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ABSTRACT: A quinazolin-4(3H)-one ring system is a privileged heterocyclic moiety with distinctive biological properties. From
this perspective, the development of an efficient strategy for the synthesis of quinazolin-4(3H)-one has always been in demand for
the synthetic chemistry community. In this report, we envisaged an efficient protocol for the synthesis of quinazolin-4(3H)-one using
substituted 2-amino benzamide with dimethyl sulfoxide (DMSO) as a carbon source and H,0, as an effective oxidant.
Mechanistically, the reaction proceeds through the radical approach with DMSO as one carbon source. To further substantiate the
synthetic claim, the synthetic protocol has been extended to the synthesis of the anti-endotoxic active compound 3-(2-

carboxyphenyl)-4-(3H)-quinazolinone.

B INTRODUCTION

The advancement of strong and step-economic approaches to
access architecturally varied drug-like compound assemblies
remains a challenge. Quinazolin-4(3H)-one heterocycles are
important subunits of a broad variety of synthetic pharma-
ceuticals, natural products, and biologically active drug
molecules." Quinazolin-4(3H)-one exhibits various biological
activities such as anticancer, antihypertensive, anticancer, anti-
inflammatory, anti-depression, anti-lipid accumulation, anti-
cerebral palsy, etc.” Synthetic chemists have focused heavily on
developing quinazolin-4(3H)-one-based compounds using a
variety of environmentally friendly techniques because of their
wide range of applications in natural products, medicines, and
medicinal chemistry.” Figure 1 depicts some of the marketed
drugs based on quinazolin-4(3H)-one.”

Numerous starting materials have been used in the
previously reported literature for the synthesis of quinazoli-
nones, among which 2-amino benzamide serves as one
prominent substrate.” Additionally, many different techniques
have been developed to produce annulation products from the
common substrate 2-amino benzamide.”*" A transition metal-
assisted and metal-free synthesis technique has been devised in
response to the need for a specific derivative with a certain
functional group.”® Besides this, some of the developed
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synthetic routes are restricted to a metal approach which is a
major problem for pharmaceutical preparations due to the
presence of its impurities in the final desired product.” A
transitional metal-free approach is more desirable in terms of
yield and reaction conditions, but there are still some
limitations in the previous reports to use an extra additive in
a stoichiometric amount or limited substrate scope. Therefore,
simple, green, and affordable metal-free approaches are more
desirable due to their sustainability in real life.'">"" Some of the
usual substrates used for the annulation of 2-amino
benzamides are benzaldehyde,'” acetophenone,'” benzyl
alcohol,"* methanol,'® methyl arene, '’ C02,17 isocyanides,18
etc. (Figure 2). To achieve this synthesis, various approaches
have been made, and out of that, there is a competition and
challenging task to develop a greener, cost-effective, and
environmentally benign approach.
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Figure 1. Typical structure exhibiting quinazolinones in various drug scaffolds and natural products.
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Figure 2. Various approaches for the synthesis of quinazolinones by annulation of 2-amino benzamide.

Using 2-amino benzamide as one of the starting materials power, low toxicity, and affordable availability, it is also one of

and choosing another partner for its annulation have its own
importance and substitution pattern at various positions of
quinazolinones (Figures 1 and 2). Benzaldehyde, acetophe-
none, and toluene provide a phenyl ring at the 3rd position to
form an annulated product, while ethylene glycol,19 meth-
anol,” and dimethyl sulfoxide (DMSO) provide unsubstitu-
tion for the annulation product at the 3rd position (Figure 2
and Scheme 1). Selecting DMSO as one carbon source has
various importance to achieve the targeted structure. DMSO
provides the methine source while working as an effective
solvent. Every substitution has a purpose and function, and the
usage of DMSO in annulation provides unsubstitution at the
3rd position, which can be used for other targeted synthesis,
such as the creation of the biologically active compound
bouchardatine (Figure 1).”° Because of its great solubilizing
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the most commonly used solvents for organic synthesis.”’
DMSO is used in many transformations as a reaction precursor
to generate different synthons and various functionalization
such as methylation, methylenation, annulation, cyanation,
formylation, etc.””*
field, with its application extended in the pharmaceutical
industry, functional materials, and agrochemicals.23’8“
Considering the various approaches for the synthesis of
quinazolinones using 2-amino benzamide and DMSO, very few
approaches have been taken using the oxidants, such as
persulfate salt and tert-butyl hydroperoxide (TBHP) along
with the required additive (Scheme 1). Jung and Manjunatha’s
group disclosed the synthesis of quinazolinones using 2-amino
benzamide and DMSO using K,S,05 as an oxidant and 1,4-
diazabicyclo[2.2.2]octane (DABCO) as a base in microwave

Continuous research is ongoing in this
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Scheme 1. Synthesis of Quinazolin-4(3H)-one Using 2-Amino Benzamide and DMSO as a Methine Source
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conditions.'”” Later on, Wu’s group reported the synthesis of
quinazolinones using 2-amino benzamide and DMSO using
NH,I as a catalyst and TBHP as an effective oxidant.*
However, these methods require either microwave heating or a
catalyst with an oxidant. Herein, we report a transition metal-
free approach using H,O, as a green oxidant in 1 equiv and
without the use of any additives to synthesize quinazolinone
scaffolds in good yields.”* The scope of the substrate and the
reaction conditions have expanded to include certain addi-
tional biologically significant components.

