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1. General considerations 

All the tandem reactions of gem-dihalovinyl substrate with diphenyldiselenide or diphenyldisulfide 

were carried out under an air atmosphere. 
1
H NMR, 

13
C NMR spectra were measured on a Bruker 

Avance NMR spectrometer (400 MHz or 100MHz, respectively) with CDCl3 as solvent and recorded 

in ppm relative to internal tetramethylsilane 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 spectroscopy data of the product were collected on a Waters Micromass 

GCT instrument. 

Solvents, and general chemicals were purchased from commercial suppliers and used without further 

purification. All the gem-dihalovinyl substrates were synthesized according to the reported 

procedures in the literature (See: Y.-Q. Fang and M. Lautens, J. Org. Chem. 2008, 73, 538). 

 

2. Typical procedure for the tandem reaction 

A sealable reaction tube equipped with a magnetic stirrer bar was charged with gem-dihalovinyl 

substrate (0.50 mmol), diphenyldiselenide or diphenyldisulfide (0.25 mmol), t-BuOLi (0.50 mmol), 

I2 (0.050 mmol) and DMSO (2.0 mL). The rubber septum was then replaced by a Teflon-coated 

screw cap, and the reaction vessel placed in an oil bath at 110 C. After stirring the mixture at this 

temperature for 12 h, it was cooled to room temperature and diluted with ethyl acetate, washed with 

water and brine, dried over by Mg2SO4. After the solvent was removed under reduced pressure, the 

residue was purified by column chromatography on silica gel to afford the corresponding product. 
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3. Typical synthetic procedure of 1a-D 

 

To a suspension of methyl 2-nitrobenzoate (5.44 g, 30 mmol) in Et2O (90 mL) was added LiAlD4 

(0.672 g, 16 mmol) in several portions at 0 ºC. After addition, the mixture was stirred at 0 ºC for 

another 2 h before quenched by pouring into HCl (1.0 mol/L, 100 mL). The resulting mixture was 

extracted with Et2O (2×60 mL), washed with NaHCO3 (aq. 20 mL), brine (20 mL), and dried over 

MgSO4. The crude material was chromatographed with 25% EtOAc in hexanes to afford the benzyl 

alcohol as a brown solid (1.52 g, 33%), which was directly used in next step. 

The benzyl alcohol (1.50 g) solution in DCM (30 mL) was added PCC (pyriddinium 

chlorochromate, 3.2 g), and the mixture was stirred at room temperature overnight. The resulting 

mixture was filtered through a celite pad. After the celite was washed with DCM (40 mL), the 

combined organic solvent was evaporated and chromatographed with 20% EtOAc in hexanes to give 

the deuterated 2-nitrobenzaldehyde-D (I) as a slightly yellow solid (1.19 g, 80%). 

 

To a solution of 2-nitrobenzaldehyde-D (I, 1.19 g, 7.76 mmol) and CBr4 (3.86 g, 11.64 mmol) 

in DCM (40 mL) at 0 ºC was added dropwise a solution of PPh3 (6.10 g, 23.28 mmol) in DCM (20 

mL) by an addition funnel. The addition rate was controlled so that the internal temperature was at 

15 ºC. After addition (about 1 h), the mixture was stirred for another 0.5 h before it was warmed to 
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room temperature, and stirred for an additional 1 h. The reaction mixture was filtered through a short 

plug of silica gel (12 g) and was washed with a copious amount of DCM until no product was found. 

Solvent was removed under reduced pressure to give a mixture of the desired intermediate and 

triphenylphosphine oxide. To the mixture was added EtOH (95%, 20 mL) and SnCl2·H2O (8.76 g, 

38.8 mmol). The suspension was heated at 100 ºC (reflux) for 45 min, and then cooled to room 

temperature. After most of the ethanol was removed under reduced pressure, H2O (20 mL) and 

EtOAc (20 mL) were added. To the resulting mixture, solid K2CO3 was added carefully until pH > 

10. The EtOAc layer was separated from the heterogeneous mixture, and the aqueous phase was 

extracted with EtOAc until it was free of the product (4×20 mL). The combined organic solution was 

washed with brine and dried over Na2SO4/K2CO3. Solvent was removed under reduced pressure and 

the residue was redissolved in Et2O. The resulting precipitated Ph3P(O) was removed by filtration. 

