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General Information

All reactions were carried out under a nitrogen atmosphere. Solvents were purified 

by standard procedure before use. Commercial reagents were used without further 

purification. Flash chromatography was performed on silica gel 60 (40-63μm, 60Å). 

Thin layer chromatography (TLC) was performed on glass plates coated with silica gel 

60 with F254 indicator. Proton nuclear magnetic resonance (1H NMR) spectra were 

recorded on a Bruker 400 MHz spectrometer. Chemical shifts for protons are reported 

in parts per million downfield from tetramethylsilane and are referenced to residual 

proton in the deuterated NMR solvent (CDCl3 = δ 7.26 or DMSO = δ 2.50). Carbon 

nuclear magnetic resonance (13C NMR) spectra were recorded on a Bruker 100 MHz 

spectrometer. Chemical shifts for carbon are reported in parts per million downfield 

from tetramethylsilane and are referenced to the carbon resonances of the solvent 

(CDCl3 = δ 77.02). Data are represented as follows: chemical shift, multiplicity (br = 

broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants 

in Hertz (Hz), integration. Only the most important and relevant frequencies are 

reported. Enantiomeric ratios were determined by chiral HPLC with n-hexane and i-

PrOH as solvents. 
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Preparation of P,Nsp3 Ligands
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To an oven-dried reaction flask equipped with a magnetic stir bar was charged 

with 2-(Diphenylphosphino)benzaldehyde 4 (1.45 g, 5.0 mmol), (S)-phenylethylamine 

derivatives 5 (5.0 mol), anhydrous MgSO4 (1.0 g) and anhydrous toluene (10 mL) under 

nitrogen atmosphere. The mixture was heated and refluxed for 12 h. After cooling to 

room temperature, MgSO4 was filtered out. The solvent was removed under reduced 

pressure to give the Schiff base product 6, which was dissolved in anhydrous THF (20 

mL). Grignard reagent was added dropwise to the solution at 0 oC. The mixture was 

stirred for 5 hours. The unreacted Grignard reagent was quenched by the saturated NaCl 

aqueous solution. The aqueous phase was extracted with Et2O and the combined 

organic layers were dried over MgSO4. The solvent was removed under reduced 

pressure and the residue was purified by flash chromatography to give the desired 

ligands L2a-d.

 (S)-6a was obtained in 90% yield as viscous liquid after purification with column 

chromatography on silica gel (hexane/ethyl 

acetate/triethylamine, 100/10/5): 1H NMR (400 MHz, CDCl3) 

δ 8.93 (d, J = 4.8 Hz, 1H), 8.05-7.95 (m, 1H), 7.38-7.18 (m, 

N

PPh2

6a
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17H), 6.93-6.77 (m, 1H), 4.40 (q, J = 6.6 Hz, 1H), 1.34 (d, J = 6.7 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 158.2 (d, J = 20.3 Hz), 141.8, 139.7, 139.5, 137.6, 137.4, 136.8, 

136.7, 136.6, 136.5, 134.3, 134.2, 134.1, 134.0, 133.2, 130.2, 128.9, 128.8, 128.7, 

128.5, 128.5, 128.4, 128.2, 128.1, 126.7, 69.8, 24.5. 31P NMR (162 MHz, CDCl3): δ -

13.08. HRMS [M+H]+ calcd. for C27H25NP+: 394.1719, found: 394.1724.

(S)-6b was obtained in 85% yield as viscous liquid after purification with column 

chromatography on silica gel (hexane/ethyl 

acetate/triethylamine, 100/50/3): 1H NMR (400 MHz, CDCl3) 

δ 8.84 (d, J = 4.5 Hz, 1H), 8.00-7.89 (m, 1H), 7.34-7.12 (m, 

17H), 6.85-6.72 (m, 1H), 4.38 (dd, J = 7.8, 4.7 Hz, 1H), 3.46 

(dd, J = 9.7, 4.6 Hz, 1H), 3.37 (t, J = 9.0 Hz, 1H), 3.08 (s, 3H). 13C NMR (100 MHz, 

DMSO-d6) δ 159. 9 (d, J = 15.9 Hz), 141.2, 139.3, 139.2, 137.6, 137.4, 137.3, 137.2, 

134.2, 134.0, 133.9, 133.7, 133.6, 130.9, 129.4, 129.3, 129.2, 129.1, 128.6, 127.8, 

127.5, 77.0, 740, 58.4. 31P NMR (162 MHz, CDCl3): δ -12.73. HRMS [M+H]+ calcd. 

for C28H27NOP+: 424.1825, found: 424.1824. 

(R,S)-L2a was obtained in 75% yield as viscous liquid after purification with column 

chromatography on silica gel (hexane/ethyl acetate, 10/1): 1H 

NMR (400 MHz, CDCl3) δ 7.62 (dd, J = 7.6, 4.4 Hz, 1H), 7.36 

(t, J = 7.5 Hz, 1H), 7.32- 7.28 (m, 3H), 7.27-7.21 (m, 4H), 7.21-

7.12 (m, 7H), 7.11-7.08 (m, 2H), 6.94 (dd, J = 7.6, 4.2 Hz, 1H), 4.53 (p, J = 6.7 Hz, 

1H), 3.48 (q, J = 6.6 Hz, 1H), 1.16 (d, J = 6.7 Hz, 3H), 1.12 (d, J = 6.6 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 151.3, 151.1, 146.2, 137.7, 137.6, 137.4, 137.3, 135.0, 

134.9, 134.5, 134.0, 133.9, 133.8, 133.7, 129.6, 128.6, 128.5, 128.4, 126.9, 126.7, 

126.6, 126.5, 126.4, 55.8, 53.25 (d, J = 24.4 Hz), 24.8 (d, J = 1.8 Hz), 24.7. 31P NMR 

(162 MHz, CDCl3): δ -19.19. HRMS [M+H]+ calcd. for C28H29NP+: 410.2032, found: 

410.2034.

