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Graphical Abstract 
 
 

 

 

A p-toluene sulfonic acid (p-TSA)-catalyzed, rapid and efficient one-pot three component synthesis of a series of 5-(4-methoxyphenyl)-7,7-
dimethyl-10-phenyl-7,8-dihydro-5H-indeno[1,2-b]quinoline-9,11(6H,10H)-dione derivatives under solvent free grinding conditions has been 
described.  
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1. Introduction 
 
  The conventional multi-step preparation of a complex molecule generally involves a large number of synthetic operations, including 
extraction and purification processes in each individual step. This not only leads to synthetic inefficiency but also generates large 
amounts of waste [1]. Multi-component reactions (MCRs) can be distinguished from classical, sequential two-component synthetic 
processes in that they use three or more chemical starting materials as the input for product formation. When reaction involves three 
component it is referred as 3-MCR, if four it is 4-MCR and so on. Up to seven starting components have been used, and MCRs have 
often been shown to produce higher product yields than classical chemistry [2]. Multicomponent reactions (MCRs) are defined as the 
one-pot processes that combine at least three reactants to selectively form a single product containing essentially all the atoms of the 
reactants [3]. Ideally, all reaction equilibrium in the complex MCR mixture are reversible, and the last, the product-forming reaction 
step is irreversible, thus providing the driving force to shift all intermediates and starting materials towards a single final product. 
  MCRs allow the creation of several bonds in a single operation and offer remarkable advantages such as convergence, operational 
simplicity, facile automation, reduction in the number of workup/extraction/purification steps, and hence minimize waste generation, 
rendering the transformations green. Therefore, the design of new green MCRs has attracted great attention, especially in the areas of 
drug discovery, organic synthesis, and material science [4]. Moreover, improving already known MCRs also is of substantial interest in 
current organic synthesis. 
 There are numerous methods available for the synthesis of 1-4 dihydropyridine (1-4 DHP) bearing polyhydroquinolines. A classical 

method involves the three component condensation of an aldehyde with ethylacetoacetate, and ammonia in acetic acid or refluxing 
alcohol [5]. Recently several new methodologies have been reported for the synthesis of polyhydroquinolines including the use of 
(YbOTf)3 [6], (ScOTf)3 [7], HClO4-SiO2 [8], L-proline [9], bakers yeast [10], organocatalyst [11], p-toluene-sulphonic acid [12], ZnO 
[13], Ni-nanoparticles [14], PPA-SiO2 [15], microwave [16], Cs2.5H0.5PW12O40 [17], FeF3 [18], TiO2 nanoparticles as catalysts [19]. 
These methods have their own merits and shortcomings.   
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The present work describes a facile, one-pot three component environment friendly, green 
synthesis of a series of 5-(4-methoxyphenyl)-7,7-dimethyl-10-phenyl-7,8-dihydro-5H-
indeno[1,2-b]quinoline-9,11(6H,10H)-dione derivatives 8(a-n). 1,3-indanedione, aryl-aldehyde 
and enaminone was thoroughly ground in the presence of  catalytic amount of p-toluene 
sulfonic acid (p-TSA) to give the titled compounds in good yields. All the synthesized 
derivatives were evaluated for their anticonvulsant activity using the maximal electroshock 
(MES) method with phenytoin as a standard drug along with their neurotoxicity effect. 
Derivatives 8b, 8e and 8k exhibited significant anticonvulsant activity (P < 0.001). The 
neurotoxicity study clearly revealed that all the tested compounds are non-toxic at a dose of 40 
mg/kg. The molecular modeling studies also predicted good binding interactions of most active 
molecules with the serotonin 5-HT2A receptor. Therefore, it can be safely concluded that 
synthesized derivatives 8(a-n) would represent useful leads for further investigation in the 
development of a new class of anticonvulsant agents. 
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Seizure is a clinical expression of abnormal neuron firings within the brain, occurs with or without the loss of consciousness leading 
to epilepsy. Approximately 0.4–1% of the global population suffers from epilepsy. All the current antiepileptic drugs have dose-related 
toxicity and idiosyncratic side effects [20]. 
  With a 1,4-dihydropyridine (1,4-DHP) parent nucleus, indenoquinoline derivatives have shown a diverse range of biological activities 
such as 5-HT receptor binding [21], antitumor activity [22-23], cytotoxic activity [24], actylcholinesterase inhibition [25], antimalarial 
[26] anti-inflammatory activities [27], topo I/II inhibition [28], DNA intercalation [29], antiploriferative [30], anti-mycobacterial [31], 
antihyperglycemic and lipid modulating [32] activities. Owing to these diverse biological activities, these compounds have 
distinguished themselves as heterocycles of profound biological significance. 
 
