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Abstract: Quinazolinone synthesis usually requires employing
sensitive substrates, hazardous solvents, large excess oxidants,
and expensive catalysts. In this study, an efficient and envir-
onmentally benign pathway was developed to synthesize
2-phenylquinazolin-4(3H)-one via oxidative coupling between
commercially available and stable chemicals, including 2-ami-
nobenzamide and benzyl alcohol without toxic oxidizing
agents and transition-metal catalysts. A high yield of the
desired product (up to 84%) was obtained at 120°C for 24 h
in the presence of oxygen as a green oxidant and t-BuONa
as a base. Importantly, the study scope was expanded
toward successfully producing various 2-phenylquina-
zolin-4(3H)-one derivatives in moderate-to-good yields.
Furthermore, control experiments proposed that the con-
version involved the initial partial oxidation of benzyl
alcohol to the benzaldehyde intermediate under basic con-
ditions, followed by the condensation, intramolecular

nucleophilic addition, and oxidative dehydrogenation
to 2-phenylquinazolin-4(3H)-one.

Keywords: 2-phenylquinazolin-4(3H)-one, benzyl alcohol,
green conditions, oxidative coupling

1 Introduction

Quinazolinone derivatives, one of the important classes
of six-membered nitrogen-containing heterocyclic skele-
tons, have attracted much attention due to their broad
application scope in chemistry and pharmaceutics [1–7].
Biologically crucial molecules involving the quinazoli-
none core occurred naturally in various classes of plants,
microorganisms, and animals [8–15]. In particular, numerous
4(3H)-quinazolinone-based compounds have been commonly
explored in medicinal chemistry with noteworthy pharmacolo-
gical activities such as anticonvulsant, anticancer, anti-inflam-
matory, antimicrobial, anti-HIV, antiviral, and antidiabetic
properties and inhibitory effects on poly-(ADP-ribose) poly-
merase, thymidylate synthase, and tyrosine kinase
(Figure 1) [16–33]. Therefore, many efforts have been
made to investigate new efficient and facile approaches
toward constructing 4(3H)-quinazolinones. The traditional
route to obtain 4(3H)-quinazolinones could be based on
three-component condensation involving carboxylic acid,
amine, and 2-aminobenzoic acid or the cascade condensa-
tion/oxidation sequence of aldehydes with 2-aminobenzo-
nitrile, promoted by acid or base [34–38]. These approaches
are indeed highly efficient but limited by major drawbacks
such as difficult-to-prepare starting materials, use of hazar-
dous solvents, large excess oxidants, and harsh reaction
conditions [2,39–41]. Thus, the development of more simple
and milder methods to synthesize 4(3H)-quinazolinone deriva-
tives remains an attractive task for organic chemists [6,42,43].
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Recently, 4(3H)-quinazolinones could be prepared by
a catalytic redox reaction of 2-aminobenzamide and an
alcohol alternative to 2-aminobenzoic acid and aldehyde,
which are generally unstable and expensive. Transition
metals such as palladium, iron, copper, and nickel have
been reported to be active sites for this annulation,
affording step- and atom-economical protocols [44–49]
(Figure 2a). For instance, the Pd(II) complex-catalyzed
one-pot synthesis of 4(3H)-quinazolinone from 2-amino-
benzamide and a primary alcohol in the presence of
m-xylene as the solvent has been reported by Balaji and
co-workers [2]. In addition, 4(3H)-quinazolinones could
be obtained from aromatic primary alcohols using Ni(II) or
Cu(II) catalysts in xylene or toluene [50,51]. Obviously, these
protocols allowed 4(3H)-quinazolinones to be efficiently pro-
duced from more stable and available substrates. However,
using such transition metal-based catalysts and organic

solvents can lead to environmental concerns about waste
disposal and metal contamination in the products [52,53].
Herein, the synthesis of 4(3H)-quinazolinones from 2-ami-
nobenzamides and alcohols under an O2 atmosphere as a
green oxidant was investigated (Figure 2b). It was observed
that the reaction could readily proceed in the presence of
t-BuONa without any additional solvent and transition-
metal catalyst, indicating the high potential of this pathway.

