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General Information 

Nuclear magnetic resonan ce spectroscopies were recorded on Bruker-400 MHz 

instruments. 1H NMR was internally referenced to tetramethylsilane (0.0 ppm) or 

residue of CDCl3 (7.26 ppm) or DMSO-d6 (2.50 ppm) signal; 13C NMR was referenced 

to the residue of CDCl3 (77.00 ppm) or DMSO-d6 (39.50 ppm). High resolution mass 

spectral analysis (HRMS) was performed on Waters XEVO G2 Q-TOF (Waters 

Corporation). All reactions were performed under an inert atmosphere of nitrogen in 

sealed tube, unless otherwise stated. 1,3-Dichloropropane (DCP) and 1,3-dimethyl-2-

imidazolidinone (DMI) were distilled over calcium hydride under an atmosphere of 

nitrogen. 

All the selenoates except 2o and 2p are known compounds, which were prepared 

according to the literatures.1-3 
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General Procedure for Palladium/NBE-Catalyzed α-Acyl Selenides Synthesis 

A flame-dried sealed tube was charged with aryl iodide 1 (0.20 mmol, 1.0 equiv), 

selenate 2 (0.30 mmol, 1.5 equiv), PdCl2 (3.5 mg, 0.02 mmol, 10 mol %), TFP (11.6 

mg, 0.05 mmol, 25 mol %), norbornene (56.5 mg, 0.60 mmol, 3.0 equiv), K2CO3 (82.9 

mg, 0.60 mmol, 3.0 equiv) and 1,3-dichloropropane (4.0 ml, 0.050 mol/L). After the 

reaction being heated in an oil bath at 100 oC for 16 h, the reaction mixture was cooled 

to room temperature and filtered through a pad of celite with EtOAc as the eluent. The 

filtrate was evaporated under reduced pressure, and the residue was purified by column 

chromatography on silica gel (petroleum ether/dichloromethane) to give the 

corresponding selenides 3. 

O,Se-dibenzyl carbonoselenoate (2o) 

 

To a solution of 1,2-dibenzyldiselane (0.680 g, 2.0 mmol) in DMF (20 mL) was 

added NaBH4 (75.6 mg, 2.0 mmol, 1.0 equiv), and the solution was stirred at room 

temperature for 30 min. Benzyl chloroformate (0.717 g, 4.2 mmol, 2.1 equiv) was added 

and stirred for 3 h. The reaction was quenched by the addition of H2O (40 mL) and 

extracted with ethyl acetate three times. The combined organic layer was washed with 

brine, dried over Na2SO4, and purified by column chromatography on silica gel 

(petroleum ether : ethyl acetate = 100:1) to give O,Se-dibenzyl carbonoselenoate (2o) 

(0.330 g, 1.1 mmol, 54%). 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.20 (m, 10 H), 5.28 

(s, 2 H), 4.17 (s, 2 H). 13C NMR (101 MHz, CDCl3) δ 167.7, 138.3, 135.0, 128.9, 

128.63, 128.61, 128.5, 127.2, 126.7, 69.5, 30.7; HRMS (ESI) calcd. for C15H14O2SeNa 

[M+Na]+ 329.0057, found 329.0062. 

Se-benzyl 2-phenoxypropaneselenoate (2p) 

 

To a solution of 1,2-dibenzyldiselane (0.680 g, 2.0 mmol) in DMF (20 mL) was 

added NaBH4 (75.6 mg, 2 mmol, 1.0 equiv), and the solution was stirred at room 

temperature for 30 min. 2-Phenoxypropanoyl chloride (0.775 g, 4.2 mmol, 2.1 equiv) 
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was added and stirred for 3 h. The reaction was quenched by the addition of H2O (40 

mL) and extracted with ethyl acetate three times. The combined organic layer was 

washed with brine, dried over Na2SO4, and purified by column chromatography on 

silica gel (petroleum ether : ethyl acetate = 100:1) to give Se-benzyl 2-

phenoxypropaneselenoate (2p) (0.240 g, 0.75 mmol, 38%). 1H NMR (400 MHz, CDCl3) 

δ 7.31 - 7.27 (m, 3 H), 7.25 - 7.16 (m, 3 H), 7.22 - 7.16 (m, 1 H), 7.00 (t, J = 7.2 Hz, 1 

H), 6.95 - 6.86 (m, 2 H), 4.73 (q, J = 6.4 Hz, 1 H), 4.12 (d, J = 12.4 Hz, 1 H), 4.08 (d, 

J = 12.4 Hz, 1 H), 1.55 (d, J = 6.0 Hz, 3 H). 13C NMR (101 MHz, CDCl3) δ 206.9, 

157.3, 138.7, 129.6, 128.9, 128.6, 126.9, 122.2, 115.6, 81.6, 27.6, 18.8; HRMS (ESI) 

calcd. for C16H16O2SeNa [M+Na]+ 343.0213, found 343.0207. 

Isopropyl 1-(phenylselanyl)-2-naphthoate (3a) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2a (68.1 mg, 0.30 mmol, 1.5 equiv) afforded 3a (58.7 mg, 83%) (petroleum ether : 

dichloromethane = 4 : 1). 1H NMR (400 MHz, CDCl3) δ 8.46 (d, J = 8.4 Hz, 1 H), 7.98 

(d, J = 8.4 Hz, 1 H), 7.88 - 7.85 (m, 1 H), 7.58 - 7.48 (m, 2 H), 7.40 (d, J = 8.0 Hz, 1 

H), 7.21 - 7.07 (m, 5 H), 3.33 (hept, J = 6.8 Hz, 1 H), 1.24 (d, J = 6.8 Hz, 6 H); 13C 

NMR (101 MHz, CDCl3) δ 209.8, 146.2, 133.5, 133.0, 131.8, 129.6, 128.21, 128.17, 

127.7, 127.5, 126.9, 126.1, 125.2, 122.7, 121.8, 40.3, 17.3; HRMS (ESI) calcd. for 

C20H19OSe [M+H]+ 355.0601, found 355.0600. 