B RESULTS AND DISCUSSION

Initially, 2-amino-N-methylbenzamide was selected as the
benchmark substrate to optimize the reaction condition for
the synthesis of N-methyl quinazolin-4(3H)-one (Scheme 1).
At first, the reaction between 2-amino-N-methylbenzamide 1a
(0.33 mmol) and DMSO was performed at room temperature
(Table 1, entry 1). However, N-methyl quinazolin-4(3H)-one
2a was not obtained at room temperature for 20 h. Next, the
reaction mixture of 2-amino-N-methylbenzamide 1a and
DMSO was heated at 140 °C, which yielded 23% desired N-
methyl quinazolin-4(3H)-one 2a after 20 h (Table 1, entry 2).
Next, we planned to improve the yield of the reaction by
adding H,0,, a better effective sustainable oxidant. Upon
performing the reaction between 1a and DMSO at 130 °C for
20 h in the presence of H,0, (1.65 mmol, 5 equiv), an isolated
yield of 44% was observed (Table 1, entry 3). However, when
an extra additive FeCl; was used along with H,O,, the yield
increased to 48% at 130 °C for 20 h (Table 1, entry 4).
From the optimization study, we have understood that the
reaction is highly temperature- and oxidant-dependent. It is
significant to note that while using the reaction with H,0,, a
trace amount of product was observed below the temperature
of 120 °C. DMSO as a synthon has been tested at higher
temperatures in some of the reported reactions and found to
be more efficient. In Jung and Manjunatha’s group (Scheme
1), significant yields were observed at 160 °C for 8 h under
thermal conditions. Considering the fact about DMSO
degradation, it can undergo a runaway reaction near its boiling
point, while other external factors or reactants can influence its
rate of degradation.zs’IOb Next, we plan to improve the reaction
yield by increasing the reaction temperature. To our delight, by

Table 1. Optimization of Reaction Conditions for the
Synthesis of Quinazolin-4(3H)-one”

Q [0}
©\)‘\N/ Oxidant _
H + Solvent ———————— > N
NH, (C1source)  temp, time ©\)':\/)
1a 2a

oxidant temperature time yield

entry  solvent (equiv) E"C) (h) (%)
1 DMSO rt 20 0
2 DMSO 140 20 23
3 DMSO  H,0,(5) 130 20 44
4 DMSO  H,0,(5) 130 20 48°
s DMSO  H,0, (5) 140 20 60
6 DMSO  H,0, (5) 150 20 73
7  DMA H,0, (5) 150 20 40
8 DMF H,0, (5) 150 20 22
9  NMP H,0, (5) 150 20 18
10 DMSO  H,0, (3) 150 14 77
11 DMSO  H,0, (2) 150 14 82
12 DMSO  H,0, (1) 150 14 84
13 DMSO  H,0, (0.5) 150 14 72

14 DMSO  H,0, (1) 150 14 84

“Reaction conditions: 1a (S0 mg, 0.33 mmol, 1 equiv), solvent (2
mL), H,0, (S equiv, 1.65 mmol, 30% in water). bIsolated yield. 20
mol % FeCl; and S equiv of H,0, used. 9Reaction under N, (DMSO,
NMP, and DMF).

adding H,0, (1.65 mmol, S equiv) at 140 °C, the reaction
yield improved significantly (Table 1, entry S). However, the
optimum yield of 73% of N-methyl quinazolin-4(3H)-one 2a
was achieved at 150 °C for 20 h (Table 1, entry 6). Also, we
observed the product formation at a higher temperature in
lower yield without any external catalyst (Table 1, entry 2).
Introducing only 1 equiv of peroxide increased the catalytic
and degradation process of DMSO. At higher temperatures,
DMSO itself acts as an autocatalytic decomposition process.
Adding an external catalyst will speed up this process. The
detailed and complete mechanistic pathway for DMSO
degradation is still unknown.>**

Next, we investigated the role of other solvents such as
dimethyl formamide (DMF), dimethylacetamide (DMA), and

https://doi.org/10.1021/acsomega.3c05162
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Scheme 2. Substrate Scope of the Quinazolin-4(3H)-one Derivative”
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“Reaction Conditions: 1a (1 mmol), DMSO (2 mL), H,0, (1 equiv, 30% in water). 150 °C, 14 h, and mentioned yields indicate isolated yields.

N-methyl-2 pyrrolidone (NMP) to check their participation as
a methine synthon in the model reaction. However, a moderate
reaction yield of 40% was obtained by employing DMA as one
carbon source as well as a solvent (Table 1, entry 7). Using
DMEF and NMP as synthons, we failed to obtain a satisfactory
yield (Table 1, entries 8 and 9). The optimum reaction
temperature of 150 °C was found after a brief investigation
(Table 1, entry 6). However, considering the atom economy
and green sustainable synthesis, we reduced the amount of
H,0, to 3.0, 2.0, and 1.0 equiv and observed the actual time
requirement. Next, the yields of the reaction slightly increased
by decreasing the amount of H,O, to 1 equiv. Later on, when
the amount of H,0, decreased to 0.5, the yield of the reaction
was affected, and the product was obtained in an isolated yield
of 72% only (Table 1, entries 10—13). When the reaction was
performed under a nitrogen atmosphere, the product
formation was observed with the same yield. On the other
hand, it is well known that DMSO itself acts as an oxidizer
under air or peroxide (Table 1, entry 14).”°" Thus, the 1.0
equiv of H,0,as the oxidant at 150 °C, was observed as the
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optimum condition for the model reactions as described in
entry (Table 1, entry 12).

After determining the ideal reaction conditions, the reactions
of several 2-amino-N-substituted benzamides (la-x) in
combination with DMSO were investigated. The results are
shown in Scheme 2. First, the substrate with aliphatic
substitution on amides was checked, which afforded the
corresponding quinazolinones in moderate to good yields
(65—84%). The amide-containing cyclopropyl ring and
cyclohexyl ring were well tolerated under these conditions,
which afforded the desired product in 65 and 71% yields (2d-
2e). Further, upon changing the functionality from aliphatic to
trifluoroethyl, benzyl, 2-methyl furan (2f-2i) tolerated well and
furnished the corresponding quinazolinones in an isolated yield
of 68—78%. Electron-withdrawing substituents such as
trifluoroethyl-substituted amide (1f) and N-phenyl-substituted
amide-containing 4-F group (1h) smoothly participated in this
reaction in a slightly lower yield of 68 and 71% as compared to
N-phenyl-substituted amide (2g, 78%). Later on, we explored
our substrate scope to amide-containing aromatic substitution
(2j-20), and various substituents such as Me, OMe, and F were

