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General Remarks  

Unless otherwise noted, all experiments were conducted under a dry atmosphere of nitrogen, and reaction cells 

were assembled in a nitrogen-filled glove box. Anhydrous, degassed DMF was obtained by sparging with nitrogen 

and storing over 3 Å molecular sieves for at least 24 hours prior to use. All alkyl and aryl bromides were purchased 

from chemical suppliers and used as received unless otherwise noted. Quinazolinap derivatives and bpp were 

synthesized according to modified literature procedure as detailed below.(51) 
1H NMR spectra were obtained at 400 or 600 MHz and chemical shifts were recorded relative to CHCl3 in CDCl3 

(δ7.26 ppm), H2O in D2O (δ4.79 ppm), and (CH3)2CO in (CD3)2CO (δ2.05 ppm). 13C NMR were obtained at 101 

MHz. Proof of purity is demonstrated by copies of NMR spectra. NMR multiplicities are reported as follows: singlet 

(s), doublet (d), triplet (t), quartet (q), multiplet (m), broad signal (br). GC analysis was performed on an Agilent 

7890B GC equipped with an HP-5 column (30 m x 0.32 mm x 0.25 μm film) and an FID detector. Quantitative GC 

analysis was performed by adding dodecane as an internal standard to the reaction mixture upon completion of the 

reaction. Response factors for the products relative to the internal standard were measured for reaction development. 

All electrochemical analyses were carried out in a nitrogen-filled glovebox. The supporting electrolyte was 

potassium hexafluorophosphate which was dried under vacuum at 120 °C for 24 hours prior to use. Cyclic 

voltammetry was performed with a Biologic VSP multichannel potentiostat/galvanostat. Cyclic voltammetry was 

carried out in a three-electrode electrochemical cell, consisting of a glassy carbon disk working electrode (0.07 cm2, 

BASi), a Ag/Ag+ quasi-reference electrode (BASi) with 0.01 M AgBF4 (Sigma) in DMF, and a platinum wire counter 

electrode (23 cm, ALS). The glassy carbon disk electrode was polished in a nitrogen filled glovebox using diamond 

polish (15 µm micron, BASi) and anhydrous DMF. All experiments were performed at a scan rate of 100 mV/s in a 

DMF electrolyte containing 0.5 M KPF6. Reference electrodes were calibrated against an internal voltage reference 

of ferrocene (1-10 mM). Reactions were conducted as two-electrode cells with a LANHE LAND battery testing system 

using Ni foam (1.5 x 300 x 10,000 mm, 110 ppi, 99.8% purity, purchased from alibaba.com) and zinc (0.0234 x 3 x 

600 in, purchased from Amazon.com) electrodes. Reactions were conducted in Fisherbrand disposable borosilicate 

glass tubes with a threaded end (16 x 100 mm).  

UV-vis spectroscopy was performed on with an AvaLight-DHc compact deuterium-halogen lamp equipped with 

an Avantes Avaspec-ULS2048-USB2 equipped with a 2048 pixel CCD detector. Samples for UV-vis spectroscopy 

were prepared using 0.1 M KPF6 in DMF as the electrolyte solution in quartz cuvette with a 0.17 mm path length. 

Spectroelectrochemistry was performed with a Pine Research Honeycomb Spectroelectrochemistry Cell with a gold 

honeycomb spectroelectrochemical electrode card (AB01STC1AU). Potentials were recorded against a nonaqueous 

electrode that was separately calibrated against Fc/Fc+. Spectra were recorded using AvaSoft-Basic, exported to 

Microsoft Excel, and analyzed. 
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General Procedures 

 

General Procedure A: Cross Coupling of Aryl Bromides with Tertiary Alkyl Bromides 

In a nitrogen-filled glove-box, a 4 mL screw-cap vial was charged with (dme)NiCl2 (11 mg, 0.050 mmol, 0.10 equiv), 

(bpp)MnCl2 (17 mg, 0.050 mmol, 0.10 equiv), dimethylformamide (0.5 mL), and a stir bar. To a separate 4 mL screw-

cap vial was charged iPrQ (24 mg, 0.05 mmol, 0.1 equiv), dimethylformamide (0.5 mL), and a stir bar. To a 4 mL 

screw-cap vial was charged KPF6 (46 mg, 0.25 mmol, 100 mM), aryl bromide (1.00 mmol, 2.00 equiv), alkyl bromide 

(0.500 mmol, 1.00 equiv), dimethylformamide (1.5 mL), and a magnetic stir bar. These solutions were allowed to stir 

at room temperature for 10 minutes before transferring to a 12 mL screw-cap vial equipped with a septum. A Ni foam 

cathode and a Zn anode were inserted into the test tube and the leads were pierced through a septum cap. The sealed 

test tube was removed from the glovebox. The reaction mixture was stirred on a magnetic stir plate at room temperature 

for 5 minutes prior to electrolysis. A reductive, constant current was applied at the Ni cathode (3 mA, 53.6 mAh, 4.0 

equiv e-). After electrolysis, the product was extracted from the crude reaction mixture with ethyl acetate (3 x 50 mL) 

and water (50 mL). The organic layers were combined and washed with brine (50 mL). The organic layer was dried 

over Na2SO4, filtered, and concentrated by rotary evaporation. The product was purified by flash chromatography on 

silica gel. Variations to this general procedure and specific conditions for isolation are detailed for each substrate 

below.  

 

General Procedure for the Cross Coupling of Aryl Chlorides with Secondary Alkyl Bromides 

In a nitrogen-filled glove-box, a 4 mL screw-cap vial was charged with (dme)NiCl2 (11 mg, 0.050 mmol, 0.10 equiv), 

(bpp)NiCl2 (18 mg, 0.050 mmol, 0.10 equiv), dimethylformamide (0.5 mL), and a stir bar. To a separate 4 mL screw-

cap vial was charged iPrQ (24 mg, 0.05 mmol, 0.1 equiv), dimethylformamide (0.5 mL), and a stir bar. To a 4 mL 

screw-cap vial was charged KPF6 (46 mg, 0.25 mmol, 100 mM), aryl chloride (1.00 mmol, 2.00 equiv), alkyl bromide 

(0.500 mmol, 1.00 equiv), dimethylformamide (1.5 mL), and a magnetic stir bar. These solutions were allowed to stir 

at room temperature for 10 minutes before transferring to a 12 mL screw-cap vial equipped with a septum. A Ni foam 

cathode and a Zn anode were inserted into the test tube and the leads were pierced through a septum cap. The sealed 

test tube was removed from the glovebox. The reaction mixture was stirred on a magnetic stir plate at 40 °C for 5 

minutes prior to electrolysis. A reductive, constant current was applied at the Ni cathode (3 mA, 53.6 mAh, 4.0 equiv 

e-). After electrolysis, the product was extracted from the crude reaction mixture with ethyl acetate (3 x 50 mL) and 

water (50 mL). The organic layers were combined and washed with brine (50 mL). The organic layer was dried over 

Na2SO4, filtered, and concentrated by rotary evaporation. The product was purified by flash chromatography on silica 

gel. Variations to this general procedure and specific conditions for isolation are detailed for each substrate below. 

 

General Procedure for the Cross Coupling of Aryl and Vinyl Triflates with Alkyl Bromides 

In a nitrogen-filled glove-box, a 4 mL screw-cap vial was charged with (dme)NiCl2 (11 mg, 0.050 mmol, 0.10 equiv), 

(bpp)NiCl2 (18 mg, 0.050 mmol, 0.10 equiv), dimethylformamide (0.5 mL), and a stir bar. To a separate 4 mL screw-

cap vial was charged iPrQ (24 mg, 0.05 mmol, 0.1 equiv), dimethylformamide (0.5 mL), and a stir bar. To a 4 mL 

screw-cap vial was charged KPF6 (46 mg, 0.25 mmol, 100 mM), aryl/vinyl triflate (1.00 mmol, 2.00 equiv), alkyl 

bromide (0.500 mmol, 1.00 equiv), dimethylformamide (1.5 mL), and a magnetic stir bar. These solutions were 

allowed to stir at room temperature for 10 minutes before transferring to a 12 mL screw-cap vial equipped with a 

septum. A Ni foam cathode and a Zn anode were inserted into the test tube and the leads were pierced through a 

septum cap. The sealed test tube was removed from the glovebox. The reaction mixture was stirred on a magnetic stir 

plate at 40 °C for 5 minutes prior to electrolysis. A reductive, constant current was applied at the Ni cathode (3 mA, 

53.6 mAh, 4.0 equiv e-). After electrolysis, the product was extracted from the crude reaction mixture with ethyl 

acetate (3 x 50 mL) and water (50 mL). The organic layers were combined and washed with brine (50 mL). The 

organic layer was dried over Na2SO4, filtered, and concentrated by rotary evaporation. The product was purified by 

flash chromatography on silica gel. Variations to this general procedure and specific conditions for isolation are 

detailed for each substrate below. 

 

General Procedure for Pseudo-Stoichiometric Reactions in Figure 2A: Reactions of Preformed (phosphine)Ni-

Ar Complexes  

A 12 mL screw-cap vial was charged with Ni(COD)2 (21 mg, 0.075 mmol,), ligand (0.083 mmol), dimethylformamide 

(0.5 mL), and a stir bar. To a 4 mL screw-cap vial was charged KPF6 (46 mg, 0.25 mmol, 100 mM), tBuBr (34 mg, 

0.25 mmol), 1-bromo-4-butylbenzene (53 mg, 0.25 mmol), dimethylformamide (2.0 mL), and a magnetic stir bar. 

These solutions were allowed to stir at room temperature for 10 minutes before transferring to a 12 mL screw-cap vial 
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equipped with a septum. A Ni foam cathode and a Zn anode were inserted into the test tube and the leads were pierced 

through a septum cap. The sealed test tube was removed from the glovebox. The reaction mixture was stirred on a 

magnetic stir plate at room temperature for 5 minutes prior to electrolysis. A reductive, constant current was applied 

at the Ni cathode (3 mA, 13.4 mAh, 2.00 equiv e-). After electrolysis, the product was extracted from the crude reaction 

mixture with ethyl acetate (2 mL) and brine (5 mL). The reaction mixture was analyzed by gas chromatography against 

a calibrated internal standard of dodecane.  

 

General Procedure for the Synthesis of Vinyl Triflates 

In a nitrogen-filled glove-box, an oven-dried 50 mL round-bottom flask was charged with ketone (5.00 mmol, 1 eq.), 

N-phenylbistriflamide (1.96 g, 5.50 mmol, 1.1 eq.), tetrahydrofuran (20 mL), and a magnetic stir bar. The mixture 

was cooled to -78 °C, and a solution of sodium hexamethyldisilazane (1.01 g, 5.50 mmol, 1.1 eq.) in tetrahydrofuran 

(5.5 mL) was added dropwise. The reaction was warmed to room temperature and allowed to stir for 12 hours. The 

product was extracted from the crude reaction mixture with ethyl acetate (3 x 50 mL) and water (50 mL). The organic 

layers were combined and washed with brine (50 mL), dried over anhydrous Na2SO4, filtered, and concentrated by 

rotary evaporation. The product was purified by flash column chromatography on silica gel. Variations to this general 

procedure and specific conditions for isolation are detailed for each substrate below. 
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Standard Electrochemical Cell Preparation 

 
Electrode Preparation Procedure: 

1. Materials required: 12 mL threaded reaction test tube, PTFE septa, threaded test tube cap, copper wire (18 

ga), nickel foam, zinc sheet, PTFE tubing (3/16” ID, 1/4” OD, 1/32” WT), pliers, hole punch, and aviation 

snips. 

2. Use aviation snips to cut nickel foam and zinc plate into 6 mm x 32 mm strips. 

3. Use hole punch to make 1.2 mm hole in nickel foam and zinc strips. 

4. Secure nickel foam and zinc strip to copper wire. For the nickel foam cathode, copper wire was threaded 

through hole and the copper was folded back on itself to clamp the nickel foam in place. For the zinc anode, 

the copper wire was threaded through hole and then twisted over itself to ensure secure connection.  

5. On the zinc anode, 2 segments of PTFE tubing were cut one being 3 cm and the other being 3 mm. The larger 

segment was placed over the zinc-copper connection and the smaller segment was placed over the end of the 

zinc electrode; this was done to prevent electrodes from touching causing the cell to short circuit.  

6. Copper wire from nickel foam and zinc electrodes was pushed through PTFE septa and electrodes were 

positioned parallel to each other to prevent them from touching. 

7. The pair of electrodes were located into threaded reaction test tube with a 1 cm gap from the bottom of the 

test tube, the septa was then secured with the threaded cap. 

  

1 3 2 

4 5 6 7 
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Synthesis and Characterization of Metal Complexes 
 

(bpp)NiBr2 (1) 

 
A 100 mL round-bottom flask was charged with bpp (2.121 g, 10.00 mmol, 1 equiv), THF (35 mL), and a stir bar. 

This solution was allowed to stir for 5 minutes. To the reaction mixture was added a solution of (dme)NiBr2 (3.090 g, 

15.00 mmol, 1 equiv) in MeOH (15 mL). The resulting mixture was allowed to stir at 60 °C for one hour. The reaction 

was allowed to cool to room temperature. To the cooled mixture was slowly added Et2O until a green powder 

precipitated. This powder was filtered, washed with Et2O, and collected to afford 1 as a bright green powder (2.944 g, 

6.75 mmol, 67%). Note: addition of superstoichiometric amounts of bpp lead to bis-ligated complex; recrystallization 

affords bis ligated complex. The title compound is paramagnetic. 

 

(iPrQ)2Ni0 (2) 

 
Inside a nitrogen-filled glovebox, to a 20 mL screw-cap vial was charged Ni(COD)2 (200. mg, 0.727 mmol, 1 equiv) 

a stir bar, and 2 mL of THF. This mixture was allowed to stir at room temperature for 5 minutes. To this yellow 

solution was added iPrQ (877 mg, 1.82 mmol, 2.5 equiv) in 2 mL of THF. Upon addition, the yellow solution 

immediately changed color to reddish-orange. The resulting mixture was allowed to stir for 1 hour at room 

temperature. The orange solution was concentrated in vacuo to afford a sticky orange powder. The powder was washed 

with pentane (3x15 mL) and cold Et2O (2x5 mL) and filtered. The resulting orange powder was dried in vacuo to 

afford the product as a light orange powder (531 mg, 0.519 mmol, 71%).  
31P NMR (243 MHz, C6D6) δ 38.8 (br) 

Elemental Analysis Calculated for C66H54N4P27·2(H2O): C, 74.80; H, 5.14; N, 5.29. Found: C, 74.97; H, 5.48; N, 

5.15 

 

(iPrQ)NiBr(4-F-Ph) (3) 

 
Inside a nitrogen-filled glovebox, to a 20 mL screw-cap vial was charged Ni(COD)2 (55 mg, 0.20 mmol, 1 equiv) a 

stir bar, and 2 mL of THF. This mixture was allowed to stir at room temperature for 5 minutes. To this yellow solution 

was added iPrQ (241 mg, 0.499 mmol, 2.5 equiv) in 2 mL of THF. Upon addition, the yellow solution immediately 

changed color to reddish-orange. The resulting mixture was allowed to stir for 1 hour at room temperature. To this 

orange solution was added 4-fluorobromobenzene (349 mg, 2.00 mmol, 10 equiv). The reaction mixture was allowed 

to stir for 10 minutes at room temperature. The reaction mixture was then concentrated under vacuum. The resulting 

brown solid was suspended in pentane and filtered, washing with cold pentane (10x5 mL) and cold ether (2x5 mL). 

The solid was collected by filtration to afford 3 as a dark brown solid (95 mg, 0.13 mmol, 66%). Note: 3 is unstable 

in solution without added ArBr, likely because oxidative addition-reductive elimination are reversible processes. Due 

to the need for an equimolar (or greater) quantity of added ArBr, we were unable to characterize the complex 1H and 

13C NMR spectroscopy. 
31P NMR (243 MHz, C6D6) δ 26.3  
19F NMR (565 MHz, CD3CN) δ -124  
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(bpp)NiII-(Aryl) (4) 

 
Inside a nitrogen-filled glovebox, a 20 mL screw-cap vial was charged with Ni(COD)2 (55 mg, 0.20 mmol, 1 equiv) 

a stir bar, and 2 mL of THF. This mixture was allowed to stir at room temperature for 5 minutes. To this yellow 

solution was added iPrQ (241 mg, 0.499 mmol, 2.5 equiv) in 2 mL of THF. Upon addition, the yellow solution 

immediately changed color to reddish-orange. The resulting mixture was allowed to stir for 1 hour at room 

temperature. To this orange solution was added 4-fluorobromobenzene (175 mg, 1.00 mmol, 5.0 equiv). The reaction 

mixture was allowed to stir for 10 minutes at room temperature. Then, bpp (46 mg, 0.22 mmol, 1.1 equiv) in THF (1 

mL) was added in one portion at which point the reaction immediately precipitated a yellow-orange solid. The solid 

was filtered and washed with pentane (3x15 mL) and cold ether (3x 10 mL). The resulting powder was dried in vacuo 

to afford the product as a bright yellow powder (60 mg, 0.135 mmol, 68%). Note: the title compound is unstable in 

solution for extended periods of time (>5 h).  
1H NMR (600 MHz, CD3CN) δ 8.73 (s, 2H), 8.42 (dd, J = 7.3 Hz, 1H), 7.87 (d, J = 8.2 Hz, 2H), 7.56 (d, J = 6.0 Hz, 

2H), 7.27 (s, 2H), 7.00 (dd, J = 8.8 Hz, 2H), 6.70 (s, 2H). 
19F NMR (565 MHz, CD3CN) δ -123 

 

(bpp)MnCl2 

 
To a 100 mL round-bottom flask was charged bpp (3.492 g, 16.53 mmol, 1.1 equiv), THF (35 mL), and a stir bar. This 

solution was allowed to stir for 5 minutes. To the reaction mixture was added a solution of MnCl2 (1.890 g, 15.00 

mmol, 1 equiv) in MeOH (10 mL). The resulting mixture was allowed to stir at 60 °C for one hour. The reaction was 

allowed to cool to room temperature. To the cooled mixture was slowly added Et2O until a white powder precipitated. 

This powder was filtered, washed with Et2O, and collected (4.884 g, 14.49 mmol, 96%). Suitable crystals can be 

grown by dissolving the title compound in DMF and layering with a mixture of 2:1 Toluene:Et2O to afford the product 

as small rectangular prisms. The title compound is paramagnetic. 
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Synthesis of Starting Materials 

N-(4-bromophenyl)-N-methylacetamide 

N-(4-bromophenyl)acetamide (3.00 g, 14.1 mmol, 1.00 equiv) was dissolved in THF (15 mL) and the resulting solution 

was slowly added to a suspension of NaH (60% dispersion in mineral oil, 841 mg, 21.0 mmol, 1.50 equiv) in THF (30 

mL). After stirring for 5 minutes, MeI (2.39 g, 16.8 mmol, 1.20 equiv) was added dropwise and the reaction was 

stirred at room temperature overnight. The reaction mixture was diluted with water (50 mL) and DCM (50 mL). The 

aqueous layer was then extracted with DCM (3 × 30 mL). The combined organic phase was dried over anhydrous 

Na2SO4, and then concentrated in vacuo. The crude product was purified by flash column chromatography (25:75 

EtOAc:Hexanes) to yield the title compound (2.54 g, 11.1 mmol 79%) as a white solid. Analysis by 1H NMR 

spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the title 

compound.(52)  
1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.6 Hz, 1H), 7.07 (d, J = 8.6 Hz, 1H), 3.24 (s, 2H), 1.87 (s, 2H). 
13C NMR (101 MHz, CDCl3) δ 170.4, 143.8, 133.1, 129.0, 121.6, 37.2, 22.6. 

N-(4-chlorophenyl)-N-methylacetamide 

N-(4-chlorophenyl)acetamide (2.00 g, 11.8 mmol, 1.00 equiv) was dissolved in THF (15 mL) and the resulting solution 

was slowly added to a suspension of NaH (60% dispersion in mineral oil, 707 mg, 17.7 mmol, 1.50 equiv) in THF (30 

mL). After stirring for 5 minutes, MeI (2.01 g, 14.2 mmol, 1.20 equiv) was added dropwise and the reaction was 

stirred at room temperature overnight. The reaction mixture was diluted with water (50 mL) and DCM (50 mL). The 

aqueous layer was then extracted with DCM (3 × 30 mL). The combined organic phase was dried over anhydrous 

Na2SO4, and then concentrated in vacuo. The crude product was purified by flash column chromatography (25:75 

EtOAc:Hexanes) to yield the title compound (2.54 g, 11.1 mmol 79%) as a white solid. Analysis by 1H NMR 

spectroscopy matches characterization of previously reported literature for the title compound. (53) 
1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 8.8 Hz, 1H), 7.28 (d, J = 8.9 Hz, 1H), 3.42 (s, 3H), 2.17 (s, 3H). 

2-(3-chlorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

(3-chlorophenyl)boronic acid (3.91 g, 25 mmol, 1.00 equiv) and  2,3-dimethylbutane-2,3-diol (3.55 g, 30 mmol, 1.2 

equiv) were dissolved in dichloromethane (50 mL) and allowed to stir at room temperature for 6 h. Upon completion, 

to the reaction mixture was added DI water (50 mL) and the aqueous layer was then extracted with DCM (3 x 50 mL). 

The combined organic phases were dried over anhydrous sodium sulfate and concentrated in vacuo. The crude product 

was purified by flash column chromatography (100% Hexanes) to yield the title compound (5.34 g, 22.4 mmol, 90%). 

Analysis by 1H NMR spectroscopy matches characterization of previously reported literature for the title 

compound.(54) 
1H NMR (400 MHz, CDCl3) δ 7.81 (dd, J = 2.4, 1.2 Hz, 1H), 7.69 (dd, J = 7.3, 1.1 Hz, 1H), 7.41 (dd, J = 2.3, 1.2 

Hz, 1H), 7.30 (t, J = 7.7 Hz, 1H), 1.35 (s, 12H). 
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(3R,6S)-6-isopropyl-3-methylcyclohex-1-en-1-yl trifluoromethanesulfonate 

 

 

 

 

 

 

Following the general procedure for the synthesis of vinyl triflates, to the reaction was added (2S,5R)-2-isopropyl-5-

methylcyclohexan-1-one (771 mg, 5.00 mmol, 1.00 equiv). The resulting product was purified via flash column 

chromatography (10:90 EtOAc:Hexanes) as a colorless oil (996 mg, 3.48 mmol, 70%). Analysis by 1H NMR 

spectroscopy matches characterization of previously reported literature for the title compound.(55) 
1H NMR (400 MHz, CDCl3) δ 5.64 (s, 1H), 2.48 (ddtd, J = 9.9, 5.9, 3.9, 1.9 Hz, 1H), 2.38 – 2.28 (m, 1H), 2.16 (pd, 

J = 7.0, 4.0 Hz, 1H), 1.81 (dddd, J = 11.2, 7.3, 5.6, 4.1 Hz, 2H), 1.47 – 1.36 (m, 1H), 1.15 (ddd, J = 12.7, 10.3, 2.7 

Hz, 1H), 1.04 (d, J = 7.1 Hz, 3H), 1.02 – 0.97 (m, 1H), 0.95 (d, J = 7.0 Hz, 3H), 0.82 (d, J = 6.9 Hz, 3H). 

 

tert-butyl 4-(((trifluoromethyl)sulfonyl)oxy)-3,6-dihydropyridine-1(2H)-carboxylate 

  

 

 

 

Following the general procedure for the synthesis of vinyl triflates, to the reaction was added tert-butyl 4-

oxopiperidine-1-carboxylate (996 mg, 5.00 mmol, 1.00 equiv). The resulting product was purified via flash column 

chromatography (10:90 EtOAc:Hexanes) as a colorless oil (1.05 g, 3.17 mmol, 63%). Analysis by 1H NMR 

spectroscopy matches characterization of previously reported literature for the title compound.(56) 

1H NMR (400 MHz, CDCl3) δ 5.76 (s, 1H), 4.04 (q, J = 3.0 Hz, 2H), 3.62 (t, J = 5.7 Hz, 2H), 2.43 (td, J = 2.9, 1.4 

Hz, 2H), 1.47 (s, 9H). 

 

2-methyl-8,9-dihydro-2,9a-diazabenzo[cd]azulene-1,6(2H,7H)-dione 

 

 

 

 

 

 

8,9-dihydro-2,9a-diazabenzo[cd]azulene-1,6(2H,7H)-dione (1.00 g, 5.00 mmol, 1.00 equiv) was dissolved in THF (10 

mL) and the resulting solution was slowly added to a suspension of NaH (60% dispersion in mineral oil, 299 mg, 7.50 

mmol, 1.50 equiv) in THF (20 mL). After stirring for 5 minutes, MeI ( 851 mg, 6.00 mmol, 1.20 equiv) was added 

dropwise and the reaction was stirred at room temperature overnight. The reaction mixture was diluted with water (50 

mL) and DCM (50 mL). The aqueous layer was then extracted with DCM (3 × 30 mL). The combined organic phase 

was dried over anhydrous Na2SO4, and then concentrated in vacuo. The crude product was purified by flash column 

chromatography (35:65 EtOAc:Hexanes) to yield the title compound (852 mg, 3.94 mmol 79%) as a white solid.  
1H NMR (400 MHz, CDCl3)δ 7.79 (dd, J = 5.5, 3.9 Hz, 1H), 7.18 – 7.07 (m, 2H), 4.25 – 3.99 (m, 2H), 3.46 (s, 3H), 

3.25 – 3.01 (m, 2H), 2.33 – 2.10 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 197.1, 153.8, 131.1, 128.9, 122.6, 120.6, 118.6, 111.7, 45.4, 44.5, 27.3, 20.3. 

