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Abstract
In this project, poly(4-vinylpyridinum) trinitromethanide [P4VPH]C(NO2)3 was 
synthesized as a new heterogeneous catalyst in an easy and short way. The pre-
pared catalyst was fully characterized using fourier transform infrared spectroscopy, 
energy dispersive spectrometer, field emission scanning electron microscopy, the 
brunauer–emmett–teller theory, thermo gravimetric analysis and X-ray diffraction. 
Then, the catalytic activity of this reagent was investigated in the promotion of the 
synthesis of 2,3-dihydroquinazolin-4(1H)-one derivatives. Short reaction times, 
high yields of the products, carrying out the reaction under solvent-free conditions 
and easy separation of the catalyst from the reaction mixture are the main advan-
tages of this method. Also, this heterogeneous catalyst can be reused up to five times 
without significant loss of its catalytic activity.

Keywords Heterogeneous catalyst · Solvent-free conditions · [P4VPH]C(NO2)3 · 
Multi-component reactions · 2,3-dihydroquinazolin-4(1H)-ones

Introduction

Heterocyclic chemistry has an important place in organic chemistry research. 
Quinazolinones are one of the main groups of these compounds [1, 2]. In this 
regard, 2,3-dihydroquinazolin-4(1H)-ones and their derivatives which con-
tain bicyclic heterocycles can show a wide range of pharmacological and bio-
logical activities such as antibacterial [3], antitumor [4], antimalarial [5], cellular 
phosphorylation inhibition [6], antifungal and antihypertensive [7] ones. Also 
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2,3-dihydroquinazolin-4(1H)-ones are key intermediates in the synthesis of quinazo-
lin-4(3H)-ones which are another member of this biologically important family [8]. 
There are two common methods for the synthesis of 2,3-dihydroquinazolin-4(1H)-
one derivatives; a) two-component reaction of aldehydes with 2-aminobenzimide 
and b) three-component reaction of aldehydes, isatoic anhydride and ammonium 
acetate. Various catalysts including, sulfonated porous carbon (SPC) [9], N-pro-
pylsulfamic acid supported on magnetic  Fe3O4 nanoparticles (MNPs-PSA) [10], 
mesoporous  CoAl2O4 spinel nanocrystals (nano-CoAl2O4) [11],  Fe3O4@SiO2SO3H 
(MNPs) [12], KAl(SO4)2.12H2O (Alum) [13], [Al(H2PO4)3] [14], L-proline nitrate 
[15], aluminum methane sulfonate [16] and  CoFe2O4@Pr [17] have been used for 
the synthesis of this group of compounds. Each of these reported methods, despite 
their potential applications, are accompanied with disadvantages such as harsh con-
ditions for the catalyst preparation, need to use of hazardous solvents, long reac-
tion times, sensitivity of the catalyst and low efficiency. Therefore, the development 
of more efficient methods using easily preparable, applicable, reusable and efficient 
catalysts to make such heterocyclic compounds is still of interest.

In recent years, functional polymers have found wide applicability in the synthe-
sis of organic compounds and related fields. One of the polymers that is frequently 
used as a support for the preparation of catalysts is poly(4-vinylpyridine) [18–22]. 
This is because of its distinguishing features such as non-toxicity, stability and non-
humidity, ease of separation, selectivity, recyclability and availability.

Based on these studies and following our previous reports regarding the use of 
trinitromethane, as well as considering the useful properties of poly(4-vinylpyr-
idine), in this article we wish to introduce a new solid catalyst named as poly(4-
vinylpyridinum) trinitromethanide and its use as an efficient and recyclable catalyst 
in the synthesis of 2,3-dihydroquinazolin-4(1H)-one derivatives.

Experimental

General

Chemicals were purchased from Fluka, Merck, and Aldrich Chemical Companies. 
Poly(4-vinylpyridine) was used to make the catalyst. Different aldehydes with purity 
percentage (97–99%), isatoic anhydride (98%) and anthranilamide (99%) have been 
used for the synthesis of 2,3-dihydroquinazolin-4(1H)-one derivatives. All the reac-
tions are monitored by thin layer chromatography (TLC) with UV light as detecting 
agent and yields refer to the isolated products.

