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I. General Experimental Information 

4,5-dimethoxy-2-vinylbenzaldehyde (1a) derivatives are commercially available and 

synthesized by reference. Metal-free-catalyzed reactions at 100 °C and in the air 

atmosphere. TLC was performed on silica gel GF254 plates (Qingdao Marine 

Chemical Co., Ltd., China) and was visualized with UV lamp (254 nm). Flash column 

chromatography was performed on silica gel (200−400 mesh). 1H NMR spectra were 

recorded on 400 MHz NMR spectrometer (Bruker). 13C NMR spectra were recorded 

on 100 MHz NMR spectrometer. The 1H and 13C chemical shifts are referenced to 

signals at δ 0.00 (TMS). 1H NMR coupling constants (J) are reported in Hertz (Hz) 

and multiplicities are indicated as follows: s (singlet), d (doublet), t (triplet) and m 

(multiplet). HRMS were performed using EI mode analyzer. All new products were 

identified through NMR and HRMS. 

 

II. General Experimental Procedures for the Reaction 

General Procedure for the Synthesis of 4,5-Dimethoxy-2-vinylbenzaldehyde (1a) 

Derivatives.  

 

4,5-Dimethoxy-2-vinylbenzaldehyde (1a) derivatives are commercially available, 

and obtained by references.[1] 

A 25 mL round bottom flask, 2-bromo-4,5-dimethoxybenzaldehyde (2 mmol), 

Pd(PPh3)4 (3 mol %), tributylvinyltin (2 mmol) in anhydrous PhCH3 (3 mL) was 

added and stirred at 110 °C for about 24 h under a nitrogen atmosphere (monitored by 

TLC). Upon completion, the reaction mixture was cooled to room temperature, 

filtered with diatomite, washed filter cake with ethyl acetate, then collected filtrate 

and removal of the solvent under vacuum, and the residue was purified on a silica gel 

column chromatography (eluent: EtOAc/PE=1:20) to provide the corresponding 

product 1a (92%). 
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General Procedure for the Synthesis of 4,5-Dimethoxy-2-(prop-1-en-2- 

yl)benzaldehyde (1k).  

 

4,5-Dimethoxy-2-(prop-1-en-2-yl)benzaldehyde (1k) derivatives are 

commercially available, and obtained by references.[2] 

A 25 mL round bottom flask, 2-bromo-4,5-dimethoxybenzaldehyde (2 mmol), 

Isopropenylboronic acid (6 mmol), Pd(PPh3)4 (3 mol %) in anhydrous PhCH3 (3 mL) 

was added and stirred at 110 °C for about 24 h under a nitrogen atmosphere 

(monitored by TLC). Upon completion, the reaction mixture was cooled to room 

temperature, filtered with diatomite, washed filter cake with ethyl acetate, then 

collected filtrate and removal of the solvent under vacuum, and the residue was 

purified on a silica gel column chromatography (eluent: EtOAc/PE=1:20) to provide 

the corresponding product 1k (81%). 

4,5-Dimethoxy-2-(prop-1-en-2-yl)benzaldehyde (1k). Brown liquid, 334 mg, 81%. 1H 

NMR (400 MHz, CDCl3) δ 10.07 (d, J = 1.3 Hz, 1H), 7.44 (d, J = 0.9 Hz, 1H), 6.76 (s, 

1H), 5.42 (d, J = 1.3 Hz, 1H), 4.93 (s, 1H), 3.95 (dd, J = 11.3, 1.1 Hz, 7H), 2.17 (d, J 

= 0.7 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 190.8, 153.5, 148.4, 143.3, 141.1, 

126.6, 119.0, 110.2, 108.6, 56.1, 56.1, 25.4. HRMS (EI-DFS) m/z calcd for C12H14O3 

[M]+ 206.0943, found 206.0934. 

