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ABSTRACT 

Chemical grafting of 3-aminipropyl triethoxysilane to carbonized bagasse and acidification of amino groups leads us to introduce 

a new, efficient and green solid acid catalyst. We used the Fourier-transform infrared spectroscopy (FT-IR), X-Ray Diffraction 

(XRD), Thermogravimetric analysis (TGA), Field Emission Scanning Electron Microscope (FE-SEM), elemental-mapping and 

Energy Dispersive X-ray spectroscopy (EDX) for the characterization of the catalyst. This novel catalyst efficiently used to the 

synthesis of benzo[h]indenoquinolin derivatives and the products were obtained with 80–95% of yields at 3-5 h with high purity. 

All of the products were characterized by FT-IR, 1H and 13CNMR spectroscopies and compared with authentic samples. Our 

protocol offers several significant advantages, such as easy preparation of catalyst, green nature of catalyst and reaction media, 

high yields, good reaction times and easy workup.    
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1. Introduction 

A very powerful method in organic chemistry is 
multicomponent reactions (MCRs), which can simplify 

complex reactions for preparing a wide variety of 

organic molecules in a single operation. Other 
remarkable advantages of MCRs include a reduction in 

the number of purification steps and the minimization of 

byproducts and impurities, rendering the 

transformations green. 
Among the ubiquitous nitrogen-containing 

heterocycles, indenoquinolines showed important and 

diverse biological properties such as topoisomerase I/II 
inhibitors [1, 2], anti-osteoclastogenic activators [3], 

anti-cancer properties [4-6], anti-mycobacterials [7, 8], 

acetylcholonesterase inhibitors [9], and antimalarials 
[10] (Scheme 1).  

 
Scheme 1. Typical indenoquinoline drugs. 
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Recently, various catalysts have been used to promote 

the synthesis of indenoquinolines by MCRs, some of 
which are: p-toluenesulfonic acid (p-TSA) [11], 

tribromomelamine [12], melamine trisulfonic acid [13], 

Au (I) [14], FeCl3 [15], La(OTf)3 [16] and TBAI/TBHP 
[17].  

To the best of our knowledge, among the different kinds 

of indenoquinolines there are few reports about the 

synthesis of indeno[1,2-b]quinolin-8-ones. Some of the 
conditions and catalysts used for the synthesis of them 

including reflux in ethanol without the catalyst [18], 

ultrasound [19], poly(4‐vinylpyridinium) hydrogen 

sulfate [20], tribromomelamine [21], Fe3O4@cellulose‐
OSO3H [22] and Fe3O4@urea/HITh-SO3H [23]. 

Although these protocols are very efficient in the 

synthesis of these compounds, in some cases long 
reaction times and difficult separation conditions of 

products are observed. Therefore, designing of new 

methods and catalysts for the synthesis of these 
compounds are still in demand. 

The main constituent of all plant materials is cellulose, 

which has attracted the interest of many scientists in 
different fields due to its abundant renewability.  
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In chemistry, plants are important from different aspects 

one of is using them as carbon beds for the synthesis of 
catalysts. Researchers working on catalysts in different 

parts of worlds always look for green, inexpensive and 

renewable materials as beds for synthesis of their 
catalysts [24-36].  

Among the plant-based materials sugarcane bagasse is 

one of the plants that have good potential for the 

synthesis of solid acids. Sugarcane bagasse is a by-
product in the sugar and alcohol industries and annually 

several million tons of that will be burnt [37]. There are 

many reports about the application of sugarcane bagasse 
in different industries and scientific fields, but to the 

best of our knowledge the use of it as a catalyst for the 

synthesis of chemicals (not biodiesel) has received less 

attention. In this work we prepared a new solid acid 
catalyst by the modification of the surfaces of pre-

pyrolysis sugarcane bagasse using the immobilization of 

hydrogen sulfate moieties. Then, the heterogeneous 
catalysts are efficiently used in accelerating the 

preparation of benzo[h]indeno[1,2-b]quinolins.   

2. Experimental 

2. 1. Material and instrumentation 

The chemicals were purchased from Merck, Aldrich and 

Fluka in high purity. Bagasse was provided from a local 

factory in Khuzestan Province in Iran and after washing 
with distilled water, it was dried in sunlight. The dried 

sugarcane pulp was smashed and sieved, and its 60 mesh 

size was separated to continue the preparation process. 
11 g of obtained bagasse powder was immersed in 100 

mL of concentrated potassium hydroxide for overnight 

at 80 ˚C. The reaction mixture was then filtered and 
washed several times with water and dried overnight at 

100 ° C. Pre-carbonized bagasse was prepared by 

heating in a tubular furnace at 400°C for 4 h in N2 

atmosphere. 

The instruments used in this work are listed below: FT-

IR: Thermo/Nicolet Avatar 360 in KBr matrix. XRD: 

PHILIPS PW1730 X-ray diffractometer using Ni-
filtered Cu-Kα radiation (λ=0.15418 nm). FE-SEM: 

TESCAN MIRA instrument. TGA: PT1000 Linseis 

thermoanalyzer. 1HNMR and 13CNMR: Bruker Avance 

400 spectrometer. 

2.2. Preparation of catalyst  

For the synthesis of the catalyst [38], firstly the prepared 

bagasse was immersed in the concentrated nitric acid 
solution for 24 h and washed with distillated water. 

