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I. General Information 

All the solvents and commercially available reagents were purchased from 

Sigma-Aldrich, TCI, Alfa Aesar, Energy Chemical or Adamas-beta (purity ≥ 95%) 

and used without further purification unless otherwise stated. 1H NMR, 13C NMR or 

19F NMR spectra were recorded on a 400 MHz Bruker FT-NMR spectrometer. All 

chemical shifts are given as δ value (ppm) with reference to tetramethylsilane (TMS) 

as an internal standard. The peak patterns are indicated as follows: s, singlet; d, 

doublet; t, triplet; m, multiplet; q, quartet. The coupling constants, J, are reported in 

Hertz (Hz). High Resolution Mass (MS) analysis was obtained using on a LC/MSD 

TOF spectrometer system with Electrospray Ionization (ESI). Reactions were 

monitored by thin-layer chromatography (TLC) carried out on commercial silica gel 

plates (GF254) under UV light. Flash chromatography was performed on silica gel 60 

(200–300 mesh). 
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II. Preparation of Starting Materials  

2.1 Preparation of the 1,4-quinone and coumarin substrates  

Substrates 1a-1e, 1g-1l and 1n-1o were purchased from commercial sources and 

used as received without further purification. 1f1 and 1m2 were prepared according to 

literature procedures.  

 

 

2.2. Preparation of the alkyl halides   

The alkyl halides 2a-2v in the reaction were obtained from commercial sources 

and used without further purification.  
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III. Optimization of the Reaction Conditions and the General 

Procedure 

3.1 Optimization of the reaction conditions 

Under air atmosphere, ethyl 2-bromopropanoate (2a, 2.0 equiv, 0.40 mmol, 72.4 

mg) was added to a mixture of 2-methylnaphthalene-1,4-dione (1a, 1.0 equiv, 0.20 

mmol, 34.4 mg), [Fe] (10 mol%), DIPEA (N,N-Diisopropylethylamine, 2.0 equiv, 

0.40 mmol, 51.7 mg) in solvent (1.5 mL) in a dry 10 mL Schlenk tube. Then the tube 

was degassed with N2 for three times and the mixture was heated at 100 oC for 18-30 

h (monitored by TLC). After completion of the reaction, it was cooled to room 

temperature and concentrated under reduced pressure. The residue was purified by 

flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1, Rf = 

0.30) to give the desired product 3a as a yellow liquid. 

 

Table S1. Optimization of the reaction conditionsa 

 

Entry Catalyst (mol%) Base (equiv) Solvent T(oC) / t(h) Yield (%) b 

1 FeCl2 (10) DIPEA (2.0) 1,4-dioxane 100 / 24 48 

2 FeCl2 (10) -- 1,4-dioxane 100 / 18 n.d. 

3 -- DIPEA (2.0) 1,4-dioxane 100 / 30 n.d. 

4 FeCl2 (10) DIPEA (2.0) 1,4-dioxane 85 / 30 < 5 

5 FeCl2 (10) DIPEA (2.0) DCE 100 / 28 27 

6 FeCl2 (10) DIPEA (2.0) toluene 100 / 28 36 

7 FeCl2 (10) DIPEA (2.0) CH3CN 100 / 24 28 

8 FeCl2 (10) DIPEA (2.0) DMF 100 / 18 < 5 
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9 FeCl2 (10) DIPEA (2.0) DMSO 100 / 24 n.d. 

10 FeCl2 (10) DIPEA (2.0) NMP 100 / 24 < 5 

11 FeCl3 (10) DIPEA (2.0) 1,4-dioxane 100 / 24 46 

12 Fe(acac)3 (10) DIPEA (2.0) 1,4-dioxane 100 / 22 20 

13 Fe(acac)2 (10) DIPEA (2.0) 1,4-dioxane 100 / 22 24 

14 Fe(OTf)2 (10) DIPEA (2.0) 1,4-dioxane 100 / 24 36 

15 Fe(OAc)2 (10) DIPEA (2.0) 1,4-dioxane 100 / 24 25 

16 FeCl2 (10) DIPEA (2.0) 1,4-dioxane 115 / 24 57 c 

17 FeCl2 (10) DABCO (2.0) 1,4-dioxane 115 / 22 n.d. 

18 FeCl2 (10) NEt3 (2.0) 1,4-dioxane 115 / 22 19 

19 FeCl2 (10) PMDTA (2.0) 1,4-dioxane 115 / 22 n.d. 

20 FeCl2 (10) Na2CO3 (2.0) 1,4-dioxane 115 / 22 22 

21 FeCl2 (7.5) DIPEA (2.0) 1,4-dioxane 115 / 24 68 c 

22 FeCl2 (5.0) DIPEA (1.5) 1,4-dioxane 115 / 28 69 c 

23 FeCl2 (5.0) DIPEA (1.5) 1,4-dioxane 115 / 28   60 c, d 

24 FeCl2 (3.0) DIPEA (1.5) 1,4-dioxane 115 / 28 59 c 

a Reaction conditions: In N2 atmosphere, 1a (1.0 equiv, 0.20 mmol), 2a (2.0 equiv, 0.40 mmol), 

[Fe], base (2.0 equiv, 0.40 mmol) in solvent (1.5 mL) at 100 oC for 18-28 h; b Isolated yield; c 0.40 

mmol scale of 1a was used; d 2a (1.5 equiv) was used. Unless otherwise noted, DIPEA = 

N,N-Diisopropylethylamine; DABCO = Triethylenediamine; PMDTA = 

Pentamethyldiethylenetriamine; n.d. = not detected. 
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javascript:showMsgDetail('ProductSynonyms.aspx?CBNumber=CB2162535&postData3=CN&SYMBOL_Type=A');


 

 S6 

3.2 General Procedures  

3.2.1 General Procedures for the Synthesis of 3 or 4 

 

Under air atmosphere, functionalized alkyl halides (2, 2.0 equiv, 0.40 mmol) was 

added to a mixture of 1,4-quinones (1, 1.0 equiv, 0.20 mmol), FeCl2 (5.0 mol%, 1.3 

mg), DIPEA (N,N-Diisopropylethylamine, 1.5 equiv, 0.30 mmol, 38.8 mg) in 

1,4-dioxane (1.5 mL) in a dry 10 mL Schlenk tube. Then the tube was degassed with 

N2 for three times and the mixture was heated at 115 oC for 24-48 h (monitored by 

TLC). After completion of the reaction, it was cooled to room temperature and 

concentrated under reduced pressure. The residue was purified by flash 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate) to give the 

desired product 3 or 4. 

