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ABSTRACT: In the literature, C—N coupling methods for the reaction of iodo-oxazole with 2-pyridinone were found to be low
yielding. C—N coupling using silver benzoate additives with Cul catalysts and 4,7-dimethoxy-1,10-phenanthroline ligands has been
developed to afford synthetically useful yields of the desired heterobicycle product. The reaction conditions are applied to the
coupling of a range of iodo-heterocycles with 2-pyridinone. The coupling of a variety of NH-containing heterocycles with 4-iodo-
oxazole is also demonstrated. The use of 2-, 4-, or S-iodo-oxazole allows for the coupling of pyridinone to each oxazole position.

1. INTRODUCTION groups on an oxazole core are highly desirable for use in
medicinal chemistry. While C—C coupling with oxazoles has
been well-developed using metalation,” direct Pd cross-
coupling,7_11 Suzuki,*~'* Negishi,15 or nickel-catalyzed
decarbonylation'® examples of C—N coupling are less
prevalent in the literature. This can be attributed to slow C—
N bond forming reductive elimination reactions using electron-
rich oxazole electrophiles.'” Amination of halo-oxazoles at the
electron-rich C(4)-position,'® in particular, is limited to a
singular report of Buchwald-Hartwig coupling of piperidines

Functionalized oxazoles are frequently featured in drug

designs.' The scope of the original Gabriel-Robinson oxazole

synthesis (Scheme 1a)”” has been improved through the use of

milder dehydrating reagents and improved access to cyclization
45 . . .

precursors.”” These strategies remain, however, inherently less

divergent, and single-step methods to diversify substituent

Scheme 1. Synthesis of Functionalized Oxazoles

a) Gabriel-Robinson oxazole synthesis® (Scheme 1b).19 In this work, we report optimization of
o o 0 Ry ci /<R1 conditions and scope of the copper-catalyzed coupling of halo-

RWANHz Brj)k% RHLN)}(RZ . N\' o azoles with aromatic nitrogen heterocycles.
Rs H o 0 Rg L, In the course of our drug discovery efforts, we required a

divergent synthesis of N-(oxazol-4-yl)pyridones (Scheme 1d).

b) Example of C(4) amination of 4-halo-oxazole'®
A C-N coupling was envisioned to enable their rapid and
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0 Br @ mol%) Ph modular synthesis. The Buchwald-Hartwig amination reac-
R N -~ N*]/ . .20 :
\QH \[O\>—Ph NaOBU 'OCNAQ\/ S tion™" has been developed into one of the most useful methods
THF, 40°C to forge C—N bonds.”' This includes the coupling of aryl-
¢) Copper catalyzed aryl-N-pyridinone coupling?” halides with common nitrogen heterocycles22 or amides using
o Cul (5 mol %) Pd catalysts.”* Buchwald®*** and Taillefer’® also pioneered the
" L1758 mol %) 2 use of auxiliary ligands to expand the scope of C—N coupling
A . : . ,
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phenanthroline to catalyze the heteroarylation of 2-hydroxy-
pyridines bears directly on the present case (Scheme 1c).”’

2. RESULTS AND DISCUSSION

Initial attempts to couple 2-pyridinone with 4-iodo-2-phenyl-
oxazole proved unsatisfactory. Two sets of conditions employ-
ing Pd catalysts previously applied to couplings of 4-halo-
oxazole failed to furnish the desired bicyclic product (Table 1,

Table 1. Optimization of Coupling Conditions

i ,,<Ph Conditi
onaitions
N=
o)
Cr A »v
= I o 1M DMSO
125°C
2-pyridone 1a 18 h
(1.1 equiv) 4-iodo-oxazole Coupled Heteroblcycle
MeO OMe NHMe
L1= — 2=/ 7 N\
o 7\ Q /Q ) L
N N= N N= "“'NHMe
. Base Additive Assay
Entry Catalyst % Ligand % : .
4 4 ? 9 : (2 equiv) (1equiv) vield (%)?
1 Pdy(dba); 5  Xantphos 10 Cs,CO3 - 0
20 Peppsi-lPr 5 NaO'Bu - 0
3 cul 10 L1 15 K3PO, 14
4 Cul 10 L2 15 KsPO, <5
5 Cul 10 L3 15 K3POy4 - 0
6 Cul 10 TMEDA 15 K3POy4 - 0
7 Cul 10 L1 15 K3POy4 Ag,CO3 23
8 Cul 10 L1 15 NaOBu  Ag,CO3 31
9 Cul 10 L1 15 KOH Ag,CO3 39
10 Cul 10 L1 15 Cs,CO;  Ag,COs 49
11 Cul 10 L1 15 K,CO3 Ag,CO;3 53
12 cul 10 L1 15 K,CO4 AgOBz 63
13¢  Cul 10 L1 15 K,CO3 AgOBz 72
149 cul 10 L1 15 K,CO4 AgOBz 81 (77)°
159 Cul 10 L1 15 K,CO3 AgOBz 20°

“Average HPLC assay yield for two reactions using an internal
standard. "THF, 40 °C. €0.05 M. “0.025 M. “Isolated yield. /1 Using 4-
bromo-2-phenyloxazole in place of 4-iodo-2-phenyloxazole 1a.

entries 1—2). The Buchwald group has also shown that use of
the Cul catalyst with the 4,7-dimethoxy-1,10-phenanthroline
ligand (L1) is an optimal ligand for heterocycle coupling,”® and
in our case, the yield improved to 14% (entry 3). Switching the
ligand to phenanthroline provided <5% product (entry 4).
Amide coupling conditions using TMEDA or trans-1,2-
methylamino-cyclohexane (L3) also did not provide any of
the desired product (entry S, 6).

The use of silver additives to increase the reaction yield for
the palladium-catalyzed direct arylation of aryl iodides has
been reported. By sequestering iodide with Ag,COj rather than
K,CO; the yield is increased from 64 to 99%.”” For copper
catalysis, direct arylation of benzodithiophene-S,S-tetraoxide
with aryl iodides was found to be most efficient with
Ag,CO;.*® In a subsequent computation study, it was
determined that the Ag additive reduces the rate-limiting
Ph—I insertion through 2 Ag—1 interaction and oxidative
addition of Ph—TI on Ag.”' For Cu-catalyzed amide arylatlons
using excess bidentate ligands, Ar—I insertion is rate-hmltmg.
We therefore attempted to increase the yield of the oxazole
amide coupling by the addition of Ag,COj;, and a modest
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increase in the yield to 23% was observed (entry 7). We then
screened other bases (entries 8—11) and found K,CO; to be
best (entry 11, $3%). We then recognized that the solubility of
Ag,CO; could be limiting the reaction and switched to AgOBz;
the yield increased to 63% (entry 12). By lowering the reaction
concentration, we saw further improvement in the reaction
yield, 72% at 0.05 M (entry 13) and 81% yield at 0.025 M
(entry 14). We then isolated the product in 77% yield. Use of
4-bromo-2-phenyloxazole in place of 4-iodo-2-phenyloxazole is
lower yielding (entry 15, 20%).

The scope of N-heterocycles beyond 2-pyridinone was then
investigated (Figure 1). 3-Substituted 2-pyridinones afforded
modest yields (3, Br, 55%; 4: MeO, 54%; 5: EtO, 42%; 6: Me,
48%; and 7: F, 47%).

