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1. General remarks

"H NMR spectra were recorded on 400 or 600 MHz (100 or 150 MHz for '*C NMR,
376 or 564 MHz for ’F NMR) agilent NMR spectrometer with CDCIs as the solvent
and tetramethylsilane (TMS) as the internal standard. Chemical shifts were reported in
parts per million (ppm, & scale) downfield from TMS at 0.00 ppm and referenced to
the CDCl3 at 7.26 ppm (for 'H NMR) or 77.16 ppm (for *C NMR), DMSO at 2.50
ppm (for '"H NMR) or 39.51 ppm (for *C NMR). "F NMR chemical shifts were
determined relative to CFCl3 at 6 0.00 ppm. Mass spectroscopy data of the products
were collected on a GCT PremierTM (CI) and Agilent Technologies 1290 Infinity
(ESI). Mass Spectrometer Infrared (FT-IR) spectra were recorded on a Varian
1000FT-IR, vmax in cm™'. Melting points were measured using SGW, X-4B and
values are uncorrected. The Katritzky salts were prepared according to our previous
report (Chem. Commun. 2019, 55, 11478-11481) and all commercially available
reagents and solvents were used as received unless otherwise specified.

2. Synthesis of N-containing aromatics

Procedure A:

Ry
(\/\ (OH)2  Pd(PPhj3)s, KoCO3 E \/N ’
O/ Dioxane:H,0=2:1 X)\(}Rz
=
To a solution of 2-bromopyridines (2 mmol, 1 equiv) and corresponding boronic acid
(3 mmol, 1.5 equiv) in 1,4-dioxane (2 mL) and H20 (1 mL) was added Pd(PPhs)4 (0.1
mmol, 5 mol%) and K2CO3 (4.0 mmol, 2.0 equiv) under argon in a sealed tube. The
resulting mixture was heated at 180 °C for 1 h under microwave conditions. To the
reaction mixture was added saturated aqueous NH4Cl, extracted by EtOAc for three
times, dried over with anhydrous Na2SOas, and evaporated in vacuum to afford the
crude product, which was further purified by flash chromatography on silica gel with

n-hexane/EtOAc to give the corresponding substrates. (X.-F. Rao, C. Liu, J.-S. Qiu
and Z.-L. Jin, Org. Biomol. Chem., 2012, 10, 7875-7883)

Procedure B:

H Cu(OAC),*H,0 (1 mol%) ',\13
NN I Cs,CO5 (2 equiv) N/
+ >
U\/) DMF, 110°C ©/

To a 10 mL two-neck bottle equipped with a magnetic stir bar was added pyrrole (2

mmol, 1 equiv), iodobenzene (2.4 mmol, 1.2 equiv), copper acetate (0.02 mmol, 1
mol%), cesium carbonate (4 mmol, 2.0 equiv), and DMF (4 mL, 0.5 M) under argon.
The resulting mixture was stirred for 24 h at 110 °C. After the reaction was completed
(monitored by TLC), the reaction mixture was extracted with ethyl acetate for three
times, dried over with anhydrous NaSOs, and evaporated in vacuum to afford the
crude product, which was further purified by flash chromatography on silica gel with
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n-hexane/EtOAc to give the title compound. (Z.-L. Xu, H.-X. Li, Z.-G. Ren, W.-Y. Du,
W.-C. Xu, and J.-P. Lang, Tetrahedron, 2011, 67, 5282-5288)

Procedure C:
CUl, K3PO4 N

0]
NYBr OH 2-Carboxypyridine R \\r @R
+
Ry E _N DMSO, 90°C, 24h ' E//N 2

R2

To a 25 mL round bottomed flask, was successively added ArOH (2 mmol, 1 equiv),
2-bromopyrimidine (2.4 mmol, 1.2 equiv), Cul (0.2 mmol, 10 mol%), picolinic acid
(0.4 mmol, 20 mol%.), K3PO4 (4 mmol, 2 equiv), and DMSO (4 mL, 0.5 M) under
argon. The resulting mixture was heated at 90 °C for 24 h. After cooling to room
temperature, ethyl acetate and water were added. The organic layer was separated and
the aqueous layer was extracted twice more with ethyl acetate. Combined organic
layer was dried over Na2SO4 and filtered through the pad of silica gel. The filtrate
was concentrated and the resulting residue was purified by flash column
chromatography to obtain the desired products. (G. Li, P.-P. Gao, X.-L. Lv, C. Qu,
Q.-K. Yan, Y. Wang, S.-L. Yang, and J.-J. Wang, Org. Lett., 2017, 19, 2682—-2685)

Procedure D:

N
CHO  ,— I, KaCO3 //>
+HO  NH : ©
2 +BuOH, 70C, 18 h

To a solution of p-tolualdehyde (0.51 mL, 5 mmol) in tert-butyl alcohol (20 mL) was
added aminoethanol (0.33 mL, 5.5 mmol). After being stirred at room temperature
under an argon atmosphere for 30 min, the resulting mixture was added K>COs (2.1 g,
15.0 mmol) and 12 (1.58 g, 6.25 mmol). The reaction mixture was stirred at 70 °C for
18 h. The resulting mixture was quenched with sat.aq Na2SOs3 until the iodine color
almost disappeared and then extracted with Et2O. The organic layer was washed with
brine and dried over NaxSOas. After filtration, the solvent was removed in vacuo. The
residue was chromatographed on neutral silica gel (AcOE?t) to give the title compound.
(M. Ishihara and H. Togo, Tetrahedron, 2007, 63, 1474—1480)

Procedure E:

R NH Ph Ph
0O 1 2 =
CHO PP T @y |
©/ N BFy/E,0 ®O\ | BF, Ry R1YN\ @BF4
—_— )
C) EtOH/ 4h R, Ph
2

Ph

Synthesis of triphenylpyrylium tetrafluoroborate: Benzaldehyde (1 equiv) and
acetophenone (2 equiv) were placed in a closed two-necked flask equipped with a
magnetic stirrer, then boron trifluoride etherate (2.5 equiv) was added dropwise under
argon treatment. The mixture was reacted at 100 ‘C for two hours and cooled to
ambient temperature. Methyl tert-butyl ether was added to the reaction mixture and
the resulting suspension stirred at ambient temperature. The solid was collected by
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filtration and washed with methyl tert-butyl ether. Recrystallization by acetone and
methyl tert-butyl ether to get pure light yellow solid.

A closed flask equipped with a magnetic stir bar was charged with triphenylpyrylium
tetrafluoroborate (1.0 equiv) and the corresponding primary amine (1.2 equiv).
Ethanol (1.0 M) was added to the reaction vessel and the tube sealed. No precautions
to protect the reaction mixture from air and moisture were taken. The reaction mixture
was heated to 90 °C for 4 h and then cooled to ambient temperature. Methyl tert-butyl
ether was added to the reaction mixture and the resulting suspension stirred at room
temperature. The solid was collected by filtration and washed with methyl tert-butyl
ether. After the operations required the solids were dried under reduced pressure to
obtain the analytically pure pyridinium salts.

Amine hydrochlorides as starting materials: In case amine hydrochlorides were used
as feedstocks for the pyridinium salts, the amine hydrochloride (1.2 equiv) was added
to a clean and closed flask. Ethanol (1.0 M) and triethyl amine (1.2 equiv) were added.
The resulting suspension was stirred for 30 min at ambient temperature.
Triphenylpyrylium tetrafluoroborate (1.0 equiv) was added, the tube sealed and stirred
for 4 h at 90 °C. Methyl tert-butyl ether was added to the reaction mixture and the
resulting suspension stirred at room temperature for at least 1 h to complete the
precipitation process. The solid was collected by filtration and washed with methyl
tert-butyl ether. After the operations required the solids were dried under reduced
pressure to obtain the analytically pure pyridinium salts. To remove water-soluble
impurities, the collected solids were washed with water before washing with methyl
tert-butyl ether. (Org. Biomol. Chem., 2019,17, 1531-1534.)

3. Optimization of reaction conditions

Table S1 Optimization of reaction conditions. 2

X
[RuCly(p-cymenel, (5 mol%) |
N Ligand (30 mol%) Z_N
‘ Base (2 equiv)

P
+  ph” NG Ph
® o, Additive (10 mol%)

Ph 4

COo,Me Solvent, 120 °C oh
1la 2a (1.5 equiv) 34 COMe
entry solvent base ligand/additive yield (%)°
1 1,4-dioxane K>COs3 MesCO,H/PPh3 73
2 PhCH3 K2CO;s MesCO,H/PPh; 0
3 DMA K»CO; MesCO,H/PPhs <5
4° THF K>COs3 MesCO,H/PPh; 40
5¢ CH3CN K2CO;s MesCO,H/PPh; <5
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6° DCE K>CO; MesCO,H/PPh; 37

7 1,4-dioxane Na,COs MesCO,H/PPh; 40
8 1,4-dioxane Cs2COs MesCO,H/PPhs 36
9 1,4-dioxane K3POy4 MesCO,H/PPh3 66
10 1,4-dioxane K>COs PivOH/PPh; 69
11 1,4-dioxane K>COs3 Piv-Val-OH/PPh;s 44
12 1,4-dioxane K>COs3 1-AdCO,H/PPh3 51
13 1,4-dioxane K2CO3 CSA/PPh3 91
14 1,4-dioxane K»CO; (PhO),PO,H/PPh3 87
15 1,4-dioxane K>CO;s CSA/P(0-Tol); 60
16 1,4-dioxane K>COs CSA/PCy; 52
17 1,4-dioxane K>CO;3 CSA/PPh; <5
18°¢ 1,4-dioxane K>CO3 CSA/PPh; 52
19 1,4-dioxane K»CO;s CSA/PPh; 58
209 1,4-dioxane K,CO; CSA/PPh; 0
21 1,4-dioxane K>COs3 —/PPh; 34
22 1,4-dioxane K>COs CSA/- 47

@Reaction conditions: a mixture of 1a (0.2 mmol), 2a (0.3 mmol), [RuClz(p-cymene)]z (5 mol%, 10 mol% of Ru),
ligand (30 mol%), base (0.4 mmol) and additive (10 mol%) in solvent (0.8 mL, used without dehydration) was
stirred at 120 °C (oil bath, sealed tube) for 48 h. PIsolated yields. ®Stirred at 80 °C. “Ru3(CO)2 (3.3 mol%) instead
of [RuClz(p-cymene)]z. *RuClz*3H20 (10 mol%) instead of [RuClz(p-cymene)]2. RuCl2(PPhs)s (10 mol%) instead
of [RuClz(p-cymene)]z. ¥No Ru catalyst.