2-phenoxy-1-(1-(phenylselanyl)naphthalen-2-yl)propan-1-one (3b) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2b (91.6 mg, 0.30 mmol, 1.5 equiv) afforded 3b (63.0 mg, 73%) (petroleum ether : 

dichloromethane = 4 : 1). 1H NMR (400 MHz, CDCl3) δ 8.44 (d, J = 8.0 Hz, 1 H), 7.97 
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(d, J = 8.4 Hz, 1 H), 7.87 (d, J = 7.6 Hz, 1 H), 7.58 - 7.46 (m, 3 H), 7.17 (t, J = 8.0 Hz, 

2 H), 7.10 - 7.05 (m, 5 H), 6.91 (t, J = 7.2 Hz, 1 H), 6.82 (d, J = 8.4 Hz, 2 H), 5.47 (q, 

J = 6.8 Hz, 1 H), 1.63 (d, J = 6.8 Hz, 3 H); 13C NMR (101 MHz, CDCl3) δ 204.6, 157.4, 

144.8, 134.34, 134.28, 132.7, 130.5, 129.4, 129.29, 129.28, 129.0, 128.6, 128.0, 127.4, 

126.3, 124.0, 123.9, 121.5, 115.8, 78.5, 17.4; HRMS (ESI) calcd. for C25H20O2SeNa 

[M+Na]+ 455.0526, found 455.0524. 

2,2-dimethyl-1-(1-(phenylselanyl)naphthalen-2-yl)propan-1-one (3c) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2c (72.4 mg, 0.30 mmol, 1.5 equiv) afforded 3c (50.0 mg, 68%) (petroleum ether : 

dichloromethane = 4 : 1). 1H NMR (400 MHz, CDCl3) δ 8.46 - 8.36 (m, 1 H), 7.96 (d, 

J = 8.4 Hz, 1 H), 7.90 - 7.84 (m, 1 H), 7.63 - 7.50 (m, 2 H), 7.30 (d, J = 8.4 Hz, 1 H), 

7.20 - 7.15 (m, 2 H), 7.12 - 7.06 (m, 3 H), 1.31 (s, 9 H); 13C NMR (101 MHz, CDCl3) 

δ 213.6, 147.4, 134.5, 133.5, 132.5, 130.4, 129.6, 129.1, 128.7, 128.6, 127.9, 126.8, 

126.2, 122.5, 121.9, 44.7, 27.8; HRMS (ESI) calcd. for C21H21OSe [M+H]+ 369.0758, 

found 369.0760. 

Phenyl(1-(phenylselanyl)naphthalen-2-yl)methanone (3d) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2d (78.4 mg, 0.30 mmol, 1.5 equiv) afforded 3d (43.4 mg, 56%) (petroleum ether : 

dichloromethane = 4 : 1). 1H NMR (400 MHz, CDCl3) δ 8.57 - 8.48 (m, 1 H), 8.03 (d, 

J = 8.3 Hz, 1 H), 7.97 - 7.89 (m, 1 H), 7.76 (d, J = 7.6 Hz, 2 H), 7.62 - 7.55 (m, 2 H), 

7.55 – 7.45 (m, 2 H), 7.35 (t, J = 7.6 Hz, 2 H), 7.11 - 7.07 (m, 2 H), 7.06 - 7.02 (m, 3 

H); 13C NMR (101 MHz, CDCl3) δ 197.1, 145.2, 137.2, 134.6, 134.2, 133.2, 132.7, 

130.6, 129.94, 129.91, 129.0, 128.9, 128.7, 128.4, 128.1, 127.2, 126.3, 124.5, 124.2; 
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HRMS (ESI) calcd. for C23H16OSeNa [M+Na]+ 411.0264, found 411.0264. 

(4-fluorophenyl)(1-(phenylselanyl)naphthalen-2-yl)methanone (3e) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2e (83.8 mg, 0.30 mmol, 1.5 equiv) 16 h afforded 3e (47.0 mg, 58%) (petroleum ether : 

dichloromethane = 4 : 1). 1H NMR (400 MHz, CDCl3) δ 8.58 - 8.50 (m, 1 H), 8.04 (d, 

J = 12.4 Hz, 1 H), 7.96 - 7.89 (m, 1 H), 7.80 - 7.70 (m, 2 H), 7.65 - 7.55 (m, 2 H), 7.46 

(d, J = 8.0 Hz, 1 H), 7.14 - 7.03 (m, 5 H), 7.00 (t, J = 8.4 Hz, 2 H); 13C NMR (101 

MHz, CDCl3) δ 195.6, 165.8 (d, J = 257.6 Hz), 144.8, 134.7, 134.2, 133.7 (d, J = 2.0 

Hz), 132.7, 132.5 (d, J = 9.1 Hz), 130.7, 129.9, 129.0, 128.9, 128.7, 128.2, 127.3, 126.4, 

124.5, 124.0, 115.5 (d, J = 22.2 Hz); 19F NMR (376 MHz, CDCl3) δ -104.6; HRMS 

(ESI) calcd. for C23H16FOSe [M+H]+ 407.0350, found 407.0352. 

