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General Information

All catalytic reactions were carried out under inert atmosphere. Solvents and liquid 
reagents were sparged with nitrogen or argon prior to use. Small-scale catalytic reactions were 
conducted with glass vials and PTFE stir bars, which were disposed of after one use. 
Commercially available reagents were used as received. All ligands and catalysts were obtained 
commercially unless otherwise noted and stored under N2. Flash chromatography was performed 
on a Teledyne Isco system with silica cartridges, using Celite to dry-load substrates. All 
previously reported products of catalytic reactions were characterized by 1H and 13C NMR, MS, 
and compared with literature data. Previously unreported compounds were additionally 
characterized by HRMS. 

Instrument frequencies for the 1H, 13C, and 31P NMR spectra are given in the 
characterization data. 1H and 13C spectra were referenced to the residual proteo (1H) or 
deuterated (13C) solvent solvent signal. 31P spectra were referenced to an external standard of 
85% H3PO4. NMR spectra were processed with MNova. HPLC analyses were performed using 
acetonitrile and water with 0.1% HClO4, 0.1% H3PO4 or 0.1% HCOOH as eluents. WD-XRF 
analysis was conducted on a Rigaku Primus III+ WD-XRF instrument using a calibrated method 
(Pharmpak_Pd) provided by Rigaku. ICP-MS analysis was conducted by Intertek Pharmaceutical 
Services (Whitehouse, NJ). Routine MS analyses were performed with an APCI instrument. 
HRMS samples were dissolved in a solution of 1:1 ACN:H2O with an added lock mass, then 
loop injected into a Thermo Scientific LTQ Orbitrap instrument in positive mode HESI.
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Scheme S1: Catalyst syntheses
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(PPh2Me)2NiCl2 ([Ni-1]) was prepared according to a literature procedure.1 Layering a saturated 
THF solution of trans-(PPh2Me)2NiCl2 with EtOH resulted in the formation of large, maroon-
colored crystals suitable for X-Ray analysis after 48 h. The CIF was deposited at the CCDC, 
deposition number 2109558.

(PPh2Me)4Ni: A 20 mL vial was charged with (PPh2Me)2NiCl2 (500 mg, 0.943 mmol, 1.00 
equiv), toluene (10 mL) and PPh2Me (378 mg, 1.887 mmol, 2.00 equiv). The resulting deep red 
slurry was mixed and n-BuMgCl (1.04 mL of a 2 M solution in THF, 2.075 mmol, 2.20 equiv) 
was added dropwise. During the addition, gas evolution was observed. Near the end of the 
addition, the reaction mixture changed from a deep red slurry to a cloudy orange solution. The 
solution was stirred for an additional 5 min after the Grignard addition was complete. The 
solution was filtered through a 0.45 μm PTFE syringe filter and concentrated in vacuo to give 
(PPh2Me)4Ni as an orange solid (793 mg, 0.922 mmol, 98% yield). X-Ray quality crystals were 
obtained by layering a saturated toluene solution of (PPh2Me)4Ni with n-heptane at ambient 
temperature for 48 h. 1H NMR (400 MHz, C6D6) δ 7.28 – 7.21 (m, 16H), 7.07 – 6.93 (m, 32H), 
1.71 (s, 12H). 31P NMR (162 MHz, C6D6) δ 3.94. Spectroscopic data were consistent with the 
literature reports.2, 3 The CIF was deposited at the CCDC, deposition number 2109557.

(PPh2Me)2Ni(o-tolyl)Br: A 2-dram vial was charged with Ni(COD)2 (100 mg, 0.36 mmol, 1.00 
equiv), n-heptane (2 mL), 2-MeTHF (2 mL), 2-bromotoluene (249 mg, 1.45 mmol, 4.00 equiv), 
and PPh2Me (291 mg, 1.45 mmol, 4.00 equiv). The reaction mixture was stirred at 50 °C for 16 
h, then cooled to ambient temperature and concentrated on a rotovap to give an orange oil. This 
was crystallized twice from i-PrOH/n-heptane to give (PPh2Me)2Ni(o-tolyl)Br as a yellow solid 
(63 mg, 0.10 mmol, 28% yield). 1H NMR (400 MHz, C6D6) δ 7.78 (dtd, J = 7.2, 5.1, 2.4 Hz, 
4H), 7.61 (ddt, J = 9.5, 4.8, 2.5 Hz, 4H), 7.13 (s, 4H), 7.08 – 6.98 (m, 8H), 7.01 – 6.91 (m, 2H), 
6.64 (td, J = 7.1, 1.5 Hz, 1H), 6.54 (ddd, J = 7.0, 5.5, 1.8 Hz, 2H), 2.73 (s, 3H), 1.10 (t, J = 3.7 
Hz, 6H). 31P NMR (162 MHz, C6D6) δ 8.54. This compound was prepared previously.4, 5
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(PPh3)2Ni(o-tolyl)Br was prepared according to a literature procedure.6 

PPh2Me-HBF4: A 250 mL round bottom flask was charged with 70 mL CH2Cl2 and sparged 
with N2 for 20 min. PPh2Me (5 mL, 26.9 mmol) was added to the flask in one portion and the 
mixture stirred. 48% aqueous HBF4 was added slowly, and the resulting biphasic mixture was 
stirred vigorously at ambient temperature for 2 h.7 The reaction mixture was transferred to a 
separatory funnel (no longer air-sensitive). The lower layer was collected, dried over MgSO4, 
filtered, and concentrated on a rotovap to give a clear, colorless oil. The resulting oil rapidly 
solidified to give a white solid, which was crushed with a spatula to give a white powder (7.37 g, 
25.6 mmol, 95% yield). 1H NMR (400 MHz, CDCl3) δ 8.15 (d, J = 264 Hz, 1 H) 7.86 – 7.72 (m, 
6H), 7.66 (tdd, J = 7.3, 3.5, 2.3 Hz, 4H), 7.49 (s, 1H), 2.52 (d, J = 15.2 Hz, 3H). 31P NMR (162 
MHz, CDCl3) δ 2.39. Spectroscopic data were consistent with the literature report.8 

