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ABSTRACT:  

 
1,3–Indanedione  pharmacophore  become a promising nucleus for researcher 
because possesses wide ranges of biological activities. Cyclic diketones 1,3-

indanedione derivatives have synthesized via Knovevanegal condensation, by 

condensing different aromatic aldehydes with 2-(aryl methylene )-(1H)-indane-1,3-
(2H)-dione 1 in the presence of alcoholic-piperidine as solvent leading to the 

formation of different C2 substituted 2-benzylidene-1H-indene-1,3(2H)-diones. On 

reacting diethyl phthalate(DEP) with ethyl acetate using sodium metal catalyst in 
alcoholic solution and later acid neutralization affords   1,3–Indanedione 1. The 

newly designed title compounds have been characterized by FTIR, 1NMR, mass 

spectral data. The in-vitro MABA carried out for their antitubercular activities 
against Mycobacterium tuberculosis H37Rv strain. 

MIC values found 4.5µM to 167µM, the results shown compound 1, 10, 11, 12, 15 
demonstrated exceptional potential to inhibit M. tuberculosis compared to standard 

Isoniazid whereas compounds 2,3,4,5,6,7,8 and 14 showed moderate activity and 7, 8 

showed less activity as compared to standard INH. Molecular docking studies against 
6SQ5 enzyme with compounds 11, 6, 9 and 1 exhibited the highest binding energy of 

−9.9, 9.6, 9.5, and −9.2 kcal/mol, respectively.  

PASS prediction identifies various biological functions and ADMET lab 2.0 program 
to compute the drug physicochemical as well as medicinal properties of various 

substituted 2-(aryl methylene)-(1H)-indane-l,3-(2H)-diones derivatives. 

 

Keywords: Indane dione, Knoevenagel condensation, ADMET lab 2.0, 

Pass prediction Antitubercular activity.  
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1. Introduction 

 

Cyclic diketones Indane-1, 3-dione derivatives represent a unique group of compounds and 

researcher found this nucleus possessing wide range of applications in variety of diseases [1, 

2]. Indane-1, 3-dione derivatives substituted at 2 position or phenyl substituted halogens or 

electron donating or accepting groups forms compounds that represents most biologically 

active classes, shown wide spectrum of activities. Various substituted indane-1,3-dione [3-5] 

derivatives are associated with diverse pharmacological activities such as,  anthelmintic [6] 

anticoagulant [7], analgesic [8], anti-inflammatory [9,10], anticancer [11,12], antibacterial, 

antifungal [13,14], tomato damping –off disease [15] psychopharmacological activities [16]. 

Similarly Other biological activities includes anti-β�amyloid aggregation, cholinesterase 

inhibition, neuroprotection properties against Alzheimer’s disease [17], hGlyT1 inhibition 

[18], embryotoxic and teratogenic activities [19],anti-allergic activity [20] and cervical cancer 

antitumor activity[21]. 

Cyclic diketone indane-1,3-dione derivatives also shown there  potential to inhibit neutrophil 

elastase involved in chronic obstructive pulmonary disease (COPD) and various lung tissue 

derangements, such as cystic fibrosis[22].Studies on the medicinal chemistry of indane-1,3-

dione have been intermittent. 

Structurally cognate nucleus Indanone used in the designing of most of the biologically active 

compounds [23–25]. For the design of many different biologically active molecules Indane-1, 

3 Dione have potential interest extensively studied as a synthetic intermediate [26]. 

Indane-1, 3-dione possesses an active methylene group, making this electron acceptor an 

excellent candidate for its association with electron donors by means of Knoevenagel 

reactions, presenting an interesting feature [27]. 

Knoevenagel reaction, which involves the condensation of compounds possessing active 

methylene groups with aldehydes or ketones to form α, β-unsaturated carbonyl compounds, is 

a well-known and valuable synthetic strategy. Indane-1, 3-dione, with its active methylene 

group, is indeed a suitable substrate for this reaction [27]. 