Pyridazin-3(2H)-one (8, 54%) or 6-methylpyridazin-3(2H)-
one (9, $8%) coupled in a similar yield. Pyrazole (10, 45%) or

Cul (10%) Ph
o L1 (15%) 4
Ph
i (0] N=
@ 9y N=( K,COj (2 equiv) 1o
Z /K/o AgOBz (1 equiv) | N
DMSO 125 °C Z
18 h
2-pyridone 1a
(1.1 equiv) 4-iodo-oxazole Coupled Heterobicycle
/<Ph /<Ph /<Ph /<Ph
o} N= o N= o N= o N=
Br | N&/O MeO ‘ N/J\/O EtO. ‘ N&/O Me ‘ N/J\/o
= = = =
3 4 5 6
55% 54% 42% 48%
Ph
Ph Ph Ph
N o0 N= o X N=
F NJ\/ ~° J\/O N N
I = | N | N @
N N =S
7 8 Me g 10
47% 54% 58% 45%
Ph Ph Ph Ph
N= N= N=" N="
N /1%/0 ~° o o}
4 (/\N 4\N 3 N\N X
= = N <
I Br
11 12 13 14
31% 7% 53% 46%
/<Ph /<Ph Ph
Ph
O N= N= 0O N=
o] o o O N=
HN)LNJ\/ Brj/f)\‘/g/ (/\N)LN S Nj)L 0
= = N
0N oF NJ\% Q\/N _
Me
15 16 17 18
51% 44% 67% 36%
/<Ph /<Ph /<Ph
0O N= O N= N=
O e s AR ot
N\ A~ \ A~
19 20 b 21
76% 58% 31%
Ph Ph Ph
Nf<o Nf<o N=
. A s
22 @ 23 -
l/ 24
56% 65% N\_N 62%

Cl

Figure 1. Scope of the N-heterocycle coupling partner.
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4-iodopyrazole (11, 31%) proved more challenging. Imidazole
12 coupled well (77%); however, 4-bromoimidazole 13 was
less efficiently coupled (53%). 1,2,4 Triazole (14, 46%) or S-
methylpyrimidine-2,4-dione (1S, 51%) both coupled at the
N1-position. The pyridinone regioisomer 3-bromopyridin-4-
one coupled in 44% yield (16). Next, we tested the scope of
fused bicyclic pyridinones. While imidazo[1,2-a]pyrazin-8-one
(18, 36%) proved to be one of the most challenging substrates,
thieno[2,3-c]pyridin-7-one (19, 76%) or furo[2,3-c]pyridin-
7(6H)-one (20, 58%) worked well. Indazole (21, 31%) was
lower yielding than 6-chloro-indole (22, 56%). Benzimidazole
(23, 65%) or 6-aza-indole (24, 62%) coupled in a moderate
yield.

The reaction of 2-pyridinone was then explored with
different iodo-heterocycles (Figure 2). 2-Iodo-benzoxazole

Cul (10%)
o) L1 (15%) o)
K2CO3 (2 equiv)
[ NH I—Het —_— | N
Z AgOBz (1 equiv) Pz
DMSO 125 °C
2-pyridinone 1b-1h 18h 25-31
(1.1 equiv) iodo-heterocycle Coupled heterocycle-

N-pyridin-2-ones

@9

48%

d%

77%

o

53%

0 e
Y & BN

Figure 2. Scope of iodo-heterocycle coupling with 2-pyridone to
provide N-pyridin-2-one heterocycles.

60%

P

)v“
30
41%

=
47°/

(25, 53%), 2-iodo-benzthiazole (26, 77%), 2-iodo-benzthio-
phene (27, 48%), 2-iodo-5-phenyl-1,3,4-oxadiazole (28, 60%),
3-iodo-1-phenyl-pyrazole (29, 65%), S-iodo-2-phenylthiazole
(30, 41%), and S-bromo-2-iodo-1-methyl-1H-benzo[d]-
imidazole (31, 47%) were all coupled successfully.

The coupling of iodo-oxazole regioisomers with 2-
pyridinone is presented in Figure 3. Use of 2-iodo-S-phenyl-
oxazole provides the 2-substituted product 32 in 63% yield.
Use of S-iodo-2-phenyloxazole as the substrate provides the S-
substituted product 33 in 49% yield. Using this method, we
can generate all three oxazole-pyridinone regioisomers. Steri-
cally encumbered 4-iodo-5-methyl-2-phenyloxazole is also
competent in the coupling reaction to provide 34 in 41% yield.

3. CONCLUSIONS

In summary, by using AgOBz as an additive, we have been able
to extend the scope of the Buchwald’s copper-catalyzed aryl
amine coupling reaction to include the coupling of iodo-azoles
with NH-containing heterocycles. We have demonstrated that
these coupling conditions can be used to couple oxazole to a
diverse range of heterocycles of pharmaceutical interest. High
selectivity for coupling of aromatic iodides allows incorpo-
ration of additional aromatic halides, I (11), Br (3, 13, 16), or

9806

Cul (10%)
o) L1 (15%) o)
K2CO3 (2 equiv)
‘ NH I—Het _— | N’HEt
Pz AgOBz (1 equiv) =
DMSO 125 °C
2-pyridinone 1a, 1i -1k 18 h 2,32-34
(1.1 equiv) iodo-heterocycle Coupled heterocycle-

N-pyridin-2-ones

O N
N N\
7 @Jl\}}?h
O™ pp =

63%

l\[(’}—Ph

1a

77%

[e) N
S @I Spn
o] | o
=
1j

49%

Figure 3. Synthesis of oxazole positional isomers.

Cl (22), that can subsequently be used for further
derivatization.

4. EXPERIMENTAL SECTION

4.1. General Information. All reactions were conducted
under an atmosphere of air unless otherwise indicated, using a
Teflon-coated magnetic stir bar at the temperature given.
Commercial reagents and anhydrous solvents were used
without further purification. Organic solvents, silver benzoate,
4,7-dimethoxyphenanthroline, potassium carbonate, copper(I)
iodide, pyridone, and 3-iodo-N-phenyl-pyrazole (1f) were
purchased from Sigma-Aldrich. 2-Iodobenzothiophene (1d)
was purchased from Frontier Scientific. Reactions were
monitored by liquid chromatography-mass spectroscopy
(LC—MS) (Agilent Technologies G6100 Series LC/MSD
Single Quad). Flash chromatography was carried out on a
CombiFlash R purification system using RediSep Rf Gold
silica gel (20—40 um), purchased from Teledyne Isco, Inc.
Preparative LC was performed on a Teledyne Isco CombiFlash
EZ Prep equipped with a Luna 5 ym 100 A 100 X 30 mm LC
column. Organic solutions were concentrated under reduced
pressure on a Heidolph rotary evaporator. 'H, “C{'H}, "F,
and *'P NMR spectra were recorded on a Bruker Advance
(400 MHz) spectrometer. 'H and "“C{'H} spectra are
internally referenced to residual proton solvent signals
(DMSO referenced at 6 2.50 ppm for 'H and § 39.52 ppm
for 13C; chloroform referenced at § 7.26 ppm for 'H and &
77.16 ppm for *C). Chemical shifts (5) are reported in parts
per million (ppm). The following abbreviations were used to
explain the multiplicities: s = singlet, d = doublet, t = triplet, q
= quartet, m = multiplet, br = broad. High resolution mass
spectral data were determined on a Synapt G2 QTOF mass
spectrometer.