 

3.2.2 General Procedures for the Synthesis of 5 

 

Under air atmosphere, functionalized alkyl halides (2, 2.0 equiv, 0.40 mmol) was 

added to a mixture of coumarins (1, 1.0 equiv, 0.20 mmol), FeCl2 (7.5 mol%, 1.9 mg), 

DIPEA (N,N-Diisopropylethylamine, 2.0 equiv, 0.40 mmol, 51.7 mg) in toluene (2.0 

mL) in a dry 10 mL Schlenk tube. Then the tube was degassed with N2 for three times 

and the mixture was heated at 130 oC for 45 h (monitored by TLC). After completion 

of the reaction, it was cooled to room temperature and concentrated under reduced 

pressure. The residue was purified by flash chromatography on silica gel (eluent: 

petroleum ether/ethyl acetate) to give the desired product 5. 
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3.3 Large-scale synthesis of 4 

3.3.1 Large-scale synthesis of 4a (2.0 mmol scale) 

Under air atmosphere, (bromomethyl)benzene (2k, 2.0 equiv, 4.0 mmol, 684.0 mg) 

was added to a mixture of 2-methylnaphthalene-1,4-dione (1a, 1.0 equiv, 2.0 mmol, 

344.0 mg), FeCl2 (5.0 mol%, 13.0 mg), DIPEA (N,N-Diisopropylethylamine, 1.5 

equiv, 3.0 mmol, 387.7 mg) in 1,4-dioxane (8.0 mL) in a dry 35 mL Schlenk tube. 

Then the tube was degassed with N2 for three times and the mixture was heated at 115 

oC for 48 h (monitored by TLC). After completion of the reaction, it was cooled to 

room temperature and concentrated under reduced pressure. The residue was purified 

by flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate; Rf = 0.50, 

petroleum ether/ethyl acetate = 30:1) to give the desired product 4a (350.0 mg, yellow 

solid, 67% yield). 

 

 

3.3.2 Large-scale synthesis of 4i (6.0 mmol scale) 

Under air atmosphere, 1-(bromomethyl)-4-(trifluoromethyl)benzene (2s, 2.0 equiv, 

12.0 mmol, 2868.0 mg) was added to a mixture of 2-methylnaphthalene-1,4-dione (1a, 

1.0 equiv, 6.0 mmol, 1032.0 mg), FeCl2 (5.0 mol%, 39.0 mg), DIPEA 

(N,N-Diisopropylethylamine, 1.5 equiv, 9.0 mmol, 1163.2 mg) in 1,4-dioxane (20.0 

mL) in a dry 100 mL Schlenk tube. Then the tube was degassed with N2 for three 

times and the mixture was heated at 115 oC for 48 h (monitored by TLC). After 

completion of the reaction, it was cooled to room temperature and concentrated under 

reduced pressure. The residue was purified by flash chromatography on silica gel 

(eluent: petroleum ether/ethyl acetate; Rf = 0.30, petroleum ether/ethyl acetate = 30:1) 

to give the desired product 4i (1210.0 mg, yellow solid, 61% yield). 
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IV. Mechanistic Studies 

Under air atmosphere, ethyl 2-bromopropanoate (2a, 2.0 equiv, 0.40 mmol, 72.4 

mg) was added to a mixture of 2-methylnaphthalene-1,4-dione (1a, 1.0 equiv, 0.20 

mmol, 34.4 mg), FeCl2 (5.0 mol%, 1.3 mg), DIPEA (N,N-Diisopropylethylamine, 1.5 

equiv, 0.30 mmol, 38.8 mg) and a radical scavenger, such as, 

2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO, 2.0 equiv, 0.40 mmol, 62.5 mg), or 

1,1-diphenylethylene (2.0 equiv, 0.4 mmol, 72.1 mg) or (1-cyclopropylvinyl)benzene 

(2.0 equiv, 0.40 mmol, 57.7 mg) in 1,4-dioxane (1.5 mL) in a dry 10 mL Schlenk tube. 

Then the tube was degassed with N2 for three times and the mixture was heated at 115 

oC for 32 h (monitored by TLC). After completion of the reaction, it was cooled to 

room temperature and concentrated under reduced pressure. The residue was purified 

by flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate) to give 

the desired products. 
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V. Characterization Data 

        5-(Benzyloxy)naphthalene-1,4-dione (1f) 

Yellow solid (1.0 mmol scale, 82.0 mg, 31% yield) Rf = 0.40 (petroleum ether/ethyl 

acetate = 5:1) 1H NMR (400 MHz, CDCl3): δ 7.74-7.72 (m, 1H), 7.66-7.62 (m, 1H), 

7.59-7.57 (m, 2H), 7.43-7.39 (m, 2H), 7.34-7.31 (m, 2H), 6.88 (s, 2H), 5.29 (s, 2H); 

13C NMR (100 MHz, CDCl3): 185.17, 184.12, 158.42, 140.83, 136.17, 135.95, 134.81, 

134.03, 128.64, 127.92, 126.58, 120.13, 119.55, 119.40, 70.76; HRMS (ESI) calcd for 

C17H12NaO3
+ [M+Na]+ 287.0679, found 287.0677. 

 

 

Ethyl 2-(3-methyl-1,4-dioxo-1,4-dihydronaphthalen-2-yl)propanoate (3a)3  

Yellow liquid (0.4 mmol scale, 75.0 mg, 69% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.11-8.03 (m, 2H), 7.73-7.68 (m, 2H), 

4.22-4.08 (m, 2H), 3.88 (q, J = 7.2 Hz, 1H), 2.19 (s, 3H), 1.44 (d, J = 7.2 Hz, 3H), 

1.18 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): 185.09, 183.46, 172.75, 146.43, 

143.72, 133.58, 133.57, 131.94, 131.90, 126.40, 126.33, 60.98, 38.73, 15.21, 14.09, 

12.73. 

 

   

Methyl 2-(3-methyl-1,4-dioxo-1,4-dihydronaphthalen-2-yl)propanoate (3b) 

Yellow liquid (0.2 mmol scale, 32.0 mg, 62% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.09-8.02 (m, 2H), 7.72-7.68 (m, 2H), 

3.88 (q, J = 7.1 Hz, 1H), 3.66 (s, 3H), 2.19 (s, 3H), 1.44 (d, J = 7.1 Hz, 3H); 13C NMR 

(100 MHz, CDCl3): 184.99, 183.46, 173.26, 146.17, 143.79, 133.60, 133.59, 131.87, 
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131.78, 126.43, 126.33, 52.16, 38.54, 15.22, 12.69; HRMS (ESI) calcd for C15H15O4
+ 

[M+H]+ 259.0965, found 259.0962.  

 

     

Benzyl 2-(3-methyl-1,4-dioxo-1,4-dihydronaphthalen-2-yl)propanoate (3c) 

Yellow liquid (0.2 mmol scale, 23.2 mg, 35% yield) Rf = 0.25 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.10-8.01 (m, 2H), 7.73-7.69 (m, 2H), 

7.29-7.25 (m, 5H), 5.14 (s, 2H), 3.94 (q, J = 7.2 Hz, 1H), 2.15 (s, 3H), 1.48 (d, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, CDCl3): 184.98, 183.47, 172.64, 146.17, 143.81, 

135.68, 133.60, 133.57, 131.86, 131.78, 128.39, 128.24, 128.11, 126.40, 126.33, 

66.73, 38.78, 15.24, 12.72; HRMS (ESI) calcd for C21H19O4
+ [M+H]+ 335.1278, 

found 335.1277. 