4. General experimental procedure

N Ph ‘ N
‘ _N X [RuCl,(p-cymene], (5 mol%) _N
| CSA (30 mol%)

Ph™ "Ng Ph K2COs3 (2 equiv) N
‘ X + @BF4 : ‘
/= R, "R, PPh; (10 mol%) N
R} 1,4-dioxane, 120 °C Ri &
1 2 3or4 2

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added
[RuClz2(p-cymene)]2 (6 mg, 0.01 mmol, 5 mol%), CSA (14 mg, 0.06 mmol, 30 mol%),
K2COs (28 mg, 0.4 mmol, 2.0 equiv), PPh3 (5§ mg, 0.02 mmol, 10 mol%) and the
Katritzky salt (0.3 mmol, 1.5 equiv). The resulting mixture was sealed and degassed
via vacuum evacuation and subsequent backfilled with nitrogen for three times. Next,
1 (0.2 mmol, 1.0 equiv) and 1,4-dioxane (0.8 mL, used without dehydration) were
added. Then the resulting mixture was stirred at 120 °C (oil bath, sealed tube) for
48-72 h. The solvent was removed on a rotary evaporator under reduced pressure and
the residue was purified by flash chromatography on silica gel with n-hexane/EtOAc
to give the corresponding product.
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Ph BN

X [RuCly(p-cymene]; (5 mol%) ‘ N
\ CSA (30 mol%) 7
K>CO3 (2 equiv)

PPh; (10 mol%)

1,4-dioxane, 120 °C Ph

1a 2a (1.5 equiv) 34 COaMe
Gram-scale reaction: To a 50 mL Schlenk tube equipped with a magnetic stir bar
was added [RuClx(p-cymene)]2 (37 mg, 0.06 mmol, 5 mol%), CSA (83 mg, 0.36
mmol, 30 mol%), K2CO3 (166 mg, 1.2 mmol, 1.0 equiv), PPh3 (32 mg, 0.12 mmol, 10
mol%) and 2a (1.0 g, 1.8 mmol, 1.5 equiv). The resulting mixture was sealed and
degassed via vacuum evacuation and subsequent backfill with nitrogen for three times.
Next, 1a (186 mg, 1.2 mmol, 1.0 equiv) and 1,4-dioxane (4.8 mL) were added. Then
the resulting mixture was stirred at 120 °C (oil bath, sealed tube) for 72 h. The solvent
was removed on a rotary evaporator under reduced pressure and the residue was
purified by flash chromatography on silica gel with n-hexane/EtOAc to give 297 mg
(78% yield) of 3a as a yellow oil.

5. Mechanistic studies

5-1. Competitive experiments

B T B ®
[RuCl,(p-cymenel, (5 mol%) _N 2\
ZN ‘ = CSA (30 mol%)
Pz K2CO3 (2 equiv)
* + Ph” Ng Phg +
Ph com BF, PPhj (10 mol%) COOMe COOMe
Ve 1,4-dioxane, 120 °C
[=
Ph
_ _ 3b3a=171° Ph
1b (1.0 equiv) 1a (1.0 equiv) 2a (1.0 equiv) 3b 3a
X X
N ‘ N Ph \
_N _N [RuCly(p-cymene], (5 mol%) ~N =N
X CSA (30 mol%)
. | KCO3 (2 equiv) +
+ Ph7 TN@ Ph
Ph A Ogr, PPhs (10 mol%) COOMe COOMe
COMe 1,4-dioxane, 120 °C
OMe F
OMe F 3030 = 213 Ph Ph
30 =21 3d 3b

1d (1.0 equiv) 1b (1.0 equiv) 2a (1.0 equiv)

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added
[RuCl2(p-cymene)]2 (6 mg, 0.01 mmol, 5 mol%), CSA (14 mg, 0.06 mmol, 30 mol%),
K2COs (28 mg, 0.4 mmol, 2.0 equiv), PPhs (5 mg, 0.02 mmol, 10 mol%), 2a (111 mg,
0.2 mmol, 1.0 equiv), and 1 (1b and 1a or 1d and 1b) (0.2 mmol, 1.0 equiv). The
resulting mixture was sealed and degassed via vacuum evacuation and subsequent
backfilled with nitrogen for three times. Next, 1,4-dioxane (0.8 mL, used without
dehydration) was added. The resulting mixture was stirred at 120 °C (oil bath, sealed
tube) for 72 h. The solvent was removed on a rotary evaporator under reduced
pressure. The ratios were determined by the crude 'H-NMR spectra.
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) ) 4j:4h = 3:12
1b (1.0 equiv) 1a (1.0 equiv) 2h (1.0 equiv) g

& ® s RuCl LGmo) [ >
UCl,(p-cymene], (5 mol%
N N SN CSA (30 mol%) ZN N
. | K,COj3 (2 equiv)
Ph N Ph +
* ® gk, PPhs (10 mol%)
1,4-dioxane, 120 °C
F OMe

4j:4i = 3.5:12
1b (1.0 equiv)  1d (1.0 equiv) 2h (1.0 equiv) 4 4

‘ N X Ph ‘ N A
N [RuCly(p-cymene], (5 mol%) N
2 N B CSA (30 mol%) 7 ZN
+ oh N/ oh K,CO3 (2 equiv)
+ @
€]
BF4 PPh; (10 mol%) +
1,4-dioxane, 120 °C

F F

4 4h

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added
[RuCl2(p-cymene)]2 (6 mg, 0.01 mmol, 5 mol%), CSA (14 mg, 0.06 mmol, 30 mol%),
K2COs (28 mg, 0.4 mmol, 2.0 equiv), PPhs (5 mg, 0.02 mmol, 10 mol%), 2h (95 mg,
0.2 mmol, 1.0 equiv), and 1 (1b and la or 1d and 1b) (0.2 mmol, 1.0 equiv). The
resulting mixture was sealed and degassed via vacuum evacuation and subsequent
backfilled with nitrogen for three times. Next, 1,4-dioxane (0.8 mL, used without
dehydration) was added. The resulting mixture was stirred at 120 °C (oil bath, sealed
tube) for 72 h. The solvent was removed on a rotary evaporator under reduced
pressure. The ratios were determined by the crude 'H-NMR spectra.

5-2. Reaction with steric substrate

| X | A e
N ' Determined by
7N, ©Tery OBF,  [RuCk(p-cymenel, (5 mol%) N \HRMS (ESI) !

Ph N coome CSA (30 mol%) | calcd: CooHyoNOy |
K,CO3 (2 equiv) E[M+H]: 332.1645 !
. PPhs (10 mol%) Ph Found: 332.1643;
1e, (1.0 equiv) 2@ (1.5 equiv) 1,4-dioxane, 120°C 3e, trace COOMe

Perform the reaction according to the general experimental procedure with 1le and 2a,
and the product 3e was detected by TLC and determined by HRMS (ESI).

x10 2 |+ES| Scan (1.967 min) Frag=175.0V 20200409-SZ1J-134
6 332 1643
54
24
2] 333.1862
0 | I[ ‘ il |
: 331.5 332 3325 333 3235 34 3245 335

Counts vs. Mass-to-Charge (m/z)
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5-3. Reaction with well-defined Ru (11)-complex 5

\ \
Topy “BF,
* ph 5 (10 mol%)
COOMe CSA (30 mol%)
KoCO3 (2 equiv)
PPhs (10 mol%) Ph
la 24, (15 equiv) dioxane, 120 C 3a, 72% COOMe

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added ruthenium
(IT)-complex 5 (9 mg, 0.02 mmol, 10 mol%), CSA (14 mg, 0.06 mmol, 30 mol%),
K2COs (28 mg, 0.4 mmol, 2.0 equiv), PPh3 (5§ mg, 0.02 mmol, 10 mol%) and the
Katritzky salt (167 mg, 0.3 mmol, 1.5 equiv). The resulting mixture was sealed and
degassed via vacuum evacuation and subsequent backfilled with nitrogen for three
times. Next, 1a (31 mg, 0.2 mmol, 1.0 equiv) and 1,4-dioxane (0.8 mL, used without
dehydration) were added. The resulting mixture was stirred at 120 °C (oil bath, sealed
tube) for 60 h. The solvent was removed on a rotary evaporator under reduced
pressure and the residue was purified by flash chromatography on silica gel with
n-hexane/EtOAc to give 46 mg (72% yield) of 3a as a yellow oil.

5-4. Control experiment

A Ph | N
| ~N
~-N X
" | standard conditions
~
Ph™ "N Ph
BF, TEMPO (2 equiv
Ph CO,Me (2 equiv) Ph
CO,Me
1a 2a 3a, 0%

To a 10 mL Schlenk tube equipped with a magnetic stir bar was added
[RuCl2(p-cymene)]2 (6 mg, 0.01 mmol, 5 mol%), CSA (14 mg, 0.06 mmol, 30 mol%),
K2COs (28 mg, 0.4 mmol, 2.0 equiv), PPhs (5 mg, 0.02 mmol, 10 mol%) and the
Katritzky salt (167 mg, 0.3 mmol, 1.5 equiv). The resulting mixture was sealed and
degassed via vacuum evacuation and subsequent backfilled with nitrogen for three
times. Next, 1a (31 mg, 0.2 mmol, 1.0 equiv) and TEMPO (62 mg, 0.4 mmol) in
1,4-dioxane (0.8 mL, used without dehydration) were added. The resulting mixture
was stirred at 120 °C (oil bath, sealed tube) for 60 h. We did not find the desired
product 3a in the reaction mixture.
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6. Characterization of the substrates and products

X

N

OMe
2-(4-Methoxyphenyl)pyridine (1d): Prepared via general procedure A; white solid,;
"H NMR (400 MHz, CDCI3) & 8.65 (d, J = 4.0 Hz, 1H), 7.95 (d, J = 8.6 Hz, 2H), 7.76
—7.63 (m, 2H), 7.20 — 7.13 (m, 1H), 7.00 (d, J = 8.6 Hz, 2H), 3.87 (s, 3H); *C NMR
(150 MHz, CDCI3) ¢ 160.5, 157.2, 149.6, 136.7, 132.1, 128.2, 121.5, 119.9, 114.2,
55.4.

| X

~N

2-(Naphthalen-2-yl)pyridine (1g): Prepared via general procedure A; white solid;
"H NMR (400 MHz, CDCI3) § 8.76 (d, J = 2.6 Hz, 1H), 8.50 (s, 1H), 8.15 (d, J = 8.4
Hz, 1H), 7.96 (d, J = 7.5 Hz, 2H), 7.92 — 7.84 (m, 2H), 7.83 — 7.73 (m, 1H), 7.57 —
7.48 (m, 2H), 7.30 — 7.23 (m, 1H); 3*C NMR (150 MHz, CDCl3) & 157.4, 149.9, 136.9,
136.8, 133.7, 133.6, 128.8, 128.6, 127.8, 126.6, 126.4, 126.4, 124.7, 122.2, 120.9.

COCH,
X

_N

1-(6-Phenylpyridin-3-yl)ethan-1-one (1i): Prepared via general procedure A; Yellow
oil; 'H NMR (400 MHz, CDCl3) § 9.23 (d, J = 1.7 Hz, 1H), 8.29 (dd, J = 8.3, 2.3 Hz,
1H), 8.08 — 8.02 (m, 2H), 7.84 (d, J = 8.3 Hz, 1H), 7.53 — 7.43 (m, 3H), 2.66 (s, 3H);
3C NMR (150 MHz, CDCl3) § 196.6, 161.1, 150.2, 138.3, 136.5, 130.7, 130.2, 129.1,
127.5, 120.3, 26.9.

