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1. General Experimental Section  
 
The commercially available reagents were purchased at highest commercial quality and directly 
used without further purification. All the air or moisture-sensitive reactions were set-up using 
oven-dried glassware under an inert atmosphere. The reactions were monitored by thin-layer 
chromatography (TLC) carried out on Merck silica gel pre-coated (60 F254) glass plates 
(0.25mm). Purification of reaction products were carried out by flash chromatography using silica 
gel 60 (230-400 mesh). The NMR yields of the compounds were calculated using 1,3,5-
trimethoxybenzene (proton signal at δ 6.08 ppm) as an internal standard. 1H and 13C NMR spectra 
were recorded on Bruker 600 (600 MHz). The spectra are referenced relative to residual CD3CN 
or CDCl3 proton signals at δ 1.94 ppm and δ 7.26 ppm, respectively. The chemical shifts are 
reported in part per million (ppm) from high to low frequency and referred to the residual solvent 
resonance peak. Coupling constant (J) are reported in Hz. The multiplicity of 1H signals are 
indicated as: s = singlet, d = doublet, t = triplet, p = pentet, m = multiplet. IR data were recorded 
with Bruker Alfa Platinum ATR single reflector spectrometer by applying the compounds as a thin 
film directly on the ATR unit and the data are presented as most characteristic absorption 
frequencies in cm-1. High resolution mass spectra (HRMS) were recorded in Agilent UHPLC TOF 
mass spectrometer using electrospray ionization (ESI-positive) method. 
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2. Preparation of Substrates 
 
Alkyl halides substrates reported in Table 2, entries 1, 3-6 and Table 4, entries 1-5 are 
commercially available. 
 
A. Preparation of Alkyl Bromides  
 
 

 
 

(4-Bromobutoxy)trimethylsilane(1) 
 
The title compound was prepared following the procedure reported in the literature.(2) 
 
A mixture of (4-bromobutoxy)trimethylsilane (1.00 g, 6.54 mol) and imidazole (668.5 mg, 
9.81mmol) was dissolved in CH2Cl2 (30 mL) and finally TMSCl (852.6 mg, 7.85 mmol) added to 
the reaction mixture at room temperature. After stirring overnight, 10 mL of saturated aqueous 
solution of NHCO3 was added and the organic layer was dried (using NaSO4) filtered and 
concentrated under reduced pressure. The product was isolated via column chromatography (silica 
gel; hex: CH2Cl2 = 100:1, v/v) as pale-yellow color oil (1.33 g, 90 %). 1H NMR (600 MHz, CDCl3) 
1H NMR (600 MHz, CDCl3-d) δ 3.60 (t, J = 6.3 Hz, 2H), 3.42 (t, J = 6.8 Hz, 2H), 1.92 (p, J = 6.9 
Hz, 2H), 1.65 (p, J = 13.3, 6.4 Hz, 2H), 0.09 ppm (s, 9H); 13C NMR (151 MHz, CDCl3) δ 61.5, 
33.8, 31.2, 29.3, -0.6 ppm. 
 
 

 
 

4-(4-Methoxyphenyl)hexyl bromide(3) 
 
The title compound was prepared following the procedure reported in the literature.(4) 
 
PPh3Br2 (2.81 g, 6.66 mmol) was slowly added to the solution of 4-(4-methoxyphenyl)-1-butanol 
(1.00 g, 4.05 mmol), and finally imidazole (453 mg, 6.66 mmol) was added after cooling the 
reaction mixture to 0 °C. The resulting mixture was allowed to warm to room temperature. After 
stirring for 19h, 10 mL of saturated aqueous solution of Na2S2O3 and 5 mL of NaOH (6M aqueous 
solution) were added and the compound was extracted using CH2Cl2 (40 mL). The organic layer 
was dried (using MgSO4) filtered and concentrated under reduced pressure. The product was 
isolated via column chromatography (silica gel; hex: CH2Cl2 = 6:1, v/v) as colorless oil (0.708 g, 
72%). 1H NMR (600 MHz, CDCl3) δ 7.15 – 7.10 (m, 2H), 6.89 – 6.85 (m, 2H), 3.81 (s, 3H), 3.44 
(t, J = 6.8 Hz, 2H), 2.61 (t, J = 7.6 Hz, 2H), 1.91 (p, J = 6.9 Hz, 2H), 1.77 ppm (p, J = 7.6 Hz, 2H); 
13C NMR (151 MHz, CDCl3) δ 157.8, 133.9, 129.3, 113.8, 55.3, 34.1, 33.8, 32.3, 30.3 ppm.  
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6-Bromohexyl 2-(3- trifluoromethyl)phenyl) acetate(4) 

The title compound was prepared following the procedure reported in the literature.(4) 

A mixture of 1,6-dibromohexane (4.40 g, 18.0 mmol), 2-(3-trifluoromethyl)phenyl acetic acid 
(1.22 g, 6.00 mmol), and K2CO3 (2.50 g, 18.0 mmol) were dissolved in acetone and refluxed for 
24 h. Then the reaction mixture was cooled to room temperature, filtered through a pad CeliteTM 
contained in a sintered glass funnel. The resulting residue was washed with acetone (~ 40 mL) and 
the filtrate was concentrated under reduced pressure. The resulting residue was purified using flash 
column chromatograph (silica gel, Hex:CH2Cl2 = 3:1, v/v) yield colorless oil (1.47 g, 67%). 1H 
NMR (600 MHz, CDCl3) δ 7.56 – 7.41 (m, 4H), 4.10 (t, J = 7 Hz, 2H), 3.67 (s, 2H), 3.37 (t, J = 7 
Hz, 2H), 1.82 (p, J = 7.0 Hz, 2H), 1.63 (p, J = 8 Hz, 2H), 1.43 (p, J = 8 Hz, 2H), 1.32 ppm (p, J = 
8 Hz, 2H); 13C NMR (151 MHz, CDCl3)δ 170.9, 135.1, 132.8, δ 130.9 (q, J = 32 Hz), 129.1, 126.2 
(q, J = 4 Hz), 124.1 (q, J = 272 Hz), 124.0 (q, J = 4 Hz), 65.1, 41.1, 33.8, 32.6, 28.4, 27.7, 25.1 
ppm. 