Instrumentation

The FT-IR spectra of the catalyst and products were recorded with a VERTEX 70 
(Brucker, Germany) instrument using KBr pellets for the samples in the range of 
4000–400  cm−1. The melting point of the obtained products were determined using 
an electrothermal IA9100 apparatus. The 1H NMR and 13C NMR were recorded 
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a 400 MHz Bruker Avance using TMS as an internal standard in DMSO-d6 (Ger-
many). X-ray diffraction (XRD) measurements were performed at room tempera-
ture on diffractometer Model XRD 6000, PHILIPS Xpert pro using Co-Kα radiation 
(K = 1.54056  A°) with voltage 40 kV and current 30 mA in a 2 h range of 10–80° 
with step size 0.01° and time step 1.0  s to assess the crystallinity of the catalyst 
(Netherlands). Thermogravimetric analyses of the catalyst (TGA) were performed 
on Polymer Laboratories PL-TGA thermal analysis instrument. Samples were 
heated from 25 to 600 °C at ramp 20 °C/ min under  N2 atmosphere (America). Field 
emission scanning electron microscopy (FESEM) and energy dispersive spectrome-
ter (EDS) were performed on a TESCAN model MIRA III and MIRA II respectively 
(Czech Republic). The adsorption–desorption isotherms and the specific surface 
area  (SBET) were determined from nitrogen adsorption studies using Belsorp mini II 
system (Japan).

Synthesis of poly(4‑vinylpyridinum) trinitromethanide

At first, 1 mmol of trinitromethane under vacuum conditions and the obtained cata-
lyst was washed with diethyl ether and dried in an oven to afford [P4VPH]C(NO2)3 
as a yellow powder (Scheme 1).

General procedure for synthesis of 2,3‑dihydroquinazolin‑4(1H)‑ones

Method A: In order to synthesize 2,3-dihydroquinazolin-4(1H)-ones using a three-
component reaction, in a 25 mL flask isatoic anhydride (1 mmol) was added to a 
mixture of aromatic aldehyde (1 mmol), ammonium acetate (1.2 mmol) and 20 mg 
of the catalyst [11].

Method B: In another way, the synthesis of 2,3-dihydroquinazolin-4(1H)-one 
derivatives were achieved through the reaction of two components of aldehydes with 
anthranilamide in the presence of 20 mg of the catalyst [15].

After addition of the reactants in both of the mentioned methods, the reaction 
mixture was stirred at 120  °C under solvent-free conditions and the advancement 
of the reaction was checked by TLC [n-hexane: EtOAc (7:3)]. After the completion 
of the reaction and in order to separate the product and the catalyst, hot ethanol was 
added to the reaction container. Since the formed product is soluble in ethanol and 

Scheme 1.  Preparation of [P4VPH]C(NO2)3
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the catalyst was insoluble in it, the catalyst was easily separated by filtration and the 
final product is obtained by recrystallization from ethanol.

The spectral (IR, 1HNMR and 13CNMR) data of a new compound is as follow:

2-(4-methylthiophenyl)-2,3-dihydroquinazolin-4(1H)-one; m.p. = 209–210  °C.; 
FT-IR (KBr): 3429, 3298, 3191, 2922, 1657, 1611, 1507, 1434,  cm−1; 1H NMR 
(DMSO-d6, 400 MHz): δ = 2.47 (s, 3H,  CH3), 5.72 (s, 1H, CH), 6.68 (t, J = 7.6, 1H, 
Ar), 6.74 (d, J = 7.6, 1H, Ar), 7.09 (s, 1H, NH), 7.22–7.29 (m, 3H, Ar), 7.43 (d, 
J = 6.4, 2H, Ar), 7.61 (dd, J1 = 1.6, J2 = 2, 1H, Ar), 8.29 (s, 1H, NH) ppm.; 13C NMR 
(DMSO-d6, 100 Mz): δ = 14.61, 66.03, 114.39, 114.94, 117.12, 125.63, 127.32, 
127.42, 133.30, 138.15, 138.42, 147.79, 163.58.

Fig. 1  FT-IR spectrum of P4VP and [P4VPH]C(NO2)3
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Results and discussion

Characterization of the catalyst

Several techniques such as FT-IR, TGA, XRD, FESEM, EDS and BET were used 
for the characterization of the catalyst.