The active methylene group of indan-1, 3-dione provides a site for nucleophilic attack on the 

carbonyl carbon of aldehydes or ketones, resulting in the formation of a carbon-carbon 

double bond. This reaction is typically catalyzed by a base, such as piperidine or a secondary 

amine, which facilitates the deprotonation of the active methylene group, generating an 

enolate intermediate. Subsequent nucleophilic addition to the electrophilic carbonyl group of 

the aldehyde or ketone, followed by dehydration, affords the desired α, β-unsaturated 

carbonyl compound [29]. 

Mycobacterium tuberculosis, the etiological agent of tuberculosis (TB), remains a significant 

global health threat, causing immense morbidity and mortality worldwide. Despite concerted 

efforts to control the spread of TB, challenges persist due to the organism's unique biology, 

evolving drug resistance, and complex interactions with the host immune system. By 

synthesizing current knowledge and emerging research findings, this article aims to 

contribute to the collective understanding of M. tuberculosis and facilitate the development of 

more effective interventions to combat this ancient scourge [30-36]. 

In search of improved antitubercular drugs which overcome  resistance to treatment , we 

represent herein , the synthesis of aryl chalcones namely 2-[(aryl)methylidene]-1H-indene-

1,3(2H)-dione derivatives (1-15) by treating 1H-indene-1,3(2H)-dione with various 

substituted aromatic aldehydes utilizing alcoholic base catalyst piperidine by Knoevenagel 

condensation reaction. As per previously reported procedures, the initial starting material 1H-

indene-1,3(2H)-dione synthesized as represented in Figure 1, Scheme I[37]. 

The 2-substituted aryl 1H-indene-1, 3(2H)-dione derivatives 1-15 synthesized as per Figure 

2,3; Scheme II & III and confirmed by spectral data found in IR,1H NMR ,Mass spectrometry 

and elemental analysis. 
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All the compounds screened for in-vitro antitubercular activity against Standard strain M. 

tuberculosis, H37RV along with molecular docking studies against enoyl-acyl carrier protein 

reductase (InhA) enzyme. 

 

2. Materials And Methods 

 

Chemicals & Apparatus  

All research chemicals were purchased from Merck or Cosmo Chem Pvt. Ltd. and used as 

such for the reactions. Solvents except LR grade were dried and purified according to the 

literature whereas necessary. The glasswares used in the reactions are made of borosil. All the 

glasswares were cleaned by using chromic acid and acetone before use. Open capillary 

apparatus were employed to determine melting points and found uncorrected. 

 

List of instruments 

Melting points of all compounds were determined in melting point apparatus. TLC was 

performed on microscopic slides (2×7.5 cms) coated with silica-gel-G and pre-coated silica 

gel strip. Solvent system (or) mobile phase was used with various rations of n-Hexane: Ethyl 

acetate (4:1), Benzene: Methanol (4:1). Coloured spots travelled were visualized by exposure 

to UV light and iodine vapour.Mass spectra were recorded on ESI-MS Mass spectrometer at 

Cryogen MASS services, Mumbai. 1HNMR spectra were obtained in DMSO on Bruker 

Advance-II 400 MHz instrument and chemical shift were measured as parts per million 

downfield from tetramethyl silane (TMS) as internal standard at Cryogen NMR services, 

Mumbai. Synthesis of novel series is shown in Scheme II &III. 

 

Synthesis & Characterization  

1. General procedure for the preparation of Starting Materials (indane-1,3-dione):  

 

Scheme-1 

Synthesis of indane-1, 3-dione [38-39] (I) 
1. Diethyl phthalate (10.5 ml, 0.0563 mol) 1 and sodium wire (0.25 g), were heated on a 

steam bath which was taken in the two necked round bottom flask.  

2. A mixture of dry ethyl acetate (1.36 ml, 0.139 mol) and absolute ethanol (2.5 ml) were 

added for a period of 90 min through the dropping funnel.  