4,5-dimethoxy-2-(pent-1-en-1-yl)benzaldehyde (1m). Brown liquid, 267 mg, 57%. 1H 

NMR (400 MHz, CDCl3) δ 10.25 (s, 1H), 7.36 (s, 1H), 7.05 (d, J = 15.6 Hz, 1H), 6.90 

(s, 1H), 6.08 (dt, J = 15.5, 6.9 Hz, 1H), 3.98 (s, 3H), 3.93 (s, 3H), 2.27 (dd, J = 7.4, 

1.2 Hz, 2H), 1.54 (dt, J = 14.6, 7.3 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ 190.1, 153.8, 148.4, 136.9, 136.7, 126.1, 124.8, 109.8, 109.2, 56.1, 

56.1, 35.4, 22.4, 13.8. HRMS (EI-DFS) m/z calcd for C14H18O3 [M]+ 234.1256, found 

234.1249. 

2-(2-cyclopropylvinyl)-4,5-dimethoxybenzaldehyde (1o). Brown liquid, 297 mg, 64%. 

1H NMR (400 MHz, CDCl3) δ 10.25 (s, 1H), 7.33 (s, 1H), 7.17 (d, J = 15.5 Hz, 1H), 

6.86 (s, 1H), 5.58 (dd, J = 15.5, 9.1 Hz, 1H), 3.96 (s, 3H), 3.92 (d, J = 2.5 Hz, 4H), 
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1.72~1.60 (m, 1H), 0.94~0.84 (m, 2H), 0.61~0.53 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 190.0, 153.7, 148.2, 140.4, 136.6, 125.6, 122.0, 110.0, 108.6, 56.0, 56.0, 

15.1, 7.6. HRMS (EI-DFS) m/z calcd for C14H18O3 [M]+ 232.1099, found 232.1101. 

The synthesis of 2-(2-(1-benzylpiperidin-4-yl)vinyl)-4,5-dimethoxybenzaldehyde (1t). 

A 25 mL round bottom flask, 2-bromo-4,5-dimethoxybenzaldehyde (2 mmol), 

4-allyl-1-benzylpiperidine (2 mmol), Pd(OAc)2 (5 mol %), tri-o-tolylphosphane (10 

mol %) in triethylamine (5 mL) was added and stirred at 125 °C for about 12 h under 

a nitrogen atmosphere (monitored by TLC). Upon completion, the reaction mixture 

was cooled to room temperature, water was added and extracted with ethyl acetate (10 

mLx2), the combined organic layers were washed with brine, dried over MgSO4, 

concentrated under reduced pressure, and the residue was purified on a silica gel 

column chromatography (eluent: EtOAc/PE=1:4) to provide the corresponding 

product 1t (44%). 

2-(2-(1-benzylpiperidin-4-yl)vinyl)-4,5-dimethoxybenzaldehyde (1t). Brown liquid, 

333 mg, 44%. 1H NMR (600 MHz, CDCl3) δ 10.20 (s, 1H), 7.33 (d, J = 5.2 Hz, 5H), 

7.31~7.28 (m, 1H), 7.03 (d, J = 15.6 Hz, 1H), 6.86 (s, 1H), 6.04~5.96 (m, 1H), 3.96 (s, 

3H), 3.92 (s, 3H), 3.71 (s, 2H), 3.09 (d, J = 11.1 Hz, 2H), 2.23 (dd, J = 10.5, 4.7 Hz, 

2H), 2.15 (t, J = 10.7 Hz, 2H), 1.75 (d, J = 9.6 Hz, 2H), 1.49 (d, J = 4.2 Hz, 3H). 13C 

NMR (125 MHz, CDCl3) δ 190.1, 153.8, 148.5, 136.5, 135.2, 134.1, 130.1, 128.4, 

127.8, 126.5, 126.1, 110.1, 109.2, 62.1, 56.1, 56.0, 52.8, 39.9, 35.5, 30.9. HRMS 

(EI-DFS) m/z calcd for C24H29NO3 [M] + 379.2147, found 379.2151. 

 

General Procedure for the Synthesis of 

5,6-Dimethoxy-2,3-dihydro-1H-inden-1-one (2a). 

