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Abstract: Functionalized silica based reagent: SiO2-I has been found to be an efficient heterogeneous 

catalyst for the reaction of aromatic aldehydes, 3-amino-1,2,4-triazole and dimedone to afford novel 

triazoloquinazolinones under sonication. The method is green as it involves use of a heterogeneous 

catalyst and an energy efficient technique. The products are formed in very high yields; and the catalyst 

can be recycled for at least four times without significant loss of the catalytic activity. All the obtained 

compounds were analyzed for in-vitro antiproliferative activity against human cancer cell line (HeLa) by 

MTT assay. The results showed that, all the compounds possess antiproliferative activity; and compound 

4a exhibited the least IC50 value of 20.2 µg/mL.   
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1. INTRODUCTION  

Green chemistry concepts motivate the chemical and pharmaceutical industries to consider the 

crash on human life when the new heterocyclic compounds are introduced into our society. The principle 

behind this concept is to develop eco-friendly and environment friendly approaches for the preparation of 

biologically active compounds by employing energy efficient greener protocols [1]. 

Heterocyclic compounds; in particular, the nitrogen heterocycles, play an important role in the 

biological and medicinal chemistry. Nitrogen-containing compounds are widely distributed in nature and 

have played a vital role and have gained importance in the agrochemical and pharmaceutical industries 

[2].
 
The ring-fused heterocyclic system: quinazolinone, constitutes an important class of heterocyclic 

motif, which is found as a core structural skeleton in a variety of natural products; and in more than 100 

naturally occurring alkaloids [3]. The quinazolinone framework and its derivatives (Figure 1) have been 

broadly studied because of their wide range of pharmacological activities such as antifungal, 
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antimicrobial, antitubercular, anticancer, anti-HIV, antiulcer, anti-inflammatory, antidepressant, 

immunotropic, analgesic and anticonvulsant activities [4].   

 

 

 

 

 

 

 

Figure 1. Some selected examples of biologically active quinazolinones 

Search for anticancer agents is a challenging call in the field of medicinal chemistry. Even though 

chemotherapy is being used as a standard treatment method for cancer [5], cancer has always been a 

major threat to the human life. Thus, search for a newer class of the anticancer agents has increased in 

recent years, and there has been a rigorous search for the discovery and development of novel selective 

anticancer agents, which are devoid of many of the unpleasant side effects of conventional anticancer 

agents [6]. 

 

Ultrasound is an imperative tool in sonochemistry and has proved to be advantageous 

with the use of smaller quantities of hazardous chemicals and solvents; increase in the product 

selectivity under low energy consumption. Thus, for various synthetic routes, sonochemistry 

finds the receptive approach in the green chemistry. Under sonication the system is facilitated 

with the physical and chemical effects together with the effect of shock waves acting on the 

collapse of bubbles that pronounces it to be the convenient and practical tactic in organic 

synthesis. In employing the greener methodology, ultrasound, provides a well understanding 

that, it benefits in improvising the reaction rates and the product yields [7].   

A few synthetic strategies have been documented in the literature for the synthesis of 

quinazolinones [8],
 
and some of these methods are associated with one or more disadvantages 

such as: extensive reaction time, harsh reaction conditions, inadequate yields, tedious work-up 

procedures, use of environmentally toxic reagents or solvents and use of large amounts of solid 

supports which results in the generation of a huge amount of toxic waste.  

 

Silica based catalysts have been used to catalyze some important organic transformations 

[9], 
 
and are explored to be potent catalysts owing to the various advantages offered by them 

including  the environment friendly component such as: broad transformation skills, stability and 

non-corrosive nature, excellent catalytic activity, low levels of toxicity, operational simplicity, 
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commercial availability and low cost.  In the present report, the use of a heterogeneous system 

with the application of ultrasound has singly provided the methodical make over and has 

effectively proved to be the simple, efficient, mild and better yielding green synthetic protocol 

for the synthesis of some novel quinazolinone derivatives.  

In view of the biological importance of these N-heterocyclic compounds, it was planned 

to synthesize a series of novel quinazolinone derivatives by a one-pot three-component reaction 

under ultrasonic irradiation as shown in the Scheme 1. The synthesized quinazolinone 

derivatives have been evaluated for in vitro antiproliferative activity against cervical carcinoma 

cell line HeLa using MTT assay.   

