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Abstract: The incorporation of amide groups into biologically active molecules has been proven to be
an efficient strategy for drug design and discovery. In this study, we present a simple and practical
method for the synthesis of amide-containing quinazolin-4(3H)-ones under transition-metal-free
conditions. This is achieved through a carbamoyl-radical-triggered cascade cyclization of N3-alkenyl-
tethered quinazolinones. Notably, the carbamoyl radical is generated in situ from the oxidative
decarboxylative process of oxamic acids in the presence of (NH4)2S2O8.
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1. Introduction

Quinazolinones, nitrogen-containing heterocycles, are widely present in natural prod-
ucts and pharmaceuticals [1–3]. In particular, 2,3-fused quinazolin-4(3H)-ones display a
wide spectrum of pharmacological and biological properties, including anti-inflammatory,
antimicrobial, antiviral, antitumor, and other activities (Figure 1), and have attracted the
extensive attention of chemists [4–8].

Consequently, remarkable efforts have been devoted to their efficient synthesis in the
past few years [9–15]. Traditionally, 2,3-fused quinazolin-4(3H)-ones can be prepared through
multiple pathways, such as dehydrogenative cross-coupling reactions [16–21], oxidative
ring-opening reactions [22–28], cycloaddition reactions [29–32], etc. However, these meth-
ods suffer from the use of complicated starting materials, harsh reaction conditions, and
complex reaction procedures. In recent years, the radical cascade cyclization reaction of
N3-alkenyl-tethered quinazolinones has emerged as an attractive strategy for the synthesis
of functionalized ring-fused quinazolinone derivatives [33]. In this regard, several impor-
tant functional groups, including alkyl [34–37], acyl [38], fluoralkyl [39–43], sulfonyl [44],
and sulfonamidation groups [45], were smoothly incorporated into quinazolinone scaffolds
(Scheme 1a). Despite these advances, the development of efficient and facile methods for the
introduction of some other valuable groups to quinazolinone scaffolds is still in high demand.

On the other hand, amide compounds frequently exist in natural products, pharmaceu-
ticals, and various functional materials [46–48]. In contrast to conventional methods for the
construction of amide bonds via condensation [49,50] or cross-coupling reaction [51–53],
which often suffer from the prefunctionalization of substrates and environmentally un-
friendly coupling reagents, the radical carbamoylation reaction has been regarded as one
of the most efficient approaches to directly introduce an amide group into an organic
molecule [54]. In this context, obvious achievements have been made, especially in the
carbamoylation of N-heterocycles through a Minisci-type reaction process [55–58]. In
recent years, radical difunctionalization reactions of alkenes employing oxamic acids or
other carbamoylating reagents such as carbamoyl radical precursors have also provided
a promising strategy to introduce amide groups to various complex molecules [59,60].
For instance, in 2021, Wang and co-workers reported persulfate-promoted difunction-
alization reactions of ortho-cyanoarylacrylamides with oxamic acids to access a variety
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of carbamoyl quinoline-2,4-diones [61]. Li and co-workers developed a convenient and
practical method for carbamoylated benzimidazo [2,1-a]isoquinolin-6(5H)-ones from 2-
arylbenzoimidazoles and oxamic acids [62]. Very recently, Anand Singh et al. developed a
visible-light-induced cascade carbamoylation/cyclization of acrylamides with 4-carbamoyl-
1,4-dihydropyridines as carbamoylation reagents [63]. However, to our knowledge, the
carbamoyl-radical-triggered cascade cyclization reaction of N3-alkenyl-tethered quina-
zolinones to afford amide-containing quinazolinones has never been reported. With our
continuing interest in radical chemistry [64–68], herein, we report a metal-free protocol for
the synthesis of amide-substituted polycyclic quinazolinones through the cascade radical
carbamoylation/cyclization reaction of N3-alkenyl-tethered quinazolinones with oxamic
acids as a readily available carbamoyl radical source (Scheme 1b).
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2. Results and Discussion 

Scheme 1. Radical-triggered cascade cyclization of N3-alkenyl-tethered quinazolinones. (a) Diverse
radical-triggered cascade cyclization of N3-alkenyl-tethered quinazolinones. (b) The carbamoyl-
radical-triggered cascade cyclization reaction of N3-alkenyl-tethered quinazolinones.

2. Results and Discussion

Initially, 3-(but-3-en-1-yl)quinazolin-4(3H)-one (1a) and 2-oxo-2-(phenylamino)acetic
acid (2a) were selected as the model substrates to screen the optimized reaction conditions,
as shown in Table 1. When the reaction was performed at 80 ◦C under N2 atmosphere for
6 h with (NH4)2S2O8 as an oxidant in DMSO solvent, the corresponding radical cyclization
product 3a was obtained in 42% isolated yield (entry 1). Then, some other oxidants, includ-
ing K2S2O8, Na2S2O8, PhI(OAc)2, selectfluor reagent, and potassium peroxomonosulfate
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(Oxone) were investigated, among which K2S2O8 and Na2S2O8 gave low yields in contrast
to (NH4)2S2O8 (entries 2 and 3 vs. entry 1), and other oxidants failed to give the desired
product. Furthermore, various commonly used organic solvents, including CH3CN, DCE,
DMF, THF, 1,4-dioxane, and NMP were examined. Beyond our expectation, only DMSO
was valid for the current transformation and other investigated organic solvents were
found unsuitable for this reaction. In addition, water as a solvent also gave 27% yield of 3a
(entry 4). Then, various ratios of DMSO-H2O mixed solvents were tested to further enhance
the reaction efficiency (entries 5–7). We found an appropriate amount of water is beneficial
for the reaction, likely due to the addition of water to DMSO obviously improving the
solubility of ammonium persulfate in solvents, while too much water may reduce the
solubility of the reactants and result in a worse yield. When the volume ratio of DMSO to
H2O is 100:1 (v/v), the yield of 3a reached a yield of 57% (entry 6). The reaction temperature
has a significant influence on the reaction yield. Increasing the reaction temperature to 90
and 100 ◦C, the yield of 3a was obtained in 64 and 76% yields, respectively (entries 8 and 9).
Further increasing the reaction temperature did not improve the yield (entry 10), while
reducing the temperature to 70 ◦C only gave 3a in 16% yield (entry 11). We also investigated
the amounts of (NH4)2S2O8 to the reaction (entries 12–14). We found the yield of 3a was
improved to 82% when the amounts of (NH4)2S2O8 was increased to 3.5 equiv. based on
1a (entry 13). Finally, no reaction occurred in the absence of any oxidant, demonstrating
that oxidant was essential for the present reaction (entry 15).

Table 1. Optimization of reaction conditions a.
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Entry Oxidant Solvent Temp Yield of 3a b

1 (NH4)2S2O8 DMSO 80 42%
2 K2S2O8 DMSO 80 18%
3 Na2S2O8 DMSO 80 24%
4 (NH4)2S2O8 H2O 80 27%
5 (NH4)2S2O8 DMSO/H2O (500:1) 80 43%
6 (NH4)2S2O8 DMSO/H2O (100:1) 80 57%
7 (NH4)2S2O8 DMSO/H2O (10:1) 80 46%
8 (NH4)2S2O8 DMSO/H2O (100:1) 90 64%
9 (NH4)2S2O8 DMSO/H2O (100:1) 100 76%
10 (NH4)2S2O8 DMSO/H2O (100:1) 110 73%
11 (NH4)2S2O8 DMSO/H2O (100:1) 70 16%

12 c (NH4)2S2O8 DMSO/H2O (100:1) 100 67%
13 d (NH4)2S2O8 DMSO/H2O (100:1) 100 82%
14 e (NH4)2S2O8 DMSO/H2O (100:1) 100 80%
15 None DMSO/H2O (100:1) 100 0%

a General conditions, unless otherwise noted: 1a (0.3 mmol, 1 equiv.), 2a (0.6 mmol, 2 equiv.), oxidant (0.9 mmol,
3 equiv.), solvent (3 mL), 6 h, N2 atmosphere. b Isolated yields. c 2.5 equiv. of (NH4)2S2O8 was used. d 3.5 equiv.
of (NH4)2S2O8 was used. e 4 equiv. of (NH4)2S2O8 was used.

With the optimal reaction conditions in hand (Table 1, entry 22), the substrate scope
and limitations of the present reaction were investigated by the reaction of 3-(but-3-en-1-
yl)quinazolin-4(3H)-one (1a) with various oxamic acids. As depicted in Scheme 2, N-aryl
oxamic acids bearing either electron-donating groups or electron-withdrawing groups at
the different positions of aryl rings all reacted well with substrate 1a to give the corre-
sponding products in 58–83% yields (3b–3k). Other important functional groups, such
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as methyl groups (3b), halogen atoms (3c–3e, 3i and 3k), trifluoromethyl groups (3g),
and trifluoromethylthio groups (3h), were compatible with the current transformation. In
addition, some N-alkyl oxamic acids were also found suitable for the reaction and gave
the desired products in satisfactory yields (3l–3o). However, using N-disubstituted oxamic
acid 2p as a potential substrate, the expected product was not observed (3p). In addition,
some N-dialkyl oxamic acids obtained from dialkyl amines, such as morpholine, piperidine,
and diethylamine, were used for the present reaction, while no reaction occurred to give
the corresponding amide products.
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(1.05 mmol, 3.5 eq), DMSO-H2O (3 mL, v/v 100:1), 100 ◦C, under N2 atmosphere for 6–8 h. Isolated
yields were given.