https://doi.org/10.1021/acsomega.3c05162
ACS Omega 2023, 8, 33058—33068
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Scheme 3. Synthesis of a Biologically Active Quinazolin-4(3H)-one Derivative
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Scheme 4. Synthesis of N,N’-Methylenedibenzamide Derivatives from 2-Amino Benzamide and DMSO
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Scheme 5. Various Synthetic Applications of the Developed Methodology with a Different Starting Material
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well tolerated, which afforded the desired product in isolated
yields of 67 to 87%. The substrate 2-amino-N-phenyl
benzamide (1j) was well tolerated, which furnished the
corresponding 3-phenylquinazolin-4(3H)-one (2j) in an
isolated yield of 87% due to the electron-releasing group.
Further, 2-amino-N-phenyl benzamide containing electron-
donating groups such as p-OMe (21) and p-Me (2m) gave the
desired product in isolated yields of 85 and 81%. The 2-amino-
N-phenyl benzamides containing m-Me (2n) and 0-OMe (20)
furnished the desired product in a slightly lower yield of 73 and
67%. After that, when we tested the 2-amino benzamide (2p)
with any alteration, we achieved the corresponding quinazo-
linones in an isolated yield of 51%. Next, we examined the
substrate scope of the aromatic ring of 2-amino-N-substituted
benzamide with various N-substitution (1g-lu). We inves-
tigated the substrate scope of 2-amino-5-chloro-N-substituted
benzamide with aliphatic, benzylic, and aromatic substitution
at N-substitution (1q-1s).

33062

Interestingly, all the substitution patterns were well
tolerated, which gave the corresponding product in good
yields (74—80%). Further changing the aromatic substitution
to bromine (1 t) and fluorine (1u) afforded the desired
product in the isolated yield of 74 and 72%. After synthesizing
various substitution patterns of the quinazolinone moiety, we
focused our attention to synthesize the biologically important
compound and related molecule.

We checked our optimized reaction conditions with 2-(2-
aminobenzamido)benzoic acid (1v) which contains carboxylic
group (—COOH) in its structural unit. Delightfully, we
observed the expected product 3-(2-carboxyphenyl)-4-(3H)-
quinazolinone (2v) in a 78% isolated yield. This derivative of
quinazolinones is well known for its anti-endotoxic property
and of pharmaceutical importance.26 Similarly, another related
derivative (2w) was synthesized using the same conditions in
an isolated yield of 82% (Scheme 3).

Based on the above results, we tried our conditions with
benzamide instead of 2-amino benzamide.

https://doi.org/10.1021/acsomega.3c05162
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Scheme 6. Various Scopes of Sulfoxide and Controlled Experiments
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Interestingly, under the reaction conditions, corresponding
benzamide (3) with DMSO in the presence of H,0, (1 equiv)
at 150 °C for 20 h afforded a methylene-bridged coupling
product in a moderate yield of 42—58% (Scheme 4).

Further, the scope of this reaction was extended with
different starting materials like N1-phenylbenzene-1,2-diamine
(5) under the optimized reaction conditions, which yielded 1-
phenyl-1H-benzo[d]imidazole (6) in an isolated yield of 47%
(Scheme S). It is worth noting that we have prepared the
starting material 2-amino-N-substituted benzamide (1a) from
isatoic anhydride (7) and corresponding amine (Supporting
Information). We have tried the reaction in a one-pot three-
component, with isatoic anhydride (7), methyl amine (8), and
DMSO wunder our optimized reaction condition. Most
interestingly, we isolated the corresponding 3-methylquinazo-
lin-4(3H)-one (2a) with a yield of 61% (Scheme S).

To examine the actual participation of DMSO, we have
tested the scope of various sulfoxides such as DMSO-dj,
methyl phenyl sulfoxide, dibutyl sulfoxide (DBSO), and
diphenyl sulfoxide. When we conducted the reaction of la
with DMSO-dg, we observed the corresponding product 2x in
which hydrogen is replaced by deuterium (Scheme 6a). When
the same reaction is conducted with methyl phenyl sulfoxide
instead of DMSO under the mentioned reaction condition, we
obtained the product in an isolated yield of 18% (Scheme 6b).
Similarly, we ensured the reaction of DBSO with 1a (Scheme
6¢), and we observed 2-propylquinazolin-4(3H)-one (9) in an
isolated yield of 52%. When we checked the scope of diphenyl
sulfoxide (Scheme 6d), we did not observe any product
formation, showing that a-hydrogen is compulsory to proceed

with the reaction. Finally, to predict the reaction pathway, we
performed the reaction (Scheme 6e) with radical scavengers
such as TEMPO or BHT. In the presence of radical scavengers,
the product yield is decreased, and this result shows that the
reaction follows a radical pathway.

The detailed and complete mechanistic pathway for DMSO
degradation at higher temperatures is still unknown.”> Based
on our control experiments and previous literature reports, we
proposed the reaction through a free radical mechanism. The
above control experiments confirm that the methine source
originated from DMSO.”” Initially, at high temperature,
hydrogen peroxide is homolytically cleaved to a hydroxide
radical, which subsequently reacts with DMSO to form a
DMSO-based radical. The generated radical reacts with 1a to
form the intermediate 1b by the elimination of water. The
intermediate 1b was subsequently converted to 1c with the
removal of methanesulfinic acid (Me;SO,H). Finally, the
intermediate 1c underwent oxidation to form the final desired
product 2a (Scheme 7).

B CONCLUSIONS

In conclusion, we have developed an efficient and sustainable
method for the synthesis of quinazolin-4(3H)-one by using 2-
amino benzamide with DMSO as a carbon source and H,0, as
a green oxidant. This methodology worked well with different
substrates and gave the desired product with moderate to good
yield. The scope of this methodology has been successfully
extended to prepare a biologically active molecule which shows
anti-endotoxic nature. The scope of different sulfoxides and
controlled experiments with radical scavengers have been
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Scheme 7. Plausible Reaction Mechanism
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performed to explain the mechanistic pathway. Numerous
control experiments have been performed to prove the
mechanism. Further, this developed method has been used
for the coupling of two benzamides and the synthesis of other
heterocycles.

