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Introduction

The development of a new potential drug molecule has always
been associated with many challenges. Design of a molecular
architecture and its compelling synthetic approach for a specific
biological function always remain a challenge. The 2-pyridone
scaffold functions both as a hydrogen-bond acceptor and donor;
serves as a bioisostere for amides, phenyls, pyridines, and other
N- or O-containing heterocycles; and modulates lipophilicity,
aqueous solubility, and metabolic stability in drug molecules.
Compared to phenyls, pyridines, or phenols, pyridones are
more polar (higher clog P, log D, and PSA values), often result-
ing in improved drug-like properties. Unlike basic nitrogen
heterocycles, such as pyridine, the neutral, less lipophilic
pyridone ring system helps reduce off-target activities. Its
embedded amide functionality makes 2-pyridone a valid
peptide-bond isostere and improves its physicochemical prop-
erties, such as metabolic clearance. Fig. 1 highlights a few
representative examples of how the systematic incorporation of
2-pyridone onto a hit molecule through structure-activity rela-
tionship (SAR) studies could afford an optimized lead molecule
with improved potency.'” Similarly, Kohji Hanasaki and co-
workers developed a human cannabinoid receptor type II
(CB2R) inhibitor bearing the 2-pyridone backbone that regu-
lates analgesic and anti-inflammatory responses without
central adverse effects.® Stephen T. Worland and co-workers
report 2-pyridone-containing HRV-2 3CP inhibitors as anti-
rhinoviral agents.” Another report from Alan S. Rosenthal and
co-workers highlights HLE inhibitors bearing the 2-pyridone
moiety, used for the treatment of emphysema and cystic
fibrosis.®

Owing to the growing application of 2-pyridone as a funda-
mental heterocyclic building block in medicinal chemistry, we
planned to explore its use as a directing group for facile access
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diversified naphthamides and aryl iodides, a wide variety of 2-pyridone-containing molecular scaffolds
were synthesized in good yields, which could be potentially useful in medicinal chemistry.

to important molecular architectures, which potentially could
be used in medicinal chemistry. As a proof of concept, initially,
we chose the naphthamide system for 2-pyridone-mediated
regioselective sp” C-H activation.

CN
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Lead PTK inhibitor
- improved inhibitory activity
- improved bioavailability
ICs0: 8 uM (MCF-7 cell line)
ICs0: 10 uM (HepG2 cell line)

PTK inhibitor

ICs0: 40 uM (MCF-7 cell line)
ICs0: 55 uM (HepG2 cell line)

Alafeefy, A. M. et al. Eur. J. Med. Chem. 2012, 53, 133-140

MET kinase inhibitor
I1Cs0: 150 nM (GTL-16 gastric carcinoma cell line)
ICs0: 110 nM (Biochemical Met kinase assay)
In vitro Human Liver Microsomes (HLM)/ Mouse
Liver Microsomes (MLM):
Rate = 0.010/0.055 nmol/min/mg

Kim, K. S. et al. J. Med. Chem. 2008, 51, 5330-5341.

H-bond donor

Lead MET kinase inhibitor
- improved potency
- improved metabolic and
pharmacokinetic profiling
ICs0: 80 nM (GTL-16 gastric carcinoma cell line)
ICs0: 1.80 nM (Biochemical Met kinase assay)
In vitro Human Liver Microsomes (HLM)/ Mouse
Liver Microsomes (MLM):
Rate = 0.015/0.035 nmol/min/mg

H-bond acceptor

Mutant IDH1 inhibitor
Inhibitory constant Ki: 4.70 uM

Liu, Z.etal. J. Med. Chem. 2014, 57, 8307-8318
Wu, F.etal. J. Med. Chem. 2015, 58, 6899-6908

Lead Mutant IDH1 inhibitor
- improved potency
- increased mutant (R132H) IDH1
protein binding affinity
- reduced self-renewal ability
of stem-like cancer cells

Inhibitory constant Ki: 0.75 uM

Fig. 1 2-Pyridone molecular scaffold in optimized-lead-molecule
identification.
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Scheme 1 Regioselective C2—H arylation of 1-naphthamides.
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Regioselective C-H activation in naphthamide is important
because it allows late-stage functionalization of complex
naphthalene-containing molecules, useful in drug molecules,
fungicides, organic electronics, dyes and pigments. In 2018, N.
Lv et al. showcased Co and Mn-dual catalysis cross-coupling as
a strategy for chelation-assisted C-H activation from readily
available benzamides and oximes (Scheme 1a). The resulting
difunctional biaryl synthesis also responded well for 1-naph-
thamide (Scheme 1a).° This dual-chelation-assisted strategy
provides access to diverse difunctional biaryls, which offer
promising biological activities considering their substrate scope
and controlled regioselectivity. B. M. Bhanage and coworkers in
2016 implemented a deaminative C-C bond coupling using N-
methoxybenzamide/naphthamide in combination with
aromatic amines and Pd(OAc), as a catalyst to generate diverse
phenanthridinones (Scheme 1b).** Along this line, a report by P.
Li et al. in 2018 disclosed the nickel-catalyzed regioselective
arylation of aromatic amides with aryl iodides, where pyridine-
N-oxide served as a directing group (Scheme 1c)."*