We then turned to investigate the reactions of 2a with other quinazolinones, as shown
in Scheme 3. We found these investigated quinazolinones substituted with several impor-
tant functional groups, such as methyl (3r), fluoro (3q and 3u), chloro (3s and 3v), and
trifluoromethyl (3t and 3w) groups at the C5–C7 positions of the benzene ring were all
compatible with the present reaction under standard conditions and provided the corre-



Molecules 2024, 29, 997 5 of 16

sponding products in 66–82% yields. Furthermore, di-substituted quinazolinones also
gave the expected products 3x and 3y in 66 and 67% yields, respectively. To our satis-
faction, six-ring-fused quinazolinone product 3z could also be obtained in a good yield.
However, 3-(2-(prop-1-en-2-yl)phenyl)quinazolin-4(3H)-one failed to give the cyclization
product (4a).
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Scheme 3. Preparation of 3a, 3q–3z. Conditions: 1 (0.3 mmol, 1 eq), 2a (0.6 mmol, 2 eq), (NH4)2S2O8

(1.05 mmol, 3.5 eq), DMSO-H2O (3 mL, v/v 100:1), 100 ◦C, under N2 atmosphere for 6–8 h. Isolated
yields were given.

The synthetic application of the present reaction was demonstrated via a gram-scale
experiment, as shown in Scheme 4. The reaction of 3-(but-3-en-1-yl)quinazolin-4(3H)-one
(1a, 4 mmol) with 2-oxo-2-(phenylamino)acetic acid 2a could proceed well to provide the
desired product 3a in 79% isolated yield under standard reaction conditions. In addition,
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when the reaction was carried out in air atmosphere condition, a slightly decreased product
was obtained in 76% yield.
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Scheme 4. Gram-scale synthesis of 3a.

To better understand the reaction process of the present reaction, several control exper-
iments were carried out, as shown in Scheme 5. First, the model reaction was performed
under standard conditions with two equiv. of 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO)
as a radical scavenger, and no desired product 3a was observed (Scheme 5a), indicating a
free radical might be involved in the current transformation. Furthermore, a reaction of 1a
and 2l was conducted with the addition of two equiv. of 2,6-di-tert-butyl-4-methylphenol
(BHT) or 1,1-diphenylethylene, and 3l was not observed. Meanwhile, radical-adducts 5a
and 5b were detected through GC-MS analysis (Scheme 5b,c). These results implied that a
carbamoyl radical might generate during the reaction process.
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Based on the control experiment and relevant reports [69–72], we speculated a pos-
sible reaction pathway, as shown in Scheme 6. Initially, compound 2a might give a key
carbamoyl radical TM-1 through a successive oxidative, hydrogen atom transfer (HAT),
and decarboxylative process in the presence of SO4

−•, which can be generated via the
heat-promoted homolytic cleavage of (NH4)2S2O8 in DMSO at high temperature. The
radical TM-1 further attacks the carbon–carbon double bond of 1a to form a carbon radical
intermediate TM-2. Then, the radical intermediate TM-2 adds to the C=N bond to afford a
nitrogen radical TM-3, which undergoes a 1,2-hydrogen atom transfer (1,2-HAT) process
to deliver another carbon radical intermediate TM-4. Finally, the target product 3a is
generated through oxidative dehydrogenation of TM-4 in the presence of radical anion
SO4

−•.
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3. Experimental Section
3.1. General Information

Unless otherwise specified, all reagents and reaction solvents were obtained from
commercial suppliers and used without further purification. The NMR spectra were
recorded (Supplementary Materials Figures S1–S50) on an NMR spectrometer (Bruker,
Rheinstetten, Germany, 1H NMR at 400 MHz, 13C NMR at 100 MHz and 19F NMR at
376 MHz, respectively). Chemical shifts were calibrated in ppm using residual CDCl3 as
an internal reference (δ 7.26 ppm for 1H and 77.0 ppm for 13C). The high-resolution mass
spectra (HRMS) were recorded on a spectrometer operating on ESI-TOF. Melting points
were measured on a melting point apparatus and are uncorrected.

3.2. General Procedure for the Preparation of 3

To an oven-dried reaction vessel equipped with a magnetic stir bar was added
quinazolin-4(3H)-one 1 (0.3 mmol, 1 eq.), oxamic acid 2 (0.6 mmol, 2 eq.), and (NH4)2S2O8
(1.05 mmol, 3.5 eq.) in DMSO-H2O mixed solvent (3 mL, v/v 100:1). The reaction mixture
was stirred at 100 ◦C under N2 atmosphere for about 6–8 h, which was monitored by
thin-layer chromatography (TLC). After completion, the reaction was allowed to cool to
room temperature and then H2O (5 mL) was added to the mixture, which was further
extracted with CH2Cl2 three times (10 mL × 3). The organic phase was then dried with
anhydrous sodium sulfate and concentrated under vacuum. The residue was purified by
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flash column chromatography using a mixture of solvent consisting of petroleum ether and
ethyl acetate as eluent (PE/EA 3:1–1:1) to obtain the desired product 3.

3.3. Gram-Scale Synthesis of 3a

To an oven-dried reaction vessel equipped with a magnetic stir bar was added 3-(but-
3-en-1-yl)quinazolin-4(3H)-one 1a (4 mmol, 0.800 g), 2-oxo-2-(phenylamino)acetic acid 2a
(8 mmol, 1.320 g), and (NH4)2S2O8 (14 mmol, 3.195 g) in DMSO-H2O mixed solvent (40 mL,
v/v 100:1). The reaction mixture was stirred at 100 ◦C under N2 atmosphere for about
6 h. After completion, the reaction was allowed to cool to room temperature and then
H2O (30 mL) was added to the mixture, which was further extracted with CH2Cl2 three
times (30 mL × 3). The organic phase was then dried with anhydrous sodium sulfate and
concentrated under vacuum. The residue was purified by flash column chromatography
using a mixture solvent consisting of petroleum ether and ethyl acetate as eluent (PE/EA
3:1–1:1) to obtain 1.009 g of 3a.

3.4. Characterization Data of Products 3a–3z

2-(9-oxo-1,2,3,9-tetrahydropyrrolo
[2,1-b]quinazolin-3-yl)-N-phenylacetamide (3a):
White solid; mp 172–173 ◦C; 78.5 mg (isolated yield 82%); 1H NMR (400 MHz,

Chloroform-d) δ 9.86 (s, 1H), 8.30 (d, J = 7.9 Hz, 1H), 7.77 (t, J = 7.5 Hz, 1H), 7.70 (d,
J = 8.0 Hz, 1H), 7.57 (d, J = 8.0 Hz, 2H), 7.49 (t, J = 7.5 Hz, 1H), 7.32 (t, J = 7.7 Hz, 2H), 7.09
(t, J = 7.3 Hz, 1H), 4.45–4.26 (m, 1H), 4.02–3.86 (m, 1H), 3.83–3.64 (m, 1H), 3.16 (dd, J = 15.1,
7.7 Hz, 1H), 2.73 (dd, J = 15.1, 4.3 Hz, 1H), 2.63 (dt, J = 13.8, 7.5 Hz, 1H), 2.08–1.97 (m, 1H);
13C NMR (100 MHz, Chloroform-d) δ 168.9, 161.3, 160.5, 148.2, 138.3, 134.5, 129.0, 126.8,
126.7, 126.4, 124.1, 120.7, 119.7, 44.8, 40.9, 40.0, 27.7. HRMS (ESI) m/z calcd for C19H18N3O2
[M + H]+: 320.1394; found: 320.1397.

2-(9-oxo-1,2,3,9-tetrahydropyrrolo
[2,1-b]quinazolin-3-yl)-N-(p-tolyl)acetamide (3b):
White solid; mp 167–168 ◦C; 82.9 mg (isolated yield 83%); 1H NMR (400 MHz,

Chloroform-d) δ 9.64 (s, 1H), 8.29 (d, J = 7.6 Hz, 1H), 7.75 (t, J = 6.8 Hz, 1H), 7.68 (d, J = 7.7 H,
1H), 7.51–7.42 (m, 3H), 7.11 (d, J = 7.5 Hz, 2H), 4.34 (t, J = 10.4 Hz, 1H), 3.99–3.89 (m, 1H),
3.76–3.65 (m, 1H), 3.20–3.10 (m, 1H), 2.74–2.68 (m, 1H), 2.67–2.58 (m, 1H), 2.30 (s, 3H),
2.08–1.98 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 168.8, 161.2, 160.6, 148.3, 135.7,
134.4, 133.7, 129.5, 126.7,126.6, 126.5, 120.7, 119.7, 44.8, 40.9, 39.9, 27.6, 20.8. HRMS (ESI)
m/z calcd for C20H20N3O2 [M + H]+: 334.1550; found: 334.1552.

N-(4-fluorophenyl)-2-(9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)acetamide
(3c):

White solid; mp 198–199 ◦C; 74.8 mg (isolated yield 74%); 1H NMR (400 MHz,
Chloroform-d) δ 10.00 (s, 1H), 8.32 (d, J = 7.6 Hz, 1H), 7.79 (t, J = 7.5 Hz, 1H), 7.71 (d,
J = 7.7 Hz, 1H), 7.58–7.48 (m, 3H), 7.02 (t, J = 8.3 Hz, 2H), 4.49–4.29 (m, 1H), 4.02–3.94
(m, 1H), 3.82–3.65 (m, 1H), 3.15 (dd, J = 14.9, 7.8 Hz, 1H), 2.77 (d, J = 14.8 Hz, 1H),
2.71–2.55 (m, 1H), 2.09–2.01 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 168.9, 161.3,
160.5, 159.1 (d, JC-F = 242.1 Hz), 148.1, 134.5, 134.4 (d, JC-F = 2.4 Hz), 126.8, 126.7, 126.3, 121.3
(d, JC-F = 7.8 Hz), 120.7, 115.6 (d, JC-F = 22.3 Hz), 44.8, 40.8, 39.9, 27.6; 19F NMR (376 MHz,
Chloroform-d) δ -118.24. HRMS (ESI) m/z calcd for C19H17FN3O2 [M + H]+: 338.1299;
found: 338.1304.