2 Materials and methods

2.1 Materials and instrumentation

All chemicals were purchased from Energy Chemical,
Xilong, Acros, and GHTech and were used as received
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Figure 1: Several 4(3H)-quinazolinone derivatives with pharmacological activities.
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without further purification unless otherwise noted. Silica
gel 60 F254 plates (20 cm × 20 cm)with a layer thickness of
0.25 mm for thin-layer chromatography (TLC) were pur-
chased from Merck.

Gas chromatography (GC)was performed on a Shimadzu
GC 2010-Plus equipped with a flame ionization detector and
an SPB-5 column (length = 30m, inner diameter = 0.25mm,
and film thickness = 0.25 μm). For GC analysis, the sample
was initially held at 100°C for 1min, then heated from 100°C
to 280°C with a ramp rate of 40°C·min−1, and further held at
280°C for another 4.5min before being cooled down to 100°C.
The inlet and detector temperatures were maintained at
280°C during the analysis course.

Gas chromatography–mass spectrometry (GC–MS) was
conducted on a Shimadzu GC-MS-QP2010 Ultra equipped
with a ZB-5MS column (length = 30m, inner diameter =
0.25mm, and film thickness = 0.25 μm). For GC–MS ana-
lysis, the sample was kept at 50°C for 2min, then heated
from 50°C to 280°C with a ramp rate of 10°C·min−1, and
finally kept at 280°C for 10min. The inlet temperature was
maintained at 280°C. The obtained mass spectra were com-
pared with references from the NIST library.

Nuclear magnetic resonance (1H NMR and 13C NMR)
spectra were recorded in DMSO-d6 using the residual sol-
vent peak or tetramethylsilane as a reference on a Bruker
AV 500 spectrometer.

The melting points of the isolated products were
determined using a Stuart SMP30 device.

2.2 Procedure for the synthesis of
2-phenylquinazolin-4(3H)-one

In a typical experiment, 2-aminobenzamide (40.8mg,
0.3 mmol), benzyl alcohol (1 mL), and sodium tert-but-
oxide (43.2 mg, 1.5 equivalents) were sequentially added
to an 8-mL vial. The reaction mixture was purged with
oxygen 2min before being tightly sealed. Subsequently,
the reaction was performed under vigorous stirring at
120°C. After a predetermined time period, the vial was
cooled down to room temperature, and diphenyl ether

(51.1 mg, 0.3 mmol) as an internal standard was added.
Ethyl acetate (3mL)was then added to dilute the reaction
mixture. An aliquot withdrawn from the resulting mix-
ture was quenched with brine (2 mL), extracted with ethyl
acetate (2 mL), dried over anhydrous sodium sulfate, and
filtered through a cotton layer. The final organic sample
was analyzed by GC using the diphenyl ether internal
standard to determine the product yield. To determine
the completion of this transformation, the reaction experi-
ments were performed for different time intervals from 0.5
to 30 h.

For the isolation and purification of 2-phenylquina-
zolin-4(3H)-one, after the reaction described above, the
resulting mixture was cooled to room temperature, then
diluted with ethyl acetate (20mL), and quenched with
brine (10mL). The obtained organic phase was dried
over anhydrous Na2SO4, filtered through a thin cotton
layer, and evaporated under reduced pressure, yielding
a solid product. The raw product was further purified by
washing with n-hexane (3 × 15 mL), affording 2-phenyl-
quinazolin-4(3H)-one as a white solid. During the isola-
tion and purification steps, TLC was performed using a
mixture of ethyl acetate and n-hexane (volume ratio =
1:3). Visualization of the TLC plates was performed under
ultraviolet light (254 and 365 nm). The product structure
was identified by GC–MS, 1H NMR, and 13C NMR.