A 25 mL round bottom flask, 4,5-dimethoxy-2-vinylbenzaldehyde (1a) (58 mg, 

0.3 mmol), L-proline (7 mg, 20 mol %) in glacial acetic acid (3 mL) was added and 

stirred at 120 °C for about 24 h under an air atmosphere (monitored by TLC). Upon 

completion, the reaction mixture was cooled to room temperature and removal of the 

solvent under vacuum, the resulting mixture was extracted with ethyl acetate (10 

mLx2), the combined organic layers were washed with saturated sodium bicarbonate, 

brine, dried over MgSO4, concentrated under reduced pressure, and the residue was 

purified on a silica gel column chromatography (eluent: EtOAc/PE=1:6) to provide 

the corresponding product 2a (52 mg, 90%). 
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5,6-Dimethoxy-2,3-dihydro-1H-inden-1-one (2a). Brown solid, 52 mg, 90%. 1H 

NMR (400 MHz, CDCl3) δ 7.18 (s, 1H), 6.90 (s, 1H), 3.97 (s, 3H), 3.91 (s, 3H), 

3.10~2.98 (m, 2H), 2.71~2.60 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 205.7, 155.4, 

150.4, 149.4, 129.9, 107.5, 104.1, 56.1, 56.1, 36.5, 25.6. HRMS (EI-DFS) m/z calcd 

for C11H12O3 [M]+ 192.0786, found 192.0779. 

6-Hydroxy-5-methoxy-2,3-dihydro-1H-inden-1-one (2b). Brown liquid, 44 mg, 

83%. 1H NMR (400 MHz, CDCl3) δ 7.25 (s, 1H), 6.88 (s, 1H), 5.73 (s, 1H), 3.99 (s, 

3H), 3.07~3.01 (m, 2H), 2.68~2.63 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 205.8, 

152.8, 149.3, 145.7, 130.6, 107.9, 107.1, 56.2, 36.5, 25.6. HRMS (EI-DFS) m/z calcd 

for C10H8O3 [M]+ 176.0473, found 176.0469. 

6,7-Dihydro-5H-indeno[5,6-d][1,3]dioxol-5-one (2c). Brown solid, 43 mg, 81%. 

1H NMR (400 MHz, CDCl3) δ 7.10 (s, 1H), 6.83 (s, 1H), 6.07 (s, 2H), 3.05~3.00 (m, 

2H), 2.71~2.65 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 204.9, 154.2, 152.7, 148.3, 

131.7, 105.7, 102.3, 102.2, 36.7, 25.8. HRMS (EI-DFS) m/z calcd for C10H8O3 [M]+ 

176.0473, found 176.0470. 

2,3-Dihydro-1H-cyclopenta[a]naphthalen-1-one (2d). Brown solid, 47 mg, 85%. 

1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 7.9 Hz, 1H), 7.96 (d, J = 7.9 Hz, 1H), 7.79 

(dd, J = 26.7, 8.5 Hz, 2H), 7.71~7.61 (m, 2H), 3.51~3.36 (m, 2H), 2.86 (dd, J = 8.1, 

2.8 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 206.9, 156.5, 136.6, 134.5, 130.6, 129.2, 

128.9, 128.5, 127.1, 124.4, 119.5, 36.2, 24.4. HRMS (EI-DFS) m/z calcd for C13H10O 

[M]+ 182.0732, found 182.0725. 

6-Methoxy-2,3-dihydro-1H-inden-1-one (2e). Brown solid, 42 mg, 87%. 1H 

NMR (400 MHz, CDCl3) δ 7.37 (dd, J = 7.0, 2.0 Hz, 1H), 7.19 (dd, J = 7.3, 2.3 Hz, 

2H), 3.84 (s, 3H), 3.12~3.02 (m, 2H), 2.77~2.67 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 207.2, 159.4, 148.0, 138.2, 127.4, 124.1, 104.9, 55.6, 37.0, 25.1. HRMS 

(EI-DFS) m/z calcd for C10H10O2 [M]+ 162.0681, found 162.0668. 

6-Hydroxy-2,3-dihydro-1H-inden-1-one (2f). Brown liquid, 36 mg, 82%. 1H 

NMR (400 MHz, CDCl3) δ 7.34 (d, J = 8.2 Hz, 1H), 7.22 (d, J = 2.4 Hz, 1H), 7.16 (dd, 

J = 8.2, 2.5 Hz, 1H), 6.47 (s, 1H), 3.09~3.03 (m, 2H), 2.72 (dd, J = 6.5, 4.9 Hz, 2H). 