(1-(phenylselanyl)naphthalen-2-yl)(o-tolyl)methanone (3f) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2f (82.6 mg, 0.30 mmol, 1.5 equiv) afforded 3f (69.0 mg, 86%) (petroleum ether : 

dichloromethane = 4 : 1). 1H NMR (400 MHz, CDCl3) δ 8.48 (d, J = 7.6 Hz, 1 H), 8.03 

(d, J = 8.0 Hz, 1 H), 7.95 -7.85 (m, 1 H), 7.62 - 7.49 (m, 3 H), 7.34 - 7.27 (m, 2 H), 

7.17 (d, J = 8.0 Hz, 1 H), 7.11 - 7.00 (m, 5 H), 7.00 - 6.92 (m, 1 H), 2.68 (s, 3 H); 13C 

NMR (101 MHz, CDCl3) δ 199.5, 146.4, 140.0, 137.2, 134.7, 134.3, 132.8, 131.9, 131.8, 

131.7, 130.5, 129.7, 128.9, 128.6, 128.0, 127.2, 126.1, 125.1, 124.9, 124.8, 21.6; 

HRMS (ESI) calcd. for C24H19OSe [M+H]+ 403.0601, found 403.0604. 

(2-chlorophenyl)(1-(phenylselanyl)naphthalen-2-yl)methanone (3g) 
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The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2g (88.7 mg, 0.30 mmol, 1.5 equiv) afforded 3g (76.8 mg, 91%) (petroleum ether : 

dichloromethane = 4 : 1). 1H NMR (400 MHz, CDCl3) δ 8.50 (d, J = 8.0 Hz, 1 H), 8.02 

(d, J = 8.4 Hz, 1 H), 7.91 (d, J = 8.0 Hz, 1 H), 7.64 - 7.50 (m, 3 H), 7.39 (d, J = 7.6 Hz, 

1 H), 7.38 - 7.27 (m, 2 H), 7.10 (t, J = 7.6 Hz, 1 H), 7.05 - 7.00 (m, 5 H); 13C NMR (101 

MHz, CDCl3) δ 196.5, 145.0, 137.7, 134.8, 134.6, 133.1, 132.9, 132.2, 131.7, 130.9, 

130.5, 129.5, 129.3, 128.9, 128.6, 128.0, 127.7, 126.2, 126.1, 125.9, 125.4; HRMS 

(ESI) calcd. for C23H16ClOSe [M+H]+ 423.0055, found 423.0054. 

Methyl 1-(phenylselanyl)-2-naphthoate (3h) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2h (64.5 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) afforded 3h 

(36.9 mg, 54%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR (400 MHz, 

CDCl3) δ 8.51 (d, J = 8.0 Hz, 1 H), 7.95 (d, J = 12.8 Hz, 1 H), 7.85 (d, J = 8.0 Hz, 1 H), 

7.65 (d, J = 12.4 Hz, 1 H), 7.57 - 7.45 (m, 2 H), 7.23 - 7.21 (m, 2 H), 7.15 - 7.07 (m, 3 

H), 3.92 (s, 3 H); 13C NMR (101 MHz, CDCl3) δ 169.4, 138.3, 134.6, 134.4, 132.9, 

130.3, 130.1, 129.8, 129.1, 128.5, 127.8, 127.4, 126.3, 124.4, 52.5; HRMS (ESI) calcd. 

for C18H14O2SeNa [M+Na]+ 365.0057, found 365.0054. 

1-(phenylselanyl)-2-naphthoic acid (demethyl-3h)  

 

Potassium hydroxide (0.137 g, 2.45 mmol) was added to the solution of 3h (0.155 g, 
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0.45 mmol) in methanol (5 ml), and refluxed at 85 oC overnight. After being cooled to 

room temperature, the reaction was quenched with HCl (1 M) to pH ~ 1-2, then 

extracted with ethyl acetate three times. The combined organic layer was washed with 

brine and dried over Na2SO4. The solid was filtered off and the solution was 

concentrated and the residue was purified by column chromatography on silica gel 

(petroleum ether : ethyl acetate = 5 : 1) to afford demethyl-3h (0.143 g, 93%). M.p. 

191.7-192.8 oC; 1H NMR (400 MHz, DMSO-d6) δ 8.29 (d, J = 7.6 Hz, 1 H), 8.00 (d, J 

= 8.4 Hz, 1 H), 7.96 - 7.90 (m, 1 H), 7.64 (d, J = 8.4 Hz, 1 H), 7.54 - 7.45 (m, 2 H), 

7.27 - 7.20 (m, 2 H), 7.19 - 7.10 (m, 3 H); 13C NMR (101 MHz, DMSO-d6) δ 172.6, 

145.9, 133.54, 133.52, 133.3, 129.9, 129.6, 129.1, 128.7, 128.6, 127.2, 126.1, 125.9, 

125.0, 122.8. HRMS (ESI) calcd. for C17H12O2SeNa [M+Na]+ 350.9900, found 

350.9903. 

Ethyl 1-(phenylselanyl)-2-naphthoate (3i) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2i (68.7 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) afforded 3i 

(49.0 mg, 69%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR (400 MHz, 

CDCl3) δ 8.51 (d, J = 8.0 Hz, 1 H), 7.95 (d, J = 12.4 Hz, 1 H), 7.85 (d, J = 8.4 Hz, 1 H), 

7.65 (d, J = 12.8 Hz, 1 H), 7.57 - 7.46 (m, 2 H), 7.24 - 7.19 (m, 2 H), 7.15 - 7.08 (m, 3 

H), 4.39 (q, J = 7.2 Hz, 2 H), 1.32 (t, J = 7.2 Hz, 3 H); 13C NMR (101 MHz, CDCl3) δ 

169.1, 138.8, 134.54, 134.47, 133.1, 130.2, 130.1, 129.7, 129.1, 128.5, 127.7, 127.4, 

126.9, 126.2, 124.3, 61.8, 14.1; HRMS (ESI) calcd. for C19H16O2SeNa [M+Na]+ 

379.0213, found 379.0216. 

