–6.79 (m, 2H), 6.73–6.59 (m, 

3H), 6.51 (d, J = 16.1 Hz, 1H), 6.06 (dd, J = 15.9, 5.9 Hz, 1H), 4.16–4.06 (m, 1H), 3.78 (s, 3H), 3.68 (br, s, 

1H), 1.38 (d, J = 6.6 Hz, 3H);  

13C NMR (101 MHz, CDCl3) δ 159.0, 147.5, 131.0, 129.8, 129.1, 128.7, 127.4, 117.2, 113.9, 113.4, 55.3, 50.8, 

22.1;  

IR (thin film): νmax (cm-1) = 3366, 3051, 3022, 2963, 2920, 1600, 1507, 1494, 1251, 1019;  

HRMS (ESI) calcd for C17H19NONa [M+Na]+: 276.1359. Found: 276.1365. 

 

 

(E)-N-(4-(4-fluorophenyl)but-3-en-2-yl)aniline (3ca) 

(R,E)-N-(4-(4-fluorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as 

colorless oil: 44.3 mg, 92% yield, 92% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

95/5, v = 1.0 mL/min, λ = 254 nm, t (minor) = 9.93 min, t (major) = 12.59 min]. [α]D
20 = +55.5 (c = 1.0, 

CH2Cl2). 
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(S,E)-N-(4-(4-fluorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as colorless 

oil: 46.3 mg, 96% yield, 64% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 12.75 min, t (major) = 9.52 min].  

1H NMR (400 MHz, CDCl3) δ 7.35–7.26 (m, 2H), 7.16 (dd, J = 7.7, 7.7 Hz, 2H), 6.97 (dd, J = 8.7, 8.7 Hz, 

2H), 6.69 (t, J = 7.3 Hz, 1H), 6.64 (d, J = 7.9 Hz, 2H), 6.53 (d, J = 15.9 Hz, 1H), 6.12 (dd, J = 16.0, 5.7 Hz, 

1H), 4.18–4.07 (m, 1H), 3.70 (br, s, 1H), 1.39 (d, J = 6.6 Hz, 3H);  

13C NMR (101 MHz, CDCl3) δ 162.2 (d, J = 246.4 Hz), 147.3, 133.1 (d, J = 3.3 Hz), 132.9 (d, J = 2.2 Hz), 

129.2, 128.1, 127.8 (d, J = 8.0 Hz), 117.4, 115.4 (d, J = 21.5 Hz), 113.4, 50.8, 22.1;  

19F NMR (377 MHz, CDCl3) δ -114.9;  

IR (neat): νmax (cm-1) = 3411, 3049, 2969, 2920, 1600, 1503, 1315, 1224, 1156;  

HRMS (ESI) calcd for C16H17NF [M+H]+: 242.1340. Found: 242.1346. 

 

 

(E)-N-(4-(4-(trifluoromethyl)phenyl)but-3-en-2-yl)aniline (3da) 

(R,E)-N-(4-(4-fluorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as yellow 

oil: 28.3 mg, 49% yield, 92% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 12.00 min, t (major) = 14.29 min]. [α]D
20 = +47.4 (c = 1.0, CH2Cl2). 

(S,E)-N-(4-(4-fluorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as yellow 

oil: 12.6 mg, 22% yield, 62% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 14.35 min, t (major) = 11.46 min].  

Note: The low yield of (S)-3da was due to incomplete conversion. 

1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.1 Hz, 2H), 7.43 (d, J = 8.1 Hz, 2H), 7.20-7.13 (m, 2H), 6.70 (t, J 

= 7.3 Hz, 1H), 6.67–6.57 (m, 3H), 6.32 (dd, J = 16.0, 5.6 Hz, 1H), 4.21–4.09 (m, 1H), 3.72 (br, s, 1H), 1.42 

(d, J = 6.6 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 147.2, 140.5, 135.9, 129.2, 129.1 (q, J = 32.4 Hz), 128.0, 126.5, 125.4 (q, J = 

3.8 Hz), 124.2 (q, J = 272.7 Hz), 117.5, 113.4, 50.8, 22.0; 

19F NMR (377 MHz, CDCl3) δ -62.5;  

IR (neat): νmax (cm-1) = 3427, 3054, 3028, 2977, 2929, 1604, 1501, 1323, 1158, 1118;  
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HRMS (ESI) calcd for C17H17NF3 [M+H]+: 292.1308. Found: 292.1313. 

