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INTRODUCTION
2,3-Dihydroquinazolin-4(1H)-ones are an important class of nitrogen-
containing heterocycles with diverse biological and pharmacological 
activities. Their structural versatility and therapeutic relevance 
make them valuable scaffolds in pharmaceuticals, agrochemicals, 
and natural product analogues [1,2]. These compounds commonly 
exhibit antimicrobial, anticancer, and anti-inflammatory activities, 
while their facile synthesis and functionalization further enhance 
their significance in drug discovery. In addition to medicinal 
applications, certain derivatives have also been explored as 
luminescent materials and molecular imaging probes [3,4]. Their 
occurrence in natural alkaloids further emphasizes their importance 
in bioactive molecules [5].

The development of efficient synthetic methods employing readily 
available reagents remains a major focus in organic synthesis. In this 
regard, heterogeneous catalysis has emerged as an effective strategy 
due to its ability to improve yields, minimize waste, and avoid 
hazardous materials, thereby supporting sustainable chemistry [6]. 
Among nitrogen-containing heterocycles, quinazolinone derivatives, 
particularly 2,3-dihydroquinazolinones and quinazolin-4(3H)-ones, 
are highly significant because of their structural diversity and broad 
pharmacological profiles [7].

Quinazolinone derivatives display a wide range of biological 
activities, including anticonvulsant [8], anticancer [9], hypnotic 
and sedative [10], antimalarial [11], antibacterial, antioxidant [12], 

antifungal, cytotoxic [13], antiproliferative [14], and α-glucosidase 
inhibitory properties [15]. Their pharmaceutical importance is 
highlighted by the presence of the 2,3-dihydroquinazolinone core in 
several marketed drugs. These frameworks are also found in naturally 
occurring alkaloids and therapeutic agents such as evodiamine, 
febrifugine, isofebrifugine, metolazone, quinethazone, afloqualone, 
raltitrexed, and nolatrexed, which exhibit anticonvulsant [16], 
antiparkinsonian [17], antihypertensive [18], antibacterial [19], 
anticancer [20], and diuretic activities [21]. Additionally, some 
derivatives have shown potential as plant growth regulators [22].

From a synthetic viewpoint, 2,3-dihydroquinazolin-4(1H)-
ones are valuable intermediates that can be readily oxidized to 
quinazolin-4(3H)-ones [23,24]. Both scaffolds are recognized 
as privileged structures in medicinal chemistry [25]. Three-
component reactions involving isatoic anhydride, aldehydes, and 
amines are among the most efficient methods for synthesizing 
2,3-dihydroquinazolin-4(1H)-ones due to their operational 
simplicity and high atom economy [26,27]. Other synthetic 
approaches include reduction–cyclization of o-nitrobenzamides 
with aldehydes or orthoformates [28], and reduction of quinazolin-
4(3H)-ones to 2,3-dihydroquinazolinones [29]. Increasing emphasis 
on environmentally benign methodologies has further encouraged 
the adoption of green chemistry principles aimed at minimizing 
hazardous waste and improving sustainability [30]. 
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ABSTRACT
The present study describes a sustainable and efficient protocol for the synthesis of quinazolinone derivatives using recyclable 1-ethyl-3-
methylimidazolium acetate ([EMIM]OAc) as a green ionic liquid catalyst. The cyclocondensation of 2-aminobenzamide with various substituted 
benzaldehydes was successfully achieved in water at 80°C, affording excellent yields under environmentally benign conditions. Systematic 
optimization of catalyst loading, temperature, and comparative catalytic performance established the optimal reaction conditions. The catalyst 
exhibited remarkable recyclability with minimal loss of activity over successive cycles, highlighting its robustness and practical applicability. A 
plausible mechanistic pathway has also been proposed to elucidate the catalytic role of [EMIM]OAc in promoting the transformation. The 
protocol offers a simple, high-yielding, and eco-friendly approach for the synthesis of diverse quinazolinone derivatives.
Keywords: Quinazolinone derivatives, Ionic liquid catalyst, [EMIM]Oac, Green synthesis, Cyclocondensation.
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Among the various synthetic methods, the cyclocondensation of 
2-aminobenzamide with carbonyl compounds remains one of the 
most practical and widely employed approaches for the synthesis 
of quinazolinone derivatives [31]. Numerous catalytic systems 
have been reported for this transformation, including (N₂H₅)₂SiF₆ 
[32], metal–organic frameworks (MOFs) [33], spirocyclic SPINOL 
phosphoric acid [34], carbon nanodots [35], and AuNP-supported 
catalysts [36]. Although effective, many of these protocols suffer 
from limitations such as toxic or expensive reagents, difficult work-up 
procedures, poor catalyst recyclability, and harsh reaction conditions, 
thereby necessitating the development of greener and more efficient 
methodologies [37]. Non-metallic and organocatalytic systems have 
also attracted attention for this transformation. Catalysts such as 
NH4Cl [37], [Bmim]PF6[38], cellulose-SO3H [39], NaHSO4[40], and 
morpholinoethanesulfonic acid [41] have been successfully utilized. 
Despite their advantages, these methods often require prolonged 
reaction times, elevated temperatures, costly reagents, or tedious 
purification procedures. Recent studies have further expanded 
catalytic strategies using iodine [42], ZrCl4[43], nanocrystalline 
sulfated zirconia [44], and ionic liquids [45]. While these approaches 
provide improved yields and reaction efficiencies, issues including 
moisture sensitivity, catalyst preparation, and environmental 
concerns still remain.