Experimental Procedure for High-Throughput Screening Experiments

Inside a nitrogen-filled glovebox, 1 mL glass tubes in an aluminum block were charged 
with a 2-MeTHF solution of ligands (0.275–0.825 μmol, 0.11–0.33 equiv). The solvent was 
removed in vacuo. Next, (TMEDA)Ni(o-tolyl)Cl or Ni(COD)DQ (0.075 mg, 0.25 μmol, 0.10 
equiv) was dispensed as a solution in 2-MeTHF to vials containing ligands. DIPEA was added to 
the vials containing protonated ligand precursors (1 equiv DIPEA per proton). A glass bead was 
charged to each tube and the tubes were sealed. The tubes were sealed and mixed at 300 RPM on 
an orbital mixer for 60 min at 60 °C, then the solvent was removed in vacuo using a Genevac 
centrifugal evaporator inside the glovebox. Next, 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine (0.564 mg, 2.75 μmol, 1.10 equiv), methyl 4-bromobenzoate (0.538 mg, 2.5 μmol, 
1.00 equiv) were dispensed as a solution in 2-MeTHF (100 μL) to each tube, followed by a 
solution of K3PO4 (1.327 mg, 6.25 μmol, 2.50 equiv) in H2O (20 μL). The tubes were sealed and 
agitated at 300 RPM on an orbital mixer at 70 °C for 16 h. After cooling to ambient temperature, 
the vials were diluted with acetonitrile containing 4,4’-dimethylbiphenyl as an internal standard, 
filtered, and analyzed by UPLC-MS.
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Scheme S2: Structures of Catalysts from HTS Experiment and Ligand to Metal 
Ratios (L/M)
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Control Experiments: Catalysis by Trace Pd

Several avenues exist for possible contamination of experiments by Pd, as some previous 
publications on “metal-free” or “Pd-free” versions of C-N and C-C couplings have shown. Pd-
catalyzed borylation of aryl halides can be used to produce aryl pinacol boronates, so the 
arylborons used in this study could be a source of Pd. In some accounts, trace Pd was found to be 
present in inorganic bases such as Na2CO3. Hypothetically, residual Pd could also be present in 
the Ni salt used to prepare (PPh2Me)2NiCl2. To evaluate the likelihood of trace Pd causing the 
catalytic activity observed in this study, we conducted the following additional experiments.9

Scheme S3: Analysis of trace Pd in starting materials and control experiments
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Three heterorarylborons used in this study were analyzed for Pd content by a calibrated 
XRF method with a practical quantification limit of 20 ppm (Scheme S3). All the compounds 
were found to contain <20 ppm Pd. While Suzuki couplings catalyzed by <20 ppm Pd have been 
reported, they are typically under more forceful conditions (i.e., >120 °C).10 A sample of the 
(PPh2Me)2NiCl2 used in our study was analyzed by ICP-MS and found to contain <0.1 ppm Pd. 

We conducted control reactions without (PPh2Me)2NiCl2 and n-BuMgCl (Figure S3, 
equations 1 and 2). In both cases, no formation of the Suzuki coupled product could be detected. 
Finally, when 50 ppm Pd2(dba)3 was added in place of Ni (Equation 3), no coupled product was 
detected. This argues against enough trace Pd being present in the reagents, base, or solvent to 
result in the observed catalytic activity in this study. 
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Pyridine inhibition experiment 

Table S1: Effective of added pyridine on PPh3, PCy3, PBn3 and PPh2Me derived catalysts

L2NiCl2 (3 mol %)
L (6 mol %)

n-BuMgCl (6.6 mol %)
pyridine (x mol %)

K3PO4 (2.5 equiv)
2-MeTHF/H2O (5:1), 70 °C

BPin Br

COMe

+

(1.0 equiv)(1.1 equiv)

COMe

Me

Me

Entry Ligand L Pyridine 
(mol %)

%Yield 
(2 h)

%Yield 
(16 h)

1 PPh3 0 55 59
2 PPh3 100 7 7
3 PCy3 0 80 83
4 PCy3 100 49 56
5 PBn3 0 52 94
6 PBn3 100 63 94
7 PPh2Me 0 57 98
8 PPh2Me 100 54 95

 

Reactions were conducted on 1.0 mmol scale according to the general procedure. Yields were 
determined by HPLC using biphenyl as an internal standard. 
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Stoichiometric reactivity of Ni oxidative addition complexes

(PPh3)2Ni(o-tolyl)Br: A 4 mL vial was charged with (PPh3)2Ni(o-tolyl)Cl (27 mg, 0.036 mmol, 
1.0 equiv), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (15 mg, 0.072 mmol) and 2-
MeTHF (1.0 mL). Tricyclohexylphosphine oxide (4.6 mg, 0.016 mmol) was added as an internal 
standard and 0.1 mL C6D6 was added for locking. The reaction was stirred at 50 °C for 30 min, 
then 31P NMR of an aliquot was recorded. The starting material (22.11 ppm) was present along 
with a new peak (29.40 ppm) in a 1.6:1 ratio.

(PPh2Me)2Ni(o-tolyl)Br: A 4 mL vial was charged with (PPh2Me)2Ni(o-tolyl)Cl (27 mg, 0.036 
mmol, 1.0 equiv), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (15 mg, 0.072 mmol) 
and 2-MeTHF (1.0 mL). Tricyclohexylphosphine oxide (4.3 mg, 0.015 mmol) was added as an 
internal standard and 0.1 mL C6D6 was added for locking. The reaction was stirred at 50 °C and 
analyzed by 31P NMR. No new peaks were detected after 30 min or 24 h. The same reaction was 
repeated at 70 °C for 24 h, and no new 31P NMR were observed. 
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General Procedures for Suzuki-Miyaura Coupling Catalyzed by (PPh2Me)2NiCl2

General Procedure A

A vial was charged with (PPh2Me)2NiCl2 (0.03 mmol, 3 mol %), 2-MeTHF (2.5 mL) and 
PPh2Me (0.06 mmol, 6 mol %) and the resulting deep red solution was stirred. n-BuMgCl (2 M 
in THF, 0.066 mmol, 6.6 mol %) was added dropwise, resulting in a yellow solution. This 
solution was transferred to a vial containing the aryl pinacol boronate (1.0–1.5 mmol), aryl 
halide (if solid, 1.0 mmol), and K3PO4 (2.5 mmol). Next, aryl halide (if liquid, 1.0 mmol) and 
H2O (0.5 mL) were added. The reaction mixture was stirred at 70 °C for 16-24 h, then cooled to 
ambient temperature. The reaction mixture was diluted with 20 mL EtOAc and washed with H2O 
(20 mL x 2) and 20 wt% NaCl (20 mL). The combined aqueous layers were extracted with 
EtOAc (20 mL). The combined organic layers were concentrated in vacuo and the crude product 
was purified by flash chromatography. 

General Procedure B

A vial was charged with (PPh2Me)2NiCl2 (0.03 mmol, 3 mol %), dioxane (2.5 mL) and 
PPh2Me (0.06 mmol, 6 mol %) and the resulting deep red solution was stirred. n-BuMgCl (2 M 
in THF, 0.066 mmol, 6.6 mol %) was added dropwise, resulting in a yellow solution. This 
solution was transferred to a vial containing the aryl pinacol boronate (1.0–1.5 mmol), aryl 
halide (if solid, 1.0 mmol), and K3PO4 (2.5 mmol). Next, aryl halide (if liquid, 1.0 mmol) and 
H2O (0.5 mL) were added. The reaction mixture was stirred at 90 °C for 16-24 h, then cooled to 
ambient temperature. The reaction mixture was diluted with 20 mL EtOAc and washed with H2O 
(20 mL x 2) and 20 wt% NaCl (20 mL). The combined aqueous layers were extracted with 
EtOAc (20 mL). The combined organic layers were concentrated in vacuo and the crude product 
was purified by flash chromatography. 

