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LETTER

The green synthesis of 2,3-dihydroquinazolin-4(1H )-ones via direct
cyclocondensation reaction under catalyst-free conditions
Zong-Bo Xie, Shi-Guo Zhang, Guo-Fang Jiang, Da-Zhao Sun and Zhang-Gao Le

Department of Applied Chemistry, East China Institute of Technology, Nanchang, People’s Republic of China

ABSTRACT
A simple and environmentally benign method is described for the synthesis of 2,3-
dihydroquinazolin-4(1H )-ones by direct cyclocondensation of 2-aminobenzamide with aromatic
aldehydes using water as the reaction medium. The parameters such as temperature, substrate
molar ratio and reaction time were examined to establish the optimal synthetic process. The
present procedure has advantages of low cost, mild reaction conditions, simple workup process,
simply purification, excellent yields and no use of catalyst and hazardous organic solvents.
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Introduction

2,3-Dihydroquinazolin-4(1H )-one derivatives belong to
an important class of nitrogen heterocycles (1) that
attracted much attention because these quinazolinone
scaffolds as core unit for a wide spectrum of nature
plant alkaloids and pharmacological compounds such
as evodiamine, febrifugine, isofebrifugine, metolazone,
quinethazone, afloqualone, raltitrexed and nolatrexed.
Moreover, these derivatives exhibit various potential bio-
logical and pharmaceutical activities including anticon-
vulsant (2), antiparkinsonian (3), antihypertensive (4),
antibacterial (5), anticancer (6), diuretic (7), as well as
monoamine oxidase inhibition (8) and plant growth regu-
lation (9). As intermediates, 2,3-dihydroquinazolin-4(1H )-
ones can easily be oxidized to their quinazolin-4(3H )-one
analogues (10, 11), which also include important biologi-
cal active compounds, and are significant privileged struc-
tures in pharmaceutical synthesis (12).

Based on the importance of those compounds
numerous classical synthetic methods have been
described for the synthesis of 2,3-dihydroquinazolin-4
(1H)-ones, and one of the simplest and direct methods
is the cyclocondensation of 2-aminobenzamide with aro-
matic aldehydes using various acids as catalyst, such
as CuCl2 (10), ZrCl4 (13), TiCl4/Zn (14), NH4Cl (15),
trichloroacetic acid (16), succinimide-N-sulfonic acid

(17), 2-morpholinoethanesulfonic acid (18), p-TSA (19).
In recent years, widely recyclable catalysts, such as
ionic liquids (20–23), metal-CNTs (24, 25), nanocrystalline
sulfated zirconia (26) and PEG-400 (27) have also been
used for the preparation of these derivatives on
account of the growing demand for the development
of more sustainable and environmental-friendly com-
pounds. However these methodologies involve at least
one of the following imperfections: environmentally
harmful solvent, expensive reagent, sensitive catalyst, a
cumbersome preparation process for the required cata-
lyst, tedious workup conditions or liberating hazardous
HF during recycling.

In addition, the potential of water as a solvent has
become highly interested in devising a method for
organic synthesis, not only because of water’s economic
and environmental characteristics (28), but also due to its
unique reactivity and selectivity (29). Moreover, water as
a solvent in many reactions can enhance rates of reaction
and facilitate product recovery (30, 31). Furthermore,
water has advantages of non-volatility, nontoxicity and
perfect safety compared with organic solvents.
However, as an environmental-friendly and economically
affordable reaction medium, water has been rarely used
in the procedures preparing 2,3-dihydroquinazolin-4
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(1H )-one derivatives via direct condensation of 2-amino-
benzamide with aldehydes.

Thus, as part of our continuing research work in green
chemistry and enzyme promiscuity, we are interested in
developing an efficient biocatalytic route for the syn-
thesis of 2,3-dihydroquinazolin-4(1H )-ones. It was dis-
covered unexpectedly that the cyclization reaction of
2-aminobenzamide and 4-methylbenzaldehyde could
be performed in water under catalyst-free conditions.

Experimental

All reagents were obtained from commercial suppliers
and used without further purification unless otherwise
noted. Melting points were obtained on a WRS-1B
Digital Melting Point Apparatus. The NMR spectra were
recorded on a Bruker 400 MHz instrument using
DMSO-d6 as the solvent. Chemical shifts (δ) were
expressed in ppm with tetramethylsilane as the internal
standard, and coupling constants (J ) were reported in Hz.