 

2-methyl-1-oxo-1,2,8,9-tetrahydro-2,9a-diazabenzo[cd]azulen-6-yl trifluoromethanesulfonate 

 

 

 

 

Following the general procedure for the synthesis of vinyl triflates, to the reaction was added 2-methyl-8,9-dihydro-

2,9a-diazabenzo[cd]azulene-1,6(2H,7H)-dione (1.08 g, 5.00 mmol, 1.00 equiv). The resulting product was purified 

via flash column chromatography (30:70 EtOAc:Hexanes) as a white solid (943 mg, 2.71 mmol, 54%).  
1H NMR (400 MHz, CDCl3) δ 7.27 (dd, J = 8.1, 1.0 Hz, 1H), 7.15 (t, J = 8.0 Hz, 1H), 7.00 (dd, J = 7.7, 1.0 Hz, 

1H), 6.26 (t, J = 7.2 Hz, 1H), 4.13 – 4.07 (m, 2H), 3.43 (s, 3H), 2.67 (td, J = 7.1, 4.7 Hz, 2H). 
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13C NMR (101 MHz, CDCl3) δ 153.3, 145.8, 130.4, 125.9, 122.2, 121.2, 118.45 (q, J = 320.2 Hz), 118.2, 114.2, 

108.5, 42.5, 27.3, 25.6. 

 
naphthalen-2-yl trifluoromethanesulfonate 

 

 

 

 

Following a published procedure,(57) to a scintered glass 20 mL vial was added naphthalen-2-ol (721 mg, 5.00 mmol, 

1.00 equiv.) and pyridine ( 475 mg, 6.00 mmol, 1.20 equiv.). The two compounds were dissolved in DCM (10 mL) 

and the solution cooled to 0 °C. Triflic anhydride (2.12 g, 7.50 mmol, 1.50 equiv. was added dropwise and the solution 

allowed to warm to room temperature. Afterwards, saturated NaHCO3-solution (30 mL) was added, and the aqueous 

phase was extracted with DCM (3 × 25 mL). The combined organic phases were dried over sodium sulfate, and the 

mixture concentrated in vacuo. The crude product was purified by column chromatography (100 % Hexanes) to afford 

the title compound as an off white solid (836 mg, 3.03 mmol, 61%). 
1H NMR (400 MHz, CDCl3) δ 7.95 – 7.85 (m, 3H), 7.77 (d, J = 2.5 Hz, 1H), 7.62 – 7.53 (m, 2H), 7.39 (dd, J = 9.0, 

2.5 Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 147.1, 133.3z, 132.3, 130.6, 128.0, 127.9, 127.8, 127.7, 127.5, 127.2, 119.5, 119.2, 

118.8 (q, J = 320.8 Hz). 

 

 

cyclohex-1-en-1-yl trifluoromethanesulfonate 

 

 

 

 

 

Following the general procedure for the synthesis of vinyl triflates, to the reaction was added cyclohexanone (4.00 g, 

40.8 mmol, 1.00 equiv). The resulting product was purified via flash column chromatography (100% Hexanes) as a 

colorless oil (6.14 g, 26.7 mmol, 65%). Analysis by 1H NMR spectroscopy matches characterization of previously 

reported literature for the title compound. 
1H NMR (400 MHz, CDCl3) δ 5.78 – 5.71 (m, 1H), 2.35 – 2.24 (m, 2H), 2.22 – 2.13 (m, 3H), 1.84 – 1.71 (m, 3H), 

1.65 – 1.54 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 149.4, 118.7- (q, J = 319.6 Hz), 118.3, 27.4, 23.7, 22.5, 20.9.  

 

(1E,3E)-2-ethylhexa-1,3-dien-1-yl trifluoromethanesulfonate 

  

 

 

 

Following a published procedure,(58) in a nitrogen-filled glove-box, to an oven-dried 50 mL round-bottom flask 

equipped with a magnetic stir bar was charged with butyraldehyde (361 mg, 5.00 mmol, 1 equiv), cesium carbonate 

(3.26 g, 10.0 mmol, 2.00 equiv) and toluene/dioxane (20 mL/20 mL). The mixture was removed from the glove-box 

after which a portion of triflic anhydride (1.69 g, 6.00 mmol, 1.2 equiv) was added dropwise. The reaction was heated 

to 40 °C and allowed to stir for 5 hours. The product was extracted from the crude reaction mixture with ethyl acetate 

(3 x 50 mL) and water (50 mL). The organic layers were combined and washed with brine (50 mL), dried over 

anhydrous Na2SO4, filtered, and concentrated by rotary evaporation. The product was purified by flash column 

chromatography (100% Hexanes) providing the title compound (556 mg, 2.15 mmol, 86%).  
1H NMR (400 MHz, CDCl3) δ 6.60 (s, 1H), 6.00 – 5.87 (m, 1H), 5.81 (dq, J = 15.6, 1.2 Hz, 1H), 2.34 (q, J = 7.6 

Hz, 2H), 2.23 – 2.06 (m, 2H), 1.09 – 1.05 (m, 3H), 1.05 – 1.01 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 135.5, 133.2, 133.2, 122.9, 118.60 (q, J = 321.0 Hz), 26.0, 18.2, 13.3, 12.9. 
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(2-(4-bromophenyl)isoindoline-1,3-dione 

 
Following a published procedure,(59) to a 250 mL round-bottom flask was added isobenzofuran-1,3-dione (2.964 g, 

19.81 mmol, 0.2 M, 1.00 equiv), AcOH (100 mL), and a large stir bar. While stirring, 4-bromoaniline was added in 

one portion. The resulting reaction mixture was allowed to reflux at 120 °C for 3 hours. Upon cooling to room 

temperature, a white solid precipitated and was collected by filtration, washing with water. The resulting mixture was 

dissolved in CH2Cl2 and the organic layer was extracted with brine, dried over Na2SO4, and concentrated by rotary 

evaporation to afford a white solid (5.322 g, 17.62 mmol, 88%). Analysis by 1H NMR spectroscopy and 13C NMR 

spectroscopy matches characterization of previously reported literature for the title compound.(1760) 
1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.6 Hz, 1H), 7.07 (d, J = 8.6 Hz, 1H), 3.24 (s, 2H), 1.87 (s, 2H). 
13C NMR (101 MHz, CDCl3) δ 170.4, 143.8, 133.1, 129.0, 121.6, 37.2, 22.6. 

 

N-(4-bromophenyl)picolinamide 

 
To a 40 mL screw-cap scintillation vial was added picolinic acid (1.231 g, 10.00 mmol), CH2Cl2 (15 mL), and a stir 

bar. The reaction mixture was to 0 °C in an ice bath. To this cooled solution was slowly added SOCl2 (2.9 mL, 4 

equiv) and then sealed with a Teflon-coated scintillation cap. The reaction mixture was allowed to stir at 0 °C for 5 

minutes and then at 50 °C for 3 hours. The solvent was removed by stirring under high vacuum. The resulting solid 

was dissolved in CH2Cl2 (10 mL) and cooled to 0 °C in an ice bath. To this cooled solution as added triethylamine (3 

mL) and then 4-bromo-N-methylaniline (2.887 g, 15.52 mmol, 1.5 equiv). The resulting reaction mixture was allowed 

to stir for 12 hours at room temperature. After this time, the reaction was poured into CH2Cl2 and extracted with water 

(3x15 mL), brine (2x10 mL), dried over sodium sulfate, and concentrated by rotary evaporation. The crude mixture 

was purified by column chromatography (40:60 EtOAc:Hexanes) to afford the title compound as a brown solid (2.182 

g, 7.870 mmol, 79%). 
1H NMR (400 MHz, CDCl3) δ 8.34 (s, 1H), 7.65 (t, J = 7.8 Hz, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.33 (d, J = 8.1 Hz, 

2H), 7.19 (d, J = 6.2 Hz, 1H), 6.95 (s, 2H), 3.49 (s, 3H). 
13C NMR (101 MHz, CDCl3 δ 168.6, 153.8, 148.4, 143.5, 136.5, 132.1, 128.2, 124.2, 123.8, 120.0, 38.1 (br). 

 

methyl 2-(1-(4-chlorobenzoyl)-2-methyl-1H-indol-3-yl)acetate 

 
Following a published procedure,(601) to a 20 mL screw-neck vial was added indomethacin (1.00 g, 2.79 mmol, 0.4 

M, 1.00 equiv),  Na2CO3 (592 mg, 5.60 mmol, 2.0 equiv), DMF (7 mL), and a stir bar. While stirring, methyl iodide 

(0.35 mL, 5.8 mmol, 2 equiv) was added dropwise over the course of 5 minutes. The reaction mixture was allowed to 

stir overnight at room temperature. The yellow solution was poured into ethyl acetate (25 mL) and extracted with 

water (50 mL), saturated NaHCO3 (50 mL), water (50 mL), brine (50 mL), dried over Na2SO4, and concentrated by 

rotary evaporation. The product was isolated following column chromatography in 10:90 EtOAc: Hex to afford the 

title compound as a yellow solid (884 mg, 2.38 mmol, 85%). Analysis by 1H NMR spectroscopy and 13C NMR 

spectroscopy matches characterization of previously reported literature for the title compound.(601) 
1H NMR (400 MHz, CDCl3) δ 7.61 – 7.56 (m, 2H), 7.42 – 7.37 (m, 2H), 6.90 – 6.87 (m, 1H), 6.79 (dd, J = 9.0, 0.5 

Hz, 1H), 6.60 (dd, J = 9.0, 2.6 Hz, 1H), 3.77 (s, 3H), 3.63 (s, 3H), 3.60 (s, 2H), 2.31 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 171.3, 168.3, 156.1, 139.3, 136.0, 133.9, 131.2, 130.8, 130.7, 129.1, 115.0, 112.5, 

111.6, 101.3, 55.7, 52.2, 30.2, 13.4. 
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4-bromo-4-methylpentan-2-one 

 
To a 40 mL screw-cap scintillation vial was added 4-methylpent-3-en-2-one (1.534 g, 15.63 mmol), LiBr (4.011 g, 

46.19 mmol, 3 equiv), CH2Cl2 (2 mL) and a stir bar. While stirring, HBr (48%, 10 mL) was added in one portion. The 

resulting reaction mixture was allowed to stir at room temperature for 12 hours. The resulting mixture was dissolved 

in CH2Cl2 and the organic layer was extracted with water (3x20 mL), brine (2x10 mL), dried over Na2SO4, and 

concentrated by rotary evaporation. Elution of the crude material by flash column chromatography (0.1:5:94.9 

NEt3:EtOAc:Hexanes) afforded the product as a red oil (1.578 g, 8.81 mmol, 56%). Analysis by 1H NMR spectroscopy 

and 13C NMR spectroscopy matches characterization of previously reported literature for the title compound.(1662)  
1H NMR (400 MHz, CDCl3) δ 3.07 (s, 2H), 2.19 (s, 3H), 1.88 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 205.1, 61.4, 58.3, 34.1, 31.8. 

 

(1S,4S)-1,7,7-trimethylbicyclo[2.2.1]hept-2-en-2-yl trifluoromethanesulfonate 

 
To a 40 mL screw-cap scintillation vial was added (1S,4S)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-one (5.420 g, 35.60 

mmol), THF (70 mL), and a stir bar. The reaction mixture was cooled to –78 °C and allowed to stir for 5 minutes. 

While stirring, a solution of NaHMDS (7.155 g, 39.02 mmol, 1.1 equiv) in THF (30 mL) was slowly added over 10 

minutes. The resulting reaction mixture was allowed to warm to room temperature and stir for 20 minutes. The reaction 

mixture was then cooled to -78 °C and to this cooled solution was slowly added PhNTf2 (15.129 g, 43.32 mmol, 1.2 

equiv) as a solution in THF (15 mL). The resulting mixture was allowed to warm to room temperature and to stir for 

12 hours. The crude mixture was dissolved in CH2Cl2 and the organic layer was extracted with water (3x20 mL), brine 

(2x10 mL), dried over Na2SO4, and concentrated by rotary evaporation. Elution of the crude material by flash column 

chromatography (Hexanes) afforded the product as a colorless oil (7.819 g, 27.48 mmol, 77%). Analysis by 1H NMR 

spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the title 

compound.(613)  
1H NMR (400 MHz, CDCl3) δ 5.67 (d, J = 3.8 Hz, 1H), 2.45 (t, J = 3.7 Hz, 1H), 1.93 (ddt, J = 12.2, 8.6, 3.7 Hz, 

1H), 1.65 (dddd, J = 12.2, 8.5, 3.6, 0.7 Hz, 1H), 1.33 (ddd, J = 12.4, 9.1, 3.6 Hz, 1H), 1.15 (ddd, J = 12.5, 9.1, 3.6 

Hz, 1H), 1.03 (s, 3H), 0.92 (s, 3H), 0.79 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 155.2, 120.1 (q, J = 321.3 Hz), 117.7, 57.0, 53.8, 50.1, 30.8, 25.3, 19.7, 19.0, 9.4. 
19F NMR (376 MHz, CDCl3) δ -74.2. 

 

(2S,6'R)-4-chloro-2',5,7-trimethoxy-6'-methyl-3-oxo-3H-spiro[benzofuran-2,1'-cyclohexane]-2',4'-dien-4'-yl 

trifluoromethanesulfonate 

 
To a 40 mL screw-cap scintillation vial was added (2S,6'R)-4-chloro-2',5,7-trimethoxy-6'-methyl-3H-

spiro[benzofuran-2,1'-cyclohexan]-2'-ene-3,4'-dione (1.00 g, 2.83 mmol), PhNTf2 (1.244 g, 3.480 mmol, 1.2 equiv) 

THF (7 mL), and a stir bar. The reaction mixture was cooled to –78 °C and allowed to stir for 5 minutes. While stirring, 

a solution of NaHMDS (581 mg, 3.17 mmol, 1.1 equiv) in THF (5 mL) was slowly added over 10 minutes. The 

resulting mixture was allowed to warm to room temperature and to stir for 12 hours. The crude mixture was dissolved 

in CH2Cl2 and the organic layer was extracted with water (3x20 mL), brine (2x10 mL), dried over Na2SO4, and 

concentrated by rotary evaporation. Elution of the crude material by flash column chromatography (45:55 

EtOAc:Hexanes) afforded the product as a yellow-brown solid (679 mg, 1.40 mmol, 49%). Analysis by 1H NMR 

spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the title 

compound.(624)  
1H NMR (400 MHz, CDCl3) δ 6.10 (s, 1H), 5.40 (dd, J = 4.1, 1.9 Hz, 1H), 5.19 (d, J = 1.9 Hz, 1H), 4.00 (s, 3H), 

3.95 (s, 3H), 3.58 (s, 3H), 3.23 (qd, J = 7.3, 4.0 Hz, 1H), 1.13 (d, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 191.8, 168.6, 164.4, 157.8, 156.7, 143.8, 118.6 (q, J = 321 Hz), 111.7, 104.9, 97.3, 

94.8, 91.2, 89.5, 56.9, 56.3, 56.3, 37.6, 13.4. 
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19F NMR (376 MHz, CDCl3) δ -73.0. 

 

4-bromo-4-methyltetrahydro-2H-pyran 

 
To a 100 mL round-bottom flask was added tetrahydro-4H-pyran-4-one (1.509 g, 15.00 mmol), THF (30 mL) and a 

stir bar. The resulting mixture was cooled to 0 °C in an ice bath. While stirring, a MeMgBr (1 M in Et2O, 18 mL, 18 

mmol, 1.2 equiv) was slowly added. The resulting mixture was allowed to stir at room temperature for 5 hours, then 

quenched with 10 mL of H2O. EtOAc (30 mL) was added and the organic layer was extracted with water (3x20 mL), 

brine (2x10 mL), dried over Na2SO4, and concentrated by rotary evaporation to afford the crude product as a colorless 

oil (1.540 g, 13.26 mmol, 88%). The resulting crude mixture was used without further purification.  

 

To a 40 mL screw-cap scintillation vial was added 4-methyltetrahydro-2H-pyran-4-ol (1.540 g, 13.26 mmol), LiBr 

(3.450 g, 39.77 mmol, 3 equiv), CH2Cl2 (2 mL) and a stir bar. While stirring, HBr (48%, 10 mL) was added in one 

portion. The resulting reaction mixture was allowed to stir at room temperature for 12 hours. The resulting mixture 

was dissolved in hexanes and the organic layer was extracted with water (3x20 mL), brine (2x10 mL), dried over 

Na2SO4, and concentrated by rotary evaporation. Elution of the crude material by flash column chromatography 

(0.1:5:94.9 NEt3:EtOAc:Hexanes) afforded the product as a colorless oil (1.644 g, 9.18 mmol, 69%). Analysis by 1H 

NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the title 

compound.(635) 
1H NMR (400 MHz, CDCl3) δ 3.89 – 3.76 (m, 4H), 1.97 (dd, J = 14.6, 2.4 Hz, 2H), 1.87 (s, 3H), 1.81 – 1.68 (m, 

2H). 
13C NMR (101 MHz, CDCl3) δ 68.3, 63.7, 43.3, 37.4. 

 

(2-(1-bromocyclobutyl)ethyl)benzene 

 
To a 500 mL round-bottom flask was added magnesium turnings (2.633 g, 108.1 mmol), THF (250 mL), a crystal of 

I2, and a stir bar. The resulting mixture was cooled to 0 °C in an ice bath and allowed to stir in an ice bath until the 

solution changed colors from yellow to clear. While stirring, a (2-bromoethyl)benzene (10.00 g, 54.04 mmol,) was 

slowly added. The resulting mixture was allowed to stir at room temperature for 5 hours. After this time, the reaction 

was cooled to 0 °C. To this solution was slowly added cyclobutanone (6.0 mL, 81 mmol, 1.5 equiv). This reaction 

was allowed to stir at room temperature for 12 hours after which it was quenched with 10 mL of H2O. EtOAc (30 mL) 

was added, and the organic layer was extracted with water (3x20 mL), brine (2x10 mL), dried over Na2SO4, and 

concentrated by rotary evaporation. Purification by flash column chromatography (10:90 EtOAc:Hexanes) afforded 

1-phenethylcyclobutan-1-ol as a colorless oil (8.411 g, 47.71 mmol, 88%).  
1H NMR (400 MHz, CDCl3) δ 7.36 – 7.30 (m, 2H), 7.28 – 7.25 (m, 2H), 7.24 – 7.19 (m, 1H), 2.81 – 2.68 (m, 2H), 

2.15 (dddd, J = 12.6, 8.7, 3.8, 2.5 Hz, 2H), 2.07 (q, J = 9.6 Hz, 2H), 2.02 – 1.92 (m, 2H), 1.87 – 1.76 (m, 1H), 1.59 

(dp, J = 11.3, 8.8 Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 142.5, 128.4, 128.3, 125.7, 75.2, 41.3, 36.0, 29.9, 12.1. 

 
To a 40 mL screw-cap scintillation vial was added 1-phenethylcyclobutan-1-ol (8.411 g, 47.71 mmol), LiBr (12.428 

g, 143.21 mmol, 3 equiv), CH2Cl2 (10 mL) and a stir bar. While stirring, HBr (48%, 25 mL) was added in one portion. 

The resulting reaction mixture was allowed to stir at room temperature for 12 hours. The resulting mixture was 

dissolved in hexanes and the organic layer was extracted with water (3x20 mL), brine (2x10 mL), dried over Na2SO4, 

and concentrated by rotary evaporation. Elution of the crude material by flash column chromatography (Hexanes) 

afforded the product as a colorless oil (7.291 g, 30.50 mmol, 63%).  
1H NMR (400 MHz, CDCl3) δ 7.34 – 7.28 (m, 2H), 7.24 (s, 2H), 7.23 – 7.18 (m, 1H), 2.86 – 2.82 (m, 2H), 2.78 – 

2.65 (m, 2H), 2.48 – 2.37 (m, 2H), 2.31 – 2.16 (m, 1H), 2.28 – 2.19 (m, 2H), 1.89 (dtt, J = 11.2, 8.6, 6.9 Hz, 1H). 
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13C NMR (101 MHz, CDCl3) δ 141.5, 128.5, 128.4, 125.9, 68.0, 46.0, 40.0, 32.6, 17.1. 

 

(3-bromo-3-methylbutyl)benzene 

 
To a 250 mL round-bottom flask was added magnesium turnings (1.311 g, 54.04 mmol), THF (70 mL), a crystal of 

I2, and a stir bar. The resulting mixture was cooled to 0 °C in an ice bath and allowed to stir in an ice bath until the 

solution changed colors from yellow to clear. While stirring, a (2-bromoethyl)benzene (5.004 g, 27.02 mmol) was 

slowly added. The resulting mixture was allowed to stir at room temperature for 5 hours. After this time, the reaction 

was cooled to 0 °C. To this solution was slowly added acetone (4.0 mL, 54 mmol, 2.0 equiv). This reaction was 

allowed to stir at room temperature for 12 hours after which it was quenched with 10 mL of H2O. EtOAc (30 mL) was 

added, and the organic layer was extracted with water (3x20 mL), brine (2x10 mL), dried over Na2SO4, and 

concentrated by rotary evaporation. Purification by flash column chromatography (10:90 EtOAc:Hexanes) afforded 

2-methyl-4-phenylbutan-2-ol as a colorless oil (3.682 g, 22.42 mmol, 83%).  
1H NMR (400 MHz, CDCl3) δ 7.34 – 7.29 (m, 2H), 7.23 (d, J = 7.0 Hz, 2H), 7.21 – 7.18 (m, 1H), 2.77 – 2.70 (m, 

2H), 2.19 (s, 1H), 1.90 – 1.77 (m, 3H), 1.32 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 142.5, 128.3, 128.3, 125.7, 70.8, 45.7, 30.7, 29.3. 

 

To a 40 mL screw-cap scintillation vial was added 2-methyl-4-phenylbutan-2-ol (3.682 g, 22.42 mmol), LiBr (5.384 

g, 67.22 mmol, 3 equiv), CH2Cl2 (2 mL) and a stir bar. While stirring, HBr (48%, 15 mL) was added in one portion. 

The resulting reaction mixture was allowed to stir at room temperature for 12 hours. The resulting mixture was 

dissolved in hexanes and the organic layer was extracted with water (3x20 mL), brine (2x10 mL), dried over Na2SO4, 

and concentrated by rotary evaporation. Elution of the crude material by flash column chromatography (Hexanes) 

afforded the product as a colorless oil (3.284 g, 14.46 mmol, 64%). Analysis by 1H NMR spectroscopy and 13C NMR 

spectroscopy matches characterization of previously reported literature for the title compound.(1662) 
1H NMR (400 MHz, CDCl3) δ 7.35 – 7.28 (m, 2H), 7.25 – 7.19 (m, 2H), 2.94 – 2.83 (m, 2H), 2.16 – 2.04 (m, 2H), 

1.85 (d, J = 1.7 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 141.6, 128.4, 128.4, 125.9, 67.4, 49.4, 34.3, 32.9. 

 

6-methylhepta-1,5-dien-2-yl trifluoromethanesulfonate 

 
To a 40 mL screw-cap scintillation vial was added 6-methylhept-5-en-2-one (1.042 g, 7.920 mmol), THF (20 mL), 

and a stir bar. The reaction mixture was cooled to –78 °C and allowed to stir for 5 minutes. While stirring, a solution 

of NaHMDS (1.822 g, 9.946 mmol, 1.1 equiv) in THF (30 mL) was slowly added over 10 minutes. The resulting 

reaction mixture was allowed to warm to room temperature and stir for 20 minutes. The reaction mixture was then 

cooled to -78 °C and to this cooled solution was slowly added PhNTf2 (3.386 g, 9.941 mmol, 1.2 equiv) as a solution 

in THF (15 mL). The resulting mixture was allowed to warm to room temperature and to stir for 12 hours. The crude 

mixture was dissolved in CH2Cl2 and the organic layer was extracted with water (3x20 mL), brine (2x10 mL), dried 

over Na2SO4, and concentrated by rotary evaporation. Elution of the crude material by flash column chromatography 

(Hexanes) afforded the product as a colorless oil (847 mg, 3.28 mmol, 41%). Analysis by 1H NMR spectroscopy and 
13C NMR spectroscopy matches characterization of previously reported literature for the title compound.(646)  
1H NMR (400 MHz, CDCl3) δ 5.10 (d, J = 3.5 Hz, 1H), 5.07 (ddq, J = 7.0, 2.9, 1.4 Hz, 1H), 4.93 (dt, J = 3.6, 1.1 

Hz, 1H), 2.36 (ddt, J = 7.7, 6.6, 1.1 Hz, 2H), 2.24 (dtdd, J = 8.0, 7.0, 2.0, 1.0 Hz, 2H), 1.70 (d, J = 1.4 Hz, 3H), 1.62 

(d, J = 1.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3 δ 156.6, 133.7, 121.5, 119.1 (q, J = 320.0 Hz), 104.3, 34.0, 25.6, 24.6, 17.7. 
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(2-bromo-2-methylcyclopropyl)benzene 

 
Following a modification of a published procedure,(657) to a 40 mL screw-cap scintillation vial was added styrene 

(3.0 mL, 26 mmol), bromoform (10.0 mL, 90.6 mmol), and a stir bar. The reaction mixture was cooled to 0 °C, and 

to this cooled solution was slowly added aqueous NaOH (20 M, 10 mL). The resulting mixture was allowed to stir at 

60 °C for 2 hours. After this time, the reaction was allowed to cool to room temperature, poured into EtOAc (50 mL), 

and extracted with water (50 mL), brine (20 mL), dried over sodium sulfate, and concentrated by rotary evaporation. 

Distillation of the crude product under vacuum (150°C) afforded (2,2-dibromocyclopropyl)benzene as a colorless 

liquid (3.3 g, 12 mmol, 46%). Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization 

of previously reported literature for the title compound.(668) 
1H NMR (400 MHz, CDCl3) δ 7.40 (dtd, J = 11.2, 6.3, 2.1 Hz, 3H), 7.31 (d, J = 6.7 Hz, 2H), 3.01 (t, J = 9.4 Hz, 

1H), 2.18 (dd, J = 30.1, 9.0 Hz, 1H), 2.06 (t, J = 8.0 Hz, 1H). 
13C NMR (101 MHz, CDCl3 δ 132.9, 130.6, 127.9, 1275, 40.8, 35.0, 26.4. 

 

To a 40 mL screw-cap scintillation vial was added (2,2-dibromocyclopropyl)benzene (1.122 g, 4.070 mmol), THF (20 

mL), and a stir bar. This reaction was placed under N2 and cooled to -78 °C while stirring. To this mixture was slowly 

added nBuLi (2.5 M in hexanes, 1.6 mL, 4.0 mmol, 1 equiv). The reaction mixture was allowed to stir for 10 minutes 

at -78 °C and promptly quenched with MeI (0.25 mL, 4.1 mmol, 1 equiv). The reaction was allowed to stir at -78 °C 

for 1 hour and then at room temperature for 30 minutes. The resulting reddish orange liquid was diluted in EtOAc (10 

mL) and extracted with water (2x10 mL), brine (2x10 mL), dried over sodium sulfate, and concentrated by rotary 

evaporation. The red-orange oil was purified by distillation to afford the product as an orange oil (654 mg, 3.10 mmol, 

76%) Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously reported 

literature for the title compound.(668) 
1H NMR (400 MHz, CDCl3) δ 7.35 – 7.30 (m, 2H), 7.29 – 7.25 (m, 1H), 7.26 – 7.20 (m, 2H), 1.94 – 1.82 (m, 1H), 

1.62 (dd, J = 9.9, 6.7 Hz, 1H), 1.49 (s, 3H), 1.28 (t, J = 6.9 Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 136.7, 128.7, 128.3, 126.7, 33.9, 32.5, 25.0, 21.3.  

