Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2022

Supporting Information: Experimental Details

Enabling Suzuki-Miyaura coupling of Lewis-basic arylboronic esters with a nonprecious metal
catalyst

Michael C. Haibach'*, Andrew R. Ickes', Sergei Tcyrulnikov?, Shashank Shekhar!, Sebastien
Monfette?, Rafal Swiatowiec!, Brian J. Kotecki!, Jason Wang!, Amanda L. Wall?, Rodger F.
Henry! and Eric C. Hansen?

"Process Research and Development, AbbVie, Inc., 1 N Waukegan Road, North Chicago, IL
60064 USA
2 Pfizer Chemical Research and Development, Pfizer Inc., Groton, Connecticut 06340, USA

Corresponding author email: michael.haibach@abbvie.com
Table of Contents

General Information 2
Catalyst Syntheses 3
HTE Information 4
Control Experiments on Trace Pd 6
Pyridine Inhibition Study 7
Stoichiometric Reactivity of Ni Oxidative Addition Complexes 8

General Procedures 9
Determination of Assay Yields by Response Factor 10
Determination of Assay Yields by Internal Standard 11
Kinetics Experiments 12
Characterization of Products 14
References 20
NMR Spectra 22



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 N,. 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 'H and *C NMR, MS,
and compared with literature data. Previously unreported compounds were additionally
characterized by HRMS.

Instrument frequencies for the 'H, 3C, and 3'P NMR spectra are given in the
characterization data. '"H and '3C spectra were referenced to the residual proteo ('H) or
deuterated ('3C) solvent solvent signal. 3'P spectra were referenced to an external standard of
85% H;PO4. NMR spectra were processed with MNova. HPLC analyses were performed using
acetonitrile and water with 0.1% HCIO,4, 0.1% H3;PO, or 0.1% HCOOH as eluents. WD-XRF
analysis was conducted on a Rigaku Primus I1I+ 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:H,O with an added lock mass, then
loop injected into a Thermo Scientific LTQ Orbitrap instrument in positive mode HESI.



Scheme S1: Catalyst syntheses
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(PPh,Me),NiCl, ([Ni-1]) was prepared according to a literature procedure.! Layering a saturated
THF solution of trans-(PPh,Me),NiCl, 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.

(PPh,Me)4Ni: A 20 mL vial was charged with (PPh,Me),NiCl, (500 mg, 0.943 mmol, 1.00
equiv), toluene (10 mL) and PPh,Me (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 um PTFE syringe filter and concentrated in vacuo to give
(PPh,Me)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 (PPh,Me),Ni with n-heptane at ambient
temperature for 48 h. '"H NMR (400 MHz, C¢Dg) & 7.28 — 7.21 (m, 16H), 7.07 — 6.93 (m, 32H),
1.71 (s, 12H). 3'P NMR (162 MHz, C¢Dg) & 3.94. Spectroscopic data were consistent with the
literature reports.? 3 The CIF was deposited at the CCDC, deposition number 2109557.

(PPh,Me),Ni(o-tolyl)Br: A 2-dram vial was charged with Ni(COD), (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 PPh,Me (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 (PPh,Me),Ni(o-tolyl)Br as a yellow solid
(63 mg, 0.10 mmol, 28% yield). '"H NMR (400 MHz, C¢D¢) 6 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). 3'P NMR (162 MHz, C¢Dg) 8 8.54. This compound was prepared previously.* >
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(PPh3),Ni(o-tolyl)Br was prepared according to a literature procedure.b

PPh,Me-HBF,: A 250 mL round bottom flask was charged with 70 mL CH,Cl, and sparged
with N, for 20 min. PPh,Me (5 mL, 26.9 mmol) was added to the flask in one portion and the
mixture stirred. 48% aqueous HBF, was added slowly, and the resulting biphasic mixture was
stirred vigorously at ambient temperature for 2 h.” The reaction mixture was transferred to a
separatory funnel (no longer air-sensitive). The lower layer was collected, dried over MgSQOy,
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). '"H NMR (400 MHz, CDCl;) 6 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). 3'P NMR (162
MHz, CDCls) 8 2.39. Spectroscopic data were consistent with the literature report.?

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 umol, 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 pmol, 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-
yDpyridine (0.564 mg, 2.75 pumol, 1.10 equiv), methyl 4-bromobenzoate (0.538 mg, 2.5 umol,
1.00 equiv) were dispensed as a solution in 2-MeTHF (100 pL) to each tube, followed by a
solution of K3PO4 (1.327 mg, 6.25 umol, 2.50 equiv) in H,O (20 pL). 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.



Scheme S2: Structures of Catalysts from HTS Experiment and Ligand to Metal
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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 Na,COs. Hypothetically, residual Pd could also be present in
the Ni salt used to prepare (PPh,Me),NiCl,. To evaluate the likelihood of trace Pd causing the
catalytic activity observed in this study, we conducted the following additional experiments.®

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).!® A sample of the
(PPh,Me),NiCl, used in our study was analyzed by ICP-MS and found to contain <0.1 ppm Pd.

We conducted control reactions without (PPh,Me),NiCl, 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 Pd,(dba); 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.



Pyridine inhibition experiment

Table S1: Effective of added pyridine on PPh;, PCy;, PBn; and PPh,Me derived catalysts

L,NiCly (3 mol %) GOMe

BPin L (6 mol %)
n-BuMgCl (6.6 mol %)
pyridine (x mol %)
K3PO, (2.5 equiv) O

COMe 2-MeTHF/H,0 (5:1), 70 °C
(1.1 equiv) (1.0 equiv)

Me
Entry | Ligand L Pyridine | %Yield %Yield
(mol %) (2 h) (16 h)
1 PPh3 0 55 59
2 PPh3 100 7 7
3 PCys 0 80 83
4 PCys 100 49 56
5 PBn3; 0 52 94
6 PBn3 100 63 94
7 PPh,Me 0 57 98
8 PPh,Me 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.



Stoichiometric reactivity of Ni oxidative addition complexes

(PPh;),Ni(o-tolyl)Br: A 4 mL vial was charged with (PPh;),Ni(o-tolyl)CI (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 C¢D¢ 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.

(PPh,Me),Ni(o-tolyl)Br: A 4 mL vial was charged with (PPh,Me),Ni(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 C¢D¢ was added for locking. The reaction was stirred at 50 °C and

analyzed by 3'P 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 3'P NMR were observed.



General Procedures for Suzuki-Miyaura Coupling Catalyzed by (PPh,Me),NiCl,
General Procedure A

A vial was charged with (PPh,Me),NiCl, (0.03 mmol, 3 mol %), 2-MeTHF (2.5 mL) and
PPh,Me (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 K3PO,4 (2.5 mmol). Next, aryl halide (if liquid, 1.0 mmol) and
H,0 (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 H,O
(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 (PPh,Me),NiCl, (0.03 mmol, 3 mol %), dioxane (2.5 mL) and
PPh,Me (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 K;PO, (2.5 mmol). Next, aryl halide (if liquid, 1.0 mmol) and
H,0 (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 H,O
(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 (PPh,Me),NiCl, (0.03 mmol, 3 mol %), 2-MeTHF (2.5 mL) and
PPh,Me (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 Na,CO; (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.



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
(Wtgoin). An aliquot of the organic layer was weighed (Wtgmple) into a tared volumetric flask,
which was then filled to the line with ACN (volsmple). This solution was analyzed by HPLC to
obtain an area response (Agmpie) for a given injection volume (Igampie)-

Separately, a standard of the product was weighed (Wtyy) into a volumetric flask and filled to the
line with ACN (volgg). This solution was analyzed by HPLC to obtain an area response (Agyq) for
a given injection volume (Iyq). In the examples analyzed, Iampie = .

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

A X vol X wtg, X 100

sample sample

wt% =

Astd x 17Olstd X Wtsample

wt% X wt, ;. X 100
ti ield (%) =
reaction assay yield (%) theoretical yield
weight theor.
A soln | vol soln | sample vol std | weight wt soln | yield
Substrate, (mAu) (ml) (mg) | areastd (ml) std (mg) | wt% (9) (9) 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 _area standard  wt product

= *
Rf product area 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:

) wt standard (mg) * area product
Reaction assay (mg) = RRf *

area standard

Reaction assay (mg) 100
*

%Assay yield =
° yy Theor. yield (mg)
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Procedure for Kinetics experiment

Inside a N, 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), K;PO, (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 (PPh,Me),NiCl, (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 H,O. The initial reaction concentration was 0.40 M 2 in

2-MeTHF. A slight temperature increase was observed upon addition of H,O 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/H,0 4:1, and the reaction was backfilled with a continuously N, sparged
solution of 2-MeTHF. The samples remained homogenous and were analyzed by HPLC or
UPLC-MS.