Procedure for 2.70 mmol Scale Synthesis of 3i 

A flame-dried sealed tube was charged with 1-iodonaphthalene 1a (0.686 g, 2.70 

mmol, 1.0 equiv), selenate 2i (0.916 g, 4.00 mmol, 1.5 equiv), PdCl2 (48 mg, 0.27 mmol, 

10 mol %), TFP (0.128 g, 0.55 mmol, 22 mol %), norbornene (0.283 g, 8.10 mmol, 3.0 

equiv), K2CO3 (1.10 g, 8.10 mmol, 3.0 equiv), 1,3-dichloropropane (50 ml) and DMI 

(2.5 ml). After stirring at 100 oC for 16 h, the reaction mixture was cooled to room 
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temperature and filtered through a pad of celite with EtOAc as the eluent to get rid of 

the solid. The filtrate was evaporated under reduced pressure, and the residue was 

purified by column chromatography on silica gel (petroleum ether/CH2Cl2 = 4:1) to 

give 3l (0.672 g, 70%). The analytic data were identical with the compound obtained at 

0.20 mmol scale reaction.  

 

Isopropyl 1-(phenylselanyl)-2-naphthoate (3j) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2j (72.9 mg, 0.30 mmol, 1.5 equiv) afforded 3j (45.8 mg, 62%) (petroleum ether : 

dichloromethane = 4 : 1). 1H NMR (400 MHz, CDCl3) δ 8.51 (d, J = 8.0 Hz, 1 H), 7.95 

(d, J = 12.4 Hz, 1 H), 7.85 (d, J = 8.4 Hz, 1 H), 7.62 (d, J = 8.4 Hz, 1 H), 7.56 - 7.41 

(m, 2 H), 7.23 - 7.20 (m, 2 H), 7.16 - 7.03 (m, 3 H), 5.29 (hept, J = 6.0 Hz, 1 H), 1.33 

(d, J = 6.0 Hz, 6 H); 13C NMR (101 MHz, CDCl3) δ 168.6, 139.3, 134.51, 134.45, 133.1, 

130.2, 130.0, 129.6, 129.0, 128.5, 127.7, 127.3, 126.3, 126.1, 124.2, 69.7, 21.7; HRMS 

(ESI) calcd. for C20H19O2Se [M+H]+ 371.0550, found 371.0545. 

Benzyl 1-(phenylselanyl)-2-naphthoate (3k) 

  

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2k (87.4 mg, 0.30 mmol, 1.5 equiv) afforded 3k (52.6 mg, 63%) (petroleum ether : 

dichloromethane = 4 : 1). 1H NMR (400 MHz, CDCl3) δ 8.52 (d, J = 8.4 Hz, 1 H), 7.94 

(d, J = 8.4 Hz, 1 H), 7.85 (d, J = 7.2 Hz, 1 H), 7.66 (d, J = 8.4 Hz, 1 H), 7.56 - 7.46 (m, 

2 H), 7.37 - 7.35 (m, 2 H), 7.34 - 7.30 (m, 3 H), 7.19 - 7.18 (m, 2 H), 7.14 - 7.04 (m, 3 

H), 5.36 (s, 2 H); 13C NMR (101 MHz, CDCl3) δ 168.8, 138.4, 135.3, 134.6, 134.5, 

133.0, 130.2, 130.1, 129.7, 129.1, 128.5, 128.3, 127.8, 127.5, 127.1, 126.2, 124.4, 67.6; 

HRMS (ESI) calcd. for C24H18O2SeNa [M+Na]+ 441.0370, found 441.0374. 
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(3-methyl-2-(phenylselanyl)phenyl)(o-tolyl)methanone (3l) 

 

The reaction of 1-iodo-2-methylbenzene 1b (43.6 mg, 0.20 mmol, 1.0 equiv), 

selenoester 2f (82.6 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) 

afforded 3l (56.3 mg, 77%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.42 - 7.39 (m, 1 H) , 7.39 - 7.37 (m, 1 H), 7.33 - 7.27 (m, 2 H), 7.25 - 

7.19 (m, 2 H), 7.13 - 7.00 (m, 6 H), 2.61 (s, 3 H), 2.36 (s, 3 H); 13C NMR (101 MHz, 

CDCl3) δ 199.6, 147.9, 144.0, 139.9, 137.3, 132.4, 131.81, 131.76, 131.63, 131.59, 

129.8, 129.04, 128.97, 126.8, 126.2, 125.9, 125.1, 23.0, 21.5; HRMS (ESI) calcd. for 

C21H18OSeNa [M+Na]+ 389.0421, found 389.0422. 

(4-fluoro-3-methyl-2-(phenylselanyl)phenyl)(o-tolyl)methanone (3m) 

 

The reaction of 1-fluoro-3-iodo-2-methylbenzene 1c (47.2 mg, 0.20 mmol, 1.0 

equiv), selenoester 2f (82.6 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 

mL) afforded 3m (66.7 mg, 87%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR 

(400 MHz, CDCl3) δ 7.36 - 7.28 (m, 2 H), 7.25 - 7.23 (m, 1 H), 7.22 - 7.14 (m, 2 H), 

7.14 - 7.03 (m, 6 H), 2.59 (s, 3 H), 2.26 (s, 3 H); 13C NMR (101 MHz, CDCl3) δ 198.6, 

161.8 (d, J = 252.5 Hz), 143.4 (d, J = 4.0 Hz), 139.7, 137.5, 132.1, 131.7 (d, J = 13.1 

Hz), 131.4, 131.1, 130.9, 130.6 (d, J = 2.0 Hz), 130.3, 129.1, 127.38 (d, J = 9.1 Hz), 

126.6, 125.2, 115.65 (d, J = 23.2 Hz), 21.34, 14.94 (d, J = 4.0 Hz); 19F NMR (376 MHz, 

CDCl3) δ -108.3; HRMS (ESI) calcd. for C21H17FOSeNa [M+Na]+ 407.0326, found 

407.0323. 