4.2. Synthesis of 4-lodo-2-phenyoxazole. 1,3-Oxazole
(1.00 mL, 14.9 mmol, 1 equiv) was dissolved into a mixture of
anhydrous THF (6.4 mL) and anhydrous DMPU (5.2 mL)
and cooled to —78 °C. LHMDS (32 mL, 32 mmol, 2.1 equiv)
was then added dropwise and stirred for 1 h. After this time,
solid iodine (7.7 g, 30 mmol, 2 equiv) was added to the
reaction mixture and stirred for an additional 30 min at —78
°C. The cooling bath was then removed, and the reaction
mixture was left to warm to room temperature and stirred for

https://doi.org/10.1021/acsomega.1c00458
ACS Omega 2021, 6, 9804—9812
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48 h under a low positive pressure of N,. The reaction mixture
was then poured into a mixture of aqueous Na,$,0; (100 mL)
and diethyl ether (100 mL). The organic layer was washed
with brine (100 mL) and dried over MgSO,. After filtration,
the solvent was removed in vacuo. The residue was purified by
flash chromatography (silica, hexanes/EtOAc, 9:1) to afford
2,4-diiodooxazole (3.701 g, 77% yield). Characterization
matches with literature values.*

Under nitrogen, Pd(OAc), (6.12 mg, 0.027 mmol, 0.030
equiv) and 1,3,5-triaza-7-phosphaadamantane (9.44 mg, 0.054
mmol, 0.050 equiv) were added to degassed acetonitrile (0.45
M). After stirring for 5 min, this solution was transferred to a
separate vessel under nitrogen containing 2,4-diiodooxazole
(350 mg, 1.00 mmol, 1.0 equiv), phenylboronic acid (146 mg,
1.20 mmol, 1.2 equiv), and potassium hydrogen phosphate
(695 mg, 3.27 mmol, 3.3 equiv). The sealed vessel was heated
at 60 °C for 18 h. Upon cooling to room temperature, LC—MS
showed 100% conversion of the starting material, 19.5:1
mono:bis product ratio, and > 20:1 C2:C4 product isomer
ratio. The reaction mixture was filtered and the solid was
washed with DCM. The solvents were removed by rotary
evaporation and the title compound was purified by column
chromatography (silica gel, EtOAc/hexane) to give a white
solid (502 mg, 42% yield). Spectra are consistent with reported
literature.

4.3. General Procedures for the Synthesis of
Heteroaryl Halides. 4.3.1. Heteroaryl Halide Synthesis
Procedure A. Modified from a literature procedure.”* To a
flame-dried vial was added 1,3-azole (2.52 mmol, 1.0 equiv),
1,10-phenanthroline (2.52 mmol, 1.0 equiv), LiO'Bu (5.04
mmol, 2.0 equiv), CuBr, (0.126 mmol, 0.05 equiv), and iodine
(3.78 mmol, 1.5 equiv). Dry 1,4-dioxane (2 mL) was then
added to the mixture and heated to 80 °C. The mixture was
cooled to room temperature and filtered through a short pad of
silica gel. The silica gel was washed with EtOAc (20 mL) and
the combined filtrate was concentrated under reduced pressure
then purified by silica gel column chromatography to afford the
title compound(s).

4.3.2. Heteroaryl Halide Synthesis Procedure B. To a
flame-dried vial was added 1,3-azole (6.20 mmol, 1.0 equiv),
N-iodosuccinimide (13.64 mmol, 2.2 equiv), and chloroform
(4 mL). To the reaction mixture was added three drops of
trifluoroacetic acid and then heated to 65 °C. Once the starting
material was consumed, the reaction was cooled then diluted
with dichloromethane and washed with aqueous sodium
bicarbonate and brine. The organic phase was then dried
over sodium sulfate and filtered. The filtrate was concentrated
and the product purified by silica gel column chromatography
to yield the title compound(s).

4.3.3. 2-lodobenzo[d]oxazole (1b). General Procedure A
was used to obtain 1b as a white solid, yield 89% (549 mg).
Analytical data are consistent with the values reported in the
literature.*

4.3.4. 2-lodobenzo[d]thiazole (1c). General Procedure A
was used to obtain lc as a white solid, yield $5% (362 mg).
Analytical data are consistent with the values reported in the
literature.*

4.3.5. 2-lodo-5-phenyl-1,3,4-oxadiazole (1e). General
Procedure A was used to obtain le as a white solid, yield
76% (521 mg). Analytical data are consistent with the values
reported in the literature.”’

4.3.6. 5-lodo-2-phenylthiazole (1g). General Procedure B
was used to obtain 1g as a white solid, 63% yield (1.12 g). 'H
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NMR (400 MHz, CDCI3): 5 7.43—7.46 (m, 3H), 7.87 (s,
1H), 7.87—7.90 (m, 2H). *C{'H} NMR (101 MHz, CDCI3):
6 70.05, 126.44, 129.10, 130.50, 133.00, 151.46, 173.62 HRMS
(BSI), COHSINSH [M + H] + calculated m/z 287.9344;
found m/z 287.9336.

4.3.7. 2-lodo-5-bromo-1-methyl-1H-benzo[d]imidazole
(1h). General Procedure A was used to obtain 1h as a white
solid, 48% yield (408 mg). '"H NMR (400 MHz, DMSO-d,): &
3.76 (s, 3H), 7.38 (dd, ] = 8.56, 1.71 Hz, 1H), 7.59 (d, ] = 8.56
Hz, 1H), 7.79 (d, ] = 1.71 Hz, 1H). *C{'H} NMR (101 MHz,
DMSO-dq): 5 34.17, 110.29, 112.69, 114.57, 120.91, 125.63,
135.70, 146.38. HRMS (ESI), C8H6BrIN2H [M + H]*
calculated m/z 336.8837; found 336.8835.

4.3.8. 2-lodo-5-phenyloxazole (1i). General Procedure B
was used to obtain 1i as a white solid. Yield 52% (873 mg).
Analytical data are consistent with the values reported in the
literature.”

4.3.9. 5-lodo-2-phenyloxazole (1j). General Procedure B
was used to obtain 1j as a white solid. Yield 64% (1.08 g). 'H
NMR (400 MHz, CDCL,): 6 7.25 (s, 1H), 7.43—7.47 (m, 3H),
7.99-8.03 (m, 2H). BC{'H} NMR (101 MHz, CDCL): §
86.65, 12621, 126.70, 128.84, 130.79, 136.98, 166.42 HRMS
(ESI) CoH4INOH [M + H]* calculated m/z 271.9572; found
m/z 271.9576.

4.3.10. 4-lodo-5-methyl-2-phenyl-1,3-oxazole (1k). 5-
Methyl-2-phenyl-oxazole was synthesized using a literature
procedure.” 5-Methyl-2-phenyl-oxazole (150 mg, 0.94 mmol)
was then dissolved in THF (0.2 M) and cooled to —78 °C. To
the solution was added a solution of n-butyllithium (2.5 M, 1.1
equiv) and the reaction mixture stirred for 1 h. Solid I, (1
equiv) was then added to the solution and the reaction was
allowed to stir for another hour. The reaction mixture was then
diluted with water, extracted with CH,Cl, (3%), washed once
with aqueous brine, and dried over Na,SO, to afford a white
powder (41% yield, 110 mg). "H NMR (400 MHz, CDCL;): §
242 (s, 3H), 7.42—746 (m, 3H), 7.97-8.02 (m, 2H).
BC{'H} NMR (101 MHz, CDCL,): § 11.22, 81.73, 126.03,
126.73, 128.78, 130.49, 150.82, 161.88. HRMS (ESI)
C,oHgINOH [M + H]* calculated m/z 285.9729; found m/z
285.9724.