13C NMR (100 MHz, CDCl3) δ 207.8, 155.8, 147.9, 138.2, 127.6, 123.6, 108.7, 37.1, 

25.2. HRMS (EI-DFS) m/z calcd for C9H8O2 [M]+ 148.0524, found 148.0518. 

5-Methyl-2,3-dihydro-1H-inden-1-one (2g). Brown solid, 33 mg, 75%. 1H NMR 

(400 MHz, CDCl3) δ 7.65 (d, J = 7.9 Hz, 1H), 7.28 (s, 1H), 7.18 (d, J = 8.1 Hz, 1H), 
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3.09 (s, 2H), 2.71~2.64 (m, 2H), 2.44 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 206.7, 

155.8, 151.2, 146.0, 128.6, 127.0, 123.6, 36.4, 25.7, 22.1. HRMS (EI-DFS) m/z calcd 

for C10H10O [M]+ 146.0732, found 146.0726. 

5-Hydroxy-2,3-dihydro-1H-inden-1-one (2h). Brown liquid, 37 mg, 84%. 1H 

NMR (400 MHz, CDCl3) δ 7.35 (d, J = 8.1 Hz, 1H), 7.23 (s, 1H), 7.17 (dd, J = 7.8, 

2.1 Hz, 1H), 3.10~3.03 (m, 2H), 2.75~2.69 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 

207.9, 155.7, 147.7, 138.2, 127.6, 123.6, 108.7, 37.1, 25.2. HRMS (EI-DFS) m/z 

calcd for C9H8O2 [M]+ 148.0524, found 148.0522. 

4-Methyl-2,3-dihydro-1H-inden-1-one (2i). Brown solid, 27 mg, 61%. 1H NMR 

(400 MHz, CDCl3) δ 7.61 (d, J = 7.6 Hz, 1H), 7.41 (d, J = 7.3 Hz, 1H), 7.30 (t, J = 7.5 

Hz, 1H), 3.08~3.00 (m, 2H), 2.74~2.67 (m, 2H), 2.37 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 207.6, 154.2, 136.9, 135.9, 135.1, 127.5, 121.1, 36.2, 24.9, 17.8. HRMS 

(EI-DFS) m/z calcd for C10H10O [M]+ 146.0732, found 146.0726. 

2,3-Dihydro-1H-inden-1-one (2j). Brown solid, 18 mg, 45%.1H NMR (400 MHz, 

CDCl3) δ 7.76 (d, J = 7.7 Hz, 1H), 7.62~7.56 (m, 1H), 7.48 (d, J = 7.7 Hz, 1H), 

7.40~7.35 (m, 1H), 3.17~3.13 (m, 2H), 2.72~2.67 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 207.1, 155.2, 137.1, 134.6, 127.3, 126.7, 123.7, 36.2, 25.8. HRMS (EI-DFS) 

m/z calcd for C9H8O [M]+ 132.0575, found 132.0570. 

5,6-Dimethoxy-3-methyl-2,3-dihydro-1H-inden-1-one (2k). Brown solid, 34 mg, 

56%. 1H NMR (400 MHz, CDCl3) δ 7.16 (s, 1H), 6.89 (s, 1H), 3.99 (s, 3H), 3.91 (s, 

3H), 3.35 (d, J = 6.3 Hz, 1H), 2.93 (dd, J = 18.8, 7.3 Hz, 1H), 2.26 (d, J = 18.8 Hz, 

1H), 1.27 (d, J = 12.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 205.0, 155.6, 155.3, 

149.5, 106.1, 104.0, 56.2, 56.1, 45.5, 32.6, 21.5. HRMS (EI-DFS) m/z calcd for 

C12H14O3 [M]+ 206.0943, found 206.0939. 

5,6-Dimethoxy-3-phenyl-2,3-dihydro-1H-inden-1-one (2l). Brown solid, 52 mg, 

65%. 1H NMR (400 MHz, CDCl3) δ 7.31 (d, J = 6.5 Hz, 2H), 7.27~7.21 (m, 2H), 7.12 

(d, J = 6.0 Hz, 2H), 6.64 (s, 1H), 4.51~4.45 (m, 1H), 3.93 (s, 3H), 3.84 (s, 3H), 3.21 

(dd, J = 19.0, 7.5 Hz, 1H), 2.63 (dd, J = 19.0, 3.0 Hz, 1H). 13C NMR (100 MHz, 

CDCl3) δ 204.6, 155.8, 153.1, 149.9, 143.9, 129.9, 128.9, 127.6, 127.0, 107.5, 103.7, 

56.2, 56.1, 47.2, 44.2. HRMS (EI-DFS) m/z calcd for C17H16O3 [M]+ 268.1099, found 

268.1097. 