B EXPERIMENTAL SECTION

General Information. Unless otherwise noted, commer-
cially available solvents and reagents were used. The reaction
was carried out in a 30 mL reaction tube. To perform thin layer
chromatography (TLC), 0.25 mm silica gel-coated plates were
used. '"H NMR (400 MHz), *C NMR (100 MHz), and
DEPT-135 NMR spectra were recorded on a Bruker DRX400
spectrometer using trimethylsilane (TMS) as an internal
standard. The peak multiplicities are assigned as s (singlet),
d (doublet), dd (doublet of doublet), and m (multiplet). FT-
IR spectra were recorded for some selected compounds using
an IRAffinity (SHIMADZU) and Nicolet iS50 (Thermo
Scientific) spectrometer on a KBr disc or ATR mode. Some
selected compounds and all new compounds were analyzed by
HRMS analysis. All chemical shifts (5) are reported in ppm
from TMS and d-solvent as the internal standard reference.
The coupling constants (J) are reported in Hz. 100—200 mesh
silica gel was used for column chromatography and separated
by using the mixture of ethyl acetate and hexane solvent. The
column elution is mentioned in percentage concerning the
volume ratio of ethyl acetate/hexane ratios. All of the
spectroscopic data for the products matched the reported
literature listed in the reference in every way.

General Procedure for the Synthesis of Compounds
(2a-2x). In a 30 mL reaction tube, we added 2-amino-N-
substituted benzamide 1a (1 mmol), DMSO (2 mL), and
H,0, (1 equiv, 30% in water), and the mixture was stirred with
a magnetic stirrer bar. H,0, was injected into the reaction tube
using a micro syringe and heated for 14 h at 150 °C with
continuous stirring. The completion of the reaction mixture
was monitored using TLC. Once the reaction was completed
as seen by TLC, the reaction mixture was cooled to room
temperature and washed with water, and the organic layer was
extracted using ethyl acetate (10 mL X 3). The extracted
organic layer was dried using Na,SO, and concentrated using
rotavapor. The crude product was purified using column
chromatography on silica gel.

General Procedure for the Synthesis of 4a-4d. In a 30
mL reaction tube, we added substituted benzamide 3a-3d (1
mmol), DMSO (2 mL), and H,0, (1 equiv, 30% in water),

and the mixture was stirred with a magnetic stirrer bar. H,0,
was injected into the reaction tube using a micro syringe and
heated for 20 h at 150 °C with continuous stirring. The
progress of the reaction mixture was monitored using TLC.
Once the reaction was completed as seen by TLC, the reaction
mixture was cooled to room temperature and washed with
water, and the organic layer was extracted using ethyl acetate
(10 mL X 3). The extracted organic layer was dried using
Na,SO, and concentrated using rotavapor. The crude product
was purified using column chromatography on silica gel.

Compound 6 was prepared using the above procedure by
using N1-phenylbenzene-1,2-diamine § (1 mmol, 184.24 mg)
instead of benzamide 3a.

Compound 2a, Scheme S, was synthesized using the above
procedure using isatoic anhydride (1 mmol, 163.13 mg),
methyl amine (1.2 equiv, 30% in water), DMSO (2 mL), and
H,0, (1 equiv, 30% in water) and heated for 14 h at 150 °C
with continuous stirring.

Compound 9 was synthesized using the corresponding
substituted benzamide (1 mmol), dibutyl sulfoxide (15 equiv),
p-xylene (2 mL), and H,0, (1 equiv, 30% in water). Once the
reaction was completed as seen by TLC, the reaction mixture
was washed with 10% aqueous HCI solution and ethyl acetate
(15 mL). The aqueous layer was separated and quenched with
a 10% NaOH solution until it neutralized completely, as seen
using litmus paper. The resulted aqueous solution was added
with ethyl acetate (15 mL X 2), and the organic layer was
separated. The organic layer was distilled using a rota
evaporator, which resulted in a white pure solid.

Substrate Synthesis (1a-1x). The starting material 2-
amino-N-substituted benzamide la-1x was synthesized using
the previously reported literature by refluxing isatoic anhydride
(1 equiv) and substituted amine (I equiv) in water at 80 °C
overnight. The reaction completion was monitored using TLC.
After completion of the reaction, the reaction mixture was
washed with water, extracted using ethyl acetate, and dried
over Na,SO,. The pure product was isolated using column
chromatography over silica gel using hexane and ethyl
acetate.*'"

Spectral Data of All Compounds. 3-Methylquinazolin-
4(3H)-one (2a).”” Light yellow solid; 84% yield (134.5 mg);
eluent (16% ethyl acetate in hexanes). FT-IR (KBr, cm™):
3467.38, 1650.76, 1612.19, 1474.31, 1336.42, 1062.58, 775.24,
696.17, 544.79. "TH NMR (400 MHz, DMSO-d,) 5 8.42 (s,
1H), 821 (dd, J = 7.9, 2.0 Hz, 1H), 7.87 (m, ] = 8.4, 7.1, 1.6
Hz, 1H), 7.72 (d, ] = 7.5 Hz, 1H), 7.65—7.55 (m, 1H), 3.55 (s,
3H). 3C NMR (100 MHz, DMSO-d, ppm) & 161.89, 149.66,
149.36, 135.35, 128.37, 128.16, 127.07, 122.68, 34.76. HRMS
(ESID): calc. for [CgHgN,O] (M + H) 162.0748, measured
162.0736.

3-Butylquinazolin-4(3H)-one (2b).*" Light yellow solid;
77% yield (155.7 mg); eluent (22% ethyl acetate in hexanes).
FT-IR (KBr, cm™'): 3063.37, 2957.30, 1664.26, 1610.27,
1371.14, 766.56, 691.35. "H NMR (400 MHz, CDCL,) & 8.24
(d, J = 7.9 Hz, 1H), 7.96 (s, 1H), 7.71-7.60 (m, 2H), 7.46—
7.38 (m, 1H), 3.93 (t, ] = 7.3 Hz, 2H), 1.77—1.65 (m, 2H),
1.40—1.28 (m, 2H), 0.90 (t, J = 7.3 Hz, 3H). *C NMR (100
MHz, CDClL) & 161.15, 14821, 146.70, 13421, 127.47,
127.30, 126.78, 122.28, 46.89, 31.51, 19.98, 13.72. HRMS
(BSD): calc. for [C;,H,N,0O] (M + H) 203.1140, measured
203.1218.