Concentation (M)

0 100 200 300 400 500 600 700 800 900 1000
Time @ 70 C (min)

—@-[2](l.4equivl) —@=[3](l.4equivl) «J--[2](3.0equiv]l) ..F7--[3] (3.0 equiv 1)
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Kinetics and catalyst resting state analysis of a non-Lewis basic coupling

(PPh,Me),NiCl, (3 mol %)

PPh,Me (6 mol %) CO,Me
BPin CO,Me n-BuMgCl (6.6 mol %) O
+
©/ Br/©/ K3POy4 (2.5 equiv) O
2-MeTHF/H,0 (5:1, 0.4 M)

(1.4 equiv) 2 (1.0 equiv) 70 °C pdt
(4,4'-dimethylbiphenyl ISD)
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NMR analysis

At 1 hand 16 h, a sample of the stirred reaction mixture (0.4 mL) was analyzed by 3'P NMR
with 0.1 mL C¢Dg added for locking. At 1 h, the following species were present: 14.09 ppm
(37%), (PPh,Me)4Ni, 3.39 ppm (15%), PPh,Me, -27.35 ppm (48%). At 16 h, the following
species were present: 5.59 ppm, 12%, (PPh,Me)4Ni, 3.39 ppm (71%), -5.58 ppm (3%, -27.37
ppm, PPhMe (14%). PPh,Me oxide (reported 29.93 ppm in CDCI3!!") was not observed.
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Characterization of products

Methyl 4-(pyridin-3-yl)benzoate (3)'?: 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). "H NMR (400 MHz, CDCl;) & 8.83 (dd, J = 2.4, 0.9 Hz, 1H), 8.59 (dd,
J=4.38, 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). *C NMR (101 MHz, CDCI;) 4 166.66,
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)'3: 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). 'TH NMR (400 MHz, CDCl;) 6 8.82 (dd, /= 2.4, 0.9 Hz, 1H), 8.63
(dd, J=4.8, 1.6 Hz, 1H), 7.86 (ddd, J=17.9, 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, CDCls3) & 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)'?: 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-
yDpyridine (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. '"H NMR (400 MHz, CDCl;) 6 8.81 (d, /= 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, CDCl;) 6 159.90, 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)'*: 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. 'H NMR (400 MHz, CDCl;) 6 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, *H). 3*C NMR (101 MHz, CDCl;) & 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)'>: 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. '"H NMR
(400 MHz, CDCly) 6 8.61 — 8.57 (m, 2H), 7.65 — 7.61 (ddd, 1H), 7.35 — 7.18 (m, 5H), 2.27 (s,
3H) ppm. 3C NMR (176 MHz, CDCl;) & 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)'®: 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. 'H NMR (400 MHz, DMSO-dy) & 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). 3C NMR (101 MHz, DMSO-
dg) & 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)!7: 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. "TH NMR (400 MHz, CDCl;) & 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, /= 7.0 Hz, 1H), 2.09 (s, 3H), 2.06 (s, 3H) ppm.
3BC NMR (101 MHz, CDCls) & 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)'®: 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. '"H NMR (400 MHz, CDCls) & 8.65 (dd, J = 4.9, 1.7 Hz,
1H), 8.60 (dd, J=2.4, 0.9 Hz, 1H), 8.49 (d, /= 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). 3C
NMR (101 MHz, CDCl;) 6 149.84, 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)'°: 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. '"H NMR (400 MHz, CDCl3) & 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. *C NMR
(176 MHz, CDCl;) 6 164.88, 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. '"H NMR (400 MHz, CDCls) 6 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). *C NMR
(101 MHz, CDCl5) 6 163.51 (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). %F NMR (376 MHz, CDCl;) 6 -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. 'H NMR (400 MHz, DMSO-ds) 6
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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). 3C NMR (101 MHz, DMSO-ds)
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-d) § -
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. '"H NMR (400 MHz, CDCl3) 6 9.25 (d, J= 2.0 Hz, 1H), 9.14 (d, /=2.3
Hz, 1H), 8.98 (dd, J=4.2, 1.7 Hz, 1H), 8.62 (t, /= 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). 3C NMR (101 MHz, CDCl;) 6 165.33, 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)?°: 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 (PPh,Me),NiCl, (5 mol %),
PPh,Me (10 mol %) and n-BuMgCl (11 mol %) as catalyst. Isolated 174 mg (0.79 mmol, 79%
yield) as a white solid. '"H NMR (400 MHz, DMSO-dg) 6 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). *C NMR (151 MHz, DMSO-ds) 6 159.83,
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. '"H NMR (400 MHz, DMSO-dg) & 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-dq) 6 156.81, 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.
'"H NMR (400 MHz, DMSO-dg) 6 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, /= 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). *C NMR (151 MHz, DMSO-d;) & 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. "H NMR (400 MHz,
CDCl;) 6 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)
d 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. "H NMR (400 MHz,
DMSO-dy) 6 8.18 (d, J= 0.9 Hz, 1H), 7.88 (dd, /=4.9, 1.8 Hz, 1H), 7.78 (d, J = 0.9 Hz, 1H),
7.49 (dd, J=17.4, 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). 3C NMR (176 MHz, DMSO-ds) 4 156.16, 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. 'H NMR (400
MHz, CDCl,) 6 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). 3C NMR
(176 MHz, CDCl;) & 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), K;PO, (531 mg, 2.50 mmol,
2.50 equiv), PPh,Me (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. "H NMR (400 MHz, DMSO-ds) 5 8.88 — 8.82 (m, 2H), 8.38 (d, /=
0.9 Hz, 1H), 8.08 (s, 1H), 7.97 (dd, /= 6.4, 1.0 Hz, 2H), 7.42 — 7.26 (m, 5SH), 5.42 (s, 2H), 2.63
(d, /= 0.9 Hz, 3H). 3C NMR (176 MHz, DMSO-d;) 4 145.25, 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. 'H NMR (400 MHz, DMSO-d,) 5 8.87 (d, J= 0.8
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Hz, 1H), 8.83 (s, 1H), 8.32 (d, /= 0.7 Hz, 1H), 8.20 — 8.12 (m, 2H), 8.06 (d, /= 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). 3C NMR (151
MHz, DMSO-dg) 6 152.90, 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)?!': 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. 'H NMR (400 MHz, DMSO-ds) 6 8.82 (s, 1H), 8.76 (d, J= 0.9 Hz, 1H), 8.37 (s, |H),
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=17.9 Hz, 1H), 3.51 —3.45 (m, 1H), 3.31 — 3.20 (m, 1H), 1.69 (d, /= 6.0 Hz, 3H), 1.06 (t, J =
7.0 Hz, 4H), 0.82 (t, /= 8.0 Hz, 2H), -0.11 (d, J= 0.9 Hz, 9H). 13C NMR (101 MHz, DMSO-dj)
0 151.62, 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. '"H NMR (700 MHz, DMSO-dg) 6 9.10 (d, /= 2.0 Hz, 1H), 8.25 (d,
J=0.9 Hz, 1H), 7.92 (d, /= 0.8 Hz, 1H), 7.73 (d, /= 2.0 Hz, 1H), 7.37 — 7.32 (m, 2H), 7.32 —
7.25 (m, 3H), 5.37 (s, 2H). 3C NMR (176 MHz, DMSO-d;) 8 154.06, 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. '"H NMR (400 MHz,
CDCl3) 6 7.85 (d, J=0.8 Hz, 1H), 7.73 (d, /= 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). *C NMR (101 MHz, CDCl;) 6 144.94, 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. '"H NMR (400 MHz,
CDCl,) 6 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). *C NMR (101 MHz, CDCl;) 4
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)%2: 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. '"H NMR (400 MHz, DMSO-dg) 6 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-dg) 6 197.42, 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)%}: Prepared according to general procedure C
from 4-bromobenzonitrile (1.00 g, 5.44 mmol, 1.00 equiv) and potassium 2-methoxypyrimidine-
S-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. 'H NMR (400 MHz, CDCls) 6 8.74 (s, 2H), 7.80 — 7.74 (m,
2H), 7.67 — 7.60 (m, 2H), 4.07 (s, 3H). 3C NMR (101 MHz, CDCl;) 3 165.81, 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. 'H NMR (400
MHz, DMSO-dg) 6 9.07 (dd, J=2.4, 0.9 Hz, 1H), 8.95 (ddd, /= 5.9, 3.6, 1.9 Hz, 1H), 8.64 (dd,
J=4.,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). 3*C NMR (176 MHz, DMSO-dg) & 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)?*: 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. 'H NMR
(400 MHz, CDCl;) & 8.89 — 8.82 (m, 1H), 8.11 (dt, J=8.2, 1.4 Hz, 1H), 8.05 (d, /= 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, /= 10.8, 0.9 Hz, 1H).!3C NMR
(101 MHz, CDCl;) & 150.35, 148.32, 136.30, 136.18, 135.86, 129.78, 128.52, 127.05, 125.93,
121.56, 115.54.