 

 

(E)-N-(4-(4-chlorophenyl)but-3-en-2-yl)aniline (3ea) 

(R,E)-N-(4-(4-chlorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as a yellow 

solid: 38.6 mg, 75% yield, 93% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 

1.0 mL/min, λ = 254 nm, t (minor) = 11.08 min, t (major) = 13.71 min]. [α]D
20 = +67.9 (c = 1.0, CH2Cl2). 

(S,E)-N-(4-(4-chlorophenyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as a yellow 

solid: 48.2 mg, 93% yield, 68% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 

1.0 mL/min, λ = 254 nm, t (minor) = 13.97 min, t (major) = 10.75 min].  

1H NMR (400 MHz, CDCl3) δ 7.28–7.21 (m, 4H), 7.19–7.12 (m, 2H), 6.69 (t, J = 7.3 Hz, 1H), 6.63 (d, J = 8.0 

Hz, 2H), 6.52 (d, J = 16.0 Hz, 1H), 6.18 (dd, J = 16.0, 5.7 Hz, 1H), 4.17–4.07 (m, 1H), 3.70 (br, s, 1H), 1.39 

(d, J = 6.6 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 147.3, 135.5, 133.9, 132.9, 129.2, 128.6, 128.1, 127.5, 117.4, 113.4, 50.8, 22.0; 

IR (thin film): νmax (cm-1) = 3408, 3049, 3022, 2967, 2925, 2865, 1600, 1501, 1488, 1315;  

HRMS (ESI) calcd for C16H16NClNa [M+Na]+: 280.0863. Found: 280.0871. 

 

 

(E)-N-(4-(m-tolyl)but-3-en-2-yl)aniline (3fa) 

(R,E)-N-(4-(m-tolyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as colorless oil: 

44.8 mg, 94% yield, 92% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 9.59 min, t (major) = 11.20 min]. [α]D
20 = +61.9 (c = 1.0, CH2Cl2). 

(S,E)-N-(4-(m-tolyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as colorless oil: 

46.3 mg, 98% yield, 58% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 11.57 min, t (major) = 9.16 min]. 
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1H NMR (400 MHz, CDCl3) δ 7.20–7.12 (m, 5H), 7.04–7.00 (m, 1H), 6.71–6.61 (m, 3H), 6.54 (d, J = 15.9 Hz, 

1H), 6.20 (dd, J = 16.0, 5.8 Hz, 1H), 4.18–4.08 (m, 1H), 3.70 (br, s, 1H), 2.32 (s, 3H), 1.39 (d, J = 6.6 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 147.4, 138.0, 136.9, 133.0, 129.3, 129.2, 128.4, 128.1, 127.0, 123.5, 117.3, 

113.4, 50.8, 22.1, 21.3;  

IR (neat): νmax (cm-1) = 3406, 3054, 3020, 2967, 2920, 2865, 1598, 1501, 1313, 960;  

HRMS (ESI) calcd for C17H20N [M+H]+: 238.1590. Found: 238.1595. 

 

 

(E)-N-(4-(2-methoxyphenyl)but-3-en-2-yl)aniline (3ga) 

(R,E)-N-(4-(2-methoxyphenyl)but-3-en-2-yl)aniline was prepared following the General Procedure A as 

colorless oil: 42.0 mg, 83% yield, 92% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

95/5, v = 1.0 mL/min, λ = 254 nm, t (minor) = 16.35 min, t (major) = 12.32 min]. [α]D
20 = +45.3 (c = 1.0, 

CH2Cl2). 

(S,E)-N-(4-(2-methoxyphenyl)but-3-en-2-yl)aniline was prepared following the General Procedure B as 

colorless oil: 48.1 mg, 95% yield, 27% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

95/5, v = 1.0 mL/min, λ = 254 nm, t (minor) = 12.48 min, t (major) = 15.62 min].  