 

3-bromo-3-methylbutyl benzoate 

 
Following a modification of a published procedure, to a 250 mL round-bottom flask was added 3-methylbutane-1,3-

diol (5.204 g, 49.97 mmol), NEt3 (20.3 mL, 0.149 mmol, 3 equiv), and a stir bar. The reaction mixture was cooled to 

0 °C, and to this cooled solution was slowly added benzoyl chloride (8.7 mL, 75 mmol, 1.5 equiv). The resulting 

mixture was allowed to stir at 60 °C for 2 hours. After this time, the reaction was allowed to cool to room temperature, 

filtered to remove any solid and washed with CH2Cl2. The filtrate was poured into EtOAc (50 mL), and extracted with 

water (50 mL), brine (20 mL), dried over sodium sulfate, and concentrated by rotary evaporation. Elution of the crude 

mixture by flash column chromatography (25:75 EtOAc:Hexanes) afforded 3-hydroxy-3-methylbutyl benzoate as a 

colorless liquid (7.573 g, 36.33 mmol, 73%).  
1H NMR (400 MHz, CDCl3) δ 8.06 – 7.95 (m, 2H), 7.52 (ddt, J = 8.4, 6.6, 1.5 Hz, 1H), 7.46 – 7.35 (m, 2H), 4.48 (t, 

J = 6.9 Hz, 2H), 2.77 (s, 1H), 1.96 (t, J = 6.9 Hz, 2H), 1.36 – 1.26 (m, 6H). 
13C NMR (101 MHz, CDCl3) δ 141.56, 128.45, 128.39, 125.95, 67.44, 49.42, 34.26, 32.88. 

 

 

To a 40 mL screw-cap scintillation vial was added 3-hydroxy-3-methylbutyl benzoate (4.198 g, 20.16 mmol), LiBr 

(5.251 g, 60.47 mmol, 3 equiv), CH2Cl2 (2 mL) and a stir bar. While stirring, HBr (48%, 20 mL) was added in one 

portion. The resulting reaction mixture was allowed to stir at room temperature for 12 hours. The resulting mixture 

was dissolved in hexanes and the organic layer was extracted with water (3x20 mL), brine (2x10 mL), dried over 

Na2SO4, and concentrated by rotary evaporation. Elution of the crude material by flash column chromatography (5:95 

EtOAc:Hexanes) afforded 3-bromo-3-methylbutyl benzoate as a yellow oil (3.559 g, 13.13 mmol, 65%). Analysis by 
1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the 

title compound(668) 
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1H NMR (400 MHz, CDCl3) δ 8.07 – 7.99 (m, 2H), 7.55 (ddt, J = 8.4, 6.6, 1.4 Hz, 1H), 7.43 (t, J = 7.4 Hz, 2H), 

4.57 (t, J = 6.7 Hz, 2H), 2.30 (t, J = 6.8 Hz, 2H), 1.85 (s, 6H). 
13C NMR (101 MHz, CDCl3 δ 167.1, 133.8, 130.4, 128.9, 128.1, 67.2, 61.6, 44.6, 35.7. 

 

 

Overall synthetic route to Quinazolinap ligands 

 
 

2-methoxynaphpthalene 

 
Following a published procedure,(5169) a 2 L round-bottom flask was charged with 2-naphthol (100 g, 0.693 mol, 1 

equiv), a stir bar, and 1.40 L of THF. This mixture was allowed to stir in an ice bath for 20 minutes before slowly 

adding NaH (60% dispersion in mineral oil, 18.31 g, 0.763 mol, 1.2 equiv) over the course of 30 minutes. To the 

resulting dark blue mixture was added MeI (52.8 mL, 0.83 mmol, 1.2 equiv). The reaction mixture was allowed to stir 

at room temperature for 12 hours. The reaction was quenched with 20 mL of H2O and concentrated by rotary 

evaporation. The resulting slurry was redissolved in hexanes (1 L) and extracted with H2O (3x100 mL), brine (2x 100 

mL), and dried over Na2SO4 and filtered over a 3 in. pad of silica gel. The resulting clear solution was concentrated 

by rotary evaporation to afford a white powder (102.33 g, 0.646 mol, 93%. Analysis by 1H NMR spectroscopy and 
13C NMR spectroscopy matches characterization of previously reported literature for the title compound.  
1H NMR (400 MHz, CDCl3) δ 7.79 (dd, J = 12.0, 8.2 Hz, 3H), 7.48 (ddd, J = 8.3, 6.9, 1.4 Hz, 1H), 7.37 (ddd, J = 8.1, 

6.8, 1.3 Hz, 1H), 7.22 – 7.15 (m, 2H), 3.95 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 157.7, 134.6, 129.4, 129.10, 127.7, 126.8, 126.4, 123.6, 118.8, 105.8, 55.3. 

 

1-bromo-2-methoxynaphpthalene 

 
Following a published procedure,(5169) 2-methoxynaphpthalene (50 g, 0.316 mol, 400 mM) was dissolved in AcOH 

(800 mL). A stir bar was added and the reaction mixture was allowed to stir while adding a solution Br2 (16.2 mL, 

0.316 mol, 1 equiv, 1 M) in AcOH (300 mL) over the course of an hour. The reaction mixture was allowed to stir for 

12 hours at which point a white solid had precipitated. This solid was collected by vacuum filtration and washed with 

water. To the filtrate was added water until a white solid precipitated and was collected by filtration. Together these 

solids were combined and dissolved in DCM (300 mL) and dried over sodium sulfate. Concentration by rotary 

evaporation afforded the title compound as a colorless crystalline solid (57.87 g, 0.244 mol, 77%) Analysis by 1H 

NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the title 

compound.  
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1H NMR (400 MHz, CDCl3) δ 8.33 – 8.22 (m, 1H), 7.83 – 7.75 (m, 2H), 7.59 (ddd, J = 8.4, 6.7, 1.2 Hz, 1H), 7.41 

(ddd, J = 8.1, 6.8, 1.2 Hz, 1H), 7.23 (d, J = 9.0 Hz, 1H), 4.01 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 133.2,129.9, 129.0, 129.0, 127.8, 126.2, 124.4, 113.6, 57.1 

 

(2-methoxynaphthalen-1-yl)boronic acid 

 
Following a modified version of a published procedure,(5169) 1-bromo-2-methoxynapthalene (10.00 g, 42.18 mmol, 

1 equiv) was dissolved in anhydrous THF (200 mL) and allowed to stir under an inert atmosphere at -78 °C for 15 

minutes. To this mixture was slowly added nBuLi (2.5 M in hexanes, 18.6 mL, 46.4 mmol, 1.1 equiv). Upon complete 

addition, the mixture was removed from the cold well and allowed to stir for 1 hours at room temperature. The solution 

was cooled down to -78 °C and trimethyl borate (7.0 mL, 63.3 mmol, 1.5 equiv) was slowly added over 15 minutes. 

The resulting solution was allowed to warm to room temperature and stir for 12 hours. The reaction mixture was 

quenched with 1 M HCl in water (50 mL) and allowed to stir for 1 hour. The resulting slurry was concentrated by 

rotary evaporation, dissolved in DCM, and extracted with brine(2x50 mL). The organic layer was separated and dried 

over Na2SO4 and concentrated by rotary evaporation. The resulting solid was allowed to stir in hexanes for 30 minutes 

and filtered and collected, washing with hexanes, to afford the title compound as a white solid ( Analysis by 1H NMR 

spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the title 

compound.  
1H NMR (400 MHz, CDCl3) δ 8.87 (dq, J = 8.7, 0.9 Hz, 1H), 7.97 (dt, J = 9.0, 0.6 Hz, 1H), 7.81 (ddd, J = 8.1, 1.4, 

0.7 Hz, 1H), 7.54 (ddd, J = 8.6, 6.8, 1.5 Hz, 1H), 7.40 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 7.31 (d, J = 9.1 Hz, 1H), 6.23 (s, 

2H), 4.06 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 163.4, 137.9, 133.4, 129.5, 128.2, 128.1, 127.2, 123.9, 112.4, 56.7. 

 

2-isopropylquinazolin-4(3H)-one 

 
Following a modified version of a published procedure,(6770) a 1 L round-bottom flask was charged with 2-

aminobenzamide (20.00 g, 146.9 mmol, 1 equiv), EtOH (~700 mL, 200 mM), and a stir bar. The reaction mixture was 

allowed to stir at room temperature for five minutes to ensure homogeneity upon which isobutyraldehyde (20.1 mL, 

220 mmol, 1.5 equiv) was added. The resulting solution was allowed to stir for 15 minutes followed by addition of I2 

(44.74 g, 176.2 mmol, 1.2 equiv). This dark purple reaction mixture was allowed to stir for 12 hours at 90 °C. Upon 

completion, the mixture was allowed to cool to room temperature and the excess I2 was quenched with sodium 

thiosulfate. After concentrating by rotary evaporation, the resulting mixture was dissolved in DCM and extracted with 

water (3x100 mL), brine (2x50 mL), and dried over sodium sulfate. The organic layer was concentrated by rotary 

evaporation to afford an off white solid. Recrystallization in DCM afforded the product as a white powder (22.77 g, 

121.6 mmol, 83%). Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of 

previously reported literature for the title compound.  
1H NMR (400 MHz, CDCl3) δ 11.65 (s, 1H), 8.29 (dt, J = 8.0, 1.0 Hz, 1H), 7.79 – 7.69 (m, 2H), 7.46 (ddd, J = 8.1, 

6.8, 1.5 Hz, 1H), 3.06 (hept, J = 7.0 Hz, 1H), 1.45 (d, J = 6.9 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 164.2, 160.9, 149.5, 134.7, 127.4, 126.3, 126.2, 120.7, 34.9, 20.4. 

 

4-chloro-2-isopropylquinazoline 

 
Following a published procedure,(5169) 2-isopropylquinazolin-4(3H)-one(5.014, 26.64 mmol), dry benzene (150 

mL), N,N-diethylaniline (6.3 mL, 40 mmol, 1.5 equiv), and a stir bar were added to a 250 mL round-bottom flask. 

This solution was allowed to stir at 100 °C for 15 minutes after which time phosphorus oxychloride (2.2 mL, 24 mmol, 

0.9 equiv) was added in one portion and allowed to stir for 4 hours at 100 °C. After this time, the mixture was cooled 
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to room temperature and filtered, washing with dry benzene. The organic layer was washed with cold water (1x100 

mL), cold 2 M NaOH (2x100 mL), 2 M HCl (2x100 mL), water (1x100 mL), brine (1x100 mL), and dried over sodium 

sulfate. Concentration by rotary evaporation afforded 4-chloro-2-isopropylquinazoline as a yellow solid (3.86 g, 19 

mmol, 70%). Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously 

reported literature for the title compound.  
1H NMR (400 MHz, CDCl3) δ 8.09 (ddd, J = 8.3, 1.4, 0.7 Hz, 1H), 7.88 (ddd, J = 8.5, 1.2, 0.7 Hz, 1H), 7.78 (ddd, J 

= 8.4, 6.9, 1.4 Hz, 1H), 7.52 (ddd, J = 8.3, 6.9, 1.2 Hz, 1H), 3.24 (hept, J = 6.9 Hz, 1H), 1.34 (d, J = 6.9 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 153.8, 133.2, 129.9, 129.0, 128.1, 127.8, 126.1, 124.4, 113.6, 108.7, 57.0. 

 

2-isopropyl-4-(2-methoxynaphthalen-1-yl)quinazoline 

 
Following a published procedure,(5169) Pd(PPh3)4 (1.164 g, 1.000 mmol, 2.5 mol%) was dissolved in 1,2,-

dimethoxyethane (40 mL, ~25 mM). To this yellow solution was added 2-isopropyl-4-chloroquinazoline (8.122 g, 

40.19 mmol, 1 equiv) as a solid and stirred for 10 min under a nitrogen atmosphere. 2-Methyloxy-1-naphthylboronic 

acid (31.40 mmol), dissolved in the minimum amount of degassed ethanol (~30 mL), was then added to the 2-

isopropyl-chloroquinazoline solution. Then, sodium carbonate solution (35 mL, 2M) was added, and the solution was 

allowed to stir at reflux under nitrogen for 36 hours. The solution was then cooled to room temperature and filtered to 

remove any solid, washing with CH2Cl2. The solvent was removed in vacuo to afford a brown oil, which was 

redissolved in dichloromethane (50 mL), washed with brine (2x30 mL), dried over sodium sulfate, and concentrated 

in vacuo. The resulting brown solid was allowed to stir in ether for 30 minutes and then filtered and washed with cold 

ether to afford pure 2-isopropyl-4-(2-methoxynaphthalen-1-yl)quinazoline (10.281 g, 31.30 mmol, 78%). Analysis by 
1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the 

title compound.  
1H NMR (400 MHz, CDCl3) δ 8.09 (dt, J = 8.5, 0.9 Hz, 1H), 8.03 (dd, J = 9.1, 0.8 Hz, 1H), 7.91 – 7.86 (m, 1H), 

7.82 (ddd, J = 8.4, 6.8, 1.5 Hz, 1H), 7.47 – 7.41 (m, 2H), 7.40 – 7.31 (m, 2H), 7.32 – 7.27 (m, 1H), 7.11 (dt, J = 8.4, 

1.0 Hz, 1H), 3.78 (s, 3H), 1.51 (dd, J = 6.9, 2.5 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 171.5, 167.2, 154.7, 150.8, 133.4, 133.1, 131.1, 129.2, 128.4, 128.1, 127.1, 126.9, 

126.5, 124.4, 123.9, 123.6, 120.2, 113.6. 

 

1-(2-isopropylquinazolin-4-yl)naphthalen-2-ol 

 
Following a published procedure,(5169) 2-isopropyl-4-(2-methoxy-naphthalen-1-yl)-quinazoline (5.768 g, 17.54 

mmol) was dissolved in CH2Cl2 (100 mL). BBr3 (1.7 mL, 18 mmol, 2 equiv) dissolved in CH2Cl2 (~1 M) was added 

slowly via syringe. Upon complete addition, the reaction was covered in aluminum foil and allowed to stir for 12 

hours at room temperature. The reaction was slowly quenched with water (100 mL) forming an orange precipitate. 

This precipitate was isolated by filtration giving pure 1-(2-substituted-quinazolin4-yl)-naphthalen-2-ol. The filtrate 

was neutralized with 1 M NaOH (2x50 mL) and extracted with dichloromethane, and the organic layer was then stirred 

with 2 M HCl (150 mL) for 10 min. Dichloromethane was added to dissolve any additional solid that precipitated 

from solution. To this solution was added the collected solid and 2 M Na2CO3 (100 mL) solution was added and 

allowed stir for 30 min. The organic layer was isolated from the black solution, the aqueous layer was extracted twice 

with dichloromethane, and the combined solutions were dried over sodium sulfate and concentrated by rotary 

evaporation to afford 1-(2-isopropyl-quinazolin-4-yl)-naphthalen-2-ol was as a light orange powder (4.414 g, 14.04 

mmol, 80%). Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously 

reported literature for the title compound.  
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1H NMR (400 MHz, CDCl3) δ 10.11 (s, 1H), 8.07 (dt, J = 8.2, 0.8 Hz, 1H), 7.91 (d, J = 8.9 Hz, 1H), 7.89 – 7.81 (m, 

2H), 7.60 – 7.56 (m, 1H), 7.39 – 7.33 (m, 3H), 7.34 – 7.30 (m, 1H), 7.30 – 7.27 (m, 1H), 3.47 (hept, J = 6.9 Hz, 1H), 

1.52 (d, J = 6.9 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 170.2, 166.1, 155.1, 151.9, 134.1, 132.6, 132.5, 128.7, 128.7, 128.4, 128.0, 126.6, 

126.4, 125.1, 123.6, 122.2, 119.1, 114.5, 37.8, 22.1, 21.5. 

 

1-(2-isopropylquinazolin-4-yl)naphthalen-2-yl trifluoromethanesulfonate 

 
Following a published procedure,(5169) to a solution of 1-(2-isopropyl-quinazolin4-yl)-naphthalen-2-ol (4.414 g, 

14.03 mmol), and 4-(dimethylamino)pyridine, (5.147 g, 42.10 mmol, 3 equiv), and CH2Cl2 (70 mL) was slowly added 

trifluoromethanesulfonic anhydride (2.8 mL, 17 mmol, 1.2 equiv). The reaction was allowed to stir for 12 hours. The 

dark orange solution was then washed with 1 M HCl (3x25 mL), water (2x25 mL), and brine (2x20 mL), dried over 

sodium sulfate, and concentrated by rotary evaporation to afford an orange solid. Purification by flash column 

chromatography (5:95 EtOAc:Hexanes) afforded 1-(2-isopropyl-quinazolin4-yl)-2-naphthyl(trifluoromethyl) 

sulfonate as a slightly yellow solid (5.424 g, 12.15 mmol, 86%). Analysis by 1H NMR spectroscopy and 13C NMR 

spectroscopy matches characterization of previously reported literature for the title compound.  
1H NMR (400 MHz, CDCl3) δ 8.16 – 8.10 (m, 2H), 8.03 – 7.98 (m, 1H), 7.88 (ddd, J = 8.5, 6.7, 1.6 Hz, 1H), 7.64 – 

7.57 (m, 2H), 7.48 – 7.39 (m, 2H), 7.36 (ddd, J = 8.3, 1.6, 0.7 Hz, 1H), 7.31 – 7.27 (m, 1H), 3.49 (p, J = 6.9 Hz, 1H), 

1.50 (dd, J = 6.9, 6.0 Hz, 6H). 
13C NMR (101 MHz, CDCl3) 171.5, 163.3, 150.7, 144.5, 134.2, 132.4, 132.4, 131.9, 128.5, 128.4, 128.2, 127.4 

127.3 127.2, 126.2, 126.1, 123.0, 119.5, 118.1 (q, J = 320.3 Hz), 38.0, 21.8, 21.6. 

 

4-(2-(diphenylphosphaneyl)naphthalen-1-yl)-2-isopropylquinazoline (iPrQ) 

 
Following a published procedure,(5169) tTo a solution of (dppe)NiCl2 (467 mg, 0.884 mmol, 10 mol%) in anhydrous 

DMF (25 mL, ~35 mM) was added diphenyl phosphine (0.9 mL, 10 mmol, 0.6 equiv) at room temperature. The 

resulting solution was allowed to stir at 100 °C for 30 min under nitrogen. After this time, 1-(2-isopropyl-quinazolin-

4-yl)2-naphthyl(trifluoromethyl) sulfonate (3.951 g, 8.853 mmol) and DABCO (3.970 g, 35.39 mmol) in DMF (35 

mL) were subsequently added. The dark green solution was allowed to stir at 100 °C for 1 h after which another 

portion of diphenyl phosphine (0.9 mL, 10 mmol, 0.6 equiv) was added. The reaction was allowed to stir at 100 °C, 

under a nitrogen atmosphere 3 days. The reaction was allowed to cool, and the solvent was removed by rotary 

evaporation. The black residue was purified by chromatography (silica gel, 3:97 EtOAc:Hexanes) to afford (R,S)-

diphenyl(1-(2-isopropyl-quinazolin-4-yl)(2-naphthyl)phosphine (3.460 g, 6.931 mmol, 78%). Analysis by 1H NMR 

spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the title 

compound.  
1H NMR (400 MHz, CDCl3) δ 8.09 (dt, J = 8.5, 0.9 Hz, 1H), 7.94 – 7.88 (m, 2H), 7.81 (ddd, J = 8.4, 6.6, 1.7 Hz, 

1H), 7.51 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 7.38 (dd, J = 8.5, 3.2 Hz, 1H), 7.35 – 7.21 (m, 11H), 7.20 – 7.14 (m, 2H), 

7.12 (dd, J = 8.5, 1.0 Hz, 1H), 3.29 (hept, J = 6.9 Hz, 1H), 1.27 (dd, J = 8.3, 6.9 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 171.1, 169.1 (d, J = 6.5 Hz), 150.5, 142.2 (d, J = 33.0 Hz), 137.3 (d, J = 12.0 Hz), 

136.5 (d, J = 11.0 Hz), 134.3 (d, J = 14.8 Hz), 133.5 (d, J = 18.0 Hz), 133.34 (d, J = 19.2 Hz), 133.2, 131.8 (d, J = 

7.9 Hz), 130.0 (d, J = 1.4 Hz), 129.0, 128.5, 128.4, 128.3, 128.3, 128.3, 128.2, 128.2, 128.0, 127.0, 126.9, 126.7, 

126.6, 126.2 (d, J = 2.3 Hz), 123.6 (d, J = 2.6 Hz). 37.9, 21.8, 21.1. 
31P NMR (162 MHz, CDCl3) δ -14.1 
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Quinazolinap derivatives were prepared following the general route detailed above and previous 

reports.(5169)   

tBu-Quinazolinap 

 

Synthesized according the procedure given above. 987 mg, 2.05 mmol, 76%. Analysis by 1H NMR spectroscopy and 
13C NMR spectroscopy matches characterization of previously reported literature for the title compound.(5169) 

1H NMR (400 MHz, CDCl3) δ 8.14 (s, 1H), 7.91 (dd, J = 8.6, 0.9 Hz, 2H), 7.81 (dddd, J = 8.5, 6.1, 2.5, 0.9 Hz, 

1H), 7.51 (ddd, J = 8.2, 6.9, 1.2 Hz, 1H), 7.38 – 7.34 (m, 1H), 7.34 – 7.30 (m, 4H), 7.28 (dd, J = 5.9, 1.4 Hz, 3H), 

7.25 – 7.18 (m, 3H), 7.16 (ddt, J = 7.7, 7.0, 1.1 Hz, 2H), 7.08 (dt, J = 8.5, 1.0 Hz, 1H), 1.32 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 172.96, 168.44 (d, J = 6.6 Hz), 150.34, 142.75 (d, J = 33.4 Hz), 137.62 (d, J = 12.3 

Hz), 136.63 (d, J = 11.2 Hz), 134.13 (d, J = 14.4 Hz), 133.84, 133.63, 133.56 (d, J = 17.6 Hz), 133.31 (d, J = 18.8 

Hz), 133.30 (d, J = 27.4 Hz), 131.94 (d, J = 8.0 Hz), 130.16 (d, J = 1.7 Hz), 129.01, 128.78, 128.62 (d, J = 18.3 Hz), 

128.39 (d, J = 15.4 Hz), 128.31 (d, J = 14.8 Hz), 128.17, 128.08, 126.99, 126.81, 126.55 (d, J = 2.3 Hz), 126.36 (d, J 

= 2.2 Hz), 123.29 (d, J = 2.5 Hz), 39.55, 29.35. 
31P NMR (162 MHz, CDCl3) δ -13.8 

 

Me-Quinazolinap 

 

Synthesized according a literature procedure.(5169) 138 mg, 0.303 mmol, 48%. Analysis by 1H NMR spectroscopy 

and 13C NMR spectroscopy matches characterization of previously reported literature for the title compound.(5169) 

1H NMR (400 MHz, CDCl3) 8.09 (d, J = 8.5 Hz, 1H), 7.96 (d, J = 8.5 Hz, 1H), 7.93 (d, J = 8.5 Hz, 1H), 7.81 (t, J = 

7.5 Hz, 1H), 7.51 (t, J = 7.6 Hz, 1H,), 7.43 (dd, J = 8.6 Hz, 3.2 Hz, 1H,), 7.34-7.17 (m, 13H), 7.13 (d, J=8.5 Hz, 1H) 

and 2.82 (s, 3H) 
13C NMR (101 MHz, CDCl3) 169.5, 164.1 (d, J = 6.3 Hz), 150.8, 141.8 (d, J = 36.2 Hz), 137.1 (d, J = 14.3 Hz), 

137.0 (d, J = 11.8 Hz), 135.0 (d, J = 18.8 Hz), 134.4 (d, J = 3.4 Hz), 133.7 (d, J = 16.8 Hz), 132.1, 130.1, 129.4, 

128.7 (d, J = 2.3 Hz), 128.3, 128.3, 127.3, 127.2, 127.2, 126.9, 126.3, 123.6, 26.6 
31P NMR (162 MHz, CDCl3) -13.4  

 

Et-Quinazolinap 

 

 
Synthesized according the procedure given above. 184 mg, 0.393 mmol, 74%.  

1H NMR (400 MHz, CDCl3) δ 8.05 (s, 1H), 7.92 (d, J = 6.1 Hz, 2H), 7.90 (d, J = 5.6 Hz, 2H), 7.81 (ddd, J = 8.4, 

6.6, 1.7 Hz, 3H), 7.50 (ddd, J = 8.2, 6.8, 1.2 Hz, 3H), 7.39 (dd, J = 8.5, 3.2 Hz, 3H), 7.34 – 7.32 (m, 2H), 7.31 – 7.27 

(m, 11H), 7.25 – 7.19 (m, 20H), 7.15 (td, J = 7.8, 1.6 Hz, 5H), 7.11 (dd, J = 8.5, 1.0 Hz, 3H), 3.04 (q, J = 7.6 Hz, 

4H), 1.26 (t, J = 7.6 Hz, 8H). 
13C NMR (101 MHz, CDCl3) 13C NMR (101 MHz, Chloroform-d) δ 169.3 (d, J = 6.5 Hz), 168.1, 150.6, 141.9 (d, 
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J = 32.8 Hz), 137.1 (d, J = 11.6 Hz), 136.6 (d, J = 10.9 Hz), 134.5 (d, J = 15.1 Hz), 133.7, 133.5, 133.3, 131.8 (d, J = 

7.7 Hz), 123.0, 129.2, 128.5, 128.4, 128.4, 128.3, 128.3, 128.2, 128.1, 127.1, 127.0, 126.9 126.7, 126.2 (d, J = 2.3 

Hz), 123.5 (d, J = 2.6 Hz), 33.2, 12.9. 
31P NMR (162 MHz, CDCl3) δ -13.7 

 

pTol-Quinazolinap 

 

Synthesized according the procedure given above. 267 mg, 0.503 mmol, 50%.  