5,6-Dimethoxy-2-propyl-2,3-dihydro-1H-inden-1-one (2m). Brown solid, 53 mg, 

75%. 1H NMR (400 MHz, CDCl3) δ 7.17 (s, 1H), 6.86 (s, 1H), 3.95 (s, 3H), 3.90 (s, 
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3H), 3.22 (dd, J = 16.8, 7.4 Hz, 1H), 2.71 (dd, J = 16.9, 3.2 Hz, 1H), 2.68~2.58 (m, 

1H), 1.91 (t, J = 9.8 Hz, 1H), 1.49~1.38 (m, 3H), 0.95 (t, J = 6.7 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 207.9, 155.4, 149.4, 149.0, 129.6, 107.4, 104.3, 56.2, 56.1, 47.6, 

33.9, 32.6, 20.7, 14.1. HRMS (EI-DFS) m/z calcd for C14H18O3 [M]+ 234.1256, found 

234.1250. 

2-Butyl-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one (2n). Brown solid, 53 mg, 

71%. 1H NMR (400 MHz, CDCl3) δ 7.15 (s, 1H), 6.85 (s, 1H), 3.94 (d, J = 0.8 Hz, 

3H), 3.88 (d, J = 0.8 Hz, 3H), 3.20 (dd, J = 16.9, 7.4 Hz, 1H), 2.70 (dd, J = 16.9, 3.2 

Hz, 1H), 2.62 (dt, J = 12.1, 3.9 Hz, 1H), 1.97~1.87 (m, 1H), 1.41~1.30 (m, 5H), 0.89 

(t, J = 6.5 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 207.9, 155.4, 149.4, 149.1, 129.6, 

107.4, 104.3, 56.2, 56.1, 47.7, 32.6, 31.4, 29.6, 22.8, 14.0. HRMS (EI-DFS) m/z calcd 

for C15H20O3 [M]+ 248.1412, found 248.1405. 

2-Cyclopropyl-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one (2o). Brown solid, 56 

mg, 80%. 1H NMR (400 MHz, CDCl3) δ 7.17 (s, 1H), 6.85 (s, 1H), 3.95 (s, 3H), 3.90 

(s, 3H), 3.16 (dd, J = 17.1, 7.6 Hz, 1H), 2.71 (dd, J = 17.1, 3.2 Hz, 1H), 2.30 (td, J = 

7.8, 3.3 Hz, 1H), 1.03~0.93 (m, 1H), 0.65~0.56 (m, 1H), 0.54~0.38 (m, 2H), 0.23 (dt, 

J = 14.1, 4.9 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 206.5, 155.1, 149.0, 148.5, 

129.1, 107.0, 104.1, 55.8, 55.7, 50.0, 31.5, 12.6, 2.9, 1.1. HRMS (EI-DFS) m/z calcd 

for C14H16O3 [M]+ 232.1099, found 232.1092. 

4-Hydroxy-2-methyl-2,3-dihydro-1H-inden-1-one (2r). Brown solid, 20 mg, 

42%. 1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 7.5 Hz, 1H), 7.30~7.25 (m, 1H), 7.03 

(dd, J = 7.8, 0.7 Hz, 1H), 3.35 (dd, J = 17.0, 7.8 Hz, 1H), 2.79~2.71 (m, 1H), 2.64 (dd, 

J = 17.0, 3.7 Hz, 1H), 1.34 (d, J = 7.5 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 209.6, 

153.3, 139.7, 138.2, 129.0, 120.2, 116.3, 42.0, 31.1, 16.4. HRMS (EI-DFS) m/z calcd 

for C10H10O2 [M]+ 162.0681, found 162.0667. 