(R,S)-L2b was obtained in 70% yield as viscous liquid after purification with column 

chromatography on silica gel (hexane/ethyl acetate, 10/1): 1H 

NMR (400 MHz, CDCl3) δ 7.68 (dd, J = 7.7, 4.4 Hz, 1H), 7.37 

N
H

PPh2
L2a

N
H
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Ph
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N
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(t, J = 7.5 Hz, 1H), 7.33-7.28 (m, 3H), 7.27-7.18 (m, 6H), 7.18-7.10 (m, 8H), 7.10-7.02 

(m, 3H), 7.026.93 (m, 3H), 5.70 (d, J = 7.3 Hz, 1H), 3.64 (q, J = 6.6 Hz, 1H), 1.22 (d, 

J = 6.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 145.9, 143.6, 137.6, 137.0, 135.7, 

135.1, 133.8, 133.7, 133.6, 133.5, 129.3, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 

127.1, 126.7, 126.6, 126.5, 61.4 (d, J = 23.1 Hz), 55.5, 23.4. 31P NMR (162 MHz, 

CDCl3): δ -18.79. HRMS [M+H]+ calcd. for C33H31NP+: 472.2189, found: 472.2187.

(S,S)-L2c was obtained in 68% yield as viscous liquid (converted into white solid at 

low temperature) after purification with column chromatography on silica gel 

(hexane/ethyl acetate, 10/1): 1H NMR (400 MHz, CDCl3) δ 7.59-7.53 (m, 1H), 7.34-

7.23 (m, 8H), 7.19-7.13 (m, 8H), 7.06-7.01 (m, 1H), 6.82-6.76 (m, 1H), 4.78-4.65 (m, 

1H), 3.86 (dd, J = 6.6, 4.9 Hz, 1H), 3.45-3.36 (m, 2H), 3.28 (s, 3H), 1.16 (d, J = 6.5 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 151.0, 150.7, 141.6, 141.6, 137.6, 137.5, 137.2, 

137.1, 134.6, 134.5, 134.3, 134.1, 133.9, 133.7, 133.5, 129.3, 128.7, 128.6, 128.5, 

128.4, 128.1, 127.8, 127.0, 126.8, 126.6, 126.5, 76.6, 60.2, 59.0, 52.7(d, J = 26.0 Hz), 

23.5.31P NMR (162 MHz, CDCl3): δ -17.48. HRMS [M+Na]+ calcd. for  C29H31NOP+: 

440.2138, found:440.2135.

(S,S)-L2d was obtained in 65% yield as white solid after purification with column 

chromatography on silica gel (hexane/ethyl acetate, 10/1). 

Mp:63-65 oC. 1H NMR (400 MHz, CDCl3) δ 7.54 (dd, J = 

7.6, 4.4 Hz, 1H), 7.26-7.22 (m, 3H), 7.19-7.10 (m, 8H), 

7.10-7.04 (m, 7H), 7.03-6.90 (m, 4H), 6.78 (dd, J = 7.5, 3.9 

Hz, 1H), 5.63 (d, J = 7.6 Hz, 1H), 5.19 (s, 1H), 3.76 (t, J = 6.0 Hz, 1H), 3.36 (d, J = 6.1 

Hz, 2H), 3.17 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 149.2, 149.0, 143.0, 140.7, 137.7, 

137.6, 137.3, 137.2, 135.1, 135.0, 134.4, 134.1, 133.9, 133.8, 133.6, 123.3，133.8, 

133.7, 133.5, 129.4, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.9, 127.2, 

127.0, 126.6, 77.0, 60.6 (d, J = 24.4 Hz), 59.7, 58.9. 31P NMR (162 MHz, CDCl3): δ -

17.33. HRMS [M+H]+ calcd. for C34H33NOP+: 502.2294, found: 502.2277. 

L2c
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General Procedure for Pd-Catalyzed Asymmetric Allylic Alkylation 

Ar Ar

OAc

Ar Ar

CH(CO2Me)2[Pd(C3H5)Cl]2, L2c

KOAc, BSA
toluene, rt,12 h

O

O

O

O
+

1 2 3

A solution of ligand (S,S)-L2c (2 mol%) and [Pd(C3H5)Cl]2 (5 mol%) were 

dissolved in toluene (1.0 mL) in a Schlenk tube under an N2 atmosphere. After 1 h of 

stirring at room temperature, allylic acetate 1 (0.5 mmol), N,O-bis(trimethylsilyl)-

acetamide (1.5 mmol), KOAc (catalytic amount) and toluene (2 mL) were added. The 

mixture was stirred at room temperature for 12 h. The solvent was removed under 

reduced pressure and the residue was purified by flash chromatography.

Dimethyl 2-((R,E)-1,3-diphenylallyl)malonate (3a).[1] Colorless oil was obtained in 

98% yield. 93% ee was determined by chiral HPLC 

(Chiralpak AD-H, n-hexane/i-PrOH = 90/10, 0.8 mL/min, 

254 nm, 40 oC): tR (major) = 12.1 min, tR (minor) = 15.6 

min. 1H NMR (400 MHz, CDCl3) δ 7.33-7.28 (m, 6H), 7.28-7.24 (m, 2H), 7.23-7.16 

(m, 2H), 6.48 (d, J = 15.8 Hz, 1H), 6.33 (dd, J = 15.8, 8.7 Hz, 1H), 4.27 (dd, J = 10.9, 

8.7 Hz, 1H), 3.96 (d, J = 10.9 Hz, 1H), 3.69 (s, 3H), 3.51 (s, 3H). 

 

CH(CO2Me)2

3a
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Dimethyl 2-((R,E)-1,3-di-o-tolylallyl)malonate (3b).[2] Colorless oil was obtained in 

96% yield. 81% ee was determined by chiral HPLC 

(Chiralcel OD-H n-hexane/i-PrOH = 95/5,0.8 mL/min , 

254 nm, 40 °C) : tR (major) = 6.9 min , tR (minor) = 8.6 min. 
1H NMR (CDCl3) δ 7.32-7.27 (m, 1H), 7.25-7.21 (m, 1H), 7.20-7.14 (m, 2H), 7.14-7.06 

(m, 4H), 6.65 (d, J = 15.5 Hz, 1H), 6.01 (dd, J = 15.5, 8.7 Hz, 1H), 4.56 (dd, J = 11.3, 

8.7 Hz, 1H), 4.06 (d, J = 11.3 Hz, 1H), 3.73 (s, 3H), 3.51 (s, 3H), 2.47 (s, 3H), 2.27 (s, 

3H).

