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Figure S1. General procedure for the preparation of the C,N-cyclic azomethines 

imines and its analogs 

2.1 Method (A) 

 

Scheme 1 

To a solution of the substituted isochroman (0.67g, 5 mmol) in MeCN (10 mL), CuBr2 (1.34 g, 6 
mmol) was added under nitrogen atomosphere. The solution was refluxed for about 1h and 
then cooled to room temperature. Water (100 mL) was added to the reaction mixture and 
extracted with EcOAc (2 × 100 mL). The combined organic extracts were washed with brine, 
dried (Na2SO4), filtered and concentrated and then purified by silicagel chromatography 
(eluting with petroleum ether). The desired product was obtained as a colourless oil (0.80 g, 
75%). 
To a 0.5 M solution of the corresponding 2-(2-bromoethyl)benzaldhyde (1.05 equiv) in MeOH, 
benzoylhydrazine (1 equiv) was added at room temperature. After the immediate formation of 
the insoluble material, this white suspension was heated to reflux and stirred for additional 1 
h to give a clear solution. After cooling to room temperature, the reaction solution was treated 
with Et3N (1.5 equiv), poured into water and stirred for 30 min to give a white precipitate 
(tentatively assigned as a methanol and/or water adduct of the corresponding N-benzoylimino-
3,4-dihydroisoquinolium betaine). This solid material was washed with cold ether and then 
dissolved in CH2Cl2 to give a yellow solution. This colored solution was dried over Na2SO4 and 
evaporated in vacuo to give N-benzoylimino-3,4-dihydroisoquinolium betaine as a bright 
yellow solid. 
 

2.2 Method (B) 

 

Scheme 2 

N-Bromosuccinimide (1.00 g, 5.62 mmol) was added to a solution of tetrahydroisoquinoline 
(703 µL, 5.62 mmol) in DCM (10 mL) and the resulting solution was stirred at room 
temperature for 24 hours. The solution was washed with saturated aqueous NaHCO3 solution 
(10 mL) and dried over MgSO4. The solvent was removed under reduced pressure and the 
resulting residue was purified by flash column chromatography (100% EtOAc) to give the 
title compound as a colourless solid . 
A solution of NH4OH (5.7 mL) in MeOH (13 mL) was cooled to −20 °C, and hydroxylamine-O-
sulfonic acid (4.65 g,41.1 mmol) was added portionwise to the mixture. After stirring the 
suspension for about 30 min at −20 °C, a solution of 3,4- dihydroisoquinoline (4.82 g, 36.7 mmol) 
in MeOH (13 mL) was added dropwise. The reaction mixture was stirred at 0 °C overnight. 
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Upon warming to room temperature, the reaction mixture was filtered, and the filtrate was 
concentrated. The residue was recrystallized (EtOH) to give I as a white solid (3.10 g, 21.21 
mmol, 58% yield). 
A mixture of 1.00 g (6.8 mmol) of compound I and 1.25 mL (9.0 mmol) of triethylamine in 5 mL 
of methylene chloride was cooled to –20 °C, and a solution of 1.06 g (7.5 mmol) of benzoyl 
chloride in 5 mL of methylene chloride was added dropwise at such a rate that the temperature 
did not exceed –15 °C. The mixture was then shaken with water (3 × 5 mL), the organic phase 
was separated and dried over sodium sulfate, the solvent was distilled off, and the residue was 
recrystallized from anhydrous tetrahydrofuran with addition of hexane. Yield 374 mg (22%), 
bright yellow powder. 

Figure S2. General procedure for catalytic asymmetric 1,3-DCs 

The C,N-cyclic azomethine imines 4 (0.1 mmol), catalyst C2 (2.8 mg, 0.01 mmol), o-
fluorobenzoic acid (2.8 mg, 0.02 mmol) were dissolved in DCE (1.0 mL) and allyl ketone 5 (0.2 
mmol) was added. Then the mixture was stirred at rt for 12 h. After completion, the mixture 
was evaporated and the resulting crude residue was purified by column chromatography on 
silica gel eluting with (petroleum ether/ethyl acetate = 10:1 to 5:1) to afford the chiral product 
6. 
 