General Procedure C

A vial was charged with (PPh2Me)2NiCl2 (0.03 mmol, 3 mol %), 2-MeTHF (2.5 mL) and 
PPh2Me (0.06 mmol, 6 mol %) and the resulting deep red solution was stirred. n-BuMgCl (2 M 
in THF, 0.066 mmol, 6.6 mol %) was added dropwise, resulting in a yellow solution. This 
solution was transferred to a vial containing the aryl pinacol boronate (1.0–1.5 mmol), aryl 
halide (if solid, 1.0 mmol), and Na2CO3 (2.5 mmol). Next, aryl halide (if liquid, 1.0 mmol) and 
EtOH (2.5 mL) were added. The reaction mixture was stirred at 70 °C for 16-24 h, then cooled to 
ambient temperature. The reaction mixture was diluted with 20 mL EtOAc and filtered through a 
Celite plug, eluting with an additional 20 mL EtOAc. The filtrate was concentrated in vacuo and 
the crude product was purified by flash chromatography.
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Determination of reaction assay yields using product response factor (Scheme 3, 1 mol % 
Ni examples)

After the reaction was complete according to HPLC analysis, the bottom aqueous layer was 
removed. The upper organic layer was diluted with EtOAc until homogenous, then weighed 
(wtsoln). An aliquot of the organic layer was weighed (wtsample) into a tared volumetric flask, 
which was then filled to the line with ACN (volsample). This solution was analyzed by HPLC to 
obtain an area response (Asample) for a given injection volume (Isample).

Separately, a standard of the product was weighed (wtstd) into a volumetric flask and filled to the 
line with ACN (volstd). This solution was analyzed by HPLC to obtain an area response (Astd) for 
a given injection volume (Istd). In the examples analyzed, Isample = Istd.

The weight percent of product in the organic layer (wt%) and reaction assay yield was then 
calculated as follows:

 
𝑤𝑡% =  

𝐴𝑠𝑎𝑚𝑝𝑙𝑒 ×  𝑣𝑜𝑙𝑠𝑎𝑚𝑝𝑙𝑒 ×  𝑤𝑡𝑠𝑡𝑑 × 100

𝐴𝑠𝑡𝑑 ×  𝑣𝑜𝑙𝑠𝑡𝑑 ×  𝑤𝑡𝑠𝑎𝑚𝑝𝑙𝑒
 

𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑠𝑠𝑎𝑦 𝑦𝑖𝑒𝑙𝑑 (%) =  
𝑤𝑡% × 𝑤𝑡𝑠𝑜𝑙𝑛 × 100

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

Substrate
A soln 
(mAu)

vol soln 
(ml)

weight 
sample 

(mg) area std
vol std 

(ml)
weight 

std (mg) wt%
wt soln 

(g)

theor. 
yield 
(g) yield (%)

8 2530.9 50 137.0 3173.4 50 5.2 3.03 31.700 0.991 96.8
12 484.6 100 166.0 5327.2 25 24.9 5.46 19.034 1.078 96.4
17 313.6 100 75.0 2885.9 25 17.7 10.26 10.814 1.107 100.2
26 653.7 100 150.0 4234.8 25 25.9 10.66 14.061 1.492 100.5
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Determination of reaction assay yields of using an internal standard (Scheme 2, Table S2, 
Kinetics Experiments)

An internal standard (biphenyl, Sigma-Aldrich, >99% or 4,4’-dimethylbiphenyl, Combi-Blocks, 
98%) and product standard were weighed into a volumetric flask and diluted to a known volume. 
This solution was analyzed by HPLC to give a wt/wt relative response factor RRf:

𝑅𝑅𝑓 =  
𝑅𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
𝑅𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

=
𝑎𝑟𝑒𝑎 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
𝑎𝑟𝑒𝑎 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

∗
𝑤𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑤𝑡 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑

Note that in the above equation, the injection volume and dilution volume terms cancel due to 
the method of solution preparation. The reaction mixture was sampled and analyzed by HPLC. 
The reaction assay yield was then calculated as follows:
𝑅𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑠𝑠𝑎𝑦 (𝑚𝑔) = 𝑅𝑅𝑓 ∗  

𝑤𝑡 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 (𝑚𝑔) ∗ 𝑎𝑟𝑒𝑎 𝑝𝑟𝑜𝑑𝑢𝑐𝑡
𝑎𝑟𝑒𝑎 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑

%𝐴𝑠𝑠𝑎𝑦 𝑦𝑖𝑒𝑙𝑑 =
𝑅𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑠𝑠𝑎𝑦 (𝑚𝑔)

𝑇ℎ𝑒𝑜𝑟. 𝑦𝑖𝑒𝑙𝑑 (𝑚𝑔)
∗ 100



12

Procedure for kinetics experiment

Inside a N2 glovebox, a 100 mL cylindrical overhead stirred reactor (Mettler-Toledo EasyMax) 
was charged with methyl 4-bromobenzoate 2 (5.00 g, 23.25 mmol, 1.00 equiv), 3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine 1 (6.68 g, 32.60 mmol, 1.40 equiv), K3PO4 (12.34 
g, 58.10 mmol, 2.5 equiv), and 4,4’-dimethylbiphenyl (2.00 g). The reactor was fitted with a 
downward impellor style stir blade, an internal temperature probe, an air-cooled condensor and a 
Mettler-Toledo EasySampler probe. 

A solution of Ni catalyst was prepared by adding n-BuMgCl (0.77 mL of 2 M solution in THF, 
1.54 mmol, 6.6 mol %) dropwise to a stirred slurry of (PPh2Me)2NiCl2 (370 mg, 0.689 mmol, 3 
mol %) and PPh2Me (279 mg, 1.395 mmol, 6 mol %) in 10 mL 2-MeTHF. Upon addition of the 
Grignard, the maroon slurry became a yellow-orange solution. 

The reactor was charged with 48.7 mL 2-MeTHF and mixed at 300 rpm. The catalyst solution 
was then charged, followed by 11.7 mL H2O. The initial reaction concentration was 0.40 M 2 in 
2-MeTHF. A slight temperature increase was observed upon addition of H2O due to dissolution 
of the K3PO4. 