 

    

Ethyl 2-(3-methyl-1,4-dioxo-1,4-dihydronaphthalen-2-yl)butanoate (3d)  

Yellow liquid (0.2 mmol scale, 31.2 mg, 54% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 20:1) 1H NMR (400 MHz, CDCl3): δ 8.12-8.04 (m, 2H), 7.74-7.69 (m, 2H), 

4.21-4.07 (m, 2H), 3.77 (dd, J = 5.7 Hz, 3.2 Hz, 1H), 2.37-2.26 (m, 1H), 2.21 (s, 3H), 

1.82-1.70 (m, 1H), 1.16 (t, J = 7.1 Hz, 3H), 0.93 (t, J = 7.6 Hz, 3H); 13C NMR (100 

MHz, CDCl3): 185.07, 183.71, 172.28, 145.04, 144.84, 133.60, 133.58, 131.97, 

131.82, 126.48, 126.34, 60.88, 45.64, 23.50, 14.09, 13.27, 12.31; HRMS (ESI) calcd 

for C17H19O4
+ [M+H]+ 287.1278, found 287.1275. 
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Ethyl 2-(3-methyl-1,4-dioxo-1,4-dihydronaphthalen-2-yl)pentanoate (3e)  

Yellow liquid (0.2 mmol scale, 23.0 mg, 38% yield) Rf = 0.35 (petroleum ether/ethyl 

acetate = 30:1) 1H NMR (400 MHz, CDCl3): δ 8.11-8.03 (m, 2H), 7.73-7.68 (m, 2H), 

4.20-4.06 (m, 2H), 3.85 (dd, J = 5.7 Hz, 2.9 Hz, 1H), 2.29-2.22 (m, 1H), 2.20 (s, 3H), 

1.73-1.64 (m, 1H), 1.40-1.33 (m, 2H), 1.16 (t, J = 7.1 Hz, 3H), 0.90 (t, J = 7.3 Hz, 

3H); 13C NMR (100 MHz, CDCl3): 185.08, 183.71, 172.34, 145.40, 144.56, 133.57, 

131.96, 131.81, 126.47, 126.31, 60.90, 43.98, 32.48, 21.07, 14.09, 13.23; HRMS (ESI) 

calcd for C18H21O4
+ [M+H]+ 301.1434, found 301.1432. 

 

   

Ethyl 3-methyl-2-(3-methyl-1,4-dioxo-1,4-dihydronaphthalen-2-yl)butanoate (3f) 

Yellow liquid (0.2 mmol scale, 12.8 mg, 21% yield) Rf = 0.40 (petroleum ether/ethyl 

acetate = 30:1) 1H NMR (400 MHz, CDCl3): δ 8.12-8.05 (m, 2H), 7.74-7.69 (m, 2H), 

4.17-4.05 (m, 2H), 3.72 (d, J = 9.1 Hz, 1H), 2.65-2.53 (m, 1H), 2.23 (s, 3H), 1.20 (d, 

J = 6.4 Hz, 3H), 1.15 (t, J = 7.1 Hz, 3H), 0.77 (t, J = 6.9 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): 185.13, 183.95, 171.85, 145.09, 144.86, 133.61, 131.99, 131.68, 126.63, 

126.31, 60.73, 50.46, 28.65, 23.08, 20.33, 14.09, 13.42; HRMS (ESI) calcd for 

C18H21O4
+ [M+H]+ 301.1434, found 301.1431. 

 

   

Ethyl 2-(1,4-dioxo-1,4-dihydronaphthalen-2-yl)propanoate (3g) 

Yellow liquid (0.4 mmol scale, 47.2 mg, 46% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.11-8.06 (m, 2H), 7.77-7.72 (m, 2H), 

6.87 (d, J = 1.1 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.93 (qd, J = 6.2 Hz, 1.0 Hz, 1H), 

1.48 (d, J = 7.2 Hz, 3H), 1.23 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): 

184.97, 184.10, 172.68, 149.67, 134.89, 133.92, 133.86, 131.93, 131.91, 126.78, 
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126.15, 61.31, 39.41, 15.87, 14.05; HRMS (ESI) calcd for C15H15O4
+ [M+H]+ 

259.0965, found 259.0963. 

 

    

Ethyl 2-(1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2-methylpropanoate (3h)3 

Yellow liquid (0.2 mmol scale, 16.0 mg, 29% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.10-8.05 (m, 2H), 7.76-7.72 (m, 2H), 

6.87 (s, 1H), 4.13 (q, J = 7.1 Hz, 2H), 1.49 (s, 6H), 1.16 (t, J = 7.1 Hz, 3H); 13C NMR 

(100 MHz, CDCl3): 185.37, 184.06, 175.19, 154.19, 133.89, 133.82, 133.17, 132.27, 

131.73, 126.85, 125.99, 61.05, 44.45, 25.06, 13.96.  

 

      

Ethyl 2-(3-methoxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)propanoate (3i) 

Yellow liquid (0.2 mmol scale, 16.1 mg, 28% yield) Rf = 0.25 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.10-8.04 (m, 2H), 7.75-7.69 (m, 2H), 

4.15 (q, J = 7.5 Hz, 2H), 4.14 (s, 3H), 4.07 (q, J = 7.1 Hz, 1H), 1.38 (d, J = 7.1 Hz, 

3H), 1.20 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): 183.97, 181.58, 173.13, 

157.11, 134.33, 134.03, 133.41, 131.65, 131.40, 126.40, 126.21, 61.20, 60.84, 35.12, 

15.24, 14.17; HRMS (ESI) calcd for C16H17O5
+ [M+H]+ 289.1071, found 289.1070. 

 

  

Ethyl 2-(1,4-dioxo-1,4-dihydroanthracen-2-yl)propanoate (3j) 

Yellow solid (0.2 mmol scale, 27.4 mg, 44% yield) Rf = 0.35 (petroleum ether/ethyl 

acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 8.62-8.59 (m, 2H), 8.06-8.02 (m, 2H), 

7.70-7.66 (m, 2H), 6.97 (d, J = 1.1 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 3.99 (qd, J = 7.1 
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Hz, 1.1 Hz, 1H), 1.51 (d, J = 7.2 Hz, 3H), 1.24 (t, J = 7.1 Hz, 3H); 13C NMR (100 

MHz, CDCl3): 184.59, 183.69, 172.74, 151.08, 136.38, 134.81, 134.78, 130.18, 

130.15, 129.57, 129.51, 129.31, 128.51, 128.42, 128.33, 61.29, 39.61, 15.90, 14.06; 

HRMS (ESI) calcd for C19H16NaO4
+ [M+Na]+ 331.0941, found 331.0942. 