1H NMR (400 MHz, CDCl3) δ 8.17 (dd, J = 8.6, 1.0 Hz, 1H), 8.09 (d, J = 8.1 Hz, 2H), 7.97 – 7.90 (m, 2H), 7.84 

(ddd, J = 8.5, 6.7, 1.6 Hz, 1H), 7.50 (ddd, J = 8.1, 6.8, 1.2 Hz, 1H), 7.42 (dd, J = 8.5, 3.2 Hz, 1H), 7.37 (dd, J = 8.4, 

1.6 Hz, 1H), 7.35 – 7.26 (m, 9H), 7.25 – 7.23 (m, 1H), 7.21 – 7.12 (m, 5H), 2.39 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 169.04 (d, J = 6.2 Hz), 160.47, 151.06, 142.05 (d, J = 32.4 Hz), 140.34, 137.51 (d, J 

= 11.9 Hz), 136.69 (d, J = 10.8 Hz), 135.44, 134.63 (d, J = 15.0 Hz), 133.76, 133.66, 133.62, 133.56, 133.42, 131.90 

(d, J = 7.5 Hz), 130.06, 129.11, 129.02, 128.95, 128.72, 128.41, 128.37, 128.34, 128.30, 128.07, 126.96, 126.88, 

126.86, 126.80, 126.43 (d, J = 2.3 Hz), 123.84 (d, J = 2.1 Hz), 53.42, 21.48. 
31P NMR (162 MHz, CDCl3) δ -13.3 
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Figure S1. Results from reactions performed with an IKA ElectraSyn. Reaction Procedure: Inside an N2-filled 

glovebox, an IKA ElectraSyn electrochemical cell equipped with a magnetic stir bar was charged with N-(4-

bromophenyl)acetamide (308 mg, 1.61 mmol, 2.0 equiv), tBuBr (109 mg, 0.796 mmol, 1 equiv), KPF6 (74 mg, 0.40 

mmol), (bpp)MnCl2 (27 mg, 0.15 mmol, 0.080 equiv), iPrQ (39 mg, 0.081 mmol), (dme)NiCl2 (18 mg, 0.082 mmol, 

0.1 equiv), DMF (4.0 mL), and dodecane (27 mg, 0.16 mmol) as an internal standard. The electrochemical cell was 

sealed with a Teflon cap equipped with a Ni-foam cathode and a Zn anode. This mixture was allowed to stir for 5 

minutes at room temperature before removing from the glovebox. The reaction was placed under active N2 and a 

negative current was applied to the Ni-foam cathode (-3.0 mA). The reaction was allowed to run for 2.5 F/mol of 

electrons. Upon completion, the dark red mixture was diluted with ethyl acetate (20 mL) and extracted with brine (10 

mL). The resulting mixture was analyzed by calibrated gas chromatography against the internal standard of dodecane. 

 

 
Figure S2: Evaluation of eXEC reaction that was assembled under atmospheric conditions. The vial headspace was 

exchanged with N2 following vacuum/refill cycling. Lower yields compared to the standard reaction are attributed to 

the presence of oxygen, which unproductively consumes some of the 2.5e- equivalents that were passed. This is also 

consistent with a prolonged initial period of electrolysis before we observed the formation of a dark red solution that 

is consistent with the standard reactions. 
 

 

Figure S3. Additional examples of electrophilic couplings under the standard conditions. 
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Mechanistic Studies 

Cyclic Voltammetry  

 

Figure S4. CV’s of 10 mM (bpp)MnCl2 (blue trace) with 10 mM (dme)NiCl2 revealing the disappearance of 

(bpp)MnCl2 and the growth of (bpp)NiCl2. Glassy carbon WE, Pt CE, 0.1 M, DMF, KPF6, 100 mV/s scan rate. 
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Figure S5. CV’s of 10 mM (bpp)MnCl2 (black trace) with electrophiles. (a) CV of of 10 mM (bpp)MnCl2 in the 

presence of 50 mM PhBr (red trace). (b) CV of 10 mM (bpp)MnCl2 in the presence of 50 mM tBuBr (blue trace) 

compared to tBuBr alone (green) Glassy carbon WE, Pt CE, 0.1 M, DMF, KPF6, 100 mV/s scan rate. 
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Figure S6. CV’s of 10 mM (bpp)NiBr2 (black trace) with electrophiles. (a) CV of of 10 mM (bpp)NiBr2 in the 

presence of 50 mM PhBr (red trace). (b) CV of 10 mM (bpp)NiBr2 in the presence of 50 mM tBuBr (blue trace) 
Glassy carbon WE, Pt CE, 0.1 M, DMF, KPF6, 100 mV/s scan rate. 

 

  



S26 

 

Additional Spectroelectrochemical Studies 

  

 

 

 

 

Figure S7. CV and spectroelectrochemical analysis of 10 mM (bpp)NiBr2. (a) CV of of 10 mM (bpp)NiBr2. (b) UV-

vis taken at various potentials (see labelled dots). Gold WE, Gold CE, 0.1 M, DMF, KPF6, 100 mV/s scan rate. 
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Figure S8. Voltage profile of a generic reaction. 300 mM ArBr, 200 mM tBuBr, Zn anode (counter electrode), Ni 

foam cathode (working electrode). 
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Figure S9. Analysis of interactions between phosphine and bpp complexes of Ni by 31P NMR spectroscopy. iPrQ 

does not appear to form a complex to (bpp)Ni complexes as only free ligand is observed in all instances. 

 

 

Figure S10. Analysis of a 50 mM solution of Ni0(iPrQ)2 with (top) and without 1 equiv bpp (bottom) in a 1:1 

DMF/benzene mixture by 31P NMR spectroscopy. The bpp ligand does not displace phosphine from the Ni(0) 

complex as evidenced by a lack of free phosphine. 
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Stoichiometric Reactions  

 
 

Figure S11. Stoichiometric reaction of isolated (bpp)Ni(I)Cl with a tertiary alkyl bromide.  

Procedure: In a nitrogen-filled glove-box, a 4 mL screw-cap vial was charged with (bpp)Ni(I)Cl (36 mg, 0.12 mmol) 

and DMF(1.0 mL) to afford a deep forest green solution. In a separate 4 mL screw-cap vial was charged 1,3,5-

trimethoxybenzene (11 mg, 0.065 mmol, internal standard), 3-bromo-3-methylbutyl benzoate (56 mg, 0.21 mmol, 1.8 

equiv), and 0.5 mL of DMF. Both solutions were stirred vigorously for 1 minute at which point, the alkyl bromide 

solution was added in one portion to the Ni-containing solution. A color change from dark green to light green was 

observed immediately. This mixture was allowed to stir for 2 hours at room temperature. After this time, the reaction 

mixture was removed from the glovebox, dissolved in EtOAc (10 mL), washed with water (3x15 mL), brine (1x10 

mL) and concentrated by rotary evaporation. The resulting mixture was dissolved in CDCl3 and analyzed by 1H NMR 

spectroscopy (400 MHz). Analysis reveals only 0.11 mmol of alkyl bromide remain corresponding to 84% activation 

relative to the added bppNi(I)Cl. 

 

 

Figure S12. Preliminary Studies: Stoichiometric Reaction of (BPI)Ni-Ar and tBuBr without a cocatalyst. 

Procedure: In a nitrogen-filled glove-box, a three-neck electrochemical cell was charged with  (30. mg, 0.069 mmol, 

28 mM, 1.0 equiv), tBuBr (40 mg mmol, 0.29 mmol, 5.0 equiv), dodecane as an internal standard (12 mg, 0.070 mM), 

KPF6 (46 mg, 0.25 mmol, 100 mM), DMF (2.5 mL), a magnetic stirbar. This solution was allowed to stir at room 

temperature for 5 minutes before adding a nickel foam cathode, and a zinc anode. The electrodes were threaded 

through a septum and the reaction was sealed with a screw-cap. The vial was removed from the glove-box and was 

allowed to stir on a magnetic stir plate at room temperature. A reductive current of 3 mA was applied to the Ni foam 

electrode (2.04 mAh, 1.1 equiv e- vs (BPI)Ni-Ar). Upon completion, the product was dissolved in ethyl acetate, 

extracted with brine (1x5 mL), and quantified by calibrated gas chromatography. No product was detected. 

 

 

Figure S13. Preliminary Studies: Stoichiometric Coupling with tBuBr with 1 as a cocatalyst. 

In a nitrogen-filled glove-box, a three-neck electrochemical cell was charged with (BPI)Ni(aryl) (30. mg, 0.058 mmol, 

28 mM, 1.0 equiv) as prepared from a previous procedure,(11) tBuBr (40 mg mmol, 0.29 mmol, 5.0 equiv), dodecane 

as an internal standard (12 mg, 0.070 mM), KPF6 (46 mg, 0.25 mmol, 100 mM), DMF (2.5 mL), a magnetic stirbar. 
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This solution was allowed to stir at room temperature for 5 minutes before adding 1 (5 mg, 0.01 mmol, 0.2 equiv), a 

nickel foam cathode, and a zinc anode. The electrodes were threaded through a septum and the reaction was sealed 

with a screw-cap. The vial was removed from the glove-box and was allowed to stir on a magnetic stir plate at room 

temperature. A reductive current of 3 mA was applied to the Ni electrode (2.04 mAh, 1.1 equiv e- vs complex 2). 

Upon completion, the product was dissolved in ethyl acetate, extracted with brine (1x5 mL), and quantified by 

calibrated gas chromatography (calc’d mmol: 0.045 mmol, 77% yield). 

 

 
 

 
Figure S14. Stoichiometric reactions of 3 

To a 12 mL screw-cap vial was charged with 3 (89 mg, 0.13 mmol, 1.0 equiv). In a separate vial, tBuBr (40 mg, 0.29 

mmol, 5.0 equiv), KPF6 (46 mg, 0.25 mmol), 1 (11 mg, 0.026 mmol, 0.2 equiv) and DMF (2.5 mL) equipped with a 

stir bar were allowed to stir for 5 minutes at room temperature. This solution was then added to 3 and the mixture was 

allowed to stir for 5 minutes before equipping the vial with a Ni foam cathode and a Zn anode. A reductive, constant 

current was applied at the Ni cathode (3 mA, 3.35 mAh, 1.00 equiv e-). After electrolysis, the product was extracted 

from the crude reaction mixture with ethyl acetate (2 mL) and brine (5 mL). The reaction mixture was analyzed by 
19F NMR spectroscopy against an internal standard of KPF6. No product was detected.  
 

 
 

 
 

Figure S15: Stoichiometric reactions of 4 

To a 12 mL screw-cap vial was charged with 4 (55 mg, 0.13 mmol, 1.0 equiv). In a separate vial, tBuBr (40 mg, 0.29 

mmol, 5.0 equiv), KPF6 (46 mg, 0.25 mmol), 1 (11 mg, 0.026 mmol, 0.2 equiv), and DMF (2.5 mL) equipped with a 

stir bar were allowed to stir for 5 minutes at room temperature. This solution was then added to 4 and the mixture was 

allowed to stir for 5 minutes before equipping the vial with a Ni foam cathode and a Zn anode. A reductive, constant 

current was applied at the Ni cathode (3 mA, 3.35 mAh, 1.00 equiv e-). After electrolysis, the product was extracted 

from the crude reaction mixture with ethyl acetate (2 mL) and brine (5 mL). The reaction mixture was analyzed by 
19F NMR against an internal standard of KPF6. Analysis by 19F NMR reveals 0.11 mmol (85%) of the product. 
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Figure S16. Stoichiometric reaction of Ni0(iPrQ)2 with aryl bromide and alkyl bromide 

Inside a nitrogen-filled glovebox, a 4 mL screw-cap vial was charged with Ni0(iPrQ)2 (31 mg, 0.031 mmol, complex 

2), benzene (0.3 mL), and a stir bar. This mixture was allowed to stir for 15 minutes at room temperature to ensure 

homogeneity. A separate 4 mL screw-cap vial was charged with 1-bromo-4-fluorobenzene (26 mg, 0.15 mmol, 5 

equiv), 3-bromo-3-methylbutyl benzoate (41 mg, 0.15 mmol, 5 equiv), KPF6 (5 mg, 0.03 mmol, 1 equiv), DMF (0.7 

mL) and a stir bar. This mixture was allowed to stir for 15 minutes at room temperature to ensure homogeneity. To the 

dark red solution of Ni0(iPrQ)2 was added the electrophile mixture in one portion. The resulting mixture was allowed 

to stir at room temperature for 30 minutes, noting a rapid color change from dark red to a yellow solution. Upon 

completion, 0.3 mL of the solution was diluted with 0.3 mL of DMF and was analyzed by 31P and 19F to quantify the 

generation of 3. Analysis of the organic substrates was performed by 1H NMR spectroscopy on the remaining sample 

following workup. Specifically, the remaining 0.6 mL of solution was transferred outside of the glovebox, quenched 

with water, and extracted with ethyl acetate. The organic layer was washed with water (3x10 mL), brine (1x10 mL), 

and concentrated by rotary evaporation. To the residue was added an internal standard (1,3,5-trimethoxybenzene, 5 

mg, 0.03 mmol) and 0.6 mL of CDCl3 prior to analysis by 1H NMR spectroscopy. 
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Evaluation of Alternative Electrocatalysts for Activation of Alkyl Halides 

 

 
 

Following a modified general procedure A, a 4 mL screw-cap vial was charged with metal salt (0.050 mmol, 0.10 

equiv), ligand (0.050 mmol, 0.10 equiv), dimethylformamide (0.5 mL), and a stir bar. To a separate 4 mL screw-cap 

vial was charged iPrQ (24 mg, 0.050 mmol, 0.10 equiv), dimethylformamide (0.5 mL), and a stir bar. To a 4 mL 

screw-cap vial was charged KPF6 (46 mg, 0.25 mmol, 100 mM), aryl bromide (1.00 mmol, 2.00 equiv), alkyl bromide 

(0.500 mmol, 1.00 equiv), dimethylformamide (1.5 mL), and a magnetic stir bar. These solutions were allowed to stir 

at room temperature for 10 minutes before transferring to a 12 mL screw-cap vial equipped with a septum. A Ni foam 

cathode and a Zn anode were inserted into the test tube and the leads were pierced through a septum cap. The sealed 

test tube was removed from the glovebox. The reaction mixture was stirred on a magnetic stir plate at room temperature 

for 5 minutes prior to electrolysis. A reductive, constant current was applied at the Ni cathode (3 mA, 53.6 mAh, 4.00 

equiv e-). After electrolysis, an aliquot (0.1 mL) was removed and the product was extracted from the crude reaction 

mixture with ethyl acetate (2 mL) and brine (5 mL). The reaction mixture was analyzed by gas chromatography against 

a calibrated internal standard of dodecane.  

 

These results are consistent with the dual role that is require of the radical-generator. Not only is the cocatalyst 

responsible for activation of the alkyl halide, but it must undergo multiple ligand exchanges with the phosphine to 

form a reactive Ni(0) intermediate.  
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Proposed Role of (bpp)MnCl2 

 
Figure S17. Proposed role of (bpp)MnCl2 as a source of bpp for ligand rebound to form complex 4.  

Studies suggest that (bpp)MnCl2 facilitates the ligand rebound step to form the (bpp)Ni-Ar complex (4) that is critical 

for radical capture and C–C coupling. The proposed role of Mn is summarized in Figure S17 below and is based on 

CV and 31P/19F NMR spectroscopic studies detailed in Figure S18 and Figure S19 below. To summarize Figure S17, 

we discovered that NiX2 does not fully displace MnII from (bpp)MnCl2. Rather, a low but significant concentration of 

(bpp)MnCl2 is present in solution (roughly 1:4 ratio vs complex 4). NMR spectroscopic studies demonstrate that Mn 

from this complex is easily exchanged by the Ni-aryl of the phosphine complex 3 to form complex (bpp)Ni-aryl 4. As 

noted above, this is a critical step prior to radical capture and C–C coupling. In contrast to combinations of (bpp)MnCl2 

and phosphine complex 3, the (bpp)NiBr2 analog binds tightly to bpp and does not undergo ligand exchange with the 

phosphine complex 3 to form complex 4. Without the (bpp)MnCl2 present in solution, the ligand rebound event to 

form 4 relies entirely on the concentration of free bpp in solution. This concentration is presumably low because free 

bpp is only transiently formed after the first ligand exchange event. We believe that slow formation of 4 or low 

concentrations of 4 allow competing capture/isomerization events to occur that degrade the reaction selectivity. 

 
Figure S18. Equilibrium studies by CV under the standard conditions (DMF, 0.1 M KPF6). 

One component of the additional data to support the mechanistic proposal is detailed in Figure S18. These studies 

reveal that a 1:1 ratio of (bpp)MnCl2 and dme•NiCl2 does not completely form (bpp)NiCl2 (1). CVs reveal that adding 

additional dme•NiCl2 beyond 1 equivalent (vs. Mn) continues forms additional 1, as evidenced by the further increase 

in peak reductive current. At a 1:1 ratio, the peak current corresponding to only 83% of the peak current with excess 

Ni added. It is assumed that 1 is completely formed in the presence of excess Ni. Conversely, MnCl2 can be added to 

(bpp)NiBr2 and a decrease in the reductive peak current for is observed (right CV plots). With 1 equivalent MnCl2 

added to (bpp)NiBr2, the decrease in current – and thus loss of (bpp)NiBr2 – corresponds to 20%. From these data, we 
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conclude that when equimolar amounts of dme•NiCl2 and (bpp)MnCl2 are mixed, the ratio of (bpp)MnCl2 to 

(bpp)NiBr2 at equilibrium under the reaction conditions is 1:4. 

 
Figure S19. Stoichiometric ligand exchange reactions monitored by 31P (left) and 19F (right) NMR spectroscopy.  

NMR spectroscopic studies revealed that the (bpp)MnCl2 present in solution during catalytic reactions undergoes rapid 

ligand exchange with the (phosphino)Ni-aryl complex 3 to form complex 4. This conclusion is supported by the 

disappearance of the 31P resonance of 3 and the appearance of additional free ligand (Figure S19, left). Reactions of 

a para-fluoro substituted aryl analog allowed us to monitor the reaction by 19F NMR spectroscopy. The 19F resonance 

of the phosphine complex 3 immediately disappears upon addition of (bpp)MnCl2 and a new 19F resonance that is 

consistent with the (bpp)Ni-aryl complex (Figure S19, right).  

Collectively, these data suggest that (bpp)MnCl2 exists in significant concentrations during catalytic reactions and that 

the Mn complex can participate in the critical ligand-rebound step to form complex 4. We attribute the efficient 

formation of 4 to the mitigation of isomerized byproducts that result from radical capture at competing complexes.  

Note: Adding higher loadings of free bpp to catalytic reactions in an effort to promote ligand rebound inhibits the 

reaction because the bis homoleptic complex [(bpp)2Ni]2+is formed. Consequently, the role of (bpp)MnCl2 as a masked 

source of free bpp is a serendipitous discovery. 
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Characterization of Products from eXEC 
 

N-(4-(tert-butyl)phenyl)acetamide (5) 

Following general procedure A, N-(4-bromophenyl)acetamide (214 mg, 1.00 mmol) was allowed to 

react with tBuBr (68 mg, 0.50 mmol) under reductive electrolysis (3 mA, 4 equiv e-). The title 

compound was isolated following purification by flash column chromatography (26:74 

EtOAc:Hexanes) as a white solid (76 mg, 0.40 mmol, 80%). Analysis by 1H NMR spectroscopy and 
13C NMR spectroscopy matches characterization of previously reported literature for the title compound.(6871)  
1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.7 Hz, 2H), 2.16 (s, 3H), 1.30 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 168.2, 147.3, 135.2, 125.8, 119.7, 34.3, 31.3, 24.5. 

HRMS-ESI (m/z): for C12H17NO [M + Na+]: calcd 214.1203, found 214.1203  

 

N-(4-tert-butylphenyl)-N-methylacetamide (6) 

Following general procedure A, N-(4-bromophenyl)-N-methylacetamide (231 mg, 1.01 mmol) was 

allowed to react with tBuBr (68 mg, 0.20 mmol) under reductive electrolysis (3 mA, 4 equiv e-). The 

title compound was isolated following purification by flash column chromatography (22:78 

EtOAc:Hexanes) as an off-white solid (69 mg, 0.34 mmol, 67%).  
1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 8.5 Hz, 2H), 1.86 (s, 3H), 7.08 (d, J = 8.5 Hz, 2H), 3.23 (s, 3H), 1.32 (s, 

6H). 
13C NMR (101 MHz, CDCl3) δ 170.7, 150.7, 141.9, 126.5, 126.5, 77.4, 77.1, 76.7, 37.1, 34.6, 31.3, 22.4, 22.3. 

HRMS-ESI (m/z): for C13H19NO [M + Na+]: calcd 228.1359, found 228.1349 

 

ethyl 4-(tert-butyl)benzoate (7) 

Following general procedure A, ethyl 4-bromobenzoate (227 mg, 0.990 mmol) was allowed to 

react with tBuBr (68 mg, 0.50 mmol) under reductive electrolysis (3 mA, 4 equiv e-). The title 

compound was isolated following purification by flash column chromatography (0.5:99.5 

EtOAc:Hexanes) as colorless oil (50 mg, 0.24 mmol, 48%). Analysis by 1H NMR spectroscopy 

and 13C NMR spectroscopy matches characterization of previously reported literature for the title compound.(1760) 
1H NMR (400 MHz, CDCl3) δ 7.98 (dt, J = 8.8, 1.9 Hz, 2H), 7.45 (dd, J = 8.7, 2.0 Hz, 2H), 4.37 (q, J = 7.1 Hz, 2H), 

1.39 (t, J = 7.1 Hz, 3H), 1.34 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 166.6, 156.4, 129.4, 127.7, 125.2, 60.7, 35.0, 31.1, 14.3. 

HRMS-ESI (m/z): for C13H18O2 [M + Na+]: calcd 229.1199, found 229.1204 

 

4-(tert-butyl)phenyl acetate (8) 

 Following general procedure A, 4-bromophenyl acetate (220 mg, 1.02 mmol) was allowed to react 

with with tBuBr (70 mg, 0.51 mmol) under reductive electrolysis (3 mA, 4 equiv e-). The title 

compound was isolated following purification by flash column chromatography (2:98 

EtOAc:Hexanes) as colorless oil (56 mg, 0.291 mmol, 57%). Analysis by 1H NMR spectroscopy and 13C NMR 

spectroscopy matches characterization of previously reported literature for the title compound.(6972) 
1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 9.0 Hz, 2H), 7.01 (d, J = 9.0 Hz, 2H), 2.29 (s, 3H), 1.32 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 169.7, 148.6, 148.3, 126.3, 120.8, 34.4, 31.4, 21.1. 

HRMS-ESI (m/z): for C12H16O2 [M + Na+]: calcd 215.1043, found 215.1037 

 

5-(tert-butyl)benzo[d][1,3]dioxole (9) 

 Following general procedure A, 5-bromobenzo[d][1,3]dioxole (199 mg, 0.999 mmol) was allowed to 

react with tBuBr (68 mg, 0.496 mmol) under reductive electrolysis (3 mA, 4 equiv e-). The title 

compound was isolated following purification by flash column chromatography (2:98 EtOAc:Hexanes) 

as colorless oil (58 mg, 0.33 mmol, 66%). Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches 

characterization of previously reported literature for the title compound.(703) 
1H NMR (400 MHz, CDCl3) δ 6.91 (d, J = 1.9 Hz, 1H), 6.84 (dd, J = 8.1, 1.9 Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H), 5.92 

(s, 2H), 1.29 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 147.4, 145.4, 145.1, 117.8, 107.6, 106.4, 100.7, 34.6, 31.6. 

HRMS-ESI (m/z): for C11H14O2 [M + Na+]: calcd 201.0886, found 201.0898 
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1-(tert-butyl)-4-butylbenzene (10) 

 Following general procedure A, 1-bromo-4-butylbenzene (211 mg, 0.990 mmol) was allowed to react 

with tBuBr (68 mg, 0.50 mmol) under reductive electrolysis (3 mA, 4 equiv e-) The title compound 

was isolated along with a small aryl dehalogenation byproduct following purification by flash column 

chromatography (0:100 EtOAc:Hexanes) as a colorless oil (79 mg, 0.42 mmol, 84%). Analysis by 1H NMR 

spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the title 

compound.(714) 
1H NMR (400 MHz, CDCl3) (d, J = 8.3 Hz, 2H), 7.14 (d, J = 8.6 Hz, 2H), 2.63 – 2.56 (m, 2H), 1.69 – 1.56 (m, 2H), 

1.38 (dd, J = 14.9, 7.5 Hz, 2H), 1.33 (s, 9H), 0.95 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 148.3, 139.8, 128.0, 125.1, 35.1, 34.3, 33.7, 31.4, 22.5, 14.0. 

HRMS-ESI (m/z): for C14H22 [M + H+] calcd 191.1795, found 191.1794  

 

1-(tert-butyl)-4-methoxybenzene (11) 

Following general procedure A, 1-bromo-4-methoxybenzene (112 mg, 0.995 mmol) was allowed to 

react with tBuBr (68 mg, 0.50 mmol) under reductive electrolysis (2 mA, 4 equiv e-). The title 

compound was isolated following purification by flash column chromatography (0:100 

EtOAc:Hexanes) as a colorless oil (58 mg, 0.35 mmol, 71%). Analysis by 1H NMR spectroscopy and 13C NMR 

spectroscopy matches characterization of previously reported literature for the title compound.(725) 
1H NMR (400 MHz, CDCl3) δ 7.31 (d, J = 8.9 Hz, 2H), 6.85 (d, J = 8.9 Hz, 2H), 3.80 (s, 3H), 1.30 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 157.3, 143.3, 126.2, 113.3, 55.2, 34.1, 31.5. 

HRMS-ESI (m/z): for C11H16O [M + Na+]: calcd 187.1094, found 187.1093 

 

2-(4-(tert-butyl)phenyl)isoindoline-1,3-dione (12) 

Following general procedure A, 2-(4-bromophenyl)isoindoline-1,3-dione (302 mg, 1.00 mmol) 

was allowed to react with tBuBr (67 mg, 0.49 mmol) under reductive electrolysis (3 mA, 4.0 equiv 

e-). The title compound was isolated following purification by flash column chromatography 

(10:90) EtOAc:Hexanes) as light pink solid(86 mg, 0.31 mmol, 62%) with trace amounts of bpp 

ligand. Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization 

of previously reported literature for the title compound.(736)  
1H NMR (400 MHz, CDCl3) δ 7.95 (dd, J = 5.5, 3.0 Hz, 2H), 7.78 (dd, J = 5.5, 3.1 Hz, 2H), 7.55 – 7.50 (m, 2H), 

7.40 – 7.34 (m, 2H), 1.36 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 167.4, 151.1, 134.3, 131.8, 126.1, 126.0, 123.7, 31.3. 

HRMS-ESI (m/z): for C18H17NO2 [M + H+] calcd 280.1333, found 280.1332  

 

ethyl 4-(2-methyl-4-phenylbutan-2-yl)benzoate (13) 

 Following general procedure A, ethyl 4-bromobenzoate (241 mg, 1.05 mmol) was allowed to 

react with (3-bromo-3-methylbutyl)benzene (112 mg, 0.493 mmol) under reductive electrolysis 

(3 mA, 4 equiv e-). The title compound along with its isomers was isolated following purification 

by flash column chromatography (1:99 EtOAc:Hexanes) as a white solid (9:1 selectivity) (89 

mg, 0.30 mmol, 61%). Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of 

previously reported literature for the title compound.(1662) 
1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 8.7 Hz, 2H), 7.46 (d, J = 8.8 Hz, 2H), 7.24 (t, J = 7.4 Hz, 2H), 7.15 (t, J = 

7.3 Hz, 1H), 7.07 (d, J = 6.8 Hz, 2H), 4.38 (q, J = 7.1 Hz, 2H), 2.37 – 2.28 (m, 2H), 2.00 – 1.91 (m, 2H), 1.40 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 166.7, 154.5, 142.7, 129.5, 128.3, 128.2, 127.9, 125.9, 125.7, 60.8, 46.6, 38.4, 31.3, 

28.8, 14.4. 