Dimethyl 2-((R,E)-1,3-bis(3-bromophenyl)allyl)malonate (3c).[3] Colorless oil was 

CH(CO2Me)2

3b

CH(CO2Me)2

3cBr Br
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obtained in 94% yield. 84% ee was determined by chiral HPLC (Chiralcel AD-H, n-

hexane/i-PrOH = 85/15, 0.8 mL/min, 254 nm, 40 oC): tR (major) = 9.6 min, tR (minor) 

= 12.4 min. 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 12.7 Hz, 2H), 7.40-7.32 (m, 

2H), 7.28-7.18 (m, 3H), 7.18-7.12 (m, 1H), 6.41 (d, J = 15.8 Hz, 1H), 6.29 (dd, J = 

15.8, 8.4 Hz, 1H), 4.23 (t, J = 9.6 Hz, 2H), 3.91 (d, J = 10.8 Hz, 1H), 3.71 (s, 3H), 3.57 

(s, 3H).

Dimethyl 2-((R,E)-1,3-dip-tolylallyl)malonate (3d).[1] Colorless oil was obtained in 

96% yield. 89% ee was determined by chiral HPLC 

(Chiralpak AD-H, n-hexane/i-PrOH = 85/15, 0.8 

mL/min, 254 nm, 40 °C): tR (major) =12.2 min, tR 

(minor) = 16.1 min. 1H NMR (400 MHz, CDCl3) δ 7.15-7.07 (m, 4H), 7.03 (d, J = 7.8 

Hz, 2H), 6.99 (d, J = 7.8 Hz, 2H), 6.35 (d, J = 15.7 Hz, 1H), 6.18 (dd, J = 15.7, 8.6 Hz, 

1H), 4.14 (dd, J = 10.9, 8.6 Hz, 1H), 3.85 (d, J = 10.9 Hz, 1H), 3.61 (s, 3H), 3.45 (s, 

3H), 2.23 (s, 6H). 

CH(CO2Me)2

3d
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Dimethyl 2-((R,E)-1,3-bis(4-methoxyphenyl)allyl)malonate (3e).[1] Colorless oil was 

obtained in 88% yield. 91% ee was determined by 

chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH 

= 80/20, 0.8 mL/min, 254 nm, 40 oC): tR (major) 

= 15.9 min, tR (minor) = 24.0 min. 1H NMR (400 MHz, CDCl3) δ 7.24 (d, J = 8.7 Hz, 

2H), 7.20 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H), 6.39 

(d, J = 15.7 Hz, 1H), 6.16 (dd, J = 15.7, 8.5 Hz, 1H), 4.19 (dd, J = 10.9, 8.5 Hz, 1H), 

3.89 (d, J = 10.9 Hz, 1H), 3.78 (s, 3H), 3.77 (s, 3H), 3.69 (s, 3H), 3.52 (s, 3H). 

CH(CO2Me)2

3e
MeO OMe
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Dimethyl 2-((R,E)-1,3-bis(4-bromophenyl)allyl)malonate (3f).[1] Colorless oil was 

obtained in 81% yield. 85% ee was determined by 

chiral HPLC (Chiralcel AD-H, n-hexane/i-PrOH = 

85/15, 0.8 mL/min, 254 nm, 40 oC): tR (major) = 17.8 

min, tR (minor) = 25.4 min. 1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.7 Hz, 2H), 

7.32 (d, J = 8.7 Hz, 2H), 7.09 (d, J = 8.1 Hz, 4H), 6.31 (d, J = 15.7 Hz, 1H), 6.20 (dd, 

J = 15.7, 8.3 Hz, 1H), 4.15 (dd, J = 10.8, 8.3 Hz, 1H), 3.82 (d, J = 10.8 Hz, 1H), 3.62 

(s, 3H), 3.47 (s, 3H).

 

Dimethyl 2-((R,E)-1,3-bis(4-chlorophenyl)allyl)malonate (3g).[1] Colorless oil was 

CH(CO2Me)2

3fBr Br

CH(CO2Me)2

3gCl Cl
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obtained in 92% yield. 84% ee was determined by chiral HPLC (Chiralpak AD-H, n-

hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm, 40 oC): tR (major) =18.9 min, tR (minor) 

= 27.9 min. 1H NMR (400 MHz, CDCl3) δ 7.32-7.27 (m, 2H), 7.26-7.19 (m, 6H), 6.40 

(d, J = 15.7 Hz, 1H), 6.27 (dd, J = 15.7, 8.4 Hz, 1H), 4.24 (dd, J = 10.7, 8.4 Hz, 1H), 

3.90 (d, J = 10.7 Hz, 1H), 3.70 (s, 3H), 3.55 (s, 3H).

 

Dimethyl 2-((R,E)-1,3-bis(4-fluorophenyl)allyl)malonate (3h).[1] Colorless oil was 

obtained in 98% yield. 90% ee was determined by chiral 

HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 85/15, 0.8 

mL/min, 254 nm, 40 oC): tR (major) =11.2 min, tR 

(minor) = 16.1 min. 1H NMR (400 MHz, CDCl3) δ 7.30-7.23 (m, 4H), 7.05-6.92 (m, 

4H), 6.42 (d, J = 15.7 Hz, 1H), 6.22 (dd, J = 15.7, 8.5 Hz, 1H), 4.25 (dd, J = 10.8, 8.5 

Hz, 1H), 3.89 (d, J = 10.8 Hz, 1H), 3.71 (s, 3H), 3.53 (s, 3H).