The reactor internal temperature was adjusted to 70 °C (ramp time approximately 20 min), then 
the reaction was periodically sampled by the Easysampler probe. Samples were automatically 
diluted 200x with ACN/H2O 4:1, and the reaction was backfilled with a continuously N2 sparged 
solution of 2-MeTHF. The samples remained homogenous and were analyzed by HPLC or 
UPLC-MS.
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Kinetics and catalyst resting state analysis of a non-Lewis basic coupling

+
K3PO4 (2.5 equiv)

2-MeTHF/H2O (5:1, 0.4 M)
70 °C(1.4 equiv) 2 (1.0 equiv)

BPin

Br

CO2Me
CO2Me

(PPh2Me)2NiCl2 (3 mol %)
PPh2Me (6 mol %)

n-BuMgCl (6.6 mol %)

(4,4'-dimethylbiphenyl ISD)

pdt

0 100 200 300 400 500 600 700 800 900 1000
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

[2] [pdt]

Time at 70 C (min)

C
on

ce
nt

ra
tio

n 
(M

)

NMR analysis

At 1 h and 16 h, a sample of the stirred reaction mixture (0.4 mL) was analyzed by 31P NMR 
with 0.1 mL C6D6 added for locking. At 1 h, the following species were present: 14.09 ppm 
(37%), (PPh2Me)4Ni, 3.39 ppm (15%), PPh2Me, -27.35 ppm (48%). At 16 h, the following 
species were present: 5.59 ppm, 12%, (PPh2Me)4Ni, 3.39 ppm (71%), -5.58 ppm (3%), -27.37 
ppm, PPh2Me (14%). PPh2Me oxide (reported 29.93 ppm in CDCl3

11) was not observed.
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Characterization of products

Methyl 4-(pyridin-3-yl)benzoate (3)12: Prepared according to general procedure A on from 
methyl 4-bromobenzoate (1.00 equiv, 1.00 g, 4.65 mmol) and 3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (1, 1.40 equiv). 16 h reaction time. Isolated 904 mg as a white solid 
(4.24 mmol, 91% yield). 1H NMR (400 MHz, CDCl3) δ 8.83 (dd, J = 2.4, 0.9 Hz, 1H), 8.59 (dd, 
J = 4.8, 1.6 Hz, 1H), 8.12 – 8.05 (m, 2H), 7.85 (ddd, J = 8.0, 2.4, 1.7 Hz, 1H), 7.63 – 7.56 (m, 
2H), 7.33 (ddd, J = 7.9, 4.8, 0.9 Hz, 1H), 3.89 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 166.66, 
149.25, 148.32, 142.17, 135.49, 134.47, 130.34, 129.74, 127.06, 123.65, 52.22. MS (m/z) 214.2 
(M+H)+

4-(pyridin-3-yl)benzonitrile (4)13: Prepared according to general procedure B on 5.49 mmol 
scale from 4-bromobenzonitrile (1.00 equiv, 1.00 g, 5.49 mmol) and 3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridine (1.50 equiv). 16 h reaction time. Isolated as 815 mg as a white 
solid (4.52 mmol, 82% yield). 1H NMR (400 MHz, CDCl3) δ 8.82 (dd, J = 2.4, 0.9 Hz, 1H), 8.63 
(dd, J = 4.8, 1.6 Hz, 1H), 7.86 (ddd, J = 7.9, 2.4, 1.6 Hz, 1H), 7.77 – 7.70 (m, 2H), 7.70 – 7.62 
(m, 2H), 7.39 (ddd, J = 8.0, 4.9, 0.9 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 149.75, 148.23, 
142.31, 134.75, 134.50, 132.87, 127.80, 123.81, 118.57, 111.91. MS (m/z) 181.2 (M+H)+

3-(4-methoxyphenyl)pyridine (5)12: Prepared according to general procedure B from 4-
bromoanisole (1.00 g, 5.35 mmol, 1.00 equiv) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine (1.645 g, 8.02 mmol, 1.50 equiv). 16 h reaction time. Isolated 812 mg (4.38 mmol, 
82% yield) as a white solid. 1H NMR (400 MHz, CDCl3) δ 8.81 (d, J = 1.5 Hz, 1H), 8.54 (dd, J = 
4.8, 1.6 Hz, 1H), 7.86 – 7.79 (m, 1H), 7.55 – 7.49 (m, 2H), 7.37 – 7.29 (m, 1H), 7.05 – 6.98 (m, 
2H), 3.86 (s, 3H) ppm. 13C NMR (101 MHz, CDCl3) δ 159.90, 148.15, 148.02, 136.39, 133.99, 
130.40, 128.36, 123.63, 114.70, 55.52 ppm. MS (m/z) 186.2 (M+H)+ 

3-(p-tolyl)pyridine (6)14: Prepared according to general procedure B from 4-chlorotoluene (1.00 
equiv, 127 mg, 1.00 mmol) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (226 
mg, 1.10 mmol, 1.10 equiv). 16 h reaction time. Isolated 154 mg (0.91 mmol, 91% yield) as a 
colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.84 (d, J = 2.3 Hz, 1H), 8.56 (dd, J = 4.8, 1.7 Hz, 
1H), 7.83 (dt, J = 7.9, 2.0 Hz, 1H), 7.47 (d, J = 8.1 Hz, 2H), 7.32 (dd, J = 7.9, 4.8 Hz, 1H), 7.28 
(d, J = 7.8 Hz, 2H), 2.40 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 148.24, 148.23, 138.03, 136.56, 
134.96, 134.11, 129.82, 126.99, 123.52, 21.16. MS (m/z) 170.2 (M+H)+

3-(o-tolyl)pyridine (7)15: Prepared according to general procedure A from 2-bromotoluene (1.00 
equiv, 1.00 g, 5.85 mmol) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (1.50 
equiv). 16 h reaction time. 852 mg (5.03 mmol, 86% yield) isolated as colorless oil. 1H NMR 
(400 MHz, CDCl3) δ 8.61 – 8.57 (m, 2H), 7.65 – 7.61 (ddd, 1H), 7.35 – 7.18 (m, 5H), 2.27 (s, 
3H) ppm. 13C NMR (176 MHz, CDCl3) δ 149.98, 148.14, 138.10, 137.43, 136.41, 135.55, 
129.85, 128.10, 126.08, 122.97, 20.34 ppm. MS (m/z) 170.2 (M+H)+

4-(pyridin-3-yl)-1H-indole (8)16: Prepared according to general procedure B from 4-
bromoindole (1.00 equiv, 196 mg, 1.00 mmol) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine (1.10 equiv). 16 h reaction time. 169 mg (0.87 mmol, 87% yield) isolated as white 
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solid. 1H NMR (400 MHz, DMSO-d6) δ 11.35 (s, 1H), 8.87 (dd, J = 2.4, 0.9 Hz, 1H), 8.58 (dd, J 
= 4.8, 1.6 Hz, 1H), 8.06 (dt, J = 7.9, 2.0 Hz, 1H), 7.56 – 7.44 (m, 3H), 7.22 (t, J = 7.6 Hz, 1H), 
7.14 (dd, J = 7.3, 1.0 Hz, 1H), 6.55 (ddd, J = 3.1, 2.0, 1.0 Hz, 1H). 13C NMR (101 MHz, DMSO-
d6) δ 148.79, 147.91, 136.48, 136.37, 135.47, 129.41, 126.35, 125.57, 123.76, 121.44, 118.89, 
111.58, 99.69. MS (m/z) 195.2 (M+H)+