 

 
 

6-Bromohexyl furan-2-carboxylate 
 
The title compound was prepared following the method as described for the synthesis of 6-
bromohexyl 2-(3-trifluoromethyl)phenyl) acetate using furan-2-carboxylic acid (1.0 g, 8.92 
mmol). The product was isolated via column chromatography (silica gel; Hex:CH2Cl2 = 3:1, v/v), 
as light-yellow oil (0.294 g, 11%).1H NMR (600 MHz, CDCl3) δ 7.56 (dd, J = 1.7, 0.8 Hz, 1H), 
7.16 (dd, J = 3.5, 0.9 Hz, 1H), 6.49 (dd, J = 3.5, 1.7 Hz, 1H), 4.29 (t, J = 6.7 Hz, 2H), 3.39 (t, J = 
6.8 Hz, 2H), 1.86 (p, J = 6.8 Hz, 2H), 1.75 (p, J = 6.7 Hz, 2H), 1.53 – 1.36 ppm (m, 4H); 13C NMR 
(151 MHz, CDCl3) δ 158.8, 146.3, 144.8, 117.8, 111.8, 64.8, 33.8, 32.6, 28.5, 27.8, 25.2 ppm; FT-
IR(neat) 31333, 2937, 2860, 1718, 1580, 1473, 1293, 1230, 1179, 1118, 1013, 762 cm-1; MS (ESI) 
m/z (M+Na)+ calculated for C11H15BrO3Na: 297.0097, found: 297.0098. 
 
 

 
 

6-Bromohexyl thiophene-2-carboxylate 
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The title compound was prepared following the method as described for the synthesis of 6-
bromohexyl 2-(3-trifluoromethyl)phenyl) acetate using thiophene-2-carboxylic acid (2.0 g, 15.6 
mmol). The product was isolated via column chromatography (silica gel; Hex:EtOAc = 97:3, v/v) 
as light-yellow oil (0.693 g, 15%). 1H NMR (600 MHz, CDCl3) δ 7.77 (dd, J = 3.7, 1.4 Hz, 1H), 
7.52 (dd, J = 5.0, 1.4 Hz, 1H), 7.09 – 7.03 (m, 1H), 4.26 (t, J = 6.6 Hz, 2H), 3.38 (t, J = 6.8 Hz, 
2H), 1.85 (p, J = 6.8 Hz, 2H), 1.73 (dt, J = 13.6, 6.6 Hz, 4H), 1.51 – 1.37 (m, 4H); 13C NMR (151 
MHz, CDCl3) δ 162.18, 133.90, 133.26, 132.27, 127.72, 64.94, 33.75, 32.58, 28.50, 27.76, 25.17 
ppm; FT-IR(neat) 3103, 2936, 2859, 1705, 1525, 1419, 1278, 1258, 1225, 1093, 1075, 750, 721 
cm-1; MS (ESI) m/z (M+Na)+ calculated for C11H15BrO2SNa: 312.9868, found: 312.9876. 
 
 

 
 

6-Bromohexyl quinoline-3-carboxylate(4) 
 
The title compound was prepared following the method as described for the synthesis of 6-
bromohexyl 2-(3-trifluoromethyl)phenyl) acetate using quinoline-3-carboxylic acid (1.04 g, 6.00 
mmol). The product was isolated was isolated via column chromatography (silica gel; Hex:EtOAc 
= 5:1, v/v) as light-blue solid ( 1.00 g, 50%). 1H NMR (600 MHz, CDCl3) δ 9.44 (s, 1H), 8.83 (s, 
1H), 8.16 (d, J = 8.5 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.83 (t, J = 7.7 Hz, 1H), 7.62 (t, J = 7.5 Hz, 
1H), 4.42 (t, J = 6.7 Hz, 2H), 3.43 (t, J = 6.7 Hz, 2H), 1.93 – 1.82 (m, 4H), 1.59 – 1.47 ppm (m, 
4H); 13C NMR (151 MHz, CDCl3) δ 165.5, 150.2, 149.9, 138.8, 132.0, 129.6, 129.22, 127.6, 127.0, 
123.3, 65.5, 33.9, 33.0, 28.7, 27.9, 25.4 ppm. 
 