3. The mixture was refluxed for 6 h, and cooled.50 ml of diethyl ether was added and mixed 

well.  

4. The formed sodium salt was filtered, washed with ethyl acetate.  

5. The residue was dissolved in hot water and the reaction mixture was cooled to 700C. 

6. Sulfuric acid (100 ml, 3 parts of acid to 1 part of water) was added to the mixture and 

further cooled to 150C in ice bath.  

7. The formed indane-1, 3-dione 2 was collected, washed with water and dried at 1000C.  

8. The product was recrystallized from dioxane–benzene mixture by addition of light 

petroleum ether. 

 

 
Figure 2, Scheme I- General design strategy of indane-1, 3-Dione 
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Scheme -2 

General procedure for the preparation of 2-(aryl methylene)-(1H)-indane-l, 3-(2H)-

diones, Knoevenagel condensation [40-41] (1-8) 

 

1. To an ethanolic solution of indane-l, 3-dione (14.6gm~0.1 mole) 2 were added different 

distilled aromatic aldehydes (12.6gm~0.1 mole) 3 followed by a drop of piperidine.  

2. The mixture was refluxed for 3 hr.  

3. The resultant reaction mixture was concentrated to half of its volume and poured onto 

crushed ice.  

4. The solid that separated was filtered using vacuum pump and washed repeatedly with ice- 

cold aqueous ethanol.  

5. Then it was recrystallized from ethanol. 

 

O

O

+ RCHO

C2H5OH  Reflux

O

O

CHR

3 hr

NH

 
Figure 3; Scheme II-Design strategy of 2-(aryl methylene)-(1H)-indane-l, 3-(2H)-diones 

 

Compound Number R 

1 2-F,4-Cl C6H3 

2 2-Br,5-F C6H3 

3 3-NO2 C6H4 

4 3-Cl C6H4 

5 2,6(OCH3)2C6H3 

6 4-(CH3)3 C6H4 

7 C6H5 

8 3-OH,4(OCH3)C6H3 

 

Scheme –3 

General procedure for the preparation of 4-halogen substituted 2 aryl Indane-1, 3-dione 
(9-17) 

4-halogen substituted 2 aryl Indane-1, 3-dione (9-15) series synthesized using 4-substituted 

aromatic aldehydes on reacting with indane-l, 3-Dione. (Scheme III). To an ethanolic solution 

of indane-l, 3-dione (0.1 mile) were added different distilled 4-halogen substituted aromatic 

aldehydes (0.1 mole) followed by a drop of piperidine. The mixture was refluxed for 3 hr. 

The resultant reaction mixture was concentrated to half of its volume and poured onto 

crushed ice. The solid that separated was filtered using vacuum pump and washed repeatedly 

with ice- cold aqueous ethanol. Then it was recrystallized from ethanol [42]. 

 

Compound Number R 

9 2-OH,4-F C6H3 

10 3-OH C6H4 

11 4(3FCH3) C6H4 

12 4(OCH3-CH2) C6H4 

13 (3,4 Dichloro) C6H3 

14 (3,5 Dichloro) C6H3 
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15 4(CO-OCH3) C6H4 
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Substituted BenzaldehydeIndane -1,3 dione 
4-(Halo Benzylidene)-indane 1,3 dione  

 
Figure 4; Scheme III- Design strategy of 4-halogen substituted 2 aryl Indane-1, 3-dione 
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Figure 5: List of 2-(aryl methylene)-(1H)-indane-l, 3-(2H)-diones derivatives for Docking 

Study 
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Figure 6; Scheme 4- Proposed mechanism for the formation of 2-(aryl methylene)-(1H)-

indane-l, 3-(2H)-diones  

 

Here's a proposed mechanism of the formation of 2-arylideneindan-1, 3-diones as shown in 

figure 6: 

1. Formation of Enolate Ion: In the first step deprotonation of the 1, 3-dione moiety of an 

indandione derivative takes place by a strong base, such as an sodium alkoxide ion or a 

lithium diisopropylamide (LDA), to form the respective enolate ion. 