The product was further purified by flash chromatography using 10% EtOAc in hexanes. The 

product (II) was obtained as a white solid (1.60 g, 74% yield over 2 steps). 

 

To a solution of II (1.38g, 5.0 mmol) and pyridine (0.8 mL, 10 mmol) in DCM (10 mL) was 

added dropwise MsCl (0.58 mL, 7.5 mmol) at 0 ºC. The mixture was warmed slowly to room 

temperature, stirred for an additional 12 h, and diluted with EtOAc (10 mL). The mixture was 

washed with NaHSO4 (20%, 2×10 mL), NaHCO3 (aq. 10 mL), brine (10 mL), and dried over 

anhydrous Na2SO4. The crude mixture was purified by column chromatography on silica gel to 

afford the product 1a-D as a white solid (1.71 g, 96% yield). 
1
H NMR (CDCl3, 400 MHz) δ: 
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7.56–7.54 (m, 1H), 7.46–7.38 (m, 2H), 7.27–7.24 (m, 1H), 6.64 (s, 1H), 3.07 (s, 3H);
 13

C NMR 

(CDCl3, 100 MHz) δ: 133.76, 130.00, 129.11, 125.79, 122.39, 95.60, 40.15. HRMS (EI) ([M]
+
) 

Calcd. for C9H8DBr2NO2S: 353.8784, Found: 353.8788. 

 

 

4. Suzuki reaction of 4a with 4-MeOC6H4B(OH)2 

 

A mixture of 4a (0.50 mmol), p-methoxyphenylboronic acid (0.75 mmol), Pd(OAc)2 (0.0010 mmol), 

K3PO4 (1.0 mmol) in methanol (2.0 mL) was stirred at 60 °C for 10 h until complete consumption of 

starting material as monitored by TLC. The mixture was added to brine (10 mL) and extracted with 

diethyl ether (3×10 mL). The solvent was concentrated in vacuo and the product 5a was isolated by 

chromatography on a silica gel column (152 mg, 92% yield). 
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5. The 
1
H NMR spectra of isotope experiments 
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6. Characterization data for all products 

 

3a: Yellow solid, m.p. 90.5–91.2 C. 

1
H NMR (400 MHz, CDCl3): δ 8.52 (s, 1H), 7.61 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 

7.30–7.23 (m, 3H), 7.21–7.13 (m, 4H);
 13

C NMR (100 MHz, CDCl3): δ 136.45, 132.35, 130.56, 

129.17, 129.03, 125.97, 123.13, 121.36, 120.17, 118.68, 110.59, 101.39. HRMS (EI) ([M]
+
) Calcd. 

for C14H10N
79

Br
74

Se: 344.9221, Found: 344.9217. 

 

         

3b: Yellow oil. 

1
H NMR (400 MHz, CDCl3): δ 8.50 (s, 1H), 7.45–7.44 (m, 2H), 7.39–7.36 (m, 2H), 7.34–7.32 (m, 

1H), 7.27–7.23 (m, 3H), 7.17–7.14 (m, 4H), 6.97–6.94 (m, 1H), 5.06 (s, 2H);
 13

C NMR (100 MHz, 

CDCl3): δ 154.53, 137.24, 132.39, 131.62, 131.40, 129.25, 129.06, 128.49, 127.85, 127.67, 126.01, 

118.77, 114.04, 111.52, 103.49, 101.22, 70.74. HRMS (EI) ([M]
+
) Calcd. for C21H16N

74
SeOBr: 

450.9640, Found: 450.9636. 

 

 

3c: Yellow solid, m.p. 109.5–110.1 C. 

1
H NMR (400 MHz, CDCl3): δ 8.45 (s, 1H), 7.27–7.14 (m, 5H), 6.96 (s, 1H), 6.80 (s, 1H), 5.94 (s, 

2H);
 13

C NMR (100 MHz, CDCl3): δ 145.68, 144.13, 132.40, 131.19, 129.14, 129.10, 126.03, 125.08, 
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115.21, 101.41, 100.89, 99.22, 91.80. HRMS (EI) ([M]
+
) Calcd. for C15H10NO2

79
Br

74
Se: 388.9120, 

Found: 388.9126. 

 

         

3d: White Solid. m.p. 127.5–127.7 C. 