Owing to the importance of 2-pyridone in medicinal chem-
istry and its growing functional utility as a directing group,**

(0] . 0 o
O,5N NH R'-Br, NaH O,N N’R1 Fe dust, NH,CI HoN N’R1
| P CH3CN | HCI, EtOH |
0°C-t, 12 h Z 80°C, 4 h Z

3-nitro-2-pyridone 1a-d 2a-d
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here, we report 2-pyridone as a bidentate directing group for the
regioselective sp> C-H arylation of 1-naphthamide. To the best
of our knowledge, this is the first study to adopt 2-pyridone as
a directing group for the regioselective C2 arylation of 1-naph-
thamide. This 2-pyridone-assisted C2-H arylation proceeds via
Pd catalysis (with Ag,O employed for catalyst regeneration) in
acetic acid as a solvent, affording N-(1-alkyl-2-pyridone-3-yl)-2-
aryl-1-naphthamides in good-to-excellent yields (Scheme 1d).

Results and discussion

To optimize the 2-pyridone-directed regioselective C2-H aryla-
tion of 1-naphthamide, we first considered N-(1-methyl-2-
pyridone)-2-phenyl-1-naphthamide (4al) as a representative
example to start with. The precursor N-(1-methyl-2-pyridone)-1-
naphthamide (3a) was synthesized from the N-methylation of 3-
nitro-2-pyridone (1a), followed by the reduction of its nitro
group to amine (2a) and, further, its conjugation with 1-naph-
thoic acid via acid-amine coupling to form the corresponding N-
(1-methyl-2-pyridone-3-yl)-1-naphthamide (3a) (Scheme 2). We
tested our hypothesis with 10 mol% Pd(OAc), and 0.36 mmol (2
eqv.) Ag,O under inert conditions, at 80 °C for 10 h (Table 1,
entry 1). Further isolation and characterization confirmed the
formation of 4a1 as the desired product in 25% isolated yield
(Table 1, entry 1). To optimize the reaction condition, we
planned to determine the yield of the crude reaction mixture by
HPLC analysis. A growth curve was generated using HPLC for
4al, with an increase in the 4al product concentration. The
reaction temperature was further increased to 100 °C, 120 °C
and then to 150 °C. An increase in the yield was observed when
the reaction temperature was raised to 100 °C (73%) and 120 °C
(96%) (Table 1, entry 2-3). However, further increase in the
reaction temperature to 150 °C reduced the yield to 71% (Table
1, entry 4), which could be because trace impurity formation
was observed at this temperature. Under this condition,
reducing the reaction time to 6 h or increasing the reaction time
to 15 h had a very little influence in terms of product yield (Table
1, entries 5-6). We further extended our observation to deter-
mine the right solvent for this reaction. While H,O and HFIP
offered negligible and moderate reaction yields (Table 1, entries
7 and 8), respectively, using an identical acetic-acid composi-
tion (1:1) with these solvents did not greatly enhance the
reaction outcome (Table 1, entries 9-10). The use of DMF also
failed to establish it as a solvent of choice (Table 1, entry 11).
Our findings highlight acetic acid as the optimized solvent
tested. We were curious to understand the effect of other
additives compared to Ag,0. Ag,CO; (2.0 eqv., 0.36 mmol) and

COOH
where 3a:R'=%CHs
3b:R1=% NN
R=
“HATU, DIPEA \i‘; v/
DMF, 0 °C t,12 h

3d:R'=
3a-d
B

r

Scheme 2 Synthetic route for the N-(1-alkyl-2-pyridone-3-yl)-1-naphthamides.
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Table 1 Optimization of the reaction conditions®

OAc , Additive O o
/CH3 O H
Solvent No, time, temp. ‘ N | N/CH3

o =
4a1

Entry Additive/Temp. (°C)/Time (h) Solvent Yield® (%)
1 Ag,0/80/10 AcOH 32 (25Y)
2 Ag,0/100/10 AcOH 73