3-Heptylquinazolin-4(3H)-one (2c). Light yellow solid;
79% yield (193 mg); eluent (16% ethyl acetate in hexanes).
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FT-IR (KBr, cm™!): 3046.01, 2930.30, 1657.51, 1611.23,
1472.38, 1108.86, 765.60, 693.28. 'H NMR (400 MHz,
CDCI3) 6 8.29 (d, ] = 8.1 Hz, 1H), 8.01 (s, 1H), 7.76—7.66
(m, 2H), 7.48 (m, J = 8.2, 6.8, 1.5 Hz, 1H), 4.00—3.93 (m,
2H), 1.77 (m, ] = 7.4 Hz, 2H), 1.36—1.23 (m, 8H), 0.89—0.81
(m, 3H).*C NMR (100 MHz, CDCl,) § 161.15, 148.22,
146.71, 134.20, 127.48, 127.29, 126.79, 122.29, 47.19, 31.73,
29.49, 28.93, 26.73, 22.63, 14.11. HRMS (ESI): calc. for
[CisHyN,O] (M + H) 245.1649, measured 245.168S.

3-Cyclopropylquinazolin-4(3H)-one (2d).** Light yellow
solid; 65% yield (121 mg); eluent (16% ethyl acetate in
hexanes). '"H NMR (400 MHz, CDCL;) & 8.31 (d, J = 9.8 Hz,
1H), 8.11 (s, 1H), 7.78—=7.66 (m, 2H), 7.50 (t, ] = 7.5 Hz,
1H), 3.25 (m, J = 7.3, 4.1 Hz, 1H), 1.22 (d, ] = 6.7 Hz, 2H),
0.97—-0.91 (m, 2H). *C NMR (100 MHz, CDCl,) § 162.46,
147.71, 146.93, 134.38, 127.49, 127.46, 126.75, 121.99, 29.46,
6.63.

3-Cyclohexylquinazolin-4(3H)-one (2e).*® White solid;
71% yield (162 mg); eluent (16% ethyl acetate in hexanes).
FT-IR (KBr, cm™!): 3071.08, 2928.37, 1664.26, 1597.73,
1477.20, 1273.75, 733.31. '"H NMR (400 MHz, CDCl,) 6 8.31
(d,J =9.7 Hz, 1H), 8.11 (s, 1H), 7.77—7.66 (m, 2H), 7.48 (t, ]
=82 Hz, 1H), 4.81 (m, ] = 12.3, 3.7 Hz, 1H), 1.97 (dd, J =
24.8, 12.7 Hz, 4H), 1.78 (d, ] = 13.1 Hz, 1H), 1.70—1.59 (m,
2H), 1.52 (m, J = 13.1, 3.2 Hz, 2H), 1.32—1.22 (m, 1H). *C
NMR (100 MHz, CDCl;) § 160.85, 147.65, 144.05, 134.23,
127.38, 127.23, 127.10, 122.09, 53.52, 32.74, 26.04, 25.42.

3-(2,2,2-Trifluoroethyl)quinazolin-4(3H)-one (2f)."%° Yel-
low solid; 68% yield (155.2 mg); eluent (16% ethyl acetate in
hexanes). FT-IR (KBr, cm™): 3557.05, 3028.65, 1679.69,
1616.05, 1476.24, 1374.03, 1166.72, 776.20. 'H NMR (400
MHz, CDCl,) & 8.32 (d, ] = 7.9 Hz, 1H), 8.03 (s, 1H), 7.80 (t,
J =8.5Hz, 1H), 7.73 (d, ] = 7.1 Hz, 1H), 7.55 (t, ] = 6.9 Hz,
1H), 4.68 (q, ] = 8.5 Hz, 2H). *C NMR (100 MHz, CDCL,) §
160.58, 147.73, 145.40, 135.17, 128.15, 127.96, 127.29, 124.75,
121.87 (d, J = 19 Hz), 45.62 (q, ] = 35.6 Hz).

3-Benzylquinazolin-4(3H)-one (2g)."° White solid; 78%
yield (184.2 mg); eluent (22% ethyl acetate in hexanes). FT-IR
(ATR, cm_l): 3073.97, 1674.87, 1606.41, 1475.27, 1316.17,
940.12, 691.35. 'H NMR (400 MHz, CDCl,) § 8.32 (d, ] = 8.1
Hz, 1H), 8.10 (s, 1H), 7.78—7.67 (m, 2H), 7.54—7.47 (m,
1H), 7.37—7.29 (m, SH), 5.20 (s, 2H). *C NMR (100 MHz,
CDCl;) 6 161.09, 148.06, 146.36, 135.76, 134.33, 129.05,
128.33, 127.97, 127.54, 127.40, 126.90, 122.23, 49.62. HRMS
(ESI): calc. for [C;sH,,N,O] (M + H) 237.1028, measured
237.1066.

3-(4-Fluorobenzyl)quinazolin-4(3H)-one (2h). White solid;
71% yield (180.5 mg); eluent (20% ethyl acetate in hexanes).
FT-IR (ATR, cm™!): 3071.08, 1675.83, 1608.34, 1512.28,
1473.34, 1366.31, 1221.68, 776.20. 'H NMR (400 MHz,
CDCL,) 6 8.30 (d, J = 8.1 Hz, 1H), 8.10 (s, 1H), 7.77—7.67
(m, 2H), 7.49 (t, J = 8.1 Hz, 1H), 7.39—7.31 (m, 2H), 7.05—
6.97 (m, 2H), 5.14 (s, 2H). *C NMR (100 MHz, CDCI3) &
163.83, 161.37, 161.02, 148.03, 146.14, 134.37, 131.64 (d, ] =
3 Hz), 129.92 (d, J = 8 Hz), 127.49 (d, ] = 9 Hz), 126.83,
122.17, 115.94 (d, J = 22 Hz), 49.04. HRMS (ESI): calc. for
[CsH FN,O] (M + H) 256.0927, measured 256.0971.

3-(Furan-2-ylmethyl)quinazolin-4(3H)-one (2i).%9 Yellow
solid; 69% yield (156.1 mg); eluent (18% ethyl acetate in
hexanes). FT-IR (KBr, cm™'): 3109.65, 2926.44, 1668.12,
1612.19, 1473.34, 1354.74, 1015.33, 744.27. '"H NMR (400
MHz, CDCL,) 6 8.29 (d, ] = 8.1 Hz, 1H), 8.16 (s, 1H), 7.76—
767 (m, 2H), 7.50—7.45 (m, 1H), 7.36 (d, J = 2.0 Hz, 1H),

6.45 (d, ] = 3.3 Hz, 1H), 6.35—6.30 (m, 1H), 5.17 (s, 2H). '*C
NMR (100 MHz, CDCl;) & 160.78, 148.53, 148.07, 146.13,
143.28, 134.44, 127.61, 127.46, 126.91, 122.23, 110.88, 110.07,
42.21.