1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 7.6 Hz, 1H), 7.22-7.11 (m, 3H), 6.94–6.82 (m, 3H), 6.71–6.61 (m, 

3H), 6.21 (dd, J = 16.1, 6.1 Hz, 1H), 4.21–4.11 (m, 1H), 3.82 (s, 3H), 3.78–3.61 (br, s, 1H), 1.40 (d, J = 6.6 

Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 156.6, 147.5, 133.9, 129.1, 128.4, 126.7, 126.0, 124.2, 120.6, 117.2, 113.5, 

110.9, 55.5, 51.2, 22.1;  

IR (neat): νmax (cm-1) = 3400, 2984, 2956, 2920, 2844, 1608, 1505, 1319, 1239, 1027;  

HRMS (ESI) calcd for C17H20NO [M+H]+: 254.1539. Found: 254.1545. 

 

 

(E)-N-(4-(thiophen-2-yl)but-3-en-2-yl)aniline (3ha) 
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(R,E)-N-(4-(thiophen-2-yl)but-3-en-2-yl)aniline was prepared following the General Procedure A as yellow 

oil: 28.8 mg, 63% yield, 91% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 11.47 min, t (major) = 14.90 min]. [α]D
20 = +69.4 (c = 1.0, CH2Cl2). 

(S,E)-N-(4-(thiophen-2-yl)but-3-en-2-yl)aniline was prepared following the General Procedure B as yellow oil: 

43.4 mg, 95% yield, 34% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 14.60 min, t (major) = 10.65 min].  

1H NMR (400 MHz, CDCl3) δ 7.21–7.13 (m, 2H), 7.11 (d, J = 5.0 Hz, 1H), 6.93 (dd, J = 5.1, 3.5 Hz, 1H), 

6.91–6.88 (m, 1H), 6.74–6.66 (m, 2H), 6.65–6.60 (m, 2H), 6.07 (dd, J = 15.8, 5.6 Hz, 1H), 4.13–4.04 (m, 1H), 

3.68 (br, s, 1H), 1.38 (d, J = 6.6 Hz, 3H);  

13C NMR (101 MHz, CDCl3) δ 147.3, 142.2, 132.8, 129.2, 127.3, 125.3, 123.8, 122.5, 117.4, 113.3, 50.6, 22.0; 

IR (neat): νmax (cm-1) = 3406, 3051, 3018, 2967, 2925, 2865, 1600, 1503, 1317, 956;  

HRMS (ESI) calcd for C14H16NS [M+H]+: 230.0998. Found: 230.1005. 

 

 
(E)-N-[4-(ferrocenyl)but-3-en-2-yl]aniline (3ia) 

(R,E)-N-[4-(ferrocenyl)but-3-en-2-yl]aniline was prepared following the General Procedure A as an orange-

yellow solid: 52.8 mg, 80% yield, 68% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

95/5, v = 1.0 mL/min, λ = 254 nm, t (minor) = 15.46 min, t (major) = 16.85 min]. [α]D
20 = +21.2 (c = 1.0, 

CH2Cl2). 

(S,E)-N-[4-(ferrocenyl)but-3-en-2-yl]aniline was prepared following the General Procedure B as an orange-

yellow solid: 60.8 mg, 92% yield, 13% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

95/5, v = 1.0 mL/min, λ = 254 nm, t (minor) = 15.68 min, t (major) = 13.45 min].  

1H NMR (400 MHz, CDCl3) δ 7.21–7.14 (m, 2H), 6.71–6.65 (m, 3H), 6.28 (d, J = 15.8 Hz, 1H), 5.76 (dd, J = 

15.8, 6.1 Hz, 1H), 4.31–4.25 (m, 2H), 4.18–4.14 (m, 2H), 4.08–3.95 (m, 6H), 3.67 (br, s, 1H), 1.34 (d, J = 6.6 

Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 147.6, 130.3, 129.1, 126.8, 117.4, 113.6, 82.9, 69.0, 68.53, 68.47, 66.7, 66.5, 

51.1, 22.3; 
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IR (thin film): νmax (cm-1) = 3394, 3089, 2963, 2920, 2851, 1604, 1503, 1101, 956;  

HRMS (ESI) calcd for C20H21NFe [M]+: 331.1018. Found: 331.1023. 