2. Experimental 
 
2.1. Chemistry 
  The chemicals and reagents were purchased from various chemical companies such as Alfa-Aesar, HiMedia, Merck India and CDH. 
The progress of the reaction was monitored by thin layer chromatography (TLC- ethyl acetate: n-hexane-1:3) analysis using pre-coated 
silica gel G plates using UV chamber for visualization of TLC spots. IR spectra were recorded on a Shimadzu FT-IR 
spectrophotometer using KBr pellets. 1H NMR spectra were obtained using a Bruker’s AVANCE-III 400MHz FT NMR spectrometers  
using CDCl3 as a solvent and TMS as an internal standard. The chemical shifts were expressed in ppm. Mass spectra were determined 
on an Applied Biosystems 3200 Q Trap LC/MS/MS instrument. 
  General experimental procedure for the synthesis of 5-(4-methoxyphenyl)-7,7-dimethyl-10-phenyl-7,8-dihydro-5H-indeno[1,2-
b]quinoline-9,11(6H,10H)-dione 8(a-n): A mixture containing 1,3-indanedione 1 (1 mmol), aryl-aldehyde 2 (1 mmol), enaminone 3 (1 
mmol) in the presence of a catalytic amount (10 mol%) of p-TSA and ethanol (1.0 mL) was thoroughly ground using a mortar and 
pestle of appropriate size till the completion of reaction as indicated by TLC analysis. The resulting red colored product was washed 
with water and was air dried to afford the crude product. The crude product was extracted by ethyl acetate. The organic layer was dried 
over anhydrous sodium sulphate and evaporated to dryness to give the crude product. The pure product was obtained by 
recrystallization from methanol (Scheme 1). The physical characterizations of the synthesized compounds are presented in Table 1. 
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Scheme 1. Synthetic route for target compounds 8(a-n). 
 
Table 1 
Physical characterization of the synthesized compounds 8(a-n). 

Entry Product R 
Time 
(min) 

Yield 
(%) 

Mp (°C) 

1 8a H 15 80 240-242 
2 8b o-Cl 15 78 280-282 
3 8c m-Cl 15 75 262-264 
4 8d p-Cl 15 78 284-286 
5 8e 3,4-Cl2 10 82 >300 
6 8f o-OH 30 70 >300 
7 8g p-OH 30 71 >300 
8 8h p-OCH3 15 75 290-292 
9 8i 3-OCH3-4-OH 20 78 >300 
10 8j p-NO2 10 86 >300 
11 8k o-NO2 10 84 >300 
12 8l 3,4-(OCH3)2 20 81 >300 
13 8m p-(CH3)2NH2 30 72 288-290 
14 8n o-furfuryl 20 82 246-248 

 
2.2. Biological activity  

 
  The anticonvulsant evaluation (MES) was carried out according to the phase I tests of antiepileptic drug development program 
[33,34]. Phenytoin (25 mg/kg) was dissolved in an aqueous Tween 80 (3% v/v, 0.9% NaCl) solution. Negative control groups 
consisted of 3% Tween 80 solution. The tested compounds were prepared as suspensions in aqueous Tween 80 (3% v/v, 0.9% NaCl), 
and injected intraperitoneally in a standard volume of 0.05 mL/20 g body weight. 
  The anticonvulsant activity of the titled compounds 8(a-n) were evaluated by the maximal electroshock seizure (MES) method. In the 
MES method seizures were elicited with a 60 Hz alternating current of 50 mA intensity in mice. The current was applied via corneal 
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electrodes for 0.2 sec. Protection against the spread of MES-induced seizures was defined as abolition of hind limb tonic extensor 
component of the seizure in half or more of the animals. After 30 min of administration, the anticonvulsant activity of compounds 8(a-
n) was evaluated in the MES test. The data were analyzed by one-way ANOVA followed by the Dunnett’s test using the Graph Pad 
Prism program. All values were expressed as mean ± SEM. Comparison of anticonvulsant activity by the MES seizure method 
(compared with control) for compounds and the observations were taken. 
  The neurotoxicity of the compounds was measured in mice by the Rotarod test. The mice were trained to stay on an accelerating 
Rotarod of a diameter of 3.2 cm that rotates at 10 rpm. Trained mice were given an intraperitoneal injection of the test compounds. 
Neurotoxicity was indicated by the inability of the animal to maintain equilibrium on the rod for at least 1 min in each of the trials. The 
results are shown in Table 2. Statistical analysis of the results is expressed as mean SEM; n represents the number of animals. Data 
obtained from pharmacological experiments were analyzed by one way analysis of variance (ANOVA) followed by the Dunnet’s test 
using GraphPad Prism version 5.02. A p-value of less than 0.05 was considered statistically significant. 
 