1
H NMR (400 MHz, CDCl3): δ 8.58 (s, 1H), 7.74 (s, 1H), 7.32 (d, J = 8.7 Hz, 1H), 7.26 (d, J = 6.8 

Hz, 2H), 7.22–7.18 (m, 4H);
 13

C NMR (100 MHz, CDCl3): δ 135.13, 132.37, 131.96, 129.37, 129.21, 

126.31, 126.19, 122.80, 120.11, 114.98, 112.10, 101.27. HRMS (EI) ([M]
+
) Calcd. for 

C14H9N
74

SeBr2: 422.8326, Found: 422.8330. 

 

         

3e: White Solid. m.p. 133.2–133.4 C. 

1
H NMR (400 MHz, CDCl3): δ 8.52 (s, 1H), 7.51–7.48 (m, 1H), 7.28–7.17 (m, 5H), 7.06–7.04 (m, 

1H ), 6.96–6.91 (m, 1H);
 13

C NMR (100 MHz, CDCl3): δ 160.36 (d, J = 238.9 Hz), 136.19 (d, J = 

12.5 Hz), 132.08, 129.39, 129.13, 127.12 (d, J = 1.1 Hz), 126.21, 121.22 (d, J = 9.9 Hz), 118.26 (d, J 

= 3.0 Hz), 110.16 (d, J = 24.3 Hz), 101.75, 97.32 (d, J = 26.7 Hz). HRMS (EI) ([M]
+
) Calcd. for 

C14H9N
74

SeFBr: 362.9127, Found: 362.9125. 

        

 

3f: Yellow solid, m.p. 124.5–124.8 C. 
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1
H NMR (400 MHz, CDCl3): δ 8.60 (s, 1H), 7.57 (s, 1H), 7.28–7.17 (m, 7H);

 13
C NMR (100 MHz, 

CDCl3): δ 134.86, 132.02, 131.81, 129.34, 129.20, 127.39, 126.28, 123.57, 120.25, 119.72, 111.78, 

101.26. HRMS (EI) ([M]
+
) Calcd. for C14H9NCl

79
Br

74
Se: 378.8832, Found: 378.8835. 

 

         

3g: Yellow oil. 

1
H NMR (400 MHz, CDCl3): δ 8.70 (s, 1H), 7.48 (d, J = 8.4 Hz, 1H), 7.36 (s, 1H), 7.27–7.12 (m, 

6H);
 13

C NMR (100 MHz, CDCl3): δ 136.67, 131.99, 129.37, 129.23, 129.20, 129.13, 126.22, 122.19, 

121.16, 119.19, 110.61, 101.88. HRMS (EI) ([M]
+
) Calcd. for C14H9N

74
SeClBr: 378.8832, Found: 

378.8827. 

 

         

3h: White solid. m.p. 111.2–111.5 C 

1
H NMR (400 MHz, CDCl3): δ 8.72 (s, 1H), 7.31–7.26 (m, 3H), 7.21–7.10 (m, 5H);

 13
C NMR (100 

MHz, CDCl3): δ 137.76, 134.22, 129.28, 129.01, 126.51, 126.18, 125.95, 123.40, 122.76, 121.82, 

109.57, 100.26. HRMS (EI) ([M]
+
) Calcd. for C14H9N

74
SeClBr: 378.8832, Found: 378.8830. 

 

         

3i: White Solid. m.p. 133.9-134.2 C. 
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1
H NMR (400 MHz, CDCl3): δ 9.23 (s, 1H), 7.97–7.93 (m, 2H), 7.68–7.66 (m, 1H), 7.58–7.55 (m, 

2H), 7.51–7.47 (m, 1H), 7.30–7.27 (m, 2H), 7.19–7.14 (m, 3H);
 13

C NMR (100 MHz, CDCl3): δ 

132.55, 131.53, 130.72, 129.22, 129.09, 129.07, 127.09, 126.11, 126.03, 124.70, 122.29, 120.82, 

119.73, 119.15, 115.38, 103.29. HRMS (EI) ([M]
+
) Calcd. for C18H12N

74
SeBr: 394.9378, Found: 

394.9374. 

 

         

3j: Yellow oil. 

1
H NMR (400 MHz, CDCl3): δ 8.51 (s, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 

7.29–7.25 (m, 3H), 7.21–7.14 (m, 4H);
 13

C NMR (100 MHz, CDCl3): δ 134.92, 132.37, 130.39, 

130.11, 129.28, 129.08, 126.04, 123.26, 121.48, 120.18, 110.63, 97.41. HRMS (EI) ([M]
+
) Calcd. for 

C14H10N
74

SeCl: 300.9727, Found: 300.9726. 