3 Results and discussion

According to the previous studies on the synthesis of
2-phenylquinazolin-4(3H)-one via oxidative condensation
of 2-aminobenzamide with benzyl alcohol (Figure 3), it
was found that the base should be applied to promote the
formation of the desired product under the transition-
metal-based catalysis [2,48,54]. Initial studies therefore
focused on the effect of bases on metal-free transforma-
tion. As shown in Table 1, the weak bases including
DABCO and Na2CO3 were found to be unsuitable for this
reaction, giving only trace amounts of the desired pro-
duct (Entries 1 and 2). This result is consistent with the
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Figure 3: Model reaction of 2-aminobenzamide and benzyl alcohol toward 2-phenylquinazolin-4(3H)-one for screening of the reaction
conditions.
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previous work of Qiu et al., in which it was suggested that
carbonate salts were not strong enough to promote the last
dehydrogenation toward 2-phenylquinazolin-4(3H)-one
[55]. As can be expected, using stronger bases such as
alkali hydroxides and alkali t-butoxide resulted in signi-
ficantly improved production of quinazolinone. It should be
noted that no transition-metal catalysts were present in this
protocol. Indeed, a quinazoline yield of 34% could be
obtained in the reaction mediated by t-BuOLi, while NaOH,
t-BuOK, and KOH, respectively, gave higher yields of the
desired product (>60%) (Entries 3–6). Among the tested
bases, t-BuONa exhibited the best performance, producing
2-phenylquinazolin-4(3H)-ones with the highest yield of 82%.

Furthermore, the impact of the t-BuONa amount on
quinazoline production was explored (Entries 7–12). No
major product was detected after 24 h in the absence of
t-BuONa, verifying the importance of the base for this
transformation. The desired product was obtained in a
low yield of 9% as 0.25 equivalents of t-BuONa was used.
Using more base amounts led to considerable increases in

the formation of 2-phenylquinazolin-4(3H)-one. However,
using 2 equivalents of t-BuONawas found to be unnecessary,
with no further yield improvement obtained.

Next, the reaction of 2-aminobenzamide with benzyl
alcohol was investigated at different temperatures ran-
ging from room temperature to 140°C. It was observed
that the reaction temperature greatly impacted on the pro-
duction of 2-phenylquinazolin-4(3H)-one (Entries 13–17).
No reaction toward quinazolinone was observed at room
temperature. As expected, conducting the reactions at ele-
vated temperatures, namely, 60°C, 80°C, 100°C, and 120°C,
gave higher product yields of 45%, 57%, 68%, and 84%,
respectively. No further enhancement in the formation of
the desired product was observedwhen the reaction tempera-
ture was increased to 140°C. In general, under transition-
metal-free conditions, a higher temperature was required to
obtain 2-phenylquinazolin-4(3H)-one compared to the pre-
vious studies, in which the metal catalysts allowed the reac-
tion to take place under milder conditions. Indeed, using
α-MnO2 as the solid catalyst for this reaction was reported

Table 1: Screening of the reaction conditionsa

Entry Temperature (°C) Time (h) Base Base amount (equivalents) Oxidant GC yield (%)

1 140 24 DABCO 1.5 O2 Trace
2 140 24 Na2CO3 1.5 O2 Trace
3 140 24 t-BuOLi 1.5 O2 34
4 140 24 NaOH 1.5 O2 60
5 140 24 t-BuOK 1.5 O2 62
6 140 24 KOH 1.5 O2 63
7 140 24 t-BuONa 1.5 O2 82
8 140 24 t-BuONa 0 O2 Trace
9 140 24 t-BuONa 0.25 O2 9
10 140 24 t-BuONa 0.5 O2 48
11 140 24 t-BuONa 1 O2 65
12 140 24 t-BuONa 2 O2 83
13 RT 24 t-BuONa 1.5 O2 Trace
14 60 24 t-BuONa 1.5 O2 45
15 80 24 t-BuONa 1.5 O2 57
16 100 24 t-BuONa 1.5 O2 68
17 120 24 t-BuONa 1.5 O2 84
18 120 24 t-BuONa 1.5 None (Ar) Trace
19 120 24 t-BuONa 1.5 Air 21
20 120 24 t-BuONa 1.5 DTBP 10
21 120 24 t-BuONa 1.5 H2O2 29b, 46c, 39d

22 120 0.5 t-BuONa 1.5 O2 16
23 120 2.5 t-BuONa 1.5 O2 54
24 120 5 t-BuONa 1.5 O2 58
25 120 15 t-BuONa 1.5 O2 68
26 120 20 t-BuONa 1.5 O2 75
27 120 30 t-BuONa 1.5 O2 84

aGeneral conditions: 2-aminobenzamide (0.3 mmol), benzyl alcohol (1 mL), and a base. bH2O2 (1 equivalent), cH2O2 (2 equivalents), dH2O2