3-Phenylquinazolin-4(3H)-one (2j)."%° Yellow solid; 87%
yield (193.3 mg); eluent (14% ethyl acetate in hexanes). FT-IR
(ATR, cm_l): 3062.40, 1669.08, 1609.30, 1473.34, 1261.21,
765.60, 690.39. "H NMR (400 MHz, CDCl,) 6 8.31—8.27 (m,
1H), 8.05 (s, 1H), 7.76—7.67 (m, 2H), 7.51-7.45 (m, 3H),
7.44—7.39 (m, 1H), 7.38—7.33 (m, 2H). *C NMR (100 MHz,
CDCl;) 6 160.80, 147.90, 146.12, 137.51, 134.62, 129.68,
129.15, 127.69, 127.61, 127.21, 127.03, 122.41. HRMS (ESI):
calc. for [C,H,;,N,O] (M + H) 224.0905, measured 224.0910.

3-(4-Fluorophenyl)quinazolin-4(3H)-one (2k).°° White
solid; 73% vyield (175.3 mg); eluent (16% ethyl acetate in
hexanes). FT-IR (KBr, cm™): 3073.97, 1662.33, 159291,
1505.16, 1260.25, 836.95, 774.27. 'H NMR (400 MHz,
CDCl,) & 834 (d, ] = 9.8 Hz, 1H), 8.09 (s, 1H), 7.83—7.73
(m, 2H), 7.57—7.52 (m, 1H), 7.45—7.38 (m, 2H), 7.26—7.19
(m, 2H). *C NMR (100 MHz, CDCL,) & 162.84, 160.07 (d, ]
= 58 Hz), 146.80, 144.83, 133.69, 132.38, 127.90 (d, ] = 8 Hz),
126.77, 126.62, 126.14, 121.23, 115.66 (d, J = 24 Hz). HRMS
(ESI): calc. for [C,,H,FN,0] (M + H) 242.0811, measured
242.0811.

3-(4-Methoxyphenyl)quinazolin-4(3H)-one 21).%% Yellow
solid; 85% yield (214.4 mg); eluent (18% ethyl acetate in
hexanes). FT-IR (KBr, cm™'): 3300, 2920, 1680, 1520, 1260,
769. '"H NMR (400 MHz, CDCL,) 6 8.36 (d, ] = 7.9 Hz, 1H),
8.11 (s, 1H), 7.82—7.72 (m, 2H), 7.54 (m, ] = 8.2, 6.7, 1.7 Hz,
1H), 7.33 (d, ] = 8.9 Hz, 2H), 7.07-7.01 (m, 2H), 3.87 (s,
3H). *C NMR (100 MHz, CDCl;) § 161.16, 160.04, 148.04,
146.56, 134.61, 130.30, 128.26, 127.69, 127.66, 127.27, 126.70,
122.50, 114.95. HRMS (ESI): calc. for [C;sH,N,0,] (M +
H) 254.1011, measured 254.1020.

3-(p-Tolyl)quinazolin-4(3H)-one (2m).*® White solid; 81%
yield (191.3 mg); eluent (12% ethyl acetate in hexanes). FT-IR
(KBr, cm™!): 3316.96, 2925.48, 1683.55, 1600.62, 1259.28,
772.35. '"H NMR (400 MHz, CDCl,) 6 8.37 (dd, J = 7.9, 2.2
Hz, 1H), 8.11 (s, 1H), 7.83—7.73 (m, 2H), 7.54 (m, ] = 8.2,
6.7, 1.7 Hz, 1H), 7.37—7.28 (m, 4H), 2.44 (s, 3H). *C NMR
(100 MHz, CDCl;) § 161.03, 148.06, 146.43, 139.37, 135.06,
134.64, 130.37, 127.71, 127.31, 126.87, 125.10, 122.54, 21.33.
HRMS (ESI): cale. For [C;H,N,0] (M + H) 238.1061,
measured 238.1069.

3-(m-Tolyl)quinazolin-4(3H)-one (2n).*® White solid; 73%
yield, (172.4 mg); eluent (10% ethyl acetate in hexanes). FT-
IR (KBr, cm_l): 2919.69, 2855.50, 1669.08, 1463.70,
1259.289, 776.20. '"H NMR (400 MHz, CDCl,) & 8.37 (d, J
= 9.5 Hz, 1H), 8.12 (s, 1H), 7.83—7.75 (m, 2H), 7.58—7.52
(m, 1H), 7.43 (t, ] = 7.8 Hz, 1H), 7.30 (d, ] = 7.7 Hz, 1H),
7.25-7.18 (m, 2H), 2.44 (s, 3H). *C NMR (100 MHz,
CDCl;) 6 161.00, 148.05, 146.36, 139.99, 137.57, 134.69,
130.09, 129.62, 127.80, 127.77, 127.71, 127.34, 124.13, 122.57,
21.49.

3-(2-Methoxyphenyl)quinazolin-4(3H)-one (20).%7 Light
yellow solid; 67% yield (169 mg); eluent (13% ethyl acetate
in hexanes). FT-IR (KBr, cm™!): 2924.52, 2849.31, 1680.65,
1611.23, 1504.20, 1455.02, 1273.75, 749.20. 'H NMR (400
MHz, CDCl,) 6 8.36 (m, J = 8.0, 1.5, 0.7 Hz, 1H), 7.97 (s,
1H), 7.81-7.73 (m, 2H), 7.52 (m, ] = 8.3, 6.5, 2.0 Hz, 1H),
7.46 (m, J = 8.1, 1.7 Hz, 1H), 7.33 (dd, ] = 7.7, 1.7 Hz, 1H),
7.13—=7.06 (m, 2H), 3.80 (s, 3H). *C NMR (100 MHz,
CDCL) & 160.78, 154.80, 148.16, 147.30, 134.49, 131.04,
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129.25, 127.60, 127.41, 127.27, 126.10, 122.80, 121.10, 112.38,
55.94.