CH(CO2Me)2

3hF F
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Dimethyl 2-((R,E)-1,3-di(naphthalen-2-yl)allyl)malonate (3i).[4] Colorless oil was 

obtained in 76% yield. 85% ee was determined by 

chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 

90/10, 0.8 mL/min, 254 nm, 40 °C); tR (major)=25.9 

min, tR (minor) =33.2 min. 1H NMR (400 MHz, CDCl3) δ 7.76-7.71 (m, 3H), 7.71-7.68 

(m, 2H), 7.67-7.62 (m, 2H), 7.59 (s, 1H), 7.46 (d, J = 8.6 Hz, 1H), 7.41-7.36 (m, 3H), 

7.36-7.29 (m, 2H), 6.60 (d, J = 15.7 Hz, 1H), 6.46 (dd, J = 15.7, 8.4 Hz, 1H), 4.43 (dd, 

J = 10.9, 8.4 Hz, 1H), 4.05 (d, J = 10.9 Hz, 1H), 3.65 (s, 3H), 3.41 (s, 3H).

CH(CO2Me)2

3i
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Dimethyl 2-((R,E)-1,3-di(thiophen-2-yl)allyl)malonate (3j). Colorless oil was 

obtained in 90% yield. 72% ee was determined by chiral 

HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 85/15, 0.8 

mL/min, 254 nm, 40 oC): tR (major) =8.7 min, tR (minor) = 

11.2 min. 1H NMR (400 MHz, CDCl3) δ 7.19 (d, J = 4.9 Hz, 1H), 7.15-7.11 (m, 1H), 

6.98-6.87 (m, 4H), 6.63 (d, J = 15.5 Hz, 1H), 6.17 (dd, J = 15.5, 8.8 Hz, 1H), 4.53 (t, J 

= 9.4 Hz, 1H), 3.89 (d, J = 10.1 Hz, 1H), 3.71 (s, 3H), 3.62 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 167.7, 167.6, 143.2, 141.5, 127.8, 127.4, 126.9, 126.1, 125.5, 124.9, 

124.6, 124.5, 58.5, 52.8, 52.7, 44.1. HRMS [M+Na]+ calcd. for C16H16NaO4S2
+: 

359.0382, found: 359.0378. 

CH(CO2Me)2

3j
SS
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General Procedure for Pd-Catalyzed Asymmetric Allylic Amination

Ph Ph

OAc

Ph Ph

N
R2

[Pd(C3H5)Cl]2, L2d

K2CO3, CH2Cl2,45 oC (oil bath),12 h
+

1a 7 8

R1NHR2

R1

Ligand (S,S)-L2d (0.012 mmol) and [Pd(C3H5)Cl]2 (0.006 mmol) was dissolved 

in CH2Cl2 (1.0 mL) in a Schlenk tube under an N2 atmosphere. After 1 h of stirring at 

room temperature, 1,3-phenyl-2-propenyl acetate 1a (0.2 mmol), amines 7 (0.6 mmol), 

K2CO3 (1.0 mmol) and CH2Cl2 (2.0 mL) was added. The mixture was heated to 45 oC 

(oil bath) for 12 or 24 h. After cooling to room temperature, the solvent was removed 

under reduced pressure and the residue was purified by flash column chromatography, 

eluting with petroleum ether and ethyl acetate to afford the desired product 8.

(S, E)-N-benzyl-1,3-diphenylprop-2-en-1-amine (8a).[1] Colorless oil was obtained 

in 92% yield. 88% ee was determined by chiral HPLC (Chiralpak OJ-H, n-hexane/i-

PrOH = 85/15, 0.5 mL/min, 254 nm, 25 oC): tR (major) = 13.1 min, tR (minor) = 15.1 

min. 1H NMR (400 MHz, CDCl3) δ 7.48-7.41 (m, 2H), 7.38-7.33 (m, 6H), 7.30-7.25 

(m, 7H), 6.59 (d, J = 15.9 Hz, 1H), 6.35 (dd, J = 15.9, 7.5 Hz, 1H), 4.42 (d, J = 7.5 Hz, 

1H), 3.80 (s, 2H.

Ph Ph

NH

8a
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Ph Ph

N

8b

O

(S,E)-4-(1,3-Diphenylallyl)morpholine (8b).[1] Colorless oil was obtained in 93% 

yield. 91% ee was determined by chiral HPLC (Chiralpak OD-H, n-hexane/i-PrOH = 

90/10, 1 mL/min, 254 nm, 25 oC): tR (major) = 6.3 min, tR (minor) = 12.3 min. 1H 

NMR (400 MHz, CDCl3) δ 7.46-7.41 (m, 2H), 7.40-7.33 (m, 4H), 7.33-7.27 (m, 3H), 

7.25-7.21 (m, 1H), 6.60 (d, J = 15.8 Hz, 1H), 6.31 (dd, J = 15.8, 8.9 Hz, 1H), 3.82 (d, 

J = 8.9 Hz, 1H), 3.78-3.64 (m, 4H), 2.65-2.51 (m, 2H), 2.48-2.36 (m, 2H).
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Ph Ph

N

8d

(S,E)-1-(1,3-Diphenylallyl)Piperidine (8c).[5] Colorless oil was obtained in 96% yield. 

95% ee was determined by chiral HPLC (Chiralpak OJ-H, n-hexane/i-PrOH = 97/3, 0.8 

mL/min, 254 nm, 25 oC): tR (major) = 6.1 min, tR (minor) = 6.7 min. 1H NMR (400 

MHz, CDCl3) δ 7.49-7.41 (m, 2H), 7.40-7.33 (m, 4H), 7.32-7.18 (m, 4H), 6.55 (d, J = 

15.9 Hz, 1H), 6.38 (dd, J = 15.9, 8.6 Hz, 1H), 3.85 (d, J = 8.6 Hz, 1H), 2.65-2.30 (m, 

4H), 1.69-1.55 (m, 4H), 1.51-1.40 (m, 2H).

(S,E)-1-(1,3-Diphenylallyl)pyrrolidine (8d).[1] Colorless oil was obtained in 98% 

yield. 92% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 

98/2, 0.8 mL/min, 254 nm, 25 oC): tR (minor) = 6.8 min, tR (major) = 7.3 min. 1HNMR 

(400 MHz, CDCl3) δ 7.49-7.42 (m, 2H), 7.41-7.32 (m, 4H), 7.32-7.24 (m, 3H), 7.23-

7.18 (m, 1H), 6.59 (d, J = 15.8 Hz, 1H), 6.45 (dd, J = 15.8, 8.6 Hz, 1H), 3.79 (d, J = 

8.6 Hz, 1H), 2.65-2.53 (m, 2H), 2.52-2.39 (m, 2H), 1.88-1.74 (m, 4H).

 

Ph Ph

N

8c
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(S,E)-N-(1,3-diphenylallyl)aniline (8e).[1] Colorless oil was obtained in 77% yield. 

88% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 95/5, 1 

mL/min, 254 nm, 40 oC): tR (minor) = 7.5 min, tR (major) = 8.8 min. 1H NMR (400 

MHz, , CDCl3) δ 7.50-7.42 (m, 2H), 7.42-7.35 (m, 4H), 7.34-7.28 (m, 3H), 7.26-7.23 

(m, 1H),

7.16 (t, J = 7.7 Hz, 2H), 6.73 (t, J = 7.4 Hz, 1H), 6.70-6.59 (m, 3H), 6.42 (dd, J = 15.8, 

6.1 Hz, 1H), 5.11 (d, J = 6.1 Hz, 1H), 4.18 (br, 1H).
 

Ph Ph

NH

8e
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Ph Ph

NH

8g

(S,E)-N-(1,3-diphenylallyl)-2-methylaniline (8f). Colorless oil was obtained in 83% 

yield. 75% ee was determined by chiral HPLC (Chiralpak OD-H, n-hexane/i-PrOH = 

98/2, 1 mL/min, 254 nm, 25 oC): tR (major) = 24.7 min, tR (minor) = 32.1 min. 1H NMR 

(400 MHz, CDCl3) δ 7.537.47(m, 2H), 7.45-7.39 (m, 4H), 7.37-7.32 (m, 3H), 7.30-7.27 

(m, 1H), 7.17-7.04 (m, 2H), 6.76-6.60 (m, 3H), 6.49 (dd, J = 15.8, 6.3 Hz, 1H), 5.19 (d, 

J = 6.3 Hz, 1H), 4.01 (br, 1H), 2.26 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 145.2, 

142.2, 136.7, 131.2, 131.0, 130.1, 128.9, 128.6, 127.8, 127.6, 127.2, 127.1, 126.6, 

122.2, 117.4, 111.4, 60.6, 17.8. HRMS [M+H]+ calcd. for C22H22N+: 300.1747, found: 

300.1748.

(S,E)-N-(1,3-diphenylallyl)-3-methylaniline (8g). Colorless oil was obtained in 83% 

yield. 86% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 

Ph Ph

NH

8f
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Ph Ph

NH

8h

98/2, 1 mL/min, 254 nm, 40 oC): tR (minor) = 15.1 min, tR (major) = 16.7 min. 1H NMR 

(400 MHz, CDCl3) δ 7.51-7.45 (m, 2H), 7.45-7.38 (m, 4H), 7.37-7.31 (m, 3H), 7.30-

7.26 (m, 1H), 7.08 (t, J = 7.7 Hz, 1H), 6.68 (d, J = 15.9 Hz, 1H), 6.59 (d, J = 7.5 Hz, 

1H), 6.56-6.41 (m, 3H), 5.13 (d, J = 6.1 Hz, 1H), 2.30 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 147.4, 142.3, 139.0, 136.8, 131.1, 130.9, 129.1, 128.9, 128.6, 127.7, 127.6, 

127.3, 126.6, 118.8, 114.5, 110.7, 60.7, 21.7. HRMS [M+H]+ calcd. for C22H22N+: 

300.1747, found: 300.1746.

(S,E)-N-(1,3-diphenylallyl)-4-methylaniline (8h).[6] Colorless oil was obtained in 89% 

yield. 88% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 

98/2, 1 mL/min, 254 nm, 40 oC): tR (minor) = 17.6 min, tR (major) = 21.9 min. 1H NMR 

(400 MHz, CDCl3) δ 7.53-7.45 (m, 2H), 7.45-7.37 (m, 4H), 7.37-7.30 (m, 3H), 7.29-

7.23 (m, 1H), 7.01 (d, J = 7.9 Hz, 2H), 6.73-6.56 (m, 3H), 6.44 (dd, J = 15.9, 6.2 Hz, 

1H), 5.10 (d, J = 6.2 Hz, 1H), 4.05 (br, 1H), 2.27 (s, 3H).
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(S,E)-N-(1,3-diphenylallyl)-4-methoxyaniline (8i).[7] Colorless oil was obtained in 

90% yield. 88% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-

PrOH = 95/5, 0.8 mL/min, 254 nm, 25 oC): tR (minor) = 14.5 min, tR (major) = 19.0 

min. 1H NMR (400 MHz, CDCl3) δ 7.52-7.44 (m, 2H), 7.44-7.37 (m, 4H), 7.36-7.30 

(m, 3H), 7.28-7.24 (m, 1H), 6.78 (d, J = 8.4 Hz, 2H), 6.71-6.60 (m, 3H), 6.44 (dd, J = 

15.8, 6.3 Hz, 1H), 5.05 (d, J = 6.3 Hz, 1H), 3.76 (s, 3H).

 

Ph Ph

NH

8i

MeO
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(S,E)-4-bromo-N-(1,3-diphenylallyl)aniline (8j).[8] Colorless oil was obtained in 87% 

yield. 82% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 

90/10, 1 mL/min, 254 nm, 25 oC): tR (minor) = 9.7 min, tR (major) = 12.4 min. 1H NMR 

(400 MHz, CDCl3) δ 1H NMR (400 MHz, CDCl3) δ 7.46-7.36 (m, 6H), 7.35-7.29 (m, 

3H), 7.28-7.20 (m, 3H), 6.63 (d, J = 15.9 Hz, 1H), 6.53 (d, J = 8.3 Hz, 2H), 6.39 (dd, J 

= 15.9, 6.2 Hz, 1H), 5.06 (d, J = 6.2 Hz, 1H).

 

(S,E)-4-fluorophenyl-N-(1,3-diphenylallyl)aniline (8k).[9] Colorless oil was obtained 

in 91% yield. 90% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-

PrOH = 98/2, 1 mL/min, 254 nm, 40 oC): tR (minor) = 18.6 min, tR (major) = 23.8 min. 