 

 
 

6-Bromohexyl N-methylpyrrole-2-carboxylate(5) 
 
The title compound was prepared following the method as described for the synthesis of 6-
bromohexyl 2-(3-trifluoromethyl)phenyl) acetate using N-metylpyrrole-2-carboxylic acid (1.00 g, 
7.90 mmol). The product was isolated via column chromatography (silica gel; Hex:CH2Cl2 = 2:1, 
v/v) as colorless oil (1.91 g, 84%). 1H NMR (600 MHz, CDCl3), δ 6.93 (dd, J = 3.6, 1.8 Hz, 1H), 
6.79 – 6.76 (m, 1H), 6.10 (d, J = 2.5 Hz, 1H), 4.21 (t, J = 6.6 Hz, 2H), 3.91 (s, 3H), 3.40 (t, J = 6.8 
Hz, 2H), 1.87 (p, J = 6.9 Hz, 2H), 1.73 (p, J = 7.6, 7.0 Hz, 2H), 1.53 – 1.41 ppm (m, 4H); 13C 
NMR (151 MHz, CDCl3) δ 161.5, 129.6, 122.7, 117.8, 107.9, 63.8, 37.0, 33.9, 32.8, 28.8, 28.0, 
25.4 ppm. 
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1-[(6-Bromohexyl)oxy]-4-fluorobenzene(6) 
 
The title compound was prepared following the method as described for the synthesis of 6-
bromohexyl 2-(3-trifluoromethyl)phenyl) acetate using 4-fluorophenol (1.00 g, 8.92 mmol). The 
product was isolated via column chromatography (silica gel; Hex:CH2Cl2 = 6:1, v/v) as colorless 
oil (1.45 g, 59%). 1H NMR (600 MHz, CDCl3) δ 7.03 – 6.91 (m, 2H), 6.89 – 6.75 (m, 2H), 3.91 
(t, J = 6.4 Hz, 2H), 3.42 (t, J = 6.8 Hz, 2H), 1.96 – 1.83 (m, 2H), 1.82 – 1.75 (m, 2H), 1.56 – 1.41 
(m, 4H); 13C NMR (151 MHz, CDCl3) δ 157.3 (d, J = 237.8 Hz), 155.3 (d, J = 2.1 Hz), 115.8 (d, 
J = 23.1 Hz), 115.5 (d, J = 7.8 Hz), 68.5, 33.9, 32.8, 29.2, 28.0, 25.4 ppm. 
 
 

 
 

3a-Bromocholest-5-ene(7) 
 
3a-Bromocholest-5-ene was prepared following the procedure reported in the literature.(8) 
 
A mixture of cholesterol (193 mg, 0.50 mmol) and PPh3 (197 mg, 0.75 mmol) was dissolved in 
dichloromethane (10 mL) at ambient temperature. Then CBr3 (182 mg, mmol) was added to the 
reaction mixture in portion and stirred overnight at room temperature. The solvent was removed 
by vacuo and the residue was purified via column chromatography (silica gel; hexane) as white 
solid (0.185 g, 82%). 1H NMR (600 MHz, CDCl3) δ 5.52 – 5.26 (m, 1H), 3.96 – 3.89 (m, 1H), 
2.83 – 2.53 (m, 2H), 2.25 – 2.11 (m, 1H), 2.09 – 1.91 (m, 3H), 1.89 – 1.73 (m, 2H), 1.63 – 1.21 
(m, 11H), 1.18 – 0.89 (m, 15H), 0.86 (dd, J = 6.6, 2.8 Hz, 6H), 0.67 ppm (s, 3H); 13C NMR (151 
MHz, CDCl3) δ 141.7, 122.5, 56.8, 56.3, 52.8, 50.3, 44.4, 42.4, 40.5, 39.8, 39.7, 36.5, 36.3, 35.9, 
34.5, 31.95, 31.85, 28.4, 28.2, 24.4, 24.0, 23.0, 22.7, 21.0, 19.4, 18.9, 12.0 ppm. 
 
 
B. Preparation of Alkyl Tosylates  
 

 
2, 3-Dihydro-1H-inden-2-yl 4-methylbenzenesulfonate(9) 
 

The title compound was prepared following the procedure reported in the literature.(4) 
 
A mixture of 2-indanol (671 mg, 5.0 mmol) and pyridine (0.80 mL, 10.0 mmol) was dissolved in 

O Br
4

OH

F F

Br H

H
H

HO H

H
H

OTsOH



 7 

CH2Cl2 (15 mL), and cooled to 0 °C. Finally, tosyl chloride (1.05 g, 5.50 mmol) was slowly added 
to the cold reaction mixture and was allowed to warm to room temperature. After 17 h, saturated 
aqueous solution of NaHCO3 (10 mL) was added and the aqueous layer was extracted with CH2Cl2 
(1 x 20 mL). The combined organic phase was dried over MgSO4, filtered, and concentrated under 
reduced pressure. The resulting crude residue was subjected to flash chromatography (silica gel, 
hexane/ EtOAc = 10:1, v/v) The title compound was obtained as a colorless solid in (1.12 g, 78%). 
1H NMR (600 MHz, CDCl3) δ 7.87 – 7.67 (m, 2H), 7.40 – 7.30 (m, 2H), 7.19 -7.15 (m, 4H), 5.29 
(tt, J = 6.3, 3.8 Hz, 1H), 3.30 – 3.02 (m, 4H), 2.46 ppm (s, 3H); 13C NMR (151 MHz, CDCl3) δ 
144.9, 139.3, 134.2, 130.0, 127.9, 127.2, 124.7, 82.6, 39.90, 21.8, 0.2 ppm. 
 