Then, in a 250 mL round bottomed flask containing 100 

mL of ethanol/water solution with the ratio of 75/25, 10 

grams of activated bagasse and 3 g of 3-(triethoxysilyl) 
propylamine was mixed at 80 °C for 12h. After this 

time, the solid content was filtered and washed several 

times by water/ethanol mixture and dried at 100 °C for 
5 h. After the preparation of aminated bagasse, 2.3 g of 

that was dispersed in 10 mL of CH2Cl2 and 0.5 g of 

concentrated sulfuric acid was inserted drop wise to the 

reaction vessel and refluxed for 8 h. Finally, the catalyst 
(AHS@CSCB) was obtained from the residue separated 

by filtration, washing with distillated water and drying 

at 100°C.  

2.3. Typical procedure for the preparation of 

indenoquinolines 

The amount of one mmol of each of the compounds of 
aldehyde, 1-naphthylamine and indanedione and 20 mg 

of AHS@CSCB was refluxed in ethanol for appropriate 

time. After the completion of reaction (monitored by 

TLC) the mixture was filtered and allowed to reach 
room temperature. After the evaporation of ethanol and 

recrystallization of the solid residue in chloroform, the 

considered indenoquinolines was obtained in high 
yields. 1H NMR and 13C NMR spectra (see 

supplementary information) were consistent with the 

assigned structures and by comparison with those 
reported in the literature [19]. 

 

3. Results and Discussion 

After the synthesis and characterization of the catalyst 
[38] (Scheme 2), and to investigation the catalyst 

efficiency in the promotion of the organic reactions, we 

decided to check the synthesis of indeno[1,2-b]quinolin-
8-one derivatives by the reaction between 1-

naphthylamine, indanedione, and various arylaldehydes 

in the presence of AHS@CSCB. 

 

Scheme 2. Preparation of catalyst 
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For the optimization of the reaction conditions based on 

previous reports, the reaction of 1 mmol of 4-
chlorobenzaldehyde, 1 mmol of indanedione and 1 

mmol of 1-naphthylamine in the presence of 30 mg of 

catalyst in ethanol and reflux conditions was performed. 
The product after 3 h and with 80% yield was obtained. 

The amounts of chemicals were sufficient and the 

conditions were green so for gained the optimum 

amount of catalyst, reaction was run in the presence of 
25 and 20 mg of catalyst and the results was not 

changed. With more decreasing of catalyst to 15 and 10 

mg the yield of products reduced to 73 and 70 percent 
in 3.5 and 4 h (Fig. 1). Therefore, the optimized 

condition was selected as shown in Scheme 3. 

 

Fig. 1. Optimization of the reaction conditions. 

Scheme 3. Optimum condition. 

After the optimization of reaction conditions, various 

aldehydes containing electron donating and electron 
withdrawing groups were selected for the preparation of 

indenoquinolin derivatives (Table 1). Aromatic 

aldehydes with electron withdrawing groups yielded the 

products in a shorter time compared to electron-
donating ones. Also, the hindered aldehyde with an 

ortho substituent (Table 1, entry 10) gave the required 

product in longer time with good yield. 

In all cases products were obtained with high yield (84-

95%) between 3 to 5 h. The structures of all products 

were confirmed by 1H NMR and 13C NMR 

spectroscopy. 

As shown in proposed mechanism (Scheme 4), 

Bronsted acidic nature of catalyst leads to preparing of 

aldehyde for nucleophilic attack by indenoquinoline and 
produced the intermediate I. Existence of the electron 

withdrawing groups on the aldehyde made the carbonyl 

of aldehyde more susceptible for the nucleophilic attack 

by indenoquinoline and faster production of 
intermediate I (step 1 in the mechanism). Then the 

reaction of intermediate I with 1-naphtylamine and 

followed by the elimination of H2O and oxidation 
resulted in the desired product and the generation of 

AHS@CSCB in the reaction mixture.  

Scheme 4. Proposed mechanism. 

The reusability of AHS@CSCB was investigated in the 
synthesis of 7-(4-Chlorophenyl)-8H-benzo [h]indeno 

[1,2-b]quinolin-8-one (Table 1, Entry 2). After the first 

run, the catalyst was separated by filtration and washed 
with chloroform and dried at 100 °C. The process was 

carried out for three runs and the results showed that the 

catalyst preserved the same efficiency after three runs 
(Fig. 2). 

 

Fig. 2. Reusability of catalyst in the synthesis of 7-(4-

Chlorophenyl)-8H-benzo[h]indeno[1,2-b]quinolin-8-one. 
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Table 1. Preparation of 7-aryl-8H-benzo[h]indeno[1,2-b]quinolin-8-ones in the presence of AHS@CSCB. 

Entry Aldehyde product 
Time (h) 

 

Yield(%)a 

 

M.P. (°C) 

Obs. Rep. [16] 

1 

 

 

3 86 223-225 224-226 

2 

 

 

3 80 260-263 259-261 

3 

 

 

3.5 89 290-292 289-291 

4 

 

 

3 90 270-273 274-276 

5 

 

 

4 92 235-237 234-236 
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Table 1. Continued 

6 

 

 

3.5 95 259-260 258-260 

7 

 

 

3 91 232-234 231-235 

8 

 

 

4 89 257-261 256-260 

9 

 

 

4.5 84 279-280 278-281 

10 

 

 

5 87 249-250 246-248 

a: Isolated yield. 
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4. Conclusions 

In conclusion, the results obtained in this work 
demonstrate that AHS@CSCB can be used as an 

efficient heterogeneous catalyst for the one-pot 

synthesis of indenoquinolines derivatives. Our protocol 
offers several significant advantages, such as the easy 

preparation of catalyst, the green nature of catalyst and 

reaction media, high yields, good reaction times and 

easy workup. Further work to explore this novel catalyst 
in other multicomponent reactions is in progress.  
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