 

 

 

 

 

   

Scheme 1. Synthesis of 9-(aryl)-6,6-dimethyl-5,6,7,9-tetrahydro-4H-[1,2,4]-triazolo-[5,1- 

 b]-quinazolin-8(4H)-ones in the presence of silica iodide. 

 

2. EXPERIMENTAL 

2.1 Materials and Methods 

  All starting reagents and solvents were commercial products and were used without further 

purification except liquid aldehydes which were distilled before use. Yields refer to yield of the isolated 

products. Melting points were determined in capillary tubes using a Raaga, INDIAN make melting point 

apparatus. Nuclear magnetic resonance spectra were obtained on a Bruker AMX instruments in CDCl3 

using TMS as an internal standard [400 MHz and 100 MHz for 
1
H NMR for 

13
C NMR respectively]. ESI-

Mass spectra were recorded on ESI-Q TOF instrument. Infrared spectra were recorded using Cary FT-IR 

630s spectrophotometer. CHN analysis was performed using Elementar vario MICRO cube analyzer. All 

the reactions were studied using SIDILU, INDIAN make sonic bath working at 35 kHz (constant 

frequency) maintained at 25 °C by circulating water continuously without mechanical stirring.  

 

2.2 Typical procedure for the synthesis of Triazoloquinazolinones under ultrasonication  

   A mixture of aromatic aldehyde (1 mmol), dimedone (1 mmol), 3-amino-1,2,4-triazole (1 mmol) 

and silica iodide (0.1 g) were taken in acetonitrile (5 mL) and sonicated in a sonic bath working at 35 kHz 
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(constant frequency, maintained at 25 C by circulating water) for 30‒40 min. The completion of the 

reaction was monitored by TLC, and the resulting solid material was dissolved in hot ethanol, filtered to 

remove the catalyst and then the filtrate was cooled to afford the pure product. The solid catalyst thus 

separated was kept aside for further use. 

 

2.3 Spectral Data 

9-(3-Hydroxy-4-methoxy-phenyl)-6,6-dimethyl-5,6,7,9-tetrahydro-4H-[1,2,4]triazolo[5,1- 

b]quinazolin-8-one (4a) 

 Colorless solid, Mp 213–215 °C; IR (ATR): υ
 
3350 (OH), 2850–2950 (NH), 1600 (C=O) cm

 -1
; 

1
H NMR (CDCl3, 400 MHz): δ 1.25 (s, 3H, CH3), 1.31 (s, 3H, CH3), 2.21–2.31 (m, 4H, 2CH2), 3.75 (s, 

3H, OCH3), 5.10 (s, 1H, OH), 5.70 (s, 1H, CH), 6.73 (s,1H, Ar-H), 6.90–6.91 (d, 1H, J = 4.4Hz, Ar-H), 

7.05–7.06 (d, 1H, J = 4.4Hz, Ar-H), 8.73 (s, 1H, =CH), 10.75 (s, 1H, NH) ppm. 
13

C NMR (CDCl3, 

100MHz): δ 16.08, 27.65, 41.14, 50.90, 54.20, 59.76, 102.61, 109.08, 127.29, 130.10, 132.16, 138.11, 

139.32, 145.10, 167.55, 195.64 ppm. ESI-MS: [M
+
] 340.10. Anal. Calcd for C18H20N4O3 : C, 63.52; H, 

5.92; N, 16.46; Found: C, 63.52; H, 5.90; N, 16.46. 

 

9-(3-Bromo-4-methoxy-phenyl)-6,6-dimethyl-5,6,7,9-tetrahydro-4H-[1,2,4]triazolo[5,1 b]quinazolin-8-

one (4b)  

Colorless solid, Mp 204–205 °C; IR (ATR): υ 3225 (OH), 2850–2950 (NH), 1600 (C=O)cm
 -1

; 
1
H NMR (CDCl3, 400 MHz): δ 1.12 (s, 3H, CH3), 1.27 (s, 3H, CH3), 2.31–2.52 (m, 4H, 2CH2), 3.73 (s, 

3H, OCH3), 5.54 (s, 1H, CH), 7.39–7.41 (d, 1H, J = 8.0 Hz, Ar-H), 7.42 (s,1H,  Ar-H), 7.44–7.46 (d, 1H, 