 

 

(E)-N-(3-methyl-4-phenylbut-3-en-2-yl)aniline (3ja) 

(R,E)-N-(3-methyl-4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure A as 

colorless oil: 39.1 mg, 82% yield, 92% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 

97/3, v = 1.0 mL/min, λ = 254 nm, t (minor) = 5.58 min, t (major) = 6.10 min]. [α]D
20 = +27.5 (c = 1.0, CH2Cl2). 

(S,E)-N-(3-methyl-4-phenylbut-3-en-2-yl)aniline was prepared following the General Procedure B as colorless 

oil: 44.9 mg, 95% yield, 67% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 97/3, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 5.89 min, t (major) = 5.46 min].  

1H NMR (400 MHz, CDCl3) δ 7.33–7.28 (m, 2H), 7.26–7.21 (m, 2H), 7.21–7.10 (m, 3H), 6.70–6.65 (m, 1H), 

6.64–6.59 (m, 2H), 6.56 (s, 1H), 3.97 (q, J = 6.7 Hz, 1H), 3.80 (br, s, 1H), 1.84 (d, J = 1.4 Hz, 3H), 1.40 (d, J 

= 6.7 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 147.5, 140.5, 138.0, 129.1, 128.9, 128.0, 126.2, 125.0, 117.1, 113.2, 56.8, 21.5, 

13.8; 

IR (neat): νmax (cm-1) = 3411, 3054, 3020, 2971, 2923, 1600, 1503, 1317, 1254;  

HRMS (ESI) calcd for C17H20N [M+H]+: 238.1590. Found: 238.1597. 

 

 

N-(1-(3,4-dihydronaphthalen-2-yl)ethyl)aniline (3ka) 

(R)-N-(1-(3,4-dihydronaphthalen-2-yl)ethyl)aniline was prepared following the General Procedure A as 

yellow oil: 22.5 mg, 45% yield, 70% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 97/3, 

v = 1.0 mL/min, λ = 254 nm, t (minor) = 6.33 min, t (major) = 7.14 min]. [α]D
20 = +32.8 (c = 0.5, CH2Cl2). 
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(S)-N-(1-(3,4-dihydronaphthalen-2-yl)ethyl)aniline was prepared following the General Procedure B as yellow 

oil: 18.9 mg, 38% yield, 85% ee. [Daicel Chiralcel AD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 97/3, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 6.92 min, t (major) = 6.18 min].  

1H NMR (400 MHz, CDCl3) δ 7.15–7.06 (m, 5H), 7.02–6.98 (m, 1H), 6.66 (t, J = 7.3 Hz, 1H), 6.63–6.59 (m, 

2H), 6.46 (s, 1H), 4.03 (q, J = 6.7 Hz, 1H), 3.78 (br, s, 1H), 2.87–2.70 (m, 2H), 2.28 (t, J = 8.1 Hz, 2H), 1.39 

(d, J = 6.7 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 147.5, 143.6, 135.0, 134.4, 129.1, 127.2, 126.5, 126.4, 125.9, 122.3, 117.2, 

113.3, 54.3, 28.2, 23.6, 21.2; 

IR (neat): νmax (cm-1) = 3413, 3018, 2965, 2927, 2878, 2825, 1602, 1503, 1315;  

HRMS (ESI) calcd for C18H19NNa [M+Na]+: 272.1410. Found: 272.1416. 

 

 

(E)-N-(6-phenylhex-3-en-2-yl)aniline (3la) 

(R,E)-N-(6-phenylhex-3-en-2-yl)aniline was prepared following the General Procedure A as colorless oil: 24.6 

mg, 49% yield, 81% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 mL/min, 

λ = 254 nm, t (minor) = 7.76 min, t (major) = 8.55 min]. [α]D
20 = +15.0 (c = 1.0, CH2Cl2). 

(S,E)-N-(6-phenylhex-3-en-2-yl)aniline was prepared following the General Procedure B as colorless oil: 42.7 

mg, 85% yield, 44% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 95/5, v = 1.0 mL/min, 

λ = 254 nm, t (minor) = 8.55 min, t (major) = 7.33 min].  