Quinazolin-4(3H)-one (2p).”* White solid; 51% yield (74.5
mg); eluent (46% ethyl acetate in hexanes). FT-IR (KBr,
em™1): 2921.62, 1698.97, 1613.16, 1259.28, 1026.90, 769.4S,
696.17. '"H NMR (400 MHz, DMSO) & 12.30 (s, 1H), 8.25—
8.13 (m, 2H), 7.87 (t, J = 7.6 Hz, 1H), 7.72 (d, ] = 8.1 Hz,
1H), 7.58 (t, ] = 7.5 Hz, 1H). '*C NMR (100 MHz, DMSO) §
161.21, 149.21, 145.85, 134.78, 127.67, 127.20, 126.30, 123.09.
HRMS (ESI): calc. for [CgHN,O] (M + H) 148.0592,
measured 148.0575.

6-Chloro-3-propylquinazolin-4(3H)-one (2q). White solid;
80% yield (178.1 mg); eluent (18% ethyl acetate in hexanes).
FT-IR (KBr, cm_l): 3071.08, 2961.16, 1670, 1605.0S, 1463.70,
1367.28, 836.95, 793.56. '"H NMR (400 MHz, CDCI3) 0 8.26
(d, J = 2.3 Hz, 1H), 8.00 (s, 1H), 7.69—7.60 (m, 2H), 3.98—
3.92 (m, 2H), 1.82 (h, J = 7.4 Hz, 2H), 0.99 (t, ] = 7.5 Hz,
3H). '*C NMR (100 MHz, CDCl,) § 160.17, 146.88, 146.75,
134.68, 133.19, 129.20, 126.22, 123.36, 48.84, 22.71, 11.21.
HRMS (ESI): calc. for [C,,;H,,CIN,0] (M + H) 223.0638,
measured 223.0603.

3-Benzyl-6-chloroquinazolin-4(3H)-one (2r). White solid;
74% yield (200.4 mg); eluent (12% ethyl acetate in hexanes).
FT-IR (KBr, cm™): 3063.37, 2918.73, 1668.12, 1600.62,
1469.49, 1324.85, 1262.18, 833.09. 'H NMR (400 MHyz,
CDCl,) & 828 (d, ] = 2.3 Hz, 1H), 8.08 (s, 1H), 7.69—7.61
(m, 2H), 7.38—7.29 (m, SH), 5.18 (s, 2H). *C NMR (100
MHz, CDCL) & 160.17, 146.63, 146.58, 135.54, 134.84,
133.37, 129.29, 129.20, 128.57, 128.16, 126.40, 123.36, 49.85.
HRMS (ESI): calc. for [C,sH,,CIN,0] (M + H) 271.0638,
measured 271.0606.

6-Chloro-3-phenylquinazolin-4(3H)-one (2s).*" White
solid; 78% yield (200.2 mg); eluent (16% ethyl acetate in
hexanes). FT-IR (KBr, cm_l): 3044.08, 1671.98, 1607.37,
1467.56, 1251.57, 919.87, 834.06, 695.21. 'H NMR (400
MHz, CDCL,) 6 8.32 (d, ] = 2.2 Hz, 1H), 8.11 (s, 1H), 7.77—
7.69 (m, 2H), 7.59—-7.48 (m, 3H), 7.44—7.39 (m, 2H). 1*C
NMR (100 MHz, CDC13) 6 159.88, 146.53, 146.41, 137.3S,
135.14, 133.72, 129.88, 129.45, 129.40, 127.06, 126.69, 123.62.

6-Bromo-3-phenylquinazolin-4(3H)-one (2t)."° White
solid; 74% vyield (222.8 mg); eluent (10% ethyl acetate in
hexanes). FT-IR (ATR, cm™): 3067.22, 2919.69, 1462.74,
1270.86, 923.73, 684.60. '"H NMR (400 MHz, CDCI3) 0 8.49
(d, J = 2.3 Hz, 1H), 8.12 (s, 1H), 7.89 (d, J = 2.3 Hz, 1H),
7.64 (d, ] = 8.6 Hz, 1H), 7.59—7.47 (m, 3H), 7.41 (d,] = 7.1
Hz, 2H). 3C NMR (100 MHz, CDCl;) § 159.73, 146.85,
146.55, 137.91, 137.32, 129.88, 129.85, 129.54, 129.46, 127.04,
123.91, 121.46.

6-Fluoro-3-phenylquinazolin-4(3H)-one (2u).5¢ White
solid; 72% vyield (172.9 mg); eluent (5% ethyl acetate in
hexanes). '"H NMR (400 MHz, CDCl,) 6 8.09 (s, 1H), 7.99
(dd, J = 8.4,3.1 Hz, 1H), 7.78 (dd, ] = 8.9, 4.9 Hz, 1H), 7.59—
7.48 (m, 4H), 7.44-7.39 (m, 2H). ®C NMR (100 MHz,
CDCl;) 6 162.78, 160.23 (d, J = 14 Hz), 145.56 (d, ] = 2 Hz),
144.68 (d, ] = 2 Hz), 137.39, 130.17 (d, ] = 8 Hz), 129.85,
129.40, 127.07, 123.90 (d, ] = 9 Hz), 123.23 (d, J = 24 Hz),
112.30 (d, J = 25 Hz).

2-(4-Oxoquinazolin-3(4H)-yl)benzoic Acid (2v).?’® Light
yellow solid; 78% yield (207.6 mg); eluent (42% ethyl acetate
in hexanes). "H NMR (400 MHz, DMSO) 6 13.14 (s, 1H),
8.37 (s, 1H), 8.23 (d, ] = 7.9 Hz, 1H), 8.14 (d, J = 7.7 Hz,
1H), 7.98—7.92 (m, 1H), 7.86 (m, ] = 7.6, 1.7 Hz, 1H), 7.81
(d, J = 7.1 Hz, 1H), 7.73 (t, ] = 8.4 Hz, 1H), 7.65 (t, ] = 8.0

Hz, 2H). *C NMR (100 MHz, DMSO) § 167.09, 161.53,
149.20, 148.39, 146.70, 138.39, 135.85, 134.60, 132.32, 131.02,
130.78, 128.54, 128.47, 127.58, 123.13.