 

 
 

Benzenepentanol, 4-methylbenzenesulfonate(10) 
 
 
The title compound was prepared following the method as described for the synthesis of 2,3-
dihydro-1H-inden-2-yl 4-methylbenzenesulfonate using 5-phenyl-1-pentanol (411 mg, 2.50 
mmol). The product was isolated via column chromatography (silica gel; hex: EtOAc = 10:1, v/v) 
as colorless oil (0.490 g, 61%). 1H NMR (600 MHz, CDCl3) δ 7.80 – 7.73 (m, 2H), 7.32 (dt, J = 
7.9, 0.8 Hz, 2H), 7.27 – 7.23 (m, 2H), 7.19 – 7.14 (m, 1H), 7.13 – 7.09 (m, 2H), 4.00 (t, J = 6.5 
Hz, 2H), 2.54 (t, J = 7.7 Hz, 2H), 2.43 (s, 3H), 1.65 (dt, J = 14.3, 6.7 Hz, 2H), 1.55 (p, J = 7.7 Hz, 
2H), 1.33 ppm (p, J = 7.7 Hz, 2H); 13C NMR (151 MHz, CDCl3) δ 144.8, 142.2, 133.1, 129.9, 
128.4, 128.3, 127.9, 125.8, 70.6, 35.7, 30.8, 28.7, 25.0, 21.7 ppm. 
 
 

 
 
 

1-Dodecyl-methylbenzenesulfonate(4) 
 
The title compound was prepared following the method as described for the synthesis of 2,3-
dihydro-1H-inden-2-yl 4-methylbenzenesulfonate using dodecan-1-ol (932 mg, 5.00 mmol). The 
product was isolated via column chromatography using silica gel (hex: CH2Cl2 = 2:1, v/v) as 
colorless oil (1.08 g, 69%). 1H NMR (600 MHz, CDCl3) δ 7.81 – 7.77 (m, 2H), 7.35 – 7.33 (m, 
2H), 4.01 (t, J = 6.5 Hz, 2H), 2.45 (s, 3H), 1.62 (p, J = 6.8 Hz, 2H), 1.31 – 1.17 (m, 18H), 0.88 
ppm (t, J = 7.0 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 144.7, 133.3, 129.9, 128.0, 70.9, 32.0Table, 
29.75, 29.63, 29.53, 29.48, 29.1, 28.9, 25.5, 22.8, 21.8, 14.3 ppm. 
 
 

 
 

2-Dodecyl-methylbenzenesulfonate(4) 
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The title compound was prepared following the method as described for the synthesis of 2,3-
dihydro-1H-inden-2-yl 4-methylbenzenesulfonate using dodecan-2-ol (932 mg, 5.00 mmol). The 
product was isolated via column chromatography using silica gel (hex: CH2Cl2 = 2:1, v/v) as 
colorless oil (0.920 g, 59%). 1H NMR (600 MHz, CDCl3) δ 7.82 – 7.76 (m, 2H), 7.34 – 7.31 (m, 
2H), 4.63 – 4.55 (m, 1H), 2.44 (s, 3H), 1.65 – 1.42 (m, 2H), 1.33 – 1.09 (m, 18H), 0.88 ppm (t, J 
= 7.0 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 144.5, 134.7, 129.8, 127.9, 80.9, 36.6, 32.0, 29.72, 
29.63, 29.55, 29.47, 29.28, 25.0, 22.8, 21.8, 21.0, 14.3 ppm.  
 
 

 
 

4-(4-Methoxyphenyl)butyl 4-methylbenzesulfonate(5) 
 
The title compound was prepared following the method as described for the synthesis of 2,3-
dihydro-1H-inden-2-yl 4-methylbenzenesulfonate using 4-(4-methoxyphenyl)-1-butanol (451mg, 
2.50 mmol). The product was isolated via column chromatography using silica gel (hex: CH2Cl2 
= 2:1, v/v) as colorless oil (0.352 g, 42%). 1H NMR (600 MHz, CDCl3) δ 7.83 – 7.72 (m, 2H), 
7.37 – 7.30 (m, 2H), 7.05 – 6.97 (m, 2H), 6.83 – 6.77 (m, 2H), 4.03 (t, J = 6.2 Hz, 3H), 3.78 (s, 
3H), 2.50 (t, J = 7.4 Hz, 2H), 2.44 (s, 3H), 1.72 – 1.54 ppm (m, 4H); 13C NMR (151 MHz, CDCl3) 
δ 157.9, 144.8, 133.7, 133.2, 129.9, 129.3, 127.9, 113.8, 70.6, 55.3, 34.2, 28.3, 27.4, 21.7 ppm. 
 
 
C. Preparation of Alkyl Mesylates 
 
 

 
 
1-(Methanesulfonyloxy)dodecane(11) 
 
 
The title compound was prepared was prepared following the procedure reported in the 
literature.(4) 
 
A mixture of decan-1-ol (3.00 mL, 13.4 mmol), Et3N (5.60 mL, 40.2 mmol), and DMAP (40.0 mg, 
0.330 mmol) was dissolved in CH2Cl2 (30 mL) and cooled to 0 °C. To the cold reaction mixture, 
mesyl chloride (2.00 mL, 26.8 mmol) was slowly added was allowed to slowly warm to room 
temperature. After 16 h, NaHCO3 (saturated aqueous solution; 10 mL) was added, the aqueous 
layer was extracted with CH2Cl2 (2 x 20 mL). The combined organic phase was dried (MgSO4), 
filtered, and concentrated under reduced pressure. The resulting crude residue was subjected to 
flash chromatography (hex: CH2Cl2 = 4:1). The product was purified via column chromatography 
using silica gel (hex: CH2Cl2 = 4:1, v/v) as colorless oil (2.60 g, 82%). 1H NMR (600 MHz, CDCl3) 
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δ 4.22 (t, J = 6.6 Hz, 2H), 3.00 (s, 2H), 1.78 – 1.69 (m, 2H), 1.43 – 1.35 (m, 2H), 1.34 – 1.19 (m, 
16H), 0.88 ppm (t, J = 7.0 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 70.4, 37.5, 32.0, 29.75, 29.66, 
29.56, 29.5, 29.3, 29.2, 25.6, 22.8, 14.3 ppm. 
 