2. Nucleophilic Attack: The enolate ion formed in step one attacks an electrophilic center, 

which is carbonyl compounds like aldehyde, ketone, or another suitable electrophile, at 

the α-position relative to the carbonyl group. This creates new carbon-carbon bond and 

intermediate formed. 

3. Tautomerization: The intermediate generated follows tautomerization reaction to form the 

more stable 2-arylideneindan-1, 3-dione product. 

 

Molecular docking procedure 

In recent decades, molecular docking has emerged as a pivotal tool in the realm of 

computational drug discovery [42].The relentless pursuit of novel therapeutics to combat 

diseases necessitates innovative approaches that can expedite the drug development process. 

Molecular docking, a computational technique, plays a pivotal role in this endeavor by 

facilitating the prediction of the binding mode and affinity between a small molecule ligand 

and its target protein [43]. 

Receptor-ligand docking interaction was carried out to ascertain the possible ligand binding 

sites and to determine the binding affinity. The docking simulations were achieved using the 

PyRx software incorporated with AutoDock4.2. 
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Using ACD-ChemSketch freeware software [44], the structure of desired compounds was 

drawn, and the corresponding SMILE notations were generated. These SMILE notations 

were then used to prepare the ligands for docking studies by USCF Chimera tool [45]. 

 The crystal structure of the targeted enzyme (M. tuberculosis InhA) with PDB code 6SQ5 

having 1.84 A0 resolution was retrieved from the Protein Data Bank (https://www.rcsb.org/) 

as shown in figure 8[46].  

The 3D ribbon view of M. tuberculosis InhA in complex with native ligand is illustrated in 

Fig. 1.All forms of solvent molecules, ligands, and cofactors imported with the enzyme were 

removed with the Discovery Studio Visualizer software to achieve good binding interactions 

between the enzyme (protein) and the ligands (molecules). The enzyme protein was saved in 

PDB format thereafter, recognized by the PyRx software, and transformed into a macro 

molecule [47-48]. 

Using PyRx software, the docking interaction between the targeted enzyme and the protein 

was computed to evaluate the binding affinities. The interaction types such as electrostatic 

interaction, hydrogen bonding and hydrophobic interaction were then visualized and analysed 

using the Discovery Studio Visualizer 16 software [48, 49] 

Using PyRx workstation's Autodock Vina, these prepared ligands were docked against the 

protein, with the grid box placed around the active site of the macromolecule. The active site 

was identified by the Uniport Chimera tool [50].The docked ligand-protein complex were 

saved in PDB format and amino acid interactions were visualized using Biovia Discovery 

studios [51]. 

To validate the results of designed derivatives resulting binding mode and binding affinity of 

native ligand was used with an exhaustiveness value of 8, the three-dimensional grid box 

[Dimensions (Angstrom) x = 58.7022, size_ y = 54.4289, size_ z = 64.0864] was modified 

for molecular docking simulations. Overall molecular docking was undertaken according to 

reported procedure adopted by S. L. Khan et al [52]. 

 

Structural Assessment of the Protein  

The Ramachandran plot serves as a visual depiction of the dihedral angles ψ (psi) and φ (phi) 

of amino acid residues within a protein structure.These angles elucidate the rotations 

occurring around the bonds linking individual amino acid residues within a polypeptide 

chain.These are utilized for scrutinizing permissible and prohibited zones of these dihedral 

angles, the plot relies on steric hindrance and additional structural limitations for analysis. 

 Valuable for evaluating the stereochemical integrity of protein structures, the Ramachandran 

plot delineates regions where data points are prevalent, signifying energetically permissible 

conformations for the protein backbone. 

Conversely, areas with sparse or absent data points signify energetically unfavorable 

conformations, offering insights into potential structural discrepancies. 