5-Hydroxy-3,4-dihydronaphthalen-1(2H)-one (2s). Brown solid, 19 mg, 40%. 1H 

NMR (400 MHz, CDCl3) δ 7.71~7.62 (m, 1H), 7.18 (t, J = 7.9 Hz, 1H), 6.98 (dd, J = 

7.9, 1.1 Hz, 1H), 2.90 (t, J = 6.2 Hz, 2H), 2.69~2.61 (m, 2H), 2.15 (dt, J = 12.8, 6.4 

Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 198.5, 153.0, 134.0, 131.0, 126.8, 119.6, 

119.5, 38.8, 22.7, 22.5. HRMS (EI-DFS) m/z calcd for C10H10O2 [M]+ 162.0681, 

found 162.0671. 

Donepezil (2t). White solid, 87 mg, 77%. 1H NMR (500 MHz, CDCl3) δ 

7.36~7.30 (m, 4H), 7.26~7.22 (m, 1H), 7.16 (s, 1H), 6.85 (s, 1H), 3.95 (s, 3H), 3.90 (s, 
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3H), 3.51 (s, 2H), 3.23 (dd, J = 17.5, 8.1 Hz, 1H), 2.90 (t, J = 9.9 Hz, 2H), 2.75~2.66 

(m, 2H), 1.98 (tdd, J = 11.6, 5.6, 2.6 Hz, 2H), 1.94~1.88 (m, 1H), 1.77~1.70 (m, 1H), 

1.69~1.63 (m, 1H), 1.55~1.45 (m, 1H), 1.35 (dddd, J = 15.8, 13.5, 11.1, 4.7 Hz, 3H). 

13C NMR (125 MHz, CDCl3) δ 207.8, 155.5, 149.5, 148.7, 138.4, 129.3, 129.2, 128.1, 

126.9, 107.4, 104.4, 63.4, 56.2, 56.1, 53.8, 45.5, 38.7, 34.4, 33.4, 33.0, 31.8. HRMS 

(EI-DFS) m/z calcd for C24H29NO3 [M]+ 379.2147, found 379.2141. 

 

General Procedure for the Synthesis of Deuterium Containing Compound 

(D1-2a). 

A 25 mL round bottom flask, 4,5-dimethoxy-2-vinylbenzaldehyde (1a) (58 mg, 

0.3 mmol), L-proline (7 mg, 20 mol %) in CD3CO2D (3 mL) was added and stirred at 

120 °C for about 24 h under an air atmosphere (monitored by TLC). Upon completion, 

the reaction mixture was cooled to room temperature and removal of the solvent 

under vacuum, the resulting mixture was extracted with ethyl acetate (10 mLx2), the 

combined organic layers were washed with saturated sodium bicarbonate, brine, dried 

over MgSO4, concentrated under reduced pressure. and the residue was purified on a 

silica gel column chromatography (eluent: EtOAc/PE=1:6) to provide the 

corresponding product D1-2a (51 mg, 88%). 

1H NMR (400 MHz, CDCl3) δ 7.14 (s, 1H), 6.86 (s, 1H), 3.94 (s, 3H), 3.87 (s, 

3H), 3.01 (s, 2H), 2.62 (s, 1H).  

General Procedure for the Synthesis of Deuterium Containing Compound (D-1j 

and D-1a). 

A 25 mL dry round bottom three-necked flask, 1-bromo-2-vinylbenzene (182 mg, 

2 mmol), dry THF (8 mL) and n-BuLi (1.6 M, 2.5 mL, 4 mmol) added slowly through 

a syringe, stirred at -78 °C for about 0.5 h under a nitrogen atmosphere, then DMF-d7 

(0.6 mL, 8 mmol) added slowly with syringe stirred at -78 °C for about 0.5 h. Added 

NH4Cl saturated solution (4 mL), the resulting mixture was extracted with ethyl 

acetate (10 mLx3), the combined organic layers were washed with brine, dried over 

MgSO4, concentrated under reduced pressure. and the residue was purified on a silica 

gel column chromatography (eluent: EtOAc/PE=1:20) to provide the corresponding 

product D-1j (228 mg, 86%). 