In recent years, ionic liquids have emerged as attractive catalysts 
and reaction media in organic synthesis due to their tunable structures, 
excellent solvating ability, and recyclability. Their dual role as solvent 
and catalyst enables efficient promotion of multicomponent reactions, 
cyclizations, and condensations under mild and environmentally 
benign conditions. Moreover, ionic liquids can accelerate reactions, 
stabilize intermediates, and be reused over multiple cycles without 
significant loss of activity, making them promising candidates for 
sustainable synthesis.

In accordance with green chemistry principles, the present 
work describes a novel and recyclable ionic liquid catalytic system 
using [EMIM]OAc (1-ethyl-3-methylimidazolium acetate) for the 
synthesis of quinazolinone derivatives from 2-aminobenzamide 
and substituted benzaldehydes. The reaction proceeds efficiently in 
water at 80°C, avoiding the use of strong acids, metal catalysts, and 
hazardous organic solvents. Optimization studies involving catalyst 
loading, temperature, and comparison with other catalytic systems 
demonstrated the superior performance of [EMIM]OAc. The catalyst 
also showed excellent recyclability with minimal loss of activity 
over successive cycles. On the basis of experimental observations, a 
plausible reaction mechanism has been proposed.

MATERIAL AND METHOD

Material
A l l  reagent s a nd solvent s  ut i l i zed i n t he sy nt hes i s  of 
2,3-dihydroquinazolin-4(1H)-ones were of analytical grade with 
a minimum purity of 99%. [EMIM]OAc was sourced from Sigma-
Aldrich and used as received without additional purification. Melting 
points were measured by the open capillary method and are reported 
without correction. The progress of each reaction was routinely 
monitored by thin-layer chromatography (TLC) on silica gel plates, 
employing a hexane:ethyl acetate mixture (6:4) as the mobile phase. 

Structural characterization of the purified products was performed 
using infrared (IR) spectroscopy and nuclear magnetic resonance 
(NMR) spectroscopy, with tetramethylsilane (TMS) serving as the 
internal reference standard.

General procedure for the synthesis of 
dihydroquinazolinone
In a typical procedure, 2-aminobenzamide (1 mmol) and the 
respective aromatic aldehyde (1 mmol) were combined in 5 mL 
of distilled water. [EMIM]OAc (10 mol%) was then introduced as 
the catalyst, and the resulting mixture was stirred at 80°C for the 
predetermined reaction time, with progress monitored by thin-
layer chromatography (TLC). Upon completion, additional water 
was added to facilitate phase separation, and the solid product was 
isolated from the ionic liquid–aqueous phase by simple filtration. 
The recovered ionic liquid phase was subjected to water removal by 
heating at 100°C for 4 hours, yielding the anhydrous [EMIM]OAc, 
which was weighed and reused in subsequent reaction cycles without 
significant loss of activity. The crude product was further purified 
by recrystallization from hot ethanol, affording the corresponding 
2-aryl-2,3-dihydroquinazolin-4(1H)-one in high purity (Fig 1).