N-(4-chlorophenyl)-2-(9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)acetamide
(3d):

White solid; mp 215–216 ◦C; 76.3 mg (isolated yield 72%); 1H NMR (400 MHz,
Chloroform-d) δ 10.16 (s, 1H), 8.32 (d, J = 7.9 Hz, 1H), 7.80 (t, J = 7.6 Hz, 1H), 7.71 (d,
J = 8.0 Hz, 1H), 7.60–7.44 (m, 3H), 7.32–7.26 (m, 2H), 4.49–4.30 (m, 1H), 4.06–3.91 (m, 1H),
3.74 (d, J = 7.6 Hz, 1H), 3.15 (dd, J = 15.1, 8.0 Hz, 1H), 2.78 (d, J = 15.0 Hz, 1H), 2.72–2.57 (m,
1H), 2.11–2.00 (d, J = 21.4 Hz, 1H); 13C NMR (100 MHz, Chloroform-d) δ 169.0, 161.3, 160.5,
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148.0, 137.0, 134.5, 129.0, 128.9, 126.9, 126.7, 126.3, 120.8, 120.7, 44.8, 40.8, 40.0, 27.7. HRMS
(ESI) m/z calcd for C19H17ClN3O2 [M + H]+: 354.1004; found: 354.1006.

N-(4-bromophenyl)-2-(9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)acetamide
(3e):

White solid; mp 213–214 ◦C; 85.8 mg (isolated yield 72%); 1H NMR (400 MHz,
Chloroform-d) δ 10.12 (s, 1H), 8.30 (d, J = 7.9 Hz, 1H), 7.77 (t, J = 7.6 Hz, 1H), 7.67 (d,
J = 8.0 Hz, 1H), 7.52–7.45 (m, 3H), 7.42 (d, J = 8.7 Hz, 2H), 4.36 (t, J = 10.4 Hz, 1H), 4.02–3.89
(m, 1H), 3.80–3.66 (m, 1H), 3.14 (dd, J = 15.1, 8.0 Hz, 1H), 2.72 (dd, J = 15.1, 4.1 Hz, 1H),
2.66–2.57 (m, 1H), 2.07–1.98 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 169.0, 161.3,
160.4, 148.0, 137.5, 134.5, 131.9, 126.8, 126.7, 126.3, 121.2, 120.7, 116.5, 44.8, 40.8, 40.1, 27.7.
HRMS (ESI) m/z calcd for C19H17BrN3O2 [M + H]+: 398.0499; found: 398.0494.

2-(9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-(4-phenoxyphenyl)acetamide
(3f):

White solid; mp 197–198 ◦C; 80.2 mg (isolated yield 65%); 1H NMR (400 MHz,
Chloroform-d) δ 9.89 (s, 1H), 8.31 (d, J = 7.9 Hz, 1H), 7.77 (t, J = 7.6 Hz, 1H), 7.69 (d,
J = 8.0 Hz, 1H), 7.55 (d, J = 8.3 Hz, 2H), 7.49 (t, J = 7.5 Hz, 1H), 7.31 (t, J = 7.6 Hz, 2H), 7.08
(t, J = 7.3 Hz, 1H), 7.04–6.86 (m, 4H), 4.37 (t, J = 10.5 Hz, 1H), 3.97 (q, J = 11.1, 10.7 Hz, 1H),
3.81–3.67 (m, 1H), 3.16 (dd, J = 15.1, 7.7 Hz, 1H), 2.75 (dd, J = 15.1, 3.6 Hz, 1H), 2.70–2.58
(m, 1H), 2.10–2.00 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 168.8, 161.3, 160.5, 157.5,
153.2, 148.1, 134.5, 133.9, 129.7, 126.8, 126.7, 126.4, 123.0, 121.3, 120.7, 119.7, 118.3, 44.8, 40.9,
39.9, 27.6. HRMS (ESI) m/z calcd for C25H22N3O3 [M + H]+: 412.1656; found: 412.1662.

2-(9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-(4-(trifluoromethyl)-
phenyl)acetamide (3g):

White solid; mp 224–225 ◦C; 88.3 mg (isolated yield 76%); 1H NMR (400 MHz,
Chloroform-d) δ 10.48 (s, 1H), 8.29 (d, J = 7.9 Hz, 1H), 7.77 (t, J = 7.5 Hz, 1H), 7.74–7.64
(m, 3H), 7.56 (d, J = 8.1 Hz, 2H), 7.49 (t, J = 7.5 Hz, 1H), 4.44–4.29 (m, 1H), 4.01–3.86 (m,
1H), 3.79–3.67 (m, 1H), 3.17 (dd, J = 15.1, 8.1 Hz, 1H), 2.76 (dd, J = 15.1, 3.4 Hz, 1H), 2.63
(dt, J = 14.4, 7.6 Hz, 1H), 2.09–1.98 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 169.3,
161.4, 160.4, 147.8, 141.5, 134.6, 127.0, 126.7, 126.3, 126.1, 124.1 (q, JC-F = 269.8 Hz), 125.7
(q, JC-F = 34.0 Hz), 120.6, 119.2, 44.8, 40.7, 40.1, 27.7; 19F NMR (376 MHz, Chloroform-d) δ
-62.07. HRMS (ESI) m/z calcd for C20H17F3N3O2 [M + H]+: 388.1267; found: 388.1275.

2-(9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-(4-((trifluoromethyl)-
thio)phenyl)acetamide (3h):

White solid; mp 206–207 ◦C; 78.0 mg (isolated yield 62%); 1H NMR (400 MHz,
Chloroform-d) δ 10.51 (s, 1H), 8.32 (d, J = 7.8 Hz, 1H), 7.81 (t, J = 7.6 Hz, 1H), 7.74–7.65
(m, 3H), 7.61 (d, J = 7.9 Hz, 2H), 7.52 (t, J = 7.6 Hz, 1H), 4.44–4.33 (m, 1H), 4.02–3.93 (m,
1H), 3.78–3.66 (m, 1H), 3.17 (dd, J = 15.0, 8.1 Hz, 1H), 2.78 (d, J = 15.2 Hz, 1H), 2.71–2.58
(m, 1H), 2.11–1.98 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 169.3, 161.4, 160.4, 147.8,
141.0, 137.5, 134.6, 129.5 (d, JC-F = 306.5 Hz), 127.0, 126.8, 126.1, 120.6, 120.1, 118.4, 44.8,
40.8, 40.2, 27.7; 19F NMR (376 MHz, Chloroform-d) δ −43.35. HRMS (ESI) m/z calcd for
C20H17F3N3O2S [M + H]+: 420.0988; found: 420.0992.

N-(2-bromophenyl)-2-(9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)acetamide
(3i):

White solid; mp 197–198 ◦C; 69.1 mg (isolated yield 58%); 1H NMR (400 MHz,
Chloroform-d) δ 8.55 (s, 1H), 8.36–8.15 (m, 2H), 7.78–7.65 (m, 2H), 7.55–7.41 (m, 2H),
7.35–7.27 (m, 1H), 7.03–6.92 (m, 1H), 4.48–4.24 (m, 1H), 4.11–3.90 (m, 1H), 3.88–3.68 (m,
1H), 3.35–3.14 (m, 1H), 3.00–2.80 (m, 1H), 2.76–2.59 (m, 1H), 2.16–1.99 (m, 1H); 13C NMR
(100 MHz, Chloroform-d) δ 168.9, 160.6, 148.4, 135.6, 134.3, 132.4, 128.2, 126.7, 126.6, 126.5,
125.7, 123.0, 120.7, 114.1, 44.9, 40.7, 39.3, 27.0. HRMS (ESI) m/z calcd for C19H17BrN3O2
[M + H]+: 398.0499; found: 398.0495.

2-(9-oxo-1,2,3,9-tetrahydropyrrolo
[2,1-b]quinazolin-3-yl)-N-(m-tolyl)acetamide (3j):
White solid; mp 238–239 ◦C; 63.9 mg (isolated yield 64%); 1H NMR (400 MHz,

Chloroform-d) δ 9.71 (s, 1H), 8.39 (d, J = 7.9 Hz, 1H), 7.85 (t, J = 7.5 Hz, 1H), 7.79 (d,
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J = 8.0 Hz, 1H), 7.57 (t, J = 7.3 Hz, 1H), 7.52 (s, 1H), 7.39 (d, J = 7.9 Hz, 1H), 7.28 (t, J = 7.7 Hz,
1H), 6.99 (d, J = 7.2 Hz, 1H), 4.44 (t, J = 10.5 Hz, 1H), 4.04 (q, J = 10.7 Hz, 1H), 3.78 (d,
J = 18.6 Hz, 1H), 3.23 (dd, J = 14.9, 7.2 Hz, 1H), 2.83 (d, J = 14.7 Hz, 1H), 2.77–2.66 (m, 1H),
2.41 (s, 3H), 2.17–2.06 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 168.8, 161.3, 160.5,
148.2, 138.9, 138.2, 134.4, 128.8, 126.8, 126.7, 126.4, 124.9, 120.7, 120.4, 116.7, 44.8, 40.9, 40.0,
27.6, 21.5. HRMS (ESI) m/z calcd for C20H20N3O2 [M + H]+: 334.1550; found: 334.1557.

N-(3-bromophenyl)-2-(9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)acetamide
(3k):

White solid; mp 234–235 ◦C; 79.8 mg (isolated yield 67%); 1H NMR (400 MHz,
Chloroform-d) δ 10.21 (s, 1H), 8.31 (d, J = 7.8 Hz, 1H), 7.88 (s, 1H), 7.79 (t, J = 7.6 Hz,
1H), 7.70 (d, J = 8.0 Hz, 1H), 7.49 (dd, J = 20.1, 7.6 Hz, 2H), 7.25–7.14 (m, 2H), 4.47–4.25
(m, 1H), 4.09–3.89 (m, 1H), 3.78–3.61 (m, 1H), 3.15 (dd, J = 15.0, 8.2 Hz, 1H), 2.73 (dd,
J = 15.1, 3.4 Hz, 1H), 2.64 (dt, J = 14.1, 7.7 Hz, 1H), 2.08–1.98 (m, 1H); 13C NMR (100 MHz,
Chloroform-d) δ 169.1, 161.3, 160.5, 148.0, 139.7, 134.6, 130.3, 127.0, 126.9, 126.7, 126.3, 122.6,
122.6, 120.7, 118.0, 44.8, 40.8, 40.1, 27.8. HRMS (ESI) m/z calcd for C19H17BrN3O2 [M + H]+:
398.0499; found: 398.0494.