J = 8.0 Hz, Ar-H),  8.00 (s, 1H, =CH),  11.86 (s, 1H, NH) ppm. 
13

C NMR (CDCl3, 100 MHz): δ 24.91, 

29.78, 31.48, 31.96, 40.38, 41.63, 121.13, 122.31, 123.79, 124.42, 127.75, 129.34, 135.05, 147.23, 

154.63, 163.19, 189.11 ppm. ESI-MS: [M
+
] 402.10. Anal.Calcd for C18H19BrN4O2: C, 53.61; H, 4.75; N, 

13.89; Found: C, 53.61; H, 4.78; N, 13.86.  

 

6,6-Dimethyl-9-(3,4,5-trimethoxy-phenyl)-5,6,7,9-tetrahydro-4H-[1,2,4]triazolo[5,1- 

 b]quinazolin-8-one (4c)  

Colorless solid, Mp 243–245 °C; IR (ATR): υ
 
3330 (NH), 1620 (C=O) cm

 -1
; 

1
H NMR (CDCl3, 

400 MHz): δ 0.96 (s, 3H, CH3). 1.04 (s, 3H, CH3), 2.12–2.30 (m, 4H, 2CH2), 3.73 (s, 3H, OCH3), 3.76 (s, 

6H, 2OCH3), 5.02 (s, 1H, CH), 6.95 (s, 2H, Ar-H), 8.12 (s, 1H, =CH), 10.17 (s, 1H, NH) ppm. 
13

CNMR 

(CDCl3, 100 MHz): δ 16.39, 26.28, 26.78, 42.21, 46.39, 55.02, 60.03, 106.15, 110.00, 117.74, 131.43, 

132.05, 132.82, 135.30, 150.80, 164.03, 190.80 ppm. ESI-MS: [M
+
] 384.10. Anal.Calcd for C20H24N4O4: 

C, 62.49; H, 6.29; N, 14.57; Found: C, 62.31; H, 6. 28; N, 14.41.  

 

9-(5-Bromo-2-hydroxy-phenyl)-6,6-dimethyl-5,6,7,9-tetrahydro-4H-[1,2,4]triazolo[5,1-b]quinazolin-8-

one (4d) 

Colorless solid, Mp 209–210 °C;  IR (ATR): υ
 
3300 (OH), 2925–3010 (NH), 1600 (C=O) cm

-1
; 

1
H NMR (CDCl3, 400 MHz): δ 1.05 (s, 3H, CH3), 1.20 (s, 3H, CH3), 2.27–2.50 (m, 4H, 2CH2), 3.70 (s, 

1H, OH), 5.84 (s, 1H, CH), 6.232–6.236 (d, 1H, J = 1.6 Hz, Ar-H), 6.25 (s, 1H, Ar-H),  6.87–6.88 (d, 1H, 

J = 1.6 Hz, Ar-H), 8.39 (s, 1H, =CH), 11.10 (s, 1H, NH) ppm.
 13

CNMR (CDCl3, 100 MHz): δ 16.97, 

26.92, 32.90, 47.21, 50.49, 55.99, 104.28, 104.70, 115.69, 125.61, 133.87, 136.04, 152.96, 153.48, 

189.42, 190.52 ppm. ESI-MS: [M+1] 389.70. Anal.Calcd for  C17H17BrN4O2: C, 52.46; H, 4.40; N, 

14.39; Found: C, 52.41; H, 4.38; N, 14.39.  
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9-(3,5-Dibromo-2-hydroxy-phenyl)-6,6-dimethyl-5,6,7,9-tetrahydro-4H-[1,2,4]triazolo[5,1- 

b]quinazolin-8-one (4e) 

Colorless solid, Mp 238–240 °C; IR (ATR): υ 3000–3100 (NH), 1650 (C=O) cm
-1

; 
1
H NMR 

(CDCl3, 400 MHz): δ 0.87 (s, 3H, CH3), 1.01 (s, 3H, CH3), 1.98–2.37 (m, 4H, 2CH2), 3.90 (s, 1H, OH), 

5.80 (s, 1H, CH), 7.52 (s, 1H, Ar-H), 7.60 (s, 1H, Ar-H), 8.40 (s, 1H, =CH), 12.02 (s, 1H, NH) ppm.
 13

C 

NMR (CDCl3, 100 MHz): δ 16.85, 26.77, 32.44, 41.30, 43.35, 50.05, 50.70, 111.01, 111.19, 116.85, 

117.79, 128.02, 129.93, 133.78, 168.52, 180.70 ppm.
 