RESULT AND DISCUSSION

Catalytic activity
The synthesis of 2-aryl-2,3-dihydroquinazolin-4(1H)-ones was 
optimized using benzaldehyde and 2-aminobenzamide as model 
substrates. In the absence of a catalyst, only trace amounts of product 
were obtained, even at elevated temperature, indicating that thermal 
activation alone was insufficient. The catalytic activity of [EMIM]
OAc increased significantly with catalyst loading, and the best 
result was achieved with 10 mol% catalyst, affording 73% yield in 
3 hours. Further increase in catalyst loading provided no significant 
improvement. Solvent screening revealed a strong influence on the 
reaction efficiency, with water proving superior to benzene, DCM, 
and DMF. Under the optimized conditions (10 mol% [EMIM]OAc 
in water at 80°C), the desired product was obtained in 84% yield 
within 2 hours. These results highlight the effectiveness of [EMIM]
OAc as a recyclable catalyst and water as a green reaction medium 
for the efficient synthesis of dihydroquinazolinone derivatives. The 
result is declared in Table 1.

The catalytic performance of [EMIM]OAc was compared 
with several reported catalysts for the synthesis of 2-aryl-2,3-
dihydroquinazolin-4(1H)-ones. Conventional catalysts such as 
L-proline, Fe₃O₄@SiO₂, ethylene glycol, montmorillonite K-10, 
β-cyclodextrin, silica sulfuric acid, p-TsOH, and SnCl₄ afforded 
moderate to good yields (38–75%) with reaction times ranging 
from 3–5 hours. Among them, silica sulfuric acid showed the 
best performance, giving 75% yield in 3 h. However, [EMIM]
OAc proved to be the most efficient catalyst, providing an 84% 
yield within only 2 hours. The enhanced activity is attributed to 
its dual role as a catalyst and ionic medium, facilitating efficient 
aldehyde activation and cyclization. In addition, its aqueous 
compatibility and recyclability make [EMIM]OAc an attractive and 
sustainable catalyst for dihydroquinazolinone synthesis. The result 
is declared in Table 2.
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Table 1: Optimization of reaction condition for Dihydroquinazolinones using 

[EMIM]OAc as a catalyst

Entry Catalyst
Quantity 
(mol%)

Solvent
Temp. 
(0C)

Time 
(hr)

Yield 
(%)X

1 - - - RT 24 Trace

2 - - - 80 0C 12 5

3 - - - 80 0C 24 8

4 [EMIM]OAc 2.5 - RT 12 18

5 [EMIM]OAc 5 - 80 0C 6 30

6 [EMIM]OAc 7.5 - 80 0C 4 48

7 [EMIM]OAc 10 - 80 0C 3 73

8 [EMIM]OAc 12.5 - 80 0C 3 75

9 [EMIM]OAc 15 - 80 0C 3 76

10 [EMIM]OAc 10 Benzene 80 0C 6 45

11 [EMIM]OAc 10 DCM 80 0C 6 52

12 [EMIM]OAc 10 DMF 80 0C 4 66

13 [EMIM]OAc 10 Water 80 0C 2 84

X indicate isolated yield of the product.

Table 2: Impact on yield of product by comparing [EMIM]OAc with other 
reported catalyst

Entry Catalyst
Time 
(hr)

Yield
(%)X

1 L-Proline 4 63

2 Fe3O4@SiO2 4 72

3 Ethylene Glycol 5 38

4 Montmorillonite K-10 4 48

5 β-Cyclodextrin 3 68

6 Silica Sulphuric acid 3 75

7 P-TsOH 3.5 45

8 SnCl4 4 65

9 [EMIM]OAc 2 84

X indicate isolated yield of the product.
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Figure 2: Recyclability study of [EMIM]OAc catalyst
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Figure 1: Synthesis of 2 ,3-Dihydroquinazolin-4(1H)-ones derivative catalyzed 
by [EMIM]OAc under aqueous condition

To systematically assess catalytic efficiency in the synthesis of 
dihydroquinazolinone derivatives, various readily accessible 
catalysts were initially evaluated. Among them, the ionic liquid 
[EMIM]OAc was selected for further study owing to its operational 
simplicity, green reaction profile, and promising preliminary 
results. The catalytic performance of [EMIM]OAc was investigated 
in the cyclocondensation of aminobenzamide with a diverse range 
of commercially available aromatic aldehydes under optimized 
conditions. The outcomes are summarized in Table 3.