HRMS-ESI (m/z): for C20H24O2 [M + H+] calcd 297.1850, found 297.1848  
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N-methyl-N-(4-(2-methyl-4-oxopentan-2-yl)phenyl)acetamide (14) 

Following general procedure A, N-(4-bromophenyl)-N-methylacetamide (229 mg, 1.00 mmol) 

was allowed to react with 4-bromo-4-methylpentan-2-one (89 mg, 0.50 mmol) under reductive 

electrolysis (3 mA, 4 equiv e-). The title compound was isolated following purification by flash 

column chromatography (28:72 EtOAc:Hexanes) as a white solid (76 mg, 0.31 mmol, 62%).  
1H NMR (400 MHz, CDCl3) 7.38 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 8.3 Hz, 2H), 3.24 (s, 3H), 2.77 (s, 2H), 1.88 (s, 

3H), 1.85 (s, 3H), 1.43 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 207.3, 170.7, 148.0, 142.3, 126.8, 126.7, 56.5, 37.1, 31.8, 29.0, 22.4. 

HRMS-ESI (m/z): for C15H21NO2 found  [M + Na+]: calcd 270.1465, found 270. 1445 

 

4-methyl-1-phenyl-4-(p-tolyl)pentan-1-one (15) 

Following general procedure A, 1-bromo-4-methylbenzene (170 mg, 0.994 mmol) was allowed to 

react with 4-bromo-4-methyl-1-phenylpentan-1-one (127 mg, 0.498 mmol) under reductive 

electrolysis (3 mA, 4 equiv e-). The title compound was isolated following purification by flash 

column chromatography (0.5:99.5 EtOAc:Hexanes) as a colorless oil (84 mg, 0.32 mmol, 63%). 

Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously reported 

literature for the title compound.(17)60) 
1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 8.4, 1.4 Hz, 2H), 7.56 – 7.49 (m, 1H), 7.40 (ddt, J = 7.9, 6.7, 1.2 Hz, 

2H), 7.32 – 7.26 (m, 2H), 7.17 – 7.10 (m, 2H), 4.22 – 4.14 (m, 2H), 2.31 (s, 3H), 2.13 (t, J = 7.2 Hz, 2H), 1.40 (s, 6H). 
13C NMR (101 MHz, CDCl3 δ 166.6, 145.3, 135.2, 132.7, 130.4, 129.5, 129.0, 128.2, 125.6, 62.6, 42.5, 36.4, 29.3, 

20.9. 

HRMS-ESI (m/z): for C19H22O2 [M + H+] calcd 283.1693, found 283.1693 

 

3-(4-methoxyphenyl)-3-methylbutyl benzoate (16) 

Following general procedure B, 1-bromo-4-methoxybenzene (140 mg, 0.752 mmol) was allowed 

to react with 3-bromo-3-methylbutyl benzoate (136 mg, 0.501 mmol) under reductive electrolysis 

(2 mA, 4 equiv e-). The title compound was isolated following purification by flash column 

chromatography (1:99 EtOAc:Hexanes) as a colorless oil (81 mg, 0.27 mmol, 54%). Analysis by 
1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the 

title compound.(1760) 
1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 8.4, 1.3 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.40 (dd, J = 8.2, 7.1 Hz, 2H), 

6.85 (d, J = 8.9 Hz, 2H), 4.18 (t, J = 7.3 Hz, 2H), 3.78 (s, 3H), 2.12 (t, J = 7.3 Hz, 2H), 1.40 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 166.5, 157.5, 140.4, 132.7, 129.5, 128.2, 126.6, 113.6, 62.6, 55.2, 42.5, 36.1, 29.4. 

HRMS-ESI (m/z): for C19H22O3 [M + H+] calcd 299.1642, found 299.1642  

 

N,N-dimethyl-4-(1-phenethylcyclobutyl)aniline (17) 

Following general procedure A, 4-bromo-N,N-dimethylaniline (152 mg, 0.760 mmol) was 

allowed to react with (2-(1-bromocyclobutyl)ethyl)benzene (121 mg, 0.506 mmol) under 

reductive electrolysis (3 mA, 4 equiv e-). The title compound was isolated following 

purification by flash column chromatography (2:98 EtOAc:Hexanes) as a colorless oil (109 

mg, 0.390 mmol, 77%).  
1H NMR (400 MHz, CDCl3) δ 7.25 (t, J = 7.3 Hz, 2H), 7.16 (d, J = 7.3 Hz, 1H), 7.11 (d, J = 17.6 Hz, 4H), 6.77 (d, J 

= 8.8 Hz, 2H), 2.96 (s, 6H), 2.40 (ddd, J = 9.6, 7.8, 2.2 Hz, 2H), 2.36 – 2.30 (m, 2H), 2.21 – 2.11 (m, 2H), 2.12 – 2.01 

(m, 3H), 1.92 – 1.83 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 148.5, 143.2, 138.0, 128.3, 128.2, 126.4, 125.4, 112.6, 45.9, 45.1, 40.9, 32.9, 31.2, 

16.0. 

HRMS-ESI (m/z): for C20H25N [M + H+]: calcd 280.2021, found 280.2031 
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1-methoxy-4-(1-phenethylcyclobutyl)benzene (18) 

 Following general procedure A, 1-bromo-4-methoxybenzene (185 mg,0.989 mmol) was 

allowed to react with (2-(1-bromocyclobutyl)ethyl)benzene (118 mg, 0.493 mmol) under 

reductive electrolysis (3 mA, 4 equiv e-). The title compound was isolated following 

purification by flash column chromatography (1:99 EtOAc:Hexanes) as a colorless oil (102 

mg, 0.383 mmol, 76%).  
1H NMR (400 MHz, CDCl3) δ 7.25 (t, J = 7.3 Hz, 2H), 7.20 – 7.11 (m, 4H), 7.11 – 7.09 (m, 1H), 6.90 (d, J = 8.8 Hz, 

2H), 2.39 (ddd, J = 10.7, 9.2, 7.5 Hz, 2H), 2.35 – 2.28 (m, 2H), 2.17 (dddd, J = 13.6, 7.9, 3.6, 1.9 Hz, 2H), 2.13 – 2.04 

(m, 3H), 1.95 – 1.80 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 157.2, 142.9, 142.0, 128.3, 128.2, 126.7, 125.5, 113.3, 55.2, 46.0, 44.9, 32.9, 31.2, 

16.0. 

HRMS-ESI (m/z): for C19H22O [M + H+]: calcd 267.1744, found 267.1716  

 

1-methoxy-3-(1-phenethylcyclobutyl)benzene (19) 

Following general procedure A, 1-bromo-3-methoxybenzene  (189 mg, 1.01 mmol) was allowed 

to react with (2-(1-bromocyclobutyl)ethyl)benzene (118 mg, 0.493 mmol) under reductive 

electrolysis (3 mA, 4 equiv e-). The title compound was isolated following purification by flash 

column chromatography (1:99 EtOAc:Hexanes) as a colorless oil (76 mg, 0.285 mmol, 56%).  
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.19 (m, 3H), 7.14 (dd, J = 7.3, 2.0 Hz, 1H), 7.10 (dd, J = 

7.9, 1.1 Hz, 2H), 3.83 (s, 3H), 2.40 (ddd, J = 11.0, 9.3, 7.9 Hz, 2H), 2.36 – 2.28 (m, 2H), 2.24 – 2.13 (m, 2H), 2.13 – 

2.06 (m, 3H), 1.94 – 1.80 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 159.4, 151.8, 142.8, 128.9, 128.3, 128.2, 125.5, 118.3, 112.0, 110.1, 55.2, 46.7, 44.6, 

32.8, 31.2, 16.0. 

HRMS-ESI (m/z): for C19H22O [M + Na+]: calcd 289.1563, found 289.1566 

 

 

N-methyl-N-(4-(1-phenethylcyclobutyl)phenyl)acetamide (20) 

Following general procedure A, N-(4-bromophenyl)-N-methylacetamide (227 mg, 0.995 mmol) 

was allowed to react with (2-(1-bromocyclobutyl)ethyl)benzene (120 mg, 0.502 mmol)  under 

reductive electrolysis (3 mA, 4 equiv e-). The title compound was isolated following purification 

by flash column chromatography (24:76 EtOAc:Hexanes) as a colorless oil (128 mg, 0.412 

mmol, 83%).  
1H NMR (400 MHz, CDCl3) δ 7.28 – 7.19 (m, 2H), 7.21 – 7.17 (m, 2H), 7.17 – 7.11 (m, 3H), 

7.08 (d, J = 6.8 Hz, 2H), 3.27 (s, 3H), 2.46 – 2.35 (m, 2H), 2.35 – 2.28 (m, 2H), 2.20 (dddd, J = 14.0, 8.1, 5.7, 4.0 Hz, 

2H), 2.16 – 2.07 (m, 3H), 1.89 (s, 3H), 1.95 – 1.82 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 170.7, 149.7, 142.4, 141.8, 128.3, 128.2, 127.0, 126.5, 125.7, 46.4, 44.4, 37.2, 32.8, 

31.1, 22.4, 16.0. 

HRMS-ESI (m/z): for C21H25NO [M + Na+]: calcd 330.1829, found 330.1829 

 

Ethyl 4-(1-phenethylcyclobutyl)benzoate (21) 

Following general procedure A, Ethyl-4-bromobenzoate (214 mg, 1.00 mmol)  was allowed to 

react with (2-(1-bromocyclobutyl)ethyl)benzene (120 mg, 0.502 mmol) under reductive 

electrolysis (3 mA, 4.0 equiv e-). The title compound was isolated following purification by flash 

column chromatography (1:99) EtOAc:Hexanes) as colorless oil (110 mg, 0.357 mmol, 71%).  
1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.4 Hz, 2H), 7.14 (dd, J = 8.5, 7.0 Hz, 3H), 7.08 – 

7.02 (m, 2H), 7.01 – 6.95 (m, 2H), 4.30 (q, J = 7.1 Hz, 2H), 2.33 (ddd, J = 11.3, 9.4, 8.1 Hz, 2H), 2.24 – 2.17 (m, 2H), 

2.12 (dddd, J = 9.6, 5.8, 3.6, 1.8 Hz, 2H), 2.06 – 1.96 (m, 3H), 1.87 – 1.72 (m, 1H), 1.32 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 166.7, 155.3, 142.4, 129.4, 128.3, 128.2, 127.7, 125.7, 125.6, 60.7, 46.9, 44.5, 32.7, 

31.1, 16.0, 14.4. 

HRMS-ESI (m/z): for C21H24O2 [M + Na+]: calcd 331.1669, found 331.1666 
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N,N-dimethyl-4-(1-methyl-2-phenylcyclopropyl)aniline (22) 

 Following general procedure A, 4-bromo-N,N-dimethylaniline (202 mg, 1.01 mmol) was 

allowed to react with (2-bromo-2-methylcyclopropyl)benzene (107 mg, 0.507 mmol) under 

reductive electrolysis (3 mA, 4 equiv e-). The title compound was isolated following purification 

by flash column chromatography (2:98 EtOAc:Hexanes) as a yellow solid as a mixture of 

diastereomers 7:1 trans to cis. (97 mg, 0.386 mmol, 76%). Relative stereochemistry is confirmed 

by NOESY analysis. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.34 (m, 4H), 7.30 (d, J = 8.8 Hz, 2H), 7.27 – 7.21 (m, 1H), 6.77 (d, J = 8.8 Hz, 

2H), 2.97 (s, 6H), 2.39 (ddd, J = 8.8, 6.3, 0.7 Hz, 1H), 1.44 – 1.37 (m, 1H), 1.20 (dd, J = 6.3, 5.0 Hz, 1H), 1.12 (s, 

3H). 
13C NMR (101 MHz, CDCl3) δ 148.9, 139.5, 136.0, 129.1, 128.0, 127.7, 125.7, 112.8, 40.9, 31.0, 26.3, 21.3, 18.3. 

HRMS-ESI (m/z): for C18H21N [M + Na+]: calcd 274.1567, found 274.1564 

 

ethyl 4-(1-methyl-2-phenylcyclopropyl)benzoate (23) 

Following a modified general procedure A, ethyl 4-bromobenzoate (115 mg, 0.502 mmol) was 

allowed to react with (2-bromo-2-methylcyclopropyl)benzene (106 mg, 0.502 mmol) under 

reductive electrolysis (2 mA, 2.5 equiv e-). The title compound was isolated following purification 

by flash column chromatography (1:99 EtOAc:Hexanes) as a colorless oil (71 mg, 0.25 mmol, 

50%). Relative stereochemistry is confirmed by NOESY analysis. 
1H NMR (400 MHz, CD2Cl2) δ 7.99 (d, J = 8.7 Hz, 2H), 7.44 – 7.40 (m, 2H), 7.32 (d, J = 7.1 Hz, 2H), 7.30 – 7.27 

(m, 2H), 7.26 – 7.21 (m, 1H), 4.35 (q, J = 7.1 Hz, 2H), 2.44 (dd, J = 8.8, 6.7 Hz, 2H), 1.60 – 1.48 (m, 2H), 1.39 (t, J = 

7.1 Hz, 2H), 1.40 – 1.30 (m, 3H). 
13C NMR (101 MHz, CD2Cl2) δ 166.7, 153.4, 139.0, 129.9, 129.5, 128.5, 128.4, 126.8, 126.6, 61.2, 32.7, 27.0, 20.4, 

19.6, 14.5. 

HRMS-ESI (m/z): for C19H20O2 [M + Na+]: calcd 303.1356, found 303.1345 

 

5-(tert-butyl)-1H-indole (24) 

Following general procedure A, 5-bromo-1H-indole (194 mg, 0.989 mmol) was allowed to react with 
tBuBr (68 mg, 0.496 mmol) under reductive electrolysis (3 mA, 4 equiv e-). The title compound was 

isolated following purification by flash column chromatography (3:97 EtOAc:Hexanes) as a yellow oil 

(52 mg, 0.30 mmol, 60%).  
1H NMR (400 MHz, CDCl3) δ 8.06 (s, 1H), 7.67 – 7.66 (m, 1H), 7.39 – 7.28 (m, 2H), 7.18 (dd, J = 3.2, 2.4 Hz, 

1H), 6.54 (ddd, J = 3.0, 2.0, 0.9 Hz, 1H), 1.41 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 142.6, 133.9, 127.6, 124.2, 120.3, 116.5, 110.5, 102.6, 34.5, 31.9. 

HRMS-ESI (m/z): for C12H15N [M + H+] calcd 174.1278, found 174.1277  

 

4-methyl-1,4-diphenylpentan-1-one (25) 

Following general procedure A, bromobenzene (156 mg, 0.994 mmol) was allowed to react with 4-

bromo-4-methyl-1-phenylpentan-1-one (127 mg, 0.498 mmol) under reductive electrolysis (3 mA, 4 

equiv e-). The title compound was isolated following purification by flash column chromatography 

0.5:99.5 EtOAc:Hexanes) as a colorless oil (79 mg, 0.31 mmol, 61%). Analysis by 1H NMR 

spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the title 

compound.(1662) 
1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 8.3, 1.4 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.43 – 7.37 (m, 4H), 7.32 (dd, 

J = 8.2, 7.4 Hz, 2H), 7.28 – 7.14 (m, 1H), 4.36 – 3.63 (m, 2H), 2.16 (t, J = 7.3 Hz, 2H), 1.42 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 166.6, 148.3, 132.8, 130.4, 129.5, 128.3, 128.2, 125.8, 125.7, 62.6, 42.5, 36.7, 29.3. 

HRMS-ESI (m/z): for C18H20O2 [M + H+] calcd 269.1537, found 269.1536  
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N-(4-(tert-butyl)phenyl)-N-methylpicolinamide (26) 

Following general procedure A, N-(4-bromophenyl)-N-methylpicolinamide (217 mg, 0.745 

mmol) was allowed to react with with tBuBr (68 mg, 0.50 mmol) under reductive electrolysis (3 

mA, 4 equiv e-). The title compound was isolated following purification by flash column 

chromatography (20:80 EtOAc:Hexanes) as an orange oil (81 mg, 0.30 mmol, 61%).  
1H NMR (400 MHz, CDCl3) δ 8.34 (s, 1H), 7.56 (s, 1H), 7.38 (s, 1H), 7.21 – 7.16 (m, 2H), 7.13 – 7.06 (m, 1H), 6.95 

(s, 2H), 3.49 (s, 3H), 1.23 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 168.8, 154.4, 149.4, 148.4, 141.5, 136.0, 126.0, 125.8, 123.7, 123.5, 37.9, 34.39, 

31.2. 

HRMS-ESI (m/z): for C17H20N2O [M + Na+]: calcd 291.1468, found 291.1468 

 

(E)-3,3-dimethylhex-4-en-1-yl benzoate (27) 

Following general procedure A, (E)-1-bromoprop-1-ene (125 mg, 1.03 mmol) was allowed to react with 

3-bromo-3-methylbutyl benzoate (142 mg, 0.524 mmol) under reductive electrolysis (3 mA, 4 equiv e-

). The title compound was isolated as a 2:1 mixture of the title compound and isopentyl benzoate (116 

mg total) following purification by flash column chromatography (0.5:99.5 EtOAc:Hexanes) a colorless 

oil (90 mg, 0.39 mmol, 75%). Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization 

of previously reported literature for the title compound.(16) (62) 
1H NMR (400 MHz, CDCl3) δ 8.07 – 8.00 (m, 2H), 7.59 – 7.51 (m, 1H), 7.47 – 7.39 (m, 2H), 5.49 – 5.41 (m, 1H), 

5.42 – 5.33 (m, 1H), 4.31 (dd, J = 7.5, 7.0 Hz, 2H), 1.80 – 1.72 (m, 2H), 1.65 (d, J = 4.8 Hz, 3H), 1.07 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 166.7, 140.1, 132.8, 130.5, 129.5, 128.3, 128.3, 121.4, 62.7, 41.1, 37.4, 27.7, 18.1. 

HRMS-ESI (m/z): for C15H20O2 [M + Na+]: calcd 255.1356 found 255.1356 

 

N-methyl-N-(4-(4-methyltetrahydro-2H-pyran-4-yl)phenyl)acetamide (28) 

Following general procedure A, N-(4-bromophenyl)-N-methylacetamide (225 mg, 0.990 mmol) 

was allowed to react with 4-bromo-4-methyltetrahydro-2H-pyran (90 mg, 0.50 mmol) under 

reductive electrolysis (3 mA, 4 equiv e-). The title compound was isolated following purification 

by flash column chromatography (0.5:29.5:71 TEA:EtOAc:Hexanes) as an off-white solid (51 

mg, 0.22 mmol, 43%).  
1H NMR (400 MHz, CD2Cl2) δ 7.45 (d, J = 8.7 Hz, 2H), 7.30 (s, 1H), 7.27 (d, J = 8.7 Hz, 2H), 3.72 (ddd, J = 11.2, 

7.7, 3.2 Hz, 2H), 3.61 (ddd, J = 11.5, 6.7, 3.6 Hz, 2H), 2.12 (s, 3H), 2.05 (dddd, J = 12.2, 7.5, 3.6, 0.9 Hz, 2H), 1.72 

(ddd, J = 12.7, 6.7, 3.4 Hz, 2H), 1.26 (s, 3H). 
13C NMR (101 MHz, CD2Cl2) δ 168.5, 145.4, 136.3, 126.5, 120.2, 64.6, 38.0, 35.7, 29.4, 24.7. 

HRMS-ESI (m/z): for C14H19NO2 [M + Na+]: calcd 256.1308, found 256.1308 

 

(1-phenethylcyclobutyl)benzene (29) 

Following a modified general procedure B, chlorobenzene (111 mg, 0.986 mmol) was allowed to react 

with (2-(1-bromocyclobutyl)ethyl)benzene (119 mg, 0.497 mmol) under reductive electrolysis (3 mA, 

4.0 equiv e-) at 63 °C. The title compound was isolated as a mixture of products following purification 

by flash column chromatography (0:100) EtOAc:Hexanes) as yellow oil (0.27 mmol, 59% by gas 

chromatography).  
1H NMR (400 MHz, CDCl3) δ 7.47 – 7.38 (m, 2H), 7.35 – 7.27 (m, 5H), 7.25 – 7.20 (m, 1H), 7.19 (s, 2H), 2.59 – 

2.45 (m, 2H), 2.44 – 2.36 (m, 2H), 2.33 – 2.23 (m, 2H), 2.23 – 2.15 (m, 3H), 2.01 – 1.89 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 149.9, 142.8, 128.2, 128.2, 127.9, 125.7, 125.5, 125.3, 46.6, 44.7, 32.8, 31.2, 16.0. 

HRMS-ESI (m/z): for C18H20 [M + Na+]: calcd 259.1458, found 259.1452 

 

N-methyl-N-(4-((1S)-1-methyl-2-phenylcyclopropyl)phenyl)acetamide (30) 

Following a modified general procedure A, -(4-chlorophenyl)-N-methylacetamide (181 mg, 

0.986 mmol) was allowed to react with (2-bromo-2-methylcyclopropyl)benzene (105 mg, 0.497 

mmol) under reductive electrolysis (2 mA, 2.5 equiv e-). The title compound was isolated 

following purification by flash column chromatography (22:78 EtOAc:Hexanes) as a yellow 

mixture of products (0.20 mmol, 41% by gas chromatography). Relative stereochemistry is confirmed by NOESY 

analysis. 
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1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 7.0 Hz, 1H), 7.31 – 7.27 (m, 2H), 7.24 (t, J = 7.2 

Hz, 1H), 7.13 (d, J = 8.4 Hz, 2H), 3.26 (s, 3H), 2.41 (dd, J = 8.9, 6.4 Hz, 1H), 1.90 (s, 3H), 1.45 (dd, J = 8.9, 5.2 Hz, 

1H), 1.29 (dd, J = 6.5, 5.2 Hz, 1H), 1.12 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 170.7, 147.4, 142.2, 138.6, 129.1, 128.2, 128.0, 126.9, 126.2, 37.2, 31.8, 26.4, 22.5, 

20.8, 19.0. 

HRMS-ESI (m/z): for C19H21NO [M + Na+]: calcd 302.1516, found 302.1517 

 

 N-(4-((3r,5r,7r)-adamantan-1-yl)phenyl)-N-methylacetamide (31) 

Following a modified general procedure B, N-(4-chlorophenyl)-N-methylacetamide (184 mg, 

1.00 mmol) was allowed to react with 1-bromoadamantane (108 mg, 0.500 mmol) under 

reductive electrolysis (2 mA, 2.5 equiv e-) at 60 °C. The title compound was isolated following 

purification by flash column chromatography (20:80 EtOAc:Hexanes) as a faint yellow powder 

(75 mg, 0.26 mmol, 52%).  
1H NMR (400 MHz, CDCl3) δ 7.31 (d, J = 8.6 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 3.18 (s, 3H), 2.05 (s, 3H), 1.85 (d, 

J = 2.9 Hz, 6H), 1.80 (s, 3H), 1.78 – 1.62 (m, 6H). 
13C NMR (101 MHz, CDCl3) δ 170.8, 151.0, 141.9, 126.5, 126.1, 43.2, 37.2, 36.7, 36.2, 28.9, 22.5. 

HRMS-ESI (m/z): for C19H25NO [M + Na+]: calcd 306.1829, found 306.1828 

 

4-(naphthalen-1-yl)tetrahydro-2H-pyran (32) 

 Following general procedure B, 1-chloronaphthalene (203 mg, 0.980 mmol) was allowed to react with 

4-bromotetrahydro-2H-pyran (81 mg, 0.49 mmol) under reductive electrolysis (2 mA, 2.5 equiv e-). 

The title compound was isolated following purification by flash column chromatography (2% 

EtOAc:Hexanes) as a white solid (74 mg, 0.35 mmol, 71%).  
1H NMR (400 MHz, CDCl3) δ 8.16 – 8.10 (m, 1H), 7.89 (dd, J = 8.0, 1.7 Hz, 1H), 7.75 (dt, J = 8.2, 1.1 Hz, 1H), 7.59 

– 7.47 (m, 2H), 7.47 (d, J = 7.8 Hz, 1H), 7.41 (d, J = 7.3 Hz, 1H), 4.17 (ddd, J = 11.8, 3.9, 1.9 Hz, 2H), 3.72 (td, J = 

11.5, 2.6 Hz, 2H), 3.60 (dtd, J = 14.3, 7.8, 7.4, 3.6 Hz, 1H), 2.08 – 1.88 (m, 4H). 
13C NMR (101 MHz, CDCl3) δ 141.5, 134.0, 131.1, 129.1, 126.8, 125.9, 125.7, 125.4, 122.8, 122.6, 68.7, 36.7, 33.8. 

HRMS-ESI (m/z): for C15H16O [M + Na+]: calcd 235.1094, found 235.1085 
 

3-(naphthalen-1-yl)oxetane (33) 

Following a modified general procedure B, 1-chloronaphthalene (121 mg, 0.744 mmol) was allowed to 

react with 3-bromooxetane (68 mg, 0.50 mmol) under reductive electrolysis (2 mA, 2.5 equiv e-). The 

title compound was isolated following purification by flash column chromatography (2:98 

EtOAc:Hexanes) as a white solid (62 mg, 0.34 mmol, 68%).  
1H NMR (400 MHz, CDCl3) δ 7.89 (dd, J = 6.2, 3.4 Hz, 1H), 7.79 (d, J = 7.8 Hz, 1H), 7.66 – 7.59 (m, 1H), 7.51 (dd, 

J = 6.4, 3.4 Hz, 2H), 7.47 (dd, J = 8.1, 6.8 Hz, 2H), 5.28 – 5.20 (m, 2H), 5.05 (dd, J = 7.2, 5.4 Hz, 2H), 4.99 (t, J = 7.3 

Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 136.8, 133.8, 131.2, 129.0, 127.4, 126.3, 125.8, 125.5, 123.1, 123.0, 77.1, 37.3. 

HRMS-ESI (m/z): for C13H12O [M + Na+]: calcd 207.0781, found 207.0782 

 

4,4,5,5-tetramethyl-2-(3-(1-phenoxypropan-2-yl)phenyl)-1,3,2-dioxaborolane (34) 

Following general procedure B, 2-(3-chlorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane ( 239 mg, 1.00 mmol) 

was allowed to react with (2-bromopropoxy)benzene (132 mg, 0.500 mmol) under reductive 

electrolysis (2 mA, 2.5 equiv e-). The title compound was isolated following purification by flash 

column chromatography (2:98 EtOAc:Hexanes) as a yellow oil (118 mg, 0.348 mmol, 70%).   
1H NMR (400 MHz, CDCl3) δ 7.75 – 7.65 (m, 2H), 7.40 (dddd, J = 7.7, 1.9, 1.5, 1H), 7.37 – 7.31 

(m, 1H), 7.29 – 7.23 (m, 3H), 6.97 – 6.85 (m, 3H), 4.10 (dd, J = 9.1, 5.7 Hz, 1H), 3.96 (dd, J = 9.1, 

8.1 Hz, 1H), 3.32 – 3.21 (m, 1H), 1.42 (d, J = 7.0 Hz, 3H), 1.35 (s, 12H). 
13C NMR (101 MHz, CDCl3) δ 159.0, 142.9, 133.7, 133.2, 130.4, 129.4, 127.9, 120.6, 114.7, 83.8, 73.4, 39.6, 29.7, 

24.9, 24.9, 18.2.  