19



References

1. Standley, E. A.; Smith, S. J.; Miiller, P.; Jamison, T. F., A Broadly Applicable Strategy for Entry
into Homogeneous Nickel(0) Catalysts from Air-Stable Nickel(ll) Complexes. Organometallics 2014, 33
(8), 2012-2018.

2. Tolman, C. A.; Seidel, W. C.; Gosser, L. W., Formation of three-coordinate nickel(0) complexes
by phosphorus ligand dissociation from NiL4. J. Am. Chem. Soc. 1974, 96 (1), 53-60.

3. Fisher, K. J.; Alyea, E. C., Metal vapour synthesis of zero-valent nickel phosphine complexes and
their characterization by 31P NMR spectroscopy. Polyhedron 1989, 8 (1), 13-15.

4, Nakamura, Y.; Maruya, K.-1.; Mizoroki, T., 31P NMR study on phosphorus ligand exchange on
bis (triphenylphosphine)-o-tolylnickel (II) bromide. J. Organomet. Chem. 1976, 104 (1), C5-C8.

5. b, %, A8, B, BEBAK, #1., <sup>31</sup>P-NMRIZ & %<I>trans</I>-/\O 4/ (o-

FUIMER(M) ZzZUARR T V)RE()E ) VEMFEDEBRRIG. AEXIEERZ (ILFZETEIEF)
1978, 1978 (11), 1486-1491.

6. Smeets, A.; Van den Bergh, K.; De Winter, J.; Gerbaux, P.; Verbiest, T.; Koeckelberghs, G.,
Incorporation of Different End Groups in Conjugated Polymers Using Functional Nickel Initiators.
Macromolecules 2009, 42 (20), 7638-7641.

7. Netherton, M. R.; Fu, G. C., Air-stable trialkylphosphonium salts: Simple, practical, and versatile
replacements for air-sensitive trialkylphosphines. Applications in stoichiometric and catalytic processes.
Org. Lett. 2001, 3 (26), 4295-4298.

8. Li, T.; Lough, A. J.; Morris, R. H., An Acidity Scale of Tetrafluoroborate Salts of Phosphonium
and Iron Hydride Compounds in [D2]Dichloromethane. Chemistry — A European Journal 2007, 13 (13),
3796-3803.

9. Zoltan, N.; Réka, A.; Janos T., C.; Ferenc, B.; Regina, G.; Balint, V.; Balint, N.; Zoltan, M
Janos, D.; Zsombor, G.; Gergely L., T., Curse or Blessing? Influence of Impurities on Cross-Coupling—
Guideline for Elucidating Catalysts. 2021.

10. Arvela, R. K.; Leadbeater, N. E.; Sangi, M. S.; Williams, V. A.; Granados, P.; Singer, R. D., A
Reassessment of the Transition-Metal Free Suzuki-Type Coupling Methodology. The Journal of Organic
Chemistry 2005, 70 (1), 161-168.

11. Stankevi¢, M.; Pisklak, J.; Wtodarczyk, K., Aryl group — a leaving group in arylphosphine oxides.
Tetrahedron 2016, 72 (6), 810-824.

12. LaBerge, N.; Love, J., Nickel-Catalyzed Decarbonylative Cou-pling of Aryl Esters and Arylboronic
Acids. Eur. J. Org. Chem. 2015, 2015 (25), 5546-5553.

13. Sase, S.; Jaric, M.; Metzger, A.; Malakhov, V.; Knochel, P., One-Pot Negishi Cross-Coupling
Reactions of In Situ Generated Zinc Reagents with Aryl Chlorides, Bromides, and Triflates. The Journal of
Organic Chemistry 2008, 73 (18), 7380-7382.

14. Wilson, K.; Murray, J.; Jamieson, C.; Watson, A., Cyrene as a Bio-Based Solvent for the
Suzuki—Miyaura Cross-Coupling. Synlett 2017, 29 (05), 650-654.

15. Zhou, X.-X.; Shao, L.-X., N-Heterocyclic Carbene/Pd(ll)/1-Methylimidazole Complex Catalyzed
Suzuki-Miyaura Coupling Reaction of Aryl Chlorides in Water. Synthesis 2011, 2011 (19), 3138-3142.

16. Points, G.; Stout, K.; Beaudry, C., Regioselective Formation of Substituted Indoles: Formal
Synthesis of Lysergic Acid. Chemistry - A European Journal 2020, 26 (70), 16655-16658.
17. Kuriyama, M.; Matsuo, S.; Shinozawa, M.; Onomura, O., Ether-Imidazolium Carbenes for

Suzuki—Miyaura Cross-Coupling of Heteroaryl Chlorides with Aryl/Heteroarylboron Reagents. Org. Lett.
2013, 15(11), 2716-2719.

18. Wang, L.; Cui, X;; Li, J.; Wu, Y., Zhu, Z.; Wu, Y., Synthesis of Biaryls through a One-Pot
Tandem Borylation/Suzuki—Miyaura Cross-Coupling Reaction Catalyzed by a Palladacycle. Eur. J. Org.
Chem. 2012, 2012 (3), 595-603.

19. Bratt, E.; Verho, O.; Johansson, M.; Backvall, J.-E., A General Suzuki Cross-Coupling Reaction
of Heteroaromatics Catalyzed by Nanopalladium on Amino-Functionalized Siliceous Mesocellular Foam.
The Journal of Organic Chemistry 2014, 79 (9), 3946-3954.

20. Oberli, M.; Buchwald, S., A General Method for Suzuki—-Miyaura Coupling Reactions Using
Lithium Triisopropyl Borates. Org. Lett. 2012, 14 (17), 4606-4609.

20



21. Lin, Q.; Meloni, D.; Pan,Y.; Xia, M.; Rodgers, J.; Shepard, S.; Li, M.; Galya, L.; Metcalf, B.;
Yue, T.-Y.; Liu, P.; Zhou, J., Enantioselective Synthesis of Janus Kinase Inhibitor INCB018424 via an
Organocatalytic Aza-Michael Reaction. Org. Lett. 2009, 11 (9), 1999-2002.

22. Jiang, Z.-J.; Li, Z.-H.; Yu, J.-B.; Su, W.-K., Liquid-Assisted Grinding Accelerating: Suzuki-
Miyaura Reaction of Aryl Chlorides under High-Speed Ball-Milling Conditions. The Journal of Organic
Chemistry 2016, 81 (20), 10049-10055.

23. Molander, G. A.; Canturk, B.; Kennedy, L. E., Scope of the Suzuki-Miyaura Cross-Coupling
Reactions of Potassium Heteroaryltrifluoroborates. The Journal of Organic Chemistry 2009, 74 (3), 973-
980.

24, Cong, F,; Wei, Y.; Tang, P., Combining photoredox and silver catalysis for
azidotrifluoromethoxylation of styrenes. Chem. Commun. 2018, 54 (35), 4473-4476.