 

 
 
Benzenepentanol, 1-methyanesulfonate(12) 
 
The title compound prepared following the method as described for the synthesis of 1-
(methanesulfonyloxy)dodecane using 5-phenyl-1-pentanol (401 mg, 2.44 mmol). The product was 
purified via column chromatography using silica gel (hex: EtOAc = 10:1, v/v) as colorless solid 
(0.453 g, 77%). 1H NMR (600 MHz, CDCl3) δ 7.34 – 7.26 (m, 2H), 7.23 – 7.15 (m, 2H), 4.22 (t, 
J = 6.6 Hz, 2H), 2.98 (s, 3H), 2.64 (t, J = 7.9 Hz, 2H), 1.79 (p, J = 6.9 Hz, 2H), 1.68 (p, J = 7.9 
Hz, 2H), 1.46 ppm (p, J = 7.8 Hz, 2H); 13C NMR (151 MHz, CDCl3) δ 142.2, 128.41, 128.37, 
125.8, 70.1, 37.3, 35.7, 30.9, 29.0, 25.0 ppm. 
 

3. Optimization of VB12-Photocatalyzed Olefination of Alkyl halide 
 
In order to optimize the reaction condition of VB12-photocatalytic dehydrohalogenation reaction, 
1-chlorooctane was used as the model substrate. All the control reactions (Table S1, entries 1-14) 
were set-up at 0.1 mmol scale and in 0.1 molar concentration (except Table S1, entry 14) at room 
temperature. Terminal alkene product was obtained in all the control reactions, the isomerized 
(semiterminal) product was notably absent in all the control reactions where the yields are 
specified. The catalytic reaction did not proceed forward in the absence of light, reductant and base 
(Table S1, entries 2-5). No reaction was observed when reductants such as phenylsilane, B2Pin2, 
zinc (Zn) and manganese (Mn) were used. Further, no reaction occurred when a weak inorganic 
base NaHCO3 was substituted by equal amount of triethylamine (Table S1, entry 6). Interestingly, 
when the amount of NaBH4 was lowered from 4.0 equivalents to 1.5 equivalent, the efficiency of 
the reaction was significantly reduced, only producing 56% of the desired product (Table S1, entry 
7). Various cobalt pre-catalysts were investigated, it was found that AdoCbl was unsuccessful to 
catalyze the reaction (Table S1, entries 8), whereas cobaloxime pyridine chloride (COPC) 
produced some desired product 3a in 34% yield (Table S1, entrie 9). Among the various solvents 
screened, acetonitrile was found to the best that gave desired terminal alkene selectively. Low 
selectivity was observed upon using dimethylforamide (DMF), with the yield of desired terminal 
alkene 3a decreasing to 35% and remainder of the mass balance corresponding to side product 3b 
(Table S1 entry 10). Similarly, the catalytic action of our method was greatly reduced by the polar 
solvents dimethyl sulfoxide (DMSO) and acetone, favoring the formation of reduced side product 
3b, with olefinic product 3a being formed in 17% and 21% respectively (Table S1, entries 11-12). 
Furthermore, rate of the reaction was slower when the catalyst loading of C2 was reduced from 5 

Ph OMs
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mol% to 2.5 mol% (Table S1, entry 13) and with the decrease in concentration of the reaction 
(Table S1, entry 14). Finally, we investigated the effect of some common mild bases under our 
optimized reaction condition, and upon using Na2CO3, only 36% of desired product was formed 
with only 50% conversion (Table S1, entry 15). Whereas the mild base K2CO3 was able to drive 
the reaction to completion producing low yield of the desire terminal alkene (Table S1, entry 16). 
 

 
Table S1: Control experiments conducted to optimize dehydrohalogenation reaction using 1-chlorooctane. 
 

Cl

5% VB12 C2
4.0 equiv. NaBH4

1.5 equiv. NaHCO3
acetonitrile

r.t., hν (blue LED)
3a 3b

“standard” conditions

2a

entry                variation from the optimized  conditions                   time               % yield (3a)a

   1                     none                                                                               16 h                        75
 
   2                     no light                                                                             2 d                          0
   
   3                     no C2  or no NaHCO3                                                      2 d                          0

   4                     phenylsilane or B2Pin2 instead of NaBH4                        2 d                           0

   5                     Zn or Mn instead of NaBH4                                                            22 h                         0

   6                     triethlyamine instead of NaHCO3                                                2 d                           0
   
   7                     1.5 equiv. instead of 4.0 equiv. NaBH4                                     16 h                        56

   8                     5% CoPC instead of 5% C2                                            21h                         0
 
   9                     5% AdoCbl C1 instead of 5% C2                                    15 h                        34

  10                    DMF instead of acetonitrile                                             16 h                        35

  11                    DMSO instead of acetonitrile                                           24 h                       17
   
  12                    acetone instead of acetonitrile                                         24 h                       21
 
  13                    2.5 mol% C2 loading                                                       17 h                      N/A
   
  14                    reaction using 0.05M concentration                                16 h                       N/A

  15                   1.0 equiv. Na2CO3 instead of 1.5 equiv. NaHCO3                18 h                             36 