4.3.11. General Procedure for C—N Coupling. To a 40 mL
vial charged with a Teflon stir bar was added heteroaryl iodide
la—1k (0.1 mmol, 1.0 equiv), copper(I) iodide (0.01 mmol,
0.10 equiv), 4,7-dimethoxy-1,10-phenanthroline (0.015 mmol,
0.1S equiv), silver(I) benzoate (0.1 mmol, 1 equiv), potassium
carbonate (0.20 mmol, 2.0 equiv), aromatic heterocycle NH
(1.1 equiv), and DMSO (3 mL, 0.033 M). The reaction
mixture was stirred at 125 °C for 18 h, unless stated otherwise.
The reaction was filtered through a pad of celite and rinsed
with EtOAc, the filtrate was diluted with H,O (3 mL),
extracted with EtOAc (3 X 10 mL), washed again with
saturated aqueous LiCl (5 mL), and dried over Na,SO, then
filtered off. The crude mixture was then concentrated, and the
title compound purified via column chromatography using a
heptane/ethyl acetate solvent system unless stated otherwise.

4.3.12. 4-Pyridonyl-2-phenyloxazole (2). The title com-
pound was synthesized according to the general procedure for
C—N coupling using pyridin-2(1H)-one (10.5 mg) as the
heterocycle. The product was purified by silica gel column
chromatography Hep:EtOAc 1:1 to provide 2 as a white solid
in 77% yield (18.4 mg). 'H NMR (400 MHz, CDCL): & 6.42
(t, ] = 6.72 Hz, 1H), 6.73 (d, ] = 9.05 Hz, 1H), 7.42 (ddd, J =
9.05, 6.60, 1.96 Hz, 1H), 7.46—7.55 (m, 3H), 8.04—8.14 (m,
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2H), 8.61 (dd, J = 7.21, 1.83 Hz, 1H), 8.74 (s, 1H). BC{'H}
NMR (101 MHz, CDCL,): § 106.53, 121.06, 126.51, 126.79,
128.89, 130.44, 130.90, 132.89, 137.74, 138.84, 158.99, 160.73.
HRMS (ESI) C,,H;(N,O,Na [M + Nal]* calculated m/z
261.0640; found m/z 261.0628.

4.3.13. 3-Bromo-1-(2-phenyl-1,3-oxazol-4-yl)pyridin-
2(1H)-one (3). The title compound was synthesized according
to the general procedure for C—N coupling using 3-
bromopyridine-2(1H)-one (19.0 mg) as the heterocycle. The
product was purified by silica gel column chromatography
Hep:EtOAc 1:1 to provide 3 as a white solid in S5 yield%
(17.3 mg). "H NMR (400 MHz, CDCL): & 6.34 (t, ] = 7.1
Hz, 1H), 7.49—7.53 (m, 3H), 7.83 (dd, ] = 7.09, 1.71 Hz, 1H),
8.08—8.12 (m, 2H), 8.66 (dd, ] = 7.09, 1.71 Hz, 1H), 8.77 (s,
1H). BC{'H} NMR (101 MHz, CDCl,): § 106.26, 116.08,
126.13, 126.17, 128.58, 130.39, 130.68, 132.05, 137.33, 140.29,
156.40, 158.77. HRMS (ESI) C,,H,N,0,Na [M + Nal*
calculated m/z 338.9745; found m/z 338.9748.

4.3.14. 3-Methoxy-1-(2-phenyl-1,3-oxazol-4-yl)pyridin-
2(1H)-one (4). The title compound was synthesized according
to the general procedure for C—N coupling using 3-methoxy-
2(1H)-pyridinone (14.0 mg) as the heterocycle. The product
was purified by silica gel column chromatography Hep:EtOAc
1:1 to provide 4 as a white solid in 54% yield (14.5 mg). 'H
NMR (400 MHz, CDCL,): & 3.85-3.90 (m, 3H), 6.34 (t, ] =
7.34 Hz, 1H), 6.67 (dd, ] = 7.34, 1.47 Hz, 1H), 7.46—7.53 (m,
3H), 8.06—8.13 (m, 2H), 8.23 (dd, J = 7.21, 1.59 Hz, 1H),
8.77 (s, 1H). BC{*H} NMR (400 MHz, CDCl;): § 56.05,
105.51, 111.21, 123.81, 126.46, 126.83, 128.86, 130.50, 130.82,
137.82, 149.83, 156.31, 158.85. HRMS (ESI) C,H,,N,0;Na
[M + Na]* calculated m/z 291.0746; found m/z 291.0742.

4.3.15. 3-Ethoxy-1-(2-phenyl-1,3-oxazol-4-yl)pyridin-
2(1H)-one (5). The title compound was synthesized according
to the general procedure for C—N coupling using 3-ethoxy-
2(1H)-pyridinone (15.2 mg) as the heterocycle. The product
was purified by silica gel column chromatography Hep:EtOAc
1:1 to provide § as a white solid in 42% yield (15.3 mg). 'H
NMR (400 MHz, CDCL,): & 1.53 (t, ] = 6.97 Hz, 3H), 4.06 (q,
J =7.09 Hz, 2H), 6.32 (t, ] = 7.34 Hz, 1H), 6.66 (dd, ] = 7.34,
1.22 Hz, 1H), 7.45—7.54 (m, 3H), 8.07—8.14 (m, 2H), 8.23
(dd, ] = 7.34, 1.47 Hz, 1H), 8.77 (s, 1H). C{'H} NMR (101
MHz, CDCL,): §14.52, 64.53, 105.61, 112.09, 123.64, 126.46,
126.87, 128.86, 130.47, 130.81, 137.91, 149.09, 156.42, 158.83
HRMS (ESI) C,¢H;,N,O3;Na [M + Nal]* calculated m/z
305.0902; found m/z 305.0898.

4.3.16. 3-Methyl-1-(2-phenyl-1,3-oxazol-4-yl)pyridin-
2(1H)-one (6). The title compound was synthesized according
to the general procedure for C—N coupling using 3-
methylpyridine-2(1H)-one (12.0 mg) as the heterocycle. The
product was purified by silica gel column chromatography
Hep:EtOAc 1:1 to provide 6 as a white solid in 48% yield
(12.0 mg). 'H NMR (400 MHz, CDCL,): 5 2.25 (s, 3H), 6.34
(t, ] = 6.97 Hz, 1H), 7.29 (s, 1H), 7.46—7.54 (m, 3H), 8.07—
8.14 (m, 2H), 8.50 (dd, J = 7.21, 1.10 Hz, 1H), 8.75 (s, 1H).
BC{'H} NMR (101 MHz, CDCL): § 17.22, 106.45, 126.47,
126.85, 128.86, 129.80, 130.24, 130.43, 130.83, 136.08, 138.04,
158.88, 161.25. HRMS (ESI) C,sH,N,0,Na [M + Na]*
calculated m/z 275.0797; m/z found 275.0788.

4.3.17. 3-Fluoro-1-(2-phenyl-1,3-oxazol-4-yl)pyridin-
2(1H)-one (7). The title compound was synthesized according
to the general procedure for C—N coupling using 3-
fluoropyridin-2(1H)-one (12.4 mg) as the heterocycle. The
product was purified by silica gel column chromatography
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Hep:EtOAc 1:1 to provide 7 as a white solid in 47% yield
(12.2 mg). 'H NMR (400 MHz, CDCL,): & 6.34 (td, ] = 7.34,
4.65 Hz, 1H), 7.17 (ddd, ] = 9.05, 7.34, 1.71 Hz, 1H), 7.48—
7.53 (m, 3H), 8.07—8.12 (m, 2H), 8.42 (dt, ] = 7.34, 1.47 Hz,
1H), 8.76 (s, 1H). BC{'H} NMR (101 MHz, CDCL,): &
104.42, 104.48, 119.09, 119.26, 126.54, 126.57, 128.18, 128.23,
128.93, 130.67, 131.08, 159.17. HRMS (ESI) C,,H,FN,0,Na
[M + Na]* calculated m/z 279.0546; found m/z 279.0541.