HRMS-ESI (m/z): for C21H27BO3 [M + Na+]: calcd 361.1946, found 361.1960 
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ethyl 4-(tetrahydro-2H-pyran-4-yl)benzoate (35) 

Following a modified general procedure B, ethyl 4-chlorobenzoate (139 mg mg, 0.752  mmol) 

was allowed to react with 4-bromotetrahydro-2H-pyran (83 mg, 0.50 mmol) under reductive 

electrolysis (3 mA, 4 equiv e-) at 60 °C. The title compound was isolated following purification 

by flash column chromatography (5:95 EtOAc:Hexanes) as white solid (101 mg, 0.43 mmol, 

86%). Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization 

of previously reported literature for the title compound.(1477) 
1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 4.37 (t, J = 7.1 Hz, 2H), 4.09 (dd, J 

= 9.8, 3.8 Hz, 2H), 3.53 (td, J = 11.5, 2.6 Hz, 2H), 2.82 (tt, J = 11.5, 4.3 Hz, 1H), 1.93 – 1.70 (m, 4H), 1.38 (t, J = 7.1 

Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 166.5, 150.9, 129.8, 128.6, 126.7, 68.2, 60.8, 41.6, 33.6, 14.3. 

HRMS-ESI (m/z): for C14H18O3 [M + Na+]: calcd 257.1149, found 257.1148 

 

1-(3-(tetrahydro-2H-pyran-4-yl)phenyl)propan-1-one (36) 

 Following general procedure B, 1-(3-chlorophenyl)propan-1-one (175 mg, 1.04  mmol) was 

allowed to react with (24-bromotetrahydro-2H-pyran (86 mg, 0.52  mmol) under reductive 

electrolysis (3 mA, 4 equiv e-). The title compound was isolated following purification by flash 

column chromatography (10:90 EtOAc:Hexanes) as a white solid (79 mg, 0.36 mmol, 69%).  
1H NMR (400 MHz, CDCl3) δ 7.84 (dd, J = 1.6, 0.9 Hz, 1H), 7.80 (ddd, J = 6.3, 2.6, 1.8 Hz, 1H), 7.46 – 7.36 (m, 

2H), 4.09 (ddt, J = 11.6, 4.4, 1.4 Hz, 2H), 3.54 (td, J = 11.5, 2.5 Hz, 2H), 3.00 (q, J = 7.3 Hz, 2H), 2.83 (tt, J = 11.6, 

4.4 Hz, 1H), 1.95 – 1.71 (m, 5H), 1.23 (t, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 200.9, 146.3, 137.2, 131.3, 128.8, 126.3, 126.2, 68.3, 41.5, 33.8, 31.9, 8.3. 

HRMS-ESI (m/z): for C14H18O2 [M + Na+]: calcd 241.1199, found 241.1198 

 

 

4-(tetrahydro-2H-pyran-4-yl)benzonitrile (37) 

Following general procedure B, 4-chlorobenzonitrile (135 mg, 0.981 mmol) was allowed to react 

with 4-bromotetrahydro-2H-pyran (84 mg, 0.51 mmol) under reductive electrolysis (2 mA, 2.85 

equiv e-). The title compound was isolated following purification by flash column chromatography 

(3:97 EtOAc:Hexanes) as an off-white solid (71 mg, 0.38 mmol, 74%). Analysis by 1H NMR 

spectroscopy and 13C NMR spectroscopy matches characterization of previously reported literature for the title 

compound.(1477) 
1H NMR (400 MHz, CDCl3) 1H NMR δ 7.58 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 7.9 Hz, 1H), 4.07 (dd, J = 10.2, 3.7 Hz, 

1H), 3.51 (td, J = 11.2, 3.6 Hz, 1H), 2.81 (tt, J = 10.9, 5.1 Hz, 0H), 1.89 – 1.65 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 151.0, 132.3, 127.5, 118.8, 110.1, 67.9, 41.6, 33.3. 

HRMS-ESI (m/z): for C12H13NO [M + H+] calcd 188.1070, found 188.1070  

 

tert-butyl 4-(4-(6-methoxy-3-(2-methoxy-2-oxoethyl)-2-methyl-1H-indole-1-carbonyl)phenyl)piperidine-1-

carboxylate (38) 

Following a modification of general procedure A, ethyl 2-(1-(4-chlorobenzoyl)-6-

methoxy-2-methyl-1H-indol-3-yl)acetate (193 mg, 0.500 mmol) was allowed to react 

with tert-butyl 4-chloropiperidine-1-carboxylate (165 mg, 0.751 mmol) under 

reductive electrolysis (3 mA, 4 equiv e-). The title compound was isolated following 

purification by flash column chromatography (15:85 EtOAc:Hexanes) as an off-white 

solid (146 mg, 0.280 mmol, 56%).  
1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 6.95 (d, J = 2.6 Hz, 1H), 6.88 (d, J 

= 9.0 Hz, 1H), 6.65 (dd, J = 9.0, 2.5 Hz, 1H), 4.28 (d, J = 13.2 Hz, 2H), 3.83 (s, 3H), 3.70 (s, 3H), 3.67 (s, 2H), 2.80 

(s, 2H), 2.80 – 2.69 (m, 1H), 2.37 (s, 3H), 1.94 – 1.83 (m, 2H), 1.65 (qd, J = 12.6, 4.2 Hz, 2H), 1.48 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 171.4, 169.2, 155.8, 154.7, 151.2, 136.0, 133.5, 130.9, 130.4, 130.2, 127.1, 114.9, 

111.9, 111.4, 101.1, 55.7, 52.1, 44.2, 42.8, 32.9, 30.1, 28.4, 13.2. 

HRMS-ESI (m/z): for C30H36N2O6 found  [M + Na+]: calcd 543.2466, found 543.2470 
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4-([1,1'-biphenyl]-4-yl)tetrahydro-2H-pyran (39) 

Following general procedure C, [1,1'-biphenyl]-4-yl trifluoromethanesulfonate (304 mg, 1.01 mmol) 

was allowed to react with 4-bromotetrahydro-2H-pyran (83 mg, 0.502 mmol) under reductive 

electrolysis (2 mA, 4 equiv e-). The title compound was isolated following purification by flash 

column chromatography (0.5:99.5 EtOAc:Hexanes) as a white solid. (76 mg, 0.319 mmol, 63%). 

Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously reported 

literature for the title compound.(1477)  
1H NMR (400 MHz, CDCl3) δ 7.58 (dd, J = 8.4, 1.3 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H), 7.43 (t, J = 7.5 Hz, 2H), 7.34 

(d, J = 7.3 Hz, 1H), 7.33 – 7.29 (m, 2H), 4.11 (ddd, J = 10.7, 4.0, 1.3 Hz, 2H), 3.56 (td, J = 11.4, 2.7 Hz, 2H), 2.81 (tt, 

J = 11.3, 4.5 Hz, 1H), 2.00 – 1.74 (m, 4H). 
13C NMR (101 MHz, CDCl3) δ 145.0, 140.9, 139.3, 128.7, 127.3, 127.2, 127.1, 127.0, 68.4, 41.2, 33.9.  
HRMS-ESI (m/z): for C17H18O [M + H+] calcd 239.1431 found 239.1430 
 

4-(naphthalen-2-yl)tetrahydro-2H-pyran_(40) 

Following general procedure C, naphthalen-2-yl trifluoromethanesulfonate ( 276 mg, 1.00 mmol) 

was allowed to react with 4-bromotetrahydro-2H-pyran (83 mg, 0.5 mmol) under reductive 

electrolysis (2 mA, 2.5 equiv e-). The title compound was isolated following purification by flash 

column chromatography (2.5:97.5 EtOAc:Hexanes) as a colorless oil (87 mg, 0.41 mmol, 82%). 

Analysis by 1H NMR spectroscopy and 13C NMR spectroscopy matches characterization of previously reported 

literature for the title compound.(748) 
1H NMR (400 MHz, CDCl3) δ 7.86 – 7.75 (m, 3H), 7.70 – 7.63 (m, 1H), 7.50 – 7.41 (m, 2H), 7.39 (dd, J = 8.5, 1.8 

Hz, 1H), 4.13 (ddt, J = 11.7, 4.5, 0.9 Hz, 2H), 3.59 (td, J = 11.6, 2.5 Hz, 2H), 3.00 – 2.82 (m, 1H), 2.06 – 1.77 (m, 

4H). 
13C NMR (101 MHz, CDCl3) δ 143.4, 133.8, 132.4, 128.2, 127.8, 127.7, 126.1, 125.8, 125.5, 124.9, 68.6, 41.8, 

34.0. 

HRMS-ESI (m/z): for C15H16O [M + H+] calcd 213.1274, found 213.1274  

 

tert-butyl 4-(2-methyl-1-oxo-1,2,8,9-tetrahydro-2,9a-diazabenzo[cd]azulen-6-yl)piperidine-1-carboxylate (41) 

Following a modified general procedure C, 2-methyl-1-oxo-1,2,8,9-tetrahydro-2,9a-

diazabenzo[cd]azulen-6-yl trifluoromethanesulfonate ( 348  mg, 1.00 mmol) was allowed to 

react with tert-butyl 4-bromopiperidine-1-carboxylate (132 mg, 0.500 mmol) under reductive 

electrolysis (1 mA, 2.5 equiv e-). The title compound was isolated following purification by 

flash column chromatography (100% Hexanes) as a yellow resin (64 mg, 0.17 mmol, 34%).  

1H NMR (400 MHz, CDCl3) δ 7.19 – 7.14 (m, 1H), 7.10 (dd, J = 8.2, 7.6 Hz, 1H), 6.90 (dd, J = 7.6, 1.1 Hz, 1H), 

5.99 (td, J = 7.3, 1.1 Hz, 1H), 4.21 (bs, 2H), 4.04 – 3.97 (m, 2H), 3.43 (s, 3H), 2.84 – 2.72 (m, 3H), 2.52 (td, J = 7.0, 

3.5 Hz, 2H), 1.82 (d, J = 13.1 Hz, 2H), 1.46 (s, 9H), 1.47 – 1.36 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 154.8, 153.8, 142.0, 130.8, 127.3, 126.7, 121.3, 120.6, 119.0, 106.2, 79.4, 45.9, 40.1, 

32.6, 28.5, 28.4, 27.7, 27.2. 

HRMS-ESI (m/z): for C22H29N3O3 [M + Na+]: calcd 406.2102, found 406.2099 

 

tert-butyl 4-(1,4-dioxaspiro[4.5]dec-7-en-8-yl)piperidine-1-carboxylate (42) 

Following general procedure C, 1,4-dioxaspiro[4.5]dec-7-en-8-yl trifluoromethanesulfonate (290 

mg, 1.01 mmol) was allowed to react with tert-butyl 4-bromopiperidine-1-carboxylate (133 mg, 

0.503 mmol) under reductive electrolysis (2 mA, 2.5 equiv e-). The title compound was isolated 

following purification by flash column chromatography (4:96 EtOAc:Hexanes) as a white solid 

(64 mg, 0.20 mmol, 39%).  
1H NMR (400 MHz, CDCl3) δ 5.31 (ddt, J = 3.8, 2.3, 1.3 Hz, 1H), 4.13 (s, 2H), 3.97 (d, J = 1.0 Hz, 4H), 2.66 (t, J = 

13.7 Hz, 2H), 2.30 – 2.22 (m, 2H), 2.17 (tt, J = 6.6, 2.0 Hz, 2H), 1.95 (t, J = 12.0 Hz, 1H), 1.80 – 1.72 (m, 2H), 1.71 

– 1.60 (m, 2H), 1.45 (s, 9H), 1.34 (tdd, J = 12.3, 4.1 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 154.8, 140.5, 117.1, 108.0, 79.3, 64.4, 43.0, 41.0, 35.7, 31.3, 30.7, 28.5, 25.8. 

HRMS-ESI (m/z): for C18H29NO4 [M + Na+]: calcd 346.1989, found 346.1987 

 

(2-(cyclohex-1-en-1-yl)propoxy)benzene (43) 

Following general procedure C, cyclohex-1-en-1-yl trifluoromethanesulfonate (239 mg, 1.04 mmol) 

was allowed to react with (2-bromopropoxy)benzene (109 mg, 0.507 mmol) under reductive 
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electrolysis (2 mA, 2.5 equiv e-). The title compound was isolated following purification by flash column 

chromatography (0:100 EtOAc:Hexanes) as a colorless oil (90 mg, 0.42 mmol, 82%).  
1H NMR (400 MHz, CDCl3) δ 7.29 – 7.19 (m, 2H), 6.94 – 6.84 (m, 3H), 5.50 (dddd, J = 3.7, 3.0, 2.2, 1.2 Hz, 1H), 

3.93 (dd, J = 9.1, 5.8 Hz, 1H), 3.72 (dd, J = 9.1, 7.8 Hz, 1H), 2.49 (h, J = 6.5 Hz, 1H), 2.09 – 1.84 (m, 4H), 1.68 – 1.46 

(m, 4H), 1.11 (d, J = 6.9 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 159.2, 139.0, 129.4, 121.8, 120.5, 114.7, 72.0, 40.7, 26.5, 25.3, 23.1, 22.6, 16.4. 

HRMS-ESI (m/z): for C15H20O [M + Na+]: calcd 239.1407, found 239.1410 

 

tert-butyl 4-(tetrahydro-2H-pyran-4-yl)-3,6-dihydropyridine-1(2H)-carboxylate (44) 

Following general procedure C, tert-butyl 4-(((trifluoromethyl)sulfonyl)oxy)-3,6-

dihydropyridine-1(2H)-carboxylate ( 330 mg, 0.99 mmol) was allowed to react with 4-

bromotetrahydro-2H-pyran (83 mg, 0.500 mmol) under reductive electrolysis (2 mA, 2.5 equiv 

e-). The title compound was isolated following purification by flash column chromatography 

(10:90 EtOAc:Hexanes) as a colorless oil (84 mg, 0.322 mmol, 64%).  
1H NMR (400 MHz, CDCl3) δ 5.36 (s, 1H), 4.08 – 3.96 (m, 2H), 3.86 (d, J = 3.1 Hz, 2H), 3.47 (t, J = 5.7 Hz, 2H), 

3.40 (td, J = 11.5, 2.5 Hz, 2H), 2.06 (s, 3H), 1.64 – 1.55 (m, 2H), 1.55 – 1.49 (m, 2H), 1.46 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 154.9, 139.8, 116.9, 79.4, 68.1, 43.5, 41.9, 40.2, 31.1, 28.4, 26.6. 

HRMS-ESI (m/z): for C15H25NO3 [M + Na+]: calcd 290.1727, found 290.1722 

 

8-(1-phenethylcyclobutyl)-1,4-dioxaspiro[4.5]dec-7-ene (45) 

Following general procedure C, 1,4-dioxaspiro[4.5]dec-7-en-8-yl trifluoromethanesulfonate (288 

mg, 1.00 mmol) was allowed to react with ((1-bromocyclobutyl)methyl)benzene (112 mg, 0.500 

mmol) under reductive electrolysis (2 mA, 2.5 equiv e-). The title compound was isolated as an 

inseparable mixture following purification by flash column chromatography (2:98 EtOAc:Hexanes) 

as a yellow oil (63 mg, 0.22 mmol, 44% based on NMR yield).  
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.23 (m, 2H), 7.20 – 7.13 (m, 3H), 5.33 – 5.26 (m, 1H), 3.99 (s, 4H), 2.40 – 

2.34 (m, 2H), 2.35 – 2.32 (m, 2H), 2.28 (dd, J = 2.3, 1.3 Hz, 2H), 2.11 (d, J = 1.7 Hz, 2H), 2.08 (dq, J = 4.4, 1.9 Hz, 

2H), 1.92 – 1.87 (m, 2H), 1.79 – 1.74 (m, 4H). 
13C NMR (101 MHz, CDCl3) δ 143.2, 142.1, 128.3, 128.2, 126.5, 125.4, 124.2, 39.9, 35.7, 35.7, 31.2, 31.2, 30.9, 

30.9, 22.6, 15.2. 

HRMS-ESI (m/z): for C20H26O2 [M + Na+]: calcd 321.1825, found 321.1823 
 

tert-butyl 4-(6-methylhepta-1,5-dien-2-yl)piperidine-1-carboxylate (46) 

Following general procedure C, 6-methylhepta-1,5-dien-2-yl trifluoromethanesulfonate (258 mg, 0.999 

mmol) was allowed to react with tert-butyl 4-bromopiperidine-1-carboxylate (132 mg, 0.499 mmol) 

under reductive electrolysis (2 mA, 2.5 equiv e-). The title compound was isolated following purification 

by flash column chromatography (4:96 EtOAc:Hexanes) as a colorless oil (92 mg, 0.31 mmol, 62%).  
1H NMR (400 MHz, CDCl3) δ 5.11 (dddd, J = 6.9, 5.4, 2.8, 1.4 Hz, 1H), 4.76 (d, J = 1.4 Hz, 1H), 4.75 (s, 1H), 4.16 

(s, 2H), 2.68 (t, J = 11.8 Hz, 2H), 2.15 – 2.08 (m, 2H), 2.07 – 2.01 (m, 2H), 1.98 (ddd, J = 15.3, 12.0, 2.9 Hz, 1H), 

1.70 (d, J = 8.8 Hz, 2H), 1.69 (d, J = 1.3 Hz, 3H), 1.62 – 1.61 (m, 3H), 1.46 (s, 9H), 1.34 (qd, J = 12.6, 4.4 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 154.8, 153.0, 131.7, 124.0, 107.9, 79.3, 77.2, 42.4, 34.7, 31.3, 28.5, 26.7, 25.7, 17.7. 

 

 
Figure S20: Product hydrogenation to form products of formal alkyl-alkyl coupling . 

 

To a 20 mL round-bottom flask was added tert-butyl 4-(6-methylhepta-1,5-dien-2-yl)piperidine-1-carboxylate ( 92 

mg, 0.31 mmol) a stir bar, 10% Pd/C (40 mg, 1 equiv) and 10 mL of EtOAc. The reaction mixture was allowed to stir 

at room temperature under 1 atm of H2 for one hour. The resulting slurry was filtered over Celite and concentrated by 

rotary evaporation to afford the title compound as a colorless oil. (78 mg, 0.26 mmol, 84%) 
1H NMR (400 MHz, CDCl3) δ 4.12 (q, J = 7.2 Hz, 2H), 2.61 (s, 2H), 1.54 (dt, J = 13.0, 4.4 Hz, 4H), 1.45 (s, 9H), 

1.38 (s, 1H), 1.34 – 1.29 (m, 4H), 1.26 (d, J = 1.7 Hz, 4H), 0.87 (dd, J = 6.6, 1.1 Hz, 6H), 0.82 (d, J = 6.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 192.2, 79.1, 41.2, 39.3, 37.4, 34.1, 29.7, 28.5, 28.0, 25.1, 22.7, 22.6, 16.1. 

HRMS-ESI (m/z): for C18H35NO2 [M + Na+]: calcd 320.2560, found 320.2560 
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((3E,5E)-4-ethyl-2-methylocta-3,5-dien-1-yl)oxy)benzene_(47) 

Following general procedure C, (1E,3E)-2-ethylhexa-1,3-dien-1-yl trifluoromethanesulfonate ( 

250 mg, 1.00 mmol) was allowed to react with (2-bromopropoxy)benzene (108 mg, 0.500 mmol) 

under reductive electrolysis (2 mA, 2.5 equiv e-). The title compound was isolated following 

purification by flash column chromatography (100% Hexanes) as a colorless oil (64 mg, 0.26  

mmol, 4:1 d.r., 52%).  
1H NMR (400 MHz, CDCl3) δ 7.34 – 7.24 (m, 2H), 6.99 – 6.81 (m, 3H), 5.96 (dd, J = 15.8, 0.9 Hz, 1H), 5.72 (dt, J 

= 15.8, 6.5 Hz, 1H), 5.21 (d, J = 9.7 Hz, 1H), 3.87 (ddd, J = 9.0, 7.0, 5.7 Hz, 1H), 3.75 (dd, J = 8.9, 7.4 Hz, 1H), 

3.07 – 2.81 (m, 1H), 2.31 (q, J = 7.5 Hz, 2H), 2.20 – 2.05 (m, 2H), 1.14 (d, J = 6.7 Hz, 3H), 1.10 – 1.07 (m, 3H), 

1.06 – 0.98 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 159.1, 140.7, 131.8, 131.1, 130.0, 129.4, 120.5, 114.5, 72.5, 32.7, 25.9, 20.4, 18.0, 

14.3, 13.8. 

HRMS-ESI (m/z): for C17H24O [M + Na+]: calcd 267.1720, found 267.1719 

 

(1S,4S)-1,7,7-trimethyl-2-(1-phenethylcyclobutyl)bicyclo[2.2.1]hept-2-ene (48) 

Following a modified general procedure C, (1S,4S)-1,7,7-trimethylbicyclo[2.2.1]hept-2-en-2-yl 

trifluoromethanesulfonate (170 mg, 0.598 mmol) was allowed to react with (2-(1-

bromocyclobutyl)ethyl)benzene (119 mg, 0.498 mmol) under reductive electrolysis (2 mA, 4 equiv 

e-) at 33 °C. The title compound was isolated following purification by flash column chromatography (0:100 

EtOAc:Hexanes) as a colorless oil (105 mg, 0.357 mmol, 72%).  
1H NMR (400 MHz, CDCl3) δ 7.32 – 7.23 (m, 2H), 7.21 – 7.13 (m, 3H), 5.61 (d, J = 3.3 Hz, 1H), 2.56 – 2.46 (m, 

1H), 2.36 – 2.25 (m, 2H), 2.24 – 2.17 (m, 2H), 1.97 – 1.81 (m, 6H), 1.81 – 1.75 (m, 1H), 1.51 (ddd, J = 12.2, 8.5, 3.6 

Hz, 1H), 1.21 (ddd, J = 12.2, 9.2, 3.5 Hz, 1H), 1.07 – 1.02 (m, 1H), 1.02 (s, 3H), 0.90 (s, 3H), 0.75 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 152.4, 143.3, 128.3, 128.3, 128.1, 125.5, 57.3, 55.2, 51.2, 45.3, 39.7, 32.8, 32.3, 30.9, 

30.8, 26.0, 19.9, 19.6, 16.4, 12.9. 

HRMS-ESI (m/z): for C22H30 [M + Na+]: calcd 317.2240, found 317.2244 

 

tert-butyl 4-((1S,4S)-1,7,7-trimethylbicyclo[2.2.1]hept-2-en-2-yl)piperidine-1-carboxylate (49) 

Following general procedure C, (1S,4S)-1,7,7-trimethylbicyclo[2.2.1]hept-2-en-2-yl 

trifluoromethanesulfonate (282 mg, 0.991 mmol) was allowed to react with tert-butyl 4-

bromopiperidine-1-carboxylate (131 mg, 0.496 mmol) under reductive electrolysis (2 mA, 4 equiv 

e-). The title compound was isolated following purification by flash column chromatography (2:98 EtOAc:Hexanes) 

as a white solid (87 mg, 0.27 mmol, 57%).  
1H NMR (400 MHz, CDCl3) δ 5.54 (dd, J = 3.4, 1.3 Hz, 1H), 4.11 (s, 2H), 2.70 (s, 2H), 2.21 (t, J = 3.5 Hz, 1H), 2.05 

(ttd, J = 11.6, 3.5, 1.3 Hz, 1H), 1.79 (ddt, J = 11.1, 6.8, 3.6 Hz, 1H), 1.68 (t, J = 13.7 Hz, 2H), 1.52 – 1.47 (m, 1H), 

1.45 (s, 9H), 1.41 – 1.15 (m, 2H), 1.01 (s, 3H), 0.99 – 0.86 (m, 2H), 0.75 (s, 3H), 0.74 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 154.8, 152.5, 126.0, 79.2, 56.6, 54.3, 51.1, 35.4, 32.2, 32.0, 30.8, 28.5, 25.6, 19.7, 

19.7, 11.7. 

HRMS-ESI (m/z): for C20H33NO2 [M + Na+]: calcd 342.2404, found 342.2403 

 
tert-butyl_4-((3R,6S)-6-isopropyl-3-methylcyclohex-1-en-1-yl)piperidine-1-carboxylate_(50) 

Following general procedure C, (3R,6S)-6-isopropyl-3-methylcyclohex-1-en-1-yl 

trifluoromethanesulfonate ( 286 mg, 1.00 mmol) was allowed to react with tert-butyl 4-

bromopiperidine-1-carboxylate (132 mg, 0.500 mmol) under reductive electrolysis (2 mA, 2.5 equiv 

e-). The title compound was isolated following purification by flash column chromatography (10:90 

EtOAc:Hexanes) as a colorless oil (114 mg, 0.355 mmol, 71%).  
1H NMR (400 MHz, CDCl3) δ 5.28 (dt, J = 1.9, 0.9 Hz, 1H), 4.14 (dd, J = 31.0, 12.6 Hz, 2H), 2.68 (q, J = 11.4 Hz, 

2H), 2.25 – 1.88 (m, 2H), 1.74 (ddt, J = 12.7, 8.9, 2.9 Hz, 2H), 1.66 (dddd, J = 13.1, 6.2, 5.0, 2.9 Hz, 1H), 1.62 – 1.54 

(m, 1H), 1.53 – 1.48 (m, 1H), 1.46 (s, 11H), 1.35 – 1.23 (m, 1H), 1.04 (tdd, J = 12.9, 11.8, 4.3 Hz, 1H), 0.93 (d, J = 

6.8 Hz, 3H), 0.91 (d, J = 7.0 Hz, 3H), 0.69 (d, J = 6.8 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 154.8, 142.6, 128.6, 79.2, 41.2, 38.2, 33.1, 31.0, 30.6, 30.2, 28.5, 27.8, 22.4, 21.8, 

20.9, 16.1. 