  16                   1.5 equiv. K2CO3 instead of 1.5 equiv. NaHCO3                   20 h                       35

a Light irradiation [ LED, λmax = 427 nm]. Determination of yields via NMR using 1,3,5-trimethoxybenzene as
an internal standard. All reactions were carried out using 2a applying standard conditions (0.1 mmol) in 0.1M
concentration under a N2 atmosphere at room temprature. 
b Remaining mass balanced by side product 3b
c Only starting material
d~ 40% internal alkene and 3b side product

% conversion

100b

  0c

  0c

  0c

0c

0c

100b

100d

100b

100b

100b

50b

100b

 100b

74

61



 11 

4. General Method of B12 Catalyzed Dehydrogenation 
 

          
 

Figure S1: Photographs of reaction set-up: a) The side view of reaction set-up before operation. The Kessil LED lamp 
(lmax = 427) is placed 15 cm away from the reaction vial (left); b) The overhead view of reaction set-up 
during operation (right). 

 
 
VB12 C2 (6.80 mg, 0.005 mmol, 5.0 mol%), NaBH4 (15.1 mg, 0.399 mmol, 4.0 equiv.), NaHCO3 

(12.6 mg, 0.149 mmol, 1.2 equiv.), internal standard 1,3,5- trimethoxybenzene (2.0 - 5.0 mg) and 
a stir bar were added to an oven-dried 8-mL glass vial. A rubber cap was fitted to the vial, which 
was then evacuated and backfilled with nitrogen (3 cycles). The vial was detached from the 
nitrogen line, and 1mL of acetonitrile was added via syringe. Then the nitrogen gas was bubbled 
through the reaction mixture for about 10 min and alkyl halide substrate (0.10 mmol) was added 
and nitrogen was bubbled again for 5 min. The reaction mixture was placed under blue light after 
sealing the punctured holes of the vial cap with vacuum grease and electric tape. The reaction 
mixture was stirred for 16 h, and then about 0.1ml of the reaction mixture was filtered through 
silica (using short pipet column) to remove solid residue. The silica was washed with CDCl3 (0.1 
mL). The filtrate was then washed with DI water and the lower CDCl3 layer was taken for 1H NMR 
spectroscopy after drying with MgSO4.  
 

5. General Method of Remote Elimination 
 
VB12 C2 (6.80 mg, 0.005 mmol, 5.0 mol%), cobalt salen complex C4 (3.00 mg, 0.005 mmol, 5.0 
mol%) NaBH4 (15.1 mg, 0.399 mmol, 4.0 equiv.), NaHCO3 (12.6 mg, 0.149 mmol, 1.2 equiv.), 
internal standard 1,3,5- trimethoxybenzene (2.0 - 5.0 mg) and a stir bar were added to an oven-
dried 8-mL glass vial. A rubber cap was fitted to the vial, which was then evacuated and backfilled 
with nitrogen (3 cycles). The vial was detached from the nitrogen line, and 1mL of acetonitrile 
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was added via syringe. Then the nitrogen gas was bubbled through the reaction mixture for about 
10 min and alkyl sulfonate substrate (0.10 mmol) was added and nitrogen was bubbled again for 
5 min. The reaction mixture was placed under blue light after sealing the punctured holes of the 
vial cap with vacuum grease and electric tape. The reaction mixture was stirred for 16 h, and then 
about 0.1ml of the reaction mixture was filtered through silica (using short pipet column) to remove 
solid residue. The silica was washed with CDCl3 (0.1 mL). The filtrate was then washed with DI 
water and the lower CDCl3 layer was taken for 1H NMR spectroscopy after drying with MgSO4.  
 
Note: In the dehydrohalogenation and remote elimination reactions, some corresponding alkane 
as side product was absorbed which made the isolation of the desired product difficult because of 
their similar Rf. Therefore, the yield of the target compounds have been reported based on the 
mmol of internal standard, i.e. 1,3,5, trimethoxybenzene (all the target compounds are known and 
previously characterized). 
 
The products of substrates Table 2, entries 1, 3-6, Table 4, entries 1, 4 and 5 are identical to 
authentic material (Aldrich, Oakwood, TCI) by 1HNMR spectroscopy. 
 
 

 
 

3-Butenyloxytrimethylsilane (Table 2, entry 2) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1, 3, 5-trimethoxybenzene as an internal standard and 
was found to be 60 % yield. The compound was identical to the compound reported in the literature 
by proton NMR.(13) 
 

 
 

4-(4-methoxy phenyl)-1-butene (Table 2, entry 7)  
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1, 3, 5-trimethoxybenzene as an internal standard and 
was found to be 71% yield. The compound was identical to the compound reported in the literature 
by proton NMR.(14)  
 
 

 
 

Hex-5-en-1-yl 2-(3-(trifluoromethyl)phenyl)acetate (Table 2, entry 8)   

TMSO

MeO

OCF3

O
4
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The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1, 3, 5-trimethoxybenzene as an internal standard and 
was found to be 57% yield. The compound was identical to the compound reported in the literature 
by proton NMR.(4)  
 
 

 
 

Hex-5-en-1-yl furan-2-caboxylate (Table 2, entry 9) 
 
The title compound was synthesized procedure described in general method 4. The NMR yield of 
the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was found 
to be 61% yield. The compound was identical to the compound reported in the literature by proton 
NMR. (15) 
 
 

 
 

Hex-5-en-1-yl thiophene-2-caboxylate (Table 2, entry 10) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 66% yield. The compound was identical to the compound reported in the literature by 
proton NMR.(15) 
 
 

 
 