3 Ag,0/120/10 AcOH 96 (86')
4 Ag,0/150/10 AcOH 71

5 Ag,0/120/6 AcOH 87

6 Ag,0/120/15 AcOH 89

7 Ag,0/120/10 H,0 6

8 Ag,0/120/10 HFIP 65

9 Ag,0/120/10 H,0:AcOH (1:1) 24

10 Ag,0/120/10 HFIP: AcOH (1:1) 69

11 Ag,0/120/10 DMF Trace
12 Ag(OAc)/CF;COONa/120/10  AcOH 45

13”  Ag(OAc)/CF;COONa/120/10  Dioxane 67

14°  Ag,0/120/10 AcOH 91

157 Ag,0/120/10 AcOH 88

16°  Ag,0/120/10 AcOH 48

17 Ag,0/120/10 AcOH 41

18" Ag,C0;/120/10 AcOH 91’

“ Reaction conditions: 3a (0.18 mmol), Ph-I (0.36 mmol), Pd(OAc),
(10 mol%), and Ag,O (0. 36 mmol), heated at a specified temperature
for the mentioned time. ? 0.54 mmol of Ag(OAc) and 0.36 mmol of
CF3COONa were used. ©Ag,O (0.27 mmol). ¢ Ag,0 (0.18 mmol).

¢ Pd(Oac), (5 mol%), and. / Pd(OAc), (2 mol%) ¢ Yields are reported
as the HPLC yield from the reaction mixture. ” Ag,CO; (0.36 mmol).
"Isolated yield by column chromatography.

a mixture of Ag(OAc) (3.0 eqv., 0.54 mmol) and sodium salt of
TFA (2.0 eqv., 0.36 mmol) were tested both in acetic acid (Table
1, entries 12 and 18) and dioxane (Table 1, entry 13) as a solvent.
To our dissatisfaction, none of these was as good as Ag,0 (Table
1, entries 12-13 vs. 3). Reducing the silver oxide stoichiometry
(1.5 eqv., 0.27 mmol and 1.0 eqv., 0.18 mmol) was not shown to
decrease the product yield significantly; however, 2.0 eqv. (0.36
mmol) of Ag,O was considered to be the optimized additive
loading. The catalyst loading was also monitored. Reducing
Pd(OAc), from 10 mol% (Table 1, entry 3) to 5 mol% (Table 1,
entry 16) and further to 2 mol% (Table 1, entry 17) dramatically
compromised the reaction yield. Finally, we found that the use
of 10 mol% of Pd(OAc), as a catalyst, in combination with 2.0
eqv. (0.36 mmol) of Ag,0 and 2.0 eqv. of iodobenzene, in the
reaction of amide 3a in acetic acid (as the solvent), at 120 °C for
10 h produced the corresponding C2-arylated product 4a1 in
86% isolated yield, with a high selectivity. Under the optimized
condition, to explore the substrate scope, 1-naphthamide 3a
was primarily subjected to selective coupling with various aryl/
heteroaryl/cycloalkyl halides. The investigation encompassed
aryl iodides, aryl bromides, 2-iodo-pyridine, 4-iodo-pyridine, 5-
iodo-1H-indole and 5-iodo-1H-imidazole, cyclopentyl bromide,
and cyclohexyl bromide. The results demonstrated that only aryl
iodides successfully afforded the desired products, while

12182 | RSC Adv, 2026, 16, 12180-12185

View Article Online

Paper

cycloalkyl bromides remained unreactive. With different
heterocyclic iodides, we observed that the starting material 3a
majorly remained unconsumed, with a very trace non-isolable
new product formation observed, as determined by the HPLC
analysis of the crude reaction mixture after 10 h (SI, Table S1).
The poor product conversion observed with nitrogen-
containing heterocyclic iodides is presumably because of the
ring nitrogen coordination with palladium, which might restrict
further reaction. To gain further insight into the aryl iodide
versatility, we examined various aryl iodides bearing electron-
donating groups (EDG) and electron-withdrawing groups
(EWG) at different positions for the regioselective C2-H aryla-
tion of 1-naphthamide. Both electron-deficient and electron-
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Scheme 3 Substrate scope for the 2-pyridone-assisted C2—-H aryla-
tion of 1-naphthamides.
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rich aryl iodides proved compatible with the reaction condi-
tions, delivering the corresponding regioselective C2-arylated
products 4a1-4d5 in good yields (Scheme 3). Different N-pro-
tected 2-pyridones served equally well (Scheme 3), offering
a broader scope for structural modality. To identify the reasons
for the few low yields, such as for products 4b5 (16%), 3b6 (21%)
and 4¢3 (23%), we performed HPLC analysis on the crude
reaction mixture after 10 h and compared the HPLC retention
time with that for the isolated standard sample. In all three
reactions, we observed the complete consumption of both the
reactants and the formation of undesired by-products, which
lowered the yield of these products. The chromatography
results are summarized in SI (Table S2). We further investigated
whether our optimized reaction protocol was also successful in
the 2-pyridone-directed 2-naphthamide system. N-(1-methyl-2-
pyridone)-2-naphthamide (3e) was subjected to C-H arylation
with iodobenzene under an identical reaction condition