ESI-MS: [M
+
] 465.90.

 
Anal.Calcd for 

C17H16Br2N4O2: C, 43.62; H, 3.44; N, 11.97. Found: C, 43.61; H, 3.40; N, 11.97.   

 

9-(2-Fluoro-phenyl)-6,6-dimethyl-5,6,7,9-tetrahydro-4H-[1,2,4]triazolo[5,1-b]quinazolin-8-one (4f)  

Colorless solid, Mp 228–230 °C; IR (ATR): υ 2900–3100 (NH), 1601(C=O) cm
-1

; 
1
H NMR 

(CDCl3, 400 MHz): δ1.25 (s, 3H, CH3) 1.35 (s, 3H, CH3), 2.42–2.49 (m, 4H, 2CH2),  5.44 (s, 1H, CH), 

6.90–6.92 (d, 1H, J = 8.0 Hz, Ar-H), 7.21–7.28 (m, 2H, Ar-H), 7.76–7.78 (d, 1H, J = 8.0 Hz, Ar-H), 8.07 

(s, 1H, NH), 10.05 (s, 1H, NH) ppm.
 13

C NMR (CDCl3, 100 MHz): δ 19.42, 27.03, 36.54, 49.44, 55.84, 

100.10, 105.50, 106.28, 111.12, 124.35, 125.70, 132.46, 149.44, 152.11, 168.10, 195.72 ppm. ESI-MS: 

[M+2] 314.10. Anal.Calcd for  C17H17FN4O: C, 65.37; H, 5.49; N, 17.94; Found: C, 65.31; H, 5.48; N, 

17.92. 

 

9-(4-Chloro-3-fluoro-phenyl)-6,6-dimethyl-5,6,7,9-tetrahydro-4H-[1,2,4]triazolo[5,1-b]      quinazolin-

8-one (4i) 

   Colorless solid, Mp 259–260 °C; IR (ATR): υ 3325–3400 (NH), 1680–1700 (C=O) cm
-1

; 
1
H 

NMR (CDCl3, 400 MHz): δ 0.91 (s, 3H, CH3), 1.08 (s, 3H, CH3), 1.98–2.37 (m, 4H, 2CH2), 5.80 (s, 1H, 

CH), 7.32–7.34 (d, 1H, J = 7.6 Hz, Ar-H), 7.38 (s, 1H, Ar-H), 7.40–7.42 (d, 1H, J = 8.0 Hz, Ar-H), 8.35 

(s, 1H, =CH), 11.65 (s, 1H, NH) ppm. 
13

C NMR (CDCl3, 100 MHz): δ 20.09, 24.55, 34.34, 60.29, 65.99, 

117.24, 117.90, 118.28, 121.09, 122.23 131.12, 142.21, 145.80, 149.68, 152.45, 161.16, 200.09 ppm. 

ESI-MS: [M
+
] 346.10. Anal. Calcd for C17H16ClFN4O: C, 58.88; H, 4.65; N,16.16; Found: C, 58.81; H, 

4.65; N, 16.16. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Chemistry 

 

3.1.1 Effect of catalyst 

A variety of catalysts were screened in order to validate the right choice and the results of this 

study are presented in the Table 1. To justify the influence of the catalyst, the three-component reaction 

was first carried out in the presence of catalytic FeCl3 wherein a maximum yield of only 55% could be 

obtained (Table 1, Entry 1). It was further observed that, the yield of the product hardly improved in the 

presence of other catalysts (Table 1, Entries 2−8), whereas the use of silica iodide as catalyst significantly 

improved the yield to 90% (Table 1, Entry 9). Hence, silica iodide under ultrasonic irradiation was 

selected for our further studies. 
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Table 1. Optimization of catalyst for the synthesis of 4a
a 

 

 

 

 

 

 

 

 

 

 

 

 

a 
Reaction conditions: Aromatic aldehyde (1 mmol), dimedone (1 mmol), 3-amino-1,2,4-triazole (1 mmol) in 

CH3CN (5 mL); b 10 mol%; c 
0.1 g; 

d 
GLC; 

e 
Isolated yield. 