)

NN

<

2-Phenylpyrimidine (1k): Prepared via general procedure A; Yellow oil; 'H NMR
(600 MHz, CDCl3) 6 8.79 (d, J = 4.8 Hz, 2H), 8.47 — 8.42 (m, 2H), 7.52 — 7.46 (m,
3H), 7.16 (t, J = 4.8 Hz, 1H); 1*C NMR (150 MHz, CDCls) § 164.9, 157.3, 137.7,
130.9, 128.7, 128.2, 119.2.
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O

1-Phenyl-1H-pyrazole (1l): Prepared via general procedure B; Yellow oil; 'H NMR
(400 MHz, CDCl3) 6 7.92 (s, 1H), 7.77 — 7.64 (m, 3H), 7.45 (t, J = 7.3 Hz, 2H), 7.28
(t,J=7.9 Hz, 1H), 6.46 (s, 1H); 3*C NMR (150 MHz, CDCl3) & 141.2, 140.3, 129.5,
126.8, 126.5, 119.3, 107.7.

9-l1sopropyl-6-phenyl-9H-purine (1m): Prepared via general procedure A; Yellow
oil; 'TH NMR (400 MHz, CDCI3) § 9.01 (s, 1H), 8.79 — 8.75 (m, 2H), 8.17 (s, 1H),
7.58 — 7.48 (m, 3H), 5.03 — 4.91 (m, 1H), 1.66 (d, J = 6.8 Hz, 6H); '*C NMR (100
MHz, CDCl3) 6 154.9, 152.2, 142.1, 135.9, 131.6, 131.0, 129.9, 128.8,47.4,22.7.

;

2-Phenylquinoxaline (1n): Prepared via general procedure A; Yellow oil; 'H NMR
(600 MHz, CDCl3) 6 9.32 (s, 1H), 8.19 (d, J = 7.3 Hz, 2H), 8.15 (d, J = 7.9 Hz, 1H),
8.12 (d, J = 8.4 Hz, 1H), 7.79 — 7.70 (m, 2H), 7.56 (t, J = 7.4 Hz, 2H), 7.51 (t, J="7.3
Hz, 1H); 3C NMR (150 MHz, CDCl3) § 151.9, 143.4, 142.4, 141.7, 136.9, 130.4,
130.3, 129.7, 129.6, 129.2, 127.6.

No O

2-Phenyl-4,5-dihydrooxazole (10): Prepared via general procedure D; Yellow oil; 'H
NMR (600 MHz, CDCl3) 8 7.95 — 7.90 (m, 2H), 7.44 (t, J = 7.4 Hz, 1H), 7.38 (t, J =
7.6 Hz, 2H), 4.38 (t, J = 9.5 Hz, 2H), 4.02 (t, J = 9.5 Hz, 2H); 1*C NMR (150 MHz,
CDCls) 6 164.7, 131.3, 128.3, 128.2, 127.8, 67.6, 55.0.

SRv
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2-Phenoxypyrimidine (1p): Prepared via general procedure C; white solid; 'TH NMR
(400 MHz, CDCls) 6 8.57 (d, J=4.3 Hz, 2H), 7.45 (t, J = 7.4 Hz, 2H), 7.29 (d,J=7.1
Hz, 1H), 7.22 (d, J = 7.8 Hz, 2H), 7.04 (t, J = 4.2 Hz, 1H); 3C NMR (150 MHz,
CDCls) 6 165.5, 159.8, 153.0, 129.7, 125.6, 121.8, 116.3.

Ph

| = ®BF4

/

Ph” gN” “Ph
Fh COOMe

(1-Methoxy-1-ox0-3-phenylpropan-2-yl)-2,4,6-triphenylpyridin-1-ium

tetrafluo-roborate (2a): Prepared via general procedure E; white solid; 'H NMR
(600 MHz, CDCl3) 6 7.93 (s, 2H), 7.86 — 7.69 (m, 4H), 7.60 (t, J = 7.2 Hz, 2H), 7.57
— 7.40 (m, 9H), 7.14 — 7.05 (m, 3H), 6.77 (d, J = 7.3 Hz, 2H), 5.64 (dd, J= 7.5, 3.7
Hz, 1H), 3.69 (s, 3H), 3.49 — 3.42 (m, 1H), 2.93 (dd, J = 14.4, 8.0 Hz, 1H); 3*C NMR
(150 MHz, CDCl3) 8 168.0, 157.1, 157.0, 136.4, 133.8, 132.5, 132.4, 131.7, 129.8,
129.6, 129.2, 129.1, 128.72, 128.66, 128.0, 127.3, 70.3, 53.9, 37.8; 'F NMR (564

MHz, CDClIs) 6 -152.80 (d, J = 4.5 Hz), -152.86 (d, J = 3.5 Hz).

©
‘. BF:
| @

Ph N™ "Ph
COOMe

(1-Methoxy-4-methyl-1-oxopentan-2-yl)-2,4,6-triphenylpyridin-1-iumtetrafluoro
borate (2b): Prepared via general procedure E; white solid; 'H NMR (400 MHz,
CDCl3) 6 7.89 (s, 2H), 7.80 (d, J = 7.3 Hz, 2H), 7.70 (br, 2H), 7.62 — 7.52 (m, 7H),
7.51 — 7.45 (m, 2H), 5.46 (dd, J = 7.8, 2.8 Hz, 1H), 3.74 (s, 3H), 1.76 — 1.64 (m, 1H),
1.62 — 1.50 (m, 1H), 1.35 —1.24 (m, 1H), 0.56 (d, J = 6.5 Hz, 3H), 0.41 (d, J = 6.4 Hz,
3H); 1*C NMR (150 MHz, CDCI3) § 168.7, 156.8, 156.7, 133.7, 132.5, 132.3, 131.6,
129.6, 129.4, 129.1, 128.5, 127.9, 67.4, 53.9, 40.4, 26.1, 22.3, 20.7. 'F NMR (564
MHz, CDCl3) 6 -153.01 (s), -153.07 (s).

Ph PNy
| @
%F:@;éme
Ph .

(1-Methoxy-3-methyl-1-oxopentan-2-yl)-2,4,6-triphenylpyridin-1-iumtetrafluoro
borate (2c¢): Prepared via general procedure E; white solid; Two isomers, d.r.: 1.1:1;
"H NMR (600 MHz, CDCl3) & 8.00 (s, 2H), 7.93 — 7.87 (m, 2H), 7.68 (s, 1H), 7.65 —
7.58 (m, 7H), 7.56 — 7.46 (m, 5H), 5.32 (d, J = 10.2 Hz,0.5H)/5.18 (d, J = 10.2 Hz,
0.6H), 3.77 (s, 1.6H)/3.74 (s, 1.3H), 2.02 — 1.93 (m, 0.6H)/1.75 — 1.66 (m, 0.9H), 1.41
—1.34 (m, 0.6H)/1.01 — 0.91 (m, 0.9H), 1.30 — 1.18 (m, 1.6H)/0.50 — 0.43 (m, 1.3H),

0.84 (t, 2.3H)/0.70 (t, J = 7.6 Hz, 3H), 0.82 — 0.75 (m, 1H); 3C NMR (150 MHz,
CDCls) § 167.0, 166.8, 157.10, 157.06, 133.1, 133.0, 131.9, 129.9, 129.8, 129.7,
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129.4, 129.2 128.9, 128.8, 128.6, 127.8, 73.5, 71.3, 53.93, 53.87, 36.0, 35.6, 27.8,
25.4, 18.5, 15.2, 11.1, 9.5; "9F NMR (564 MHz, CDCl3) 5 -153.28 (s), -153.34 (s);
HRMS (ESI) caled C30H3oNO2 [M-BF4]": 436.2271, found: 436.2270.

Ph
S
N BR
@
P N Ph
Ph\)w/NEt2

(0]
1-(1-(Diethylamino)-1-oxo-3-phenylpropan-2-yl)-2,4,6-triphenylpyridin-1-iumtet
rafluoroborate (2d): Prepared via general procedure E; white solid; 'H NMR (600
MHz, CDCIl3) 6 8.04 (br, 2H), 7.85 (s, 2H), 7.76 (d, J = 7.7 Hz, 2H), 7.74 — 7.49 (m,
9H), 7.46 (t, J = 7.6 Hz, 2H), 7.16 — 7.07 (m, 3H), 6.87 (d, J = 7.5 Hz, 2H), 5.96 (dd,
J=9.5,3.4Hz, 1H), 3.53 (dd, J=14.3, 3.2 Hz, 1H), 3.23 — 3.04 (m, 2H), 2.96 — 2.85
(m, 1H), 2.26 — 2.10 (m, 2H), 0.98 (t, J = 6.2 Hz, 3H), 0.37 (t, J = 6.3 Hz, 3H); 1°C
NMR (150 MHz, CDCI3) 6 165.2, 157.7, 155.8, 145.8, 135.8, 133.9, 133.6, 132.4,
131.2,129.9, 129.7, 129.0, 128.93, 128.87, 128.5, 128.4, 127.4, 70.9, 41.3, 40.6, 39.1,
12.8, 12.2; YF NMR (564 MHz, CDCl3) § -152.75 (s), -152.80 (s); HRMS (ESI) calcd
C36H3sN20 [M-BF4]": 511.2744, found: 511.2743.

Ph o
BF,4

| @
Ph” >N~ “Ph

s COOMe

(1-Methoxy-4-(methylthio)-1-oxobutan-2-yl)-2,4,6-triphenylpyridin-1-iumtetrafl
uoroborate (2e): Prepared via general procedure E; white solid; '"H NMR (400 MHz,
CDCl) 6 7.87 (s, 2H), 7.74 (dd, J = 31.7, 8.1 Hz, 4H), 7.63 — 7.50 (m, 7H), 7.46 (t, J
= 7.3 Hz, 2H), 5.92 (dd, J = 7.7 Hz, 1H), 3.73 (s, 3H), 2.37 — 2.16 (m, 3H), 1.95 —
1.85 (m, 1H), 1.84 (s, 3H); *C NMR (150 MHz, CDCl3) § 168.4, 156.9, 133.8, 132.5,
132.2, 131.5, 129.6, 129.1, 128.5, 66.7, 53.9, 31.4, 30.8, 14.7; '°F NMR (564 MHz,
CDCls) 6 -152.74 (s), -152.79 (s).

Ph 0
G
(1-(tert-Butoxy)-1-oxo-3-phenylpropan-2-yl)-2,4,6-triphenylpyridin-1-iumtetraflu
oroborate (2f): Prepared via general procedure E; white solid; 'H NMR (600 MHz,
CDCls) § 7.95 (d, J = 2.9 Hz, 2H), 7.88 — 7.78 (m, 3H), 7.79 — 7.44 (m, 12H), 7.07
(dd, J=9.3, 5.7 Hz, 3H), 6.83 — 6.76 (m, 2H), 5.55 (dd, J = 8.3, 2.8 Hz, 1H), 3.45 —
3.39 (m, 1H), 2.48 — 2.41 (m, 1H), 1.35 (s, 9H); '*C NMR (150 MHz, CDCl3) &
167.84, 167.80, 156.8, 146.0, 137.3, 137.2, 134.0, 133.0, 132.4, 131.5, 129.8, 128.9,
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128.6, 128.5, 127.0, 85.6, 72.0, 37.8, 27.8; ’F NMR (564 MHz, CDCl3) § -152.65 (s),
-152.70 (s); HRMS (ESI) caled C36H34aNO2 [M-BF4]": 512.2584, found: 512.2586.