Fig. 2  TGA curve of P4VP and [P4VPH]C(NO2)3

Fig. 3  XRD patterns of P4VP and [P4VPH]C(NO2)3
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FT‑IR analysis

The FT-IR spectrum of poly (4-vinylpyridine) and of poly(4-vinylpyridinum) 
trinitromethanide are shown in Fig.  1. The broad band at around 3428   cm−1 was 
observed in the spectrum of the polymer and the synthesized catalyst, which is 
related to the absorbed moisture [23]. In the FT-IR spectrum of poly (4-vinylpyri-
dine), the peak in the region of 1410  cm−1 corresponds to the stretching vibrations 
of C–N and the peak in the region of 1603  cm−1 is assigned to the carbon–carbon 
double bond vibrations in the aromatic ring [24]. In addition, the stretching vibra-
tions related to the aliphatic and aromatic C-H have appeared in the region of 2927 
and 3027   cm−1, respectively [24]. In the spectrum of the synthesized catalyst, the 
peaks related to the symmetric and asymmetric tensile vibrations of the  NO2 group 
have been appeared in the region of 1381   cm−1 and 1633   cm−1, respectively [25]. 

Fig. 4  FESEM images of P4VP (a, b) and [P4VPH]C(NO2)3 (c, d)
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Also, the absorption peak at 3432   cm−1 corresponds to the stretching vibrations 
of N–H [24]. It should be mentioned that reduction in the number of peaks in the 
FT-IR spectra of the prepared catalyst can be related to the formation of the ionic 
complex which reduces its vibrational modes. The set of the spectral information 
expressed can be a confirmation of the formation of the desired catalyst.

Thermal analysis

In the next step, the thermogravimetric analysis (TGA) is used to determine the ther-
mal stability of poly (4-vinylpyridine) and the synthesized catalyst (Fig. 2). As can 
be seen in the figure of the P4VP, the first weight loss is occured at temperature 

Fig. 5  The EDS profiles of [P4VPH]C(NO2)3

Fig. 6  The  N2 adsorption–desorption isotherm (a), and pore size distribution (b) of [P4VPH]C(NO2)3
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of about 100 °C, which can be attributed to the loss of the adsorbed water. In the 
second weight loss, which occurs at temperature around 330–425 °C, the polymer 
is completely demolished. Analysis of the TGA curve of the synthesized catalyst 
shows about 6% weight loss at about 30–100  °C, which can be attributed to the 
removal of the adsorbed moisture. The second weight loss occurs at 150–230  °C 
which can be due to the removal of the trinitromethanide group. Finally, the third 
weight which occurs at temperature of 250–400 °C can be a result of the complete 
decomposition of the catalyst.

Table 1  Optimization of the reaction conditions in the synthesis of 2,3-dihydroquinazolin-4(1H)-one 
catalyzed by [P4VPH]C(NO2)3

a

a Reaction conditions: 4-chlorobenzaldehyde (1 mmol), isatoic anhydride (1 mmol) and ammonium ace-
tate (1.2 mmol)
b Isolated yields

Entry Catalyst (mg) Solvent Temperature (°C) Time (min.) Yield (%)b

1 – No solvent r.t 120 Trace
2 – No solvent 100 120 Trace
3 40 No solvent 80 17 92
4 40 No solvent 100 10 95
5 40 No solvent 120 8 97
6 20 No solvent 120 8 97
7 20 CH3CN r.t 120 Trace
8 20 CH3CN Reflux 120 30
9 20 EtOH r.t 120 Trace
10 20 EtOH Reflux 120 70
11 20 H2O r.t 120 Trace
12 20 H2O Reflux 120 50
13 20 H2O/EtOH 70 120 60

Scheme  2.  Optimized conditions for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones using three 
component method
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Table 2  Synthesis of various 2,3-dihydroquinazolin-4(1H)-ones catalyzed by [P4VPH]C(NO2)3

Entry Substrate Product Time
(min.)

Yield
(%)a

Melting Point

Found Rreported

1

 
 

8 97 198–200 199–201 [11]

2

 
 

8 95 178–180 185–186 [26]

3

 

 

6 96 193–194 199–201[27]

4

  

15 92 170–171 167–169 [17]

5

 
 

7 95 190–191 195–197 [28]

6

 
 

8 96 175–178 174–176 [17]

7

  

25 92 188–190 199–200 [29]

8

 
 

15 95  > 300  > 300 [30]
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Table 2  (continued)

Entry Substrate Product Time
(min.)