 

 

Methyl 2-(1,4-dioxo-1,4-dihydroanthracen-2-yl)propanoate (3k) 

Yellow solid (0.2 mmol scale, 26.8 mg, 46% yield) Rf = 0.35 (petroleum ether/ethyl 

acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 8.62-8.59 (m, 2H), 8.06-8.02 (m, 2H), 

7.69-7.67 (m, 2H), 6.97 (d, J = 1.0 Hz, 1H), 4.01 (qd, J = 7.2 Hz, 0.8 Hz, 1H), 3.72 (s, 

3H), 1.52 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): 184.55, 183.67, 173.21, 

150.89, 136.47, 134.80, 134.78, 130.19, 130.16, 129.60, 129.54, 129.38, 128.55, 

128.39, 128.27, 52.48, 39.39, 15.91; HRMS (ESI) calcd for C18H14NaO4
+ [M+Na]+ 

317.0784, found 317.0785. 

 

  

Ethyl 2-(1,4-dioxo-1,4-dihydroanthracen-2-yl)-2-methylpropanoate (3l) 

Yellow solid (0.2 mmol scale, 13.7 mg, 21% yield) Rf = 0.35 (petroleum ether/ethyl 

acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 8.62-8.61 (m, 2H), 8.08-8.03 (m, 2H), 

7.71-7.67 (m, 2H), 6.98 (s, 1H), 4.16 (q, J = 7.2 Hz, 2H), 1.53 (s, 6H), 1.18 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, CDCl3): 185.08, 183.68, 175.30, 155.63, 134.90, 

134.78, 134.70, 130.20, 130.15, 129.57, 129.53, 129.44, 128.68, 128.38, 128.30, 

61.07, 44.62, 25.10, 14.01; HRMS (ESI) calcd for C20H18NaO4
+ [M+Na]+ 345.1097, 

found 345.1096. 
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    (3m)  

Ethyl 2-(8-(benzyloxy)-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2-methylpropanoate   and  

Ethyl 2-(5-(benzyloxy)-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2-methylpropanoate  

Yellow solid (0.1 mmol scale, 10.0 mg, 26% yield, regioselectivity = 1/0.4) Rf = 0.40 

(petroleum ether/ethyl acetate = 5:1) 1H NMR (400 MHz, CDCl3): δ 7.74-7.71 (m, 

1.4H), 7.64-7.60 (m, 1.2H), 7.58-7.56 (m, 2H), 7.53-7.49 (m, 0.8H), 7.44-7.37 (m, 

3H), 7.35-7.29 (m, 3H), 6.81 (s, 0.4H), 6.79 (s, 1H), 5.33 (s, 2H), 5.30 (s, 0.8H), 4.16 

(q, J = 7.0 Hz, 0.8H), 4.13 (q, J = 7.0 Hz, 2H), 1.51 (s, 2.4H), 1.49 (s, 6H), 1.17 (t, J = 

7.1 Hz, 1.2H), 1.16 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): 185.57, 184.46, 

184.23, 175.41, 175.31, 158.22, 156.17, 151.65, 136.04, 135.36, 134.74, 134.64, 

134.59, 134.02, 131.14, 128.68, 128.62, 127.94, 127.87, 126.59, 126.56, 120.12, 

119.92, 119.86, 119.48, 119.00, 70.80, 61.00, 44.61, 44.03, 25.37, 24.94, 13.98; 

HRMS (ESI) calcd for C23H22NaO5
+ [M+Na]+ 401.1359, found 401.1356. 

 

       2-Benzyl-3-methylnaphthalene-1,4-dione (4a)4, 6 

Yellow solid (0.2 mmol scale, 36.4 mg, 69% yield; 2.0 mmol scale, 350.0 mg, 67% 

yield) Rf = 0.50 (petroleum ether/ethyl acetate = 30:1) 1H NMR (400 MHz, CDCl3): δ 

8.10-8.06 (m, 2H), 7.71-7.67 (m, 2H), 7.29-7.17 (m, 5H), 4.04 (s, 2H), 2.25 (s, 3H); 

13C NMR (100 MHz, CDCl3): 185.31, 184.57, 145.23, 144.34, 137.97, 133.43, 133.40, 

132.00, 131.91, 128.58, 128.53, 126.39, 126.36, 126.19, 32.34, 13.23. 

 

     2-Methyl-3-(4-methylbenzyl)naphthalene-1,4-dione (4b)4 

Yellow solid (0.2 mmol scale, 44.2 mg, 80% yield) Rf = 0.50 (petroleum ether/ethyl 

acetate = 30:1) 1H NMR (400 MHz, CDCl3): δ 8.10-8.06 (m, 2H), 7.71-7.67 (m, 2H), 

7.14-7.12 (m, 2H), 7.09-7.07 (m, 2H), 3.99 (s, 2H), 2.29 (s, 3H), 2.26 (s, 3H); 13C 
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NMR (100 MHz, CDCl3): 185.39, 184.63, 145.45, 144.15, 135.94, 134.88, 133.41, 

133.38, 132.02, 131.96, 129.28, 128.43, 126.40, 126.18, 31.94, 20.95, 13.22. 

 

    2-(4-Fluorobenzyl)-3-methylnaphthalene-1,4-dione (4c)4 

Yellow solid (0.2 mmol scale, 37.5 mg, 67% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 50:1) 1H NMR (400 MHz, CDCl3): δ 8.08-8.06 (m, 2H), 7.71-7.68 (m, 2H), 

7.21-7.17 (m, 2H), 6.97-6.92 (m, 2H), 3.99 (s, 2H), 2.24 (s, 3H); 13C NMR (100 MHz, 

CDCl3): 185.26, 184.57, 161.42 (d, J = 243.3 Hz), 145.04, 144.31, 133.62 (d, J = 3.1 

Hz), 133.51, 131.99, 131.87, 129.99 (d, J = 7.9 Hz), 126.42, 126.26, 115.39 (d, J = 

21.2 Hz), 31.60, 13.23; 19F NMR (376 MHz, CDCl3) -116.44 to -116.51 (m, 1F). 

 

     2-(4-Chlorobenzyl)-3-methylnaphthalene-1,4-dione (4d)4 

Yellow solid (0.2 mmol scale, 43.0 mg, 72% yield) Rf = 0.50 (petroleum ether/ethyl 

acetate = 50:1) 1H NMR (400 MHz, CDCl3): δ 8.10-8.05 (m, 2H), 7.73-7.68 (m, 2H), 

7.24-7.21 (m, 2H), 7.17-7.15 (m, 2H), 3.98 (s, 2H), 2.24 (s, 3H); 13C NMR (100 MHz, 

CDCl3): 185.20, 184.52, 144.77, 144.50, 136.47, 133.55, 133.20, 131.99, 131.85, 

129.89, 128.70, 126.44, 126.29, 31.79, 13.28. 