4.3.18. 2-(2-Phenyl-1,3-oxazol-4-yl)pyridazin-3(2H)-one
(8). The title compound was synthesized according to the
general procedure for C—N coupling using pyridazin-3(2H)-
one (11.0 mg) as the heterocycle. The product was purified by
silica gel column chromatography Hep:EtOAc 1:1 to provide 8
as a white solid in 54% yield (12.9 mg). '"H NMR (400 MHz,
CDCly): § 7.12 (dd, ] = 9.54, 1.47 Hz, 1H), 7.31 (dd, ] = 9.54,
3.67 Hz, 1H), 7.46—7.52 (m, 3H), 8.13—8.20 (m, 3H), 8.69
(s, 1H). *C{'H} NMR (101 MHz, CDCL,): § 126.62, 126.84,
128.78, 130.13, 130.51, 130.77, 131.01, 137.54, 139.69, 158.53,
160.12. HRMS (ESI) C,3H,N;0,Na [M + Na]* calculated m/
z 262.0592; found m/z 262.0591.

4.3.19. 6-Methyl-2-(2-phenyl-1,3-oxazol-4-yl)pyridazin-
3(2H)-one (9). The title compound was synthesized according
to the general procedure for C—N coupling using 6-
methylpyridazin-3(2H)-one (12 mg) as the heterocycle. The
product was purified by silica gel column chromatography
Hep:EtOAc 1:1 to provide 9 as colorless oil in 58% yield (14.6
mg). "H NMR (400 MHz, CDCL,): & 2.55 (s, 3H), 7.05 (d, ] =
9.54 Hz, 1H), 7.21 (d, J = 9.29 Hz, 1H), 7.46—7.52 (m, 3H),
8.15 (dd, J = 6.60, 2.93 Hz, 2H), 8.63 (s, IH). *C{'H} NMR
(101 MHz, CDCly): § 21.37, 126.57, 126.84, 128.75, 129.97,
130.85, 131.00, 133.00, 139.49, 146.31, 158.32, 160.15. HRMS
(BSI) C;4H;;N;0,Na [M + Na]* calculated m/z 276.0749;
found m/z 276.0738.

4.3.20. 2-Phenyl-4-(1H-pyrazol-1-yl)-1,3-oxazole (10). The
title compound was synthesized according to the general
procedure for C—N coupling using 1H-pyrazole (7.5 mg) as
the heterocycle. The product was purified by silica gel column
chromatography Hep:EtOAc 1:1 to provide 10 as a white solid
in 45% yield (9.4 mg). '"H NMR (400 MHz, DMSO-d6): &
6.56 (t, ] = 1.96 Hz, 1H), 7.57—7.60 (m, 3H), 7.78—7.80 (m,
1H), 8.01-8.06 (m, 2H), 8.30 (d, J = 2.45 Hz, 1H), 8.53 (s,
1H). BC{'H} NMR (101 MHz, DMSO-d6): 6 107.87, 126.54,
126.58, 127.16, 128.90, 129.78, 131.77, 141.38, 142.27, 160.31.
HRMS (ESI) C;,HyN;ONa [M + Na]* m/z 234.0643; found
m/z 234.0634.

4.3.21. 4-(4-lodo-1H-pyrazol-1-yl)-2-phenyl-1,3-oxazole
(11). The title compound was synthesized according to the
general procedure for C—N coupling using 4-iodo-1H-pyrazole
(21.0 mg) as the heterocycle. The product was purified by
silica gel column chromatography Hep:EtOAc 1:1 to provide
11 as a white solid in 31% yield (10.4 mg). 'H NMR (400
MHz, DMSO-d6): § 7.56—7.61 (m, 3H), 7.90 (s, 1H), 8.04
(dd, J = 6.60, 2.93 Hz, 2H), 848 (s, 1H), 8.60 (s, 1H).
BC{'H} NMR (101 MHz, DMSO-d6): § 60.85, 126.43,
126.61, 127.73, 129.80, 131.87, 133.29, 140.72, 146.96, 160.36.
HRMS (GC CI-MS) C,HgIN;O [M]" calculated m/z
336.9712; found m/z 336.9699.

4.3.22. 4-(1H-Imidazol-1-yl)-2-phenyl-1,3-oxazole (12).
The title compound was synthesized according to the general
procedure for C—N coupling using 1H-imidazole (7.5 mg) as
the heterocycle. The product was purified by silica gel column
chromatography Hep:EtOAc 1:1 to provide 12 as a white solid
in 77% yield (16.3 mg). 'H NMR (400 MHz, DMSO-d6): &
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ppm 7.15 (br s, 1H), 7.57—7.61 (m, 3H), 7.70 (br s, 1H),
8.02—8.07 (m, 2H), 8.22 (s, 1H), 8.65 (s, 1H). BC{*H} NMR
(101 MHz, DMSO-d6): & 118.16, 126.43, 126.62, 127.60,
129.77, 130.00, 131.84, 135.89, 138.21, 160.51. HRMS (ESI)
C,HyN;OH [M + H]* calculated m/z 212.0824; found m/z
212.0827.

4.3.23. 4-(4-Bromo-1H-imidazol-1-yl)-2-phenyl-1,3-oxa-
zole (13). The title compound was synthesized according to
the general procedure for C—N coupling using 4-bromo-1H-
imidazole (16.0 mg) as the heterocycle. The product was
purified by silica gel column chromatography Hep:EtOAc 1:1
to provide 13 as a white solid in 53% yield (15.2 mg). 'H
NMR (400 MHz, DMSO-d6): § 7.58—7.61 (m, 3H), 7.90 (s,
1H), 8.01—8.05 (m, 2H), 8.24 (s, 1H), 8.65 (s, 1H). *C{'H}
NMR (101 MHz, DMSO-d6): § 116.21, 117.60, 126.27,
126.67, 128.30, 129.80, 131.98, 136.24, 137.44, 160.59. HRMS
(ESI) C,,HgBrN;OH [M + HJ* calculated m/z 289.9929;
found m/z 289.9933. The assignment is based on analogy to
arylations of 4-bromo-1H-imidazole as the heterocycle.*’

4.3.24. 1-(2-Phenyl-1,3-oxazol-4-yl)-1H-1,2,4-triazole (14).
The title compound was synthesized according to the general
procedure for C—N coupling using 1,2,4-triazole (7.6 mg) as
the heterocycle. The product was purified by silica gel column
chromatography Hep:EtOAc 1:1 to provide 14 as a white solid
in 46% yield (9.8 mg). '"H NMR (400 MHz, DMSO-d6): &
7.57—7.62 (m, 3H), 8.02—8.07 (m, 2H), 8.31 (s, 1H), 8.70 (s,
1H), 9.13 (s, 1H). BC{'"H} NMR (101 MHz, CDCl,): &
126.27, 126.70, 129.22, 129.84, 132.04, 138.35, 143.58, 153.42,
160.77. HRMS (ESI) C;;HgN,OH [M + H]* calculated m/z
213.0776; found m/z 213.0776.