HRMS-ESI (m/z): for C20H35NO2 [M + Na+]: calcd 344.2560, found 344.2560 
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tert-butyl 4-((2S,6'R)-4-chloro-2',5,7-trimethoxy-6'-methyl-3-oxo-3H-spiro[benzofuran-2,1'-cyclohexane]-

2',4'-dien-4'-yl)piperidine-1-carboxylate (51) 

Following a modified version of general procedure B, (2S,6'R)-4-chloro-2',5,7-trimethoxy-

6'-methyl-3-oxo-3H-spiro[benzofuran-2,1'-cyclohexane]-2',4'-dien-4'-yl 

trifluoromethanesulfonate (194 mg, 0.400 mmol) was allowed to react with tert-butyl 4-

bromopiperidine-1-carboxylate (158 mg, 0.598 mmol) under reductive electrolysis (2 mA, 

4 equiv e-). The title compound was isolated following purification by flash column 

chromatography (15:85 EtOAc:Hexanes) as a yellow solid (71 mg, 0.14 mmol, 34%).  
1H NMR (400 MHz, CDCl3 δ 6.06 (s, 1H), 5.14 (d, J = 1.1 Hz, 1H), 5.07 (dt, J = 3.7, 1.2 Hz, 1H), 4.16 (s, 2H), 3.98 

(s, 3H), 3.93 (s, 3H), 3.52 (s, 3H), 3.11 (ddd, J = 7.3, 3.4, 1.3 Hz, 1H), 2.72 (t, J = 12.3 Hz, 2H), 2.09 (dd, J = 14.0, 

10.3 Hz, 1H), 1.81 – 1.69 (m, 2H), 1.46 (s, 9H), 1.38 (dt, J = 12.6, 3.9 Hz, 2H), 1.02 (d, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 193.6, 168.9, 163.8, 157.5, 154.8, 153.8, 136.5, 116.6, 105.5, 98.8, 97.1, 93.6, 89.0, 

79.3, 65.8, 56.8, 56.2, 55.4, 41.8, 38.8, 28.5, 15.3, 14.1. 

HRMS-ESI (m/z): for C27H34ClNO7 [M + Na+]: calcd 542.1916, found 542.1890 

 

tert-butyl 4-(3-isopropyl-1H-indol-5-yl)piperidine-1-carboxylate 

 Following a modified general procedure B, 5-bromo-3-isopropyl-1H-indole (238 mg, 1.00 

mmol) was allowed to react with tert-butyl 4-bromopiperidine-1-carboxylate (132 mg, 328 

mmol) under reductive electrolysis (3 mA, 2.5 equiv e-) at 40 °C. The title compound was 

isolated following purification by flash column chromatography (25:75) EtOAc:Hexanes) as a 

colorless solid (102 mg, 0.298 mmol, 60%).  
1H NMR (400 MHz, CDCl3) δ 7.91 (s, 1H), 7.47 (d, J = 0.9 Hz, 1H), 7.32 – 7.27 (m, 1H), 7.05 (dd, J = 8.4, 1.7 Hz, 

1H), 6.94 (dd, J = 2.4, 0.9 Hz, 1H), 4.28 (s, 2H), 3.27 – 3.13 (m, 1H), 2.96 – 2.79 (m, 2H), 2.81 – 2.69 (m, 1H), 1.96 

– 1.84 (m, 2H), 1.78 – 1.66 (m, 2H), 1.51 (s, 9H), 1.37 (d, J = 6.9 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 154.9, 136.6, 135.3, 126.9, 123.8, 121.1, 119.6, 116.7, 111.0, 79.3, 44.6, 43.0, 34.0, 

28.5, 25.4, 23.3. 

HRMS-ESI (m/z): for C21H30N2O2 [M + H+]: calcd 343.2381, found 343.2380 

 

3-isopropyl-5-(tetrahydro-2H-pyran-4-yl)-1H-indole 

Following a modified general procedure B, 5-bromo-3-isopropyl-1H-indole (238 mg, 1.00 mmol) 

was allowed to react with 4-bromotetrahydro-2H-pyran (82 mg, 0.50 mmol) under reductive 

electrolysis (3 mA, 2.5 equiv e-) at 40 °C. The title compound was isolated following purification 

by flash column chromatography (15:85) EtOAc:Hexanes) as a colorless solid (55 mg, 0.23 mmol, 

45%).  
1H NMR (400 MHz, CDCl3) δ 7.83 (s, 1H), 7.49 (dd, J = 1.7, 0.8 Hz, 1H), 7.30 (dd, J = 8.4, 0.7 Hz, 1H), 7.07 (dd, 

J = 8.4, 1.7 Hz, 1H), 6.95 (dd, J = 2.4, 0.9 Hz, 1H), 4.16 – 4.07 (m, 2H), 3.57 (td, J = 11.7, 2.4 Hz, 2H), 3.20 (qd, J 

= 6.8, 0.9 Hz, 1H), 2.93 – 2.81 (m, 1H), 1.97 – 1.87 (m, 2H), 1.86 – 1.79 (m, 2H), 1.37 (d, J = 6.9 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 136.8, 135.3, 126.9, 123.8, 121.1, 119.6, 116.8, 111.0, 68.7, 41.8, 34.8, 25.4, 23.3. 

HRMS-ESI (m/z): for C16H21NO [M + Na+]: calcd 266.1516, found 266.1515 
 

N,N-dimethyl-4-(oxetan-3-yl)aniline 

Following a modified general procedure B, 4-bromo-N,N-dimethylaniline (199 mg, 0.99 mmol) was 

allowed to react with 3-bromooxetane (68 mg, 0.50 mmol) under reductive electrolysis (3 mA, 2.5 

equiv e-) at 40 °C. The title compound was isolated following purification by flash column 

chromatography (5:95) EtOAc:Hexanes) as a colorless solid (42 mg, 0.24 mmol, 47%).  
1H NMR (400 MHz, CDCl3) δ 7.30 – 7.26 (m, 2H), 6.75 (d, J = 8.9 Hz, 2H), 5.03 (dd, J = 8.4, 6.0 Hz, 2H), 4.76 

(dd, J = 7.0, 5.9 Hz, 2H), 4.16 (tt, J = 8.5, 7.0 Hz, 1H), 2.95 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 149.8, 129.3, 127.6, 112.9, 79.5, 40.7, 39.7. 
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N,N-dimethyl-4-(3-phenylpropyl)aniline 

Following a modified general procedure B, 4-bromo-N,N-dimethylaniline (201 mg, 1.01 mmol) 

was allowed to react with (3-bromopropyl)benzene (99 mg, 0.50 mmol) under reductive 

electrolysis (3 mA, 2.5 equiv e-) at 60 °C. The title compound was isolated following purification 

by flash column chromatography (3:97) EtOAc:Hexanes) as a colorless oil (78 mg, 0.33 mmol, 65%).  
1H NMR (400 MHz, CDCl3) δ 7.36 – 7.27 (m, 2H), 7.26 – 7.16 (m, 2H), 7.14 – 7.05 (m, 2H), 6.77 – 6.68 (m, 2H), 

2.94 (s, 6H), 2.67 (td, J = 8.1, 5.1 Hz, 2H), 2.59 (dd, J = 9.9, 5.3 Hz, 2H), 2.01 – 1.88 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 149.0, 142.5, 130.5, 129.0, 128.4, 128.2, 125.6, 113.0, 77.3, 77.0, 76.7, 40.9, 35.4, 

34.4, 33.2. 

 

1,3-diphenylpropane 

Following a modified general procedure B, bromobenzene (157 mg, 1.00 mmol) was allowed to react 

with (3-bromopropyl)benzene (mg, mmol) under reductive electrolysis (3 mA, 2.5 equiv e-) at 60 °C. 

The title compound was confirmed by GCMS and quantified by gas chromatography, 47%.  
1H NMR (400 MHz, CDCl3) δ 7.44 (dddd, J = 8.2, 5.6, 2.3, 1.2 Hz, 5H), 7.35 (ddd, J = 6.0, 2.2, 1.2 Hz, 7H), 2.85 – 

2.78 (m, 4H), 2.17 – 2.07 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 142.2, 128.4, 128.2, 125.7, 35.4, 31.6. 

 

ethyl 4-(3-phenylpropyl)benzoate 

Following a modified general procedure B, ethyl 4-bromobenzoate (229 mg, 1.00 mmol) was 

allowed to react with (3-bromopropyl)benzene (99 mg, 0.50 mmol) under reductive electrolysis 

(3 mA, 2.5 equiv e-) at 60 °C. The title compound was confirmed by GCMS and quantified by 

gas chromatography, 36%. 
1H NMR (400 MHz, CDCl3) δ 8.14 – 8.00 (m, 2H), 7.37 – 7.27 (m, 4H), 7.24 – 7.18 (m, 3H), 4.42 (qd, J = 7.1, 5.9 

Hz, 2H), 2.77 – 2.58 (m, 4H), 2.07 – 1.95 (m, 2H), 1.46 – 1.41 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 166.5, 147.6, 141.8, 132.7, 129.6, 129.4, 128.3, 128.3, 125.8, 125.5, 60.8, 60.7, 

35.9, 35.3, 35.2, 32.5, 31.3, 29.1. 

 
 

N-methyl-N-(4-(tetrahydro-2H-pyran-4-yl)phenyl)acetamide 

Following a modified general procedure B, N-(4-bromophenyl)-N-methylacetamide (230 mg, 1.00 

mmol) was allowed to react with 4-bromotetrahydro-2H-pyran (mg, mmol) under reductive 

electrolysis (3 mA, 2.5 equiv e-) at 40 °C. The title compound was isolated following purification 

by flash column chromatography (5:95) EtOAc:Hexanes) as a faint yellow solid (57% by gas 

chromatography).  
1H NMR (400 MHz, CDCl3) δ 7.43 (d, J = 8.5 Hz, 2H), 7.15 (d, J = 8.6 Hz, 2H), 4.12 – 4.00 (m, 2H), 3.52 (td, J = 

11.3, 3.2 Hz, 2H), 2.71 (td, J = 10.8, 5.0 Hz, 1H), 2.17 (s, 3H), 2.15 (d, J = 3.9 Hz, 3H), 1.84 – 1.68 (m, 4H). 
13C NMR (101 MHz, CDCl3) δ 168.6, 168.5, 141.9, 138.0, 136.1, 129.0, 127.2, 124.3, 120.3, 119.9, 68.4, 41.0, 

34.0, 24.5. 
 

1-(3-phenylpropyl)naphthalene 

Following a modified general procedure B, 1-chloronaphthalene (mg, mmol) was allowed to react 

with (3-bromopropyl)benzene (mg, mmol) under reductive electrolysis (3 mA, 2.5 equiv e-) at 60 

°C. The title compound was isolated as a mixture of products following purification by flash column 

chromatography (0:100) EtOAc:Hexanes) as a colorless oil (42% yield by gas chromoatography).  
1H NMR (400 MHz, CDCl3) δ 8.00 (dt, J = 7.2, 3.2 Hz, 1H), 7.91 – 7.85 (m, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.54 – 

7.48 (m, 2H), 7.48 – 7.40 (m, 1H), 7.40 – 7.29 (m, 4H), 7.25 (q, J = 7.5, 5.2 Hz, 2H), 3.14 (t, J = 7.7 Hz, 2H), 2.79 

(t, J = 7.6 Hz, 2H), 2.25 – 2.01 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 142.2, 138.4, 133.9, 131.9, 128.5, 128.4, 126.6, 126.0, 125.7, 125.5, 125.4, 123.8, 

35.9, 32.6, 32.3. 
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4-neopentyl-1,1'-biphenyl 

Following a modified general procedure C, [1,1'-biphenyl]-4-yl trifluoromethanesulfonate (302 mg, 

1.00 mmol) was allowed to react with 1-bromo-2,2-dime thylpropane (76 mg, 0.51 mmol) under 

reductive electrolysis (3 mA, 2.5 equiv e-) at 60 °C. The title compound was isolated as a mixture of 

products following purification by flash column chromatography (0:100) EtOAc:Hexanes) as a colorless oil (41% 

yield by gas chromatography).  
1H NMR (400 MHz, CDCl3) δ 7.53 – 7.49 (m, 2H), 7.23 – 7.17 (m, 2H), 2.55 (s, 2H), 0.95 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 141.2, 138.9, 138.6, 130.9, 128.7, 127.2, 127.2, 127.0, 126.9, 49.9, 31.8, 29.4. 
 

(3r,5r,7r)-1-([1,1'-biphenyl]-4-yl)adamantane 

Following a modified general procedure C, [1,1'-biphenyl]-4-yl trifluoromethanesulfonate (302 mg, 

1.00 mmol) was allowed to react with (3s,5s,7s)-1-bromoadamantane (108 mg, 0.500 mmol) under 

reductive electrolysis (3 mA, 2.5 equiv e-) at 60 °C. The title compound was isolated as a mixture 

of products following purification by flash column chromatography (0:100) EtOAc:Hexanes) as a 

colorless oil (55% yield by gas chromatography).  
1H NMR (400 MHz, CDCl3) δ 7.64 – 7.59 (m, 5H), 7.48 – 7.43 (m, 6H), 2.38 (d, J = 2.9 Hz, 6H), 2.13 – 2.08 (m, 

3H), 1.74 (t, J = 3.2 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 141.2, 128.7, 128.6, 127.2, 127.1, 127.0, 126.8, 125.3, 49.3, 43.2, 36.8, 35.5, 32.6, 

28.9. 

 

1-methoxy-4-(1-phenoxypropan-2-yl)benzene 

Following a modified general procedure B, 1-bromo-4-methoxybenzene (107 mg, 0.497 mmol) was 

allowed to react with (2-bromopropoxy)benzene (116 mg, 0.620 mmol) under reductive electrolysis 

(3 mA, 2.5 equiv e-) at 25 °C. The title compound was isolated following purification by flash column 

chromatography (2:98) EtOAc:Hexanes) as a colorless oil (87 mg, 0.36 mmol, 72%). 
1H NMR (400 MHz, CDCl3) δ 7.30 – 7.26 (m, 2H), 7.27 – 7.18 (m, 2H), 6.93 (t, J = 7.4 Hz, 1H), 

6.91 – 6.86 (m, 4H), 4.05 (dd, J = 9.1, 5.8 Hz, 1H), 3.92 (dd, J = 9.1, 7.9 Hz, 1H), 3.80 (s, 3H), 3.20 

(dq, J = 13.9, 7.0 Hz, 1H), 1.39 (d, J = 6.9 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 158.98, 158.27, 135.75, 129.40, 128.32, 120.62, 114.62, 113.87, 73.55, 55.28, 

38.72, 18.31. 

HRMS-ESI (m/z): for C16H18O2 [M + H+]: calcd 243.1380, found 243.1380 
 
 

6-(tetrahydro-2H-pyran-4-yl)quinoline 

Following a modified general procedure B, 6-bromoquinoline (104 mg, 0.500 mmol) was 

allowed to react with 4-bromotetrahydro-2H-pyran (83 mg, 0.50 mmol) under reductive 

electrolysis (3 mA, 2.5 equiv e-) at 25 °C. The title compound was isolated as a mixture of 

products following purification by flash column chromatography (5:95) EtOAc:Hexanes) as a 

yellow oil (54 mg, 0.25 mmol, 51%). 
1H NMR (400 MHz, CDCl3) 8.87 (dd, J = 4.2, 1.8 Hz, 1H), 8.12 (d, J = 8.3 Hz, 1H), 8.06 (d, J = 9.3 Hz, 1H), 7.65 

– 7.57 (m, 2H), 7.38 (dd, J = 8.3, 4.2 Hz, 1H), 4.24 – 4.05 (m, 2H), 3.58 (td, J = 11.4, 2.9 Hz, 2H), 2.95 (dq, J = 

11.4, 6.8, 5.6 Hz, 1H), 1.89 (qd, J = 12.0, 3.9 Hz, 4H). 
13C NMR (101 MHz, CDCl3) 149.90, 147.33, 144.07, 135.75, 129.55, 129.33, 128.32, 124.41, 121.15, 68.29, 

41.45, 33.78. 

HRMS-ESI (m/z): for C14H15NO [M + H+]: calcd 214.1227 found 214.1226 
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Single Crystal Analysis of (bpp)MnCl2  

         The single crystal X-ray diffraction studies were carried out on a Bruker Kappa Photon II CPAD 

diffractometer equipped with Cu K

 radiation ( = 1.54178).  A 0.183 x 0.074 x 0.067 mm piece of a 

colorless plank was mounted on a Cryoloop with Paratone 24EX oil.  Data were collected in a nitrogen gas 

stream at 100(2) K using  and  scans.  Crystal-to-detector distance was 40 mm using variable exposure 

time (10s-60s) depending on  with a scan width of 2.0°.  Data collection was 100% complete to 68.00° in 

 (0.83Å).  A total of 29729 reflections were collected covering the indices, -13<=h<=13, -9<=k<=9, -

19<=l<=18.  2669 reflections were found to be symmetry independent, with a R
int

 of 0.0357.  Indexing and 

unit cell refinement indicated a primitive, monoclinic lattice.  The space group was found to be P21/c.  The 

data were integrated using the Bruker SAINT software program and scaled using the SADABS software 

program.  Solution by direct methods (SHELXT) produced a complete phasing model for refinement.   

All nonhydrogen atoms were refined anisotropically by full-matrix least-squares (SHELXL-2014).  

All hydrogen atoms were placed using a riding model.  Their positions were constrained relative to their 

parent atom using the appropriate HFIX command in SHELXL-2014.  Crystallographic data are 

summarized below. 

 

 

 
Figure S21. ORTEP illustration of (bpp)MnCl2 
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Crystal data and structure refinement for (bpp)MnCl2 

Report date  2022-01-05 

Identification code  TBH-1255 

Empirical formula  C11 H9 Cl2 Mn N5 

Molecular formula  C11 H9 Cl2 Mn N5 

Formula weight  337.07 

Temperature  100.0 K 

Wavelength  1.54178 Å 

Crystal system  Monoclinic 

Space group  P 1 21/c 1 

Unit cell dimensions a = 10.8214(3) Å = 90°. 

 b = 7.9452(2) Å = 93.2600(10)°. 

 c = 15.2117(4) Å  = 90°. 

Volume 1305.76(6) Å3 

Z 4 

Density (calculated) 1.715 Mg/m3 

Absorption coefficient 11.929 mm-1 

F(000) 676 

Crystal size 0.183 x 0.074 x 0.067 mm3 

Crystal color, habit Colorless Plank 

Theta range for data collection 4.092 to 74.646°. 

Index ranges -13<=h<=13, -9<=k<=9, -19<=l<=18 

Reflections collected 29279 

Independent reflections 2669 [R(int) = 0.0357, R(sigma) = 0.0185] 

Completeness to theta = 68.000° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.1738 and 0.0514 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2669 / 0 / 172 

Goodness-of-fit on F2 1.053 

Final R indices [I>2sigma(I)] R1 = 0.0226, wR2 = 0.0619 

R indices (all data) R1 = 0.0236, wR2 = 0.0627 

Extinction coefficient n/a 

Largest diff. peak and hole 0.219 and -0.242 e.Å-3 
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Single Crystal Analysis of 4  

         The single crystal X-ray diffraction studies were carried out on a Bruker Kappa Photon II CPAD 

diffractometer equipped with Cu K

 radiation ( = 1.54178 Å).  A 0.253 x 0.145 x 0.068 mm piece of a 

yellow block was mounted on a Cryoloop with Paratone 24EX oil.  Data were collected in a nitrogen gas 

stream at 100(2) K using  and  scans.  Crystal-to-detector distance was 50 mm using variable exposure 

time (5s-10s) depending on  with a scan width of 1.0°.  Data collection was 99.9% complete to 25.00° in 

 (0.83Å).  A total of 145700 reflections were collected covering the indices, -13<=h<=13, -19<=k<=19, -

27<=l<=27. 14244 reflections were found to be symmetry independent, with a R
int

 of 0.0512.  Indexing and 

unit cell refinement indicated a primitive, triclinic lattice.  The space group was found to be P-1.  The data 

were integrated using the Bruker SAINT software program and scaled using the SADABS software 

program.  Solution by direct methods (SHELXT) produced a complete phasing model for refinement.   

All nonhydrogen atoms were refined anisotropically by full-matrix least-squares (SHELXL-2014).  

All hydrogen atoms were placed using a riding model.  Their positions were constrained relative to their 

parent atom using the appropriate HFIX command in SHELXL-2014.  Crystallographic data are 

summarized below. 

 

 
Figure S22. ORTEP illustration of 4 as the PF6

– salt.  
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Crystal data and structure refinement for 4 

Report date  2022-01-06 

Identification code  TBH-1542 

Empirical formula  C19.67 H18.33 F7 N5 Ni O0.67 P 

Molecular formula  C17 H13 F N5 Ni. F6 P, 0.667(C4 H8 O) 

Formula weight  558.07 

Temperature  100.0 K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P-1 

Unit cell dimensions a = 10.2019(4) Å = 105.6390(10)°. 

 b = 15.4564(6) Å = 98.1360(10)°. 

 c = 21.6200(8) Å  = 93.7850(10)° 

Volume 3230.4(2) Å3 

Z 6 

Density (calculated) 1.721 Mg/m3 

Absorption coefficient 1.058 mm-1 

F(000) 1696 

Crystal size 0.253 x 0.145 x 0.068 mm3 

Crystal color, habit yellow block 

Theta range for data collection 4.092 to 74.646°. 

Index ranges -13<=h<=13, -19<=k<=19, -27<=l<=27 

Reflections collected 145700 

Independent reflections 14244 [R(int) = 0.0512, R(sigma) = 0.0251] 

Completeness to theta = 68.000° 99.9 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.0943 and 0.0678 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 14244 / 19 / 953 

Goodness-of-fit on F2 1.016 

Final R indices [I>2sigma(I)] R1 = 0.0283, wR2 = 0.0645 

R indices (all data) R1 = 0.0379, wR2 = 0.0694 

Extinction coefficient n/a 

Largest diff. peak and hole 0.413 and -0.298 e.Å-3 
 



1H NMR
CD3CN

600 MHZ

19F NMR
CD3CN

565 MHZ

Minor KPF6 impurity

S53



31P NMR
CD3CN

565 MHZ

31P NMR
CD3CN

565 MHZ

S54



5

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S55



6

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S56



7

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S57



8

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S58



9

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S59



10

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S60



11

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S61



12

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S62



13

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S63



14

+ isomer (>25 : 1)

1H NMR
CD2Cl2

400 MHZ

13C NMR
CD2Cl2

101 MHZ

S64



15

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S65



16

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S66



17

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S67



18

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S68



19

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S69



20

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S70



21

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S71



22

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S72



COSY
CDCl3

600 MHZ

NOESY
CDCl3

600 MHZ

S73



NOESY
CDCl3

600 MHZ

S74



23

1H NMR
CD2Cl2

400 MHZ

13C NMR
CD2Cl2

400 MHZ

S75



COSY
CDCl3

600 MHZ

NOESY
CDCl3

600 MHZ

S76



NOESY
CDCl3

600 MHZ

S77



24

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S78



25

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S79



26

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S80



27

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S81



28

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S82



29

Minor impurities are hydrophobic 

byproducts that are inseparable by 

conventional chromatography on 

normal-phase silica gel. 

Product is further confirmed by HRMS

GC yield is 

reported

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S83



30

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S84



COSY
CDCl3

565 MHZ

NOESY
CDCl3

600 MHZ

S85



NOESY
CDCl3

600 MHZ

S86



31

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S87



32

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S88



33

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S89



34

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S90



35

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S91



36

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S92



37

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S93



38

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S94



39

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S95



40

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S96



41

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S97



42

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S98



43

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S99



44

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S100



45

NMR yield is reported. 

Minor impurities are hydrophobic 

byproducts that are inseparable by 

conventional chromatography on 

normal-phase silica gel. 

Product is further confirmed by HRMS

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S101



46

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S102



47

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S103



48

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S104



49

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S105



50

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S106



51

1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S107



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S108



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S109



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S110



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S111



31P NMR
CDCl3

162 MHZ

S112



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S113



31P NMR
CDCl3

162 MHZ

S114



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S115



31P NMR
CDCl3

162 MHZ

S116



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S117



31P NMR
CDCl3

162 MHZ

S118



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S119



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S120



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S121



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S122



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S123



1H NMR
CDCl3

400 MHZ

13C NMR
CDCl3

101 MHZ

S124



References and Notes 

1. A. Conan, S. Sibille, E. D’Incan, J. Périchon, Nickel-catalysed electroreductive coupling of α-

halogenoesters with aryl or vinyl halides. J. Chem. Soc. Chem. Commun. 1, 48–49 

(1990). doi:10.1039/C39900000048 

2. X. Wang, Y. Dai, H. Gong, Nickel-catalyzed reductive couplings. Top. Curr. Chem. (Cham) 

374, 43 (2016). doi:10.1007/s41061-016-0042-2 Medline 

3. D. J. Weix, Methods and mechanisms for cross-electrophile coupling of Csp(2) halides with 

alkyl electrophiles. Acc. Chem. Res. 48, 1767–1775 (2015). 

doi:10.1021/acs.accounts.5b00057 Medline 

4. S. J. Harwood, M. D. Palkowitz, C. N. Gannett, P. Perez, Z. Yao, L. Sun, H. D. Abruña, S. L. 

Anderson, P. S. Baran, Modular terpene synthesis enabled by mild electrochemical 

couplings. Science 375, 745–752 (2022). doi:10.1126/science.abn1395 Medline 

5. S. K. Nimmagadda, S. Korapati, D. Dasgupta, N. A. Malik, A. Vinodini, A. S. Gangu, S. 

Kalidindi, P. Maity, S. S. Bondigela, A. Venu, W. P. Gallagher, S. Aytar, F. González-

Bobes, R. Vaidyanathan, Development and execution of an Ni(II)-catalyzed reductive 

cross-coupling of substituted 2-chloropyridine and ethyl 3-chloropropanoate. Org. 

Process Res. Dev. 24, 1141–1148 (2020). doi:10.1021/acs.oprd.0c00134 

6. C. C. Le, M. K. Wismer, Z.-C. Shi, R. Zhang, D. V. Conway, G. Li, P. Vachal, I. W. Davies, 

D. W. C. MacMillan, A general small-scale reactor to enable standardization and 

acceleration of photocatalytic reactions. ACS Cent. Sci. 3, 647–653 (2017). 

doi:10.1021/acscentsci.7b00159 Medline 

7. R. Duvadie, A. Pomberger, Y. Mo, E. I. Altinoglu, H.-W. Hsieh, K. Y. Nandiwale, V. L. 

Schultz, K. F. Jensen, R. I. Robinson, Photoredox iridium–nickel dual catalyzed cross-

electrophile coupling: From a batch to a continuous stirred-tank reactor via an automated 

segmented flow reactor. Org. Process Res. Dev. 25, 2323–2330 (2021). 

doi:10.1021/acs.oprd.1c00251 

8. R. J. Perkins, A. J. Hughes, D. J. Weix, E. C. Hansen, Metal-reductant-free electrochemical 

nickel-catalyzed couplings of aryl and alkyl bromides in acetonitrile. Org. Process Res. 

Dev. 23, 1746–1751 (2019). doi:10.1021/acs.oprd.9b00232 

9. G. L. Beutner, E. M. Simmons, S. Ayers, C. Y. Bemis, M. J. Goldfogel, C. L. Joe, J. Marshall, 

S. R. Wisniewski, A process chemistry benchmark for sp2-sp3 cross couplings. J. Org. 

Chem. 86, 10380–10396 (2021). doi:10.1021/acs.joc.1c01073 Medline 

10. I. Grimm, S. T. Hauer, T. Schulte, G. Wycich, K. D. Collins, K. Lovis, L. Candish, 

Upscaling photoredox cross-coupling reactions in batch using immersion-well reactors. 