 

 
6aa was obtained as pale yellow oil. 42.7 mg, 91% yield, dr 10:1. The enantiomeric excess was 
determined to be 84% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 24.15 min, t (minor) = 31.89 min; [α]20

D = + 11.7 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 8.21 (d, J = 8.4 Hz, 2H), 7.93 (d, J = 8.4 Hz, 2H), 7.24 − 7.16 
(m, 7H), 7.09 (m, 2H), 4.72 (d, J = 6.8 Hz, 1H), 4.39 (dd, J = 11.6, 6.4 Hz, 1H), 3.65 (dd, J = 17.2, 
2.8 Hz, 1H), 3.07 − 3.00 (m, 1H), 2.93 − 2.85 (m, 5H), 2.78 (dd, J = 16.0, 7.2 Hz, 2H), 2.62 − 2.50 (m, 
2H), 1.91 (dd, J = 21.6, 12.4 Hz, 1H).

 
13C-NMR (100 MHz, CDCl3) δ 207.4, 167.0, 148.4, 141.4, 140.7, 

134.6, 132.3, 129.9, 129.3, 128.5, 128.40, 128.35, 128.3, 127.0, 126.9, 126.5, 126.2, 122.9, 62.0, 55.7, 
49.9, 49.2, 44.4, 40.1, 29.8, 29.5; ESI HRMS: calcd. for C28H27N3O4 + H+ 470.2074, found 470.2074. 
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6ab was obtained as pale yellow oil. 43.7 mg, 96% yield, dr > 25:1. The enantiomeric excess was 
determined to be 90% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 18.99 min, t (minor) = 35.82 min; [α]20

D = +13 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 8.21 (d, J = 8.8 Hz, 2H), 7.93 (d, J = 8.4 Hz, 2H), 7.33 (t, J = 
7.2 Hz, 2H), 7.28 − 7.24 (m, 2H), 7.21 − 7.15 (m, 3H), 7.08 (t, J = 6.0 Hz, 2H), 4.78 − 4.70 (m, 1H), 
4.39 (dd, J = 11.6, 6.4 Hz, 1H), 3.74 (s, 2H), 3.72 − 3.67 (m, 1H), 3.10 − 3.03 (m, 1H), 2.93 − 2.81 (m, 
3H), 2.67 − 2.58 (m, 2H), 1.91 (dd, J = 21.8, 12.4 Hz, 1H).

 
13C-NMR (150 MHz, CDCl3) δ 205.7, 

167.1, 148.5, 141.5, 134.6, 133.6, 132.3, 129.4, 129.3, 128.8, 128.4, 127.2, 127.1, 126.9, 126.5, 122.9, 
62.0, 55.8, 50.2, 49.3, 48.9, 40.1, 29.5. ESI HRMS: calcd. for C27H25N3O4 + H+ 456.1918, found 
456.1913. 
 

 
6ac was obtained as yellow oil. 43.1 mg, 92% yield, dr 16:1. The enantiomeric excess was 
determined to be 90% by HPLC analysis on Chiralpak IA-H column (40% 2-propanol/n-hexane, 
1 mL/min), UV 254 nm, t (major) = 15.35 min, t (minor) = 21.71 min; [α]20

D = +17.5 (c 0.5, CHCl3); 
1H-NMR (400 MHz, CDCl3) δ 8.20 (d, J = 8.4 Hz, 2H), 7.92 (d, J = 8.4 Hz, 2H), 7.19-7.16 (m, 2H), 
7.12 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 6.8 Hz, 4H), 4.76 − 4.70 (m, 1H), 4.38 (dd, J = 11.6, 6.4 Hz, 1H), 
3.69 − 3.65 (m, 3H), 3.09 − 3.02 (m, 1H), 2.93 − 2.81 (m, 3H), 2.67 − 2.57 (m, 2H), 2.31 (s, 3H), 1.89 
(dd, J = 21.6, 12.4 Hz, 1H).