4-methyl-3-(o-tolyl)pyridine (9)17: Prepared according to general procedure B from 2-
bromotoluene (1.00 g, 5.85 mmol, 1.00 equiv) and 4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (1.50 equiv). 16 h reaction time. Isolated 820 mg (4.47 mmol, 77% 
yield) as a white solid. 1H NMR (400 MHz, CDCl3) δ 8.46 (d, J = 5.0 Hz, 1H), 8.34 (s, 1H), 7.34 
– 7.22 (m, 3H), 7.20 (d, J = 5.0 Hz, 1H), 7.09 (d, J = 7.0 Hz, 1H), 2.09 (s, 3H), 2.06 (s, 3H) ppm. 
13C NMR (101 MHz, CDCl3) δ 149.88, 148.51, 145.26, 137.57, 137.53, 136.24,130.18, 129.64, 
128.08, 125.90, 124.89, 19.92, 19.38 ppm. MS (m/z) 184.2 (M+H)+

4-methyl-3,3'-bipyridine (10)18: Prepared according to general procedure A from 4-methyl-3-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (241 mg, 1.10 mmol, 1.10 equiv) and 3-
chloropyridine (114 mg, 1.00 mmol, 1.00 equiv). 16 h reaction time. Isolated 154 mg (0.91 
mmol, 91% yield) as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.65 (dd, J = 4.9, 1.7 Hz, 
1H), 8.60 (dd, J = 2.4, 0.9 Hz, 1H), 8.49 (d, J = 5.1 Hz, 1H), 8.43 (s, 1H), 7.66 (ddd, J = 7.9, 2.3, 
1.7 Hz, 1H), 7.39 (ddd, J = 7.8, 4.9, 0.9 Hz, 1H), 7.22 (dt, J = 5.0, 0.8 Hz, 1H), 2.29 (s, 3H). 13C 
NMR (101 MHz, CDCl3) δ 149.84, 149.12, 148.93, 144.85, 136.53, 134.10, 133.67, 125.39, 
123.34, 19.80. MS (m/z) 171.1 (M+H)+

5-(6-methoxypyridin-3-yl)pyrimidine (11)19: Prepared according to general procedure A from 
5-bromopyrimidine (159 mg, 1.00 mmol, 1.00 equiv) and 2-methoxy-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridine (1.50 equiv). 16 h reaction time. Isolated 124 mg (0.66 mmol, 
66% yield) as a white solid. 1H NMR (400 MHz, CDCl3) δ 9.22 (s, 1H), 8.92 (s, 2H), 8.40 (d, J = 
2.6 Hz, 1H), 7.79 (dd, J = 8.6, 2.6 Hz, 1H), 6.91 (d, J = 8.6 Hz, 1H), 4.01 (s, 3H) ppm. 13C NMR 
(176 MHz, CDCl3) δ 164.88, 157.71, 154.58, 145.33, 137.14, 131.70, 123.47, 111.90, 53.94. MS 
(m/z) 188.2 (M+H)+

6-(6-fluoropyridin-3-yl)quinoline (12): Prepared according to general procedure A from 6-
bromoquinoline (208 mg, 1.00 mmol, 1.00 equiv) and 2-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (1.50 equiv). 20 h reaction time. Isolated 196 mg (0.87 mmol, 87% 
yield) as a white solid. 1H NMR (400 MHz, CDCl3) δ 8.96 (dd, J = 4.3, 1.7 Hz, 1H), 8.58 – 8.53 
(m, 1H), 8.27 – 8.19 (m, 2H), 8.10 (ddd, J = 8.8, 7.6, 2.6 Hz, 1H), 7.98 (d, J = 2.1 Hz, 1H), 7.90 
(dd, J = 8.8, 2.1 Hz, 1H), 7.47 (dd, J = 8.3, 4.2 Hz, 1H), 7.07 (dd, J = 8.5, 3.0 Hz, 1H). 13C NMR 
(101 MHz, CDCl3) δ 163.51 (d, J = 240.2 Hz), 151.11, 147.95, 146.37 (d, J = 15.0 Hz), 140.14 
(d, J = 8.0 Hz), 136.42, 135.00, 134.27, 134.22, 128.74, 128.58, 125.97, 122.03, 109.86 (d, J = 
37.4 Hz). 19F NMR (376 MHz, CDCl3) δ -70.58. HRMS (m/z) (M+H)+

: calculated 225.08225, 
found 225.08210.

Methyl 3-(5-fluoropyridin-3-yl)thiophene-2-carboxylate (13): Prepared according to general 
procedure B from methyl 3-chlorothiophene-2-carboxylate (177 mg, 1.00 mmol, 1.00 equiv) and 
3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (1.20 equiv). 20 h reaction 
time. Isolated 194 mg (0.82 mg, 82% yield) as a white solid. 1H NMR (400 MHz, DMSO-d6) δ 
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8.59 (d, J = 2.8 Hz, 1H), 8.54 (d, J = 1.8 Hz, 1H), 8.02 (d, J = 5.1 Hz, 1H), 7.92 (ddd, J = 10.0, 
2.8, 1.7 Hz, 1H), 7.35 (d, J = 5.0 Hz, 1H), 3.73 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 
161.43, 158.46 (d, J = 253.6 Hz), 145.84, 145.80, 142.59, 142.57, 136.84, 136.73 (d, J = 22.8 
Hz), 132.52, 131.53, 127.84, 123.79 (d, J = 19.1 Hz), 52.16. 19F NMR (376 MHz, DMSO-d6) δ -
129.34. HRMS (m/z) (M+H)+

: calculated 238.03325, found 238.03302.

Ethyl 5-(quinolin-6-yl)nicotinate (14): Prepared according to general procedure B from 6-
bromoquinoline (208 mg, 1.00 mmol, 1.00 equiv) and ethyl 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)nicotinate (1.50 equiv). 20 h reaction time. Isolated 220 mg (0.79 mmol, 79% 
yield) as a white solid. 1H NMR (400 MHz, CDCl3) δ 9.25 (d, J = 2.0 Hz, 1H), 9.14 (d, J = 2.3 
Hz, 1H), 8.98 (dd, J = 4.2, 1.7 Hz, 1H), 8.62 (t, J = 2.2 Hz, 1H), 8.30 – 8.22 (m, 2H), 8.08 (d, J = 
2.1 Hz, 1H), 8.00 (dd, J = 8.8, 2.1 Hz, 1H), 7.49 (dd, J = 8.3, 4.2 Hz, 1H), 4.48 (q, J = 7.1 Hz, 
3H), 1.46 (t, J = 7.1 Hz, 4H). 13C NMR (101 MHz, CDCl3) δ 165.33, 152.01, 151.29, 149.90, 
148.15, 136.44, 135.79, 135.61, 134.97, 130.81, 128.59, 128.55, 126.58, 126.35, 122.03, 61.81, 
14.44. HRMS (m/z) (M+H)+

: calculated 279.11234, found 279.11280.