As illustrated in Table 3, all examined aldehydes underwent 
smooth cyclization with aminobenzamide to afford the desired 
products in yields ranging from 76 to 94%. The model reaction, 
employing benzaldehyde and aminobenzamide in water at 80°C with 
10 mol% [EMIM]OAc, furnished dihydroquinazolinone in 84% yield 
within 2 h (Table-3, entry 1).

The in f luence of electron-donat ing subst ituents was 
examined using 3-methylbenzaldehyde, 2-hydroxybenzaldehyde, 
4 -hydroxybenza ldehyde,  4 -met hoxybenza ldehyde,  a nd 
2,4-dimethoxybenzaldehyde. Under identical conditions, these 
substrates afforded the corresponding products in good yields 
(76–82%), albeit with slightly extended reaction times of 2.5–3.0 
h (Table-3, entries 2–6). The modest decrease in yields and slower 
conversions can be rationalized by the electron-donating substituents 
diminishing the electrophilicity of the aldehyde carbonyl, thereby 
reducing the reaction rate.

Conversely, aldehydes bearing electron-withdrawing substituents, 
including 4-chlorobenzaldehyde, 2,4-dichlorobenzaldehyde, 
4-bromobenzaldehyde, 3-fluorobenzaldehyde, 3-nitrobenzaldehyde, 
and 4-nitrobenzaldehyde, exhibited enhanced reactivity. These 
substrates delivered the corresponding products in excellent yields 
(85–94%) within significantly reduced reaction times of 1–2 hours 
(Table-3, entries 7–11). The increased electrophilicity imparted by 
the electron-withdrawing groups likely facilitates nucleophilic attack 
during cyclization, accounting for the improved kinetics.

Overall, these findings underscore the pivotal role of electronic 
effects in dictating both the rate and yield of dihydroquinazolinone 
formation. The ability of [EMIM]OAc to efficiently catalyze reactions 
in aqueous medium across a wide substrate scope highlights its 
potential as a sustainable, high-performance catalyst for the green 
synthesis of biologically relevant heterocycles.

Recyclability of [EMIM]OAc Catalyst
After completion of the reaction, the product was separated by 
simple filtration following the addition of water, while the ionic 
liquid remained in the aqueous phase. The catalyst was regenerated 
by evaporating water at 100 °C and reused in subsequent cycles. 
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Table 3: Optimization of Substrate Scope Using [EMIM]OAc Catalyst for the Synthesis of Dihydroquinazolinones.

Entry Aldehyde Product Time (hr.) Yieldx (%)
M.P.

Obs. Rep.[46-49 ]

1

CHO

N
H

NH

O

2 84 215–216 216–218

2

CHO

CH3

N
H

NH

O

CH3 2.5 82 211–212 210–212

3

CHO
OH

N
H

NH

O

OH
3 76 219–220 221–223

4

CHO

OH

N
H

NH

O

OH

2.5 79 278–280 279–280

5

CHO

OCH3

N
H

NH

O

OCH3

2.5 81 178–180 177–179

6

CHO
OCH3

OCH3

N
H

NH

O

OCH3

OCH3

3 78 186–188 184–186

7

CHO

Cl
N
H

NH

O

Cl 1.5 88 199–201 199–201

8

CHO
Cl

Cl
N
H

NH

O

Cl

Cl

2 85 166–168 167–169

9

CHO

F
N
H

NH

O

F 1.5 90 187–188 185–187

10

CHO

NO2
N
H

NH

O

NO2 1 94 195–196 196–198

11

CHO

NO2

N
H

NH

O

NO2

1.5 92 198–201 198–200

X indicate isolated yield of the product.
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[EMIM]OAc maintained high catalytic activity over the first three 
cycles, with only a gradual decrease in yield and recovery efficiency, 
reaching about 58% recovery by the third cycle. Its easy regeneration, 
continued effectiveness, and compatibility with aqueous media 
highlight its potential as a recyclable and environmentally friendly 
catalyst for sustainable dihydroquinazolinone synthesis (Fig 2).

Spectral data of some selected synthesized 
compounds
The structures of the synthesized compounds were confirmed by 
spectral analysis, with the observed data closely matching their 
anticipated physical characteristics and aligning well with previously 
reported literature values [46-49].