N-butyl-2-(9-oxo-1,2,3,9-tetrahydropyrrolo
[2,1-b]quinazolin-3-yl)acetamide (3l):
White solid; mp 167–168 ◦C; 69.1 mg (isolated yield 77%); 1H NMR (400 MHz,

Chloroform-d) δ 8.29 (d, J = 7.9 Hz, 1H), 7.74 (t, J = 7.6 Hz, 1H), 7.63 (d, J = 8.0 Hz,
1H), 7.46 (t, J = 7.5 Hz, 1H), 6.85 (s, 1H), 4.33 (t, J = 10.5 Hz, 1H), 4.01–3.91 (m, 1H), 3.74–3.57
(m, 1H), 3.31- 3.24 (m, 2H), 2.97 (dd, J = 14.9, 6.2 Hz, 1H), 2.59 (dd, J = 14.6, 6.2 Hz, 2H), 2.02
(d, J = 11.6 Hz, 1H), 1.52–1.44 (m 2H), 1.34 (dt, J = 14.8, 7.4 Hz, 2H), 0.89 (t, J = 7.2 Hz, 3H);
13C NMR (100 MHz, Chloroform-d) δ 170.4, 161.1, 160.7, 148.5, 134.2, 126.6, 126.5, 120.7,
44.8, 41.0, 39.3, 38.5, 31.6, 27.1, 20.1, 13.7. HRMS (ESI) m/z calcd for C17H22N3O2 [M + H]+:
300.1707; found: 300.1714.

N-cyclopentyl-2-(9-oxo-1,2,3,9-tetrahydropyrrolo
[2,1-b]quinazolin-3-yl)acetamide (3m):
White solid; mp 206–207 ◦C; 67.2 mg (isolated yield 72%); 1H NMR (400 MHz,

Chloroform-d) δ 8.29 (d, J = 7.8 Hz, 1H), 7.73 (t, J = 7.4 Hz, 1H), 7.62 (d, J = 8.1 Hz,
1H), 7.46 (t, J = 7.4 Hz, 1H), 7.02 (s, 1H), 4.32 (t, J = 10.2 Hz, 1H), 4.24–4.15 (m, 1H), 4.00–3.90
(m, 1H), 3.67–3.59 (m, 1H), 2.92 (dd, J = 14.9, 6.4 Hz, 1H), 2.68–2.48 (m, 2H), 2.10–1.86 (m,
4H), 1.71- 1.53 (m, 4H), 1.45–1.34 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 170.0, 161.1,
160.7, 148.5, 134.3, 126.6, 126.5, 120.7, 51.3, 44.8, 41.1, 38.7, 33.1, 27.2, 23.7. HRMS (ESI) m/z
calcd for C18H22N3O2 [M + H]+: 312.1707; found: 312.1712.

N-(adamantan-1-yl)-2-(9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)acetamide
(3n):

White solid; mp 85–86 ◦C; 88.2 mg (isolated yield 78%); 1H NMR (400 MHz, Chloroform-
d) δ 8.29 (d, J = 7.9 Hz, 1H), 7.73 (t, J = 7.6 Hz, 1H), 7.64 (d, J = 8.1 Hz, 1H), 7.46 (t, J = 7.5 Hz,
1H), 6.46 (s, 1H), 4.32 (t, J = 10.4 Hz, 1H), 4.02–3.89 (m, 1H), 3.65–3.58 (m, 1H), 2.90 (dd,
J = 14.8, 5.9 Hz, 1H), 2.65–2.54 (m, 1H), 2.49 (dd, J = 14.8, 6.3 Hz, 1H), 2.11–1.93 (m, 10H),
1.70–1.59 (m, 6H); 13C NMR (100 MHz, Chloroform-d) δ 169.6, 161.1, 160.7, 148.7, 134.2,
126.6, 126.5, 126.4, 120.7, 52.0, 44.8, 41.6, 41.2, 39.6, 36.3, 29.4, 27.1. HRMS (ESI) m/z calcd
for C23H28N3O2 [M + H]+: 378.2176; found: 378.2179.

N-benzyl-2-(9-oxo-1,2,3,9-tetrahydropyrrolo
[2,1-b]quinazolin-3-yl)acetamide (3o):
White solid; mp 174–175 ◦C; 65.0 mg (isolated yield 65%); 1H NMR (400 MHz,

Chloroform-d) δ 8.26 (d, J = 7.9 Hz, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.49–7.34 (m, 3H), 7.26 (s, 5H),
4.56–4.37 (m, 2H), 4.37–4.26 (m, 1H), 4.01–3.86 (m, 1H), 3.74–3.61 (m, 1H), 3.00 (dd, J = 15.0,
6.5 Hz, 1H), 2.72–2.54 (m, 2H), 2.11–1.98 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ
170.4, 160.8, 160.7, 148.5, 138.1, 134.1, 128.7, 127.8, 127.5, 126.6, 126.5, 126.5, 120.7, 44.7, 40.9,
38.5, 27.2. HRMS (ESI) m/z calcd for C20H20N3O2 [M + H]+: 334.1550; found: 334.1557.

2-(8-fluoro-9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-phenylacetamide
(3q):
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White solid; mp 202–203 ◦C; 74.8 mg (isolated yield 74%); 1H NMR (400 MHz,
Chloroform-d) δ 9.45 (s, 1H), 7.68 (q, J = 8.1 Hz, 1H), 7.55 (d, J = 7.9 Hz, 2H), 7.47 (d,
J = 8.2 Hz, 1H), 7.32 (t, J = 7.6 Hz, 2H), 7.17–7.05 (m, 2H), 4.42–4.27 (m, 1H), 4.01–3.86 (m,
1H), 3.71 (d, J = 15.0 Hz, 1H), 3.15 (dd, J = 15.1, 7.2 Hz, 1H), 2.73 (dd, J = 15.1, 4.7 Hz, 1H),
2.67–2.56 (m, 1H), 2.09–1.98 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 168.7, 162.8,
162.1, 158.9 (d, JC-F = 249.5 Hz), 150.6, 138.1, 134.8 (d, JC-F = 10.4 Hz), 129.0, 124.2, 122.4 (d,
JC-F = 4.2 Hz), 119.7, 113.3 (d, JC-F = 20.8 Hz), 110.5 (d, JC-F = 6.9 Hz), 44.8, 40.9, 39.7, 27.3;
19F NMR (376 MHz, Chloroform-d) δ -110.23. HRMS (ESI) m/z calcd for C19H17FN3O2
[M + H]+: 338.1299; found: 338.1292.

2-(7-methyl-9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-phenylacetamide
(3r):

White solid; mp 217–218 ◦C; 71.0 mg (isolated yield 71%); 1H NMR (400 MHz,
Chloroform-d) δ 10.03 (s, 1H), 8.10 (s, 1H), 7.65–7.53 (m, 4H), 7.34 (d, J = 6.6 Hz, 2H),
7.10 (t, J = 6.7 Hz, 1H), 4.37 (t, J = 10.7 Hz, 1H), 3.95 (q, J = 11.3, 10.6 Hz, 1H), 3.71 (d,
J = 17.3 Hz, 1H), 3.25–3.10 (m, 1H), 2.73 (d, J = 15.2 Hz, 1H), 2.63 (dt, J = 15.0, 8.0 Hz, 1H),
2.50 (s, 3H), 2.07–1.97 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 169.0, 160.6, 160.4,
146.2, 138.4, 137.0, 135.9, 129.0, 126.2, 126.1, 124.1, 120.5, 119.6, 44.7, 40.8, 40.2, 27.8, 21.3.
HRMS (ESI) m/z calcd for C20H20N3O2 [M + H]+: 334.1550; found: 334.1556.

2-(7-chloro-9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-phenylacetamide
(3s):

White solid; mp 238–239 ◦C; 80.5 mg (isolated yield 76%); 1H NMR (400 MHz,
Chloroform-d) δ 9.36 (s, 1H), 8.27 (s, 1H), 7.71 (d, J = 8.7 Hz, 1H), 7.64 (d, J = 8.6 Hz,
1H), 7.54 (d, J = 7.9 Hz, 2H), 7.33 (t, J = 7.5 Hz, 2H), 7.11 (t, J = 7.4 Hz, 1H), 4.49–4.31 (m,
1H), 4.05–3.93 (m, 1H), 3.81–3.67 (m, 1H), 3.15 (dd, J = 15.2, 7.2 Hz, 1H), 2.75 (dd, J = 15.2,
4.6 Hz, 1H), 2.71–2.59 (m, 1H), 2.12–2.02 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ
168.7, 161.5, 159.5, 146.8, 138.1, 134.8, 132.6, 129.1, 128.1, 126.1, 124.3, 121.8, 119.7, 44.9, 40.9,
39.7, 27.5. HRMS (ESI) m/z calcd for C19H17ClN3O2 [M + H]+: 354.1004; found: 354.1002.

2-(9-oxo-7-(trifluoromethyl)-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-
phenylacetamide (3t):

White solid; mp 191–192 ◦C; 84.8 mg (isolated yield 73%); 1H NMR (400 MHz,
Chloroform-d) δ 9.10 (s, 1H), 8.57 (s, 1H), 7.94 (d, J = 8.5 Hz, 1H), 7.76 (d, J = 8.5 Hz,
1H), 7.52 (d, J = 7.8 Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.10 (t, J = 7.3 Hz, 1H), 4.46–4.28 (m, 1H),
4.04–3.93 (m, 1H), 3.74 (d, J = 15.5 Hz, 1H), 3.17 (dd, J = 15.3, 6.6 Hz, 1H), 2.76 (dd, J = 15.3,
5.3 Hz, 1H), 2.73–2.58 (m, 1H), 2.12–2.01 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ
168.6, 163.3, 159.8, 150.6, 137.9, 130.6 (q, JC-F = 3.2 Hz), 129.0, 128.6 (q, JC-F = 33.3 Hz), 127.5,
124.5 (q, JC-F = 4.0 Hz), 124.3, 123.6 (q, JC-F = 270.5 Hz), 120.7, 119.7, 45.0, 41.0, 39.4, 27.2;
19F NMR (376 MHz, Chloroform-d) δ -62.27. HRMS (ESI) m/z calcd for C20H17F3N3O2
[M + H]+: 388.1267; found: 388.1261.