 

     2-(3-Chlorobenzyl)-3-methylnaphthalene-1,4-dione (4e) 

Yellow solid (0.2 mmol scale, 34.1 mg, 57% yield) Rf = 0.45 (petroleum ether/ethyl 

acetate = 50:1) 1H NMR (400 MHz, CDCl3): δ 8.12-8.07 (m, 2H), 7.73-7.69 (m, 2H), 

7.22-7.15 (m, 3H), 7.13-7.10 (m, 1H), 4.01 (s, 2H), 2.24 (s, 3H); 13C NMR (100 MHz, 

CDCl3): 185.20, 184.48, 144.75, 144.48, 139.98, 134.38, 133.59, 132.03, 131.86, 

129.84, 128.56, 126.76, 126.68, 126.52, 126.34, 32.07, 13.34; HRMS (ESI) calcd for 

C18H14ClO2
+ [M+H]+ 297.0677, found 297.0669. 
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     2-(4-Bromobenzyl)-3-methylnaphthalene-1,4-dione (4f)4 

Yellow solid (0.2 mmol scale, 48.0 mg, 70% yield) Rf = 0.45 (petroleum ether/ethyl 

acetate = 50:1) 1H NMR (400 MHz, CDCl3): δ 8.10-8.04 (m, 2H), 7.73-7.67 (m, 2H), 

7.39-7.35 (m, 2H), 7.11-7.09 (m, 2H), 3.96 (s, 2H), 2.23 (s, 3H); 13C NMR (100 MHz, 

CDCl3): 185.16, 184.48, 144.66, 144.50, 136.98, 133.54, 131.96, 131.82, 131.63, 

130.26, 126.42, 126.28, 120.23, 31.84, 13.28. 

 

       2-(2-Bromobenzyl)-3-methylnaphthalene-1,4-dione (4g) 

Yellow solid (0.2 mmol scale, 46.5 mg, 68% yield) Rf = 0.40 (petroleum ether/ethyl 

acetate = 50:1) 1H NMR (400 MHz, CDCl3): δ 8.14-8.07 (m, 2H), 7.75-7.70 (m, 2H), 

7.60-7.57 (m, 1H), 7.17-7.13 (m, 1H), 7.08-7.04 (m, 1H), 6.92-6.90 (m, 1H), 4.12 (s, 

2H), 2.12 (s, 3H); 13C NMR (100 MHz, CDCl3): 185.04, 184.34, 145.87, 144.52, 

137.27, 133.59, 133.56, 132.86, 132.10, 131.92, 128.55, 127.95, 127.55, 126.54, 

126.34, 124.66, 32.64, 13.30; HRMS (ESI) calcd for C18H14BrO2
+ [M+H]+ 341.0172, 

found 341.0164. 

 

 2-(3-Methoxybenzyl)-3-methylnaphthalene-1,4-dione (4h)5 

Yellow solid (0.2 mmol scale, 43.1 mg, 74% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.10-8.06 (m, 2H), 7.71-7.67 (m, 2H), 

7.20-7.16 (m, 1H), 6.82-6.71 (m, 3H), 4.01 (s, 2H), 3.76 (s, 3H), 2.24 (s, 3H); 13C 

NMR (100 MHz, CDCl3): 185.31, 184.56, 159.66, 145.05, 144.46, 139.50, 133.44, 

133.42, 132.02, 131.92, 129.53, 126.42, 126.20, 120.89, 114.58, 111.30, 55.09, 32.29, 

13.25.  
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2-Methyl-3-(4-(trifluoromethyl)benzyl)naphthalene-1,4-dione (4i)4  

Yellow solid (0.2 mmol scale, 43.3 mg, 66% yield; 6.0 mmol scale, 1210.0 mg, 61% 

yield) Rf = 0.30 (petroleum ether/ethyl acetate = 30:1) 1H NMR (400 MHz, CDCl3): δ 

8.10-8.05 (m, 2H), 7.72-7.68 (m, 2H), 7.53-7.51 (m, 2H), 7.36-7.34 (m, 2H), 4.08 (s, 

2H), 2.25 (s, 3H); 13C NMR (100 MHz, CDCl3): 185.07, 184.44, 144.81, 144.32, 

142.15, 133.62, 131.98, 131.80, 128.84, 128.72 (q, J = 32.3 Hz), 124.08 (q, J = 270.4 

Hz), 126.46, 126.34, 125.53 (q, J = 3.7 Hz), 32.29, 13.32; 19F NMR (376 MHz, 

CDCl3) -62.43 (s, 3F). 

 

     2-Methyl-3-(4-nitrobenzyl)naphthalene-1,4-dione (4j)4 

Yellow solid (0.2 mmol scale, 32.4 mg, 53% yield) Rf = 0.35 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.13-8.11 (m, 2H), 8.10-8.04 (m, 2H), 

7.74-7.69 (m, 2H), 7.40-7.38 (m, 2H), 4.12 (s, 2H), 2.25 (s, 3H); 13C NMR (100 MHz, 

CDCl3): 184.88, 184.32, 146.54, 145.79, 145.10, 143.72, 133.75, 133.71, 131.92, 

131.68, 129.33, 126.48, 126.40, 123.83, 32.42, 13.40. 

 

   

2-(2-Chloro-4-fluorobenzyl)-3-methylnaphthalene-1,4-dione (4k)   

Yellow solid (0.2 mmol scale, 48.6 mg, 77% yield) Rf = 0.50 (petroleum ether/ethyl 

acetate = 30:1) 1H NMR (400 MHz, CDCl3): δ 8.14-8.06 (m, 2H), 7.75-7.70 (m, 2H), 

7.15-7.13 (m, 1H), 6.97-6.93 (m, 1H), 6.86-6.82 (m, 1H), 4.07 (s, 2H), 2.14 (s, 3H); 

13C NMR (100 MHz, CDCl3): 184.95, 184.37, 161.02 (d, J = 247.1 Hz), 145.80, 

144.13, 134.37 (d, J = 10.2 Hz), 133.63, 132.05, 131.87, 131.47 (d, J = 3.6 Hz), 

129.74 (d, J = 8.6 Hz), 126.52, 126.37, 116.87 (d, J = 24.6 Hz), 114.09 (d, J = 20.9 
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Hz), 29.27, 13.25; 19F NMR (376 MHz, CDCl3) -114.26 to -114.32 (m, 1F); HRMS 

(ESI) calcd for C18H13ClFO2
+ [M+H]+ 315.0583, found 315.0575. 

 

        2-Methyl-3-(1-phenylethyl)naphthalene-1,4-dione (4l) 

Yellow solid (0.2 mmol scale, 17.3 mg, 31% yield) Rf = 0.45 (petroleum ether/ethyl 

acetate = 50:1) 1H NMR (400 MHz, CDCl3): δ 8.09-8.01 (m, 2H), 7.71-7.66 (m, 2H), 

7.32-7.28 (m, 4H), 7.23-7.17 (m, 1H), 4.74 (q, J = 7.2 Hz, 1H), 2.09 (s, 3H), 1.69 (d, 

J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): 185.78, 184.35, 150.15, 144.08, 

142.95, 133.50, 133.31, 132.25, 131.89, 128.33, 126.97, 126.48, 126.11, 126.04, 

36.54, 16.73, 12.98; HRMS (ESI) calcd for C19H17O2
+ [M+H]+ 277.1223, found 

277.1219. 