4.3.25. 5-Methyl-1-(2-phenyl-1,3-oxazol-4-yl)pyrimidine-
2,4(1H,3H)-dione (15). 3-Benzoyl-S-methyl-2,4(1H,3H)-pyr-
imidinedione was synthesized via a literature procedure®' and
was used as the heterocycle (25.0 mg) coupling partner. The
title compound was synthesized according to the general
procedure for C—N coupling. The product was purified by
silica gel column chromatography Hep:EtOAc 1:1 to provide
15 as a white solid in S1% yield (13.6 mg). '"H NMR (400
MHz, DMSO-d6): § 1.91 (d, ] = 0.98 Hz, 3H), 7.56—7.60 (m,
3H), 8.02—8.07 (m, 2H), 8.25 (d, J = 1.22 Hz, 1H), 8.4 (s,
1H), 11.76 (s, 1H). *C{'H} NMR (101 MHz, DMSO-d6): 6
12.61, 111.05, 126.46, 126.57, 129.22, 129.75, 131.75, 136.06,
137.09, 149.13, 158.91, 163.91. HRMS (ESI) C,,H,;N;0;Na
[M + Na]* calculated m/z 292.0698; found m/z 292.0684.

4.3.26. 3-Bromo-1-(2-phenyl-1,3-oxazol-4-yl)pyridin-
4(1H)-one (16). The title compound was synthesized
according to the general procedure for C—N coupling using
3-bromopyridine-4(1H)-one (19.0 mg) as the heterocycle.
The product was purified by silica gel column chromatography
Hep:EtOAc 1:1 to provide 16 as a white solid in 44% yield
(13.8 mg). '"H NMR (400 MHz, CDCL): § 6.61 (d, J = 7.58
Hz, 1H), 7.49-7.57 (m, 3H), 7.87 (s, 1H), 7.92 (dd, ] = 7.83,
220 Hz, 1H), 8.07 (dd, J = 7.58, 1.71 Hz, 2H), 8.41 (d, J =
220 Hz, 1H). BC{'H} NMR (101 MHz, CDCL): § 116.55,
117.10, 124.59, 125.95, 126.70, 129.10, 131.74, 135.57, 136.59,
141.82, 161.65, 173.62. HRMS (ESI) C,,H,BrN,0,H [M +
H]" calculated m/z 316.9926; found m/z 316.9928.

4.3.27. 8-Methyl-6-(2-phenyl-1,3-oxazol-4-yl)imidazo[1,2-
cJpyrimidin-5(6H)-one (17). The title compound was
synthesized according to the general procedure for C—N
coupling using 8-methyl-6-imidazo[ 1,2-c]pyrimidin-S(6H)-one
(16.3 mg) as the heterocycle. The product was purified by
silica gel column chromatography Hep:EtOAc 1:1 to provide
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17 as a white solid in 67% yield (18.2 mg). 'H NMR (400
MHz, CDCL,): § 2.48 (d, ] = 1.22 Hz, 3H), 7.48 (d, ] = 1.47
Hz, 1H), 7.52 (quin, J = 3.18 Hz, 3H), 7.85 (d, ] = 1.47 Hz,
1H), 8.09-8.14 (m, 2H), 8.19 (d, J = 1.22 Hz, 1H), 8.46 (s,
1H). BC{'H} NMR (101 MHz, CDCI3): § 13.28, 109.03,
113.47, 124.37, 126.44, 126.53, 128.53, 128.89, 131.03, 132.82,
137.33, 144.13, 145.56, 159.37 HRMS (ESI) calculated for
C¢H,N,O,H [M + H]* 293.1039 found 293.1035.

4.3.28. 7-(2-Phenyl-1,3-oxazol-4-yl)imidazo[1,2-a]-
pyrazin-8(7H)-one (18). The title compound was synthesized
according to the general procedure for C—N coupling using
imidazo[1,2-a]pyrazin-8(7H)-one (17.0 mg) as the hetero-
cycle. The product was purified by silica gel column
chromatography DCM/methanol 90:10 to provide 18 as a
white solid in 36% yield (9.2 mg). 'H NMR (400 MHz,
DMSO-d6): 5 7.57 (s, 1H), 7.59—7.62 (m, 3H), 7.83 (d, ] =
6.11 Hz, 1H), 7.95 (s, 1H), 7.98 (d, ] = 6.11 Hz, 1H), 8.08
(dd, ] = 6.60, 2.93 Hz, 2H), 8.77 (s, 1H). ®C{'H} NMR (101
MHz, DMSO-d6): & 109.20, 115.92, 118.71, 126.46, 126.62,
129.81, 130.15, 131.82, 133.70, 136.82, 137.33, 151.37, 158.79.
HRMS (ESI) C;sH;(N,O,Na [M + Nal]* calculated m/z
301.0702; found m/z 301.0699.

4.3.29. 6-(2-Phenyl-1,3-oxazol-4-yl)thieno[2,3-c]pyridin-
7(6H)-one (19). The title compound was synthesized
according to the general procedure for C—N coupling using
thieno[2,3-c]pyridin-7(6H)-one (16.6 mg) as the heterocycle.
The product was purified by silica gel column chromatography
Hep:EtOAc 1:1 to provide 19 as a white solid in 76% yield
(22.3 mg). 'H NMR (400 MHz, CDCL): 5 6.88 (d, J = 7.34
Hz, 1H), 7.26—7.30 (m, 2H), 7.51 (m, ] = 3.30 Hz, 3H), 7.77
(d, J = 5.14 Hz, 1H), 8.10—8.15 (m, 1H), 8.54 (d, ] = 7.34 Hz,
1H), 8.73 (s, 1H). BC{"H} NMR (101 MHz, CDCL,): &
103.84, 124.42, 126.44, 126.82, 128.67, 128.85, 129.74, 130.08,
130.80, 134.16, 138.00, 144.50, 156.76, 158.87. HRMS (ESI)
C,H{oN,O,SNa [M + Nal]* m/z 317.0361; found m/z
317.0356.

4.3.30. 6-(2-Phenyl-1,3-oxazol-4-yl)furo[2,3-c]pyridin-
7(6H)-one (20). The title compound was synthesized
according to the general procedure for C—N coupling using
furo[2,3-c]pyridin-7(6H)-one (14.8 mg) as the heterocycle.
The product was purified by silica gel column chromatography
Hep:EtOAc 1:1 to provide 20 as a white solid in 58% yield
(16.1 mg). '"H NMR (400 MHz, CDCL): § 6.69—6.75 (m,
2H), 7.49—7.53 (m, 3H), 7.82 (d, ] = 1.96 Hz, 1H), 8.09—8.14
(m, 2H), 847 (d, J = 7.34 Hz, 1H), 8.76 (s, 1H). “C{'H}
NMR (101 MHz, CDCl;): 6 101.19, 107.47, 126.49, 126.84,
128.24, 128.89, 129.96, 130.86, 132.30, 137.88, 143.38, 148.97,
151.85, 158.89. HRMS (ESI) C,H,,N,0;Na [M + Na]*
calculated m/z 301.0589; found m/z 301.0588.