21



NMR Spectra

L O
-~
N
68'€ Lo
€L
[ L
€67/ i
€€/ _J
bEL | S RY
bEL
€'/ |
€L
85/ 1
897, L
652
09°2 1
09°Z b
19
€8/
€8°2 Fe \m)
b8/
b8 | W
8'2 =
8 &
98/ L~
98°Z ! B
£0°8 —_— 5
808 L —_— MIMM.M I
80'8 | )
60°8 \ J H\mmﬁ |- oo
ore ¥ =0
org”
85'8 L
658 : :
mm.w\\. 257 | N =60 |
788 MMM WFE. H
€8'8 .
mm.w% veL ~ b
cgg vl
se'L B le .
se's —m—==10C LS
85/
05 @ ,
~N
092 ‘ﬁ%ﬁ 0’1
= €8¢ oF o
O G © 8
a . ————==T 061 = |
O 98, =
- 80°8 N
° N 80°8 ~
= = 60'8 r—
S 01’8 <
O W 85'8 © |
F wm.mW
- 65'8 T o | ©
= e ==T90} 3 Lo
= 28'8
= €8'8 )
\ R T €88 ——G6'0 [ P [
= — €8'8

22



CN

1£°2 A
8€°L
6€°L
6€°L 1
6€°L
ov'L
'L
'L
v9°Z
59'2 1
59'2 1
99°2 1
19°2 1
19°L 1
[V
€L
€12
vLLA
SLLA
SL'LA
58°L
S8°L
S8'L
98°Z
18°L
/8L ~%
(8L
88'L

098
£€9'8
€9'8
+9'8

8’8
8’8
388
88

L

s

1H NMR (400 MHz, CDCI3)

LEL
8€'L
6E'L
6€°L

6E°L
oL
WL
L

v9'L
592
59'2 7
om.&
191

90
[
€2
€rL
YLl
Y
sse ]
582
58
s8°2
98' 4
(8L
80
18°L %
88/

B R )

Q'8
€9'8
£€9'8
+9'8 \“
8’8
[4: 2]

el

=

66'T

T0°C

Wﬁo.ﬂ

Feso

Feeo

L L L L L L L U R L L DL B B |
f1 (ppm)

89 8.8 8.7 86 85 84 83 8.2 818079 78777675747372

T

E60
F€60

10

11

12

13

f1 (ppm)

23



wn m — NWONO N —
NN M NIn® o Lln a
2 ¢ %348%% 4
WA -7 N
13C NMR (101 MHz, CDCI3)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 13 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

24



OMe

98'c —

669
00°Z 1
T0°Z A
20°L
20°L A
€0°L

0S°L 7
187
TS,
€572
€572 A
S,y
ﬁw.hg
8L
787, A
8L
€872 A
8L N

v8'L -]
v8'L 7

€58
3’8
SS'8
§S'8
188
188
88
88

=

1H NMR (400 MHz, CDCI3)

\‘IAn.TN.N

=11

— T T T T T T T T T T T T T T T T

T

88 86 84 82 80 78 76 74 72 7.0

T

\J’ 1z

f1 (ppm)

E€Te
FHIT

EF€0'T
=001

10

11

12

13

f1 (ppm)

25



Lo
o
Fe
o
Fa
=)
F @
o
<
o
- o
9°8S
o
0]
=)
L
e10d0 9L 'LL —
1%
o
ES
o
LS
E
oL
L= =
=
0L Y —
o
oy
€9'ezt - F
9€'8C1 ~_ o
ov'oel — NB
B6°EEL ~_
6e9gl
=)
L <
hs
[40k:i4% o
mr.wv_,v. Tl
©
o
06'6S51 — X.Rlu
o
£
=
~
2]
Q o
[a] L oo
O -
¥ o
L&
= —
—
2 2
~ [«
24
=
= o
O B
)
—

26



J

Wno €
o' —

0'C

vEL Mouﬁ
5 I

%3 Fe60
95°8 |
B.mv Foot
LS8°'8 \
+8'8
588 o
TL~ I
67L—F -
0g'L \\ﬂ N
e I
Nm.n* e
be'L 2
9L |
8b'L [
oy WL HMToA ~
m 8L = 2
[a) LS §
C F ~
o T
N | I
I [ee]
M [ <
L o | <
= o 0
N 95'8 I
— 95’8 J;_r‘UU U [ g
=4 . ot
"y 158 \.
e 2 158 L
z @
-1 [T 00
N T 8’8 01
/ Z - 588 > L

f1 (ppm)

27




148.24
148.23

21.16

VO TOHOM
efuRuRuRa ool
NN Ve s
13C NMR (101 MHz, CDCI3)
T T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

28




6L,
12 A
vZ'L
ST A
SZ'LA
SZ'LA
92'L
(2L
82'L
87
62
62'L
0€'L A
0€'L
LeL
18,
e
ze'L
£e'L
£E°L
vELA

ve/

6L'L—

68
mN”h/r
9C'L /

L
8TL~\-
87'L—
6L /F

ONN\
0g'L

Le'L

LeL
ceL
[45A
€e’L
€L
Ye'L
ve'L

—HES

740 735 730 7.25

745

1 (ppm)

9L
[4 A
€9°L
Y9'L
S9'L
868
858
658
658
098
09'8
098

Me

/o

1H NMR400 MHz, CDCI3)

f1 (ppm)

T T
105 10.0 95

T
11.0

11.5

2.0

29



A
- -
;
L O
o
-
. <
pe0Z 3
o
imisal
o
<
o
- wn
o
O
o
™~
21000 9k'LL — — °
[~ 00
]
o
L O
i
~
[ 1
o a
L o
N
—
v Y
Q
16221 FN
80921 W
o018zt r
G8'6Z1 / m
sggel =
L9gL — E
SvLEL —7 — o)
<
ovest/ 3
1 8¢ o
86671 — =
o
S
o
LN
i
— L
3 3
O [[—
[a)
) L
N L&
H i
M L
Ite) o
N R
i
N b
[a'4 o
= e
z L
o4 Q
B [~
R
[~

30



|
]
-~
$5°9q [
591
$5°9 1 [
559 1
559 1
5591 o
95°9 1 I—
€12
€172 |
ST A
ST Y
61°L
0z,
L [
vT'L
St/
Sb'L e
9L
Lyl
1L
8t
6° e
6t 3
05°L &
052 =01 [ S
e 10T =
1672 -
5L - -
« EEEE— WHMO T
: 6°0
€5, |
e T cee
€5, e
s0'8
50’8 e — r®
S0 F00'T
£0'8
cogIf I — o |
: =66
80'8) €L N ’
95°8 ﬁ €L r~ T80 Lo
95°8 STL [~ i
158 STL r~
858 AN r r
658 [44VAN L
658 voL - L~
(88 1 SbL L =
881 St'L ~
£8'8 'L |~
888 Guve [~ I
.n.“t&\m [~
Ot s £ =
) AbrL fo &
SETT— Sevs FN — '
o o — =001
R Lo
TIsZ t N
Sisz L% I
I o4t Lo
oL N
) Fese [~ |
Rmm.m [ ©
508\ o -
® =087 = 1 -
o \ ==]001] «
R I ® [
\ P-4 — 08 r
S

31



69°66—

100

89 TTT —

68'8TT
b 1T ”
9L'€CT

110
f1 (ppm)

T
120

[5°STT ~
seoz1
w6zt~
Lb'SET ~_
LE79ET

QL 0eT

T
130

Claia3

140

16°LbT ~
6,81~

T
150

T
160

T
170

T
180

T
190

13C NMR (Ju MHz, DMSO-d6)

32



000-—

90C~_
60T~

__ 6'C

1.95 1.90

2.00

0°€

0.0 -

0.5

45 40 35 30 25 20 15 1.0

5.0

woﬁg
0L A
61°L
0z'L
€T'LA
£1000 vZ'L A
vZ'L o
vZ'LA
ST'L A
9Z'L A
LT'LA
82°L A
62°L
0€°L -4
0g'L ]
LE'L-]
e
mm.L
€L
€8~
9’8
Ly'8 D

AT

90C —
60C—

1H NMR (400 MHz, CDCI3)

—86'¢
—00'¢

215 210 2.05

2.20

f1|(ppm)

—

/560

= £6°0
- Mrm.w

=180
T =<¢60

T

11.0

10.0

85 80 75 7.0 65 60 55
f1 (ppm)

9.0

10.5 9.5

11.5

33



L O
TO
8E61 ~ | o
2661~ Q
o
o™
o
LS
o
w0
(=]
[ ©
o
=
2100 9L LL — -
[~ o0
(=]
>
=
()
E
Q
oo
=
=
o
B8 VT B
om.mﬁ/
80°821 ~ o
Y9621 ~ L&
gLoet < -
$2°9¢1
£G'LEL o
s/ L3
9ZGhL ~—
LS'8YL ~ 3
88671 — Lo
o
Fre
o
L=
— =
fa2]
g o
(@) e
N
= o
= =
i
j——)
z o
o [N
=
<= o
C |
™M N
~—
<

34



1H NMR (400 MHz, CDCI3)

leL
cL
eeL
€TL
€L
€L

—=—\

9T'L
6L
6L
or'L]
ov'L ]
Lyl
1L
59'2
S9°L ]
L9°L
1917
£7'8

6v'8
058
ow.mV

—_—

09'8
09'8
198
9'8
9'8
S9'8
99'8

UL

=]

Fo0t

MTO.F

Feit

B-00'1
Foo

60
0L

f1 (ppm)

L]

0L
0}

0°}L

T

1

T

T T T T T T T T T T T T T T T T T

13.5 13.0 125 12.0 11.5 11.0 10.5 10.0 9.5

35 30 25 20 15 10 05 00 -05

4.0

75 70 65 6.0 55 50 45

85 8.0

9.0

1 (ppm)