A mixture of 2-aminobenzamide (1 mmol) and alde-
hyde (1.5 mmol) in 10 mL of water was stirred in a
round bottomed flask at 90°C in a preheated oil bath
as shown in Scheme 1. After completion of the reaction,
the mixture was cooled to room temperature, and the
water-insoluble desired product was precipitated. The
crude products were obtained directly by filtration and

washed with 50% cold ethanol. Finally, the solid
product was recrystallized from EtOH (80%).

Results and discussion

Based on the above results, 2-aminobenzamide and 4-
methylbenzaldehyde were selected as the model com-
pounds to optimize the reaction conditions. Initially,
the model reaction was performed at different tempera-
tures in order to achieve the desired yield at the lowest
possible temperature. As shown in Table 1, the yield of
the product increased accordingly with the temperature
below 90°C, and the yield of 71% gained at 90°C was
remarkably higher than that of other temperatures.
And the yield dramatically decreased when the tempera-
ture was further increased to the reflux temperature,
which was probably because of the more side reactions
at excessively high temperature. Consequently, 90°C was

Scheme 1. The synthesis of 2,3-dihydroquinazolin-4(1H )-one
derivatives in water.

Table 2. The effect of molar ratio on the model reaction.a

Entry Molar ratiob Yieldc (%)

1 1:1.5 83
2 1:2 83
3 1.5:1 71
4 2:1 71
aReaction conditions: in water (10 mL) at 90°C for 1 h.
b2-Aminobenzamide / 4-methylbenzaldehyde (mmol/mmol).
cIsolated yield after recrystallization.

Table 3. Investigation of the reactant scope of the
cyclocondensation reaction for synthesis of 2,3-
dihydroquinazolin-4(1H )-one derivatives.a

Entry R Time (h) Compound Yieldb (%)

m.p. (°C)

Found Lit.ref.

1 -H 1 a 81 225–227 226–228 (32)
2 4-CH3 2 b 90 229–230 228–229 (32)
3 3-CH3 2 c 86 206–207
4 4-Cl 2 d 83 201–203 202–204 (23)
5 2-Cl 2 e 86 208–210 207–209 (32)
6 3-Br 2 f 86 190 227–228 (32)
7 2-Br 2 g 92 183–185 172–173 (32)
8 4-OCH3 3 h 85 189–190 185–187 (23)
9 4-OH 6 i 67 220 213–216 (26)
10 3-OH 6 j 75 209–210 220–222 (33)
aReaction conditions: 2-aminobenzamide (1 mmol), aromatic aldehydes(1.5
mmol), in water (10 mL) and at 90°C.

bIsolated yield after recrystallization.

Table 1. The effect of temperature on the model reaction.a

Entry Temperature (°C) Yieldb (%)

1 rt Trace
2 40 Trace
3 50 10
4 60 28
5 70 51
6 80 61
7 90 71
8 100 57
aReaction conditions: 2-aminobenzamide (1 mmol) and 4-methylbenzalde-
hyde (1 mmol), in water (10 mL) for 1 h.

bIsolated yield after recrystallization.
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selected as the optimal temperature for the follow-up
studies. Next, the effects of the molar ratio of reactants
on the yield were investigated, and a better result was
obtained when the molar ratio of 2-aminobenzamide
to 4-methylbenzaldehyde was 1:1.5 (Table 2).

With the optimized reaction conditions in hand, some
other reactants were used to expand this catalyst-free
cyclocondensation reaction to show the generality of
the green procedure for the synthesis of 2,3-dihydroqui-
nazolin-4(1H )-ones. The results are summarized in
Table 3, various benzaldehyde derivatives with elec-
tron-donating or electron-withdrawing groups reacted
with 2-aminobenzamide under the optimized reaction
conditions. In general, the reaction could proceed
smoothly and was not influenced by substituents of
the aromatic ring, and the corresponding products of
2,3-dihydroquinazolin-4(1H )-ones were obtained in
good to excellent yields (67–92%). In fact, it was difficult
to dissolve the reactants in the reaction medium, namely,
water, so adequate stirring was necessary for a better
yield. However, the reaction was not successful when
caproaldehyde (or hypnone) was employed instead of
aldehyde under the optimized conditions (data not
shown).

Conclusions

In conclusion, a simple, green and catalyst-free synthetic
method has been described for the synthesis of 2,3-dihy-
droquinazolin-4(1H )-ones via the cyclocondensation of
2-aminobenzamide with aromatic aldehydes in water.
Simplified operational process, easy post-treatment
process and excellent yields are the remarkable advan-
tages of this synthetic strategy. More importantly, this
reaction could be performed efficiently under catalyst-
free conditions using water as the reaction medium. To
the best of our knowledge, this is the first example for
the synthesis 2,3-dihydroquinazolin-4(1H )-ones under
catalyst-free conditions and in water.
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