1H NMR (400 MHz, CDCl3) δ 7.52-7.43 (m, 2H), 7.43-7.36 (m, 4H), 7.36-7.29 (m, 
Ph Ph

NH

8k

F

Ph Ph

NH

8j

Br
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3H), 7.29-7.25 (m, 1H), 6.88 (t, J = 8.5 Hz, 2H), 6.71-6.52 (m, 3H), 6.42 (dd, J = 15.8, 

6.3 Hz, 1H), 5.05 (d, J = 6.3 Hz, 1H).

(S,E)-N-(1,3-diphenylallyl)-3,5-dimethylaniline (8l).[10] Colorless oil was obtained in 

88% yield. 85% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-

PrOH = 98/2, 1 mL/min, 254 nm, 40 oC): tR (major) = 5.2 min, tR (minor) = 6.2 min. 1H 

NMR (400 MHz, CDCl3) δ 7.51--7.46 (m, 2H), 7.45-7.39 (m, 4H), 7.37-7.31 (m, 3H), 

7.30-7.26 (m, 1H), 6.69 (d, J = 15.8 Hz, 1H), 6.50-6.40 (m, 2H), 6.35 (s, 2H), 5.13 (d, 

J = 6.0 Hz, 1H), 2.27 (s, 6H).
 

Ph Ph

NH

8l
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(S,E)-N-(1,3-diphenylallyl)-3,4,5-trimethoxyaniline (8m). Colorless oil was 

obtained in 99% yield. 90% ee was determined by chiral HPLC 

(Chiralpak AD-H, n-hexane/i-PrOH = 70/30, 0.8 mL/min, 254 

nm, 40 oC): tR (major) = 10.8 min, tR (minor) = 16.4 min. 1H NMR 

(400 MHz, CDCl3) δ 7.50-7.46 (m, 2H), 7.43-7.38 (m, 4H), 7.36-

7.31 (m, 3H), 7.28-7.24 (m, 1H), 6.68 (d, J = 15.8 Hz, 1H), 6.43 (dd, J = 15.8, 6.4 Hz, 

1H), 5.93 (s, 2H), 5.07 (d, J = 6.4 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 6H). 13C NMR (100 

MHz, CDCl3) δ 153.8, 144.1, 142.3, 136.7, 131.3, 130.9, 129.0, 128.6, 127.8, 127.7, 

127.2, 126.5, 91.4, 61.5, 61.1, 55.9. HRMS [M+H]+ calcd. for C24H26NO3
+: 376.1907, 

found: 376.1905.

Ph Ph

NH

8m

MeO

MeO
OMe



24



25

 Methyl (S,E)-4-((1,3-diphenylallyl)amino)benzoate (8n).[11] Colorless oil was 

obtained in 99% yield. 88% ee was determined by chiral HPLC 

(Chiralpak AD-H, n-hexane/i-PrOH = 70/30, 0.8 mL/min, 254 

nm, 40 oC): tR (minor) = 10.2 min, tR (major) = 14.1 min. 1H 

NMR (400 MHz, CDCl3) δ 7.90-7.85 (m, 2H), 7.45-7.42 (m, 

2H), 7.41-7.38 (m, 3H), 7.37-7.34 (m, 1H), 7.34-7.30 (m, 2H), 7.29-7.25 (m, 1H), 6.67-

6.59 (m, 3H), 6.41 (dd, J = 15.8, 6.0 Hz, 1H), 5.21 (d, J = 6.0 Hz, 1H), 4.60 (s, 1H), 

3.86 (s, 3H). 

Ph Ph

NH

O

MeO

8n
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 (S,E)-1-(1,3-di(thiophen-2-yl)allyl)piperidine (8o). Colorless oil was obtained in 

99% yield. 65% ee was determined by chiral HPLC (Chiralpak 

AD-H, n-hexane/i-PrOH = 95/5, 0.8 mL/min, 254 nm, 40 oC): 

tR (minor) = 4.9 min, tR (major) = 5.2 min. 1H NMR (400 MHz, 

CDCl3) δ 7.28-7.25 (m, 1H), 7.19-7.16 (m, 1H), 7.00-6.97 (m, 

3H), 6.96-6.93 (m, 1H), 6.71 (d, J = 15.6 Hz, 1H), 6.26 (dd, J = 15.6, 8.4 Hz, 1H), 4.27 

(d, J = 8.4 Hz, 1H), 2.63-2.53 (m, 2H), 2.52-2.42 (m, 2H), 1.67-1.57 (m, 4H), 1.51-1.41 

(m, 2H). 13C NMR (100 MHz, CDCl3) δ 142.0, 129.5, 127.4, 126.5, 125.6, 125.5, 124.8, 

124.7, 124.2, 68.6, 51.8, 26.2, 24.6. HRMS [M+H]+ calcd. for C16H20NS2
+: 290.1032, 

found: 290.1032.

General Procedure for Pd-Catalyzed Asymmetric Allylic Etherification

8o

N
S

S
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Ph Ph

OAc

Ph Ph

O
+

1a 9 10

ArCH2OH

Ar

[Pd(C3H5)Cl]2, L2d

K2CO3, CH2Cl2,45 oC (oil bath),24 h

Ligand (S,S)-L2d (0.012 mmol) and [Pd(C3H5)Cl]2 (0.006 mmol) were dissolved 

in CH2Cl2 (1.0 mL) in a Schlenk tube under an N2 atmosphere. After 1 h of stirring at 

room temperature, 1,3-phenyl-2-propenyl acetate 1a (0.2 mmol), alcohol 9 (0.6 mmol), 

K2CO3 (1.0 mmol) and CH2Cl2 (2.0 mL) was added. The mixture was heated to 45 oC 

(oil bath) for 24 h. After cooling to room temperature, the solvent was removed under 

reduced pressure and the residue was purified by flash column chromatography, eluting 

with petroleum ether and ethyl acetate to afford the corresponding product. 