Within the plot, a primary division emerges into three distinct regions, with the "Most 

favored Region" occupying a prominent space. 

This segment encompasses combinations of phi (ϕ) and psi (ψ) angles that denote 

energetically advantageous states, commonly aligned with the permissible conformations of 

alpha helices and beta sheets. 

An additional area, termed the "Allowed Region," encompasses torsional angle combinations 

that possess energetic feasibility but occur less frequently compared to those within the most 

favored region. Conversely, the "Outlier Region" illustrates combinations of phi (ϕ) and psi 

(ψ) angles that are energetically prohibited. Data points within this region hint at possible 

structural concerns within the protein, such as steric conflicts or improbable bond geometries. 

Named after G. N. Ramachandran, an esteemed Indian biophysicist, the plot serves as a 

tribute to his pioneering contributions in the field [53]. 

http://www.rcsb.org/)
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Ramachandran plots were generated for M. tuberculosis (InhA) with PDB code 6SQ5 protein 

using the online webserver Pdbsum database, showing all residue types.  

The validation of the modeled docked cancer protein structure involved PROCHECK 

analysis, wherein the PDB format file containing the docked M. tuberculosis (InhA) (6SQ5) 

ligand was submitted to the PDB SUM online web server. 

The results of the PROCHECK analysis were presented as a Ramachandran plot (Fig. 7), 

offering insights into stereochemical aspects encompassing both main chain and side chain 

parameters [54-55]. 

 

Through this comprehensive analysis, the stereochemical quality of the modeled structure 

was evaluated, aiding in the assessment of its accuracy and reliability. 

 

Pharmacological Evaluation 

Antitubercular Screening  

For screening of designed titled compounds 1-15 against M. tuberculosis H37RV strain at a 

concentration from 12.5 to 100 μg/mL in a sterile 96 well plate a nontoxic microplate alamar 

blue assay (MABA) method employed which is heat stable [56].  

 

To avoid  evaporation deionized sterile water (200 μL) was added to the outer perimeter well 

to 100 μL of Lowenstein-Jensen egg media (LJ media) broth and serial dilutions of the 

compounds were introduced to the 96 wells plate and incubated at 36 °C for 120 hours. 

The sensitive compounds exhibited blue colour after 24 hours incubation against M. 

tuberculosis H37RV strain and the concentrations were recorded.  

 

Lowenstein Jensen media Composition of modified L-J media [57] 

 

Table 1 - Composition of modified L-J media 

Composition Quantity 

Potassium dihydrogen phosphate 1.2 g 

Magnesium sulphate 0.12 g 

Magnesium citrate 0.3 

g L-asparagine 1.8 g 

Glycerol/Sodium pyruvate 6.0 mL/3.6 g 

Distilled water 300 Ml 

Malachite green (2%) 16 mL 

Egg homogenate 500 mL 

Benzyl penicillin (1,000,000 IU/ml) 1 mL 

 

The standard strain Mycobacterium tuberculosis H37Rv (MTCC-200) were procured from 

the National Institute of Virology, Pune, India.  

M. tuberculosis H37RV Cultures were tested against synthesized and standard drugs. L.J was 

used as nutrient medium to grow and dilute the drug suspension for the test. The Inoculum 

size for test strain was adjusted to 1mg/mL. Mycobacterium tuberculosis H37Rv [Acid Fast 

Bacilli] MTCC-200.DMSO was used as diluents to get desired concentration of drugs to test 

upon Standard bacterial strains [58-59]. 

 

Stock solutions were prepared with a concentration of 2000 ug/ml of the synthesized drugs. 