Org. Process Res. Dev. 24, 1185–1193 (2020). doi:10.1021/acs.oprd.0c00070 

11. A. W. Dombrowski, N. J. Gesmundo, A. L. Aguirre, K. A. Sarris, J. M. Young, A. R. 

Bogdan, M. C. Martin, S. Gedeon, Y. Wang, Expanding the medicinal chemist toolbox: 

Comparing seven C(sp2)-C(sp3) cross-coupling methods by library synthesis. ACS Med. 

Chem. Lett. 11, 597–604 (2020). doi:10.1021/acsmedchemlett.0c00093 Medline 

12. P. Zhang, C. C. Le, D. W. C. MacMillan, Silyl radical activation of alkyl halides in 

metallaphotoredox catalysis: A unique pathway for cross-electrophile coupling. J. Am. 

http://dx.doi.org/10.1039/C39900000048
http://dx.doi.org/10.1007/s41061-016-0042-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27573395&dopt=Abstract
http://dx.doi.org/10.1021/acs.accounts.5b00057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26011466&dopt=Abstract
http://dx.doi.org/10.1126/science.abn1395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35175791&dopt=Abstract
http://dx.doi.org/10.1021/acs.oprd.0c00134
http://dx.doi.org/10.1021/acscentsci.7b00159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28691077&dopt=Abstract
http://dx.doi.org/10.1021/acs.oprd.1c00251
http://dx.doi.org/10.1021/acs.oprd.9b00232
http://dx.doi.org/10.1021/acs.joc.1c01073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34255510&dopt=Abstract
http://dx.doi.org/10.1021/acs.oprd.0c00070
http://dx.doi.org/10.1021/acsmedchemlett.0c00093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32292569&dopt=Abstract


Chem. Soc. 138, 8084–8087 (2016). doi:10.1021/jacs.6b04818 Medline 

13. C. A. Malapit, M. B. Prater, J. R. Cabrera-Pardo, M. Li, T. D. Pham, T. P. McFadden, S. 

Blank, S. D. Minteer, Advances on the merger of electrochemistry and transition metal 

catalysis for organic synthesis. Chem. Rev. 122, 3180–3218 (2022). 

doi:10.1021/acs.chemrev.1c00614 Medline 

14. B. L. Truesdell, T. B. Hamby, C. S. Sevov, C. General (sp2)-C(sp3) cross-electrophile 

coupling reactions enabled by overcharge protection of homogeneous electrocatalysts. J. 

Am. Chem. Soc. 142, 5884–5893 (2020). doi:10.1021/jacs.0c01475 Medline 

15. W. Xue, X. Jia, X. Wang, X. Tao, Z. Yin, H. Gong, Nickel-catalyzed formation of quaternary 

carbon centers using tertiary alkyl electrophiles. Chem. Soc. Rev. 50, 4162–4184 (2021). 

doi:10.1039/D0CS01107J Medline 

16. X. Wang, S. Wang, W. Xue, H. Gong, Nickel-catalyzed reductive coupling of aryl bromides 

with tertiary alkyl halides. J. Am. Chem. Soc. 137, 11562–11565 (2015). 

doi:10.1021/jacs.5b06255 Medline 

17. X. Wang, G. Ma, Y. Peng, C. E. Pitsch, B. J. Moll, T. D. Ly, X. Wang, H. Gong, Ni-

catalyzed reductive coupling of electron-rich aryl iodides with tertiary alkyl halides. J. 

Am. Chem. Soc. 140, 14490–14497 (2018). doi:10.1021/jacs.8b09473 Medline 

18. J. Liu, Y. Ye, J. L. Sessler, H. Gong, Cross-electrophile couplings of activated and sterically 

hindered halides and alcohol derivatives. Acc. Chem. Res. 53, 1833–1845 (2020). 

doi:10.1021/acs.accounts.0c00291 Medline 

19. J. B. Diccianni, T. Diao, Mechanisms of nickel-catalyzed cross-coupling reactions. Trends 

Chem. 1, 830–844 (2019). doi:10.1016/j.trechm.2019.08.004 

20. C. L. Wagner, G. Herrera, Q. Lin, C. T. Hu, T. Diao, Redox activity of pyridine-oxazoline 

ligands in the stabilization of low-valent organonickel radical complexes. J. Am. Chem. 

Soc. 143, 5295–5300 (2021). doi:10.1021/jacs.1c00440 Medline 

21. J. B. Diccianni, J. Katigbak, C. Hu, T. Diao, Mechanistic characterization of 

(Xantphos)Ni(I)-mediated alkyl bromide activation: Oxidative addition, electron transfer, 

or halogen-atom abstraction. J. Am. Chem. Soc. 141, 1788–1796 (2019). 

doi:10.1021/jacs.8b13499 Medline 

22. Y. Kawamata, J. C. Vantourout, D. P. Hickey, P. Bai, L. Chen, Q. Hou, W. Qiao, K. Barman, 

M. A. Edwards, A. F. Garrido-Castro, J. N. deGruyter, H. Nakamura, K. Knouse, C. Qin, 

K. J. Clay, D. Bao, C. Li, J. T. Starr, C. Garcia-Irizarry, N. Sach, H. S. White, M. 

Neurock, S. D. Minteer, P. S. Baran, Electrochemically driven, Ni-catalyzed aryl 

amination: Scope, mechanism, and applications. J. Am. Chem. Soc. 141, 6392–6402 

(2019). doi:10.1021/jacs.9b01886 Medline 

23. N. A. Till, S. Oh, D. W. C. MacMillan, M. J. Bird, The application of pulse radiolysis to the 

study of Ni(I) intermediates in Ni-catalyzed cross-coupling reactions. J. Am. Chem. Soc. 

143, 9332–9337 (2021). doi:10.1021/jacs.1c04652 Medline 

24. R. Sun, Y. Qin, D. G. Nocera, General paradigm in photoredox nickel-catalyzed cross-

coupling allows for light-free access to reactivity. Angew. Chem. Int. Ed. 59, 9527–9533 

(2020). doi:10.1002/anie.201916398 Medline 

http://dx.doi.org/10.1021/jacs.6b04818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27263662&dopt=Abstract
http://dx.doi.org/10.1021/acs.chemrev.1c00614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34797053&dopt=Abstract
http://dx.doi.org/10.1021/jacs.0c01475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32115939&dopt=Abstract
http://dx.doi.org/10.1039/D0CS01107J
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33533345&dopt=Abstract
http://dx.doi.org/10.1021/jacs.5b06255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26325479&dopt=Abstract
http://dx.doi.org/10.1021/jacs.8b09473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30296073&dopt=Abstract
http://dx.doi.org/10.1021/acs.accounts.0c00291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32840998&dopt=Abstract
http://dx.doi.org/10.1016/j.trechm.2019.08.004
http://dx.doi.org/10.1021/jacs.1c00440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33792294&dopt=Abstract
http://dx.doi.org/10.1021/jacs.8b13499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30612428&dopt=Abstract
http://dx.doi.org/10.1021/jacs.9b01886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30905151&dopt=Abstract
http://dx.doi.org/10.1021/jacs.1c04652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34128676&dopt=Abstract
http://dx.doi.org/10.1002/anie.201916398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32189408&dopt=Abstract


25. Q. Lin, Y. Fu, P. Liu, T. Diao, Monovalent nickel-mediated radical formation: A concerted 

halogen-atom dissociation pathway determined by electroanalytical studies. J. Am. Chem. 

Soc. 143, 14196–14206 (2021). doi:10.1021/jacs.1c05255 Medline 

26. S. Bajo, G. Laidlaw, A. R. Kennedy, S. Sproules, D. J. Nelson, Oxidative addition of aryl 

electrophiles to a prototypical nickel(0) complex: Mechanism and structure/reactivity 

relationships. Organometallics 36, 1662–1672 (2017). 

doi:10.1021/acs.organomet.7b00208 

27. J. Xu, O. P. Bercher, M. P. Watson, Overcoming the naphthyl requirement in stereospecific 

cross-couplings to form quaternary stereocenters. J. Am. Chem. Soc. 143, 8608–8613 

(2021). doi:10.1021/jacs.1c03898 Medline 

28. S. L. Zultanski, G. C. Fu, Nickel-catalyzed carbon-carbon bond-forming reactions of 

unactivated tertiary alkyl halides: Suzuki arylations. J. Am. Chem. Soc. 135, 624–627 

(2013). doi:10.1021/ja311669p Medline 

29. T. G. Chen, H. Zhang, P. K. Mykhailiuk, R. R. Merchant, C. A. Smith, T. Qin, P. S. Baran, 

Quaternary centers by nickel-catalyzed cross-coupling of tertiary carboxylic acids and 

(hetero)aryl zinc reagents. Angew. Chem. Int. Ed. 58, 2454–2458 (2019). 

doi:10.1002/anie.201814524 Medline 

30. Z. Wang, Z. P. Yang, G. C. Fu, Quaternary stereocentres via catalytic enantioconvergent 

nucleophilic substitution reactions of tertiary alkyl halides. Nat. Chem. 13, 236–242 

(2021). doi:10.1038/s41557-020-00609-7 Medline 

31. D. N. Primer, G. A. Molander, Enabling the cross-coupling of tertiary organoboron 

nucleophiles through radical-mediated alkyl transfer. J. Am. Chem. Soc. 139, 9847–9850 

(2017). doi:10.1021/jacs.7b06288 Medline 

32. M. Yuan, Z. Song, S. O. Badir, G. A. Molander, O. Gutierrez, On the nature of C(sp3)-

C(sp2) bond formation in nickel-catalyzed tertiary radical cross-couplings: A case study 

of Ni/photoredox catalytic cross-coupling of alkyl radicals and aryl halides. J. Am. Chem. 

Soc. 142, 7225–7234 (2020). doi:10.1021/jacs.0c02355 Medline 

33. T. C. Palmer, A. Beamer, T. Pitt, I. A. Popov, C. X. Cammack, H. D. Pratt 3rd, T. M. 

Anderson, E. R. Batista, P. Yang, B. L. Davis, A comparative review of metal-based 

charge carriers in nonaqueous flow batteries. ChemSusChem 14, 1214–1228 (2021). 

doi:10.1002/cssc.202002354 Medline 

34. Q. Lin, G. Dawson, T. Diao, Experimental electrochemical potentials of nickel complexes. 

Synlett 32, 1606–1620 (2021). doi:10.1055/s-0040-1719829 

35. C. Sandford, M. A. Edwards, K. J. Klunder, D. P. Hickey, M. Li, K. Barman, M. S. Sigman, 

H. S. White, S. D. Minteer, A synthetic chemist’s guide to electroanalytical tools for 

studying reaction mechanisms. Chem. Sci. 10, 6404–6422 (2019). 

doi:10.1039/C9SC01545K Medline 

36. A. G. Lappin, A. McAuley, The redox chemistry of nickel. Adv. Inorg. Chem. 32, 241–295 

(1988). 

37. B. L. H. Taylor, E. C. Swift, J. D. Waetzig, E. R. Jarvo, Stereospecific nickel-catalyzed 

cross-coupling reactions of alkyl ethers: Enantioselective synthesis of diarylethanes. J. 

http://dx.doi.org/10.1021/jacs.1c05255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34432468&dopt=Abstract
http://dx.doi.org/10.1021/acs.organomet.7b00208
http://dx.doi.org/10.1021/jacs.1c03898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34062058&dopt=Abstract
http://dx.doi.org/10.1021/ja311669p
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23281960&dopt=Abstract
http://dx.doi.org/10.1002/anie.201814524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30623547&dopt=Abstract
http://dx.doi.org/10.1038/s41557-020-00609-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33432109&dopt=Abstract
http://dx.doi.org/10.1021/jacs.7b06288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28719197&dopt=Abstract
http://dx.doi.org/10.1021/jacs.0c02355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32195579&dopt=Abstract
http://dx.doi.org/10.1002/cssc.202002354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33305517&dopt=Abstract
http://dx.doi.org/10.1055/s-0040-1719829
http://dx.doi.org/10.1039/C9SC01545K
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31367303&dopt=Abstract


Am. Chem. Soc. 133, 389–391 (2011). doi:10.1021/ja108547u Medline 

38. S. Ge, R. A. Green, J. F. Hartwig, Controlling first-row catalysts: Amination of aryl and 

heteroaryl chlorides and bromides with primary aliphatic amines catalyzed by a BINAP-

ligated single-component Ni(0) complex. J. Am. Chem. Soc. 136, 1617–1627 (2014). 

doi:10.1021/ja411911s Medline 

39. R. J. Somerville, L. V. A. Hale, E. Gómez-Bengoa, J. Burés, R. Martin, Intermediacy of Ni-

Ni species in sp2 C-O bond cleavage of aryl esters: Relevance in catalytic C-Si bond 

formation. J. Am. Chem. Soc. 140, 8771–8780 (2018). doi:10.1021/jacs.8b04479 Medline 

40. B. M. Rosen, K. W. Quasdorf, D. A. Wilson, N. Zhang, A.-M. Resmerita, N. K. Garg, V. 

Percec, Nickel-catalyzed cross-couplings involving carbon-oxygen bonds. Chem. Rev. 

111, 1346–1416 (2011). doi:10.1021/cr100259t Medline 

41. I. Kalvet, Q. Guo, G. J. Tizzard, F. Schoenebeck, When weaker can be tougher: The role of 

oxidation state (I) in P- vs N-ligand-derived Ni-Catalyzed trifluoromethylthiolation of 

aryl halides. ACS Catal. 7, 2126–2132 (2017). doi:10.1021/acscatal.6b03344 Medline 

42. M. Yan, Y. Kawamata, P. S. Baran, Synthetic organic electrochemical methods since 2000: 

On the verge of a renaissance. Chem. Rev. 117, 13230–13319 (2017). 

doi:10.1021/acs.chemrev.7b00397 Medline 

43. J. Twilton, C. Le, P. Zhang, M. H. Shaw, R. W. Evans, D. W. C. MacMillan, The merger of 

transition metal and photocatalysis. Nat. Rev. Chem. 1, 0052 (2017). doi:10.1038/s41570-

017-0052 

44. A. Jutand, Contribution of electrochemistry to organometallic catalysis. Chem. Rev. 108, 

2300–2347 (2008). doi:10.1021/cr068072h Medline 

45. B. R. Walker, C. S. Sevov, An electrochemically promoted, nickel-catalyzed Mizoroki-Heck 

reaction. ACS Catal. 9, 7197–7203 (2019). doi:10.1021/acscatal.9b02230 

46. E. L. Lucas, E. R. Jarvo, Stereospecific and stereoconvergent cross-couplings between alkyl 

electrophiles. Nat. Rev. Chem. 1, 0065 (2017). doi:10.1038/s41570-017-0065 

47. J. L. S. Zackasee, S. Al Zubaydi, B. L. Truesdell, C. S. Sevov, Synergistic catalyst–mediator 

pairings for electroreductive cross-electrophile coupling reactions. ACS Catal. 12, 1161–

1166 (2022). doi:10.1021/acscatal.1c05144 

48. R. Kehoe, M. Mahadevan, A. Manzoor, G. McMurray, P. Wienefeld, M. C. Baird, P. H. M. 

Budzelaar, Reactions of the Ni(0) compound Ni(PPh3)4 with Unactivated Alkyl Halides: 

Oxidative addition reactions involving radical processes and nickel(I) intermediates. 

Organometallics 37, 2450–2467 (2018). doi:10.1021/acs.organomet.8b00244 

49. H. A. Sakai, W. Liu, C. C. Le, D. W. C. MacMillan, Cross-electrophile coupling of 

unactivated alkyl chlorides. J. Am. Chem. Soc. 142, 11691–11697 (2020). 

doi:10.1021/jacs.0c04812 Medline 

50. S. Kim, M. J. Goldfogel, M. M. Gilbert, D. J. Weix, Nickel-catalyzed cross-electrophile 

coupling of aryl chlorides with primary alkyl chlorides. J. Am. Chem. Soc. 142, 9902–

9907 (2020). doi:10.1021/jacs.0c02673 Medline 

51. D. J. Connolly, P. M. Lacey, M. McCarthy, C. P. Saunders, A. M. Carroll, R. Goddard, P. J. 

http://dx.doi.org/10.1021/ja108547u
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21155567&dopt=Abstract
http://dx.doi.org/10.1021/ja411911s
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24397570&dopt=Abstract
http://dx.doi.org/10.1021/jacs.8b04479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29909614&dopt=Abstract
http://dx.doi.org/10.1021/cr100259t
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21133429&dopt=Abstract
http://dx.doi.org/10.1021/acscatal.6b03344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28286695&dopt=Abstract
http://dx.doi.org/10.1021/acs.chemrev.7b00397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28991454&dopt=Abstract
http://dx.doi.org/10.1038/s41570-017-0052
http://dx.doi.org/10.1038/s41570-017-0052
http://dx.doi.org/10.1021/cr068072h
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18605756&dopt=Abstract
http://dx.doi.org/10.1021/acscatal.9b02230
http://dx.doi.org/10.1038/s41570-017-0065
http://dx.doi.org/10.1021/acscatal.1c05144
http://dx.doi.org/10.1021/acs.organomet.8b00244
http://dx.doi.org/10.1021/jacs.0c04812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32564602&dopt=Abstract
http://dx.doi.org/10.1021/jacs.0c02673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32412241&dopt=Abstract


Guiry, Preparation and resolution of a modular class of axially chiral quinazoline-

containing ligands and their application in asymmetric rhodium-catalyzed olefin 

hydroboration. J. Org. Chem. 69, 6572–6589 (2004). doi:10.1021/jo049195+ Medline 

52. X. Wang, Y. Xu, F. Mo, G. Ji, D. Qiu, J. Feng, Y. Ye, S. Zhang, Y. Zhang, J. Wang, Silver-

mediated trifluoromethylation of aryldiazonium salts: Conversion of amino group into 

trifluoromethyl group. J. Am. Chem. Soc. 135, 10330–10333 (2013). 

doi:10.1021/ja4056239 Medline 

53. P. H. Gehrtz, V. Geiger, T. Schmidt, L. Sršan, I. Fleischer, Cross-coupling of 

chloro(hetero)arenes with thiolates employing a Ni(0)-precatalyst. Org. Lett. 21, 50–55 

(2019). doi:10.1021/acs.orglett.8b03476 Medline 

54. D. Qiu, F. Mo, Z. Zheng, Y. Zhang, J. Wang, Gold(III)-catalyzed halogenation of aromatic 

boronates with N-halosuccinimides. Org. Lett. 12, 5474–5477 (2010). 

doi:10.1021/ol102350v Medline 

55. L. Nattmann, J. Cornella, Ni(4-Tbustb)3: A robust 16-electron Ni(0) olefin complex for 

catalysis. Organometallics 39, 3295–3300 (2020). doi:10.1021/acs.organomet.0c00485 

56. L. Yue, J. Du, F. Ye, Z. Chen, L. Li, F. Lian, B. Zhang, Y. Zhang, H. Jiang, K. Chen, Y. Li, 

B. Zhou, N. Zhang, Y. Yang, C. Luo, Identification of novel small-molecule inhibitors 

targeting menin-MLL interaction, repurposing the antidiarrheal loperamide. Org. Biomol. 

Chem. 14, 8503–8519 (2016). doi:10.1039/C6OB01248E Medline 

57. P. Boehm, S. Roediger, A. Bismuto, B. Morandi, Palladium-catalyzed chlorocarbonylation of 

aryl (pseudo)halides through in situ generation of carbon monoxide. Angew. Chem. Int. 

Ed. 59, 17887–17896 (2020). doi:10.1002/anie.202005891 Medline 

58. Z. Wu, X. Xu, J. Wang, G. Dong, Carbonyl 1,2-transposition through triflate-mediated α-

amination. Science 374, 734–740 (2021). doi:10.1126/science.abl7854 Medline 

59. Y.-C. Yuan, C. Bruneau, V. Dorcet, T. Roisnel, R. Gramage-Doria, Ru-catalyzed selective 

C–H bond hydroxylation of cyclic imides. J. Org. Chem. 84, 1898–1907 (2019). 

doi:10.1021/acs.joc.8b02899 Medline 

60. D. Zhao, P. Xu, T. Ritter, Palladium-catalyzed late-stage direct arene cyanation. Chem 5, 97–

107 (2019). doi:10.1016/j.chempr.2018.09.027 

61. T. Bunlaksananusorn, P. Knochel, t-BuOK-mediated hydrophosphination of functionalized 

alkenes: A novel synthesis of chiral P,N- and P,P-ligands. J. Org. Chem. 69, 4595–4601 

(2004). doi:10.1021/jo030383u Medline 

62. D. J. Lippincott, R. T. H. Linstadt, M. R. Maser, F. Gallou, B. H. Lipshutz, Synthesis of 

functionalized 1,3-butadienes via Pd-catalyzed cross-couplings of substituted allenic 

esters in water at room temperature. Org. Lett. 20, 4719–4722 (2018). 

doi:10.1021/acs.orglett.8b01377 Medline 

63. A. S. Dudnik, G. C. Fu, Nickel-catalyzed coupling reactions of alkyl electrophiles, including 

unactivated tertiary halides, to generate carbon-boron bonds. J. Am. Chem. Soc. 134, 

10693–10697 (2012). doi:10.1021/ja304068t Medline 

64. X. Ma, J. C. Jury, M. G. Banwell, Synthesis and reactivity of a putative biogenetic precursor 

to tricholomenyns B, C, D and E. Tetrahedron Lett. 52, 2192–2194 (2011). 

http://dx.doi.org/10.1021/jo049195+
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15387579&dopt=Abstract
http://dx.doi.org/10.1021/ja4056239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23822560&dopt=Abstract
http://dx.doi.org/10.1021/acs.orglett.8b03476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30557032&dopt=Abstract
http://dx.doi.org/10.1021/ol102350v
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21070016&dopt=Abstract
http://dx.doi.org/10.1021/acs.organomet.0c00485
http://dx.doi.org/10.1039/C6OB01248E
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27541268&dopt=Abstract
http://dx.doi.org/10.1002/anie.202005891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32628290&dopt=Abstract
http://dx.doi.org/10.1126/science.abl7854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34735246&dopt=Abstract
http://dx.doi.org/10.1021/acs.joc.8b02899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30626181&dopt=Abstract
http://dx.doi.org/10.1016/j.chempr.2018.09.027
http://dx.doi.org/10.1021/jo030383u
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15230580&dopt=Abstract
http://dx.doi.org/10.1021/acs.orglett.8b01377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30080419&dopt=Abstract
http://dx.doi.org/10.1021/ja304068t
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22668072&dopt=Abstract


doi:10.1016/j.tetlet.2010.11.139 

65. K. Kitatani, T. Hiyama, H. Nozaki, Stereoselective alkylation of 1-lithiocyclopropyl 

bromides. J. Am. Chem. Soc. 97, 949–951 (1975). doi:10.1021/ja00837a074 

66. S. Kim, D. Takeuchi, K. Osakada, Pd-catalyzed ring-opening copolymerization of 2-aryl-1-

methylenecyclopropanes with CO to afford polyketones via alternating insertion of the 

two monomers and C–C bond activation of the three-membered ring. J. Am. Chem. Soc. 

124, 762–763 (2002). doi:10.1021/ja017460s Medline 

67. X. Tian, L. Song, E. Li, Q. Wang, W. Yu, J. Chang, Metal-free one-pot synthesis of 1,3-

diazaheterocyclic compounds via I2-mediated oxidative C–N bond formation. RSC 

Advances 5, 62194–62201 (2015). doi:10.1039/C5RA11262A 

68. X. Huang, K. W. Anderson, D. Zim, L. Jiang, A. Klapars, S. L. Buchwald, Expanding Pd-

catalyzed C-N bond-forming processes: The first amidation of aryl sulfonates, aqueous 

amination, and complementarity with Cu-catalyzed reactions. J. Am. Chem. Soc. 125, 

6653–6655 (2003). doi:10.1021/ja035483w Medline 

69. D. Deng, H. Guo, B. Ji, W. Wang, L. Ma, F. Luo, Size-selective catalysts in five 

functionalized porous coordination polymers with unsaturated zinc centers. New J. Chem. 

41, 12611–12616 (2017). doi:10.1039/C7NJ02021J 

70. A. Joshi-Pangu, C. Y. Wang, M. R. Biscoe, Nickel-catalyzed Kumada cross-coupling 

reactions of tertiary alkylmagnesium halides and aryl bromides/triflates. J. Am. Chem. 

Soc. 133, 8478–8481 (2011). doi:10.1021/ja202769t Medline 

71. N. Kataoka, Q. Shelby, J. P. Stambuli, J. F. Hartwig, Air stable, sterically hindered 

ferrocenyl dialkylphosphines for palladium-catalyzed C–C, C–N, and C–O bond-forming 

cross-couplings. J. Org. Chem. 67, 5553–5566 (2002). doi:10.1021/jo025732j Medline 

72. C. Lohre, T. Dröge, C. Wang, F. Glorius, Nickel-catalyzed cross-coupling of aryl bromides 

with tertiary Grignard reagents utilizing donor-functionalized N-heterocyclic carbenes 

(NHCs). Chemistry 17, 6052–6055 (2011). doi:10.1002/chem.201100909 Medline 

73. C. Zhao, X. Jia, X. Wang, H. Gong, Ni-catalyzed reductive coupling of alkyl acids with 

unactivated tertiary alkyl and glycosyl halides. J. Am. Chem. Soc. 136, 17645–17651 

(2014). doi:10.1021/ja510653n Medline 

74. E. Watanabe, Y. Chen, O. May, S. V. Ley, A practical method for continuous production of 

sp3-rich compounds from (hetero)aryl halides and redox-active esters. Chemistry 26, 

186–191 (2020). doi:10.1002/chem.201905048 Medline 

http://dx.doi.org/10.1016/j.tetlet.2010.11.139
http://dx.doi.org/10.1021/ja00837a074
http://dx.doi.org/10.1021/ja017460s
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11817946&dopt=Abstract
http://dx.doi.org/10.1039/C5RA11262A
http://dx.doi.org/10.1021/ja035483w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12769573&dopt=Abstract
http://dx.doi.org/10.1039/C7NJ02021J
http://dx.doi.org/10.1021/ja202769t
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21553878&dopt=Abstract
http://dx.doi.org/10.1021/jo025732j
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12153253&dopt=Abstract
http://dx.doi.org/10.1002/chem.201100909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21509842&dopt=Abstract
http://dx.doi.org/10.1021/ja510653n
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25415424&dopt=Abstract
http://dx.doi.org/10.1002/chem.201905048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31692149&dopt=Abstract

	science.abo0039_sm.pdf
	abo0039-Hamby-SM-FRONT
	abo0039-Hamby-SM-BODY
	SM_DualCatXEC_Rev_V10
	Spectra_Final
	NMR PPT v7


	abo0039-Hamby-SM-REFS