35



O
o
=
08'6L — FR
o
™
=
<
o
w0
o
[ ©
o
=
o
[~ 0
o
o
o
o
=
of
r—e
=
L =
o
LN
N
YEETL ~
6€'52L — r
o
L™
el
LOEEL ~_
oLveL =" r
£g9el o
=
3
S8'YL ~_ |
£6'8F1
[Nt | 3
VB BYT —
o
- ©
©
o
e~
~
~
o) L
Q o
8 F
O
N [
T LS
M —
i b
o
= L8
Z I
R F
=
=z |2
~
19
M L
i
(=)
LN
N

36



L0y —

06'9 ~_
269"

8LL
6L°L
08°L
18°L

or'8
Lv'8 >
6’8 —

6 —

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

7.0

1 (ppm)

105 10.0 9.5 9.0 8.5 8.0 7.5

11.0

1H NMR (400 MHz, CDCI3)

11.5

37



20 10 0 -1C

30

40

V6'€S —

50

60

70

EI0ad 9L’ LL —

80

90

06" LEE—

Ly'eet —

0L Tel —

vi'LeL —

ee'ayL —

8§V —
LLLGL —

— 12 7}

DCI3)

13C NMR (176 MHz,

38



o
90, ‘ N
200\ - Ts ~
wo.n\ - o -
60°L o
~ L
9L
?.n/ N
8b°L L - . T
6b'L— 01
68°L N
062 ~ |
6L
6L * e
162 ~
wm.nH/ e ——— 3
0TgR ¢ i
A — h60T [ < a
o1 | ®
e~ = or =
o = H\S.H ~ o
e = — m\ﬁ ‘re
£'8
vT'8 i
v7'8 @
[ee]
sz'8 Y
55°8
: Feoi| ©
95°'8 ©
95°g I
968
%8 <
168 "
168
= Foor| o
\ o [
90, e
202 £
80, &
602 3
\ i
z
9L = ™
s 60T
8vL
Bt 50T |
68~
06°/ :
=6
16 H«cmﬂ -
Nm.& = H_
R
167, .
mm.m; J[Uqw_.m |
80'8
q
B | -
018
118 I
:.&
) N
128
78 ]
78 |
v7'8 ] ~
v7'8 2] Lo
57’8 Q
558 @
958 | - |
958 | N
98 |
\w@x‘N\ N = e
£6'8 1 m
16'8° ¥ [
o g N
= 4
s 3
4 /N b=
e I
T L
[T

39



o
v
o
- o
o
™
E 1=
o
[~
o
O
o
h ™~
o
[~ oo
o
o
o
3 )
i
-
F £
89607 o4
mo.oﬁw - ————— o /w
€0'zeT —
L6°'STT r_ -
85'871 LR
bL'82T - i
0£°0€T L
TTYET A\ _ o
LTPET // - ]
00°GET
TH9ET ~ — [ -
0T°0%T Ls
8T°0bT > Mo -
67°9%T > t
bt opT W F3 p— 2
S6LvT 7, | ] e
TT1ST ~N |
[«2])
I o
= L@
€291 — b - -
0491 — M —— F
I o
= -5
L s I
o
- o
= S g |8
(2] 89°60T — -— | T2 3
Q) ®©
=) Co & P
O S L&
- Ll
N L
T 2 r
= e 1=
= S0°0TT — — = LS
S B ,
N FS =]
o - [N
= : ,
LS o
- LN
2 - R
i

40



27
54
59
82

_-150.94
146.28
146.14
140
139
136

130

~128

~125

— 1218

- 109.89

<X 109.52

L
X
N\

13C NMR, DEPTTH135 (101 MHz, CDCI3)

2 h}
-3 o
] X = =
~N —
e ¢
503
[
I ! |
I A J‘ F"‘J s T
" A ,Jl " Jl. ed " N A
L A LA B (EASARLL L ALAS IR U I LIV s WA
T T T T T T T T T
110.5 110.0 109.5 109/0 108.5
L f1 (ppm)

— ——— —
4700 146/8 146.6|146.4 146.2 146.0 1458 145.6|145.4
f1 (ppm

B | A 4N A A A

T 1 T T T T T T T T I T
150 (140 130 (120 | 110 100 90 80 70 60 50 40 B 20
r1 (ppm)

T T T
220 P10j 200 190 180 170 160

41



Me0,C

€Lre—

ve'L
mm.mv.
06°L

062 ~\
16°L -}
16°L )
No.nu
€6°L

€6'2
6L ]
S_ﬁ
€0'8

vs'g
s5°8
558
658
65°8

T

1H NMR (400 MHz, DMSO-d6)

F=LLT

/60

F90'T
B56'0
0T
0°T

10

11

12

13

f1 (ppm)

42



13C NM

R (101 MHz,

DMSO0-d6)

136.84
136.61

L

_~161.43
—~ 159.72
~157.20
142.59
142.57
136.84
136.61
132.58
132.52
131.53

L

127.84
123.89
123.70

Y

— 123.89

T
137.6

—

T T T T T

— :
137.4137.2 137.0 136.8 136.6 136.4

f1 (ppm)

o

124.2

123.

T
220

T T
210 200

T T

T T T
190 | 180 170

T
130

T

T
120

43

110
f1 (pp

52.16

— 123.70

[=]




bb'T V.

9T
8b'T /

Sty
VA4 4

wy

1L
8/
6L
052
[
864~
66
oo.wu
00'8

10'8
808 4
80'8
vz’
S2'8
57’8
978
9z'8
178
wN_i
8z'8

198
NQi
298

168
86'8
96'8
66'8
£1°6
16
+2°6 1
52°6
92°6 -

T

o

1H NMR (400 MHz, CDCI3)

Et0,C

E/S€

29t

ESTT

»MN.H
1T

7z
=TT

0’1
T
00T

10

11

12

13

f1 (ppm)

44



b bT —

18'19 —

€0cer
SE'9¢T /
85°9¢T
§5°8¢T
65871

T8°0€T —
L6'PET ~_

T9'GET
6L°SET

bb'ocET

06'60T ~_
6 IST —~

T0'¢ST

€€°S9T —

110, 100

f1 (ppm)

120

45

130

140

15(

16(

17Q

DCI3)
DQI3)
180

190

200

210

2pp

13C NMR([(101 MHz, @




89'C —

1H NMR (400 MHz, DMSO-d6)

10

12

13

f1 (ppm)

46



= oN
)
3 o
=
£ ;
E o
B o
-
o
N
S6'vT — F
(=)
- msel
B o
<
;- o
[~
o
3 o
| o
3 -~
o
[~
(@]
- o
~
o &
LS 8
Ll
—
o
-~
= 3 Ll
n 5 =3
op'1ZT LN
£8'¢z1 V =
[44Iat § L
e 9t V. x
18'£2T \ L&
11°621 ] L
901 7/ = o
SI9ET . FS
TE9PT ~ £ r
SFPE = =
€€ ST = =
T =
€8'65T — 5 9
fon)
© ! L
S LR
3 ~—
n 1 L
= S
a =
¥ I
]
= o
= k3 L&
= -
LN
i -
o L m
IS4
[2 4
= L
=2 R o
L~
O ™
om
© 5

47



659
659
099
099
099
199
0zL

T2
L
€TL
mw.&
it
see
8t/
6v°L ]
6t
05°2
75° 1
s

S.ﬂ

e

216 ]
616
076 |
12°6
€26 -

T

€PIT —

1H NMR (400 MHz, DMSO-d6)

i

FT

Feee
Fooe

=/8'T
620

f1 (ppm)

48



10

20

30

40

50

60

70

80

90

€166

110
f1 (ppm)

CCOHE
1S T2t

8b'SCT

vL'STT
£8°971 S

EEPET —
8E'9ET —

0£°SST ~
18'9ST -~

210 200 190 180 170 | 160 150 | 140 Jmso 120

CINMR (101 MHz, DMSO-d6)

R2

13

49



-~
—— N
A
- m
85°9 1
6v°9 1 B <
05°9 1
98'9 1 ,
189 1
6€°L
ov'L "
ov'Z
'L
'L |
6"
15°2 B
192
€9°2 \M/
o] = 60 | &
s | B - 8
2Ll . -
T
s | =00t |
o]
] 0°T
ol = et |
A — — 0°T
o =~ R0 |
€18\t w
ST8- - [
s 10T
555 - T46'0
99'8 \ .
19°8 657 M [ T N
e —orrF o
T i~
- = IlJﬁ i
:\.m\ i - I
L — FO0TE
6v'L j i .
E.h\ © o
S =T "
€91~ — ,
* ~N
594 .
0L~ ==Tlgoi[ ™~ -
fon) I
) wey = e |-
© . © g
O_ e r~e ——] =00'T
6T — PBLN, — ]t} |
m v8L o ®
[~
T [a) €62~ ==—=—""z01] ~
o~ = T~
o = 76 B
D™ T o
= E |
= Py . =
= =) €1'8 ) a— -
J 8- — F |
W b e o -
24
= 9T~ = —"1-10'T[ P |
=2 org~ Lo
I
- <+
S 2T