 

  2-Chloro-3-(3-methoxybenzyl)naphthalene-1,4-dione (4m) 

Yellow solid (0.2 mmol scale, 42.7 mg, 68% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.15-8.09 (m, 2H), 7.76-7.71 (m, 2H), 

7.21-7.17 (m, 1H), 6.96-6.91 (m, 2H), 6.76-6.74 (m, 1H), 4.14 (s, 2H), 3.77 (s, 3H); 

13C NMR (100 MHz, CDCl3): 182.30, 177.88, 159.62, 146.18, 143.68, 138.05, 134.24, 

133.96, 131.51, 131.21, 129.55, 127.12, 127.10, 121.50, 115.01, 111.98, 55.12, 33.83; 

HRMS (ESI) calcd for C18H13ClNaO3
+ [M+Na]+ 335.0445, found 335.0437. 

 

 2-Methoxy-3-(3-methoxybenzyl)naphthalene-1,4-dione (4n) 

Yellow oil (0.2 mmol scale, 28.2 mg, 46% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.07-8.01 (m, 2H), 7.71-7.65 (m, 2H), 

7.19-7.16 (m, 1H), 6.93-6.89 (m, 2H), 6.73-6.71 (m, 1H), 4.14 (s, 3H), 3.92 (s, 2H), 

3.77 (s, 3H); 13C NMR (100 MHz, CDCl3): 185.03, 181.73, 159.52, 157.60, 140.52, 
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133.83, 133.44, 133.23, 131.73, 131.41, 129.31, 126.27, 126.04, 121.40, 114.80, 

111.44, 61.18, 55.09, 29.25; HRMS (ESI) calcd for C19H17O4
+ [M+H]+ 309.1121, 

found 309.1119. 

 

      2-(1-Phenylethyl)anthracene-1,4-dione (4o) 

Yellow solid (0.2 mmol scale, 30.5 mg, 49% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 8.57-8.56 (m, 2H), 8.03-8.00 (m, 2H), 

7.68-7.63 (m, 2H), 7.33-7.30 (m, 4H), 7.25-7.21 (m, 1H), 6.89 (d, J = 1.1 Hz, 1H), 

4.56 (qd, J = 7.2 Hz, 1.0 Hz, 1H), 1.58 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): 185.10, 184.08, 156.32, 142.75, 135.50, 134.80, 134.69, 130.12, 130.08, 

129.41, 129.38, 129.23, 128.70, 128.44, 128.25, 127.71, 126.85, 38.10, 20.01; HRMS 

(ESI) calcd for C22H16NaO2
+ [M+Na]+ 335.1043, found 335.1045. 

 

     2-Benzyl-3,5-dimethylcyclohexa-2,5-diene-1,4-dione (4p)7 

Yellow sticky solid (0.2 mmol scale, 15.0 mg, 33% yield) Rf = 0.60 (petroleum 

ether/ethyl acetate = 30:1) 1H NMR (400 MHz, CDCl3): δ 7.28-7.24 (m, 2H), 

7.20-7.16 (m, 3H), 6.58 (q, J = 1.6 Hz, 1H), 3.85 (s, 2H), 2.10 (s, 3H), 2.04 (d, J = 1.6 

Hz, 3H); 13C NMR (100 MHz, CDCl3): 188.32, 187.18, 145.40, 142.69, 141.76, 

137.97, 133.06, 128.57, 128.52, 126.35, 31.67, 15.91, 12.73. 

 

    

2,6-Dibenzyl-3,5-dimethylcyclohexa-2,5-diene-1,4-dione (4q) 

Yellow sticky solid (0.2 mmol scale, 13.1 mg, 21% yield) Rf = 0.65 (petroleum 

ether/ethyl acetate = 30:1) 1H NMR (400 MHz, CDCl3): δ 7.27-7.23 (m, 4H), 

7.20-7.13 (m, 6H), 3.87 (s, 4H), 2.09 (s, 6H); 13C NMR (100 MHz, CDCl3): 188.24, 
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186.82, 142.48, 141.43, 138.16, 128.57, 128.47, 126.30, 32.06, 12.76; HRMS (ESI) 

calcd for C22H21O2
+ [M+H]+ 317.1536, found 317.1532. 

 

      Ethyl 2-(2-oxo-2H-chromen-3-yl)butanoate (5a) 

Pale yellow liquid (0.2 mmol scale, 26.1 mg, 50% yield) Rf = 0.30 (petroleum 

ether/ethyl acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 7.73 (s, 1H), 7.53-7.49 (m, 

2H), 7.34-7.27 (m, 2H), 4.25-4.13 (m, 2H), 3.78 (t, J = 7.6 Hz, 1H), 2.11-2.01 (m, 1H), 

1.94-1.83 (m, 1H), 1.26 (t, J = 7.1 Hz, 3H), 1.00 (t, J = 7.4 Hz, 3H); 13C NMR (100 

MHz, CDCl3): 172.91, 161.10, 153.06, 139.53, 131.26, 127.78, 127.02, 124.41, 

119.10, 116.45, 61.08, 46.63, 24.95, 14.12, 12.05; HRMS (ESI) calcd for C15H17O4
+ 

[M+H]+ 261.1121, found 261.1122. 

 

    Ethyl 2-(6-methyl-2-oxo-2H-chromen-3-yl)butanoate (5b) 

Pale yellow liquid (0.2 mmol scale, 22.1 mg, 40% yield) Rf = 0.30 (petroleum 

ether/ethyl acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 7.65 (s, 1H), 7.31-7.26 (m, 

2H), 7.21-7.19 (m, 1H), 4.23-4.11 (m, 2H), 3.75 (t, J = 7.5 Hz, 1H), 2.39 (s, 3H), 

2.08-1.97 (m, 1H), 1.91-1.80 (m, 1H), 1.24 (t, J = 7.1 Hz, 3H), 0.97 (t, J = 7.4 Hz, 

3H); 13C NMR (100 MHz, CDCl3): 172.94, 161.30, 151.18, 139.50, 134.07, 132.23, 

127.58, 126.84, 118.83, 116.13, 61.03, 46.62, 24.93, 20.71, 14.11, 12.03; HRMS (ESI) 

calcd for C16H19O4
+ [M+H]+ 275.1278, found 275.1277. 