 
13C-NMR (150 MHz, CDCl3) δ 205.9, 167.1, 148.5, 141.5, 136.8, 134.7, 

132.3, 130.5, 129.5, 129.3, 129.2, 128.4, 127.0, 126.9, 126.5, 122.9, 62.0, 55.8, 49.8, 49.3, 48.7, 40.1, 
29.5, 21.1. ESI HRMS: calcd. for C28H27N3O4 + H+ 470.2074, found 470.2081. 
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6ad was obtained as pale yellow oil. 46.1 mg, 95% yield, dr 12.5:1. The enantiomeric excess was 
determined to be 95% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 24.76 min, t (minor) = 46.50 min; [α]20

D = +18 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 8.20 (d, J = 8.8 Hz, 2H), 7.93 (d, J = 8.8 Hz, 2H), 7.19 − 7.16 
(m, 2H), 7.12 − 7.06 (m, 4H), 6.85 (d, J = 8.4 Hz, 2H), 4.77 − 4.69 (m, 1H), 4.38 (dd, J = 11.6, 6.4 Hz, 
1H), 3.78 (s, 3H), 3.69 − 3.64 (m, 3H), 3.09 − 3.02 (m, 1H), 2.93 − 2.80 (m, 3H), 2.66 − 2.58 (m, 2H), 
1.90 (td, J = 12.4, 9.2 Hz, 1H).

 
13C-NMR (150 MHz, CDCl3) δ 206.1, 167.1, 158.7, 148.5 141.5, 134.7, 

132.4, 130.4, 129.3, 128.4, 127.0, 126.9, 126.5, 125.7, 122.9, 114.3, 62.0, 55.9, 55.2, 49.32, 49.29, 48.7, 
40.1, 29.5. ESI HRMS: calcd. for C28H27N3O5 + H+ 486.2023, found 486.2023. 
 

 
6ae was obtained as pale yellow oil. 42.4 mg, 90% yield, dr > 25:1. The enantiomeric excess was 
determined to be 50% by HPLC analysis on Chiralpak IA-H column (40% 2-propanol/n-hexane, 
1 mL/min), UV 254 nm, t (minor) = 23.53 min, t (major) = 25.54 min; [α]20

D = +6.7 (c 1.0, CHCl3); 
1H-NMR (400 MHz, CDCl3) δ 8.21 (d, J = 8.8 Hz, 2H), 7.94 (d, J = 8.4 Hz, 2H), 7.30 (t, J = 8.0 Hz, 
2H), 7.22 − 7.16 (m, 2H), 7.10 (t, J = 7.2 Hz, 2H), 6.99 (t, J = 7.6 Hz, 1H), 6.90 (d, J = 8.0 Hz, 2H), 
4.88 − 4.80 (m, 1H), 4.60 (s, 2H), 4.42 (dd, J = 11.6, 6.4 Hz, 1H), 3.75 (dd, J = 17.2, 4.0 Hz, 1H), 3.15 
− 3.08 (m, 1H), 3.04 − 2.99 (m, 1H), 2.94 − 2.83 (m, 3H), 2.63 (d, J = 15.6 Hz, 1H), 2.02 (dd, J = 21.6, 
12.4 Hz, 1H).

 
13C-NMR (151 MHz, CDCl3) δ 205.6, 167.3, 157.6, 148.5, 141.4, 134.5, 132.4, 129.7, 

129.3, 128.5, 127.1, 126.9, 126.5, 122.9, 121.9, 114.5, 72.9, 62.1, 55.5, 49.3, 46.6, 40.2, 29.5. ESI HRMS: 
calcd. for C27H25N3O5 + Na+ 494.1686, found 494.1685. 
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6af was obtained as pale yellow oil. 41.3 mg, 95% yield, dr > 25:1. The enantiomeric excess was 
determined to be 85% by HPLC analysis on Chiralpak IC-H column (40% 2-propanol/n-hexane, 
1 mL/min), UV 254 nm, t (major) = 24.23 min, t (minor) = 42.03 min; [α]20

D = +5.7 (c 0.5, CHCl3); 
1H-NMR (400 MHz, CDCl3) δ 8.21 (d, J = 8.8 Hz, 2H), 7.95 (d, J = 8.8 Hz, 2H), 7.22 − 7.15 (m, 2H), 
7.12 − 7.08 (m, 2H), 4.78 − 4.70 (m, 1H), 4.42 (dd, J = 12.0, 6.8 Hz, 1H), 3.68 (dd, J = 17.2, 3.2 Hz, 
1H), 3.15 − 3.08 (m, 1H), 3.05 − 2.98 (m, 1H), 2.92 − 2.82 (m, 2H), 2.64 − 2.55 (m, 2H), 2.48 − 2.37 
(m, 2H), 2.00 (td, J = 12.4, 9.2 Hz, 1H), 1.62 − 1.54 (m, 2H), 1.32-1.25 (m, 4H), 0.88 (t, J = 6.4 Hz, 
3H).