1H NMR (400 MHz, CDCl3) δ 7.88~7.80 (m, 1H), 7.60~7.49 (m, 3H), 7.47~7.40 

(m, 1H), 5.70 (d, J = 17.4 Hz, 1H), 5.52 (d, J = 11.0 Hz, 1H). 
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For D-1a: 1H NMR (400 MHz, CDCl3) δ 7.41 (dd, J = 17.3, 11.0 Hz, 1H), 7.35 

(s, 1H), 6.96 (s, 1H), 5.63 (d, J = 17.3 Hz, 1H), 5.48 (d, J = 11.0 Hz, 1H), 3.97 (s, 3H), 

3.93 (s, 3H). 

 

General Procedure for the Synthesis of Deuterium Containing Compound (D-2j 

and D2-2a). 

A 25 mL round bottom flask, D-1j (26 mg, 0.2 mmol), L-proline (5 mg, 20 

mol %) in glacial acetic acid (3 mL) was added and stirred at 120 °C for about 24 h 

under an air atmosphere (monitored by TLC). Upon completion, the reaction mixture 

was cooled to room temperature and removal of the solvent under vacuum, the 

resulting mixture was extracted with ethyl acetate (10 mLx2), the combined organic 

layers were washed with saturated sodium bicarbonate, brine, dried over MgSO4, 

concentrated under reduced pressure. and the residue was purified on a silica gel 

column chromatography (eluent: EtOAc/PE=1:6) to provide the corresponding 

product D-2j (10 mg, 39%). 

1H NMR (400 MHz, DMSO) δ 7.70~7.65 (m, 1H), 7.64~7.58 (m, 1H), 7.43 (t, J 

= 7.2 Hz, 1H), 7.28~7.20 (m, 1H), 3.16~3.06 (m, 2H), 2.66~2.60 (m, 2H). 

For D2-2a: 32 mg, 85%. 1H NMR (400 MHz, CDCl3) δ 7.17 (s, 1H), 6.88 (s, 1H), 

3.95 (s, 3H), 3.89 (s, 3H), 3.07~3.00 (m, 2H), 2.71~2.62 (m, 2H). 

 

General Procedure for the Synthesis of Intermediate C-2g. 

A 25 mL round bottom flask, 1g (44 mg, 0.3 mmol), tetrahydroisoquinoline (80 

mg, 0.6 mmol) in glacial acetic acid (3 mL) was added and stirred at 100 °C for about 

12 h under an air atmosphere (monitored by TLC). Upon completion, the reaction 

mixture was cooled to room temperature and removal of the solvent under vacuum, 

the resulting mixture was extracted with ethyl acetate (10 mLx2), the combined 

organic layers were washed with saturated sodium bicarbonate, brine, dried over 

MgSO4, concentrated under reduced pressure. and the residue was purified on a silica 

gel column chromatography (eluent: EtOAc/PE=1:10) to provide the corresponding 

product C-2g (5 mg, 5%). 

Brown liquid, 5 mg, 5%.1H NMR (400 MHz, CD3OD) δ 7.40 (d, J = 7.9 Hz, 1H), 

7.29~7.18 (m, 2H), 7.13~7.06 (m, 3H), 7.04~6.98 (m, 1H), 6.26 (dd, J = 7.1, 4.0 Hz, 
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1H), 4.78 (dd, J = 7.5, 4.8 Hz, 1H), 3.75 (dd, J = 65.1, 14.8 Hz, 2H), 2.90 (t, J = 5.7 

Hz, 2H), 2.84~2.72 (m, 2H), 2.66 (ddd, J = 14.6, 7.1, 4.7 Hz, 1H), 2.36 (s, 3H), 2.20 

(ddd, J = 14.7, 7.8, 4.0 Hz, 1H), 2.06 (s, 3H). 13C NMR (100 MHz, CD3OD) δ 171.6, 

142.1, 138.9, 138.6, 133.8, 133.7, 129.9, 128.3, 126.3, 126.2, 125.8, 125.5, 125.2, 

76.7, 67.4, 51.3, 45.9, 32.5, 28.5, 20.0, 19.8. HRMS (EI-DFS) m/z calcd for 

C21H23NO2 [M]+ 321.1729, found 321.1721. 
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IV. 1H NMR and 13C NMR Spectra 
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