(4-chloro-3-methyl-2-(phenylselanyl)phenyl)(o-tolyl)methanone (3n) 
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The reaction of 1-chloro-3-iodo-2-methylbenzene 1d (50.5 mg, 0.20 mmol, 1.0 

equiv), selenoester 2f (82.6 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 

mL) afforded 3n (70.4 mg, 88%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR 

(400 MHz, CDCl3) δ 7.50 (d, J = 8.0 Hz, 1 H), 7.35 - 7.29 (m, 1 H), 7.26 - 7.21 (m, 2 

H), 7.18 (d, J = 6.8 Hz, 1 H), 7.15 - 7.09 (m, 3 H), 7.09 - 6.98 (m, 3 H), 2.61 (s, 3 H), 

2.47 (s, 3 H). 13C NMR (101 MHz, CDCl3) δ 198.5, 146.4, 141.6, 140.0, 137.0, 136.5, 

132.1, 131.9, 131.8, 131.6, 130.1, 130.0, 129.2, 129.1, 126.6, 126.5, 125.2, 21.5, 20.8; 

HRMS (ESI) calcd. for C21H17ClOSeNa [M+Na]+ 423.0031, found 423.0028. 

(5-fluoro-3-methyl-2-(phenylselanyl)phenyl)(o-tolyl)methanone (3o) 

 

The reaction of 4-fluoro-1-iodo-2-methylbenzene 1e (47.2 mg, 0.20 mmol, 1.0 

equiv), selenoester 2f (82.6 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 

mL) afforded 3o (46.0 mg, 60%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR 

(400 MHz, CDCl3) δ 7.32 (t, J = 7.2 Hz, 1 H), 7.26-7.24 (m, 1 H), 7.20 (d, J = 8.0 Hz, 

1 H), 7.15 - 7.07 (m, 4 H), 7.07 - 6.99 (m, 4 H), 2.63 (s, 3 H), 2.38 (s, 3 H); 13C NMR 

(101 MHz, CDCl3) δ 198.0, 162.8 (d, J = 22.5 Hz), 149.9 (d, J = 7.1 Hz), 147.1 (d, J = 

8.1 Hz), 140.2, 136.5, 132.1, 132.0 (d, J = 2.0 Hz), 131.8, 129.6, 129.0, 126.3, 125.2, 

121.5, 121.4, 118.5 (d, J = 21.2 Hz), 112.9 (d, J = 23.2 Hz), 23.2, 21.6; 19F NMR (376 

MHz, CDCl3) δ -111.6; HRMS (ESI) calcd. for C21H17FOSeNa [M+Na]+ 407.0326, 

found 407.0326. 

(3-isopropyl-2-(phenylselanyl)phenyl)(o-tolyl)methanol (3p) 
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The reaction of 1-iodo-2-isopropylbenzene 1f (49.2 mg, 0.20 mmol, 1.0 equiv), 

selenoester 2f (82.6 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) 

afforded the corresponding ketone (petroleum ether : dichloromethane = 3 : 1), which 

was purified after the reduction with NaBH4 (15.1 mg, 0.4 mmol) in MeOH (4.0 mL)  

as alcohol 3p’ (47.4 mg, 60% yield for two steps) (petroleum ether:ethyl acetate = 20:1). 

1H NMR (400 MHz, CDCl3) δ 7.42 - 7.30 (m, 3 H), 7.21 - 7.03 (m, 9 H), 6.52 (d, J = 

4.0 Hz, 1 H), 3.74 (hept, J = 6.8 Hz, 1 H), 2.43 (d, J = 4.4 Hz, 1 H), 2.07 (s, 3 H), 1.17 

(d, J = 7.2 Hz, 3 H), 1.14 (d, J = 6.8 Hz, 3 H); 13C NMR (101 MHz, CDCl3) δ 154.1, 

147.5, 141.2, 141.0, 135.7, 133.6, 130.21, 130.16, 129.2, 128.9, 127.3, 126.5, 126.0, 

125.94, 125.92, 73.4, 33.8, 24.21, 24.17, 19.3; HRMS (ESI) calcd. for C23H24OSeNa 

[M+Na]+ 419.0890, found 419.0893. 

(3-methoxy-2-(phenylselanyl)phenyl)(o-tolyl)methanone (3q) 

 

The reaction of 1-iodo-2-methoxybenzene 1g (46.8 mg, 0.20 mmol, 1.0 equiv), 

selenoester 2f (82.6 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) 

afforded 3q (24.4 mg, 32%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.42 - 7.36 (m, 2 H), 7.34 - 7.28 (m, 2 H), 7.25 - 7.18 (m, 2 H), 7.14 - 

7.00 (m, 6 H), 2.61 (s, 3 H), 2.36 (s, 3 H); 13C NMR (101 MHz, CDCl3) δ 199.6, 147.9, 

144.0, 139.9, 137.3, 132.5, 131.82, 132.77, 131.64, 131.60, 129.8, 129.1, 129.0, 126.8, 

126.2, 125.9, 125.1, 23.0, 21.5; HRMS (ESI) calcd. for C21H19O2Se [M+H]+ 383.0550, 

found 383.0542. 

(3-isopropoxy-2-(phenylselanyl)phenyl)(o-tolyl)methanone (3r) 

 

The reaction of 1-iodo-2-isopropoxybenzene 1h (52.2 mg, 0.20 mmol, 1.0 equiv), 

selenoester 2f (82.6 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) 
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afforded 3r (46.7 mg, 57%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.40 - 7.31 (m, 2 H), 7.30 - 7.25 (m, 2 H), 7.24 - 7.24 (m, 2 H), 7.14 - 

7.05 (m, 4 H), 7.00 (d, J = 7.2 Hz, 1 H), 6.95 (d, J = 12.4 Hz, 1 H), 4.49 (hept, J = 6.0 

Hz, 1 H), 2.62 (s, 3 H), 1.06 (d, J = 6.0 Hz, 6 H); 13C NMR (101 MHz, CDCl3) δ 199.0, 

157.8, 147.7, 139.7, 137.4, 133.0, 131.7, 131.64, 131.61, 131.5, 129.6, 128.5, 126.3, 

125.2, 120.2, 117.8, 114.4, 70.5, 21.4, 21.3; HRMS (ESI) calcd. for C23H22O2SeNa 

[M+Na]+ 433.0683, found 433.0680. 