(3 equivalents). DABCO: 1,4-diazabicyclo[2.2.2]octane; t-BuOLi: lithium tert-butoxide; t-BuOK: potassium tert-butoxide; t-BuONa: sodium
tert-butoxide.
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by Zhang and co-workers, giving the desired product in a
good yield of 79% at 80°C [45]. Furthermore, the coupling
of 2-aminobenzamide with alcohol catalyzed by iron(III)
nitrate readily produced 2-phenylquinazolin-4(3H)-one at
100°C [48].

In this study, benzyl alcohol could play a dual role in
the reactant and the reaction medium. Therefore, the
amount of benzyl alcohol was also an important factor
that should be concerned to afford the desired product in
high yields (Entries 1–6, Table S1 in Supplementary mate-
rial). It was observed that the reaction using 0.25 mL of
benzyl alcohol produced 2-phenylquinazolin-4(3H)-one
in a moderate yield of 57%, probably due to the hindered
interaction of solid substrates, namely, 2-aminobenzamide
and t-BuONa, with benzyl alcohol in a limited amount
(Entry 1). Therefore, adding more 0.5 and 0.75mL of
benzyl alcohol significantly accelerated the transformation,
increasing the yield of 2-phenylquinazolin-4(3H)-one to
70% and 76%, respectively (Entries 2–3). As expected, the
reaction proceeded more readily in the presence of 1mL
of benzyl alcohol, affording a yield of 84% (Entry 4).
However, no notable differences in the reaction perfor-
mance were observed in the benzyl alcohol amount range
of 1.0–1.5mL with product yields of around 80% recorded
(Entries 4–6).

As previously reported, an oxidant was required to
convert benzyl alcohol to benzaldehyde, which was pro-
posed as an important intermediate in the formation of
2-phenylquinazolin-4(3H)-ones [7,55]. In this study, var-
ious oxidative conditions were therefore tested for the
reaction. The results in Table 1 (Entries 17–21) indicated
that the transformation toward 2-phenylquinazolin-4(3H)-one
strongly depended on the oxidant nature. As predicted,
no desired product was obtained under an argon atmo-
sphere, while the reaction could proceed slowly in air,
finally giving a poor yield of 21% after 24 h, probably due
to a shortage of oxygen for the oxidation of benzyl
alcohol. Indeed, 2-phenylquinazolin-4(3H)-one was favor-
ably generated under an O2 atmosphere in 84% yield.
Furthermore, other liquid oxidants, including DTBP and
H2O2, with different amounts exhibited poor performances
with low yields of 2-phenylquinazolin-4(3H)-ones (10–50%).
These results could be rationalized by the fact that using such
strong oxidants could lead to unwanted oxidation of the
amine group in 2-aminobenzamide at an elevated tempera-
ture. O2 emerges as a green, cheap, and efficient oxidant for
this annulation.

To emphasize the efficiency of the pathway under
solvent-free conditions, various polar and non-polar sol-
vents were added to the reaction, and the yield results are
presented in Table S1. The presence of water, a protic

solvent, completely shut down the reaction, while low
yields of 2-phenylquinazolin-4(3H)-one (15–39%) were
obtained in the reactions containing polar aprotic sol-
vents, namely, DMF and DMSO (Entries 7–9). The earlier
studies indeed reported that such polar solvents were
incompatible with converting benzyl alcohol and 2-ami-
nobenzamide into 2-phenylquinazolin-4(3H)-one [55,56].
Interestingly, better performances were obtained when
less polar and non-polar solvents, including 1,2-dichlor-
obenzene and toluene, respectively, were added (Entries
10 and 11). In a similar work on the oxidative synthesis of
2-phenylquinazolin-4(3H)-one from benzyl alcohol and
2-aminobenzamide, a large amount of toluene solvent
was also required [55]. However, organic solvents usually
cause serious problems related to human health, eco-
system, and safety due to their high toxicity and flamm-
ability. In addition, the work-up procedure would be
more complicated for the removal and disposal of the
organic solvents. Solvent-free conditions are therefore highly
desired. Notably, it was found that the solvent-free reaction
produced 2-phenylquinazolin-4(3H)-onewith the best yield of
84%, highlighting the undeniable benefits of this annulation.