1H NMR (400 MHz, CDCl3) δ 7.27–7.22 (m, 2H), 7.20–7.10 (m, 5H), 6.68 (t, J = 7.3 Hz, 1H), 6.60–6.55 (m, 

2H), 5.71–5.60 (m, 1H), 5.41 (dd, J = 15.4, 6.0 Hz, 1H), 3.98–3.86 (m, 1H), 3.57 (br, s, 1H), 2.66 (t, J = 7.7 

Hz, 2H), 2.39–2.27 (m, 2H), 1.25 (d, J = 6.5 Hz, 3H);  

13C NMR (101 MHz, CDCl3) δ 147.5, 141.8, 133.8, 129.4, 129.1, 128.5, 128.2, 125.7, 117.1, 113.4, 50.4, 35.8, 

34.0, 22.0;  

IR (neat): νmax (cm-1) = 3406, 3024, 2971, 2920, 2853, 1600, 1501, 1317;  

HRMS (ESI) calcd for C18H22N [M+H]+: 252.1747. Found: 252.1752. 
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Figure S2. 1H NMR analysis for determining the ratio of regioisomers in the crude product (S)-3la. 

 

 

(E)-N-(4-cyclohexylbut-3-en-2-yl)aniline (3ma) 

(R,E)-N-(4-cyclohexylbut-3-en-2-yl)aniline was prepared following the General Procedure A as yellow oil: 

20.0 mg, 44% yield, 87% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 100/0, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 17.07 min, t (major) = 19.36 min]. [α]D
20 = +18.2 (c = 0.5, CH2Cl2). 

(S,E)-N-(4-cyclohexylbut-3-en-2-yl)aniline was prepared following the General Procedure B as yellow oil: 

35.4 mg, 77% yield, 30% ee. [Daicel Chiralcel OD-H (0.46 cm × 25 cm), n-hexane/i-PrOH = 100/0, v = 1.0 

mL/min, λ = 254 nm, t (minor) = 19.99 min, t (major) = 16.72 min].  

1H NMR (400 MHz, CDCl3) δ 7.17–7.10 (m, 2H), 6.69–6.63 (m, 1H), 6.63–6.56 (m, 2H), 5.57 (dd, J = 15.6, 

6.6 Hz, 1H), 5.35 (dd, J = 15.6, 6.1 Hz, 1H), 4.00–3.83 (m, 1H), 3.58 (br, s, 1H), 1.97–1.83 (m, 1H), 1.73–

1.58 (m, 5H), 1.27 (d, J = 6.6 Hz, 3H), 1.26–1.18 (m, 2H), 1.18–1.10 (m, 1H), 1.10–0.98 (m, 2H); 

13C NMR (101 MHz, CDCl3) δ 147.6, 136.5, 130.4, 129.0, 117.0, 113.5, 50.7, 40.3, 33.0, 32.9, 26.2, 26.0, 22.1; 

IR (neat): νmax (cm-1) = 3411, 2969, 2920, 2849, 1600, 1499, 1315, 966;  

HRMS (ESI) calcd for C16H24N [M+H]+: 230.1903. Found: 230.1912. 
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VI. Crystallographic Data 

 
Figure S3. X-ray crystallographic structure of (R)-3an (CCDC #2491238) 

Table S19. Crystal data and structure refinement for (R)-3an 

Identification code  (R)-3an  
Empirical formula  C17H16N2O  
Formula weight  264.32  
Temperature/K  130.00  
Crystal system  orthorhombic  
Space group  P212121  
a/Å  4.6491(13)  
b/Å  12.775(3)  
c/Å  22.835(6)  
α/°  90  
β/°  90  
γ/°  90  
Volume/Å3  1356.3(6)  
Z  4  
ρcalcg/cm3  1.294  
μ/mm-1  0.411  
F(000)  560.0  
Crystal size/mm3  0.12 × 0.11 × 0.1  
Radiation  GaKα (λ = 1.34139)  
2Θ range for data collection/°  6.736 to 115.864  
Index ranges  -3 ≤ h ≤ 5, -16 ≤ k ≤ 16, -28 ≤ l ≤ 28  
Reflections collected  22137  
Independent reflections  2797 [Rint = 0.0453, Rsigma = 0.0232]  
Data/restraints/parameters  2797/0/186  
Goodness-of-fit on F2  1.055  
Final R indexes [I>=2σ (I)]  R1 = 0.0273, wR2 = 0.0693  
Final R indexes [all data]  R1 = 0.0287, wR2 = 0.0705  
Largest diff. peak/hole / e Å-3  0.13/-0.14  
Flack parameter -0.06(14) 
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VIII. Copies of NMR and HPLC Spectra 
1H NMR (400 MHz, CDCl3) spectrum of 3aa 
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1H NMR (400 MHz, CDCl3) spectrum of 3ab 
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1H NMR (400 MHz, CDCl3) spectrum of 3ac 