(4-fluoro-3-methoxy-2-(phenylselanyl)phenyl)(o-tolyl)methanone (3s) 

 

The reaction of 1-fluoro-3-iodo-2-methoxybenzene 1i (50.4 mg, 0.20 mmol, 1.0 

equiv), selenoester 2f (82.6 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 

mL) afforded 3s (52.7 mg, 66%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR 

(400 MHz, CDCl3) δ 7.40 - 7.32 (m, 1 H), 7.33 - 7.26 (m, 3 H), 7.22 (d, J = 7.6, Hz, 1 

H), 7.20 - 7.07 (m, 6 H), 3.63 (d, J = 2.0 Hz, 3 H), 2.55 (s, 3 H); 13C NMR (101 MHz, 

CDCl3) δ 197.8, 156.7 (d, J = 256.5 Hz), 148.7 (d, J = 11.1 Hz), 141.9 (d, J = 4.0 Hz), 

139.6, 137.2, 132.10, 132.06, 131.7 (d, J = 3.0 Hz), 131.2, 128.9, 127.1, 125.7 (d, J = 

1.0 Hz), 125.3, 124.6 (d, J = 8.1 Hz), 117.1, 116.9, 60.8 (d, J = 6.1 Hz), 21.2; 19F NMR 

(376 MHz, CDCl3) δ -123.9; HRMS (ESI) calcd. for C21H18FO2Se [M+H]+ 401.0455, 

found 401.0455. 

(2-(phenylselanyl)-3-(trifluoromethyl)phenyl)(o-tolyl)methanone (3t) 

 

The reaction of 1-iodo-2-(trifluoromethyl)benzene 1j (54.4 mg, 0.20 mmol, 1.0 

equiv), selenoester 2f (82.8 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 

mL) afforded 3t (30.0 mg, 36%) (petroleum ether : dichloromethane = 3 : 1). 1H NMR 

(400 MHz, CDCl3) δ 7.90 (dd, J = 7.6, 1.6 Hz, 1 H), 7.63 (t, J = 7.6 Hz, 1 H), 7.57 (dd, 

J = 7.6, 1.6 Hz, 1 H), 7.35 - 7.28 (m, 1 H), 7.23 (d, J = 7.2 Hz, 1 H), 7.12 – 7.02 (m, 5 
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H), 6.99 (d, J = 4.0 Hz, 2 H), 2.55 (s, 3 H). 13C NMR (101 MHz, CDCl3) δ 197.5, 150.2, 

140.5, 135.8, 135.5, 135.2, 132.04 (q, J = 30 Hz), 132.02, 130.6, 129.5, 128.9, 127.9 

(q, J = 6.1 Hz), 126.7, 125.2, 124.7, 123.74, 123.73, 122.0, 21.8. 19F NMR (376 MHz, 

CDCl3) δ -59.0. HRMS (ESI) calcd. for C21H16F3OSe [M+H]+ 421.0318, found 

421.0323. 

(2-(phenylselanyl)-[1,1'-biphenyl]-3-yl)(o-tolyl)methanone (3u) 

 

The reaction of 2-iodo-1,1'-biphenyl 1k (56.0 mg, 0.20 mmol, 1.0 equiv), 

selenoester 2f (82.8 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) 

afforded 3u (36.0 mg, 42%) (petroleum ether : dichloromethane = 3 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.49 - 7.44 (m, 1 H), 7.43 - 7.35 (m, 3 H), 7.33 (d, J = 8.0 Hz, 1 H), 

7.28 (d, J = 7.2 Hz, 1 H), 7.22 - 7.17 (m, 3 H), 7.16 - 7.12 (m, 3 H), 7.02 - 6.97 (m, 1 

H), 6.90 (t, J = 8.0 Hz, 2 H), 6.80 - 6.70 (m, 2 H), 2.60 (s, 3 H). 13C NMR (101 MHz, 

CDCl3) δ 199.1, 147.8, 147.1, 141.6, 139.9, 137.3, 132.7, 132.5, 131.9, 131.8, 131.7, 

131.6, 129.3, 128.41, 128.38, 128.2, 127.7, 127.5, 127.0, 126.3, 125.2, 21.4. HRMS 

(ESI) calcd. for C26H21OSe [M+H]+ 429.0758, found 429.0760. 

(7-methoxy-1-(phenylselanyl)naphthalen-2-yl)(o-tolyl)methanone (3v) 

 

The reaction of 1-iodo-7-methoxynaphthalene 1l (56.8 mg, 0.20 mmol, 1.0 equiv), 

selenoester 2f (82.8 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) 

afforded 3v (71.0 mg, 82%) (petroleum ether : dichloromethane = 3 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.92 (d, J = 8.0 Hz, 1 H), 7.79 (d, J = 7.2 Hz, 1 H), 7.70 (d, J = 2.4 Hz, 

1 H), 7.41 (d, J = 8.0 Hz, 1 H), 7.34 - 7.27 (m, 2 H), 7.22 (d, J = 7.6 Hz, 1 H), 7.18 (dd, 

J = 8.8, 2.4 Hz, 1 H), 7.13 - 7.08 (m, 2 H), 7.06 - 7.02 (m, 3 H), 7.00 (t, J = 7.6 Hz, 1 

H), 3.70 (s, 3 H), 2.69 (s, 3 H). 13C NMR (101 MHz, CDCl3) δ 199.7, 159.1, 146.5, 
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140.0, 137.3, 136.0, 132.6, 131.9, 131.8, 131.7, 130.14, 130.10, 129.9, 129.7, 128.9, 

126.3, 125.1, 123.8, 122.5, 120.2, 107.1, 55.2, 21.6. HRMS (ESI) calcd. for 

C25H21O2Se [M+H]+ 433.0707, found 433.0708. 