 

         

4a: Yellow solid, m.p. 102.4–103.1 C. 

1
H NMR (400 MHz, CDCl3): δ 8.47 (s, 1H), 7.62 (d, J = 7.9 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 

7.30–7.26 (m, 1H), 7.24–7.16 (m, 5H), 7.15–7.11 (m, 1H);
 13

C NMR (100 MHz, CDCl3): δ 137.41, 

136.17, 129.47, 128.78, 126.27, 125.18, 123.22, 121.41, 119.24, 118.31, 110.80, 104.61. HRMS (EI) 

([M]
+
) Calcd. for C14H10BrNS: 302.9717, Found: 302.9721. 
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4b: White solid, m.p. 116.2–116.6 C. 

1
H NMR (400 MHz, CDCl3): δ 8.45 (s, 1H), 7.46–7.44 (m, 2H), 7.40–7.31 (m, 3H), 7.24–7.20 (m, 

3H), 7.15–7.10 (m, 4H), 6.99–6.96 (m, 1H), 5.05 (s, 2H);
 13

C NMR (100 MHz, CDCl3): δ 154.54, 

137.52, 137.16, 131.35, 130.40, 128.87, 128.53, 127.91, 127.73, 126.34, 125.25, 118.46, 114.16, 

111.81, 104.36, 102.51, 70.76. HRMS (EI) ([M]
+
) Calcd. for C21H16NOSBr: 409.0136, Found: 

409.0139. 

 

 

4c: Yellow solid, m.p. 123.1–123.6 C. 

1
H NMR (400 MHz, CDCl3): δ 8.39 (s, 1H), 7.22–7.19 (m, 2H), 7.12–7.10 (m, 3H), 6.95 (s, 1H), 

6.81 (s, 1H), 5.95 (s, 2H);
 13

C NMR (100 MHz, CDCl3): δ 145.80, 144.22, 137.45, 130.96, 128.83, 

126.28, 125.22, 124.05, 114.71, 104.86, 100.93, 98.34, 91.98. HRMS (EI) ([M]
+
) Calcd. for 

C15H10NO2BrS: 346.9616, Found: 346.9613. 

 

         

4d: White solid, m.p. 108.8–109.3 C. 

1
H NMR (400 MHz, CDCl3): δ 8.58 (s, 1H), 7.73 (s, 1H), 7.33 (d, J = 8.6 Hz, 1H), 7.24–7.20 (m, 

3H), 7.14–7.11 (m, 3H);
 13

C NMR (100 MHz, CDCl3): δ 136.97, 134.86, 131.30, 128.97, 126.44, 

126.32, 125.52, 121.87, 119.73, 115.09, 112.30, 104.72. HRMS (EI) ([M]
+
) Calcd. for C14H9NSBr2: 

380.8822, Found: 380.8824. 
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4e: White solid. m.p. 98.2–98.5 C. 

1
H NMR (400 MHz, CDCl3): δ 8.59 (s, 1H), 7.50–7.47 (m, 1H), 7.23–7.19 (m, 2H), 7.14–7.10 (m, 

3H), 7.07–7.05 (m, 1H), 6.96–6.91 (m, 1H);
 13

C NMR (100 MHz, CDCl3): δ 160.37 (d, J = 239.1 

Hz), 137.16, 136.02 (d, J = 11.5 Hz), 128.89, 126.47, 126.01 (d, J = 1.1 Hz), 125.42, 120.32 (d, J = 

9.9 Hz), 117.89 (d, J = 2.8 Hz), 110.23 (d, J = 24.3 Hz), 105.17, 97.60 (d, J = 26.7 Hz). HRMS (EI) 

([M]
+
) Calcd. for C14H9NSFBr: 320.9623, Found: 320.9619. 

 

  

4f: Yellow solid, m.p. 132.8–133.0 C. 

1
H NMR (400 MHz, CDCl3): δ 8.55 (s, 1H), 7.57 (s, 1H), 7.28–7.19 (m, 4H), 7.14–7.11 (m, 3H);

 13
C 

NMR (100 MHz, CDCl3): δ 137.04, 134.61, 130.74, 128.95, 127.49, 126.40, 125.48, 123.68, 119.88, 

118.79, 111.99, 104.64. HRMS (EI) ([M]
+
) Calcd. for C14H9NSClBr: 336.9328, Found: 336.9323. 