2.3 Docking study 
 
  The docking analysis of all molecules was performed using Maestro, version 9.0 implemented from Schrödinger molecular modeling 
suite. The molecules were sketched in the 3D format using “build panel” and the LigPrep module was used to produce low-energy 
conformers. The crystal structures of serotonin 5-HT2A receptor (PDB ID: 2VT4) were retrieved from Protein Data Bank 
(www.rcsb.org). The protein was prepared by giving preliminary treatment such as adding hydrogen, adding missing residues, refining 
the loop with prime and finally minimized using OPLS-2005 force field. Grid for molecular docking was generated with bound co-
crystallized ligand. Molecules were docked using Glide in the standard precision mode, with up to three poses saved. Ligands were 
kept flexible by producing the ring conformations and by penalizing non-polar amide bond conformations, whereas the receptor was 
kept rigid throughout the docking studies. All other parameters of the Glide module were maintained at their default values. The lowest 
energy conformation was selected for the prediction of ligand interactions with the active sites of serotonin 5-HT2A receptor.  
 
3. Results and discussion 
 
3.1. Chemistry 
  All titled compounds 8(a-n) were synthesized using the synthetic protocols presented in Scheme 1. In an initial endeavor, 1 equiv. of 
1,3 indanedione 1, benzaldehyde 2a and enaminone 3 were refluxed in ethanol under catalyst free conditions. After 4 h, only 55% of 
the expected product 4a was obtained following workup and recrystallization from ethanol. In an attempt to improve the yield of the 
reaction and knowing the benefits of grinding, the same reaction was performed using an inexpensive p-TSA as catalyst under solvent-
free conditions at room temperature. All the ingredients of the reaction were taken in a mortar, mixed thoroughly and ground well at 
room temperature to the stipulated time. It was observed that the mixture, which was initially in a partial liquid state, later solidified 
during the process of grinding to a brick red solid mass. Thin layer chromatography (TLC) indicated the complete conversion to the 
desired product. The crude product was extracted by ethyl acetate. The organic layer was dried over anhydrous sodium sulphate and 
evaporated to dryness to give 5-(4-methoxyphenyl)-7,7-dimethyl-10-phenyl-7,8-dihydro-5H-indeno[1,2-b]quinoline-9,11(6H,10H)-
dione 8a (80%). The pure product was obtained by recrystallization from methanol. A possible explanation for the improved yield in 
solvent-free conditions is that the eutectic mixture having uniform distribution of the reactants brings the reacting species in close 
proximity to react than in solvent. 
  A variety of substrates were subjected to this reaction condition and the desired products were obtained in good to excellent yields 
(Table 1). It is evident that electron rich and electron deficient aldehydes as well as heterocyclic aldehyde such as furfuraldehyde (2n), 
reacted smoothly to produce the desired products in high yields. 
  The purity of the synthesized compounds was checked by TLC and melting points were determined in open capillary tubes using a 
melting point apparatus and are uncorrected. The synthesized products were characterized by IR, 1H NMR, Mass and elemental 
analysis. The IR spectrum of compounds showed one aromatic C-H stretching band around 3066 cm-1, four aromatic C=C stretching 
bands around 1630, 1585, 1510 and 1450 cm-1 and one aromatic C-H def around 887 cm-1

 confirming the aromatic skeleton in the 
structure. Two aliphatic C-H stretching bands (CH3) were observed around 2960 cm-1 and 2930 cm-1 showing the presence of methyl 
group. Further all the derivatives showed a sharp characteristic C=O stretching band around 1680 cm-1 confirming the presence of 
cycloalkenone group and C-N stretching band around 1363 indicating the formation of quinoline ring. Derivatives 8b, 8c, 8d and 8e 
showed absorption peak around 700 cm-1 due to C-Cl group. Derivatives 8f, 8g and 8i showed O-H stretching band around 3255 cm-1 

and C-O stretching band around 1180 cm-1 indicating the presence of phenolic group. Derivatives 8h, 8i and 8l showed two 
characteristic absorption peaks around 1230 and 1030 cm-1 of C-O-C stretching band due to methoxy group. Derivative 8m showed a 
weak N-H stretching band at 3350 cm-1 due to NH2 group. Derivatives 8j and 8k showed absorption peaks around 1560 and 1395 cm-1 