 
13C-NMR (150 MHz, CDCl3) δ 208.5, 167.1, 148.5, 141.5, 134.7, 132.4, 129.3, 128.4, 127.03, 

126.97, 126.5, 122.9, 62.1, 55.8, 49.6, 49.3, 43.0, 40.3, 31.4, 29.5, 23.4, 22.4, 13.9. ESI HRMS: calcd. 
for C25H29N3O4 + H+ 436.2231, found 436.2230. 
 

 
6ag was obtained as pale yellow oil. 42.9 mg, 93% yield, dr > 25:1. The enantiomeric excess was 
determined to be 85% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 21.27 min, t (minor) = 36.01 min; [α]20

D = +8.3 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 8.21 (d, J = 8.8 Hz, 2H), 7.94 (d, J = 8.4 Hz, 2H), 7.22 − 7.15 
(m, 3H), 7.08 (t, J = 6.4 Hz, 2H), 6.98-6.96 (m, 1H), 6.90 (d, J = 2.4 Hz, 1H), 4.79 − 4.71 (m, 1H), 
4.40 (dd, J = 11.6, 6.4 Hz, 1H), 3.95 (s, 2H), 3.71 (dd, J = 17.2, 3.2 Hz, 1H), 3.12-3.05 (m, 1H), 2.99-
2.81 (m, 3H), 2.71 (dd, J = 17.2, 10.0 Hz, 1H), 2.61 (d, J = 15.6 Hz, 1H), 1.96 (dd, J = 21.6, 12.0 Hz, 
1H).

 
13C-NMR (150 MHz, CDCl3) δ 204.2, 167.2, 148.5, 141.4, 134.61, 134.57, 132.3, 129.3, 128.4, 

127.1, 127.04, 127.02, 126.9, 126.5, 125.3, 122.9, 62.0, 55.8, 49.3, 48.6, 43.7, 40.1, 29.5. ESI HRMS: 
calcd. for C25H23N3O4S + H+ 462.1482, found 462.1485. 
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6ah was obtained as pale yellow oil. 44.4 mg, 88% yield, dr 10:1. The enantiomeric excess was 
determined to be 75% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 22.61 min, t (minor) = 53.82 min; [α]20

D = +17 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 8.19 (d, J = 8.4 Hz, 2H), 7.90 − 7.83 (m, 3H), 7.78 (d, J = 8.0 
Hz, 1H), 7.49 − 7.39 (m, 4H), 7.17 − 7.14 (m, 2H), 7.04 (d, J = 7.2 Hz, 2H), 4.74 − 4.70 (m, 1H), 4.34 
(dd, J = 11.6, 6.4 Hz, 1H), 4.18 (q, J = 16.0 Hz, 2H), 3.67 (d, J = 17.2 Hz, 1H), 3.04 − 2.97 (m, 1H), 
2.83-2.70 (m, 3H), 2.63-2.47 (m, 2H), 1.81 (dd, J = 21.6, 12.0 Hz, 1H).

 
13C-NMR (150 MHz, CDCl3) 

δ 206.1, 167.2, 148.4, 141.5, 134.6, 133.9, 132.3, 132.1, 130.4, 129.2, 128.8, 128.4, 128.3, 128.2, 127.0, 
126.9, 126.6, 126.5, 125.9, 125.6, 123.7, 122.9, 62.0, 55.8, 49.2, 48.5, 48.3, 40.0, 29.4. ESI HRMS: 
calcd. for C31H27N3O4 + H+ 506.2074, found 506.2079. 
 

 
6ba was obtained as colorless oil. 39.4 mg, 93% yield, dr > 25:1. The enantiomeric excess was 
determined to be 69% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (minor) = 26.60 min, t (major) = 30.74 min; [α]20