2-(6-fluoro-9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-phenylacetamide
(3u):

White solid; mp 181–182 ◦C; 68.8 mg (isolated yield 68%); 1H NMR (400 MHz,
Chloroform-d) δ 9.36 (s, 1H), 8.42–8.18 (m, 1H), 7.53 (d, J = 7.9 Hz, 2H), 7.32 (t, J = 7.7 Hz,
3H), 7.18 (t, J = 8.4 Hz, 1H), 7.10 (t, J = 7.3 Hz, 1H), 4.43–4.27 (m, 1H), 4.00–3.89 (m, 1H),
3.84–3.66 (m, 1H), 3.15 (dd, J = 15.2, 6.9 Hz, 1H), 2.73 (dd, J = 15.2, 5.1 Hz, 1H), 2.67–2.58 (m,
1H), 2.13–1.99 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 168.7, 166.4 (d, JC-F = 252.9 Hz),
162.5, 159.9, 150.6 (d, JC-F = 12.8 Hz), 138.0, 129.3 (d, JC-F = 10.6 Hz), 129.0, 124.2, 119.7, 117.4,
115.4 (d, JC-F = 23.3Hz), 112.0 (d, JC-F = 22.0Hz), 44.8, 40.9, 39.6, 27.4; 19F NMR (376 MHz,
Chloroform-d) δ -103.09. HRMS (ESI) m/z calcd for C19H17FN3O2 [M + H]+: 338.1299;
found: 338.1303.

2-(6-chloro-9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-phenylacetamide
(3v):

White solid; mp 187–188 ◦C; 76.3 mg (isolated yield 72%); 1H NMR (400 MHz,
Chloroform-d) δ 9.24 (s, 1H), 8.21 (d, J = 8.5 Hz, 1H), 7.66 (s, 1H), 7.54 (d, J = 7.9 Hz,
2H), 7.42 (d, J = 8.5 Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.11 (t, J = 7.4 Hz, 1H), 4.41–4.27 (m,
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1H), 4.02–3.90 (m, 1H), 3.81–3.68 (m, 1H), 3.15 (dd, J = 15.2, 6.9 Hz, 1H), 2.73 (dd, J = 15.2,
5.1 Hz, 1H), 2.69–2.59 (m, 1H), 2.09–2.00 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ
168.7, 162.5, 160.0, 149.4, 140.6, 138.0, 129.1, 128.0, 127.3, 126.1, 124.3, 119.7, 119.2, 44.9, 40.9,
39.6, 27.4. HRMS (ESI) m/z calcd for C19H17ClN3O2 [M + H]+: 354.1004; found: 354.1007.

2-(9-oxo-6-(trifluoromethyl)-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-
phenylacetamide (3w):

White solid; mp 203–204 ◦C; 85.9 mg (isolated yield 74%); 1H NMR (400 MHz,
Chloroform-d) δ 8.91 (s, 1H), 8.39 (d, J = 8.2 Hz, 1H), 7.92 (s, 1H), 7.66 (d, J = 8.2 Hz,
1H), 7.52 (d, J = 7.8 Hz, 2H), 7.31 (t, J = 7.4 Hz, 2H), 7.10 (t, J = 7.2 Hz, 1H), 4.45–4.30 (m, 1H),
4.02–3.94 (m, 1H), 3.77 (d, J = 8.4 Hz, 1H), 3.18 (dd, J = 15.4, 6.1 Hz, 1H), 2.76 (dd, J = 15.3,
5.7 Hz, 1H), 2.72–2.60 (m, 1H), 2.17–2.04 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 168.6,
162.5, 159.8, 148.5, 137.9, 135.8 (q, JC-F = 32.8 Hz), 129.0, 127.7, 124.4, 124.1 (q, JC-F = 3.9 Hz),
123.3 (q, JC-F = 271.3 Hz), 123.0, 122.6 (q, JC-F = 3.4 Hz), 119.7, 45.0, 40.8, 39.3, 27.1; 19F NMR
(376 MHz, Chloroform-d) δ −63.14. HRMS (ESI) m/z calcd for C20H17F3N3O2 [M + H]+:
388.1267; found: 388.1270.

2-(6,7-difluoro-9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-
phenylacetamide (3x):

White solid; mp 220–221 ◦C; 70.3 mg (isolated yield 66%); 1H NMR (400 MHz,
Chloroform-d) δ 8.94 (s, 1H), 8.05 (t, J = 9.2 Hz, 1H), 7.51 (d, J = 7.9 Hz, 2H), 7.45 (dd,
J = 10.4, 7.1 Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.11 (t, J = 7.3 Hz, 1H), 4.43–4.27 (m, 1H),
4.04–3.90 (m, 1H), 3.81–3.68 (m, 1H), 3.14 (dd, J = 15.3, 6.5 Hz, 1H), 2.75 (dd, J = 15.3,
5.4 Hz, 1H), 2.69–2.61 (m, 1H), 2.13–2.02 (m, 1H); 13C NMR (100 MHz, Chloroform-d)
δ 168.6, 162.0, 159.2 (d, JC-F = 2.5 Hz), 154.8 (dd, JC-F = 256.7 Hz, 14.8 Hz), 147.2 (dd,
JC-F = 205.7 Hz, 13.8 Hz), 137.9, 129.1, 124.4, 119.7, 117.7 (d, JC-F = 7.6 Hz), 114.5, 114.3,
114.0 (dd, JC-F = 18.8 Hz, 1.7 Hz), 45.0, 40.9, 39.4, 27.3; 19F NMR (376 MHz, Chloroform-d) δ
-126.08 (d, J = 21.6 Hz), -136.11 (d, J = 21.6 Hz). HRMS (ESI) m/z calcd for C19H16F2N3O2
[M + H]+: 356.1205; found: 356.1209.

2-(5,6-dimethyl-9-oxo-1,2,3,9-tetrahydropyrrolo [2,1-b]quinazolin-3-yl)-N-
phenylacetamide (3y):

White solid; mp 233–234 ◦C; 69.8 mg (isolated yield 67%); 1H NMR (400 MHz,
Chloroform-d) δ 9.21 (s, 1H), 8.05 (d, J = 8.1 Hz, 1H), 7.50 (d, J = 7.9 Hz, 2H), 7.35–7.24 (m,
3H), 7.10 (t, J = 7.3 Hz, 1H), 4.44–4.25 (m, 1H), 4.01–3.85 (m, 1H), 3.79–3.70 (m, 1H), 3.17 (dd,
J = 15.1, 7.2 Hz, 1H), 2.75 (dd, J = 15.1, 4.7 Hz, 1H), 2.70–2.57 (m, 1H), 2.51 (s, 3H), 2.42 (s,
3H), 2.09–1.93 (m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 169.3, 161.1, 159.6, 146.8, 143.4,
137.9, 132.8, 128.9, 128.6, 124.3, 123.4, 120.3, 118.6, 44.5, 41.0, 39.8, 27.6, 21.0, 13.5. HRMS
(ESI) m/z calcd for C21H22N3O2 [M + H]+: 348.1707; found: 348.1708.

2-(11-oxo-7,8,9,11-tetrahydro-6H-pyrido
[2,1-b]quinazolin-6-yl)-N-phenylacetamide (3z):
White solid; mp 122–123 ◦C; 73.0 mg (isolated yield 73%); 1H NMR (400 MHz,

Chloroform-d) δ 9.40 (s, 1H), 8.27 (d, J = 8.1 Hz, 1H), 7.75 (t, J = 7.6 Hz, 1H), 7.64 (d,
J = 8.1 Hz, 1H), 7.48 (dd, J = 19.9, 7.9 Hz, 4H), 7.29 (d, J = 7.7 Hz, 1H), 7.06 (t, J = 7.3 Hz,
1H), 4.57–4.37 (m, 1H), 3.81 (t, J = 13.8 Hz, 1H), 3.34 (d, J = 11.1 Hz, 1H), 3.18 (dd, J = 14.2,
7.5 Hz, 1H), 2.77 (dd, J = 14.2, 3.5 Hz, 1H), 2.34–2.21 (m, 1H), 2.08–1.97 (m, 2H), 1.76–1.64
(m, 1H); 13C NMR (100 MHz, Chloroform-d) δ 170.0, 161.5, 157.7, 146.4, 138.2, 134.4, 129.0,
127.0, 126.6, 126.1, 123.9, 120.3, 119.5, 40.8, 40.6, 37.9, 26.0, 20.7. HRMS (ESI) m/z calcd for
C20H20N3O2 [M + H]+: 334.1550; found: 334.1553.

4. Conclusions

In summary, we have developed a convenient method for the incorporation of an
amide group to 2,3-fused quinazolin-4(3H)-ones via the radical cascade reaction of N3-
alkenyl-tethered quinazolinones with readily available oxamic acids as amide sources.
The reaction was performed well under transition-metal-free conditions with wide func-
tional group compatibility, making it an attractive method for the construction of amide-
containing quinazolinone derivatives.



Molecules 2024, 29, 997 13 of 16

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/molecules29050997/s1, Figure S1: MS spectra of compound 4a;
Figure S2: MS spectra of compound 4b; Figures S3–S52: Copies of the 1H NMR and 13C NMR spectra.