OH
1-(3-(4-Hydroxyphenyl)-1-methoxy-1-oxopropan-2-yl)-2,4,6-triphenylpyridin-1-i
um tetrafluoroborate (29): Prepared via general procedure E; white solid; 'H NMR
(600 MHz, CDCl3) 8 7.92 (s, 2H), 7.86 — 7.83 (m, 2H), 7.79 — 7.46 (m, 13H), 6.62 (d,
J = 8.5 Hz, 2H), 6.44 (d, J = 8.4 Hz, 2H), 5.60 (t, J = 6.7 Hz, 1H), 3.70 (s, 3H), 3.15
(dd, J = 14.8, 7.1 Hz, 1H), 2.89 (dd, J = 14.8, 6.4 Hz, 1H); 3*C NMR (150 MHz,
CDCl3) 6 168.2, 157.1, 156.3, 132.9, 132.2, 131.9, 130.0, 129.8, 129.4, 128.7,116.3,
70.9, 53.9, 36.7; ’F NMR (564 MHz, CDCl3) § -151.85 (s), -151.90 (s); HRMS (ESI)
calcd C33H2sNO3 [M-BF4]": 486.2064, found: 486.2062.

Ph
| = ®BF4

~
Ph ®N Ph

1-Cyclohexyl-2,4,6-triphenylpyridin-1-ium tetrafluoroborate (2h): Prepared via
general procedure E; white solid; "H NMR (600 MHz, CDCl3) § 7.76 (s, 2H), 7.71 (4,
J=6.8 Hz, 6H), 7.63 — 7.52 (m, 6H), 7.49 (t, J = 7.4 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H),
4.64 — 4.55 (m, 1H), 2.15 — 2.05 (m, 2H), 1.61 — 1.52 (m, 2H), 1.52 — 1.40 (m, 2H),
1.37 = 1.30 (m, 1H), 0.78 — 0.67 (m, 2H), 0.65 — 0.54 (m, 1H); '*C NMR (150 MHz,
CDCl3) & 157.2, 155.1, 134.12, 134.09, 131.9, 130.9, 129.6, 129.4, 128.9, 128.4,
128.2,72.0, 33.7, 26.6, 24.7; 'F NMR (564 MHz, CDCl3) § -153.30 (s), -153.36 (s).

Ph
| N ®BF4

—
Ph ®N Ph

O

2,4,6-Triphenyl-1-(tetrahydro-2H-pyran-4-yl)pyridin-1-ium  tetrafluoroborate
(2i): Prepared via general procedure E; yellowish solid; '"H NMR (400 MHz, CDCl3) &
7.79 —7.70 (m, 6H), 7.69 — 7.64 (m, 2H), 7.63 — 7.53 (m, 6H), 7.50 (t, J=7.4 Hz, 1H),
7.41 (t,J = 7.5 Hz, 2H), 4.94 — 4.80 (m, 1H), 3.76 — 3.65 (m, 2H), 2.78 (t, J = 11.2 Hz,
2H), 2.05 (d, J = 11.9 Hz, 2H), 1.92 — 1.78 (m, 2H); '3C NMR (600 MHz, CDCl3) §
157.3, 155.3, 134.1, 133.9, 132.1, 131.2, 129.7, 129.4, 129.1, 128.4, 128.3, 69.2, 67.9,
33.9; F NMR (376 MHz, CDCl3) § -152.86 (s), -152.92 (s);
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| A eBF4

/
Ph™ gN* Ph

N

Boc
1-(1-(tert-Butoxycarbonyl)piperidin-4-yl)-2,4,6-triphenylpyridin-1-ium
tetrafluoroborate (2j): Prepared via general procedure E; white solid; 'H NMR (600
MHz, CDCl3) 6 7.80 — 7.65 (m, 8H), 7.63 — 7.53 (m, 6H), 7.53 — 7.48 (m, 1H), 7.47 —
7.39 (m, 2H), 4.76 (t, J = 12.0 Hz, 1H), 4.02 — 3.79 (m, 2H), 2.27 — 2.00 (m, 4H), 1.72
— 1.55 (m, 2H), 1.30 (s, 9H); *C NMR (150 MHz, CDCls) § 157.2, 155.5, 154.3,
134.1, 133.9, 132.1, 131.2, 129.7, 129.4, 129.1, 128.4, 80.2, 70.0, 44.7, 43.8, 32.8,
28.4; F NMR (564 MHz, CDCl3) & -152.96 (s), -153.01 (s).

Ts

2,4,6-Triphenyl-1-(1-tosylpiperidin-4-yl)pyridin-1-ium tetrafluoroborate (2k) :
Prepared via general procedure E; white solid; 'H NMR (400 MHz, CDCl3) § 7.73 (s,
2H), 7.71 — 7.64 (m, 6H), 7.61 — 7.48 (m, 7H), 7.45 — 7.36 (m, 4H), 7.22 (d, J = 8.0
Hz, 2H), 4.58 — 4.47 (m, 1H), 3.63 — 3.54 (m, 2H), 2.40 (s, 3H), 2.25 — 2.16 (m, 2H),
1.85 — 1.70 (m, 4H); '3C NMR (150 MHz, CDCl3) & 157.3, 155.5, 143.9, 133.9, 133.7,
133.2, 132.2, 131.2, 129.8, 129.7, 129.3, 129.2, 128.4, 128.3, 127.5, 69.1, 46.4, 32.3,
21.7; "9F NMR (564 MHz, CDCl3) & -152.88 (s), -152.93 (s).

Ph
Xy ©BF,

—
P @N~ “Ph

1-(sec-Butyl)-2,4,6-triphenylpyridin-1-ium tetrafluoroborate (2l): Prepared via
general procedure E; white solid; 'H NMR (600 MHz, CDCls) & 7.81 (s, 2H), 7.76 —
7.66 (m, 6H), 7.61 — 7.55 (m, 6H), 7.53 — 7.50 (m, 1H), 7.49 — 7.44 (m, 2H), 4.85 —
4.77 (m, 1H), 1.92 — 1.81 (m, 1H), 1.51 — 1.43 (m, 1H), 1.40 (d, J= 7.0 Hz, 3H), 0.62
(t, J = 7.4 Hz, 3H); '3C NMR (150 MHz, CDCls) § 157.4, 155.3, 134.1, 134.0, 132.1,
131.0, 129.7, 129.4, 129.0, 128.4, 68.7, 30.2, 21.4, 11.3; ’F NMR (564 MHz, CDCl3)
8 -153.32 (s), -153.37 (s).
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(6]
o—/

1-(2-(Benzol[d][1,3]dioxol-5-yl)ethyl)-2,4,6-triphenylpyridin-1-ium
tetrafluoroborate (2m): Prepared via general procedure E; white solid; '"H NMR
(600 MHz, CDCls) 8 7.87 (s, 2H), 7.83 — 7.72 (m, 6H), 7.67 — 7.59 (m, 6H), 7.58 —
7.45 (m, 3H), 6.47 (d, J = 7.8 Hz, 1H), 5.84 (s, 2H), 5.74 (d, J = 7.7 Hz, 1H), 5.66 (s,
1H), 4.60 — 4.50 (m, 2H), 2.65 — 2.56 (m, 2H); '*C NMR (150 MHz, CDCl3) § 156.6,
156.1, 147.9, 146.8, 134.2, 132.9, 132.2, 131.3, 129.8, 129.5, 129.2, 128.9, 128.3,
126.8, 121.4, 108.6, 108.5, 101.1, 56.1, 35.5; '°F NMR (564 MHz, CDCls) § -153.12
(s), -153.17 (s).

COOMe
Ph

Methyl 3-phenyl-2-(3-(pyridin-2-yl)phenyl)propanoate (3a): 91% (58 mg); Yellow
oil; 'TH NMR (600 MHz, CDCIs) § 8.71 (d, J = 4.8 Hz, 1H), 7.96 (s, 1H), 7.89 (d, J =
7.6 Hz, 1H), 7.77 — 7.73 (m, 1H), 7.70 (d, J = 7.8 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H),
7.40 (d, J = 7.7 Hz, 1H), 7.27 — 7.23 (m, 3H), 7.21 — 7.14 (m, 3H), 3.98 (dd, J = 9.0,
6.5 Hz, 1H), 3.61 (s, 3H), 3.49 (dd, J = 13.8, 9.1 Hz, 1H), 3.10 (dd, J = 13.8, 6.4 Hz,
1H); *C NMR (150 MHz, CDCls) § 173.9, 157.3, 149.8, 139.9, 139.3, 139.1, 136.9,
129.2, 129.1, 128.6, 128.5, 126.8, 126.5, 126.2, 122.3, 120.8, 53.8, 52.1, 40.0; FT-IR
(thin film, KBr): v (cm) 2948, 1732, 1588, 1206, 696; HRMS (ESI) calcd
C21H20NO2 [M + H]": 318.1489, found: 318.1488.

COOMe

F
Ph

Methyl 2-(2-fluoro-5-(pyridin-2-yl)phenyl)-3-phenylpropanoate (3b): 90% (60
mg); Yellow oil; 'TH NMR (400 MHz, CDCl3) § 8.69 — 8.66 (m, 1H), 7.98 (dd, J = 7.0,
2.3 Hz, 1H), 7.92 — 7.86 (m, 1H), 7.76 — 7.71 (m, 1H), 7.66 — 7.62 (m, 1H), 7.26 —
7.20 (m, 3H), 7.20 — 7.08 (m, 4H), 4.29 (dd, J = 8.1, 7.3 Hz, 1H), 3.64 (s, 3H), 3.50
(dd, J = 13.8, 8.3 Hz, 1H), 3.10 (dd, J = 13.7, 7.2 Hz, 1H); 3C NMR (150 MHz,
CDCl3) 6 173.2,161.2 (d, J=249.1 Hz), 156.4, 149.8, 138.8, 136. 9, 135.9 (d,J=2.8
Hz), 129.1, 128.5, 128.0 (d, J = 3.8 Hz), 127.8 (d, J = 8.6 Hz), 126.6, 126.2 (d, J =
15.3 Hz), 122.2, 120.5, 116.0 (d, J = 23.1 Hz), 52.3, 46.0, 38.9; '’"F NMR (377 MHz,
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CDCI3) § -117.97 — -118.02 (m, 1F); FT-IR (thin film, KBr): v (cm™) 2956, 1732,
1503, 1214, 700; HRMS (ESI) calcd C21H19FNO2 [M + HJ": 336.1394, found:
336.1399.