 

 

4g: Yellow oil. 

1
H NMR (400 MHz, CDCl3): δ 8.64 (s, 1H), 7.47 (d, J = 8.4 Hz, 1H), 7.36 (s, 1H), 7.23–7.10 (m, 

6H);
 13

C NMR (100 MHz, CDCl3): δ 137.03, 136.44, 129.32, 128.89, 128.14, 126.48, 125.45, 122.27, 
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120.27, 118.80, 110.85, 105.39. HRMS (EI) ([M]
+
) Calcd. for C14H9NSClBr: 336.9328, Found: 

336.9331. 

 

         

4h: White solid, m.p. 125.3–125.5 C. 

1
H NMR (400 MHz, CDCl3): δ 8.86 (s, 1H), 7.27–7.20 (m, 3H), 7.14–7.09 (m, 5H);

 13
C NMR (100 

MHz, CDCl3): δ 139.12, 137.58, 128.79, 126.22, 126.21, 125.65, 125.12, 123.70, 122.88, 121.34, 

109.73, 104.49. HRMS (EI) ([M]
+
) Calcd. for C14H9NSClBr: 336.9328, Found: 336.9327. 

 

          

4i: White solid, m.p. 128.7–129.0 C. 

1
H NMR (400 MHz, CDCl3): δ 9.26 (s, 1H), 7.99–7.93 (m, 2H), 7.67–7.65 (m, 1H), 7.60–7.56 (m, 

2H), 7.51–7.48 (m, 1H), 7.22–7.14 (m, 4H), 7.12–7.08 (m, 1H);
 13

C NMR (100 MHz, CDCl3): δ 

137.65, 131.30, 130.75, 129.09, 128.83, 126.35, 126.16, 125.23, 124.78, 122.36, 120.90, 119.09, 

118.73, 114.94, 106.67. HRMS (EI) ([M]
+
) Calcd. for C18H12NSBr: 352.9874, Found: 352.9875. 

 

         

4j: Yellow oil. 

1
H NMR (400 MHz, CDCl3): δ 8.55 (s, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 

7.29–7.26 (m, 1H), 7.22–7.18 (m, 3H), 7.15–7.09 (m, 3H);
 13

C NMR (100 MHz, CDCl3): δ 137.51, 
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134.54, 129.91, 129.41, 128.84, 126.37, 125.24, 123.35, 121.55, 119.32, 110.83, 101.02. HRMS (EI) 

([M]
+
) Calcd. for C14H10NSCl: 259.0222, Found: 259.0223. 

 

         

4k: White solid, m.p. 175.7–175.9 C. 

1
H NMR (400 MHz, CDCl3): δ 9.15 (s, 1H), 8.10 (s, 1H), 7.78 (d, J = 8.3 Hz, 1H), 7.62 (d, J = 8.4 

Hz, 1H), 7.22–7.18 (m, 2H), 7.13–7.11 (m, 3H), 2.68 (s, 3H);
 13

C NMR (100 MHz, CDCl3): δ 198.06, 

136.91, 135.93, 133.40, 132.53, 128.90, 126.60, 125.53, 122.41, 121.91, 119.10, 111.47, 105.89, 

26.86. HRMS (EI) ([M]
+
) Calcd. for C16H12NOSBr: 344.9823, Found: 344.9828. 

 

        

5a: Colorless oil. 

1
H NMR (400 MHz, CDCl3): δ 8.51 (s, 1H), 7.71 (d, J = 8.7 Hz, 2H), 7.64 (d, J = 8.0 Hz, 1H), 7.45 

(d, J = 8.0 Hz, 1H), 7.29–7.25 (m, 1H), 7.20–7.16 (m, 3H), 7.13–7.11 (m, 2H), 7.08–7.05 (m, 1H), 

6.98 (d, J = 8.7 Hz, 2H), 3.85 (s, 3H);
 13

C NMR (100 MHz, CDCl3): δ 159.98, 149.65, 142.20, 

139.47, 135.76, 131.32, 129.45, 128.82, 125.51, 124.58, 123.96, 123.04, 121.06, 119.72, 114.26, 

111.07, 55.35. HRMS (EI) ([M]
+
) Calcd. for C21H17NOS: 331.1031, Found: 331.1029. 
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7. 
1 
H, 

13 
C NMR and HRMS spectra 
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