due to NO2 group. Moreover all the synthesized derivatives 8(a-n) showed two characteristic C-O-C stretching peaks around 1224 and 
1030 cm-1, further confirming the presence of aromatic methoxy group. The 1H NMR spectrum of 8b shows two sharp singlets at δ 
0.906 and 0.977 for the 3 protons of two methyl groups. Four proton multiplet of CH2 were recorded at δ 2.008-2.149. A singlet of 3 
protons at δ 3.944 corresponds to OCH3. A characteristic one proton singlet of CH was seen at δ 5.373. 11 aromatic protons were 
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observed in the range of δ 6.845-7.535 further confirming the structure of compound 8b. The molecular mass of the compound was 
confirmed by mass spectra (MS-EI m/z 496). Finally elemental analysis authenticates the results. Similarly a series of 5-(4-
methoxyphenyl)-7,7-dimethyl-10-phenyl-7,8-dihydro-5H-indeno[1,2-b]quinoline-9,11(6H,10H)-dione were synthesized and evaluated 
by spectral data. 
 
3.2. Pharmacology 
 
3.2.1 Determination of ED50 
  Preliminary experiments were carried out in mice (n=6). Tested compounds were administered orally in different doses to identify the 
range of doses that cause zero and 100 % mortality of animals. A range of doses was determined for each compound. In different 
groups, tested compounds were given i.p. in doses of 10, 20, 25, 30, 40 and 50 mg/20g of body weight. The ED50 was evaluated by the 
Pöch and Pancheva method [35]. The test compounds were administrated i.p. at different doses and animals were kept under 
observation for mortality as well as any behavioral changes for evaluation of a possible anticonvulsant effect. 
 
3.2.2. Anticonvulsant activity 
  In general it is known that the maximal electroshock (MES) model, through an electrical stimulus, induces generalized tonic-clonic 
seizures. Therefore it is used to help identify those compounds that prevent seizure spread [36]. All the synthesized compounds were 
evaluated for their anticonvulsant activity using MES method using phenytoin as a standard drug along with their neurotoxicity effect 
and the data are summarized in Table 2. The MES activity model appears to be highly predictive against protecting generalized tonic-
clonic seizures by anticonvulsants [37]. These seizures are very reproducible and are electro physiologically comparable with human 
seizures. Compounds that are found to be active in the MES seizure test are generally regarded to be significantly useful candidates in 
the treatment of partial generalized seizures. 
  Most of the synthesized derivatives 8(a-n) exhibited moderate to good anticonvulsant activity in the MES screening. Out of several 
tested compounds in the electroshock investigation, three derivatives 8b, 8e and 8k were found to be significantly active at a dose of 40 
mg/kg (*** P< 0.001). These compounds contain electron withdrawing groups such as a chloro and a nitro group at the aryl ring 
attached to the indeno[1,2-b]quinoline nucleus. Compounds 8a, 8c, 8d and 8j were also found to be active in the MES test (** P< 
0.01). The in vivo data in mice confirmed the absorption of compounds from gastrointestinal tract and also their penetration into the 
central nervous system. The inhibition of electrically induced seizures that is characteristic for Phenytoin and Phenytoin drugs may 
imply the influence on the voltage dependent Na+ channels as the most plausible mechanism of anticonvulsant action.  
On correlating the structures of the title compounds with their anticonvulsant activity, it has been observed that compounds containing 
electron withdrawing groups (8b, 8e and 8k) showed better activity than the compounds having electron releasing groups (8f, 8g and 
8i). However, the nonsubstituted (8a) derivatives exhibit moderate anticonvulsant activity.  
 
3.2.3. Neurotoxicity screening (NT) 
  The neurotoxicity of the synthesized derivatives 8(a-n) was determined using the minimal motor impairment-Rotarod test. The 
Rotarod test indicates that all active compounds 8(a-n) showed the absence of neurotoxicity at the administered dose i.e. 40 mg/kg as 
compared to phenytoin, which also showed an absence of neurotoxicity at a dose level of 25 mg/kg. 
 
Table 2 
Anticonvulsant activity and neurotoxicity screening of the synthesize compounds in maximal electroshock tests and Rotarod test. 
Groups MES 

Duration of hind limb extension a 
(Sec.) 