N

COOMe

Br
Ph

Methyl 2-(2-bromo-5-(pyridin-2-yl)phenyl)-3-phenylpropanoate (3c): 82% (65
mg); Yellow oil; 'H NMR (600 MHz, CDCls) § 8.76 — 8.73 (m, 1H), 8.09 (d, J = 1.9
Hz, 1H), 7.84 — 7.77 (m, 2H), 7.74 — 7.68 (m, 2H), 7.31 — 7.26 (m, 5H), 7.25 — 7.21
(m, 1H), 4.58 (dd, J =9.1, 6.0 Hz, 1H), 3.67 (s, 3H), 3.47 (dd, J = 13.8, 9.1 Hz, 1H),
3.14 (dd, J = 13.8, 6.0 Hz, 1H); *C NMR (150 MHz, CDCl3) § 173.3, 156.2, 149.9,
139.2, 138.8, 138.6, 137.0, 133.6, 129.2, 128.5, 127.4, 127.3, 126.6, 125.7, 122.7,
120.6, 52.3, 52.2, 39.5; FT-IR (thin film, KBr): v (cm™) 2921, 1732, 1584, 1214, 704;
HRMS (ESI) caled C21H19”’BrNO:2 [M + H]'™: 396.0594, found: 396.0591.

N

COOMe

M
OMe ~pp

Methyl 2-(2-methoxy-5-(pyridin-2-yl)phenyl)-3-phenylpropanoate (3d): 97% (67
mg); Yellow oil; 'TH NMR (400 MHz, CDCl3) § 8.66 — 8.64 (m, 1H), 7.92 (dd, J = 8.6,
2.3 Hz, 1H), 7.87 (d, J = 2.3 Hz, 1H), 7.74 — 7.68 (m, 1H), 7.66 — 7.60 (m, 1H), 7.24
—7.19 (m, 2H), 7.19 — 7.12 (m, 4H), 6.94 (d, J = 8.6 Hz, 1H), 4.38 (dd, J = 8.4, 6.8
Hz, 1H), 3.80 (s, 3H), 3.62 (s, 3H), 3.43 (dd, J = 13.6, 8.4 Hz, 1H), 3.04 (dd, J = 13.6,
6.7 Hz, 1H); 3C NMR (150 MHz, CDCl3) § 174.2, 157.7, 157.1, 149.6, 139.7, 136.7,
132.1, 129.2, 128.2, 127.9, 127.19, 127.16, 126.3, 121.6, 120.1, 111.1, 55.9, 52.0,
46.5,39.0; FT-IR (thin film, KBr): v (cm™) 2921, 1736, 1463, 1253, 696; HRMS (ESI)
calcd C22H22NO3 [M + H]": 348.1594, found: 348.1603.

Methyl 2-(2-methyl-3-(pyridin-2-yl)phenyl)-3-phenylpropanoate (3f): 38% (25
mg); Yellow oil; 'TH NMR (600 MHz, CDCl3) § 8.73 — 8.69 (m, 1H), 7.76 (td, J = 7.7,
1.6 Hz, 1H), 7.51 (d, J = 7.5 Hz, 1H), 7.35 — 7.30 (m, 2H), 7.29 — 7.26 (m, 4H), 7.23
—7.17 (m, 3H), 4.26 (dd, J =9.0, 5.9 Hz, 1H), 3.63 (s, 3H), 3.49 (dd, J = 13.8, 9.1 Hz,
1H), 3.01 (dd, J = 13.8, 5.9 Hz, 1H), 2.22 (s, 3H); *C NMR (150 MHz, CDCl3) &
174.3, 160.8, 149.3, 141.8, 139.5, 138.5, 136.3, 133.9, 129.1, 128.9, 128.5, 127.1,

S15



126.5, 126.2, 124.6, 121.8, 52.1, 49.2, 39.8, 16.5; FT-IR (thin film, KBr): v (cm™)
2948, 1736, 1580, 1210, 700; HRMS (ESI) caled C22H21NO2Na [M + Na]": 354.1465,
found: 354.1460.

A

~-N

‘O COOMe
Ph

Methyl 3-phenyl-2-(3-(pyridin-2-yl)naphthalen-1-yl)propanoate (3g): 44% (32
mg), Yellow oil; 'H NMR (600 MHz, CDCls) § 8.79 — 8.75 (m, 1H), 8.46 (s, 1H),
8.24 (s, 1H), 8.16 (d, J = 8.3 Hz, 1H), 8.00 (d, J = 7.9 Hz, 1H), 7.87 (d, J = 7.9 Hz,
1H), 7.83 — 7.79 (m, 1H), 7.59 — 7.51 (m, 2H), 7.30 — 7.24 (m, 5H), 7.22 — 7.18 (m,
1H), 4.75 (dd, J=9.5, 5.4 Hz, 1H), 3.73 (dd, J = 13.8, 9.6 Hz, 1H), 3.61 (s, 3H), 3.24
(dd, J=13.8, 5.3 Hz, 1H); >*C NMR (150 MHz, CDCl3) & 174.2, 157.1, 150.0, 139.6,
136.9, 136.4, 135.8, 134.4, 131.7, 130.0, 129.1, 128.6, 127.2, 126.6, 126.5, 126.3,
124.0, 123.1, 122.4, 121.0, 52.3, 49.3, 39.6; FT-IR (thin film, KBr): v (cm™) 2921,
1731, 1586, 1205, 698; HRMS (ESI) calcd C2sH21NO2Na [M + Na]*: 390.1465, found:
390.1455.

Methyl 2-(3-(5-methylpyridin-2-yl)phenyl)-3-phenylpropanoate (3h): 56% (37
mg); Yellow oil; 'TH NMR (600 MHz, CDCl3) § 8.52 (s, 1H), 7.92 (s, 1H), 7.86 (d, J =
7.6 Hz, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.58 — 7.52 (m, 1H), 7.41 (t, J = 7.6 Hz, 1H),
7.37 (d, J =7.7 Hz, 1H), 7.26 — 7.22 (m, 2H), 7.20 — 7.14 (m, 3H), 3.96 (dd, J = 9.1,
6.4 Hz, 1H), 3.60 (s, 3H), 3.48 (dd, J = 13.8, 9.2 Hz, 1H), 3.09 (dd, J = 13.8, 6.3 Hz,
1H), 2.38 (s, 3H); *C NMR (150 MHz, CDCls) & 173.9, 154.6, 150.2, 140.0, 139.3,
139.2, 137.4, 131.9, 129.2, 129.1, 128.5, 128.2, 126.6, 126.5, 126.0, 120.3, 53.8, 52.2,
40.0, 18.3; FT-IR (thin film, KBr): v (cm™) 2952, 1729, 1561, 1210, 700; HRMS (ESI)
calcd C22H22NO2 [M + H]": 332.1645, found: 332.1652.

Methyl 2-(3-(5-acetylpyridin-2-yl)phenyl)-3-phenylpropanoate (3i): 50% (36 mg);
Yellow oil; 'H NMR (400 MHz, CDCl3) § 9.23 (dd, J =2.3, 0.7 Hz, 1H), 8.29 (dd, J =
8.3,2.3 Hz, 1H), 8.01 (s, 1H), 7.96 (dt, J = 6.8, 2.0 Hz, 1H), 7.81 (dd, J =8.3, 0.7 Hz,
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1H), 7.48 — 7.42 (m, 2H), 7.25 — 7.22 (m, 2H), 7.20 — 7.13 (m, 3H), 3.97 (dd, J = 8.9,
6.6 Hz, 1H), 3.62 (s, 3H), 3.48 (dd, J = 13.7, 8.9 Hz, 1H), 3.10 (dd, J = 13.7, 6.6 Hz,
1H), 2.67 (s, 3H); *C NMR (150 MHz, CDCI3) & 196.6, 173.8, 160.8, 150.3, 139.6,
139.0, 138.7, 136.5, 130.8, 129.8, 129.4, 129.1, 128.5, 127.3, 126.6, 120.4, 53.8, 52.2,
40.0, 26.9; FT-IR (thin film, KBr): v (cm") 2929, 1725, 1682, 1588, 1273; HRMS
(ESI) caled C23H22NOs3 [M + H]™: 360.1594, found: 360.1586.

X
_N
O COOMe

Ph

Methyl 2-(3-(isoquinolin-1-yl)phenyl)-3-phenylpropanoate (3j): 43% (32 mg);
Yellow oil; '"H NMR (600 MHz, CDCl3) & 8.60 (d, J = 5.7 Hz, 1H), 7.89 — 7.85 (m,
2H), 7.68 (t, J = 7.6 Hz, 1H), 7.64 (d, J = 5.6 Hz, 1H), 7.61 — 7.58 (m, 1H), 7.57 (s,
1H), 7.52 — 7.47 (m, 3H), 7.25 (t, J = 7.3 Hz, 2H), 7.19 (t, J = 7.3 Hz, 1H), 7.15 (d, J
= 7.9 Hz, 2H), 3.95 (t, J = 7.8 Hz, 1H), 3.61 (s, 3H), 3.47 (dd, J = 13.7, 8.6 Hz, 1H),
3.12 (dd, J = 13.7, 7.0 Hz, 1H); '3*C NMR (150 MHz, CDCl3) § 173.8, 160.5, 142.3,
140.0, 139.1, 138.7, 137.0, 130.1, 130.0, 129.1, 128.9, 128.5, 128.1, 127.6, 127.4,
127.1, 126.8, 126.5, 120.2, 53.7, 52.2, 40.0; FT-IR (thin film, KBr): v (cm™) 2925,
1736, 1553, 1202, 700; HRMS (ESI) calcd C2sH21NO2Na [M + Na]": 390.1465, found:
390.1457.

M

NN

COOMe

Ph

Methyl 3-phenyl-2-(3-(pyrimidin-2-yl)phenyl)propanoate (3k): 84% (53 mg);
Yellow oil; "H NMR (600 MHz, CDCl3) § 8.81 (d, J = 4.8 Hz, 2H), 8.44 (s, 1H), 8.38
— 8.34 (m, 1H), 7.48 — 7.43 (m, 2H), 7.26 — 7.22 (m, 2H), 7.20 — 7.16 (m, 4H), 4.00
(dd, J=9.1, 6.4 Hz, 1H), 3.61 (s, 3H), 3.50 (dd, J = 13.8, 9.1 Hz, 1H), 3.12 (dd, J =
13.8, 6.4 Hz, 1H); 3C NMR (150 MHz, CDCl3) & 173.8, 164.6, 157.4, 139.3, 139.1,
138.1, 130.4, 129.1, 128.5, 128.0, 127.4, 126.5, 119.3, 53.8, 52.1, 39.9; FT-IR (thin
film, KBr): v (cm™) 2921, 1729, 1553, 1160, 700; HRMS (ESI) calcd C20HisN202Na
[M + Na]": 341.1260, found: 341.1259.