2-methyl-6-(pyridin-4-yl)quinoline (15)20: Prepared according to general procedure B from 6-
bromo-2-methylquinoline (222 mg, 1.00 mmol, 1.00 equiv) and 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (308 mg, 1.50 mmol, 1.00 equiv) using (PPh2Me)2NiCl2 (5 mol %), 
PPh2Me (10 mol %) and n-BuMgCl (11 mol %) as catalyst. Isolated 174 mg (0.79 mmol, 79% 
yield) as a white solid. 1H NMR (400 MHz, DMSO-d6) δ 8.72 – 8.66 (m, 2H), 8.41 (d, J = 2.1 
Hz, 1H), 8.36 – 8.30 (m, 1H), 8.13 (dd, J = 8.7, 2.1 Hz, 1H), 8.03 (d, J = 8.8 Hz, 1H), 7.88 – 
7.80 (m, 2H), 7.48 (d, J = 8.4 Hz, 1H), 2.68 (s, 3H). 13C NMR (151 MHz, DMSO-d6) δ 159.83, 
150.33, 147.45, 146.31, 136.65, 134.06, 129.11, 127.81, 126.31, 126.22, 122.83, 121.40, 24.95. 
MS (m/z) 221.2 (M+H)+

4-(pyrimidin-5-yl)-1H-indole (16): Prepared according to general procedure A from 5-
bromopyrimidine (159 mg, 1.00 mmol, 1.00 equiv) and 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-indole (267 mg, 1.10 mmol, 1.10 equiv). 24 h reaction time. Isolated 149 
mg (0.76 mmol, 76% yield) as a white solid. 1H NMR (400 MHz, DMSO-d6) δ 11.43 (s, 1H), 
9.21 (s, 1H), 9.11 (s, 2H), 7.57 – 7.46 (m, 2H), 7.29 – 7.18 (m, 2H), 6.63 – 6.57 (m, 1H). 13C 
NMR (101 MHz, DMSO-d6) δ 156.81, 155.70, 136.38, 134.33, 126.84, 125.74, 125.48, 121.51, 
119.22, 112.35, 99.43. HRMS (m/z) (M+H)+

: calculated 196.08692, found 196.08665.

5-(1H-indol-5-yl)-1-(phenylsulfonyl)-1H-pyrrolo[2,3-b]pyridine (17): Prepared according to 
general procedure A from 1-benzenesulfonyl-5-bromo-1h-pyrrolo[2,3-b]pyridine (337 mg, 1.00 
mmol, 1.00 equiv) and 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1h-indole (267 mg, 1.10 
mmol, 1.10 equiv). 16 h reaction time. Isolated 323 mg (0.86 mmol, 86% yield) as a white solid. 
1H NMR (400 MHz, DMSO-d6) δ 11.19 (s, 1H), 8.66 (d, J = 2.3 Hz, 1H), 8.26 (d, J = 2.2 Hz, 
1H), 8.17 – 8.11 (m, 2H), 7.93 (d, J = 4.0 Hz, 1H), 7.84 (d, J = 1.7 Hz, 1H), 7.72 (t, J = 7.4 Hz, 
1H), 7.63 (t, J = 7.7 Hz, 2H), 7.50 (d, J = 8.4 Hz, 1H), 7.44 – 7.37 (m, 2H), 6.86 (d, J = 4.1 Hz, 
1H), 6.49 (t, J = 2.4 Hz, 1H). 13C NMR (151 MHz, DMSO-d6) δ 145.60, 143.58, 137.66, 135.57, 
134.70, 133.75, 129.63, 128.36, 128.32, 127.87, 127.42, 126.29, 122.69, 120.62, 118.75, 112.03, 
106.40, 101.53. One resonance not located. HRMS (m/z) (M+H)+

: calculated 374.09577, found 
374.09546.
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1-(4-(1-benzyl-1H-pyrazol-4-yl)phenyl)propan-1-one (18): Prepared according to general 
procedure B from 4'-bromopropiophenone (213 mg, 1.00 mmol, 1.00 equiv) and 1-benzyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1h-pyrazole (313 mg, 1.10 mmol, 1.10 equiv). 16 
h reaction time. Isolated 278 mg (0.96 mmol, 96% yield) as a white solid. 1H NMR (400 MHz, 
CDCl3) δ 7.98 – 7.91 (m, 2H), 7.89 (s, 1H), 7.70 (s, 1H), 7.57 – 7.49 (m, 2H), 7.42 – 7.24 (m, 
5H), 5.35 (s, 2H), 2.99 (q, J = 7.2 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) 
δ 200.20, 137.42, 137.23, 136.18, 134.87, 129.07, 128.89, 128.42, 127.93, 126.91, 125.31, 
122.59, 56.50, 31.76, 8.44. HRMS (m/z) (M+H)+

: calculated 291.14919, found 291.14899.

3-(1-benzyl-1H-pyrazol-4-yl)pyridin-2-amine (19): Prepared according to general procedure A 
from 2-amino-3-bromopyridine (173 mg, 1.00 mmol, 1.00 equiv) and 1-benzyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1h-pyrazole (426 mg, 1.50 mmol, 1.50 equiv). 16 h 
reaction time. Isolated 219 mg (0.87 mmol, 87% yield) as a white solid. 1H NMR (400 MHz, 
DMSO-d6) δ 8.18 (d, J = 0.9 Hz, 1H), 7.88 (dd, J = 4.9, 1.8 Hz, 1H), 7.78 (d, J = 0.9 Hz, 1H), 
7.49 (dd, J = 7.4, 1.8 Hz, 1H), 7.39 – 7.26 (m, 5H), 6.61 (dd, J = 7.4, 4.9 Hz, 1H), 5.62 (s, 2H), 
5.35 (s, 2H). 13C NMR (176 MHz, DMSO-d6) δ 156.16, 145.87, 137.90, 137.39, 135.80, 128.53, 
128.46, 127.71, 127.60, 117.95, 113.14, 112.20, 54.95. HRMS (m/z) (M+H)+

: calculated 
251.12912, found 251.12857.