 

3.1.2 Effect of solvent 

We started the work by examining the reaction of 3-hydroxy-4-methoxybenzaldehyde, 

dimedone and 3-amino-1,2,4-triazole  to   get  9-(3-hydroxy-4-methoxyphenyl)-6,6-dimethyl-

5,6,7,9-tetrahydro-4H-[1,2,4]triazolo[5,1-b]quinazolin-8-one (4a) in different solvents and it was 

found
 
that, acetonitrile in the presence of catalytic SiO2-I as a catalyst under sonication afforded 

90% of the corresponding product after 30 minutes as shown in the Table 2 (Entry 10). 

3.1.3 Optimization of feed ratio of silica iodide under sonication 

Further studies were carried out to optimize the amount of catalyst by using different            

amounts of SiO2-I (0.01, 0.05, 0.10, 0.15, 0.20 and 0.25 g) and the results of this study are    presented in 

the Table 3. From this Table, it is clear that, 0.1g of SiO2-I afforded 4a in 90% yield (Table 3, Entry 4). 

Increasing the amount of catalyst did not improve the yield of the product. 

 

3.1.4 Synthesis of 4 (a−k) under sonic condition 

          In order to generalize the method, different substituted aldehydes were treated with 

dimedone and 3-amino-1,2,4-triazole and the result of this study is presented in the Table 4. 

From the data presented in this Table, it is clear that, the method is effective for both electron 

withdrawing and electron donating aromatic aldehydes. Later the reactions were carried out 

using aliphatic aldehydes also (Table 4, Entries 10 and 11), and it was found that, there was no 

product formation even after 15 h. 

 

 

Entry Catalyst 

Reaction Condition 

25 °C 

Time          Yield 

(min)            (%)
d
 

Reflux 

Time          Yield 

(min)            (%)
d
 

US 

Time           Yield 

(min)            (%)
e
 

1 FeCl3
b
 600 14 600 35 30 55 

2 DABCO
b 

600 15 600 30 30 60 

3 Glycine
b 

600 10 600 35 30 65 

4 Na2CO3
b 

600 10 600 30 30 60 

5 K2CO3
b 

600 13 600 25 30 55 

6 Cs2CO3
b 

600 15 600 30 30 65 

7 InCl3
b 

600 14 600 20 30 65 

8 Amberlite
c 

600 10 600 30 30 60 

9 SiO2-I
c
 600 20 600 40 30 90 
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3.1.5 Effect of sonication 

           In pronouncing the application of sonication to the present reaction it is necessary to 

understand the concept of formation and collapse of bubbles in liquid phase and the mechanical 

effects on solid (heterogeneous) surface. Under the low frequency range 20–40 kHz, the bond 

dissociation occurs at the cause of both physical and chemical effects, which is very important 

for the initiation of a chemical reaction, in a heterogeneous medium. In the present reaction, 

under the influence of ultrasound, the reaction begins in the presence of dispersed particles of 

SiO2-I and the partially dissolved reactants in a solvent. A sufficiently large negative pressure 

applied to the liquid on rarefaction, offers the breakdown of liquid and creates cavitation 

bubbles. At the solid-liquid interlayer, the asymmetric collapse of the cavitational bubble causes 

jet impact of the polar solvent (liquid) which is targeted at the surface of the catalyst. The 

additional nucleation sites for cavitation events over the surface of the catalyst enhance the 

number of microbubbles in the solution medium. Thus, the formation of jets can improve the 

mass transfer to the surface of the heterogeneous catalyst. Therefore, the mechanical effects on 

the solid particles and physical effects in the solution phase generate the collapsing bubble which 

affects the chemical species in solution and contributes in acceleration of the reaction rates [11]. 

 

Table 2. Optimization of solvent for the synthesis of 4a
a
 

 

 

 

 

 

 

 

 

 

 

a 
Reaction conditions: Aromatic aldehyde (1 mmol), dimedone (1 mmol), 3-amino-1,2,4-triazole (1mmol), 

silica iodide (0.1 g) in Solvent (5 mL); 
b 
GLC; 

c 
Isolated yield. 