50



L

I

ks

[

100

€5°T0T

O-00T

v

f1 (gpm)

B+-96F

€0°CTT
SL'8TT N
90zt /
69°CCT

62921
[ 44 /
18421~

£€9°6CT
sseet
0181

[ 144 \.
9€'8CT

[

62°9¢T — -

126

110

T
120

T
130

T
140

LS'SET

992674

[

127

99LET)
wm.mvﬁx\
09°'SbT

T
150

0

DMS
7
| |
L

~g¢* e
NoE8eT

128

f1 (ppm)

T
170

180

129

€9°6CT —

130

T
19(

13C/NMR (151 [MH

T
200

210

51



1T
€T
ST
9C'T
9C'T
8¢'T

96°C
86C

e

555 -

1z
1z
(7L
87
67
62
€L
€L
(4
€L~
€€
bEL
veL
seL
9e"s
9€'L
9e°,
1572
8 ]
ge's
mm.&
6L

oz
b/ A
15°2 1
[
25,
b5 ]
bS]
557
552
692 1
0s2
021
[
181
88/
682 1
062
€62
b6
67
562
962 1
962

T

Et

o
@ L~
=, Evie
| N
0T ™
(.
-
= =90'C
O
€
Q
Fe
s
=N
o[llﬂmhw.m
20T |
J M\SA
] 07
. 0z [®
| Se)}
o
[~
% Tn
(@}
[a] L
O
N
T o
=
o
3 L
=
o N
= DMn Lo
=2
T L
i

52



O
pp8— =)
-
o
N
-2
9L 1E—
o
<
o
[~
05°9§ — E
o
O
T
o
[~
o
@)
o
)
=
=
o &
-~ a
—
65221 [
1€°52T / |
16'92T / b
€6°L2T L
Tr'8eT V o
68'8CT A. ]
Z06CT
L8'PET — 7 L
8T°9€T Vi L ¥
€TLET -
BZET = C
R
[
o
FS
o
LN
i
o
o0
B el
(@] L
[a)] =}
O -2
N L
I
o
= ]
i
m L
N L w
o o~
s L
=2 o
o) = 7_
= ~
el
s 5

53



S€°§
9SS —

659
099
199
29'9
£9°9
+9'9
67,

A
0g2 7]
1L
Tes
ees
ver
vE'L
ses
Ly°L ]
8t/
6v°L
05 4
052
152 %
€5,

e
8,77 ]
8.7 ]
6L ]
6,72 ]
582
98/ |
187
8¢
88/ 1
68, 1
062 1
062 1
(18
81°8 |
818 |
618 -

L

1H NMR (400 MHz, DMSO-d6)

E6I°T

Bogy
Rer

=001
BorT
=20T'T

10

12

13

f1 (ppm)

54



o
=
]
O
o
[~ -
o
N
o
msal
—— o
F<
o
-
§6'%S — F
o
o
o
™~
o
[~
o
o
o
==t
~
=]
o
L @
07711~ o
PTETT rov
SEZIT— 1<
LS
Q- T —
09°22T
12021 F
9% 8CT 4
o)
mm.mﬁw. -
08'SET ~\_ L
6E/ET ~
. <t
U6 ZcT —
(8'5bT — o
[
9T'95T — [ o
R
[
o r
o
2 -2
(@)
wn .
s =
[a) Fa
N L
< g
= [N
© L
I
— o
N Tu
R 8
M =)
= B
O
A L
=1 o
23

55



66°¢
66°€ v.

8c's —
Sz
1z
672
67
€L
€L A
€€/ A
€€
SE°/A
9€°L
9
L2
8¢,
6€°L ]
obs
]
e

(2

bL

€9
€92 ]
9 4
o'z ]
592
597
597
008
008
008
10°8
118 1
898
898 1
898
698
698
o8-

——

co,Me

20

1H NMR (400 MHz, CDCI3)

E18C

=T16'T

f1 (ppm)

56



Lo
o
v~
o
e
=3
2l
S
3
o
m
28 —
199 — L
N
o
FR
o
&
Fo
=)
Lo
-~
=
€
oa
L= a
L B
£8°8TT =
eroet W LR
1S°€cT / —
01'8¢T L
vb'82T W o
8°821 L&
£0°6CT
TO9ET — [
S0°'8ET — T%
~—
o
) n
oV oSt ~—
YT'EST — |
o
L©
=
sg-co =
N
o
I
~— ~—
: g
O L
a A &
O L
(@] —
~ Zl L
X : .
s = s
Xo]
2 N I
— - S
NIV N Tz
O a4
>
= LR
2
O
A L
i

T
230

57



€9°C V.

£€9°C

'S
8T,
6C°L
6T,
0€°Z
0€'Z
TE€LA
€L
e L
€€°L
€€°L
S€L
SE'LA
9€°L
9€°L
Ly
LEL
8€°L A
6E°L A
6"

f1 (ppm)

Me

6E°L 7
WL
96°L
96°L
86,
86°L
80°8
8€'8
6€°8
€88
€88
88
588
58'8
98'8
/88

~

e T CENEN

/N

BnN

21

1H NMR (400 MHz, DMSO-d6)

=TT
W/@m.o

E60'T

10

11

12

13

58



o
=
]
O
o
-
o
o
9L 1 —
-2
o
i ol
o
-
16'vS — F
o
o
=)
™~
o
AN
=
|-
P
r £
o joN
Lo a
-
b
]
(8°6TT — Fo
06'92T
09°£21 [

: = " TS
SS7TT % Lo
S6°8CT =
15'621 7 t
£1°0€T Q
(42133 —
F2EE 5
6b'get o
BUTGET | e
10'THT
STTHT r
S.m.‘i L3
STSPT -

o
B
o r
o
by FS
(@)
m L
o
a ra
N L
< g
= [N
© L
NS LS
™
a4
=
=
(@]
A L
- a
]

59



€S
6C°L
0g’L
0g’L
€L
€L
€L
€€,
veEL
veEL
€L

9€L
9€'L
LEL
€9°L
£€9°L

f1 (ppm)

€97
v9'L
s9'z
99°¢
192
197
€0
vee
vl
LA
LA
or's
i
i
8L
50'8 1
90'8 1
v1'8 1
v1'8 1
ST'8
91’8 1
o1'8 4
91’8 |
268
ze'8 1
€8'8 -
1881
887

i ———— e

L

N~SO.Ph

22
1H NMR (400 MHz, DMSO-d6)

60



=N
h
o
=
:
O
o
[~ -
o
o
(@]
=3
o
F<
=
[~ wn
9T S5
o
o
o
™~
[~
o
&
P
o &
L8 2
ISR
LL90T — = P
o
-
=
L BLIT — — E
]
8£°611 — e -
66'9CT -
997ZCT . F
e 2
08 szt ra
15821 [
8.°6C1 [— S
POCET — Fs
ST'SET i -
06'9€T 7 r
L0'zet L2
'6ET I 2 -
TETST §1 [
¥6°15T o
06'251 7 F9
~~
G L
o LR
O ~—
m L
o
&) ] L o
-
N L
= =
= 2
—
in L
N L m
o o~
M L
= 2
@) [~
™M
! L

61



L1°0-
L0

080

80
¥8°0
o'l
90°L
90°L
LO°L
89°L
69°L
6v'C
0S¢

05
152
15T
zze
£z'e
vz'e
sz'e
97'e
Lze
mm,ﬂ
62°¢

vee
sv'e
Ly
8¢
6v°¢
0s°¢
lse
z5e %
vs'e

vee )
£9°G

S9'S

19§

89'G

0L's

€L
v—.mv.

e\ e

.