Author Contributions: J.-J.T., M.-Y.Z. and Y.-J.L. performed the experiments. L.-H.Y. analyzed the
data. L.-Y.X. wrote the original draft and was responsible for reviewing and editing. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was supported by the Science and Technology Innovation Program of Hunan
Province (2022RC1119), the Science and Technology Program of Yong Zhou (2021-YZKJZD-002), and
the construct program of applied characteristic discipline in Hunan Province.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in the Supplementary Materials.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Bowman, W.R.; Elsegood, M.R.J.; Stein, T.; Weaver, G.W. Radical reactions with 3H-quinazolin-4-ones: Synthesis of deoxyvasici-

none, mackinazolinone, luotonin A, rutaecarpine and tryptanthrin. Org. Biomol. Chem. 2007, 5, 103–113. [CrossRef]
2. Mahindroo, N.; Ahmed, Z.; Bhagat, A.; Lal Bedi, K.; Kant Khajuria, R.; Kumar Kapoor, V.; Lal Dhar, K. Synthesis and Structure-

Activity Relationships of Vasicine Analogues as Bronchodilatory Agents. Med. Chem. Res. 2005, 14, 347–368. [CrossRef]
3. Zheng, F.; Zhan, M.; Huang, X.; Abdul Hameed, M.D.M.; Zhan, C.-G. Modeling in vitro inhibition of butyrylcholinesterase

using molecular docking, multi-linear regression and artificial neural network approaches. Biorg. Med. Chem. 2014, 22, 538–549.
[CrossRef] [PubMed]

4. Al-Shamma, A.; Drake, S.; Flynn, D.L.; Mitscher, L.A.; Park, Y.H.; Rao, G.S.R.; Simpson, A.; Swayze, J.K.; Veysoglu, T.; Wu, S.T.S.
Antimicrobial Agents From Higher Plants. Antimicrobial Agents From Peganum harmala Seeds. J. Nat. Prod. 1981, 44, 745–747.
[CrossRef] [PubMed]

5. Choi, Y.H.; Shin, E.M.; Kim, Y.S.; Cai, X.F.; Lee, J.J.; Kim, H.P. Anti-inflammatory principles from the fruits of Evodia rutaecarpa
and their cellular action mechanisms. Arch. Pharmacal Res. 2006, 29, 293–297. [CrossRef] [PubMed]

6. Hu, C.-P.; Xiao, L.; Deng, H.-W.; Li, Y.-J. The Cardioprotection of Rutaecarpine is Mediated by Endogenous Calcitonin Related-
Gene Peptide Through Activation of Vanilloid Receptors in Guinea-Pig Hearts. Planta Med. 2002, 68, 705–709. [CrossRef]
[PubMed]

7. Mehta, D.R.; Naravane, J.S.; Desai, R.M. Vasicinone. A Bronchodilator Principle from Adhatoda Vasica Nees (N. O. Acanthaceae).
J. Org. Chem. 1963, 28, 445–448. [CrossRef]

8. Narkhede, R.R.; Pise, A.V.; Cheke, R.S.; Shinde, S.D. Recognition of Natural Products as Potential Inhibitors of COVID-19 Main
Protease (Mpro): In-Silico Evidences. Nat. Product. Bioprosp. 2020, 10, 297–306. [CrossRef] [PubMed]

9. Song, S.-Z.; Meng, Y.-N.; Li, Q.; Wei, W.-T. Recent Progress in the Construction of C−N Bonds via Metal-Free Radical C(sp3)−H
Functionalization. Adv. Synth. Catal. 2020, 362, 2120–2134. [CrossRef]

10. Picos-Corrales, L.A.; Sarmiento-Sánchez, J.I. Synthesis of quinazolin-4(3H)-ones, an update (microreview). Chem. Heterocycl. Com.
2018, 54, 762–764. [CrossRef]

11. Chen, J.; Su, W.; Wu, H.; Liu, M.; Jin, C. Eco-friendly synthesis of 2,3-dihydroquinazolin-4(1H)-ones in ionic liquids or ionic
liquid–water without additional catalyst. Green Chem. 2007, 9, 972–975. [CrossRef]

12. Qian, P.; Deng, Y.; Mei, H.; Han, J.; Zhou, J.; Pan, Y. Visible-Light Photoredox Catalyzed Oxidative/Reductive Cyclization Reaction
of N-Cyanamide Alkenes for the Synthesis of Sulfonated Quinazolinones. Org. Lett. 2017, 19, 4798–4801. [CrossRef] [PubMed]

13. Qiao, R.; Ye, L.; Hu, K.; Yu, S.; Yang, W.; Liu, M.; Chen, J.; Ding, J.; Wu, H. Copper-catalyzed C–O bond cleavage and cyclization:
Synthesis of indazolo[3,2-b]quinazolinones. Org. Biomol. Chem. 2017, 15, 2168–2173. [CrossRef] [PubMed]

14. Yang, W.; Qiao, R.; Chen, J.; Huang, X.; Liu, M.; Gao, W.; Ding, J.; Wu, H. Palladium-Catalyzed Cascade Reaction of 2-Amino-N′-
arylbenzohydrazides with Triethyl Orthobenzoates To Construct Indazolo[3,2-b]quinazolinones. J. Org. Chem. 2015, 80, 482–489.
[CrossRef] [PubMed]

15. Zhang, Y.; Shao, Y.; Gong, J.; Zhu, J.; Cheng, T.; Chen, J. Selenium-Catalyzed Oxidative C–H Amination of (E)-3-(Arylamino)-2-
styrylquinazolin-4(3H)-ones: A Metal-Free Synthesis of 1,2-Diarylpyrazolo[5,1-b]quinazolin-9(1H)-ones. J. Org. Chem. 2019, 84,
2798–2807. [CrossRef] [PubMed]

16. Jing, D.; Lu, C.; Chen, Z.; Jin, S.; Xie, L.; Meng, Z.; Su, Z.; Zheng, K. Light-Driven Intramolecular C−N Cross-Coupling via a
Long-Lived Photoactive Photoisomer Complex. Angew. Chem. Int. Ed. 2019, 58, 14666–14672. [CrossRef] [PubMed]

17. Lu, C.; Su, Z.; Jing, D.; Jin, S.; Xie, L.; Li, L.; Zheng, K. Intramolecular Reductive Cyclization of o-Nitroarenes via Biradical
Recombination. Org. Lett. 2019, 21, 1438–1443. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/molecules29050997/s1
https://www.mdpi.com/article/10.3390/molecules29050997/s1
https://doi.org/10.1039/B614075K
https://doi.org/10.1007/s00044-006-0141-7
https://doi.org/10.1016/j.bmc.2013.10.053
https://www.ncbi.nlm.nih.gov/pubmed/24290065
https://doi.org/10.1021/np50018a025
https://www.ncbi.nlm.nih.gov/pubmed/7334386
https://doi.org/10.1007/BF02968573
https://www.ncbi.nlm.nih.gov/pubmed/16681034
https://doi.org/10.1055/s-2002-33794
https://www.ncbi.nlm.nih.gov/pubmed/12221592
https://doi.org/10.1021/jo01037a041
https://doi.org/10.1007/s13659-020-00253-1
https://www.ncbi.nlm.nih.gov/pubmed/32557405
https://doi.org/10.1002/adsc.202000055
https://doi.org/10.1007/s10593-018-2346-3
https://doi.org/10.1039/b700957g
https://doi.org/10.1021/acs.orglett.7b02163
https://www.ncbi.nlm.nih.gov/pubmed/28876953
https://doi.org/10.1039/C6OB02352E
https://www.ncbi.nlm.nih.gov/pubmed/28071775
https://doi.org/10.1021/jo5024848
https://www.ncbi.nlm.nih.gov/pubmed/25437529
https://doi.org/10.1021/acs.joc.8b03179
https://www.ncbi.nlm.nih.gov/pubmed/30740976
https://doi.org/10.1002/anie.201906112
https://www.ncbi.nlm.nih.gov/pubmed/31373432
https://doi.org/10.1021/acs.orglett.9b00191
https://www.ncbi.nlm.nih.gov/pubmed/30767542


Molecules 2024, 29, 997 14 of 16

18. Ly, D.; Nguyen, T.T.; Tran, C.T.H.; Nguyen, V.P.T.; Nguyen, K.X.; Pham, P.H.; Le, N.T.H.; Nguyen, T.T.; Phan, N.T.S. Metal-Free
Annulation of 2-Nitrobenzyl Alcohols and Tetrahydroisoquinolines toward the Divergent Synthesis of Quinazolinones and
Quinazolinethiones. J. Org. Chem. 2022, 87, 103–113. [CrossRef]

19. Nguyen, T.T.; Nguyen, K.X.; Pham, P.H.; Ly, D.; Nguyen, D.K.; Nguyen, K.D.; Nguyen, T.T.; Phan, N.T.S. Copper-catalyzed
synthesis of pyrido-fused quinazolinones from 2-aminoarylmethanols and isoquinolines or tetrahydroisoquinolines. Org. Biomol.
Chem. 2021, 19, 4726–4732. [CrossRef]

20. Xie, F.; Chen, Q.-H.; Xie, R.; Jiang, H.-F.; Zhang, M. MOF-Derived Nanocobalt for Oxidative Functionalization of Cyclic Amines to
Quinazolinones with 2-Aminoarylmethanols. ACS Catal. 2018, 8, 5869–5874. [CrossRef]

21. Xie, L.; Lu, C.; Jing, D.; Ou, X.; Zheng, K. Metal-Free Synthesis of Polycyclic Quinazolinones Enabled by a (NH4)2S2O8-Promoted
Intramolecular Oxidative Cyclization. Eur. J. Org. Chem. 2019, 2019, 3649–3653. [CrossRef]

22. Chen, X.; Xia, F.; Zhao, Y.; Ma, J.; Ma, Y.; Zhang, D.; Yang, L.; Sun, P. TBHP-Mediated Oxidative Decarboxylative Cyclization in
Water: Direct and Sustainable Access to Anti-malarial Polycyclic Fused Quinazolinones and Rutaecarpine. Chin. J. Chem. 2020, 38,
1239–1244. [CrossRef]

23. Chen, X.; Zhang, X.; Lu, S.; Sun, P. Electrosynthesis of polycyclic quinazolinones and rutaecarpine from isatoic anhydrides and
cyclic amines. RSC Adv. 2020, 10, 44382–44386. [CrossRef] [PubMed]