(S, E)-(3-(benzyloxy)prop-1-ene-1,3-diyl)dibenzene (10a).[1] Colorless oil was 

obtained in 84% yield. 95% ee was determined by chiral HPLC 

(Chiralpak OJ-H, n-hexane/i-PrOH = 98/2, 0.8 mL/min, 254 nm, 40 
oC): tR (major) = 20.3 min, tR (minor) = 24.5 min. 1H NMR (400 

MHz, Chloroform-d) δ 7.47-7.42 (m, 2H), 7.42-7.34 (m, 8H), 7.33-

7.28 (m, 4H), 7.26-7.23 (m, 1H), 6.64 (d, J = 15.9 Hz, 1H), 6.35 (dd, J = 15.9, 7.0 Hz, 

1H), 5.03 (d, J = 7.0 Hz, 1H), 4.59 (s, 2H).

Ph Ph

O

10a
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(S, E)-(3-((2-methylbenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10b).[12] Colorless 

oil was obtained in 80% yield. 89% ee was determined by chiral 

HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 98/2, 1 mL/min, 254 

nm, 40 oC): tR (minor) = 7.2 min, tR (major) = 8.8 min. 1H NMR 

(400 MHz, CDCl3) δ 7.51-7.47 (m, 2H), 7.46-7.40 (m, 5H), 7.38-

7.32 (m, 3H), 7.29-7.21 (m, 4H), 6.70 (d, J = 15.9 Hz, 1H), 6.40 (dd, 

J = 15.9, 7.0 Hz, 1H), 5.07 (d, J = 7.0 Hz, 1H), 4.61 (q, J = 11.8 Hz, 2H), 2.38 (s, 3H). 

(S, E)-(3-((2-chlorobenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10c).[13] Colorless 

oil was obtained in 80% yield. 95% ee was determined by chiral 

HPLC (Chiralpak OD-H, n-hexane/i-PrOH = 98/2, 0.5 mL/min, 

254 nm, 25 oC): tR (major) = 9.8 min, tR (minor) = 10.3 min. 1H 

NMR (400 MHz, CDCl3) δ 7.63 (d, J = 7.6 Hz, 1H), 7.54-7.47 (m, 

Ph Ph

O

10b

Ph Ph

O

10c

Cl
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2H), 7.46- 7.39 (m, 4H), 7.39-7.29 (m, 5H), 7.28-7.23 (m, 2H), 6.71 (d, J = 15.9 Hz, 

1H), 6.39 (dd, J = 15.9, 7.0 Hz, 1H), 5.10 (d, J = 7.0 Hz, 1H), 4.71 (q, J = 13.1 Hz, 2H).
 

(S, E)-(3-((3-methoxybenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10d).[12] Colorless 

oil was obtained in 70% yield. 95% ee was determined by chiral 

HPLC (Chiralpak OJ-H, n-hexane/i-PrOH = 50/50, 0.5 mL/min, 

254 nm, 25 oC): tR (major) = 18.7 min, tR (minor) = 21.1 min. 1H 

NMR (400 MHz, CDCl3) δ 7.50-7.45 (m, 2H), 7.44-7.38 (m, 4H), 

7.37-7.30 (m, 4H), 7.28-7.24 (m, 1H), 7.02-6.94 (m, 2H), 6.87 (d, 

J = 8.2 Hz, 1H), 6.67 (d, J = 15.9 Hz, 1H), 6.38 (dd, J = 15.9, 7.0 Hz, 1H), 5.05 (d, J = 

7.0 Hz, 1H), 4.60 (s, 2H), 3.83 (s, 3H).
 

Ph Ph

O

10d

OMe
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Ph Ph

O

10e

Ph Ph

O

10f

Cl

(S, E)-(3-((4-methylbenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10e).[12] Colorless 

oil was obtained in 90% yield. 91% ee was determined by chiral 

HPLC (Chiralpak OJ-H, n-hexane/i-PrOH = 98/2, 0.75 mL/min, 

254 nm, 40 oC): tR (major) = 24.3 min, tR (minor) = 27.9 min. 1H 

NMR (400 MHz, CDCl3) δ 7.47-7.43 (m, 2H), 7.42-7.35 (m, 5H), 

7.34-7.27 (m, 5H), 7.21-7.16 (m, 2H), 6.64 (d, J = 15.9 Hz, 1H), 

6.35 (dd, J = 15.9, 7.0 Hz, 1H), 5.02 (d, J = 7.0 Hz, 1H), 4.56 (s, 2H), 2.37 (s, 3H).

 

(S, E)-(3-((4-chlorobenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10f).[1] Colorless oil 

was obtained in 91% yield. 95% ee was determined by chiral HPLC 

(Chiralpak OD-H, n-hexane/i-PrOH = 95/5, 0.5 mL/min, 254 nm, 25 
oC): tR (major) = 9.8 min, tR (minor) = 10.3 min. 1H NMR (400 MHz, 
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Ph Ph

O

10g

F

CDCl3) δ 7.47-7.38 (m, 6H), 7.36-7.29 (m, 7H), 7.27-7.22 (m, 1H), 6.64 (d, J = 15.9 

Hz, 1H), 6.35 (dd, J = 15.9, 7.0 Hz, 1H), 5.01 (d, J = 7.0 Hz, 1H), 4.56 (q, J = 12.0 Hz, 

2H).

  

(S,E)-(3-((4-Fluorobenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10g).[12] Colorless 

oil was obtained in 86% yield. 95% ee was determined by chiral 

HPLC (Chiralpak OD-H, n-hexane/i-PrOH = 99/1, 0.2mL/min, 254 

nm, 25 oC): tR (major) = 28.9 min, tR (minor) = 34.0 min. 1H NMR 

(400 MHz, CDCl3) δ 7.48-7.44 (m, 2H), 7.43-7.38 (m, 4H), 7.38-7.29 

(m, 5H), 7.28-7.22 (m, 1H), 7.06 (t, J = 8.5 Hz, 2H), 6.65 (d, J = 15.8 

Hz, 1H), 6.36 (dd, J = 15.8, 7.0 Hz, 1H), 5.03 (d, J = 7.0 Hz, 1H), 4.57 (q, J = 11.8 Hz, 

2H).
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Ph Ph

O

10h

OMe

 