LL'L
LLL v.
LE8—

SL'8
9L'8 W
288

-

1H NMR (400 MHz, DMSO-d6)

4

€06

L1
F99°¢

6L
4
i

6L
60

— F96°0

I =960

S

6°0

10

11

12

13

f1 (ppm)

62



W-—

vLvL —
oLLL=—"
901 —

20

80

40

02°€9 —
09'69 —

8CCL —

60

70

€998 —

90

0S 00} —

00

ozeLL —

110,

1 (ppm)

£8°0CL —

T
120

GV ocT ~_
s6'62L -

L6'8EL —

140

8€0G1
8C'LGL W
[ANR:1%

T
150

T
170

T
180

T
190

T
200

210

NMR (101 MHz, DMSO-dq)

-

13

T
220

63



i
-
Lo
L~
~ N
M
L«
-
=UrC [
185 —
9T’ . \M/
1z
1T e
1z :
8C°L A £
874 R
8T L
i - e |
624 s
mN.m\i — :
o] 00T |
o L 20T
0g°L ﬁ
e ,
(% | ,
vEL B
] Q =660
veL ] 9L LS
mmi zL I
sec ﬁ 7L |
sz zL -
ot 8z'L 9
98"/ ey -4
9 ey B} ,
€L 67, ——T |
v 622 = —
6L — 60 L\ _—F B
L] © ogL— — R E
5z'8 S oy F 5 ,
52'8 S pody -
01°6 1 @ s , ) o
01°6 s ey ==
a] vmgx D
; veL ,
T veL |
= SEL o .
o seL K
0, o (4 ~
ﬁ > oL ,
sl oL L
= = oL - .
& = " .
/o z LY
Z T y
= i
[=
@

64



)
o
[~ -
o
- o
o
- m
o
-
o
-
68'b5 — L
FR
o
[~ o
o
- o
(=]
Lo
i
-
(o &
12§
OT'TIT — — ”.\
=
7T — [ r7_L
87T T
b9 LTt .
81’871 L@
zs'8et 7 -
9T'CET r
sete1 > |2
Ll
2L 8T — < LR
~ ~—
. j
JUVIT F
o
Q S
I
o
S /
N
_kJ- ~—
fon) 8
© . | N
ho] 85 ZLCT = o)
ﬁ_U +£9°/21 - 3 —
€
Q o E L
= s o [=)
e}
[a) u = —
N svst— — [
N
x oy o
= . o LS
I 33 S li— S I
T
o
i
~ = ra
x o L
: : :
N
o
2 i
. & 2
e

65



6'e —

SE'S—

€9
[433°) v.

9L
L
LeL
LTL N\

f1 (ppm)

LA
8z,
62 L

879

=0T

6cL
672
0g's
1€,
1€
ez
€L
ees ]
ves
ve'L
I
S A
S A
S€'L A
9g°/
9g/
L€ 1
1€
86/
8¢/
65
€42 1
vLLA
58/ A
587/ -

1H NMR (400 MHz, CDCI3)

=001

66



o
o
[~ -
o
N
o
- ™M
06'8¢ — L2
o
0£'95 — [
o
o
o
=™~
o
[~
o
- o
o
o
S
16201 — I =
£
o O
-~ Qa
L B
3
YZoTT — >
e
§5°92T
9621 W °
Tz'8et L&
£6'821 7/ -
BT TET A 5
Tr9gt e
vZET =
b6bbT — F
o
-
=
o
rs
o
=N
=
~ (=]
™M -
)
2 r
O b
m ~—
L L
()
~— o
o
S r
N o
o4 Fa
=
=z I o
Q N
2 ,

67



=
O
L~
L
167 — J =0E'6—-
]
] Lo
6b°7 — \L Fee1 |
M
oL
1723
€L€ [
60 - F€1T
11%% L«
(454 1T
€Tt
%% H
(a8
- wn
SL'5— -< =907
O
€L -
gL g
vE'L e
SEL p
9, ~
187 r
8€L
6L Hf L
29°L = 14
€9/ \/ﬁ Ao
w s X
v9'L #8660 | o
so Hiog
5924 ﬁ ~
99°¢ | €L o F
92 ] €€ /
00'8 veL . -— =00
S.w;. mm.nV = 62T M Lo
10'8 u 9g°L
€08 i
bl . © H
€08 8L >
cg'g 6<" \ﬁ \lﬂﬂﬁna.« ~
R.i €9, » S
87’8 S9'L N
87'8 59/
87'8 19'L - r
0£°'8 00'8 \\ 60 M £
0£'8 108 a -
0e'8 1 = 10°8 o -
0€'8 (@) £0'8 i oy
18'8 [a €0'8 _ 01 L
18'8 S £0'8 = <
68'8 N 87’8 M
688 | Z= T 8’8 Lo
06'8 = 87’8
06'8 Y/ Py 068 %
168 o O 0€'8 b
™~ N 68'8 ©
= = & :
= 0e's ——T00']
=4 Z i
o T [
nn.n_ —

68



[ )
o
[~ -
o
4 N
- 8
7987 — L]
yI'TE — -—
o
<
o
-
o
4 o
o
N
o
JASNTA w0
o
o
O
=2
~
€
o a
-~ a
=
~
F Y
860CT o
S0'SeT A —
TH'STT N _ L
62°921 —
ﬁﬂ.OPv —
90°62T
[4R%AY
TT'SET [T
9T THT — —
£9°8bT — L3
ge'051 b
80°'GST — - F
O
1
o
[
-
o
Q.
(3}
Q)
o o
o -2
N
2 L
= L8
— ™
= L
=]
DM“ [~
= Q
(@] [~
%)
— L

69



/ \L/\ ‘J’ (\

HSQC Spectrum

{4.12,31.12&

{3.70,4

{4.12,43.62{’

0.02&

{3.68,31.12}

{

'3

2.48,31.12} 0

70

T
5.0 4.5
f2 (ppm)

T

T
4.0

f1 (ppm)



Me

9E'T ~

097"

0€'L1
0£Z
1€/
[
€A
€92

mo.L
v9'2
mw_Tﬁ
592

8_?7.
8L~
sLL-T
mn.ngﬁ
ow.mu

18

182
008
108
10°8
20'8
€0'8 1
€0'g”

27

Me

1H NMR (400 MHz, DMSO-d6)

10

12

13

f1 (ppm)

71



o
-
| o
102 — ~N
¢L9C — [
.
<
o
imlal
o
K ©
o
FN
o
- ©
o
o
o
LS
-
~
E (et
g
L2 g
paiia7
L Y
=
TR
15°92T |
08:92Z1T
88'8¢T — m
861 -
ZESET — =
86°GET A \\
<
06°LET —
727267272 S E
o
L
-
o
[ ©
—
o
(I
—
O L
? =
@) et
n
= I o
o L&
-~ Al
N
T L
= L8
— N
o L
Rl
~—~ o
-~
a4 N
>
<= o
Q R
i

72



CN

L0 —

19°L
9L
9L
[AA
€9°L
¥9'L
v9'L
S9°L
S9°L
9L
9L
8L°L
8L'L
8L°L
8L'L
6L’L
b8 —

N7 ™
|
MeOJ\N/

28

1H NMR (400 MHz, CDCI3)

19°2
79°L /
'L /
290~
€92 W
v9'L

v9'L \
s9°L \
59°L

R.m /
oE
8L /
8LL~
8L'L W

8L \
6Lt

7.75 7.70 7.65 7.60 7.55

7.80

f1 (ppm)

97T
Bt

=9L'T

10

11

12

13

f1 (ppm)

73



10

20

30

40

r'SS —

50

60

70

80

e — -

100 90

110
f1 (ppm)

0S8TT—

120]

65°9¢T ~_

BT /721~

8T'EET —

TT6ET —

130

140

1

T19°4ST —

160

08'G9T —

170

)

80

190

200

210

220

13C|NMR (101 Miliz,/cDC

74



9’8

806 -

1H NMR (400 MHz, DMSO-d6)

wﬂo.ﬁ
T
Mfmi
— = 60
oot

10

12

13

f1 (ppm)