Methyl 2-(1-benzyl-1H-pyrazol-4-yl)isonicotinate (20): Prepared according to general 
procedure A from methyl 2-chloroisonicotinate (172 mg, 1.00 mmol, 1.00 equiv) and 1-benzyl-
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1h-pyrazole (313 mg, 1.10 mmol, 1.10 equiv). 
16 h reaction time. Isolated 235 mg (0.80 mmol, 80% yield) as a white solid. 1H NMR (400 
MHz, CDCl3) δ 8.69 (dt, J = 5.0, 0.9 Hz, 1H), 8.11 (s, 1H), 8.00 (dd, J = 2.8, 1.3 Hz, 2H), 7.64 
(dt, J = 5.2, 1.1 Hz, 1H), 7.47 – 7.23 (m, 5H), 5.38 (s, 2H), 3.99 (d, J = 0.9 Hz, 3H). 13C NMR 
(176 MHz, CDCl3) δ 165.86, 153.14, 150.49, 138.05, 136.01, 129.07, 128.48, 128.47, 128.45, 
128.44, 128.39, 128.10, 123.51, 120.19, 120.16, 120.13, 118.87, 118.84, 118.83, 56.61, 52.82. 
One resonance not located. HRMS (m/z) (M+H)+

: calculated 294.12370, found 294.12326. 

6-(1-benzyl-1H-pyrazol-4-yl)-7-methylquinoxaline (21): A vial was charged with 6-chloro-7-
methylquinoxaline (179 mg, 1.00 mmol, 1.00 equiv), 1-benzyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1h-pyrazole (313 mg, 1.10 mmol, 1.10 equiv), K3PO4 (531 mg, 2.50 mmol, 
2.50 equiv), PPh2Me (19.8 mg, 0.099 mmol, 9.9 mol %), (TMEDA)Ni(o-tolyl)Cl (9.0 mg, 0.030 
equiv, 3.0 mol %), 2-MeTHF (2.5 mL) and water (0.5 mL). The reaction mixture was stirred for 
16 h at 70 °C, then worked up according to general procedure A. Isolated 242 mg (0.81 mmol, 
81% yield) as an orange oil. 1H NMR (400 MHz, DMSO-d6) δ 8.88 – 8.82 (m, 2H), 8.38 (d, J = 
0.9 Hz, 1H), 8.08 (s, 1H), 7.97 (dd, J = 6.4, 1.0 Hz, 2H), 7.42 – 7.26 (m, 5H), 5.42 (s, 2H), 2.63 
(d, J = 0.9 Hz, 3H). 13C NMR (176 MHz, DMSO-d6) δ 145.25, 145.10, 141.15, 141.01, 139.08, 
138.49, 137.41, 135.42, 130.13, 130.11, 129.51, 128.55, 127.65, 127.64, 127.60, 127.58, 126.90, 
126.90, 119.87, 54.97, 21.76. HRMS (m/z) (M+H)+

: calculated 301.14477, found 301.14432. 

4-(1-benzyl-1H-pyrazol-4-yl)-7-(phenylsulfonyl)-7H-pyrrolo[2,3-d]pyrimidine (22): 
Prepared according to general procedure A from 4-chloro-7-(phenylsulfonyl)-7h-pyrrolo[2,3-
d]pyrimidine (294 mg, 1.00 mmol, 1.00 equiv) and 1-benzyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1h-pyrazole (313 mg, 1.10 mmol, 1.10 equiv). 16 h reaction time. Isolated 
381 mg (0.92 mmol, 92% yield) as a tan solid. 1H NMR (400 MHz, DMSO-d6) δ 8.87 (d, J = 0.8 
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Hz, 1H), 8.83 (s, 1H), 8.32 (d, J = 0.7 Hz, 1H), 8.20 – 8.12 (m, 2H), 8.06 (d, J = 4.1 Hz, 1H), 
7.80 – 7.71 (m, 1H), 7.70 – 7.61 (m, 2H), 7.39 – 7.24 (m, 6H), 5.43 (s, 2H). 13C NMR (151 
MHz, DMSO-d6) δ 152.90, 151.94, 151.32, 139.46, 137.07, 136.90, 135.15, 132.04, 129.78, 
128.57, 127.80, 127.72, 127.66, 126.99, 119.78, 114.78, 104.77, 55.16. HRMS (m/z) (M+H)+

: 
calculated 416.11757, found 416.11703. 

4-(1-(1-ethoxyethyl)-1H-pyrazol-4-yl)-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-
d]pyrimidine (23)21: Prepared according to general procedure A from 1-(1-ethoxyethyl)-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1h-pyrazole (293 mg, 1.10 mmol, 1.10 equiv) and 
4-chloro-7-((2-(trimethylsilyl)ethoxy)methyl)-7h-pyrrolo[2,3-d]pyrimidine (284 mg, 1.00 equiv, 
1.00 mmol). Reaction time 20 h. Isolated 355 mg (0.92 mmol, 92% yield) as a viscous light-
yellow oil. 1H NMR (400 MHz, DMSO-d6) δ 8.82 (s, 1H), 8.76 (d, J = 0.9 Hz, 1H), 8.37 (s, 1H), 
7.77 (d, J = 3.7 Hz, 1H), 7.14 (d, J = 3.7 Hz, 1H), 5.67 (q, J = 5.9 Hz, 1H), 5.63 (s, 2H), 3.53 (d, 
J = 7.9 Hz, 1H), 3.51 – 3.45 (m, 1H), 3.31 – 3.20 (m, 1H), 1.69 (d, J = 6.0 Hz, 3H), 1.06 (t, J = 
7.0 Hz, 4H), 0.82 (t, J = 8.0 Hz, 2H), -0.11 (d, J = 0.9 Hz, 9H). 13C NMR (101 MHz, DMSO-d6) 
δ 151.62, 151.28, 150.38, 138.97, 129.95, 129.45, 120.87, 113.20, 100.50, 86.63, 72.28, 65.60, 
63.20, 21.06, 17.10, 14.74, -1.41. MS (m/z) 388.1 (M+H)+

4-(1-benzyl-1H-pyrazol-4-yl)thiazole (24): Prepared according to general procedure A from 4-
bromothiazole (164 mg, 1.00 mmol, 1.00 equiv) and 1-benzyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1h-pyrazole (284 mg, 1.00 mmol, 1.00 equiv). Isolated 171 mg (0.71 mmol, 
71% yield) as a white solid. 1H NMR (700 MHz, DMSO-d6) δ 9.10 (d, J = 2.0 Hz, 1H), 8.25 (d, 
J = 0.9 Hz, 1H), 7.92 (d, J = 0.8 Hz, 1H), 7.73 (d, J = 2.0 Hz, 1H), 7.37 – 7.32 (m, 2H), 7.32 – 
7.25 (m, 3H), 5.37 (s, 2H). 13C NMR (176 MHz, DMSO-d6) δ 154.06, 148.72, 137.39, 137.16, 
128.52, 128.18, 127.64, 127.58, 117.77, 111.10, 54.89. HRMS (m/z) (M+H)+

: calculated 
416.11757, found 416.11703.