 Hexyl-5-en-1-yl quinoline-3-carboxylate (Table 2, entry 11) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 53% yield. The compound was identical to the compound reported in the literature by 
proton NMR.(4) 
 
 
 
 

O
O

O
4

O
S

O
4

ON
O
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Hexyl-5-en-1-yl N-methylpyrrole-2-carboxylate (Table 2, entry 12) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 69% yield. The compound was identical to the compound reported in the literature by 
proton NMR.(16) 
 
 

 
 

1-(Hex-5-en-1-yloxy)-4-fluorobenzene (Table 2, entry 13)   
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 55% yield. The compound was identical to the compound reported in the literature by 
proton NMR.(17) 
 
 

 
 

3,5-Cholestadiene (Table 2, entry 14) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 52% yield. The compound was identical to the compound reported in the literature by 
proton NMR. (18) 
 
 

 
 

1H-Indene (Table 3, entry 1) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 87% yield. The compound was identical to the compound reported in the literature by 
proton NMR.(19) 
 

N
O

O

Me
4

O
4

F
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Pent-4-en-1-ylbenzene (Table 3, entry 2) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 54% yield. The compound was identical to the compound reported in the literature by 
proton NMR.(20) 
 
 

 
 

1-Dodecene (Table 3, entry 3) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and 
was found to be 56% yield. The compound was identical to the compound reported in the 
literature by proton NMR.(4) 
 
 

 
 

1-Dodecene (Table 3, entry 4) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and 
was found to be 56% yield. The compound was identical to the compound reported in the 
literature by proton NMR.(4) 
 
 

 
 

1-(But-3-ene-1-yl)-4-methoxybenzene (Table 3, entry 5) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and 
was found to be 75% yield. The compound was identical to the compound reported in the 
literature by proton NMR.(14) 
 
 

 
 

Ph

Me(H3C)8

Me(H3C)8

H3CO

Ph
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Pent-4-en-1-ylbenzene (Table 3, entry 6)   
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 88% yield. The compound was identical to the compound reported in the literature by 
proton NMR.(20) 
 

 
 

1-Dodecene (Table 3, entry 7) 
 
The title compound was synthesized using procedure described in general method 4. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and 
was found to be 53% yield. The compound was identical to the compound reported in the 
literature by proton NMR.(4) 
 
 

 
 

1-(4-Methoxyphenyl)but-2-ene (Table 4, entry 6)  
 
The title compound was synthesized using procedure described in general method 5. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 41% yield. The compound was identical to the compound reported in the literature by 
proton NMR.(21) 
 
 

 
 

3-Penten-1-ylbenzene (Table 4, entry 7) 
 
The title compound was synthesized using procedure described in general method 5. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 52% yield. The compound was identical to the compound reported in the literature by 
proton NMR.(22) 
 
 

 
 

2-Dodecene (Table 4, entry 8) 

Me(H3C)8

H3CO

Me(H2C)6
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The title compound was synthesized using procedure described in general method 5. The NMR 
yield of the product was calculated using 1,3,5-trimethoxybenzene as an internal standard and was 
found to be 66% yield. The compound was identical to the compound reported in the literature.(23) 
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6. Mechanistic Studies 
 
A. Inhibition Experiments 
 
i) TEMPO Inhibition Experiments 
 
 In a 8 ml flame dried vial, VB12 C2 (13.6 mg, 0.01 mmol, 5.0 mol%), NaBH4 (30.3 mg, 0.80 
mmol, 4.0 equiv.), NaHCO3 (25.2 mg, 0.290 mmol, 1.2 equiv.), internal standard (1,3,5- 
trimethoxybenzene, 4.80 mg, 0.030 mmol) and a stir bar were added. A rubber cap was fitted to 
the vial, which was then evacuated and backfilled with nitrogen (3 cycles). The vial was detached 
from the nitrogen line, and 2 mL of deuterated acetonitrile was added via syringe and the nitrogen 
gas was bubbled through the reaction mixture for about 10 min. Then, 1.0 equiv. TEMPO (31.2 
mg, 0.20 mmol) was added to the reaction vial and bubbled N2 for 5 min. Finally, the 1-
bromooctane substrate (0.03 ml, 0.20 mmol) was added to the reaction vial with the help of syringe. 
The reaction mixture was placed under blue light after sealing the holes of the vial cap with vacuum 
grease and electric tape. The reaction was monitored at different times shown in the table below. 
An aliquot of the reaction was drawn using syringe and passed through a short silica plug and 
diluted with ACN-d3. and the reaction was monitored via NMR. The yields were calculated using 
1, 3, 5-trimethoxybenzene as an internal standard. The 1-octene A product was identical to 
authentic material (Aldrich) by 1H NMR spectroscopy. 
 

 
 
Table S2: Mechanistic experiment using 1-bromooctane using TEMPO under standard reaction condition. 
 
 
 
 
 
 

5% VB12 C2
4.0 equiv. NaBH4
1.0 equiv. TEMPO

1.5 equiv. NaHCO3
acetonitrile,
r.t. blue LED

Br reduced product

Time                                        Terminal alkene A                                              % Conversion

 2 hr                                                     2%                                                                  33

 6 hr                                                     8%                                                                  63

 8 hr                                                     21%                                                               100

A
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ii) 1,1-Diphexylethylene Inhibition Experiment 
 
The reaction was set up following the standard method as described in the TEMPO inhibition 
experiment in dry acetonitrile using 1-bromooctane substrate (0.03 ml, 0.20 mmol) and 1,1-
Diphenylhexylethylene (18.0 mg, 0.10 mmol). An aliquot of the reaction was drawn using syringe 
and passed through a short silica plug and diluted with CDCl3 and NMR was taken after aqueous 
workup and drying with Na2SO4. The yield was calculated using 1, 3, 5-trimethoxybenzene as an 
internal standard. The 1-octene A product was identical to authentic material (Aldrich) by 1H NMR 
spectroscopy. 
 