Yield
(%)a

Melting Point

Found Rreported

9

 
 

17 92 190–192 206–207 [31]

10

 

 

20 93 280–282 280–281 [15]

11

 
 

15 96 187–189 188–189 [31]

12

 
 

20 92 188–190 170–171 [32]

13

 
 

27 90 210–212 200–202 [15]

14

 
 

10 95 210–212 217–218 [33]

15

 
 

25 95 163–165 162–164 [34]

16

 
 

28 97 222–224 227–228 [26]
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Powder X‑ray diffraction analysis

The XRD patterns of the polymer and the synthesized catalyst are compared 
in Fig. 3. As shown in this figure, the attachment of the nitro group causes some 
changes in the diffraction patterns of the polymer. In the diagram related to the 
polymer, a strong peak at 2θ around 20° and a weak peak at 2θ around 40° have 
appeared. After the reaction of the polymer with trinitromethane, the location of the 
first peak has changed and its intensity has also decreased (2θ around 23°). Also, the 
week peak at 2θ around 40° in the XRD of the catalyst is relatively disappeared.

Table 2  (continued)

Entry Substrate Product Time
(min.)

Yield
(%)a

Melting Point

Found Rreported

17

  

5 97 214–216 213–216 [35]

18

 
 

25 95 201–203 200–202 [36]

19

 
 

27 93 218–220 216–217 [29]

a Isolated yields

Scheme 3.  Optimized conditions for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones using the reac-
tion between aldehydes and anthranilamide
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Table 3  Synthesis of various 2,3-dihydroquinazolin-4(1H)-ones catalyzed by [P4VPH]C(NO2)3

Entry Substrate Product Time 
(min.)

Yield(%)
a

Melting Point

Found Rreported

1

 
 

4 98 202–204 203–206 [36]

2

 
 

4 95 177–179 185–186 [26]

3

 

 

5 95 205–207 205–206 [36]

4

  

10 93 162–164 167–169 [17]

5

 
 

6 95 190–192 195–197 [28]

6

 
 

9 94 175–176 174–176 [17]

7

 
 

4 96  > 300  > 300 [30]

8

 
 

7 95 200–202 206–207 [31]

9

 

 

5 92 288–290 280–281 [15]
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Table 3  (continued)

Entry Substrate Product Time 
(min.)

Yield(%)
a

Melting Point

Found Rreported

10

 
 

10 95 174–176 180–182 [36]

11

 
 

8 94 181–182 170–171 [32]

12

 

 

12 95 202–203 206–208 [30]

13

 
 

8 93 250–253 259–261 [37]

14

 
 

8 94 212–214 217–218 [33]

15

 
 

10 96 209–210 new

16

 
 

9 96 170–172 168–170 [15]

17

  

10 92 222–224 227–228 [14]
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Field emission scanning electron microscopy analysis

To investigate the surface morphology and size distribution, field emission 
scanning electron microscopy analysis with different magnifications was used. 
According to the displayed FESEM images, when the polymer reacts with trini-
tromethane, the size of the synthesized catalyst particles has increased compared 
to the initial polymer. This increase in size can be due to dipole–dipole attraction 
between particles (Fig. 4).

Energy dispersive spectrometer analysis

Figure  5 shows the elemental analysis of poly(4-vinylpyridinum) trinitrometha-
nide. The EDS data of the synthesized catalyst confirms the attendance of the 
expected elements in the structure of the catalyst including nitrogen, carbon 
and oxygen with an average weight percentage of 29.48, 43.94 and 26.58%, 
respectively.

Table 3  (continued)

Entry Substrate Product Time 
(min.)

Yield(%)
a

Melting Point

Found Rreported

18

  

6 97 213–215 213–216 [35]

19

 
 

11 95 196–198 200–202 [36]

20

 
 

5 96 216–218 216–217 [29]

21

 

 

15 95 191–193 192–193 [38]

a Isolated yields
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Scheme 4.  The proposed mechanism of the studied reactions

Fig. 7  Reusability of the catalyst
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Brunauer–emmett–teller theory analysis

BET surface area, pore volume and pore size distributions were characterized by 
nitrogen adsorption/desorption experiment. The  N2 adsorption/ desorption iso-
therms related to the catalyst are shown in Fig. 6a. The Brunauer‐Emmet‐Teller 
(BET) surface areas, total pore volume and Barret‐Joyne‐Halendu (BJH) pore 
diameter were 4.46  m2   g−1, 0.005  cm3   g−1 and 4.44 nm, respectively. Also, the 
curve of pore size distribution by utilizing the BJH model is shown in Fig. 6b.