 
13C NMR (101 MHz, CDCl3) spectrum of 3ac 
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19F NMR (377 MHz, CDCl3) spectrum of 3ac 
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1H NMR (400 MHz, CDCl3) spectrum of 3ad 
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1H NMR (400 MHz, CDCl3) spectrum of 3ae 

 

13C NMR (101 MHz, CDCl3) spectrum of 3ae 
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1H NMR (400 MHz, CDCl3) spectrum of 3af 

 

13C NMR (101 MHz, CDCl3) spectrum of 3af 
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1H NMR (400 MHz, CDCl3) spectrum of 3ag 
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1H NMR (400 MHz, CDCl3) spectrum of 3ah 

 

13C NMR (101 MHz, CDCl3) spectrum of 3ah 
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1H NMR (400 MHz, CDCl3) spectrum of 3ai 
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1H NMR (400 MHz, CDCl3) spectrum of 3aj 

 

13C NMR (101 MHz, CDCl3) spectrum of 3aj 
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1H NMR (400 MHz, CDCl3) spectrum of 3ak 

 
13C NMR (101 MHz, CDCl3) spectrum of 3ak 
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1H NMR (400 MHz, CDCl3) spectrum of 3al 

 
13C NMR (101 MHz, CDCl3) spectrum of 3al 
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1H NMR (400 MHz, CDCl3) spectrum of 3am 

 

13C NMR (101 MHz, CDCl3) spectrum of 3am 
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1H NMR (400 MHz, CDCl3) spectrum of 3an 

 

13C NMR (101 MHz, CDCl3) spectrum of 3an 
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1H NMR (400 MHz, CDCl3) spectrum of 3ao 

 
13C NMR (101 MHz, CDCl3) spectrum of 3ao 
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1H NMR (400 MHz, CDCl3) spectrum of 3ap 

 

13C NMR (101 MHz, CDCl3) spectrum of 3ap 
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1H NMR (400 MHz, CDCl3) spectrum of 3ba 

 

13C NMR (101 MHz, CDCl3) spectrum of 3ba 
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1H NMR (400 MHz, CDCl3) spectrum of 3ca 

 

13C NMR (101 MHz, CDCl3) spectrum of 3ca 
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19F NMR (377 MHz, CDCl3) spectrum of 3ca 
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1H NMR (400 MHz, CDCl3) spectrum of 3da 

 
13C NMR (101 MHz, CDCl3) spectrum of 3da 
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19F NMR (377 MHz, CDCl3) spectrum of 3da 
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1H NMR (400 MHz, CDCl3) spectrum of 3ea 

 
13C NMR (101 MHz, CDCl3) spectrum of 3ea 
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1H NMR (400 MHz, CDCl3) spectrum of 3fa 

 
13C NMR (101 MHz, CDCl3) spectrum of 3fa 
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1H NMR (400 MHz, CDCl3) spectrum of 3ga 

 

13C NMR (101 MHz, CDCl3) spectrum of 3ga 
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1H NMR (400 MHz, CDCl3) spectrum of 3ha 

 

13C NMR (101 MHz, CDCl3) spectrum of 3ha 



S84 
 

 



S85 
 

1H NMR (400 MHz, CDCl3) spectrum of 3ia 

 
13C NMR (101 MHz, CDCl3) spectrum of 3ia 
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1H NMR (400 MHz, CDCl3) spectrum of 3ja 

 

13C NMR (101 MHz, CDCl3) spectrum of 3ja 
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1H NMR (400 MHz, CDCl3) spectrum of 3ka 

 
13C NMR (101 MHz, CDCl3) spectrum of 3ka 
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1H NMR (400 MHz, CDCl3) spectrum of 3la 

 
13C NMR (101 MHz, CDCl3) spectrum of 3la 
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1H NMR (400 MHz, CDCl3) spectrum of 3ma 

 

13C NMR (101 MHz, CDCl3) spectrum of 3ma 
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