 
 
Scheme S1: Mechanistic experiment using 1-bromooctane and 1,1-Diphenylhexylethylene under standard 
reaction condition. 
 
 
iii) BHT Inhibition Experiment 
 
The reaction was set up following the standard method as described in the TEMPO inhibition 
experiment using 1-bromooctane substrate (0.03 ml, 0.20 mmol) and 2,6-Di-tert-butyl-4-
methylphenol (22.0 mg, 0.10 mmol). An aliquot of the reaction was drawn using syringe and 
passed through a short silica plug and diluted with CDCl3 and NMR was taken after aqueous 
workup and drying with Na2SO4. The yield was calculated using 1, 3, 5-trimethoxybenzene as an 
internal standard. The 1-octene A product was identical to authentic material (Aldrich) by 1H NMR 
spectroscopy. 
 

 
 
Scheme S2: Mechanistic experiment using 1-bromooctane and 2,6-Di-tert-butyl-4-methylphenol under 
standard reaction condition. 
 
 
 
 

5% VB12 C2
4.0 equiv. NaBH4

1.0 equiv. 1,1-Diphenylethylene

1.5 equiv. NaHCO3
acetonitrile,

r.t. blue LED, 17 h

Br
 42 %

A

+ reduced 
side product

5% VB12 C2
4.0 equiv. NaBH4

1.0 equiv. 2,6-Di-tert-butyl
-4-methylphenol

1.5 equiv. NaHCO3
acetonitrile,

r.t. blue LED, 17 h

Br

37 %
   A

+ reduced 
side product
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B. Radical Clock Experiment 
 
The reaction was set-up following the procedure described in the general method 3 using 6-bromo-
1-hexene (16.3 mg, 0.100 mmol) as substrate. The reaction went to completion after 20 h to form 
5-hexadiene A (52%) along with reduced side product B (32%) as shown in the Scheme S1. In this 
transformation, no trace of cyclic product was observed supporting our proposed reaction 
mechanism showing evidence of the rapid Co(II)-perpetrated HAT step in the catalytic cycle. The 
NMR yields were calculated using 1,3,5-trimethoxybenzene as an internal standard. 
 
The product A is identical to the literature value by 1H NMR spectroscopy.(24) 
 

 
 
Scheme S3: The mechanistic study showing the formation of hexadiene product over cyclic product. 
 
 
C. Isotope Labeling Experiment 
 
The isotope labeling experiments were conducted following the procedure described in general 
method 3 using 1-bromo-3-phenylpropane (19.9 mg, 0.10 mmol) as substrate and 4 equiv. of 
NaBD4 (16.7 mg, 0.40 mmol). After 22h, from 1H NMR analysis; 48% of starting material was 
left unreacted and 3-phenylpropene product formed was calculated to be 48% (Scheme S2a). 
Whereas, when the same substrate was subjected to the reaction procedure described in general 
method 4 (remote elimination) both the subterminal alkene and terminal alkenes in 29% each along 
with 40% unreacted starting material (Scheme S2b). The NMR yield were obtained using 1,3,5-
trimethoxybenzene as internal standard. No deuterium incorporation in the final products was 
observed. The trans-1-Phenyl-1-propene product and allylbenzene products were identical to 
authentic material (Aldrich) by 1H NMR spectroscopy. 
 

5% VB12 C2
4.0 equiv. NaBH4

1.5 equiv. NaHCO3
acetonitrile,

r.t. blue LED, 20 h

Br  
 52%

   A

           32%

            B
not observed
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Scheme S4: a) Isotope labeling experiment under standard dehydrohalogenation condition; b) Isotope 
labeling experiment under standard remote elimination condition. 
  

Br

Br
5% B12 C2, 5% C4
4.0 equiv. NaBD4

1.5 equiv. NaHCO3
acetonitrile,
r.t. blue LED

5% B12 C2
4.0 equiv. NaBD4

1.5 equiv. NaHCO3
acetonitrile,
r.t. blue LED

46%

+    48% SM

+ +     40% SM

29%29%

a.

b.
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1H and 13C NMR Spectra of New Compounds 

 

 

Table 2, Entry 9 
CDCl3, NMR (600 Hz) 
 

 

Figure S2: 1H NMR spectrum for 6-bromohexyl furan-2-carboxylate in CDCl3 at 298 K. 
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Table 2, Entry 9 
CDCl3, NMR (600 Hz) 

 

 
Figure S3: 13C NMR spectrum for 6-bromohexyl furan-2-carboxylate in CDCl3 at 298 K. 
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Table 2, Entry 10 
CDCl3, NMR (600 Hz) 
 

 
Figure S4: 1H NMR spectrum for 6-bromohexyl thiophene-2-carboxylate in CDCl3 at 298 K. 

  

O
S

O

Br
4

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f1
(ppm)

3
.9
4

1
.9
8

1
.9
9

1
.9
7

2
.0
0

0
.9
3

0
.9
0

0
.9
1



 25 

 
 
Table 2, Entry 10 
CDCl3, NMR (600 Hz) 
 

 
Figure S5: 13C NMR spectrum for 6-bromohexyl thiophene-2-carboxylate in CDCl3 at 298 K. 
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