Ph
COOMe

Methyl 2-(3-(1H-pyrazol-1-yl)phenyl)-3-phenylpropanoate (31): 79% (48 mg);
Yellow oil; '"H NMR (400 MHz, CDCl3) & 7.90 — 7.88 (m, 1H), 7.72 (d, J = 1.5 Hz,
1H), 7.67 (t, J = 1.9 Hz, 1H), 7.58 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 7.38 (t, J = 7.9 Hz,
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1H), 7.26 — 7.20 (m, 3H), 7.20 — 7.11 (m, 3H), 6.46 (dd, J = 2.4, 1.9 Hz, 1H), 3.92 (dd,
J=88, 6.8 Hz, 1H), 3.61 (s, 3H), 3.45 (dd, J = 13.7, 8.8 Hz, 1H), 3.07 (dd, J = 13.7,
6.8 Hz, 1H); 3C NMR (150 MHz, CDCl3) § 173.5, 141.3, 140.5, 140.3, 138.8, 129.8,
129.1, 128.5, 127.0, 126.6, 126.1, 119.0, 118.3, 107.8, 53.6, 52.3, 39.9; FT-IR (thin
film, KBr): v (cm™) 2952, 1729, 1596, 1164, 696; HRMS (ESI) calcd Ci9H19N202 [M
+H]": 307.1441, found: 307.1444.

COOMe

Ph

Methyl 2-(3-(9-isopropyl-9H-purin-6-yl)phenyl)-3-phenylpropanoate (3m): 26%
(21 mg); Yellow oil; 'H NMR (600 MHz, CDCl3) & 9.02 (s, 1H), 8.77 — 8.73 (m, 2H),
8.20 (s, 1H), 7.53 — 7.48 (m, 2H), 7.25 — 7.21 (m, 2H), 7.21 — 7.15 (m, 3H), 5.03 —
4.95 (m, 1H), 4.04 (dd, J = 9.1, 6.4 Hz, 1H), 3.61 (s, 3H), 3.52 (dd, J = 13.8, 9.2 Hz,
1H), 3.15 (dd, J = 13.8, 6.3 Hz, 1H), 1.68 (d, J = 6.8 Hz, 6H); >*C NMR (150 MHz,
CDCl) 6 173.9, 154.6, 152.3, 152.2, 142.2, 139.3, 139.2, 136.4, 131.7, 130.5, 129.3,
129.13, 129.08, 128.5, 126.5, 53.8, 52.2, 47.4, 39.9, 22.8; FT-IR (thin film, KBr): v
(cm™) 2925, 1736, 1577, 1218, 696; HRMS (ESI) calcd C24H25N4O2 [M + HJ™:
401.1972, found: 401.1968.

N

COOMe

Methyl 4-methyl-2-(3-(pyridin-2-yl)phenyl)pentanoate (4a): 77% (44 mg); Yellow
oil; 'TH NMR (600 MHz, CDCIs) § 8.69 (d, J = 4.5 Hz, 1H), 7.94 (s, 1H), 7.87 (d, J =
7.5 Hz, 1H), 7.79 — 7.70 (m, 2H), 7.43 (t, J = 7.6 Hz, 1H), 7.40 — 7.36 (m, 1H), 7.24 —
7.21 (m, 1H), 3.77 (t, J = 7.8 Hz, 1H), 3.65 (s, 3H), 2.08 — 1.99 (m, 1H), 1.76 — 1.69
(m, 1H), 1.56 — 1.45 (m, 1H), 0.92 (d, J = 6.6 Hz, 3H), 0.91 (d, J = 6.6 Hz, 3H); 1°C
NMR (150 MHz, CDCl3) 6 174.8, 157.4, 149.8, 140.1, 139.9, 136.9, 129.2, 128.5,
126.9, 125.9, 122.3, 120.9, 52.1, 49.7, 42.7, 26.1, 22.7, 22.5; FT-IR (thin film, KBr):
v (cm™) 2952, 1732, 1588, 1152, 766; HRMS (ESI) caled CisH21NO2Na [M + Na]':
306.1465, found: 306.1468.

COOMe
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Methyl (3R)-3-methyl-2-(3-(pyridin-2-yl)phenyl)pentanoate (4b): 63% (36 mg,
1:1.2 dr); Yellow oil; '"H NMR (600 MHz, CDCl3) § 8.69 (d, J = 4.7 Hz, 1H), 7.94 (s,
1H), 7.92 — 7.87 (m, 1H), 7.77 — 7.71 (m, 2H), 7.45 — 7.39 (m, 2H), 7.23 (dd, J = 8.1,
3.6 Hz, 1H), 3.66 (s, 3H), 3.39 (d, J = 6.7 Hz, 1H)/ 3.37 (d, J = 6.6 Hz, 1H), 2.28 —
2.18 (m, 1H), 1.60 — 1.53 (m, 0.55H), 1.24 — 1.18 (m, 1.45H), 1.03 (d, J = 6.5 Hz,
1.65H)/0.71 (d, J = 6.7 Hz, 1.35H), 0.96 (t, J = 7.4 Hz, 1.35H)/ 0.79 (t, J = 7.4 Hz,
1.65H); '3C NMR (150 MHz, CDCl3) & 174.7/174.6, 157.4, 149.8, 139.7, 139.0/138.9,
136.9, 129.2/129.1, 129.08/129.06, 127.5, 126.02/125.99, 122.3, 120.9, 58.6, 51.9,
38.13/38.07, 28.1/26.3, 17.4/16.4, 11.3/10.9; FT-IR (thin film, KBr): v (cm™) 2962,
1732, 1584, 1193, 771; HRMS (ESI) calcd Ci1sH22NO2 [M + H]": 284.1645, found:
284.1655.

_-N

o}
NEt,
Ph

N,N-Diethyl-3-phenyl-2-(3-(pyridin-2-yl)phenyl)propenamide (4c): 96% (69 mg);
Yellow oil; "H NMR (600 MHz, CDCl3) § 8.69 (d, J = 4.6 Hz, 1H), 7.90 (s, 1H), 7.88
(d, J=6.6 Hz, 1H), 7.74 (t, J = 7.7 Hz, 1H), 7.68 (d, J = 7.9 Hz, 1H), 7.43 — 7.38 (m,
2H), 7.25 - 7.20 (m, 3H), 7.19 — 7.13 (m, 3H), 4.02 (dd, J= 8.7, 5.9 Hz, 1H), 3.55 (dd,
J=13.3, 8.9 Hz, 1H), 3.40 — 3.32 (m, 1H), 3.30 — 3.22 (m, 2H), 3.06 — 2.93 (m, 2H),
1.02 (t, J = 7.1 Hz, 3H), 0.86 (t, J = 7.1 Hz, 3H); *C NMR (150 MHz, CDCls) §
171.6, 157.4, 149.8, 140.9, 140.3, 139.8, 136.9, 129.4, 129.3, 128.7, 128.3, 126.7,
126.3, 125.8, 122.3, 120.9, 51.3, 42.0, 41.9, 40.8, 14.5, 13.0; FT-IR (thin film, KBr):
v (cm™) 2971, 2929, 1627, 1432, 700; HRMS (ESI) caled C24H27N20 [M + H]*:
359.2118, found: 359.2119.

N

Br COOMe

Methyl (3R)-2-(2-bromo-5-(pyridin-2-yl)phenyl)-3-methylpentanoate (4d): 39%
(28 mg, 1:1.1 dr); Yellow oil; 'H NMR (600 MHz, CDCl3)  8.69 — 8.67 (m, 1H), 8.16
— 8.13 (m, 1H), 7.81 — 7.77 (m, 1H), 7.76 — 7.70 (m, 2H), 7.67 (dd, J = 8.4, 2.3 Hz,
1H), 7.25 — 7.22 (m, 1H), 4.13 — 4.07 (m, 1H), 3.68 (s, 1.57H)/3.67 (s, 1.43H), 2.31 —
2.20 (m, 1.3H)/1.65 — 1.58 (m, 0.7H), 1.33 — 1.25 (m, 1H), 1.07 (d, J = 6.5 Hz,
1.57H)/0.74 (d, J = 6.8 Hz, 1.43H), 0.97 (t, J = 7.4 Hz, 1.43H)/0.81 (t, J = 7.4 Hz,
1.57H); 3C NMR (150 MHz, CDCls) & 174.2/174.1, 156.4, 149.9, 139.22/139.17,
138.3/138.1, 137.0, 133.4, 127.6/127.5, 127.20/127.15, 126.72/126.70, 122.6, 120.7,
55.7/55.6, 52.1, 39.1/38.9, 28.0/26.0, 17.3/15.7, 11.3/11.2; FT-IR (thin film, KBr): v
(cm™) 2963, 1736, 1455, 1170, 780; HRMS (ESI) calcd CisH21NO2”’Br [M + H]":
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362.0750, found: 362.0743.

COOMe
Br

S<

Methyl 2-(2-bromo-5-(pyridin-2-yl)phenyl)-4-(methylthio)butanoate (4e): 67%
(51 mg); Yellow oil; 'H NMR (600 MHz, CDCls) & 8.68 (d, J = 4.6 Hz, 1H), 7.96 (d,
J=2.1 Hz, 1H), 7.80 — 7.72 (m, 2H), 7.68 (t, J = 8.5 Hz, 2H), 7.27 — 7.22 (m, 1H),
4.41 (t,J=7.2 Hz, 1H), 3.70 (s, 3H), 2.54 — 2.49 (m, 2H), 2.49 — 2.42 (m, 1H), 2.16 —
2.10 (m, 1H), 2.10 (s, 3H); '3C NMR (150 MHz, CDCl3) & 173.5, 156.1, 149.9, 139.4,
138.7, 137.0, 133.7, 127.39, 127.35, 125.7, 122.7, 120.6, 52.5, 49.1, 32.3, 32.0, 15.5;
FT-IR (thin film, KBr): v (cm™) 2913, 1729, 1588, 1219, 778; HRMS (ESI) calcd
C17H19””BrNO:2S [M + H]": 380.0314, found: 380.0306.

B
" Spn

tert-Butyl 2-(2-bromo-5-(pyridin-2-yl)phenyl)-3-phenylpropanoate (4f): 76% (67
mg); Yellow oil; "H NMR (600 MHz, CDCl3) & 8.71 (d, J = 4.7 Hz, 1H), 8.13 (d, J =
1.9 Hz, 1H), 7.82 (dd, J = 8.3, 2.0 Hz, 1H), 7.78 — 7.75 (m, 1H), 7.72 — 7.66 (m, 2H),
7.30 — 7.25 (m, 5H), 7.24 — 7.18 (m, 1H), 4.44 (dd, J=9.4, 5.8 Hz, 1H), 3.37 (dd, J =
13.8, 9.5 Hz, 1H), 3.10 (dd, J = 13.8, 5.8 Hz, 1H), 1.36 (s, 9H); '*C NMR (150 MHz,
CDCls) 6 172.0, 156.3, 149.9, 139.2, 139.14, 139.06, 137.0, 133.5, 129.3, 128.4,
127.1, 126.5, 125.8, 122.6, 120.5, 81.4, 53.1, 39.4, 28.0; FT-IR (thin film, KBr): v
(cm™) 2929, 1725, 1460, 1144, 778; HRMS (ESI) calcd C24H2sNO2”’Br [M + H]":
438.1063, found: 438.1066.