_

4e1, 84%

(OAc),, Ag,0

_CH, /@ Pd(
34
\d ACOH, N;, 120°C, 10 h

Scheme 4 2-Pyridone directed C—H arylation of 2-naphthamide.

|
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Scheme 5 2-Pyridone assisted C2-H arylation of N-methyl
substituted 1-naphthamide.
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(Scheme 4). To our satisfaction, the method confirmed the
formation of a C3-selective arylated product N-(1-methyl-2-
pyridone)-3-phenyl-2-naphthamide (4 x 10') in 84% isolated
yield (Scheme 5). To validate that the catalytic pathway proceeds
through five-membered palladacycles, we protected the amide
nitrogen of N-(1-methyl-2-pyridone)-1-naphthamide (3a) with
a methyl group to prepare N-methyl-(1-methyl-2-pyridone)-1-
naphthamide (3f). When 3f was chosen as a substrate, as ex-
pected, no arylated product was observed even after 20 h, under
an identical reaction condition (Scheme 5). This finding
confirms the essential role of the free amide nitrogen in facili-
tating the transformation through coordination-assisted
metalation.

The presence of Ag,0 is important, as it regenerates the Pd
catalyst, generating by-products like Agl, H,O, and Ag in the
cycle. Also, the directing group, 2-pyridone, helps in providing
stability by forming a bidentate complex with the Pd(u) inter-
mediate. On the basis of the known Pd-catalyzed cycle*®* and
DFT calculation (Fig. 2), we proposed a plausible Pd(OAc),-
catalyzed regioselective reaction mechanism for the reaction of
3a with iodobenzene to give 4al as the product. The first step
involved the coordination of 3a with Pd(u), followed by the
formation of the active catalyst complex of Pd(u) INT-1 via TS-1,
with the elimination of AcOH (Scheme 6).

Further, INT-1 undergoes C-H activation at the C2 position
in 1-naphthamide through TS-2 to yield INT-2, accompanied by
the elimination of AcOH. In the next step, INT-2 undergoes the
oxidative addition of iodobenzene through TS-3 to generate
INT-3, where the Pd acquires an oxidation state of +4. The
addition of AcOH afforded INT-4 via TS-4, with the highest
energy barrier of 14.14 kcal mol™'. This step is the rate-
determining step of the reaction. During the reductive

- -o
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Fig. 2 Predicted mechanistic pathway and free-energy variation (in kcal mol™). Calculation was carried out at the B3LYP def2-TZVP,

SMD(CHsCOOQOH) level of theory.
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elimination, the Pd(u)-metal complex gives the C2-arylated 1-
naphthamide (INT-5), followed by proto-demetallation through
TS-5 to afford the arylated product 4a1. In situ Pd(u) undergoes
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0°, 90°,180°, and 270°. Calculation was carried out at the RHF def2-
SVP, SMD(CH3zCOOH) level of theory.
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catalyst regeneration for the next catalytic cycle using Ag,O as
the oxidant and AcOH as the solvent, with the formation of Agl,
H,O0, and Ag as side products (Scheme 6).

To validate the role of 2-pyridone in the catalytic cycle, we
extended our study to understand the stability of palladium
intermediate complex at deferent dihedral angles (Pd-N-C-CO)
of 0°, 90°, 180°, and 270°. We conducted computational calcu-
lation using Orca at the RHF def2-SVP, SMD(CH3;COOH) level of
theory. With a constraint dihedral angle, all geometry were
optimized at the same level of theory. The relative energy
suggests that the intermediate with a dihedral angle of 0° has
the lowest Gibbs free energy. With increasing the dihedral
angle, the energy value increases; for example, 90° and 180°
dihedral angles give 15.55 kcal mol™" and 24.44 kcal mol
respectively. To our expectation, when Pd comes in proximity to
the carbonyl group of 2-pyridone, the energy goes down to
15.55 kecal mol ! (Fig. 3). The results highlight that 2-pyridone
assists in the catalytic cycle by stabilizing the palladium center
via a five-membered palladacycle intermediate.

Conclusions

In conclusion, we demonstrated that 2-pyridone, a fundamental
building block in medicinal chemistry, could be used as a bi-
dentate directing group for the palladium-catalyzed

© 2026 The Author(s). Published by the Royal Society of Chemistry
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regioselective C2(sp®)-H arylation of 1-naphthamides. Our wide
structural diversification also extended to showcase that 2-
naphthamides can equally offer regioselective C3(sp®)-H ary-
lated products. The advantageous use of the ligand-free reaction
condition and the formation of non-toxic byproducts, such as
H,O0 and Ag, highlight more possibilities for structural diversi-
fication in medicinal chemistry.
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