Catalytic activity

After preparation and identification of the poly(4-vinylpyridinum) trinitrometha-
nide catalyst, its catalytic activity was investigated in the preparation of 2,3-dihyd-
roquinazolin-4(1H)-one derivatives. For this purpose, the reaction between 4-chlo-
robenzaldehyde, isatoic anhydride and ammonium acetate as a model one was 
studied at different temperatures (80–120 °C) in the presence of different amounts 
of the catalyst. The intended reaction was performed well at 120 °C in the presence 
of 20  mg of the catalyst. To check the effect of the solvent and also solvent-free 
conditions, the model reaction was also checked in acetonitrile, ethanol, water and 
water/ ethanol and in the absence of solvent in the presence of 20 mg of the catalyst. 
According to the results collected in Table 1, this reaction is performed with high 
efficiency in the absence of solvent (Table 1, entry 6) (Scheme 2).

After the optimization studies, a wide range of aromatic aldehydes, including 
electron-withdrawing and electron-donating groups, were used for the synthesis of 
their corresponding 2,3-dihydroquinazolin-4(1H)-one derivatives. The results of this 

Fig. 8  The EDS profiles of recovered [P4VPH]C(NO2)3
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study are shown in Table 2. As it is clear, using this method, all the products were 
obtained with 90–98% yields during short times.

In the next step and after the good results obtained from the three-component 
condensation of different aldehydes, ammonium acetate and isatoic anhydride in 
the presence of [P4VPH]C(NO2)3, we have decided to obtain 2,3-dihydroquina-
zolin-4(1H)-one derivatives via two-component reaction between aldehydes 
and anthranilamide under the same optimal conditions. This method was also 
resulted in the desired products during very short period of times with high effi-
ciency (Scheme 3, Table 3).

The possible mechanism for the synthesis of 2,3-dihydroquinazolin-4(1H)-
one derivatives under the catalytic effect of poly(4-vinylpyridinum) trini-
tromethanide for both of the synthetic methods is shown in Scheme 4. In method 
A, the catalyst activates the carbonyl group of isatoic anhydride. In continue this 
molecule can be attacked by ammonium acetate and after the decarboxylation 
reaction, the intermediate (I) is produced. From this point onwards, the progress 

Fig. 9  FT-IR spectra of fresh and recovered [P4VPH]C(NO2)3
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of the reaction is the same in both of the synthetic methods, so that, the alde-
hyde activated by the catalyst is attacked by the produced intermediate (I). After 
removal of a molecule of water, followed by tautomerization the intermediate 
(II) produces the intermediate (III) which can be converted to the final product 
during an intramolecular cyclization.

As it clear, the ability to recover and reuse is one of the most important 
features of a heterogeneous catalyst. In the present method to investigate this 
important feature for poly(4-vinylpyridinum) trinitromethanide catalyst, the syn-
thesis of 2-(4-chlorophenyl)-2,3-dihydroquinazolin-4(1H)-one (Table 3, entry1) 
was selected as a model one. After the completion of the reaction, hot ethanol 
was added to the reaction mixture. The product was dissolved in hot ethanol 
and the catalyst remained insoluble. After filtration, the recovered catalyst was 
washed with diethyl ether and dried in an oven to be able to use in the next 
steps. This catalyst was able to enhance the model reaction for at least 5 runs 
with excellent efficiency in short period of times (Fig. 7). Next, in order to check 
the stability of the recycled catalyst, EDS and FTIR analyses were performed on 
it (Figs. 8 and 9). The results well prove the good reusability of the catalyst.

The effectiveness of the poly(4-vinylpyridinum) trinitromethanide catalyst 
and other catalysts used in the synthesis of 2-(4-chlorophenyl)-2,3-dihydro-
quinazolin-4(1H)-one (Table 2, entry1) is compared in Table 4. This comparison 
shows that the catalyst is in a good position compared to the previous methods 
in terms of time and yield. Also, the use of cheap catalyst and solvent-free con-
ditions are the other features of the method used in this research compared to the 
other mentioned methods.

Conclusions

This research focused on design and synthesis of poly(4-vinylpyridinum) trini-
tromethanide as a recyclable and efficient heterogeneous catalyst. The forma-
tion of the synthesized catalyst was confirmed by several techniques including 
FT-IR, TGA, XRD, FESEM, EDS and BET analysis. Poly(4-vinylpyridinum) 
trinitromethanide was used as an environmentally friendly catalyst for the synthe-
sis of 2,3-dihydroquinazolin-4(1H)-one derivatives under solvent-free conditions. 
There are several advantages for this method, including high yields of the reac-
tion products, short reaction times, use of non-toxic and inexpensive reagents, 
easy work-up produce and reusability and ease of handling of the catalyst.
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