The drugs found active in various concentrations diluted to obtain 100 µg/mL, 50 µg/mL, 25 

µg/mL, and 12.5µg/mL.  
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Prediction of Activity Spectra for Substances (PASS) 
We employed PASS (Prediction of Activity Spectra) to screen for potential properties 

computationally, including biological activities like cancer-related effects and other relevant 

activities such as anti-viral and antimicrobial actions. The tool, available at 

http://www.way2drug.com/PASSOnline/predict.php, is specifically tailored to assess the 

inherent biological potential of drug-like organic compounds. PASS predictions are broad, 

covering a wide range of activities based on the structural characteristics of organic 

compounds. Utilizing quantitative structure-activity relationships (SAR), the tool analyzes 

chemical structures using 2D and/or 3D descriptors, and then generates models from 

bioactive ligands. It evaluates PASS activity based on structures with a higher probability of 

activity (Pa), while also considering those predicted as probably inactive (Pi) in 

pharmacological activity assessments as indicated in table 2[60]. 

 

Toxicity Simulation 

The LD50 value was predicted using the GUSAR Online tool, with comparative compounds 

being indan-1, 3-dione based on the molecule's structure [61].Following this, the Lazar 

Toxicity Predictions online tool was utilized to assess mutagenicity (in Salmonella 

typhimurium), carcinogenicity (in rats), ability to cross the blood–brain barrier (in humans), 

and acute toxicity (in Fathead minnow and Daphnia magna) as indicated in table 3[62]. 

 

In Silico Physicochemical and Pharmacokinetics Studies  

Predicting ADMET properties is crucial in the drug discovery and development process, with 

in silico evaluation models being invaluable tools for scientists in drug design and lead 

optimization. Physicochemical properties, absorption, distribution, metabolism, toxicity, 

excretion, and medicinal properties of various substituted 2-(aryl methylene)-(1H)-indane-l,3-

(2H)-diones derivatives are assessed using the online platform ADMET lab 2.0, offering 

accurate and comprehensive predictions as indicated in table 4[63].  

 

The considered ADMET factors include physicochemical properties, blood-brain barrier 

(BBB) permeability, Caco-2 permeability, volume of distribution (VD), P-glycoprotein 

(PGP) substrate status, plasma protein binding, human intestinal absorption (HIA), MDCK 

permeability, clearance (CL), half-life (T1/2), as well as eye corrosion, eye irritation, 

respiratory toxicity, AMES toxicity, carcinogenicity, and synthetic accessibility score. This 

integrated approach aids researchers in evaluating the potential of different 2-(aryl 

methylene)-(1H)-indane-l, 3-(2H)-diones derivatives for pharmaceutical use. 

 

During the pre-clinical stages, the in-silico TOX profile acts as a valuable tool for predicting 

the pharmacological and toxicological properties of drug candidates. The toxicity of 

synthesized 2-(aryl methylene)-(1H)-indane-l, 3-(2H)-diones was predicted using the freely 

accessible online web tool at https://tox-new.charite.de/protox_II/. This resource aids 

researchers in assessing the potential risks associated with the compounds, offering insights 

that can inform decision-making processes in drug development [64-65]. 

 

The analysis of the BOILED-egg diagram, depicted in Fig.9, indicates that the compound 

conforms to the acceptable range for standard drugs. Within the diagram, a dot located in the 

yellow zone suggests that the compound is unaffected by the P-glycoprotein of the CNS 

system, while a blue dot positioned in the yolk denotes passive permeation through the blood-

brain barrier (BBB)[66].Additionally, the red region indicates the compound's ability to 

accumulate in the brain. The synthesized ligand and its complexes in this study meet the 

https://tox-new.charite.de/protox_II/
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established criteria, exhibiting favorable bioavailability. These findings affirm the 

compound's safety profile, indicating a low likelihood of causing skin allergies. Notably, the 

drug scores for these compounds are moderate. 

  

4. Result And Discussion 

 

Compound 1: 2-[(4-chloro-2-fluorophenyl)methylidene]-1H-indene-1,3(2H)-dione 

Pale yellow solid, yield: 84%, molecular formula: C16H8ClFO2, melting point: 174-1800C. 