24. Garia, A.; Jain, N. Transition-Metal-Free Synthesis of Fused Quinazolinones by Oxidative Cyclization of N-Pyridylindoles. J. Org.
Chem. 2019, 84, 9661–9670. [CrossRef] [PubMed]

25. Jia, F.-C.; Chen, T.-Z.; Hu, X.-Q. TFA/TBHP-promoted oxidative cyclisation for the construction of tetracyclic quinazolinones and
rutaecarpine. Org. Chem. Front. 2020, 7, 1635–1639. [CrossRef]

26. Li, J.; Wang, Z.-B.; Xu, Y.; Lu, X.-C.; Zhu, S.-R.; Liu, L. Catalyst-free cyclization of anthranils and cyclic amines: One-step synthesis
of rutaecarpine. Chem. Commun. 2019, 55, 12072–12075. [CrossRef]

27. Wang, D.; Xiao, F.; Zhang, F.; Huang, H.; Deng, G.-J. Copper-Catalyzed Aerobic Oxidative Ring Expansion of Isatins: A Facile
Entry to Isoquinolino-Fused Quinazolinones. Chin. J. Chem. 2021, 39, 87–92. [CrossRef]

28. Ye, Y.; Yue, Y.; Guo, X.; Chao, J.; Yang, Y.; Sun, C.; Lv, Q.; Liu, J. Copper-Catalyzed Aerobic Oxidation of N-Pyridylindole Leading
to Fused Quinazolinones. Eur. J. Org. Chem. 2021, 2021, 3721–3725. [CrossRef]

29. Feng, Y.; Tian, N.; Li, Y.; Jia, C.; Li, X.; Wang, L.; Cui, X. Construction of Fused Polyheterocycles through Sequential [4 + 2] and
[3 + 2] Cycloadditions. Org. Lett. 2017, 19, 1658–1661. [CrossRef]

30. Kumaran, S.; Parthasarathy, K. Cobalt(III)-Catalyzed Synthesis of Fused Quinazolinones by C–H/N–H Annulation of 2-
Arylquinazolinones with Alkynes. Eur. J. Org. Chem. 2020, 2020, 866–869. [CrossRef]

31. Wang, Z.-H.; Wang, H.; Wang, H.; Li, L.; Zhou, M.-D. Ruthenium(II)-Catalyzed C–C/C–N Coupling of 2-Arylquinazolinones
with Vinylene Carbonate: Access to Fused Quinazolinones. Org. Lett. 2021, 23, 995–999. [CrossRef] [PubMed]

32. (32) Zhang, J.; Wang, X.; Chen, D.; Kang, Y.; Ma, Y.; Szostak, M. Synthesis of C6-Substituted Isoquinolino[1,2-b]quinazolines via
Rh(III)-Catalyzed C–H Annulation with Sulfoxonium Ylides. J. Org. Chem. 2020, 85, 3192–3201. [CrossRef]

33. Wang, W.; Zou, P.-S.; Pang, L.; Pan, C.-X.; Mo, D.-L.; Su, G.-F. Recent advances in the synthesis of 2,3-fused quinazolinones. Org.
Biomol. Chem. 2022, 20, 6293–6313. [CrossRef] [PubMed]

34. Gu, Y.-J.; Cui, W.; Jiang, D.-L.; Yuan, H.; Liang, X.-W.; Wang, S.-G. Visible-light-promoted photoredox-catalyzed N-aminoalkylation
of quinazolinones with simple alkylamide. Tetrahedron Lett. 2023, 132, 154801. [CrossRef]

35. Sun, B.; Tang, X.; Shi, R.; Yan, Z.; Li, B.; Tang, C.; Jin, C.; Wu, C.L.; Shen, R.P. Self-photocatalyzed Homolytic Dehalogenative
Alkylation/Cyclization of Unactivated Alkenes Based on the Quinazolinone Skeleton via Energy Transfer. Asian. J. Org. Chem.
2021, 10, 3390–3395. [CrossRef]

36. Ghouse, A.M.; Akondi, S.M. Dicarbofunctionalization of unactivated alkenes via organo-photoredox catalysis in water: Access to
cyanoalkylated fused quinazolinones. Org. Biomol. Chem. 2023, 21, 5351–5355. [CrossRef] [PubMed]

37. Liu, H.; Yang, Z.; Huang, G.; Yu, J.-T.; Pan, C. Cyanomethylative cyclization of unactivated alkenes with nitriles for the synthesis
of cyano-containing ring-fused quinazolin-4(3H)-ones. New J. Chem. 2022, 46, 1347–1352. [CrossRef]

38. Sun, B.; Shi, R.; Zhang, K.; Tang, X.; Shi, X.; Xu, J.; Yang, J.; Jin, C. Photoinduced homolytic decarboxylative acylation/cyclization
of unactivated alkenes with α-keto acid under external oxidant and photocatalyst free conditions: Access to quinazolinone
derivatives. Chem. Commun. 2021, 57, 6050–6053. [CrossRef]

39. Gui, Q.-W.; Teng, F.; Yang, H.; Xun, C.; Huang, W.-J.; Lu, Z.-Q.; Zhu, M.-X.; Ouyang, W.-T.; He, W.-M. Visible-Light Photosynthesis
of CHF2/CClF2/CBrF2-Substituted Ring-fused Quinazolinones in Dimethyl Carbonate. Chem. Asian. J. 2022, 17, e202101139.
[CrossRef]

40. Liu, L.; Zhang, W.; Xu, C.; He, J.; Xu, Z.; Yang, Z.; Ling, F.; Zhong, W. Electrosynthesis of CF3-Substituted Polycyclic Quina-
zolinones via Cascade Trifluoromethylation/Cyclization of Unactivated Alkene. Adv. Synth. Catal. 2022, 364, 1319–1325.
[CrossRef]

41. Sun, B.; Huang, P.; Yan, Z.; Shi, X.; Tang, X.; Yang, J.; Jin, C. Self-Catalyzed Phototandem Perfluoroalkylation/Cyclization
of Unactivated Alkenes: Synthesis of Perfluoroalkyl-Substituted Quinazolinones. Org. Lett. 2021, 23, 1026–1031. [CrossRef]
[PubMed]

42. Yang, J.; Sun, B.; Ding, H.; Huang, P.-Y.; Tang, X.-L.; Shi, R.-C.; Yan, Z.-Y.; Yu, C.-M.; Jin, C. Photo-triggered self-catalyzed
fluoroalkylation/cyclization of unactivated alkenes: Synthesis of quinazolinones containing the CF2R group. Green Chem. 2021,
23, 575–581. [CrossRef]

https://doi.org/10.1021/acs.joc.1c02017
https://doi.org/10.1039/D1OB00229E
https://doi.org/10.1021/acscatal.8b01366
https://doi.org/10.1002/ejoc.201900469
https://doi.org/10.1002/cjoc.202000154
https://doi.org/10.1039/D0RA09382C
https://www.ncbi.nlm.nih.gov/pubmed/35517151
https://doi.org/10.1021/acs.joc.9b01170
https://www.ncbi.nlm.nih.gov/pubmed/31267751
https://doi.org/10.1039/D0QO00345J
https://doi.org/10.1039/C9CC06160F
https://doi.org/10.1002/cjoc.202000368
https://doi.org/10.1002/ejoc.202100618
https://doi.org/10.1021/acs.orglett.7b00452
https://doi.org/10.1002/ejoc.201901763
https://doi.org/10.1021/acs.orglett.0c04200
https://www.ncbi.nlm.nih.gov/pubmed/33502206
https://doi.org/10.1021/acs.joc.9b03065
https://doi.org/10.1039/D2OB00778A
https://www.ncbi.nlm.nih.gov/pubmed/35838160
https://doi.org/10.1016/j.tetlet.2023.154801
https://doi.org/10.1002/ajoc.202100606
https://doi.org/10.1039/D3OB00716B
https://www.ncbi.nlm.nih.gov/pubmed/37334961
https://doi.org/10.1039/D1NJ05001J
https://doi.org/10.1039/D1CC02415A
https://doi.org/10.1002/asia.202101139
https://doi.org/10.1002/adsc.202101422
https://doi.org/10.1021/acs.orglett.0c04225
https://www.ncbi.nlm.nih.gov/pubmed/33464096
https://doi.org/10.1039/D0GC03761C


Molecules 2024, 29, 997 15 of 16

43. Chen, X.; Liu, B.; Pei, C.; Li, J.; Zou, D.; Wu, Y.; Wu, Y. Visible-Light-Induced Radical Difluoromethylation/Cyclization of
Unactivated Alkenes: Access to CF2H-Substituted Quinazolinones. Org. Lett. 2021, 23, 7787–7791. [CrossRef] [PubMed]

44. Sun, B.; Ding, H.; Tian, H.-X.; Huang, P.-Y.; Jin, C.; Wu, C.-L.; Shen, R.-P. Photo-Triggered Self-Induced Homolytic Dechlorinative
Sulfonylation/Cyclization of Unactivated Alkenes: Synthesis of Quinazolinones Containing a Sulfonyl Group. Adv. Synth. Catal.
2022, 364, 766–772. [CrossRef]

45. Pan, C.; Chen, D.; Chen, Y.; Yu, J.-T.; Zhu, C. Organic photoredox catalytic radical sulfonamidation/cyclization of unactivated
alkenes towards polycyclic quinazolinones. Org. Chem. Front. 2022, 9, 6290–6294. [CrossRef]

46. Dunetz, J.R.; Magano, J.; Weisenburger, G.A. Large-Scale Applications of Amide Coupling Reagents for the Synthesis of
Pharmaceuticals. Org. Process Res. Dev. 2016, 20, 140–177. [CrossRef]

47. Tangallapally, R.P.; Yendapally, R.; Lee, R.E.; Lenaerts, A.J.M.; Lee, R.E. Synthesis and Evaluation of Cyclic Secondary Amine
Substituted Phenyl and Benzyl Nitrofuranyl Amides as Novel Antituberculosis Agents. J. Med. Chem. 2005, 48, 8261–8269.
[CrossRef]

48. Cheng, R.P.; Gellman, S.H.; DeGrado, W.F. β-Peptides: From Structure to Function. Chem. Rev. 2001, 101, 3219–3232. [CrossRef]
49. Lundberg, H.; Tinnis, F.; Selander, N.; Adolfsson, H. Catalytic amide formation from non-activated carboxylic acids and amines.