5-Methyl-2-(4-oxoquinazolin-3(4H)-yl)benzoic Acid (2w).
White solid; 82% yield (229.8 mg); eluent (40% ethyl acetate
in hexanes). FT-IR (KBr, cm™!): 2923.55, 1694.15, 1615.09,
1479.13, 1265.07, 1213.97, 74427. '"H NMR (400 MHz,
DMSO) & 8.33 (s, 1H), 8.22 (d, ] = 6.6 Hz, 1H), 7.93 (d, ] =
8.3 Hz, 2H), 7.80 (d, J = 8.1 Hz, 1H), 7.64 (t, ] = 7.4 Hz, 2H),
7.52 (d, J = 7.9 Hz, 1H), 2.51 (s, 3H). *C NMR (100 MHz,
DMSO) 6§ 166.34, 160.76, 148.37, 147.72, 139.74, 135.08,
134.96, 134.12, 131.86, 129.96, 129.23, 127.68, 127.59, 126.73,
122.31, 20.93. HRMS (ESI): calc. for [C,4H;;N,0,] (M + H)
281.0926, measured 281.0908.

3-Methylquinazolin-4(3H)-one (2x). White solid; 68% yield
(109.6 mg); eluent (16% ethyl acetate in hexanes). FT-IR
(KBr, cm™): 3470.27, 2912.94, 1654.62, 1611.23, 1476.24,
779.10. '"H NMR (400 MHz, DMSO) & 8.22 (dd, J = 7.9, 1.7
Hz, 1H), 7.88 (m, ] = 8.6, 7.1, 1.6 Hz, 1H), 7.73 (d, ] = 6.8 Hg,
1H), 7.63—7.57 (m, 1H), 3.56 (s, 3H). *C NMR (100 MHz,
DMSO) & 160.65, 148.42, 148.11, 134.10, 127.12, 126.92,
125.83, 121.44, 33.46.

N,N’-Methylenedibenzamide (4a).”’® White solid; 58%
yield (73.7 mg); eluent (30% ethyl acetate in hexanes). FT-IR
(KBr, cm_l): 3310.21, 2967.91, 1636.30, 1524.45, 1487.81,
1286.28, 1110.79, 808.02. 'H NMR (400 MHz, DMSO) 6
9.10 (t, J = 5.7 Hz, 2H), 7.97 (d, ] = 7.0 Hz, 4H), 7.59 (t, ] =
7.3 Hz, 2H), 7.52 (t, ] = 7.4 Hz, 4H), 4.93 (t, ] = 5.6 Hz, 2H).
13C NMR (100 MHz, DMSO) § 167.70, 135.19, 132.63,
129.49, 128.65, 46.41.

N,N’-Methylenebis(4-chlorobenzamide) (4b).””" Light yel-
low solid; 45% yield (72.7 mg); eluent (24% ethyl acetate in
hexanes). "H NMR (400 MHz, DMSO) 6 9.19 (t, ] = 5.6 Hz,
2H), 7.96 (d, ] = 8.7 Hz, 4H), 7.57 (d, ] = 8.6 Hz, 4H), 4.88 (4,
J = 5.7 Hz, 2H). BC NMR (100 MHz, DMSO) § 166.71,
137.50, 133.91, 130.62, 129.60, 46.43.

N,N’-Methylenebis(4-methylbenzamide) (4¢).?”° White
solid; 42% vyield (59.2 mg); eluent (30% ethyl acetate in
hexanes). FT-IR (KBr, cm™): 3334.32, 1633.41, 1279.53,
1108.88, 754.99, 612.28. '"H NMR (400 MHz, DMSO) & 7.70
(d, J = 8.2 Hz, 4H), 7.60 (s, 2H), 7.21 (d, J = 8.2 Hz, 4H),
5.02 (t, J = 6.4 Hz, 2H), 2.38 (s, 6H). *C NMR (100 MHz,
CDCI3) 6 168.59, 142.64, 130.77, 129.39, 127.38, 45.72,
21.61.

N,N’-Methylenebis(4-methoxybenzamide) (4d).””® White
solid; 52% yield (81.7 mg); eluent (40% ethyl acetate in
hexanes). FT-IR (ATR, cm™): 3323.71, 2919.69, 1624.734,
1233.25, 1027.87, 661.46. '"H NMR (400 MHz, DMSO) &
8.92 (t, ] = 5.6 Hz, 2H), 7.95 (d, ] = 8.9 Hz, 4H), 7.04 (d, ] =
8.9 Hz, 4H), 4.89 (t, ] = 5.7 Hz, 2H), 3.86 (s, 6H). *C NMR
(100 MHz, DMSO) 6 167.16, 162.92, 130.51, 127.42, 114.67,
56.56, 46.31.

1-Phenyl-1H-benzo[d]imidazole (6).”" Brown solid; 47%
yield (90.3 mg); eluent (5% ethyl acetate in hexanes). 'H
NMR (400 MHz, CDCL,) & 8.12 (s, 1H), 7.91—7.85 (m, 1H),
7.61—7.44 (m, 6H), 7.37—7.30 (m, 2H). 3*C NMR (100 MHz,
CDCI3) 6 144.14, 142.41, 136.48, 133.83, 130.18, 128.17,
124.19, 123.83, 122.93, 120.72, 110.59.

2-Propylquinazolin-4(3H)-one (9).°° White solid; 52%
yield (97.8 mg); FT-IR (ATR, cm™'): 3049.87, 1675.83,
1621.84, 1471.42, 899.62, 770.422. 'H NMR (400 MHyz,
DMSO) 6§ 12.19 (s, 1H), 8.11 (d, J = 7.9 Hz, 1H), 7.79 (t, ] =
7.6 Hz, 1H), 7.62 (d, ] = 8.2 Hz, 1H), 7.48 (t, ] = 7.6 Hz, 1H),

https://doi.org/10.1021/acsomega.3c05162
ACS Omega 2023, 8, 33058—33068


http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c05162?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

2.60 (t, ] = 7.5 Hz, 2H), 1.77 (g, ] = 7.5 Hz, 2H), 0.96 (t, ] =
7.4 Hz, 3H). 3C NMR (100 MHz, DMSO) § 161.92, 157.40,
148.91, 134.30, 126.77, 125.95, 125.72, 120.80, 36.38, 20.26,
13.52.
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