4.3.31. 1-(2-Phenyl-1,3-oxazol-4-yl)-1H-indazole (21). The
title compound was synthesized according to the general
procedure for C—N coupling using 1H-indazole (13.0 mg) as
the heterocycle. The product was purified by silica gel column
chromatography Hep:EtOAc 1:1 to provide 21 as a white solid
in 31% yield (8.1 mg). "H NMR (400 MHz, DMSO-dy): &
7.30—7.35 (m, 1H), 7.57—=7.60 (m, 1H), 7.61 (d, ] = 2.20 Hz,
3H), 7.89—7.93 (m, 1H), 8.12—8.15 (m, 2H), 8.37-8.40 (m,
1H), 8.44 (s, 1H), 8.64 (s, 1H). C{'H} NMR (101 MHz,
DMSO-d,): § 112.53, 121.89, 122.75, 124.92, 126.60, 126.74,
127.54, 128.51, 129.81, 131.71, 137.44, 138.84, 141.8S, 160.28.
HRMS (ESI) C,4H;;N;ONa [M + Na]* calculated m/z
284.0800; found m/z 284.0807. The assi§nment based on
analogy to literature arylation of indazoles."”**
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4.3.32. 6-Chloro-1-(2-phenyl-1,3-oxazol-4-yl)-1H-indole
(22). The title compound was synthesized according to the
general procedure for C—N coupling using 6-chloro-1H-indole
(17.0 mg) as the heterocycle. The product was purified by
silica gel column chromatography Hep:EtOAc 1:1 to provide
22 as a white solid in 54% yield (15.8 mg). "H NMR (400
MHz, CDCL,): § 6.69 (d, ] = 3.42 Hz, 1H), 7.19 (dd, ] = 8.4,
1.83 Hz, 1H), 7.51—7.54 (m, 3H), 7.58 (d, J = 8.31 Hz, 1H),
7.61 (d, J = 3.42 Hz, 1H), 7.81 (d, J = 1.47 Hz, 1H), 7.90 (s,
1H), 8.13—8.16 (m, 2H). “C{'H} NMR (101 MHz, CDCL):
5 10471, 111.72, 121.68, 121.96, 125.12, 125.53, 126.57,
126.87, 126.95, 128.08, 128.92, 130.98, 135.45, 139.97, 160.63.
HRMS (ESI) C;;H;,CIN,OH [M + HJ]" calculated m/z
295.0638; found m/z 295.0650.

4.3.33. 1-(2-Phenyl-1,3-oxazol-4-yl)-1H-benzimidazole
(23). The title compound was synthesized according to the
general procedure for C—N coupling using 1H-benzimidazole
(13.0 mg) as the heterocycle. The product was purified by
silica gel column chromatography Hep:EtOAc 2:1 to provide
23 as a white solid in 65% yield (16.8 mg). 'H NMR (400
MHz, DMSO-d;): § 7.34—7.45 (m, 2H), 7.58=7.61 (m, 3H),
7.78—7.81 (m, 1H), 7.93=7.97 (m, 1H), 8.07—8.11 (m, 2H),
8.72 (s, 1H), 8.86 (s, 1H). *C{'H} NMR (101 MHz, CDCl,):
6 117.77, 120.83, 123.33, 124.23, 125.53, 126.55, 126.66,
129.0, 131.28, 132.20, 137.52, 141.28, 144.05, 161.18. HRMS
(ESI) C,¢H;;N;OH [M + H]* calculated m/z 262.0980; found
m/z 262.0981.

4.3.34. 1-(2-Phenyl-1,3-oxazol-4-yl)-1H-pyrrolo[2,3-c]-
pyridine (24). The title compound was synthesized according
to the general procedure for C—N coupling using 6-azaindole
(13.0 mg) as the heterocycle. The product was purified by
silica gel column chromatography toluene:EtOAc 1:1 to
provide 24 as a white solid in 62% yield (16.8 mg). 'H
NMR (400 MHz, DMSO-d6): 5 6.85 (d, J = 3.18 Hz, 1H),
7.60—7.63 (m, 3H), 7.69 (d, ] = 5.38 Hz, 1H), 8.09 (d, ] =
3.18 Hz, 1H), 8.10-8.14 (m, 2H), 8.31 (d, J = 5.38 Hz, 1H),
8.87 (s, 1H), 9.34 (s, 1H). *C{'H} NMR (400 MHz, DMSO-
d6) 8 104.43, 115.96, 126.62, 126.67, 127.40, 129.80, 130.36,
131.76, 131.99, 134.31, 135.24, 139.51, 140.34, 160.18 HRMS
(ESI) C,¢H;;N;OH [M + H]* calculated m/z 262.0980; found
m/z 262.0990.

4.3.35. 1-(1,3-Benzoxazol-2-yl)pyridin-2(1H)-one (25). The
title compound was synthesized according to the general
procedure for C—N coupling using 1b and pyridone (11.0 mg)
as the heterocycle and stirred for 1 h. The product was purified
by silica gel column chromatography Hep:EtOAc 1:1 to
provide 25 as a white solid in 53% yield (11.5 mg). 'H NMR
(400 MHz, DMSO-dy): 6 6.47 (br d, ] = 0.98 Hz, 1H), 6.61
(m, 1H), 7.52 (s, 2H), 7.62—7.69 (m, 1H), 7.83—7.89 (m,
2H), 7.93—7.97 (m, 1H). BC{'H} NMR (101 MHz, CDCl,):
6 106.98, 111.24, 120.33, 122.84, 125.18, 125.88, 135.32,
139.99, 140.75, 150.22, 155.37, 160.90. HRMS (ESI)
C,HgN,O,Na [M + Na]* calculated m/z 235.0483; found
m/z 235.0483.

4.3.36. 1-(1,3-Benzothiazol-2-yl)pyridin-2(1H)-one (26).
The title compound was synthesized according to the general
procedure for C—N coupling using 1c and pyridone (10.5 mg)
as the heterocycle and stirred for 3 h. The product was purified
by silica gel column chromatography Hep:EtOAc 1:1 to
provide 26 as a white solid in 77% yield (16.8 mg). 'H NMR
(400 MHz, CDCL,): § 6.33 (d, ] = 6.79, 1H), 6.72 (d, ] = 7.09,
1H), 7.39-7.55 (m, 4H), 7.66 (dd, J = 7.09, 1H), 7.81 (m,
2H). BC{'H} NMR (101 MHz, CDCl;): § ppm 6.44—6.51
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(m, 1H), 6.80 (d, J = 9.29 Hz, 1H), 7.39—7.55 (m, 2H), 7.95
(dd, J = 16.02, 8.19 Hz, 1H), 8.98 (dd, J = 7.34, 1.71 Hz, 1H).
HRMS (ESI) C;,HgN,OSNa [M + Nal]* calculated m/z
251.0255; found m/z 251.0264.

4.3.37. 1-(1-Benzothiophen-2-yl)pyridin-2(1H)-one (27).
The title compound was synthesized according to the general
procedure for C—N coupling using 1d and pyridinone (10.4
mg) as the heterocycle. The product was purified by silica gel
column chromatography Hep:EtOAc 1:1 to provide 27 as a
white solid in 48% yield (10.5 mg). 'H NMR (400 MHz,
CDCL,): § 6.33 (td, ] = 6.79, 1.34 Hz, 1H), 6.72 (d, ] = 9.29
Hz, 1H), 7.36—7.45 (m, 4H), 7.66 (dd, ] = 7.09, 1.96 Hz, 1H),
7.77—7.86 (m, 2H). BC{'H} NMR (101 MHz, CDCL): §
106.96, 117.72, 122.09, 122.15, 123.83, 124.75, 125.12, 136.75,
136.79, 138.29, 139.69, 141.18, 161.59. HRMS (ESI)
C;HoNOSNa [M + Na]* calculated m/z 250.0303; found
m/z 250.0303.