 

 

 

 

 

Entry Solvent 

Reaction condition 

25 °C Reflux US 

Time 

(min) 

Yield 

(%)
b
 

Time 

(min) 

Yield 

(%)
b
 

Time 

(min) 

Yield 

(%)
c
 

1 No Solvent 600 - 600 - 30 - 

2 H2O 600 18 600 30 30 48 

3 Ethanol 600 10 600 20 30 60 

4 1,4-Dioxane 600 12 600 35 30 55 

5 DMF 600 16 600 25 30 40 

6 DMSO 600 15 600 25 30 45 

7 n-Hexane 600 12 600 25 30 59 

8 THF 600 10 600 20 30 60 

9 EtOH-H2O 600 47 600 55 30 70 

10 CH3CN 600 20 600 40 30 90 
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Table 3. Optimization of the amount of silica iodide for the synthesis of 4a 

 

 

 

 

 

 

 

a 
Isolated yield 

 

Table 4. Synthesis of triazoquinazolinones 4 (a–k) using SiO2I in CH3CN under sonic condition 

 

a 
Isolated yield; 

†
Novel compound; ND: not detected 

 

3.2 Biology 

3.2.1 Methodology 

3.2.1.1 Cell culture 

HeLa cell line was maintained in DMEM medium (GIBCO) supplemented with 10% 

(v/v) heat-inactivated fetal bovine serum (FBS) and 1% antibiotic solution (penicillin 100 Uml
−1

 

and streptomycin 100 µgml
−1

) at 37 °C in a humidified atmosphere of 95% air with 5% CO2. The 

medium was changed every second day, and cells were sub-cultured when confluency reached to 

Entry SiO2-I (g) Time (min) Yield 
 
(%)

a
 

      1 0 480 40 

      2 0.01 900 50 

     3 0.05 600 55 

    4 0.10 30 90 

    5 0.15 30 90 

    6 0.20 30 90 

    7 0.25 30 90 

     
Mp (°C) 

Entry Aldehydes Product 
Time 

(min) 

Yield 

(%)
a
 

Found Reported 

1 3-HO,4-MeOC6H3CHO 4a 30 90 213−215
†
 – 

2 3-Br,4-MeOC6H3CHO 4b 35 87 204–205
†
 – 

3 3,4,5-MeOC6H2CHO 4c 30 90 243–245
†
 − 

4 5-Br,2-HOC6H3CHO 4d 34 86 209–210
†
 – 

5 2-HO,3,5-BrC6H2CHO 4e 30 85 238–240
†
 – 

6 2-FC6H4CHO 4f 40 82 228–230
†
 – 

7 2,4-ClC6H3CHO 4g 30 80 323–324 323−325 [10] 

8 2,4-MeOC6H3CHO 4h 38 89 210–212 210−212 [10] 

9 3-F,4-ClC6H3CHO 4i 30 87 259–260
†
 – 

10 HCHO 4j 15.0 ND – – 

11 CH3CHO 4k 15.0 ND – – 
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95% by 0.25% trypsin containing 0.02% ethylenediaminetetraacetic acid (EDTA) in PBS for 3 

min at 37 °C. 

 

3.2.1.2 MTT Assay  

The MTT assay was carried out as described previously to measure cell viability [12].
 

Ten thousand cells in 100 μL of DMEM media were seeded in the wells of a 96-well plate. After 

24 h, the existing medium was removed and 100 μL of various concentrations of the synthesized 

compounds were added and incubated for 48 h at 37 °C in a CO2 incubator.  

Control cells were supplemented with 0.05% DMSO vehicle. At the 48
th

 hour of 

incubation, MTT 3-(4,5-dimethylthaizol-2-yl)-2,5-diphenyltetrazolium bromide supplied from 

Sigma (10 μL of 5 mg/mL) was added to the plate. The contents of the plate were pipetted out 

carefully, the formazan crystals formed were dissolved in 100 μL of DMSO, and the absorbance 

was measured at 550 nm in a microplate reader (Tecan, infinite F200 Pro). Experiments were 

performed in triplicate, and the results were expressed as mean of percent inhibition. A graph of 

the concentration versus percent growth inhibition was plotted, and the concentration at which 

50% cell death occurred was considered as the IC50 value. Before adding MTT, images 

(Olympus 1X81, cell Sens Dimension software) were taken for visualizing the cell death. 