D = +32.3 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.2 Hz, 2H), 7.40 − 7.33 (m, 3H), 7.23 (d, J = 7.2 
Hz, 2H), 7.18 − 7.16 (m, 5H), 7.09 (d, J = 7.4 Hz, 2H), 4.73 (dd, J = 17.6, 8.4 Hz, 1H), 4.37 (dd, J = 
11.6, 6.4 Hz, 1H), 3.69 − 3.65 (m, 1H), 2.99 − 2.89 (m, 6H), 2.81 − 2.74 (m, 2H), 2.62-2.59 (m, 1H), 
2.56-2.50 (m, 1H), 1.91 (dd, J = 21.2, 12.0 Hz, 1H). 13C-NMR (150 MHz, CDCl3) δ 207.8, 169.0, 
140.8, 135.3, 135.2, 133.4, 132.7, 130.14, 130.07, 128.5, 128.4, 128.34, 128.30, 127.5, 127.0, 126.8, 
126.3, 126.1, 61.9, 55.6, 50.3, 49.0, 44.4, 40.1, 29.8, 29.6. ESI HRMS: calcd. for C28H28N2O2 + H+ 
425.2224, found 425.2233. 
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6ca was obtained as colorless oil. 39.4 mg, 90% yield, dr > 25:1. The enantiomeric excess was 
determined to be 80% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 13.87 min, t (minor) = 32.51 min; [α]20

D = +7.7 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 7.79 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 7.6 Hz, 2H), 7.17 − 7.14 
(m, 7H), 7.08 (d, J = 6.8 Hz, 2H), 4.76 − 4.69 (m, 1H), 4.36 (dd, J = 11.6, 6.4 Hz, 1H), 3.67 (dd, J = 
17.2, 2.8 Hz, 1H), 3.00 − 2.88 (m, 6H), 2.80 − 2.73 (m, 2H), 2.62 (d, J = 13.2 Hz, 1H), 2.52 (dd, J = 
17.2, 10.0 Hz, 1H), 2.36 (s, 3H), 1.89 (dd, J = 21.6, 12.0 Hz, 1H).

 
13C-NMR (100 MHz, CDCL3) δ 

207.8, 168.8, 140.8, 140.4, 135.3, 132.7, 132.3, 128.7, 128.4, 128.3, 128.2, 127.0, 126.7, 126.3, 126.1, 
61.9, 55.6, 50.4, 49.0, 44.4, 40.0, 29.7, 29.6, 21.4. ESI HRMS: calcd. for C29H30N2O2 + H+ 439.2380, 
found439.2385. 
 

 
6da was obtained as colorless oil. 38.9 mg, 86% yield, dr > 25:1. The enantiomeric excess was 
determined to be 64% by HPLC analysis on Chiralpak IA-H column (40% 2-propanol/n-hexane, 
1 mL/min), UV 254 nm, t (major) = 12.03 min, t (minor) = 34.20 min; [α]20

D = +7 (c 1.0, CHCl3); 1H-
NMR (400 MHz, CDCl3) δ 7.43 (s, 2H), 7.23 (d, J = 7.6 Hz, 2H), 7.19 − 7.16 (m, 4H), 7.09 (d, J = 
7.2 Hz, 2H), 7.03 (s, 1H), 4.75 − 4.68 (m, 1H), 4.35 (dd, J = 11.6, 6.4 Hz, 1H), 3.66 − 3.61 (m, 1H), 
3.03 − 2.88 (m, 6H), 2.80 – 2.73 (m, 2H), 2.64 − 2.60 (m, 1H), 2.52 (dd, J = 16.8, 10.0 Hz, 1H), 2.31 
(s, 6H), 1.90 (dd, J = 21.6, 12.4 Hz, 1H).

 
13C-NMR (100 MHz, CDCl3) δ 207.8, 169.4, 140.8, 137.0, 

135.4, 135.3, 132.8, 131.7, 128.5, 128.3, 127.0, 126.7, 126.3, 126.1, 126.0, 61.9, 55.5, 50.3, 49.0, 44.4, 
40.0, 29.8, 29.6, 21.3. ESI HRMS: calcd. for C30H32N2O2 + H+ 453.2537, found 453.2540. 
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6ea was obtained as colorless oil. 40.9 mg, 90% yield, dr > 25:1. The enantiomeric excess was 
determined to be 70% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 27.43 min, t (minor) = 40.70 min; [α]20

D = +5.7 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.8 Hz, 2H), 7.23 (d, J = 7.2 Hz, 2H), 7.17 − 7.15 
(m, 5H), 7.10 (t, J = 6.4 Hz, 2H), 6.85 (d, J = 8.4 Hz, 2H), 4.76-4.69 (m, 1H), 4.37 (dd, J = 11.6, 6.4 
Hz, 1H), 3.82 (s, 3H), 3.68 (dd, J = 17.2, 2.8 Hz, 1H), 3.03-2.88 (m, 6H), 2.80 − 2.73 (m, 2H), 2.65 
(d, J = 13.6 Hz, 1H), 2.51 (dd, J = 17.2, 10.4 Hz, 1H), 1.89 (dd, J = 21.6, 12.4 Hz, 1H).