4.3.38. 1-(5-Phenyl-1,3,4-oxadiazol-2-yl)pyridin-2(1H)-
one (28). The title compound was synthesized according to
the general procedure for C—N coupling using le and
pyridinone (10.5 mg) as the heterocycle. The product was
purified by silica gel column chromatography Hep:EtOAc 1:1
to provide 28 as a white solid in 60% yield (13.2 mg). 'H
NMR (400 MHz, CDCl,): § 6.33 (t, ] = 6.79, 1.34 Hz, 1H),
672 (m, 1H), 7.36—7.45 (m, SH), 7.77—-7.86 (m, 2H).
BC{'H} NMR (101 MHz, CDCL,): § 107.55, 122.78, 123.44,
127.37, 128.81, 129.44, 130.40, 132.63, 135.69, 141.69, 160.73.
HRMS (ESI) C;3HgN3;O,Na [M + Nal* calculated m/z
262.0592; found m/z 262.0597.

4.3.39. 1-(1-Phenyl-1H-pyrazol-3-yl)pyridin-2(1H)-one
(29). The title compound was synthesized according to the
general procedure for C—N coupling using 1f and pyridinone
(10.5 mg) as the heterocycle. The product was purified by
silica gel column chromatography Hep:EtOAc 1:1 to provide
29 as a white solid in 65% yield (14.6 mg). '"H NMR (400
MHz, CDCL,): § 6.29—6.34 (m, 1H), 6.71 (dd, J = 9.19, 0.49
Hz, 1H), 7.18 (d, J = 2.45 Hz, 1H), 7.31-7.36 (m, 1H), 7.40
(ddd, J = 9.11, 6.66, 2.08 Hz, 1H), 7.46—7.52 (m, 2H), 7.71
(dd, J = 7.82 Hz, 2H), 7.98 (d, ] = 2.69 Hz, 1H), 8.14 (dd, ] =
7.09, 1.96 Hz, 1H). BC{*H} NMR (101 MHz, CDCL): 6
104.12, 106.39, 118.98, 122.05, 126.85, 127.95, 129.56, 135.42,
139.64, 139.78, 149.30, 161.75. HRMS (ESI) C,,H,,N,ONa
[M + Na]* calculated m/z 260.0800; found m/z 260.0795.

4.3.40. 1-(2-Phenyl-1,3-thiazol-5-yl)pyridin-2(1H)-one
(30). The title compound was synthesized according to the
general procedure for C—N coupling using 1g and pyridinone
(10.5 mg) as the heterocycle. The product was purified by
silica gel column chromatography Hep:EtOAc 1:1 to provide
30 as a white solid in 41% yield (10.5 mg). 'H NMR (400
MHz, CDCL): 6 6.38 (td, ] = 6.66, 1.10 Hz, 1H), 6.75 (d, ] =
9.29 Hz, 1H), 7.41-7.44 (m, 1H), 7.44—7.49 (m, 3H), 7.70
(dd, J = 7.09, 1.96 Hz, 1H), 7.91 (s, 1H), 7.94—7.99 (m, 2H).
BC{'H} NMR (101 MHz, CDCl,): § 107.52, 121.69, 126.35,
129.07, 130.33, 133.37, 134.94, 135.10, 136.13, 139.73, 160.44,
166.69. HRMS (ESI) C,,H;,N,OSH [M + H]* calculated m/z
255.0592; found m/z 255.0592.

4.3.41. 1-(5-Bromo-1-methyl-1H-benzimidazol-2-yl)-
pyridin-2(1H)-one (31). The title compound was synthesized
according to the general procedure for C—N coupling using 1h
and pyridone (11.0 mg) as the heterocycle and stirred for 4 h.
The product was purified by silica gel column chromatography
Hep:EtOAc 1:1 to provide 31 as a white solid in 47% yield
(15.0 mg). 'H NMR (400 MHz, DMSO-d6): & 3.68 (s, 3H),
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7.38 (m, 2H), 7.42 (] = 8.31, 1H), 7.53 (d, ] = 8.31, 1H), 7.68
(d, J = 171, 1H), 8.02 (m, 1H), 829 (dd, J = 171,
1H).BC{'H} NMR (101 MHz, CDCL): § 29.06, 99.99,
110.13, 113.31, 115.24, 121.59, 121.77, 125.19, 140.17, 140.40,
148.27, 154.33, 160.27. HRMS (ESI) C,,H,,BrN;ONa [M +
Na]* calculated m/z 327.9886; found m/z 327.9897.

4.3.42. 1-(5-Phenyl-1,3-oxazol-2-yl)pyridin-2(1H)-one
(32). The title compound was synthesized according to the
general procedure for C—N coupling using 1i and pyridinone
(10.5 mg) as the heterocycle and stirred for 6 h. The product
was purified by silica gel column chromatography Hep:EtOAc
1:1 to provide 32 as a white solid in 63% yield (15.1 mg). 'H
NMR (400 MHz, CDCL,): 6 6.29 (td, ] = 6.72, 0.73 Hz, 1H),
6.67 (d, ] = 9.29 Hz, 1H), 7.35 (d, J = 9.29, 1H), 7.37—-7.46
(m, 4H), 7.58 (dd, ] = 6.72, 1.96 Hz, 1H), 7.65—7.70 (m, 2H).
BC{'H} NMR (101 MHz, CDCl,): § 106.58, 122.09, 122.55,
124.42, 127.08, 128.97, 129.07, 135.58, 140.70, 151.8S, 152.64,
161.13 HRMS (ESI) C,,H;;N,O,Na [M + Na]* calculated m/
z 261.0640; found m/z 261.0647.

4.3.43. 1-(2-Phenyl-1,3-oxazol-5-yl)pyridin-2(1H)-one
(33). The title compound was synthesized according to the
general procedure for C—N coupling using 1j and pyridinone
(10.5 mg) as the heterocycle. The product was purified by
silica gel column chromatography Hep:EtOAc 1:1 to provide
33 as a white solid in 49% yield (11.7 mg). 'H NMR (400
MHz, CDCL): 6 6.35—6.40 (m, 1H), 6.70 (d, ] = 9.54 Hz,
1H), 7.39 (ddd, ] = 9.23, 6.79, 2.08 Hz, 1H), 7.47—7.50 (m,
3H), 7.73-7.76 (s 1H), 7.83 (dd, J = 7.21, 1.83 Hz, 1H),
8.02—8.06 (m, 2H). *C{'H} NMR (101 MHz, CDCL): §
107.01, 119.37, 121.90, 126.23, 126.63, 128.93, 130.77, 132.52,
139.15, 143.86, 157.10, 159.70. HRMS (ESI) C,,H,(N,0,Na
[M + Na]* calculated m/z 261.0640; found m/z 261.0642.

4.3.44. 1-(5-Methyl-2-phenyl-1,3-oxazol-4-yl)pyridin-
2(1H)-one (34). The title compound was synthesized
according to the general procedure for C—N coupling using
1k. The product was purified by silica gel column
chromatography Hep:EtOAc 1:1 to provide 34 as opaque oil
in 41% yield (9.0 mg). '"H NMR (400 MHz, CDCly): § 2.44
(s, 3H), 6.29—6.34 (m, 1H), 6.69 (d, ] = 9.54 Hz, 1H), 7.40—
7.50 (m, 4H), 7.57 (dd, ] = 6.97, 2.08 Hz, 1H), 7.97—8.03 (m,
2H). BC{'H} NMR (101 MHz, DMSO-dy): 6 11.16, 106.45,
120.94, 126.06, 126.81, 129.74, 131.30, 134.37, 138.92, 141.61,
143.60, 158.15, 160.79. HRMS (ESI) C,H,,N,O0,Na [M +
Na]* calculated m/z 275.0797; found m/z 275.0794.
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