 

3.2.1.3 Results 

The IC50 values obtained for the prepared products (4a‒h) demonstrated that, all of them 

are cytotoxic in nature, and showed inhibitory activity against HeLa cell lines. Out of the eight 

compounds, 4a showed relatively good activity with respect to the standard drug doxorubicin. 

The results of these studies are presented in the Table 5 and as a bar diagram in the Figure 2.  

Microscopic images of the HeLa cancer cell death caused by the compound 4a is presented in the 

Figure 3.  

 

Table 5. IC50 values of tested compounds 4 (a‒h) and the standard drug doxorubicin 

                            

 

 

 

       

 

† Active compounds; Data given is Mean ± SE (n = 3) 

Tested compounds IC50 values (µg/mL) 

4a
† 

20.2±0.59 

4b 40.5±0.70 

4c
†
 24.3±0.17 

4d 32.5±0.14 

4e 33.2±0.78 

4f 28.6±0.95 

4g 35.9±0.31 

4h 30.2±0.17 

Doxorubicin 10.6±0.12 
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Figure 2.  IC50 values of tested compounds 4 (a‒h) and standard drug doxorubicin.  

 

 

 

 

 

 

 

Figure 3. Antiproliferative activity of compound 4a (A-control; B-treated) 

 

4. CONCLUSION 

  In conclusion, we have developed a facile and an energy efficient method for the synthesis of a 

series of known and novel triazoloquinazolinone derivatives in the presence of catalytic silica iodide in 

acetonitrile medium. The salient features of this green protocol are:  formation of single product under 

sonication, acceleration of the rate of the reaction, the method involves simple work-up procedure, high to 

excellent yields of the products and shorter reaction durations and reusability of silica iodide catalyst. 

Advancement to the present study includes the in vitro studies on the synthesized compounds, which 

indicated that, 4a and 4c exhibited better anti-proliferative activity when compared to the other 
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derivatives. Further work on the synthesis and biological studies of such similar derivatives will be taken 

up in due course of time in order to develop much better compounds for the treatment of different types of 

cancer.  

ACKNOWLEDGEMENTS 

  The authors gratefully acknowledge the UGC, New Delhi and the Bangalore University for a 

BSR-fellowship and also acknowledge the financial assistance by the VGST, Dept. of IT, BT and Science 

& Technology, Government of Karnataka for the CESEM Award Grant No. 24 (2010-2011). 

 

REFERENCES AND NOTES 

[1] Sarma, R.; Prajapati, D.; Boruah, R. C.; Green chemistry - A new approach in organic           

synthesis. Sci. and Culture. 2011, 77, 461‒465. 

[2] Heravi M. M.; Derikvand, F.; Ranjbar, L.; Sulfamic acid–catalyzed, three-component,       one-pot 

synthesis of [1,2,4]triazolo/benzimidazoloquinazolinone derivatives.  Synth. Comm. 2010, 40, 

677–685. 

[3] Lin, H.; Haoquan, L.; Jianbin, C.; Xiao-Feng,W.; Recent advances in 4(3H)-       quinazolinone 

syntheses. RSC Adv. 2014, 4, 12065–12077. 

[4] Wang Z.; Wang, M.; Yao, X.; Li, Y.; Tan, J.; Wan L.; Qiao, W.; Geng, Y.; Liu, Y.; Wang,      Q.; 

Design, synthesis and antiviral activity of novel quinazolinones. Eur. J. Med. Chem. 2012, 53, 

275‒282. 

[5] Uma Devi, P.; Selvi, S.; Devipriya, D.; Murugan, S.; Suja, S.; Antitumor and       antimicrobial 

activities and inhibition in-vitro lipid peroxidation by Dendrobium nobile.       Afric. J. Bio. 2009, 

8, 2289‒2293. 

[6] Gudipati, R.; Reddy, R. N.; Manda, S. P.; Synthesis, characterization and anticancer activity of 

certain 3-{4-(5-mercapto-1,3,4-oxadiazole-2-yl)phenylimino}indolin-2-one derivatives.  J. Saud. 

Pharma. 2011, 19, 153–158. 