(S, E)-(3-((4-methoxybenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10h).[1] Colorless 

oil was obtained in 94% yield. 96% ee was determined by chiral HPLC 

(Chiralpak OJ-H, n-hexane/i-PrOH = 86/14, 0.7 mL/min, 254 nm, 25 
oC): tR (major) = 23.1 min, tR (minor) = 27.2 min. 1H NMR (400 MHz, 

CDCl3) δ 7.48-7.44 (m, 2H), 7.43-7.38 (m, 4H), 7.36-7.29 (m, 5H), 

7.27-7.23 (m, J = 7.1 Hz, 1H), 6.92 (d, J = 8.1 Hz, 2H), 6.64 (d, J = 

15.9 Hz, 1H), 6.37 (dd, J = 15.9, 7.0 Hz, 1H), 5.03 (d, J = 7.0 Hz, 1H), 4.54 (s, 2H), 

3.84 (s, 3H).
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Ph Ph

O

10i

(S, E)-(3-((3-methylbenzyl)oxy)prop-1-ene-1,3-diyl)dibenzene (10i).[12] Colorless 

oil was obtained in 90% yield. 95% ee was determined by chiral 

HPLC (Chiralpak OJ-H, n-hexane/i-PrOH = 96/4, 0.8 mL/min, 254 

nm, 40 oC): tR (major) = 12.1 min, tR (minor) = 15.1 min. 1H NMR 

(400 MHz, CDCl3) δ 7.49-7.44 (m, 2H), 7.43-7.37 (m, 4H), 7.35-

7.30 (m, 3H), 7.28-7.24 (m, 2H), 7.23-7.18 (m, 2H), 7.15-7.10 (m, 

1H), 6.65 (d, J = 15.9 Hz, 1H), 6.37 (dd, J = 15.9, 7.0 Hz, 1H), 5.04 (d, J = 7.0 Hz, 1H), 

4.57 (s, 2H), 2.38 (s, 3H).

(S,E)-2-(((1,3-diphenylallyl)oxy)methyl)naphthalene (10j).[14] Colorless oil was 

obtained in 93% yield. 95% ee was determined by chiral HPLC 

(Chiralpak OD-H, n-hexane/i-PrOH = 98/2, 0.8 mL/min, 254 nm, 

Ph Ph

O

10j
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25 oC): tR (major) = 10.9 min, tR (minor) = 19.1 min. 1H NMR (400 MHz, CDCl3) δ 

7.91-7.82 (m, 4H), 7.57-7.47 (m, 5H), 7.46-7.39 (m, 4H), 7.38-7.31 (m, 3H), 7.29-7.24 

(m, 1H),6.69 (d, J = 15.9 Hz, 1H), 6.42 (dd, J = 15.8, 7.0 Hz, 1H), 5.10 (d, J = 7.0 Hz, 

1H), 4.78 (s, 2H).

(S,E)-2-(((1,3-Diphenylallyl)oxy)methyl)furan (10k).[1] Colorless oil was obtained in 

92% yield. 94% ee was determined by chiral HPLC (Chiralpak OJ-

H, n-hexane/i-PrOH = 90/10, 1 mL/min, 254 nm, 25 oC): tR (major) 

= 10.0min, tR (minor) = 11.0 min. 1H NMR (400 MHz, CDCl3) δ 

7.51-7.43 (m, 3H), 7.43-7.36 (m, 4H), 7.36-7.29 (m, 3H), 7.28-7.24 

(m, 1H), 6.65 (d, J = 15.9 Hz, 1H), 6.47-6.26 (m, 3H), 5.06 (d, J = 7.0 Hz, 1H), 4.54 (s, 

2H).

Ph Ph

O

10k

O
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(S, E)-2-(((1,3-diphenylallyl)oxy)methyl)pyridine (10l).[1] Colorless oil was obtained 

in 66% yield. 94% ee was determined by chiral HPLC (Chiralpak 

OJ-H, n-hexane/i-PrOH = 95/5, 1 mL/min, 254 nm, 40 oC): tR (major) 

= 14.6 min, tR (minor) = 16.3 min. 1H NMR (400 MHz, CDCl3) δ 

8.56 (d, J = 4.9 Hz, 1H), 7.74 (t, J = 7.7 Hz, 1H), 7.67 – 7.54 (m, 1H), 

7.53–7.44 (m, 2H), 7.43–7.35 (m, 4H), 7.35–7.27 (m, 3H), 7.26–7.17 

(m, 2H), 6.70 (d, J = 15.9 Hz, 1H), 6.37 (dd, J = 15.9, 7.1 Hz, 1H), 5.11 (d, J = 7.1 Hz, 

1H), 4.75 (q, J = 13.6 Hz, 2H).

 

Synthetic Application of Asymmetric Allylic Amination Product 8a [15]

Ph Ph

O

10l

N
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Ph Ph

NHBn

8a
Ph Ph

NBn

O

OH

O

+ DCC, DMAP
CH2Cl2, rt, 24h

11 12

To an oven-dried reaction flash was added asymmetric allylic amination product 8a 

(134 mg, 0.44 mmol), 3-butenoic 11 (38.5 mg, 0.44 mmol), DCC (90.8 mg, 0.44 mmol), 

DMAP (10.8 mg, 0.088 mmol) and CH2Cl2 (5 mL). The reaction mixture was stirred 

for 24h at room temperature. The reaction mixture was filtered and the filtration was 

concentrated under vacuum to give the crude product, which was further purified by 

column chromatography to afford the desired product 12 as colorless oil in 88% yield. 

90% ee was determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 90/10, 

0.8 mL/min, 254 nm, 40 oC): tR (minor) = 12.2 min, tR (major) = 17.7 min. 1H NMR 

(400 MHz, CDCl3) δ 7.41-7.32 (m, 4H), 7.32-7.24 (m, 6H), 7.24-7.18 (m, 3H), 7.17-

7.10 (m, 2H), 6.76-6.66 (m, 1H), 6.65-6.33 (m, 1H), 6.33-6.10 (m, 1H), 6.10-5.77 (m, 

1H), 5.32-5.03 (m, 2H), 5.00-4.64 (m, 1H), 4.61-4.27 (m, 1H), 3.51-2.99 (m, 2H).
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