Methyl 3-(4-hydroxyphenyl)-2-(2-methoxy-5-(pyridin-2-yl)phenyl) propano-ate
(49): 92% (67 mg); Yellow oil; 'TH NMR (600 MHz, CDCI3) & 8.63 (d, J = 4.4 Hz,
1H), 7.89 — 7.85 (m, 1H), 7.84 (d, J = 1.2 Hz, 1H), 7.72 (t, J = 7.7 Hz, 1H), 7.63 (d, J
= 8.0 Hz, 1H), 7.21 — 7.16 (m, 1H), 6.96 — 6.87 (m, 3H), 6.62 (d, J = 8.3 Hz, 2H),
431 (t, J = 7.6 Hz, 1H), 3.77 (s, 3H), 3.60 (s, 3H), 3.31 (dd, J = 13.8, 8.3 Hz, 1H),
2.95 (dd, J = 13.8, 7.0 Hz, 1H); *C NMR (150 MHz, CDCl3) § 174.6, 157.8, 157.3,
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154.8, 149.4, 137.1, 131.8, 131.1, 130.2, 127.9, 127.4, 127.4, 121.8, 120.6, 115.2,
111.2,55.9, 52.1, 46.7, 38.0; FT-IR (thin film, KBr): v (cm™) 2925, 1732, 1596, 1210,
778; HRMS (ESI) calcd C22H22NO4 [M + H]™: 364.1543, found: 364.1541.

2-(3-Cyclohexylphenyl)pyridine (4h): 44% (21 mg); Yellow oil; '"H NMR (600 MHz,
CDCl3) 6 8.70 (d, J =4.7 Hz, 1H), 7.87 (s, 1H), 7.77 (d, J = 7.7 Hz, 1H), 7.74 — 7.71
(m, 2H), 7.39 (t, J = 7.7 Hz, 1H), 7.29 — 7.26 (m, 1H), 7.23 — 7.20 (m, 1H), 2.61 (tt, J
=11.9, 3.2 Hz, 1H), 1.97 — 1.91 (m, 2H), 1.89 — 1.83 (m, 2H), 1.79 — 1.74 (m, 1H),
1.55 — 1.47 (m, 2H), 1.45 — 1.37 (m, 2H), 1.33 — 1.23 (m, 1H); '*C NMR (150 MHz,
CDCI3) o 158.0, 149.8, 148.8, 139.5, 136.8, 128.8, 127.6, 125.8, 124.6, 122.1, 120.8,
44.9, 34.6, 27.1, 26.3; FT-IR (thin film, KBr): v (cm™) 2921, 2847, 1584, 1464, 770;
HRMS (ESI) calcd C17H20N [M + H]": 238.1590, found: 238.1588.

OMe

2-(3-Cyclohexyl-4-methoxyphenyl)pyridine (4i): 29% (16 mg); Yellow oil; 'H
NMR (600 MHz, CDCI3) 6 8.66 (d, J=4.7 Hz, 1H), 7.88 (d, J =2.1 Hz, 1H), 7.79 (dd,
J=8.5, 2.2 Hz, 1H), 7.71 — 7.65 (m, 2H), 7.18 — 7.13 (m, 1H), 6.93 (d, J = 8.5 Hz,
1H), 3.88 (s, 3H), 3.04 — 2.97 (m, 1H), 1.91 — 1.80 (m, 4H), 1.79 — 1.72 (m, 1H), 1.55
— 1.42 (m, 4H), 1.34 — 1.25 (m, 1H); 3C NMR (150 MHz, CDCl3) § 157.9, 157.8,
149.6, 136.7, 136.6, 131.9, 125.5, 125.3, 121.3, 120.1, 110.6, 55.7, 37.2, 33.3, 27.3,
26.6; FT-IR (thin film, KBr): v (cm™) 2923, 2849, 1587, 1240, 779; HRMS (ESI)
calcd C1sH22NO [M + H]": 268.1696, found: 268.1698.

~-N

F

2-(3-Cyclohexyl-4-fluorophenyl)pyridine (4j): 65% (33 mg); Yellow oil; 'H NMR
(600 MHz, CDCl3) & 8.67 (d, J = 4.7 Hz, 1H), 7.91 (dd, J = 7.2, 2.1 Hz, 1H), 7.77 —
7.71 (m, 2H), 7.67 (d, J = 7.9 Hz, 1H), 7.22 — 7.18 (m, 1H), 7.10 — 7.06 (m, 1H), 2.92
(tt, J=12.1, 3.2 Hz, 1H), 1.94 — 1.83 (m, 4H), 1.77 (d, J = 13.0 Hz, 1H), 1.61 — 1.52
(m, 2H), 1.50 — 1.39 (m, 2H), 1.32 — 1.23 (m, 1H); *C NMR (150 MHz, CDCl3) &
161.6 (d, J = 247.3 Hz), 157.1, 149.8, 136.8, 135.6 (d, J = 2.8 Hz), 134.9 (d, J = 15.2
Hz), 126.8 (d, J = 5.7 Hz), 125.8 (d, J = 8.7 Hz), 122.0, 120.5, 115.7 (d, J = 23.7 Hz),
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37.7, 33.1, 27.0, 26.3; 'F NMR (377 MHz, CDCls) & -119.24 — -119.30 (m, 1F);
FT-IR (thin film, KBr): v (cnr') 2925, 2852, 1588, 1228, 778; HRMS (ESI) caled
Ci7H19NF [M + H]*: 256.1496, found: 256.1501.

~N

F 0}

2-(4-Fluoro-3-(tetrahydro-2H-pyran-4-yl)phenyl)pyridine (4k): 76% (39 mg);
Yellow oil; "H NMR (600 MHz, CDCl3) & 8.69 — 8.65 (m, 1H), 7.92 (d, J = 7.2 Hz,
1H), 7.80 — 7.76 (m, 1H), 7.76 — 7.71 (m, 1H), 7.66 (dd, J = 7.9, 0.7 Hz, 1H), 7.23 —
7.19 (m, 1H), 7.11 (t, J = 9.3 Hz, 1H), 4.09 (dd, J = 11.4, 4.1 Hz, 2H), 3.57 (t, J=11.7
Hz, 2H), 3.19 — 3.12 (m, 1H), 2.02 — 1.90 (m, 2H), 1.83 — 1.76 (m, 2H); *C NMR
(150 MHz, CDCls) 8 161.5 (d, J = 247.7 Hz), 156.8, 149.8, 136.9, 135.8 (d, J = 2.8
Hz), 132.8 (d, J = 14.8 Hz), 126.7 (d, J = 5.2 Hz), 126.4 (d, J = 8.7 Hz), 122.1, 120.4,
115.8 (d, J = 23.4 Hz), 68.5, 35.1, 32.6; 'F NMR (377 MHz, CDCl3) & -119.18 —
-119.24 (m, 1F); FT-IR (thin film, KBr): v (cm™) 2948, 2839, 1588, 1230, 778;
HRMS (ESI) caled Ci6H17NOF [M + H]"™: 258.1289, found: 258.1285.

tert-Butyl 4-(2-fluoro-5-(pyridin-2-yl)phenyl)piperidine-1-carboxylate (4l): 40%
(29 mg); Yellow oil; '"H NMR (600 MHz, CDCl3) & 8.67 (d, J = 4.5 Hz, 1H), 7.88 (d,
J=7.0Hz, 1H), 7.79 — 7.76 (m, 1H), 7.74 (t, J="7.7 Hz, 1H), 7.66 (d, J=7.9 Hz, 1H),
7.24—-7.19 (m, 1H), 7.11 (t, J = 9.2 Hz, 1H), 4.37 —4.17 (m, 2H), 3.09 — 3.02 (m, 1H),
2.90 —2.77 (m, 2H), 1.89 — 1.83 (m, 2H), 1.82 — 1.71 (m, 2H), 1.48 (s, 9H); *C NMR
(150 MHz, CDCl3) 6 161.5 (d, J=247.7 Hz), 156.8, 154.9, 149.8, 136.9, 135.8 (d, J =
2.5 Hz), 132.8 (d, J = 14.9 Hz), 126.7 (d, J = 5.0 Hz), 126.4 (d, J = 8.7 Hz), 122.2,
120.4, 115.9 (d, J = 23.5 Hz), 79.6, 44.7, 36.0, 31.9, 28.6; ’F NMR (377 MHz,
CDCl3) & -119.16 (s, 1F); FT-IR (thin film, KBr): v (cm™) 2929, 1686, 1425, 1164,
774; HRMS (ESI) calcd C21H26FN202 [M + H]*: 357.1973, found: 357.1969.

F N.
Ts

2-(4-Fluoro-3-(1-tosylpiperidin-4-yl)phenyl)pyridine (4m): 59% (48 mg); Yellow
solid; 202-204 °C; "H NMR (600 MHz, CDCl3) & 8.69 — 8.63 (m, 1H), 7.85 (dd, J =
7.2, 2.2 Hz, 1H), 7.79 — 7.72 (m, 2H), 7.68 (d, J = 8.2 Hz, 2H), 7.65 (d, J = 8.0 Hz,
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1H), 7.35 (d, J = 8.0 Hz, 2H), 7.24 — 7.21 (m, 1H), 7.10 — 7.06 (m, 1H), 3.97 — 3.94
(m, 2H), 2.85 — 2.79 (m, 1H), 2.44 (s, 3H), 2.41 — 2.36 (m, 2H), 2.01 — 1.95 (m, 2H),
1.94 — 1.91 (m, 2H); 13C NMR (150 MHz, CDCl3) & 161.3 (d, J = 247.7 Hz), 156.6,
149.8, 143.7, 137.0, 135.9 (d, J = 3.0 Hz), 133.3, 131.9 (d, J = 14.9 Hz), 129.8, 127.9,
126.7 (d, I = 8.8 Hz), 126.5 (d, J = 4.9 Hz), 122.2, 120.4, 115.9 (d, J = 23.3 Hz), 47.0,
35.0, 31.3, 21.7; 'F NMR (377 MHz, CDCls) & -119.26 (s, 1F); FT-IR (thin film,
KBr): v (em!) 2925, 2858, 1432, 1160, 774; HRMS (ESI) caled Ca3H24FN202S [M +
H]*: 411.1537, found: 411.1542.

F

2-(3-(sec-Butyl)-4-fluorophenyl)pyridine (4n): 59% (27 mg); Yellow oil; 'H NMR
(600 MHz, CDCl3) & 8.68 — 8.67 (m, 1H), 7.87 (dd, J = 7.2, 2.3 Hz, 1H), 7.77 - 7.71
(m, 2H), 7.67 (d, J = 8.0 Hz, 1H), 7.23 — 7.20 (m, 1H), 7.11 — 7.07 (m, 1H), 3.06 —
3.01 (m, 1H), 1.74 — 1.65 (m, 2H), 1.32 (d, J = 7.0 Hz, 3H), 0.88 (t, J = 7.4 Hz, 3H);
3C NMR (150 MHz, CDCI3) § 161.8 (d, J =247.2 Hz), 157.1, 149.8, 136.9, 135.6 (d,
J=2.8Hz), 134.6 (d, J = 15.3 Hz), 127.1 (d, J = 5.8 Hz), 125.9 (d, J = 8.8 Hz), 122.0,
120.5, 115.7 (d, J = 23.8 Hz), 34.8, 30.1, 20.7, 12.4; ’F NMR (377 MHz, CDCl3) &
-118.74 (s, 1F); FT-IR (thin film, KBr): v (cm™) 2956, 2929, 1456, 1222, 774; HRMS
(ESI) caled CisHi7FN [M + H]": 230.1340, found: 230.1345.