 

      Ethyl 2-(6-nitro-2-oxo-2H-chromen-3-yl)butanoate (5c) 

Pale yellow sticky solid (0.2 mmol scale, 16.3 mg, 27% yield) Rf = 0.40 (petroleum 

ether/ethyl acetate = 5:1) 1H NMR (400 MHz, CDCl3): δ 8.44-8.43 (m, 1H), 8.38-8.35 

(m, 1H), 7.81 (s, 1H), 7.46-7.44 (m, 1H), 4.26-4.13 (m, 2H), 3.77 (t, J = 7.4 Hz, 1H), 

2.12-2.02 (m, 1H), 1.95-1.84 (m, 1H), 1.26 (t, J = 7.1 Hz, 3H), 1.01 (t, J = 7.4 Hz, 
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3H); 13C NMR (100 MHz, CDCl3): 172.22, 159.55, 156.47, 144.04, 138.32, 129.53, 

126.01, 123.66, 119.16, 117.64, 61.39, 46.84, 24.88, 14.12, 12.02; HRMS (ESI) calcd 

for C15H16NO6
+ [M+H]+ 306.0972, found 306.0970. 

 

        Ethyl 2-(2-oxo-2H-chromen-3-yl)pentanoate (5d) 

Pale yellow liquid (0.2 mmol scale, 22.7 mg, 41% yield) Rf = 0.35 (petroleum 

ether/ethyl acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 7.73 (s, 1H),7.53-7.49 (m, 

2H), 7.34-7.27 (m, 2H), 4.25-4.12 (m, 2H), 3.87 (t, J = 7.5 Hz, 1H), 2.05-1.96 (m, 

1H), 1.86-1.77 (m, 1H), 1.44-1.35 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H), 0.96 (t, J = 7.3 

Hz, 3H); 13C NMR (100 MHz, CDCl3): 173.05, 161.07, 153.04, 139.46, 131.23, 

127.76, 127.23, 124.40, 119.11, 116.43, 61.09, 44.84, 33.79, 20.71, 14.11, 13.76; 

HRMS (ESI) calcd for C16H19O4
+ [M+H]+ 275.1278, found 275.1277. 

 

      Ethyl 2-methyl-2-(2-oxo-2H-chromen-3-yl)propanoate (5e)8 

Pale yellow solid (0.2 mmol scale, 16.4 mg, 32% yield) Rf = 0.40 (petroleum 

ether/ethyl acetate = 5:1) 1H NMR (400 MHz, CDCl3): δ 7.60 (s, 1H), 7.52-7.48 (m, 

2H), 7.34-7.26 (m, 2H), 4.15 (q, J = 7.1 Hz, 2H), 1.56 (s, 6H), 1.20 (t, J = 7.1 Hz, 3H); 

13C NMR (100 MHz, CDCl3): 175.41, 160.35, 153.05, 136.48, 133.37, 131.05, 127.75, 

124.35, 119.09, 116.40, 61.12, 44.63, 24.57, 14.02. 

 

  

Ethyl 2-methyl-2-(6-methyl-2-oxo-2H-chromen-3-yl)propanoate (5f)8 

Pale yellow solid (0.2 mmol scale, 16.2 mg, 30% yield) Rf = 0.40 (petroleum 

ether/ethyl acetate = 5:1) 1H NMR (400 MHz, CDCl3): δ 7.54 (s, 1H), 7.31-7.29 (m, 

2H), 7.22-7.20 (m, 1H), 4.14 (q, J = 7.2 Hz, 2H), 2.40 (s, 3H), 1.55 (s, 6H), 1.19 (t, J 

= 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): 175.48, 160.55, 151.16, 136.45, 133.98, 

133.19, 132.00, 127.59, 118.82, 116.07, 61.07, 44.59, 24.57, 20.76, 14.00. 
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       3-Benzyl-2H-chromen-2-one (5g)3, 6  

Pale yellow solid (0.2 mmol scale, 27.1 mg, 57% yield) Rf = 0.45 (petroleum 

ether/ethyl acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 7.48-7.44 (m, 1H), 7.38-7.32 

(m, 4H), 7.31-7.26 (m, 4H), 7.24-7.20 (m, 1H), 3.90 (s, 2H); 13C NMR (100 MHz, 

CDCl3): 161.69, 152.99, 139.24, 137.57, 130.76, 129.37, 128.74, 127.35, 126.80, 

124.24, 119.35, 116.38, 36.50.  

 

     3-(4-Methylbenzyl)-2H-chromen-2-one (5h)3, 6 

White solid (0.2 mmol scale, 26.3 mg, 53% yield) Rf = 0.50 (petroleum ether/ethyl 

acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 7.48-7.43 (m, 1H), 7.37-7.34 (m, 1H), 

7.32-7.26 (m, 2H), 7.24-7.20 (m, 1H), 7.19-7.15 (m, 4H), 3.86 (s, 2H), 2.36 (s, 3H); 

13C NMR (100 MHz, CDCl3): 161.73, 152.97, 139.08, 136.38, 134.42, 130.68, 129.60, 

129.42, 129.25, 127.31, 124.20, 119.41, 116.36, 36.07, 21.06.  

 

         3-(4-Fluorobenzyl)-2H-chromen-2-one (5i)3, 6 

White solid (0.2 mmol scale, 15.7 mg, 31% yield) Rf = 0.50 (petroleum ether/ethyl 

acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 7.49-7.45 (m, 1H), 7.39-7.37 (m, 1H), 

7.33-7.22 (m, 5H), 7.07-7.01 (m, 2H), 3.87 (s, 2H); 13C NMR (100 MHz, CDCl3): 

161.79 (d, J = 243.5 Hz), 161.58, 153.05, 139.27, 133.25 (d, J = 3.1 Hz), 130.87 (d, J 

= 6.3 Hz), 130.76, 129.17, 127.37, 124.33, 119.28, 116.45, 115.57 (d, J = 21.2 Hz), 

35.83; 19F NMR (376 MHz, CDCl3): -116.01 to -116.08 (m, 1F). 
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         3-(4-Chlorobenzyl)-2H-chromen-2-one (5j)3, 6 

Pale yellow solid (0.2 mmol scale, 30.0 mg, 55% yield) Rf = 0.45 (petroleum 

ether/ethyl acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 7.49-7.45 (m, 1H), 7.39-7.37 

(m, 1H), 7.33-7.30 (m, 4H), 7.26-7.21 (m, 3H), 3.85 (s, 2H); 13C NMR (100 MHz, 

CDCl3): 161.49, 153.04, 139.38, 136.08, 132.64, 130.94, 130.64, 128.83, 128.77, 

127.38, 124.34, 119.21, 116.42, 35.97.  

 

       3-(3-Methoxybenzyl)-2H-chromen-2-one (5k)3 

White solid (0.2 mmol scale, 30.0 mg, 56% yield) Rf = 0.55 (petroleum ether/ethyl 

acetate = 5:1) 1H NMR (400 MHz, CDCl3): δ 7.48-7.43 (m, 1H), 7.37-7.35 (m, 1H), 

7.32-7.25 (m, 3H), 7.24-7.20 (m, 1H), 6.89-6.87 (m, 1H), 6.85-6.81 (m, 2H), 3.86 (s, 

2H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl3): 161.66, 159.80, 152.96, 139.29, 

139.13, 130.75, 129.70, 129.11, 127.35, 124.23, 121.66, 119.33, 116.34, 115.03, 

112.06, 55.15, 36.46.  