1'-benzyl-1-methyl-1H,1'H-3,4'-bipyrazole (25): Prepared according to general procedure A 
from 3-bromo-1-methyl-1H-pyrazole (161 mg, 1.00 mmol, 1.00 equiv) and 1-benzyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1h-pyrazole (284 mg, 1.00 mmol, 1.00 equiv). Reaction 
time 17 h. Isolated 178 mg (0.75 mmol, 75% yield) as a colorless oil. 1H NMR (400 MHz, 
CDCl3) δ 7.85 (d, J = 0.8 Hz, 1H), 7.73 (d, J = 0.8 Hz, 1H), 7.41 – 7.28 (m, 6H), 6.32 (d, J = 2.3 
Hz, 1H), 5.35 (s, 2H), 3.92 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 144.94, 137.47, 136.42, 
131.19, 128.93, 128.21, 127.96, 126.55, 116.74, 102.91, 56.30, 38.90. HRMS (m/z) (M+H)+

: 
calculated 239.12912, found 239.12878. 

Tert-butyl 4-(quinolin-5-yl)-5,6-dihydropyridine-1(2H)-carboxylate (26): Prepared according 
to general procedure A from 6-bromoquinoline (208 mg, 1.00 mmol, 1.00 equiv) and 1-benzyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1h-pyrazole (340 mg, 1.10 mmol, 1.10 equiv). 16 
h reaction time. Isolated 294 mg (0.95 mmol, 95% yield) as white solid. 1H NMR (400 MHz, 
CDCl3) δ 8.89 (dd, J = 4.2, 1.7 Hz, 1H), 8.29 (ddd, J = 8.5, 1.7, 0.9 Hz, 1H), 8.02 (dt, J = 8.5, 1.1 
Hz, 1H), 7.65 (dd, J = 8.5, 7.1 Hz, 1H), 7.41 – 7.30 (m, 2H), 5.75 (s, 1H), 4.13 (q, J = 2.9 Hz, 
2H), 3.71 (t, J = 5.6 Hz, 2H), 2.49 (app s, 2H), 1.51 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 
155.08, 150.33, 148.67, 141.26, 135.21, 133.92, 129.06, 128.83, 126.29, 125.41, 125.05, 120.98, 
79.97, 43.62, 40.02, 31.14, 28.62. Peaks in italics were located by HSQC. HRMS (m/z) (M+H)+

: 
calculated 311.17540, found 311.17490.
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1-(4'-methyl-[1,1'-biphenyl]-4-yl)ethenone (27)22: Prepared according to general procedure A 
from 4’-bromoacetophenone (199 mg, 1.00 mmol, 1.00 equiv) and 4,4,5,5-tetramethyl-2-(p-
tolyl)-1,3,2-dioxaborolane (240 mg, 1.10 mmol, 1.10 equiv). 16 h reaction time. Isolated 188 mg 
(0.89 mmol, 89% yield) as white solid. 1H NMR (400 MHz, DMSO-d6) δ 8.06 – 7.98 (m, 2H), 
7.83 – 7.76 (m, 2H), 7.68 – 7.61 (m, 2H), 7.35 – 7.27 (m, 2H), 2.60 (s, 3H), 2.36 (s, 3H). 13C 
NMR (101 MHz, DMSO-d6) δ 197.42, 144.44, 137.90, 135.98, 135.37, 129.69, 129.68, 128.88, 
126.82, 126.80, 126.78, 126.51, 26.72, 20.71. MS (m/z) 211.4 (M+H)+

4-(2-methoxypyrimidin-5-yl)benzonitrile (28)23: Prepared according to general procedure C 
from 4-bromobenzonitrile (1.00 g, 5.44 mmol, 1.00 equiv) and potassium 2-methoxypyrimidine-
5-trifluoroborate (1.463 g, 5.98 mmol, 1.10 equiv). 16 h reaction time. Isolated 840 mg (3.98 
mmol, 73% yield) as white solid. 1H NMR (400 MHz, CDCl3) δ 8.74 (s, 2H), 7.80 – 7.74 (m, 
2H), 7.67 – 7.60 (m, 2H), 4.07 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 165.81, 157.61, 139.11, 
133.18, 127.14, 126.59, 118.50, 112.12, 55.42. MS (m/z) 212.2 (M+H)+.

6-(pyridin-3-yl)quinoline (29): Prepared according to general procedure C from 6-
bromoquinoline (208 mg, 1.00 mmol, 1.00 equiv) and potassium pyridine-3-trifluoroborate (277 
mg, 1.50 mmol, 1.50 equiv) at 90 °C. 22 h reaction time. Isolated 184 mg (0.89 mmol, 89% 
yield) as white solid. Approximately 15% of an impurity was present by NMR. 1H NMR (400 
MHz, DMSO-d6) δ 9.07 (dd, J = 2.4, 0.9 Hz, 1H), 8.95 (ddd, J = 5.9, 3.6, 1.9 Hz, 1H), 8.64 (dd, 
J = 4.7, 1.5 Hz, 1H), 8.45 (dd, J = 8.3, 1.7 Hz, 1H), 8.40 (d, J = 1.9 Hz, 1H), 8.29 – 8.22 (m, 
1H), 8.20 – 8.10 (m, 2H), 7.64 – 7.53 (m, 2H). 13C NMR (176 MHz, DMSO-d6) δ 150.98, 
148.84, 148.00, 147.29, 136.36, 134.96, 134.79, 134.47, 129.75, 128.42, 128.12, 126.05, 123.95, 
122.00. HRMS (m/z) (M+H)+

: calculated 207.09167, found 207.09134.

6-vinylquinoline (30)24: Prepared according to general procedure C from 6-bromoquinoline (208 
mg, 1.00 mmol, 1.00 equiv) and potassium vinyltrifluoroborate (201 mg, 1.50 mmol, 1.50 
equiv). 20 h reaction time. Isolated 112 mg (0.72 mmol, 72% yield) as a yellow oil. 1H NMR 
(400 MHz, CDCl3) δ 8.89 – 8.82 (m, 1H), 8.11 (dt, J = 8.2, 1.4 Hz, 1H), 8.05 (d, J = 8.8 Hz, 1H), 
7.86 (dd, J = 8.8, 1.8 Hz, 1H), 7.71 (s, 1H), 7.37 (ddd, J = 8.3, 4.3, 1.1 Hz, 1H), 6.89 (ddd, J = 
17.6, 10.9, 1.3 Hz, 1H), 5.90 (dd, J = 17.5, 1.0 Hz, 1H), 5.39 (dd, J = 10.8, 0.9 Hz, 1H).13C NMR 
(101 MHz, CDCl3) δ 150.35, 148.32, 136.30, 136.18, 135.86, 129.78, 128.52, 127.05, 125.93, 
121.56, 115.54.
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