2-(3-(2-(Benzo[d][1,3]dioxol-5-yl)ethyl)-4-fluorophenyl)pyridine (40): 63% (40 mg,
m:0 = 1:1.5); Yellow oil; '"H NMR (600 MHz, CDCI3) & 8.71 — 8.66 (m, 1H), 7.84 (dd,
J=17.3,2.1 Hz, 0.4H), 7.81 — 7.76 (m, 0.4H), 7.76 — 7.71 (m, 1H), 7.64 (d, J=7.9 Hz,
0.4H), 7.31 (dd, J = 8.3, 6.0 Hz, 0.6H), 7.34 — 7.27 (m, 1.2H), 7.24 — 7.20 (m, 0.4H),
7.11 (t, J = 9.0 Hz, 0.4H), 7.02 — 6.95 (m, 1.2H), 6.74 — 6.71 (m, 0.8H), 6.68 — 6.63
(m, 1H), 6.47 — 6.42 (m, 1.2H), 5.91 (s, 0.8H), 5.89 (s, 1.2H), 2.99 — 2.94 (m, 2H),
2.91 —2.86 (m, 0.8H), 2.71 — 2.66 (m, 1.2H); '*C NMR (150 MHz, CDCl3) & 162.8 (d,
J=247.0 Hz), 162.0 (d, J=247.7 Hz), 159.4, 156.8, 149.7, 149.3, 147.7, 147.6, 145.9,
145.8,142.4 (d, J= 7.4 Hz), 136.9, 136.6 (d, J = 2.9 Hz), 136.5, 135.5 (d, J = 4.2 Hz),
131.6 (d, J = 8.4 Hz), 129.5 (d, J = 5.5 Hz), 128.9 (d, ] = 16.4 Hz), 126.5 (d, J = 8.5
Hz), 124.2, 122.1, 122.0, 121.4, 121.2, 120.4, 116.6 (d, J = 21.1 Hz), 115.7 (d, J =
22.8 Hz), 113.1 (d, J =21.2 Hz), 109.1, 108.9, 108.3, 108.2, 100.9, 100.8, 37.3, 36.4,
35.7, 31.9; F NMR (377 MHz, CDCl3) & -114.07 — -114.13 (m, 0.6F), -118.79 —
-118.83 (m, 0.4F); FT-IR (thin film, KBr): v (cm™) 2925, 1495, 1234, 1035, 778;
HRMS (ESI) calcd C20H17FNO2 [M + H]": 322.1238, found: 322.1241.
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2-(3-(2-(Benzo[d][1,3]dioxol-5-yl)ethyl)phenyl)pyridine (4p): 33% (20 mg, m:0 =
1:1.5); Yellow oil; 'TH NMR (600 MHz, CDCl3) § 8.72 — 8.69 (m, 1H), 7.86 (s,
0.4H), 7.80 (d, J = 7.6 Hz, 0.4H), 7.77 — 7.70 (m, 1.6H), 7.39 (t, J = 7.6 Hz, 0.6H),
7.37 — 7.32 (m, 1.6H), 7.32 — 7.26 (m, 1.6H), 7.23 (t, J = 6.3 Hz, 0.8H), 6.75 — 6.71
(m, 0.8H), 6.65 (d, J = 7.9 Hz, 1H), 6.49 — 6.43 (m, 1.2H), 5.92 (s, 0.8H), 5.88 (s,
1.2H), 3.00 — 2.95 (m, 2H), 2.93 — 2.88 (m, 0.8H), 2.71 — 2.67 (m, 1.2H); 1*C NMR
(150 MHz, CDCl3) 8 160.3, 157.7, 149.8, 149.2, 147.7, 147.5, 145.8, 145.6, 142.3,
140.5, 139.8, 139.6, 136.9, 136.4, 136.0, 135.7, 130.1, 129.9, 129.3, 128.9, 128.5,
127.2, 126.3, 124.7, 124.2, 122.2, 121.9, 121.4, 121.2, 120.8, 38.5, 37.8, 37.7, 35.8;
FT-IR (thin film, KBr): v (cm™) 2921, 1491, 1245, 1039, 751; HRMS (ESI) calcd
C20H1sNO2 [M + H]": 304.1332, found: 304.1334.
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7. NMR Spectra for the substrates and products
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'"H NMR of 1l

9F'9—

9L
8EL
DEWw
EPiny
ShL

Z6°L

LbL _—
69°L —_—
1L .
£L°L

L

=560

—

) kzoz

FS6T

2001

30 25 20 15 10 05 0.0

35

95 90 85 80 75 70 65 60 55 50 435 40
£1 (ppm)

10.0

3C NMR of 1l

L9°L0L—

0g6l1— -
AR TARN

£8'9Z1-

<

1§'6Z1

08" 0P L~
SUIRL

.N

190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
£1 (ppm)

200

S29



'"H NMR of 1m
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'"H NMR of 1n
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'H NMR of 1p
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"H NMR of 2a
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F NMR of 2a
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3C NMR of 2b
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"H NMR of 2¢
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19F NMR of 2¢
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3C NMR of 2d
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"H NMR of 2e
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19F NMR of 2e
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3C NMR of 2f
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'H NMR of 2g
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YF NMR of 2g
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3C NMR of 2h
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'"H NMR of 2i

181
I8l
PR
S8'L
L1
881
0&6'1

la'l
POE
Lo'e

aLe
mh.mw
L8Z

89°€
69°€
L€
e

zLed

€87
ol
%.«W
88
68t

6E'Ln
15
i
Sp'iA
054
1§49
b4
S6'L

$5'4A
954
85°LA
65'L
65"
09'¢4
194
29't
29'L]
£9']
§9'L

o't
Lot

crid
seed

AN
— 50T

———— 6]

— FIIT

- 10T

)
£1 (ppm)

3C NMR of 2i

98'EE—

GR'LO~
SU69~"

62'8T14
LE'8T 1
80'6Z14
Pr6Tl

PESST~
GTLSL-

JL

30 20 10

40

130 120 110 100 90 80 70 60
£1 (ppm)

140

190 180 170 160

200

S46



19F NMR of 2i
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13C NMR of 2j
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'"H NMR of 2k
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19F NMR of 2k
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3C NMR of 2l
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'"H NMR of 2m
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19F NMR of 2m
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3C NMR of 3a
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8ET—
LO'Eq

80°E
G0'E
ar'e

9F'E-,

LFe
143
0s'g

09°€
56'%
96'%
96'¢
bt
L't
8L'L
6l'Lq
£2°41
b2 'L
5241
9€ L1
LE'L]
Ob'L]
1Py
£vL
55t
95°L
954
65 'L
194
8L

L8'L
Nm.m\\‘

58—

IR

COOMe

Ph

=1¥'E

6Tl
S6T1
~8T'¢
S8T1

0.0

s
£l (ppm)

wy
wi

6.0

3C NMR of 3h

E8l—

L00FP—

S1E6~
ZR'ECT

LE0ZL
§6'ST1
75921
85921
6181
G821
60621
LLezl
a81El”
TPLEl~

0z'6gl
6z'6el
Lo'6EL

LZosl—
€951 —

C6ELL—

=N

COOMe

Ph

30 20 10

40

130 120 110 100 90 80 70 60
£l (ppm)

140

190 180 170 160

00

S60



"H NMR of 3i

Ly'g—
LUE
%.mur
0re
483
Ske
8r'e
a3
153
79t
56t
LGS
86t
i
91'L
91t
8L
02t
£T'L
PTEA
PEL
PhL
Pl
Sh'eA
9L
08¢
08¢
78'L
Nm_Sr
N

108~

828
mw.mw
08
0g'8
£2°0
£2°6
€26
¥T'o

CQCOMe

Ph

L g

i
=101
801
Z9TE
/801

/STE
S86'1
10T
SLO'T
=00'1
Leo1

0T

=001

0.0

s
£l (ppm)

wy
wi

6.0

3C NMR of 3i

689T—

L00F—

FTES~
9L'es~"

mv.gm:
%.@N;
Tzl
et _ﬁ
60°621
1621
SL6TL
€801
Z59EL—
0L'8EL
g_mm%
85°6EL
sTsL—

9L091—

GLELL—

85961 —

@]

=N

COOMe

Ph

30 20 10

40

130 120 110 100 90 20 70 60
£l (ppm)

140

190 180 170 160

200

S61



SeTt
~60'1

Ph

'H NMR of 3j

~1T€
L ST

€0¢C
901
S
6l'E
LO1
960
w01
€Tl
£0C

— =001

MLI_—F‘u

I

0.0

wy
wi

6.0

f1 (ppm}

3C NMR of 3j

00'0F—

L1TS~
FLES

10

20

30

40

60

70

EIRVAR

£5°921
#89Z1
LLLZL
LELZL
GETLTI
[AR-TAN
I88Z1

v68Z1
16zl
€00l
rLogLd
86951
0L'8e
s0es
L676€1{
6z zhl
05091 —

PRELL—

90 80

100
f1 (ppm}

S62

110

120

Ph
170 160 150 140 130

~N

O COOMe

180

190

00



"H NMR of 3k

aL'e

:.mw

2t
Be\

66°C
00'F o
00
10

LL
Li'L
Lid
8L
BLL
al'L
€L
FT'L
ST'L
Pl
Sk _
p'L
9F'L
Ll
8Pl

SE'8Y
wm.mw
9g'8

ppss
188
18

COOMe

Ph

]

LTT
SET1
AYARS
SETT

JITF
60T
ere

—00'1
o
~76'1

9.0 85 8.0 75 7.0 6.5 6.0 55 50 45 4.0 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.5

10.0

3C NMR of 3k

06'68—

PLZE~
SLEST

1340
mvmm_ff
L6z1~k
OL8EL
£16el

Lz6el

S€'Lsl—

s Pl —

8'ELL—

L

COOMe

Ph

180 170 160 150 140 130 120 110 100 % %0 70 60 50 40 30 20 10
£l (ppm)

190

S63



"H NMR of 3l

S0
LD
80'E
o1'e

Zr'e
PFE
El 3
8F'E

19°¢
l6'e
483
g6t
ro'e

o0
=

o
== i

I
™
o
Nl
mal

2801
801

Ph
COOMe

=LT€
...Umwo._

0.5

2.0 15 1.0

25

4.0 35 30

4.5

5.0
£l (ppm)

6.0 55

6.5

9.0 85 80 75 7.0

9.5

0.0

3C NMR of 3l

LB'GE—

STTS~
£9'€6~"

SLL0L—

£E8ILy
£9-62
€8szl
sosl -
aLREL
STO0pL
MSEW
At

PSELL—

N

Ph
COOMe

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S64



"H NMR of 3m
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"H NMR of 4h
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'H NMR of 4j
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19F NMR of 4j
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3C NMR of 4k
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F NMR of 4
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