 

        3-(4-(Trifluoromethyl)benzyl)-2H-chromen-2-one (5l)3 

Pale yellow solid (0.2 mmol scale, 43.2 mg, 71% yield) Rf = 0.50 (petroleum 

ether/ethyl acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 7.60-7.58 (m, 2H), 7.50-7.46 

(m, 1H), 7.44-7.39 (m, 3H), 7.36 (s, 1H), 7.32-7.30 (m, 1H), 7.27-7.23 (m, 1H), 3.95 

(s, 2H); 13C NMR (100 MHz, CDCl3): 161.41, 153.12, 141.84, 139.71, 131.10, 129.54, 

129.09 (q, J = 32.0 Hz), 128.21, 127.43, 125.60 (q, J = 3.7 Hz), 124.41, 124.12 (q, J = 

270.2 Hz), 119.13, 116.45, 36.47; 19F NMR (376 MHz, CDCl3): -62.39 (s, 3F). 
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      3-(2-Chloro-4-fluorobenzyl)-2H-chromen-2-one (5m)3 

Pale yellow solid (0.2 mmol scale, 41.0 mg, 71% yield) 1H NMR (400 MHz, CDCl3): 

δ 7.49-7.45 (m, 1H), 7.40-7.36 (m, 2H), 7.33-7.31 (m, 1H), 7.25-7.21 (m, 2H), 

7.18-7.15 (m, 1H), 7.02-6.97 (m, 1H), 3.97 (s, 2H); 13C NMR (100 MHz, CDCl3): 

161.55 (d, J = 247.8 Hz), 161.47, 153.01, 139.40, 135.01 (d, J = 10.2 Hz), 132.70 (d, 

J = 8.6 Hz), 131.09 (d, J = 3.6 Hz), 130.97, 127.47, 126.94, 124.33, 119.18, 117.05 (q, 

J = 24.5 Hz), 116.42, 114.36 (d, J = 20.9 Hz), 33.57; 19F NMR (376 MHz, CDCl3): 

-113.11 to -113.17 (m, 1F). 

 

        3-Benzyl-6-methyl-2H-chromen-2-one (5n)6 

Pale yellow solid (0.2 mmol scale, 28.4 mg, 57% yield) Rf = 0.50 (petroleum 

ether/ethyl acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 7.37-7.33 (m, 2H), 7.29-7.25 

(m, 4H), 7.21-7.19 (m, 2H), 7.14 (s, 1H), 3.88 (s, 2H), 2.35 (s, 3H); 13C NMR (100 

MHz, CDCl3): 161.92, 151.13, 139.26, 137.68, 133.88, 131.74, 129.38, 129.21, 

128.72, 127.21, 126.77, 119.10, 116.09, 36.51, 20.71.  

 

        3-Benzyl-6-chloro-2H-chromen-2-one (5o) 

White solid (0.2 mmol scale, 26.8 mg, 49% yield) Rf = 0.50 (petroleum ether/ethyl 

acetate = 7:1) 1H NMR (400 MHz, CDCl3): δ 7.43-7.36 (m, 4H), 7.33-7.28 (m, 4H), 

7.19 (s, 1H), 3.91 (d, J = 0.8 Hz, 2H); 13C NMR (100 MHz, CDCl3): 161.06, 151.34, 

137.93, 137.08, 130.79, 130.66, 129.47 129.39, 128.83, 126.99, 126.64, 120.39, 

117.80, 36.55; HRMS (ESI) calcd for C16H12ClO2
+ [M+H]+ 271.0520, found  

271.0518. 
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        3-Benzyl-7-methoxy-2H-chromen-2-one (5p)9 

Pale yellow solid (0.2 mmol scale, 17.1 mg, 32% yield) Rf = 0.45 (petroleum 

ether/ethyl acetate = 5:1) 1H NMR (400 MHz, CDCl3): δ 7.37-7.33 (m, 2H), 7.30-7.22 

(m, 5H), 6.81-6.78 (m, 2H), 3.85 (s, 2H), 3.84 (s, 3H); 13C NMR (100 MHz, CDCl3): 

162.03, 161.95, 154.70, 139.39, 137.97, 129.32, 128.68, 128.22, 126.69, 125.69, 

112.99, 112.37, 100.38, 55.68, 36.34.  

 

       Ethyl 2-methyl-4,4-diphenylbut-3-enoate10 

Yellow liquid (0.4 mmol scale, 62.0 mg, 55% yield) Rf = 0.30 (petroleum ether/ethyl 

acetate = 50:1) 1H NMR (400 MHz, CDCl3): δ 7.40-7.31 (m, 3H), 7.28-7.20 (m, 7H), 

6.12 (d, J = 10.2 Hz, 1H), 4.13 (q, J = 7.1 Hz, 2H), 3.27 (qd, J = 7.1 Hz, 10.2 Hz, 1H), 

1.27 (d, J = 7.0 Hz, 3H), 1.25 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): 

174.92, 142.90, 141.85, 139.35, 129.73, 128.29, 128.10, 127.87, 127.33, 127.29, 

60.59, 40.39, 18.47, 14.18. 

 

     Ethyl 3-(3,4-dihydronaphthalen-1-yl)-2-methylpropanoate   

Colorless liquid (0.2 mmol scale, 8.2 mg, 17% yield; endo/exo = 1/0.4, detected by 1H 

NMR) Rf = 0.40 (petroleum ether/ethyl acetate = 15:1) 1H NMR (400 MHz, CDCl3): δ 

7.36-7.30 (m, 4.3H), 7.29-7.24 (m, 0.7H), 7.15-7.12 (m, 0.7H), 5.68 (t, J = 7.2 Hz, 

1H), 5.49 (t, J = 7.2 Hz, 0.4H), 4.08-4.00 (m, 2.8H), 3.45 (dt, J = 7.0 Hz, 1.5 Hz, 2H), 

3.31 (t, J = 7.0 Hz, 0.8H), 2.95-2.90 (m, 0.8H), 2.83-2.78 (m, 2H), 2.75-2.68 (m, 

0.4H), 2.63-2.58 (m, 1H), 2.51-2.46 (m, 0.8H), 2.44-2.35 (m, 2H), 1.20 (t, J = 7.1 Hz, 

4.2H), 1.10 (d, J = 6.6 Hz, 1.2H), 1.07 (d, J = 7.0 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): 176.18, 141.84, 141.37, 140.42, 139.57, 128.34, 128.30, 128.27, 127.35, 

127.22, 127.05, 126.60, 125.80, 60.31, 60.21, 43.37, 38.02, 37.80, 33.50, 32.78, 32.44, 



 

 S26 

32.10, 31.92, 16.74, 16.60, 14.23, 14.16. HRMS (ESI) calcd for C16H21O2
+ [M+H]+ 

245.1536, found 245.1534. 
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VII. Copies of 1H, 13C and 19F NMR Spectra 
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