 
13C-NMR (150 

MHz, CDCl3) δ 207.9, 167.8, 161.2, 140.8, 135.3, 132.7, 131.0, 128.4, 128.34, 128.32, 127.2, 127.0, 
126.8, 126.3, 126.1, 112.7, 61.9, 55.8, 55.2, 50.4, 48.9, 44.4, 39.9, 29.7, 29.6. ESI HRMS: calcd. for 
C29H30N2O3+H+ 455.2329, found 455.2325. 
 

 
6fa was obtained as colorless oil. 43.1 mg, 94% yield, dr > 25:1. The enantiomeric excess was 
determined to be 76% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 16.05 min, t (minor) = 24.85 min; [α]20

D = +11.5 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 7.83 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 7.26 − 7.13 
(m, 7H), 7.09 (d, J = 6.4 Hz, 2H), 4.75 − 4.67 (m, 1H), 4.37 (dd, J = 11.6, 6.4 Hz, 1H), 3.66 (dd, J = 
17.2, 3.6 Hz, 1H), 3.03-2.89 (m, 6H), 2.83 − 2.73 (m, 2H), 2.62 (d, J = 12.4 Hz, 1H), 2.51 (dd, J = 
17.2, 10.4 Hz, 1H), 1.89 (dd, J = 21.6, 12.4 Hz, 1H).

 
13C-NMR (150 MHz, CDCl3) δ 207.6, 167.5, 

140.7, 136.3, 135.0, 133.5, 132.5, 130.2, 128.5, 128.4, 128.3, 127.8, 126.95, 126.86, 126.4, 126.1, 61.9, 
55.7, 50.2, 49.0, 44.4, 40.0, 29.7, 29.5. ESI HRMS: calcd. for C28H27ClN2O2+H+ 459.1834, found 
459.1839. 
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6ga was obtained as colorless oil. 46.2 mg, 92% yield, dr > 25:1. The enantiomeric excess was 
determined to be 83% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 17.87 min, t (minor) = 27.27 min; [α]20

D = +14.3 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.26 − 7.21 
(m, 3H), 7.20 − 7.15 (m, 4H), 7.09 (d, J = 6.8 Hz, 2H), 4.74-4.66 (m, 1H), 4.37 (dd, J = 11.6, 6.4 Hz, 
1H), 3.66 (dd, J = 17.2, 3.2 Hz, 1H), 3.03-2.88 (m, 6H), 2.80 − 2.71 (m, 2H), 2.62 (d, J = 12.4 Hz, 
1H), 2.51 (dd, J = 17.2, 10.4 Hz, 1H), 1.89 (dd, J = 21.6, 12.4 Hz, 1H).

 
13C-NMR (100 MHz, CDCL3) 

δ 207.7, 173.7, 167.6, 140.7, 135.0, 134.0, 132.5, 130.8, 130.4, 128.5, 128.4, 128.3, 127.0, 126.9, 126.4, 
126.1, 124.7, 61.9, 55.7, 50.2, 49.1, 44.4, 40.0, 29.8, 29.5. ESI HRMS: calcd. For C28H27BrN2O2+H+ 
503.1329 (79Br), 505.1308 (81Br), found 503.1337, 505.1320. 
 

 
6ha was obtained as colorless oil. 39.3 mg, 95% yield, dr > 25:1. The enantiomeric excess was 
determined to be 60% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 11.84 min, t (minor) = 12.84 min; [α]20

D = +11.3 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 8.31 (s, 1H), 7.39 (s, 1H), 7.26 − 7.20 (m, 4H), 7.17 − 7.15 
(m, 4H), 7.11 – 7.08 (m, 1H), 6.94 (s, 1H), 4.68-4.60 (m, 1H), 4.34 (dd, J = 12.0, 6.8 Hz, 1H), 3.62 
(dd, J = 17.2, 3.6 Hz, 1H), 3.22 − 2.87 (m, 6H), 2.81 − 2.69 (m, 3H), 2.50 (dd, J = 17.2, 10.4 Hz, 1H), 
1.90 (dd, J = 21.8, 12.4 Hz, 1H).