Elemental analysis (cal.): C (67.03%) H (2.81%) Cl(12.37%) F (6.63%) O (11.16%). FT-IR 

(neat, cm-1) νmax: 3382.53, 3090.66(C-H), 1615.09 (C=O), 730.88(C-Cl), 1160.94(C-F), 1H 

NMR (300 MHz, DMSOd6, chemical shift (ppm)); δ: 8.7-8.8 (m,1H,CH),7.3-7.6(m,4H,Ar-

H),7.9-8(m,2H,Ar-H) 8.02-8.04(s,1H,CH),3.12-3.36(s, 1H, CH3) MS m/z:286.69 

 

Compound 2: 2-[(2-Bromo-5-Fluorophenyl)Methylidene]-1H-Indene-1,3(2H)-Dione 

Yellow solid, yield: 85%, molecular formula: C16H8BrFO2, melting point: 172-1740C. 

Elemental analysis (cal.): C (58.03%) H (2.44%) Br (24.13%) F (5.74%) O (9.66%). FT-IR 

(neat, cm-1) νmax: 2905(CH), 834(C-F), 1605 (C=O), 680(C-Br), 988(Ar-H), 1555(C=C). 1H 

NMR (300MHz, DMSO-d6, chemical shift (ppm)); δ: 7.40-7.44 (m, 4H, Ar-H), 7.84-7.87 

(m, 3H, Ar-H), 8.33-8.35 (m, 1H, CH) MS m/z: 331.13 

 

Compound 3: 2-[(2-methyl-3-nitrophenyl) methylidene]-1H-indene-1, 3(2H)-dione 

Yellow solid, yield: 66%, molecular formula: C17H11NO4, melting point: 222-2240C. 

Elemental analysis (cal.): C (69.62%) H (3.78%) N (4.78%) O (21.82%). FT-IR (neat, cm-1) 

νmax: 2980.45(C-H),1680.88(C=O),1054.87(C-N),1032.69 (Ar-H),1HNMR (300MHz, 

DMSO-d6, chemical shift (ppm));δ: 7.52-7.55(m, 4H, Ar-H), 7.96-8.00 (m, 3H, Ar-H), 3.85 

(s, 3H, CH) 8.00-8.12(m,1H,CH) MS m/z : 293.278 

 

Compound 6: 2-[(4-tert-butylphenyl) methylidene]-1H-indene-1, 3(2H)-dione 

Pale yellow solid, yield: 81%, molecular formula:  C20H18O2, melting point: 188-

1900C.Elemental analysis (cal.):  C (82.73%) H (6.25%) O (11.02%) FT-IR (neat, cm-1) 

νmax; 3236.93(C-H), 1718.26(C=O), 1664.27 (C=C),1389.46(C-C Stretch),856.239 (Ar-H), 

738.603 1H NMR (300MHz, DMSO-d6, chemical shift (ppm));δ: 8.55-8.58(m,1H,CH),8.10 

(m, 4H, Ar-H), 7.50 (m, 4H, Ar-H),3.73(s, 9H, 3CH3)MS m/z:290.36 

 

Compound 8: 2-[(3-hydroxy-4-methoxyphenyl) methylene]-1H-indene-1,3(2H)-dione 

Pale yellow powder, yield: 74%, molecular formula: C17H12O4, melting point: 168-1700C. 

Elemental analysis (cal.): C (72.85%) H (4.32%) O(22.83%); FT-IR (neat, cm-1) νmax: 

3374.82 cm-1(O-H Stretch), 2990.10 cm-1 (C-H Stretch), 1717.3 cm-1(C=O), 1681.62 cm-

1(C=C), 1267 cm-1(C-O), 1036.55 cm-1(C-O Stretch), 994.125 cm-1(Ar-H),883.238 cm-1(C-H 

Bend),734.746 cm-1(C-H Bend). 
1H NMR (300 MHz, DMSOd6,chemical shift (ppm)); δ: 8.31(m,1H,CH), 7.92-7.98 (m, 2H, 

Ar-H), 7.71(s,2H,Ar),7.12-7.14(m,4H,Ar-H),3.91(s,1H,OH),3.53(s,3H,CH3)MS m/z: 280.27 

 

Compound 9: 2-[(4-fluoro-2-hydroxyphenyl) methylene]-1H-indene-1, 3(2H)-dione 

Pale yellow solid, yield: 86 %, molecular formula: C16H9FO34, melting point: 162-1640C.  