(4-methyl-1-(phenylselanyl)naphthalen-2-yl)(o-tolyl)methanone (3w) 

 

The reaction of 1-iodo-4-methylnaphthalene 1m (53.6 mg, 0.20 mmol, 1.0 equiv), 

selenoester 2f (82.8 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) 

afforded 3w (60.0 mg, 72%) (petroleum ether : dichloromethane = 3 : 1). 1H NMR (400 

MHz, CDCl3) δ 8.53 (d, J = 8.4 Hz, 1 H), 8.07 (d, J = 8.0 Hz, 1 H), 7.63 - 7.57 (m, 1 

H), 7.57 - 7.50 (m, 1 H), 7.41 (s, 1 H), 7.29 - 7.24 (m, 2 H), 7.18 (d, J = 8.0 Hz, 1 H), 

7.04 - 6.98 (m, 5 H), 6.94 (t, J = 8.4 Hz,1 H), 2.78 (s, 3 H), 2.68 (s, 3 H). 13C NMR 

(101 MHz, CDCl3) δ 199.7, 146.3, 134.0, 137.5, 137.2, 134.6, 133.6, 133.0, 131.9, 

131.8, 131.7, 129.5, 128.8, 127.6, 127.1, 126.0, 125.4, 125.1, 124.7, 122.4, 21.6, 19.7. 

HRMS (ESI) calcd. for C25H21OSe [M+H]+ 417.0758, found 417.0757. 

(1-(methylselanyl)naphthalen-2-yl)(o-tolyl)methanone (3x) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2l (63.9 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) afforded 3x 

(31.9 mg, 47%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR (400 MHz, 

CDCl3) δ 8.60 (d, J = 8.0 Hz, 1 H), 7.95 (d, J = 8.4 Hz, 1 H), 7.91 (d, J = 7.6 Hz, 1 H), 

7.70 - 7.62 (m, 1 H), 7.63 - 7.55 (m, 1 H), 7.47 (d, J = 8.4 Hz, 1 H), 7.40 - 7.30 (m, 2 

H), 7.19 (d, J = 7.2 Hz, 1 H), 7.09 (t, J = 7.6 Hz, 1 H), 2.75 (s, 3 H), 1.97 (s, 3 H); 13C 

NMR (101 MHz, CDCl3) δ 199.7, 145.9, 140.2, 137.6, 134.4, 134.1, 131.9, 131.8, 

131.7, 129.7, 128.8, 128.5, 127.8, 127.1, 126.2, 125.1, 124.4, 21.7, 10.0; HRMS (ESI) 

calcd. for C19H16OSeNa [M+Na]+ 363.0264, found 363.0267. 
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(1-(ethylselanyl)naphthalen-2-yl)(o-tolyl)methanone (3y) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2m (68.1 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) afforded 3y 

(41.7 mg, 59%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR (400 MHz, 

CDCl3) δ 8.63 (d, J = 8.8 Hz, 1 H), 7.95 (d, J = 8.4 Hz, 1 H), 7.91 (d, J = 8.0 Hz, 1 H), 

7.69 - 7.55 (m, 2 H), 7.49 (d, J = 8.4 Hz, 1 H), 7.41 - 7.30 (m, 2 H), 7.20 (d, J = 7.2 Hz, 

1 H), 7.08 (t, J = 8.0 Hz, 1 H), 2.75 (s, 3 H), 2.64 (q, J = 8.0 Hz, 2 H), 1.12 (t, J = 7.6 

Hz, 3 H); 13C NMR (101 MHz, CDCl3) δ 199.8, 146.4, 140.1, 137.8, 135.0, 134.0, 

131.9, 131.74, 131.67, 129.6, 128.70, 128.68, 127.6, 127.0, 125.4, 125.1, 124.4, 24.1, 

21.7, 15.4; HRMS (ESI) calcd. for C20H18OSeNa [M+Na]+ 377.0421, found 377.0418. 

(1-(benzylselanyl)naphthalen-2-yl)(o-tolyl)methanone (3z) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2n (86.8 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) afforded 3z 

(49.0 mg, 59%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR (400 MHz, 

CDCl3) δ 8.61 - 8.43 (m, 1 H), 7.96 (d, J = 8.4 Hz, 1 H), 7.93 - 7.85 (m, 1 H), 7.64 - 

7.54 (m, 2 H), 7.48 (d, J = 8.4 Hz, 1 H), 7.43 - 7.32 (m, 2 H), 7.17 - 7.00 (m, 5 H), 6.94 

- 6.79 (m, 2 H), 3.76 (s, 2 H), 2.73 (s, 3 H); 13C NMR (101 MHz, CDCl3) δ 199.6, 

146.4, 140.2, 137.9, 137.8, 135.0, 134.0, 131.9, 131.67, 131.66, 129.9, 128.7, 128.6, 

128.3, 127.7, 127.0, 126.8, 125.8, 125.2, 124.5, 33.8, 21.6; HRMS (ESI) calcd. for 

C25H20OSeNa [M+Na]+ 439.0577, found 439.0580. 