Rota rod test b 

Control 15.3 ± 1      _ 
Phenytoin 4.7 ± 1*** _ 

8a 8.7 ± 1** 0/4 
8b 6.0 ± 1*** 0/4 
8c 9.0 ± 1** 0/4 
8d 9.3 ± 1** 0/4 

8e 6.3 ± 1*** 0/4 
8f 13.0 ± 1ns 0/4 
8g 11.7 ± 1ns 0/4 
8h 10.3 ± 1* 0/4 

8i 10.7 ± 1* 0/ 4 
8j 9.0 ± 1** 0/4 
8k 7.3 ± 1*** 0/4 
8l 13.7 ± 1ns 0/4 

8m 10.7 ± 1* 0/4 

8n 12.3 ± 1ns 0/4 
a Values represent means ± S.E.M. (n =3). *P < 0.05, ** P< 0.01, *** P < 0.001 compared with vehicle (One-way ANOVA followed by Dunnett’s 
post hoc test). 
b Rotarod toxicity (number of animals exhibiting toxicity/number of animals tested). 
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3.3. Docking analysis 
  The synthesized compound library was docked to a homology model of the serotonin 5-HT2A receptor using Glide docking algorithm 
and the binding affinity of the compounds were evaluated in terms of Glide score (Table 3). Fluoxetine was used as reference standard 
for the docking studies. The results of the docking studies revealed variable binding affinity of the synthesized compounds to the 
receptor with Glide score ranging from -7.216 (8f) to -4.789 (8i). The interaction of derivative 8k with 2VT4 is shown in Fig. 1. The 
key amino acid interactions observed are THR118, ASP121, VAL122, ASP200, VAL202, THR203, TYR207, ALA208, SER212, 
SER215, PHE306, PHE307, ASN310, ASN313, VAL314, ARG317, ASP322, PHE325, VAL326, TYR333, and ASN329. Further, a 
good correlation was observed between the experimental biological activities for derivatives 8(a-n). Similarly, compounds 8b, 8e, and 
8k with good docking scores also showed potent anticonvulsant activity.  
  However, derivative 8f had the highest affinity within the series but it showed insignificant anticonvulsant activity. The most probable 
reason might be presence of polar OH group that renders the compound hydrophilic and impeding its ability to cross the blood brain 
barrier. A similar phenomenon was also observed for compounds 8m having an NH2 substitution and 8g having a p-OH group 
substitution. Both the compounds showed weak anticonvulsant activity despite having a good docking score. Overall, the results of the 
molecular docking studies of synthesized derivatives revealed very good binding interactions with the receptor and also support the 
experimental biological activity shown by these compounds. These results also vindicate the application of docking studies prior to 
synthesis and biochemical testing of new analogs in efforts to discover potential anticonvulsant agents.  
 
Table 3 
Docking score of synthesized derivatives 8(a-n). 

Product Glide score  
(2VT4) 

8a -6.268128 
8b -5.861435 
8c -6.257961 
8d -5.709667 
8e -6.602929 
8f -7.21632 
8g -5.311214 
8h -5.045478 
8i -4.788926 
8j N/A 
8k -6.81747 
8l -5.088135 

8m -6.14994 
8n -6.570382 

Standard -7.114571 

 

 

 
Fig. 1. Docking of 8k with 2VT4 and its two dimension interaction. 
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4. Conclusion 
  In summary, we have developed a simple and efficient multicomponent domino synthesis of indeno[1,2-b]quinoline derivatives using 
the reaction of 1,3-indanedione, aryl-aldehyde, enaminone and p-toluene sulphonic acid (10 mol%) as an efficient catalyst at ambient 
temperature using the grinding technique. The workup procedure is simple and excludes costly column chromatography procedure. 
This method gives high yielding of pure products in short reaction time. The use of green, nontoxic, economical catalyst p- toluene 
sulphonic acid has rendered this method eco-friendly. 
  Further, all the synthesized derivatives were evaluated for their anticonvulsant activity using the maximal electroshock (MES) method 
using phenytoin as a standard drug along with their neurotoxicity effect. Derivatives 8b, 8e and 8k exhibited significant anticonvulsant 
activity (P < 0.001). The neurotoxicity study clearly revealed that all the tested compounds are non-toxic at 40 mg/kg and so, new 
compounds can be considered as good templates for further developmental studies and this study may lead to further investigations 
aimed at discovering new drugs for the treatment of anticonvulsant disorders. The molecular modeling studies also predicted good 
binding interactions of most active molecules with the serotonin 5-HT2A receptor (2VT4). Therefore, it can be safely concluded that 
synthesized derivatives 8(a-n) would represent a useful model for further investigation in the development of a new class of 
anticonvulsant agents. 
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