[7] a) Kidwai, M.; Chauhan, R.; Nafion-H
®
 catalyzed efficient one-pot synthesis of       triazolo[5,1-

b]quinazolinones and triazolo[1,5-a]pyrimidines: A green strategy. J. Mol. Cat. A: Chem. 2013, 

377, 1–6, b) Mousavi, M. R.; Maghsoodlou, M. T.; Catalytic systems        containing p-

toluenesulfonic acid monohydrate catalyzed the synthesis of        triazoloquinazolinone and 

benzimidazoquinazolinone derivatives. Monatsh. Chem. 2014, 145, 1967–1973, c) 

Krishnamurthy, G.; Jagannath, K. V.; Microwave-assisted silica-promoted solvent-free synthesis 

of triazoloquinazolinone and benzimidazoquinazolinones. J. Chem. Sci. 2013, 125, 807‒811, d) 

Ziarani, G. M.; Badiei, A.; Aslani, Z.; Lashgari, N.; Application of sulfonic acid functionalized 

nanoporous silica (SBA-Pr-SO3H) in the green one-pot synthesis of triazoloquinazolinones and 

benzimidazoquinazolinones. Arab. J. Chem. 2015, 8, 54‒61,            e) Fetouh, A.; Mourad, E.; 

Ashraf, A. A.; Hassan, H. F.; Eman, A. B.; Microwave assisted synthesis of 

triazoloquinazolinones and benzimidazoquinazolinones.  Beil. J. Org. Chem. 2007, 3, 1‒5. 

[8] a) Margelefsky, E. L.; Ryan, K.; Zeidan, Davis,  M. E.; Cooperative catalysis by silica supported 

organic functional groups. Chem. Soc. Rev. 2008, 37, 1118–1126, b) Kumar, V.; Singh, C.; 

Sharma, U.; Verma, P. K.; Singh, B.; Kumar, N.; Silica-supported boric acid catalyzed synthesis 

of dihydropyrimidin-2-ones, bis(indolyl)methanes, esters and amides. Ind. J. Chem. 2014, 53B, 

83‒89, c) Pore, D. M.; Uday, D. V.; Thopate, T. S.; Wadgaonkar, P. P.; A mild, expedient, 

http://link.springer.com/article/10.1007/s12039-013-0398-6
http://link.springer.com/article/10.1007/s12039-013-0398-6
http://pubs.rsc.org/en/content/articlelanding/2008/cs/b710334b
http://pubs.rsc.org/en/content/articlelanding/2008/cs/b710334b


 

Borderless Science Publishing                                                                                                                                  191 

  

 

 

               

                Canadian Chemical Transactions                  Year 2016 | Volume 4 | Issue 2 | Page 180-191 

solventless synthesis of bis(indolyl)alkanes using silica sulfuric acid as a reusable catalyst. 

ARKIVOC. 2006, xii, 75‒80. 

[9] Ramesh, K. B.; Pasha, M. A.; Study on one-pot four-component synthesis of 9-aryl- hexahydro 

acridine-1,8-diones using SiO2–I as a new heterogeneous catalyst and their anticancer activity. 

Bioorg. Med. Chem. Lett. 2014, 24, 3907–3913. 

[10] Puligoundla, R.G.; Karnakanti, S.; Bantu, R.;  Kommu, N.;  Kondra, S. B.; Nagarapu, L.; A 

simple, convenient one-pot synthesis of [1,2,4]triazolo/benzimidazolo quinazolinone derivatives 

by using molecular iodine. Tetrahedron  Lett. 2013, 54, 2480–2483. 

[11] Luche, J. L.; Synthetic Organic Sonochemistry, 1998, Plenum press, New York and London.  

[12] Wajapeyee, N.;  Britto, R.;  Ravishankar, H. M.; Somasundaram, K.; Apoptosis induction by 

activator protein 2α involves transcriptional repression of Bcl-2.  J. Biol. Chem. 2006, 281, 

16207−16219. 

   

The authors declare no conflict of interest 

© 2016 By the Authors; Licensee Borderless Science Publishing, Canada. This is an open access article distributed under 

the terms and conditions of the Creative Commons Attribution license http://creativecommons.org/licenses/by/3.0 

http://www.sciencedirect.com/science/article/pii/S0040403913003602
http://www.sciencedirect.com/science/article/pii/S0040403913003602
http://www.sciencedirect.com/science/article/pii/S0040403913003602