75



o
=
;
[ )
o
v~
o
LS
o
- ™M
o
<
o
[~
o
=0
o
=
o
[~ oo
o
o
)
Lo
=
~
o &
LS a
48
—
00°zeT =
S6°€2T <]
50°92T / LS
[AR:744 / L
28zt o
SL'6TT — -9
Lo BET~
6LbET L
s T o
o-Pet \ = M
9€£°9€T
67 LbT H
00881 X 2
v8'8vT - ra
86°05T [
3
=]
o
L
=
~~~ r
o} o
o Lo
= 3
3 r
= g
[a) [ —
=
T | o
Lo
= ~
f—m L
— e
N ol
a4 L
= )
N ol
o
O
4 [
— o
o
o

76



T-13

T

T
200

—150.72
14858
136.10
~ 13421
129.49
1281
—125.79
~ 12369
12175

85 (176 MHz, DM

(=]




8€'S
mm.m/
'S
:u.mw.
88'S
ww.mV.

6'S \
€6'S
589
589 /
88'9

88’9
68'9
06’9
69
€69

—

L

9e°/
9
ViVE
12
8¢/
8¢,

6L

652
7L
sg'z ]
98,
18°L
88°/
+0'8
£0'8
018
01'8
T1°8
[AX°E
[AX:E
£1°8 1
588
98'8
98'8
98'8
18'81
18'8

£8'8 -

30
1H NMR (400 MHz, CDCI3)

!

F460
9'0

H\'mm.o

6°0
Lorr

10

11

12

13

f1 (ppm)

78



o
&
o
Lo
~—
—
€
o a
-~ a
L B
o
PS'STT — r_«
) o
95 TZT ~_ LS
£6'521
SOZZT ~° ;
75871 —  ———= L2
8s6e1 3
98°SET ~_ _ L
81'9e1 -/ =
OTIET e
TEBPT b
SE°0ST — -
o
1
o
=N
-
o
~ | eo)
3 Ll
m L
o
0 -
N L
H o
= FS
=] L
~ Tw
R o
= L
z R
O [~
™M
~—

79



=CO0tt
2T

80

$6'97
569 |
16'9 1
£6°9 R
669 1 e
10°2 4 §
10°Z A E
207 ~
2072 A r oo
€072 N .
ooy 1961
mo.&
502 g_.
S0°L
€z's ,
YT L]
v
mw.ﬂ 69 | m
szL oo
o'z s \%
16'9 I |
sw% ———
T0ZA\" S
10 // T ————|lowwe S
[AWANS —_—
w7 — .
€0°L \ = =
v0'L §
S0°L B .
S0z - -
~ S0,
6 F
3 -
©
v O | o
=z = N £zt i
£ = Iz vzl / -
e 8 = [TANS = .
5 o SsTLf —
/ \ = sz'L \ . )
: T 9z's L 0
A
L o =
= [
o I T
L5 o i
= =




3.94

31P NMR (162 MHz, C6D6)
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31P NMR (16

52 MHz, CDCI3)

2.39

L

100 80

T
-40

T T
-60
f1 (ppm)

2.39




(PPHaMeBNICT (3 ol %) 2600
PPhoe (6 mol %) COzMe |
i CO,;Me 7-BukgCl (6.6 maol %)
o BPin 2 N | 2400
| ¥ ™
N/ Br KaP Oy (2.5 equiv) P L
2-MeTHF/HoQ (5:1, 0.4 M) N
1 (1.4 equiv) 2 (1.0 equiv) 70 eC 3 2200
(4 4'-dimethylbiphenyl 15D)
1 hour aliquot, *'P NMR, 0.4 mL reaction mixture + 0.1 mL Cg4Dg L2000
1800
<
,&' 1600
1400
1200
1000
800
600
400
= 200
™)
T2
i1 d
g s e I-200
™ -~ (<2}
T T T T T T T T T T T T T
100 50 -50 -10Q -150 -200
1 (ppm)

84



(PPhzteRMIClz (3 mal %)
PPhaide (6 mol 36)
n-BuMgCl (6.6 mal %)

BPin CO;Me
. /@’ s
Br k3P Oy (2.5 equiv)

2-MeTHFMH20 (51, 0.4 W
(1.4 equiv) 2 (1.0 equiv) nec
(4 4-dimethylbiphenyl 15D}

cOMe

-

1 hour aliquot, 3P NMR, 0.4 mL reaction mixture + 0.1 mL CgD;

=)
B
K
A
|
in
)
9 @ "
o @
— ™ D
I I
il
s b i W Al
. d i
i} ~ B
< 00
0 = 2

3
T

T T T T T
100 80 60 40 20 0 -20 -40 -60 180 -100 -120 -140 -1 180 -200

f1{(ppm)

—
140 120

85



(PPhaMekNiCla (3 mol %)
PPhoMe (6 mol %) COzM¢
n-ButgCl (6.6 mol 9) O

BPin CO;Me
AT
Br KaPOy4 (2.5 equiv)

2-MeTHFMHo0 (5:1, 0.4 M)

9,

(1.4 equiv) 2 (1.0 equiv) 70°C pdt
(4 4'-dimethylbipheny! 1SD)
16 hour aliquot, 1P NMR, 0.4 mL reaction mixture + 0.1 mL CzDg
7
M
5
0 H
2 : R
a |
2 J - I R U
A U} Ui T T T f
d i ' d
N P (=3 <
—- @ <
— o~ -
T T T T T T T T i T T T T T T T T 1
10| 5 -5 -to| [-15 F20 -25 [-30 -35
1 (ppm)
% ! |
N oo T
- - ® X
— NN —
Tr T - rr - - r-rr T T T r oI r o r T I r - r - rr oI rrrrrr T r 1Ty Tr T r I rr o 1T
140 | 120 | 100 80 60 40 20 0 F20 -4 -60 -80 |-100 [-p20  -140| | {160] -180 | -200  -220  -240
L (ppm)

86



(4NN

m:w.
yLL

9L
9L
6599
959 1
£5°9
£59
859 1
659 1
659 1
599 1
G99 1
599 1
999 1
199 1
£9°9 7
899 1
699 1
699 1
699 1
691
hm.m:
869
66'9
10°L
¥0'L
¥0'L
S0°L
S0°L
SO°L
LOL
L0°L A
60°L
L~

e

[XWARN
9L
oL
€92
¥9'L -]
v9'L 4
y9°L
59'L 1
99°L
99'
197
e
8L'LA
602
08'L
08°L
18°2
18°L
z8'L A
€8°L
£8°L 4
¥8°L 4
682

_wPPh,Me

X0

Me

N

Bru,,.
MePh,P”"

LS9
8G9 /
6579 ~x

659~
1oL
vo'L
vo'L
S0°L
S0°L
S0°L
L0L-~E
9L /
z9'L
z9'L
€9'L
vo'L
vo'L
vo'L
S9°L
99°L
6LL
omsW
08'L
18°L
18°L
8L

TH NMR, 400 MHz

J =009
3| =l6C
202
ﬂ 0L
L
—| 9'8
J" (4
‘IMLI E68¢
—— Ee6€
= 202 | <@
=) ©
= To._ |
©
o
= e
S L~
J [T
L'y
S——
FN 8
—
=
<
r~
©
== Tw.m ~
e}
el To.m =

1 (ppm)

87



MePh,P*

3PN

T

T

/NI\

Me

MR, 162

te, o oN F)thMe

MHz

8.54

854

AT bt e

—
140

A e A
120 100 80 60

88

——
-140

LI S S S B SR B B A B
-160 -180 -200 -220 -240



| ~-BPIn
1 )
Briu)  wPPhs N7 @) e | B wPPhs Bl o|PPhs
LN ’%N/ NI
PhsP \[ +  PhsF X
2-MeTHF/C4Dg ~ P
Me 50 °C/ 30 min Me Me]
D2.1 ppm 29.4 ppm 1:1.6
prioposed structure
o~
N
o
<
I
|
o
<
(=2}
N
"
3 1]
T T T i T T T T I T T T T N
3 | 30| (28| 28 4 2 20 18
1 (pprm)
=)
2
f
$ 44
o ~ |~
~—rrrr-r--rr-r1r{r-rr-r-rr|-r-rrr[r~r 1 -1 -1 1[I - 1 TrrrorrT T T [T 7T T L L L L L L L
144 120 100 80 60 40 20 0 -20 -4p -60 80| [[-100| -1g0  -10 | [{160 |-180 -200 -220  -240
f1 (ppri)

89




| BPin

B
Br”h'Ni““ PPh;Me N/ 1 (2 GQUiV)
v \ >
MebPhzP \ ] - No reactiagn
Me”] F 2-MeTHF/CgDg
€

50 °C, 24 h
8.4 ppm

—8:36

8.36

¢
1.00— ‘f’—’

-
W
N
=
-
o

-

=

—~ ©

=)

o

3

2 oA
N
=y
o
IN

T

T

140|120 T AL L U
140 120

T T T " T T T T T T T L i T T
100 80 60 40 20 0 -20 -4 -60 +80 -100 -120 H14 -16 180 -200
f1 (rpm)

T T

o 4

——————
-220 -240

90



mBPln
Br”h, _“\PthMe N/ 1 (2 GQUiV)
NI
MePhaP > No reaction
) 2-MeTHF/CgDg
Me 70 °C, 24 h
8.4 ppm
P
§ o v“r“‘fr") Mw enn ML
Ey
T Tl T T T T
10 ) 8 7 6
1 (ppm)
T | i hod ) Ll
AR W | NN
- il | | A I ' i
$
‘120 120 100 80| |eo 40 20 0 20  -40  -60  -80|| -1d0 -120 {140 | -160 || {180] -200 -220  -240
1 (ppm)

91