Chem. Soc. Rev. 2014, 43, 2714–2742. [CrossRef]
50. Ojeda-Porras, A.; Gamba-Sánchez, D. Recent Developments in Amide Synthesis Using Nonactivated Starting Materials. J. Org.

Chem. 2016, 81, 11548–11555. [CrossRef]
51. Allen, C.L.; Williams, J.M.J. Metal-catalysed approaches to amide bond formation. Chem. Soc. Rev. 2011, 40, 3405–3415. [CrossRef]
52. Bednarek, C.; Wehl, I.; Jung, N.; Schepers, U.; Bräse, S. The Staudinger Ligation. Chem. Rev. 2020, 120, 4301–4354. [CrossRef]
53. de Figueiredo, R.M.; Suppo, J.-S.; Campagne, J.-M. Nonclassical Routes for Amide Bond Formation. Chem. Rev. 2016, 116,

12029–12122. [CrossRef] [PubMed]
54. Ogbu, I.M.; Kurtay, G.; Robert, F.; Landais, Y. Oxamic acids: Useful precursors of carbamoyl radicals. Chem. Commun. 2022, 58,

7593–7607. [CrossRef]
55. Mooney, D.T.; Moore, P.R.; Lee, A.-L. Direct Minisci-Type C–H Amidation of Purine Bases. Org. Lett. 2022, 24, 8008–8013.

[CrossRef]
56. Yuan, J.-W.; Chen, Q.; Li, C.; Zhu, J.-L.; Yang, L.-R.; Zhang, S.-R.; Mao, P.; Xiao, Y.-M.; Qu, L.-B. Silver-catalyzed direct C–H

oxidative carbamoylation of quinolines with oxamic acids. Org. Biomol. Chem. 2020, 18, 2747–2757. [CrossRef] [PubMed]
57. Yuan, J.-W.; Zhu, J.-L.; Zhu, H.-L.; Peng, F.; Yang, L.-Y.; Mao, P.; Zhang, S.-R.; Li, Y.-C.; Qu, L.-B. Transition-metal free direct C–H

functionalization of quinoxalin-2(1H)-ones with oxamic acids leading to 3-carbamoyl quinoxalin-2(1H)-ones. Org. Chem. Front.
2020, 7, 273–285. [CrossRef]

58. Matsuo, B.T.; Oliveira, P.H.R.; Pissinati, E.F.; Vega, K.B.; de Jesus, I.S.; Correia, J.T.M.; Paixao, M. Photoinduced carbamoylation
reactions: Unlocking new reactivities towards amide synthesis. Chem. Commun. 2022, 58, 8322–8339. [CrossRef] [PubMed]

59. Xie, L.-Y.; Peng, S.; Yang, L.-H.; Liu, X.-W. Metal-Free Synthesis of Carbamoylated Chroman-4-Ones via Cascade Radical
Annulation of 2-(Allyloxy)arylaldehydes with Oxamic Acids. Molecules 2022, 27, 7049. [CrossRef] [PubMed]

60. Jing, Q.; Qiao, F.-C.; Sun, J.; Wang, J.-Y.; Zhou, M.-D. Persulfate promoted carbamoylation of N-arylacrylamides and N-
arylcinnamamides with 4-carbamoyl-Hantzsch esters. Org. Biomol. Chem. 2023, 21, 7530–7534. [CrossRef]

61. Han, Q.-Q.; Sun, Y.-Y.; Yang, S.-H.; Song, J.-C.; Wang, Z.-L. Persulfate promoted tandem radical cyclization of ortho-
cyanoarylacrylamides with oxamic acids for construction of carbamoyl quinoline-2,4-diones under metal-free conditions. Chin.
Chem. Lett. 2021, 32, 3632–3635. [CrossRef]

62. Liu, Q.; Wang, L.; Liu, J.; Ruan, S.; Li, P. Facile synthesis of carbamoylated benzimidazo[2,1-a]isoquinolin-6(5H)-ones via radical
cascade cyclization under metal-free conditions. Org. Biomol. Chem. 2021, 19, 3489–3496. [CrossRef] [PubMed]

63. Upreti, G.C.; Singh, T.; Chaudhary, D.; Singh, A. Cascade Cyclizations Triggered by Photochemically Generated Carbamoyl
Radicals Derived from Alkyl Amines. J. Org. Chem. 2023, 88, 11801–11808. [CrossRef] [PubMed]

64. Peng, S.; Liu, J.; Yang, L.-H.; Xie, L.-Y. Sunlight Induced and Recyclable g-C3N4 Catalyzed C-H Sulfenylation of Quinoxalin-2(1H)-
Ones. Molecules 2022, 27, 5044. [CrossRef]

65. Xie, L.-Y.; Fang, T.-G.; Tan, J.-X.; Zhang, B.; Cao, Z.; Yang, L.-H.; He, W.-M. Visible-light-induced deoxygenative C2-sulfonylation
of quinoline N-oxides with sulfinic acids. Green Chem. 2019, 21, 3858–3863. [CrossRef]

66. Peng, Z.; Hong, Y.-Y.; Peng, S.; Xu, X.-Q.; Tang, S.-S.; Yang, L.-H.; Xie, L.-Y. Photosensitizer-free synthesis of β-keto sulfones
via visible-light-induced oxysulfonylation of alkenes with sulfonic acids. Org. Biomol. Chem. 2021, 19, 4537–4541. [CrossRef]
[PubMed]

67. Xie, L.-Y.; Bai, Y.-S.; Xu, X.-Q.; Peng, X.; Tang, H.-S.; Huang, Y.; Lin, Y.-W.; Cao, Z.; He, W.-M. Visible-light-induced decarboxylative
acylation of quinoxalin-2(1H)-ones with α-oxo carboxylic acids under metal-, strong oxidant- and external photocatalyst-free
conditions. Green Chem. 2020, 22, 1720–1725. [CrossRef]

68. Xie, L.-Y.; Peng, S.; Yang, L.-H.; Peng, C.; Lin, Y.-W.; Yu, X.; Cao, Z.; Peng, Y.-Y.; He, W.-M. Aryl acyl peroxides for visible-light
induced decarboxylative arylation of quinoxalin-2(1H)-ones under additive-, metal catalyst-, and external photosensitizer-free
and ambient conditions. Green Chem. 2021, 23, 374–378. [CrossRef]

69. Jatoi, A.H.; Pawar, G.G.; Robert, F.; Landais, Y. Visible-light mediated carbamoyl radical addition to heteroarenes. Chem. Commun.
2019, 55, 466–469. [CrossRef]

https://doi.org/10.1021/acs.orglett.1c02819
https://www.ncbi.nlm.nih.gov/pubmed/34581179
https://doi.org/10.1002/adsc.202101141
https://doi.org/10.1039/D2QO01430K
https://doi.org/10.1021/op500305s
https://doi.org/10.1021/jm050765n
https://doi.org/10.1021/cr000045i
https://doi.org/10.1039/C3CS60345H
https://doi.org/10.1021/acs.joc.6b02358
https://doi.org/10.1039/c0cs00196a
https://doi.org/10.1021/acs.chemrev.9b00665
https://doi.org/10.1021/acs.chemrev.6b00237
https://www.ncbi.nlm.nih.gov/pubmed/27673596
https://doi.org/10.1039/D2CC01953A
https://doi.org/10.1021/acs.orglett.2c03206
https://doi.org/10.1039/D0OB00358A
https://www.ncbi.nlm.nih.gov/pubmed/32227021
https://doi.org/10.1039/C9QO01322A
https://doi.org/10.1039/D2CC02585J
https://www.ncbi.nlm.nih.gov/pubmed/35843219
https://doi.org/10.3390/molecules27207049
https://www.ncbi.nlm.nih.gov/pubmed/36296640
https://doi.org/10.1039/D3OB01240A
https://doi.org/10.1016/j.cclet.2021.04.019
https://doi.org/10.1039/D1OB00101A
https://www.ncbi.nlm.nih.gov/pubmed/33899870
https://doi.org/10.1021/acs.joc.3c01090
https://www.ncbi.nlm.nih.gov/pubmed/37555769
https://doi.org/10.3390/molecules27155044
https://doi.org/10.1039/C9GC01175G
https://doi.org/10.1039/D1OB00552A
https://www.ncbi.nlm.nih.gov/pubmed/33949605
https://doi.org/10.1039/C9GC03899J
https://doi.org/10.1039/D0GC02844D
https://doi.org/10.1039/C8CC08326F


Molecules 2024, 29, 997 16 of 16

70. Zhang, Z.; Jia, C.; Kong, X.; Hussain, M.; Liu, Z.; Liang, W.; Jiang, L.; Jiang, H.; Ma, J. Sustainable Approach to Azaheterocyclic
Acetamides by Decarboxylative Aminoformylation. ACS Sustain. Chem. Eng. 2020, 8, 16463–16468. [CrossRef]

71. Bhat, V.S.; Lee, A. Direct C3 Carbamoylation of 2H-Indazoles. Eur. J. Org. Chem. 2021, 2021, 3382–3385. [CrossRef]
72. Petersen, W.F.; Taylor, R.J.K.; Donald, J.R. Photoredox-catalyzed procedure for carbamoyl radical generation: 3,4-dihydroquinolin-

2-one and quinolin-2-one synthesis. Org. Biomol. Chem. 2017, 15, 5831–5845. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1021/acssuschemeng.0c05118
https://doi.org/10.1002/ejoc.202100461
https://doi.org/10.1039/C7OB01274H
https://www.ncbi.nlm.nih.gov/pubmed/28664204

	Introduction 
	Results and Discussion 
	Experimental Section 
	General Information 
	General Procedure for the Preparation of 3 
	Gram-Scale Synthesis of 3a 
	Characterization Data of Products 3a–3z 

	Conclusions 
	References