Finally, the reaction of 2-aminobenzamide and benzyl
alcohol was carried out in the time range from 0.5 to 30 h
(Entries 22–27, Table 1). The kinetic investigation of the
reaction revealed that conversion to 2-phenylquinazolin-
4(3H)-one promptly proceeded in the first 2.5 h, affording a
54% yield. Prolonging the reaction to 24 h led to an addi-
tional yield of approx. 30%; however, this yield value was
maintained in the 30-h reaction. Notably, a large-scale
reaction involving 2.0mmol of 2-aminobenzamide and
32 equivalents of benzyl alcohols was also performed
under identical conditions investigated. After a simple
purification procedure without column chromatography,
the major product, 2-phenylquinazolin-4(3H)-one, could
be successfully obtained in a well-isolated yield of 70%,
showing the great potential of this transition-metal cata-
lyst-free pathway.

To investigate the transformation mechanism, a series
of control experiments were carried out. As mentioned pre-
viously, no 2-phenylquinazolin-4(3H)-one was obtained in
the absence of either oxygen or t-BuONa (Figure 4a and b).
On the other hand, the treatment of benzyl alcohol under
the established conditions without adding 2-aminobenza-
mide resulted in the observation of benzaldehyde, implying
that benzaldehyde could be formed via the oxidation of
benzyl alcohol in the presence of t-BuONa and oxygen
(Figure 4c). Notably, benzaldehyde and dihydrogenated
quinazolinone were also detected as the intermediates
when the standard reaction was performed within 5 h
(Figure 4d). To investigate the role of t-BuONa in this
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Table 2: Oxidative coupling between o-aminobenzamides and benzyl alcohols to 2-phenylquinazolin-4(3H)-ones in the presence of
t-BuONa and O2

a

Entry Reactant 1 Reactant 2 Product Isolated yield (%) Melting point (°C)

1

NH2

NH2

O OH

N

NH

O 75 230–232

2

NH2

NH2

O OH

CH3 N

NH

O

CH3

67 208–210

3

NH2

NH2

O OH

H3C

N

NH

O

CH3

69 230–232

4

NH2

NH2

O OH

H3CO

N

NH

O

OCH3

66 242–244

5

NH2

NH2

O OH

Cl

N

NH

O

Cl

31 198–200

6

NH2

NH2

O OH

Cl N

NH

O

Cl

29 298–300

7

NH2

NH2

O OH

NO2

N

NH

O

NO2

Trace —

8

NH2

NH2

O OH

O2N

N

NH

O2N

O Trace —

9

NH2

NH2

O

H3C

OH

N

NH

O

H3C

57 236–238

10

NH2

NH2

O
Cl

OH

N

NH

O
Cl

51 291 (decomposed)

11

NH2

NH2

O
F

OH

N

NH

O
F

63 254 (decomposed)

aReaction conditions: reactant 1 (0.3 mmol), reactant 2 (32 equivalents), t-BuONa (1.5 equivalents), 120°C, under an O2 atmosphere
for 24 h.

An atom-efficient and green synthesis of 2-phenylquinazolin-4(3H)-ones  7



pathway, the reaction of 2-aminobenzamide and benzal-
dehyde was carried out under identical conditions in the
absence of t-BuONa, giving quinazolinone in an excellent
yield (96%) (Figure 4e). It was therefore suggested that
t-BuONa could accelerate the oxidation of benzyl alcohol
to benzaldehyde, which would participate in the next
condensation reaction with 2-aminobenzamide. Note that
benzaldehyde and its derivatives are organic compounds
highly sensitive to air, light, and moisture. Benzaldehyde
spontaneously undergoes unexpected oxidation to yield
benzoic acid upon exposure to air under ambient condi-
tions, while the presence of such an impurity can signifi-
cantly affect the reaction involving benzaldehyde [57].
Therefore, preservation of benzaldehyde under an inert
atmosphere or purification of benzaldehyde prior to use is
usually required with high consumption of cost and energy.
From the viewpoint of green chemistry, benzyl alcohol has
emerged as a more stable, more available, and less costly
starting material alternative to benzaldehyde in numerous
organic transformation reactions [58–61]. In this study, the
use of benzyl alcohols with the assistance of a base indeed
offered an environmentally benign and efficient pathway
for synthesizing 2-phenylquinazolin-4(3H)-ones.