Benzyl 1-(benzylselanyl)-2-naphthoate (3aa) 
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The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2o (91.6 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) afforded 3aa 

(36.2 mg, 42%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR (400 MHz, 

CDCl3) δ 8.65 - 8.52 (m, 1 H), 7.86 (d, J = 8.4 Hz, 1 H), 7.85 - 7.80 (m, 1 H), 7.59 - 

7.52 (m, 3 H), 7.49 (d, J = 7.2 Hz, 2 H), 7.44 - 7.33 (m, 3 H), 7.15 - 7.02 (m, 3 H), 7.02 

- 6.80 (m, 2 H), 5.41 (s, 2 H), 4.00 (s, 2 H); 13C NMR (101 MHz, CDCl3) δ 169.0, 138.6, 

138.4, 135.6, 135.0, 134.2, 129.7, 129.6, 128.7, 128.6, 128.4, 128.3, 128.2, 127.9, 127.5, 

127.2, 126.7, 124.2, 67.4, 34.0; HRMS (ESI) calcd. for C25H20O2SeNa [M+Na]+ 

455.0526, found 455.0525. 

1-(1-(benzylselanyl)naphthalen-2-yl)-2-phenoxypropan-1-one (3bb) 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), selenoester 

2p (95.8 mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) and DMI (0.20 mL) afforded 3bb 

(53.5 mg, 60%) (petroleum ether : dichloromethane = 4 : 1). 1H NMR (400 MHz, 

CDCl3) δ 8.56 - 8.49 (m, 1 H), 7.89 (d, J = 8.4 Hz, 1 H), 7.87 - 7.80 (m, 1 H), 7.60 - 

7.52 (m, 2 H), 7.35 (d, J = 8.4 Hz, 1 H), 7.30 - 7.18 (m, 2 H), 7.14 - 7.06 (m, 3 H), 7.00 

- 6.97 (m, 2 H), 6.96 - 6.91 (m, 3 H), 5.45 (q, J = 6.8 Hz, 1 H), 4.01 (d, J = 10.8 Hz, 1 

H), 3.96 (d, J = 10.8 Hz, 1 H), 1.57 (d, J = 6.8 Hz, 3 H); 13C NMR (101 MHz, CDCl3) 

δ 204.8, 157.6, 144.8, 138.0, 134.7, 133.9, 129.9, 129.4, 128.8, 128.7, 128.5, 128.4, 

127.6, 127.2, 126.9, 125.0, 123.6, 121.5, 116.0, 78.9, 34.5, 17.6; HRMS (ESI) calcd. 

for C26H22O2SeNa [M+Na]+ 469.0683, found 469.0684. 

Control experiments 
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a) The Crossover Reaction 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), 

selenoesters 2g (88.7 mg, 0.30 mmol, 1.5 equiv) and 2l (63.9 mg, 0.30 mmol, 1.5 

equiv) in DCP (4.0 mL) and DMI (0.20 mL) afforded a mixture of 3g and 3x (62.0 

mg) (petroleum ether : dichloromethane = 4 : 1). The analysis of the 1H NMR of 

the mixture indicated the ratio of 3g : 3x was 10 : 1, thus the calculated total yield 

was 77%. 

b)  The Trapping Reaction 

 

The reaction of 1-iodonaphthalene 1a (50.8 mg, 0.20 mmol, 1.0 equiv), O-ethyl 

Se-phenyl carbonoselenoate (68.7 mg, 0.30 mmol, 1.5 equiv) and ethyl acrylate (30.0 

mg, 0.30 mmol, 1.5 equiv) in DCP (4.0 mL) afforded a mixture of 3i (27.7 mg, 39%) 

and 4 (14.9 mg, 25%) (petroleum ether : dichloromethane = 3 : 1). The spectrum data 

of (E)-ethyl 1-(3-ethoxy-3-oxoprop-1-en-1-yl)-2-naphthoate 4 is : 1H NMR (400 MHz, 

CDCl3) δ 8.42 (d, J = 16.4 Hz, 1 H), 8.18 (d, J = 8.0 Hz, 1 H), 7.96 (d, J = 8.4 Hz, 1 H), 

7.90 - 7.80 (m, 2 H), 7.64 - 7.51 (m, 2 H), 6.09 (d, J = 16.4 Hz, 1 H), 4.39 (q, J = 7.2 

Hz, 2 H), 4.33 (q, J = 7.2 Hz, 2 H), 1.42 - 1.38 (m, 3 H), 1.38 - 1.34 (m, 3 H). 13C NMR 

(101 MHz, CDCl3) δ 167.5, 166.2, 143.4, 136.0, 135.0, 130.9, 128.5, 128.2, 127.9, 

127.1, 127.0, 126.7, 125.6, 125.0, 61.4, 60.7, 14.3, 14.2. HRMS (ESI) calcd. for 

C18H18O4Na [M+Na]+ 321.1103, found 321.1105. 

c) The Reaction in the Presence of TEMPO 
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A flame-dried sealed tube was charged with 1-iodonaphthalene 1a (50.8 mg, 0.2 

mmol, 1.0 equiv), selenate 2f (82.6 mg, 0.30 mmol, 1.5 equiv), TEMPO (62.5 mg, 0.4 

mmol, 2.0 euiv), PdCl2 (3.5 mg, 0.02 mmol, 10 mol %), TFP (11.6 mg, 0.05 mmol, 25 

mol %), norbornene (56.5 mg, 0.60 mmol, 3.0 equiv), K2CO3 (82.9 mg, 0.60 mmol, 3.0 

equiv) and 1,3-dichloropropane (4.0 ml). The reaction was stirred at 100 oC in an oil 

bath for 16 h. After being cooled to room temperature, the mixture was filtered through 

a pad of celite with EtOAc as the eluent. The filtrate was evaporated under reduced 

pressure, and the residue was purified by column chromatography on silica gel 

(petroleum ether/CH2Cl2 = 4:1) to give 3f (63.4 mg, 79%). 
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