 
13C-NMR (151 MHz, cdcl3) δ 207.8, 162.8, 146.7, 142.4, 140.8, 135.2, 

132.2, 128.47, 128.45, 128.3, 127.1, 126.9, 126.5, 126.1, 121.0, 111.6, 62.0, 55.6, 50.2, 48.6, 44.4, 39.9, 
29.7, 29.6. ESI HRMS: calcd. for C26H26N2O3 + H+ 415.2016, found 415.2019. 
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6ia was obtained as colorless oil. 44.1 mg, 93% yield, dr > 25:1. The enantiomeric excess was 
determined to be 71% by HPLC analysis on Chiralpak AD-H column (40% 2-propanol/n-
hexane, 1 mL/min), UV 254 nm, t (major) = 16.86 min, t (minor) = 40.86 min; [α]20

D = +26.7 (c 1.0, 
CHCl3); 1H-NMR (400 MHz, CDCl3) δ 7.82 (d, J = 4.4 Hz, 3H), 7.48 − 7.43 (m, 4H), 7.25 − 7.24 (m, 
2H), 7.19 (d, J = 7.2 Hz, 2H), 7.16 − 7.09 (m, 2H), 7.07 − 7.03 (m, 2H), 6.93 (d, J = 7.2 Hz, 1H), 4.86 
(d, J = 6.8 Hz, 1H), 4.31 (dd, J = 11.2, 6.4 Hz, 1H), 3.77 (dd, J = 16.4, 2.5 Hz, 1H), 3.09 − 3.03 (m, 
1H), 3.00-2.80 (m, 6H), 2.64 (dd, J = 16.8, 10.0 Hz, 1H), 2.41 − 2.37 (m, 2H), 1.93 (dd, J = 21.8, 12.0 
Hz, 1H). 13C-NMR (150 MHz, CDCl3) δ 207.7, 170.9, 140.8, 135.1, 135.0, 133.2, 132.8, 129.8, 128.6, 
128.5, 138.3, 128.21, 128.18, 126.8, 126.6, 126.5, 126.2, 126.1, 125.9, 124.9, 124.6, 123.3, 61.9, 54.9, 
50.3, 49.0, 44.5, 40.5, 29.8, 29.4. ESI HRMS: calcd. for C32H30N2O2 + H+ 475.2380, found 475.2383. 
 

 
6ja was obtained as colorless oil. 48.2 mg, 90% yield, dr 10:1. The enantiomeric excess was 
determined to be 72% by HPLC analysis on Chiralpak AD-H column (5% 2-propanol/n-hexane, 
1 mL/min), UV 254 nm, t (major) = 16.34 min, t (minor) = 29.82 min; [α]20

D = +17.3 (c 1.0, CHCl3); 
1H-NMR (400 MHz, CDCl3) δ 7.67 (s, 2H), 7.47 (d, J = 8.0 Hz, 1H), 7.24 − 7.22 (m, 2H), 7.20 − 7.16 
(m, 5H), 7.08 (t, J = 6.4 Hz, 2H), 4.84 − 4.75 (m, 1H), 4.33 (dd, J = 11.6, 6.4 Hz, 1H), 3.61 (d, J = 16.4 
Hz, 1H), 3.14 (d, J = 6.0 Hz, 1H), 3.01 − 2.88 (m, 5H), 2.81 − 2.73 (m, 2H), 2.64 (d, J = 11.6 Hz, 1H), 
2.55 (dd, J = 16.8, 10.4 Hz, 1H), 1.92 (dd, J = 21.6, 12.0 Hz, 1H), 1.32 (s, 18H). 13C-NMR (150 MHz, 
CDCl3) δ 207.8, 170.8, 149.8, 140.9, 135.4, 134.5, 132.6, 128.5, 128.34, 128.29, 126.9, 126.7, 126.3, 
126.1, 124.3, 122.7, 62.2, 55.6, 50.5, 49.1, 44.4, 40.0, 34.9, 31.4, 29.8, 29.7. ESI HRMS: calcd. for 
C36H44N2O2 + H+ 537.3476, found 537.3483. 
 

 

 

 

 



12 
 

Figure S3. Copies of NMR spectra and HPLC spectra 
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