Interestingly, in the reaction of 2-aminobenzamide
with benzaldehyde under t-BuONa- and O2-free condi-
tions, only a 12% yield for the major product was obtained,
while a large amount of dihydrogenated quinazolinone
was produced (Figure 4f), implying the essential role of
O2 in the dehydrogenative step of dihydrogenated quina-
zolinone to quinazolinone [2,51]. Based on the obtained
results, the pathway for t-BuONa-promoted oxidative cou-
pling of 2-aminobenzamide with benzyl alcohol toward
2-phenylquinazolin-4(3H)-one was proposed (Figure 5).
With the assistance of t-BuONa, benzyl alcohol was first
oxidized by O2 at a high temperature to benzaldehyde,
which underwent condensation with 2-aminobenzamide
to produce imine a. Subsequently, an intramolecular nucleo-
philic addition allowed the conversion of a into dihydro-
genated quinazolinone b, which was dehydrogenated by
oxygen to finally yield the desired product.

With the optimal conditions in hand, the substrate
scope was expanded to the synthesis of 2-phenylquina-
zolin-4(3H)-one derivatives from substituted 2-amino-
benzamides and benzyl alcohols (Table 2). The standard
reaction of 2-aminobenzamide with benzyl alcohol pro-
duced 2-phenylquinazolin-4(3H)-one in an isolated yield
of 75% (Entry 1). Good yields of quinazolin-4(3H)-ones
also remained in the reactions using benzyl alcohols con-
taining an electron-donating group, in good agreement
with the study on the Ni-catalyzed synthesis of quinazolin-
4(3H)-one derivatives from 2-aminobenzamide and benzyl

alcohols [51]. Indeed, 3-methylbenzyl alcohol and 4-methyl-
benzyl alcohol (Entries 2 and 3) afforded the corresponding
quinazolin-4(3H)-ones in 67% and 69% isolated yields,
respectively. A similar result was also obtained for the case
of 4-methoxybenzyl alcohol (66%, Entry 4). By contrast,
electron-withdrawing groups in benzyl alcohol significantly
inhibited the production of 2-phenylquinazolin-4(3H)-one.
The reaction of 2-aminobenzamide with 2-chlorobenzyl
alcohol or 3-chlorobenzyl alcohol gave low quinazolinone
yields of 31% and 29%, respectively (Entries 5 and 6).
These results indicated negligible steric hindrance of the
substituent at the ortho position of benzyl alcohol. Besides,
no desired products were observed in the reaction involving
2-nitro or 4-nitrobenzyl alcohols (Entries 7 and 8). Next, sev-
eral substituted 2-aminobenzamides were also used to react
with benzyl alcohol under identical conditions. This annula-
tion showed good tolerance to both the electron-donating
(methyl-) and electron-withdrawing (fluoro-, chloro-) groups
in 2-aminobenzamide, affording the corresponding products
in good yields of 51–63% (Entries 9–11).

4 Conclusions

In this study, 2-phenylquinazolin-4(3H)-one was success-
fully synthesized frommore stable and available substrates,
namely, 2-aminobenzamide and benzyl alcohol, in the pre-
sence of a strong base and oxygen as a green and cheap
oxidant without further use of any additional solvent and
transition-metal catalyst. The mechanistic experiments pro-
vided reliable evidence for the in situ formation of benz-
aldehyde via t-BuONa-assisted oxidation of benzyl alcohol
followed by coupling with 2-aminobenzamide and oxida-
tive dehydrogenation to the desired products. The oxida-
tive annulation demonstrated remarkable tolerance with
different functional groups in 2-aminobenzamide and
benzyl alcohol. The corresponding quinazolin-4(3H)-one
derivatives could be obtained in the isolated yields of
29–75%. The significant results of this study are expected
to guide a simple, efficient, and environmentally friendly
approach to form the quinazolin-4(3H)-one moiety in bio-
logically active molecules.
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