2-Phenyl-2,3-dihydroquinazolin-4(1H)-one (Table 
3, Entry 1)
FT-IR (KBr, cm⁻¹): 1610, 1651, 3181, 3312. ¹H NMR (DMSO-d₆) δ 
(ppm): 5.80 (s, 1H), 6.65 (t, 1H), 6.77 (d, 1H), 7.10 (s, 1H), 7.23–
7.28 (m, 1H), 7.34–7.42 (m, 3H), 7.48 (d, 2H), 7.59 (t, 1H), 8.24 
(s, 1H). ¹³C NMR (DMSO-d₆) δ (ppm): 66, 114, 115, 116, 117, 127, 
127, 128, 129, 133, 141, 146, 163. HRMS (ESI): m/z: 224 [M+H]⁺.

2-(3-Methylphenyl)-2,3-dihydroquinazolin-4(1H)-
one (Table 3, Entry 2)
¹H NMR (DMSO-d₆) δ (ppm): 2.32 (s, 3H), 5.73 (s, 1H), 6.69 (t, 
1H), 6.76 (d, 1H), 7.17 (t, 1H), 7.24–7.29 (m, 4H), 7.33 (br, 1H), 
7.63 (dd, 1H), 8.26 (br, 1H). ¹³C NMR (DMSO-d₆) δ (ppm): 22, 
67, 115, 115, 124, 128, 129, 130, 134, 138, 142, 148, 164. HRMS 
(ESI): m/z: 239 [M+H]⁺. 

2-(2-Hydroxylphenyl)-2, 3-dihydro-4(1H)-
quinazolinone (Table 3, Entry 3)
FT-IR (KBr, cm⁻¹): 742, 848, 1153, 1326, 1458, 1502, 1608, 1642, 
3149, 3402. ¹H NMR (DMSO-d₆) δ (ppm): 6.00 (s, 1H), 6.65 (t, 
1H), 6.72–6.80 (m, 3H), 6.86 (d, 1H), 7.14 (t, 1H), 7.22 (t, 1H), 
7.34 (d, 1H), 7.60 (d, 1H), 7.92 (s, 1H), 9.80 (s, 1H) HRMS (ESI): 
m/z: 241 [M+H]⁺.

2-(4-Hydroxylphenyl)-2,3-dihydroquinazolin-
4(1H)-one (Table 3, Entry 4)
FT-IR (KBr, cm⁻¹): 1232, 1601, 1662, 3189, 3329, 3407. ¹H NMR 
(DMSO-d₆) δ (ppm): 5.80 (s, 1H), 6.74 (d, 1H), 6.74 (t, 1H), 7.15 
(s, 1H), 7.24–7.28 (m, 1H), 7.38 (d, 2H), 7.60–7.62 (m, 3H), 8.30 
(s, 1H), 9.45 (s, 1H). ¹³C NMR (DMSO-d₆) δ (ppm): 67, 114, 115, 
119, 125, 127, 128, 129, 130, 140, 148, 163. HRMS (ESI): m/z: 
240 [M+H]⁺.

CONCLUSION
In conclusion, this study introduces a novel, environmentally 
sustainable strategy for the synthesis of quinazolinone derivatives 
using 1-ethyl-3-methylimidazolium acetate ([EMIM]OAc) as both 
an efficient and recyclable ionic liquid catalyst. Unlike conventional 
methods that often rely on hazardous solvents and metal-based 
catalysts, the present protocol uniquely combines water as a green 
reaction medium with a low-cost, reusable catalytic system, thus 
minimizing waste and improving sustainability. Importantly, [EMIM]

OAc can be conveniently separated by simple filtration, regenerated 
by mild water evaporation, and effectively reused for at least three 
consecutive cycles without any notable decline in catalytic efficiency. 
The methodology provides consistently high yields (76–94%) across 
a broad range of 2,3-dihydroquinazolin-4(1H)-one derivatives, 
underscoring its robustness and versatility. Moreover, the reliance 
on readily available substrates such as 2-aminobenzamide and 
substituted benzaldehydes, coupled with the ability to rapidly generate 
structurally diverse quinazolinone scaffolds, highlights its potential 
novelty as a practical platform for combinatorial synthesis and early-
stage drug discovery.
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