Elemental analysis (cal.): C (71.64%) H (3.38%) F (7.08%) O (17.89%) FT-IR (neat, cm-1) 

νmax: 3690.48 cm-1 (O-H Stretch) 2980.77 cm-1(C-H Stretch) 1729.83 cm-1(C=O) 1688.37 

cm-1 1606.41 cm-1 (C=C) 1411.64 cm-1(C-F Stretch) 1054.87 cm-1(C-O Stretch) 997.982 cm-

1(Ar-H) 731.853 cm-1 (C-H Bend) 
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1H NMR (300 MHz, DMSOd6,chemical shift (ppm)); δ: 8.55-8.58(m, 1H, CH), 8.41-8.45 

(m, 1H, CH), 7.74-8.06(m,2H,Ar-H),7.00-7.26(m,4H,Ar-H),4.96(s, 1H, OH). MS m/z: 

268.23 

 

Compound 11: 2-{[2-nitro-4-(trifluoromethyl) phenyl]methylidene}-1H-indene-1,3(2H)-

dione 

Pale yellow solid, yield: 72%, molecular formula: C17H8F3NO4, melting point: 235-2400C. 

Elemental analysis (cal.): C (58.82%) H (2.30%) F (16.42%) N (4.02%) O (18.42%). FT-IR 

(neat, cm-1) νmax: 3467.38 cm-1 (≡C-H stretch),3000.10 cm-1(C-H Stretch),1714.41 cm-1 

(C=O),1448.28 cm-1(C-H Alkyl), 1386.57 cm-1 (Ar-NO2), 1266.04 cm-1(C-O)1081.87 cm-1 

(Ar-H), 876.488 cm-1(C-F), 730.889 cm-1(C-C Bend). 
1H NMR (300 MHz, DMSOd6, chemical shift (ppm)); δ: 7.95-8.09(m, 4H, Ar-H), 8.55 (m, 

1H, CH), 8.11-8.31(m, 3H, CH). MS m/z: 268.24 

 

Compound 12: 2-[(4-ethoxyphenyl) methylene]-1H-indene-1, 3(2H)-dione 

Pale yellow needle solid, yield: 86 %, Molecular Formula: C17H12O3, melting point: 156-

1580C. 

Elemental analysis (cal.): C (77.26%) H (4.58%) O (18.16%) FT-IR (neat, cm-1) νmax: 

3316 cm-1(≡C-H stretch)2980.45 cm-1(C-H) 1721.16 cm-1(C=O)1663.3 cm-1(C=C)1444.42cm-1   

(C-H Alkyl)  1292.07 cm-1(C-O) 994.125 cm-1(Ar-H) 878.41cm-1(C-H Bend)727.996 cm-1(C-

C Bend) 
1H NMR (300 MHz, DMSOd6, chemical shift (ppm)); δ: 8.52-8.54(m, 1H, CH), 7.91-7.93 

(m, 4H, Ar-H), 7.75(s, 4H, Ar-H), 6.92-6.94(m, 3H, CH3), 3.36-3.40(t, 2H, CH) 

MS m/z: 264.28 

 

Compound 13: 2-[(3, 4-dichlorophenyl) methylidene]-1H-indene-1, 3(2H)-dione 

Pale yellow solid, yield: 69%, molecular formula: C16H8Cl2O2, melting point: 170-1750C. 

Elemental analysis (cal.): C (63.39%) H (2.66%) Cl(23.39%) O(10.56%).FT-IR (neat, cm-1) 

νmax: 3680.48 cm-1 2971.77 cm-1(C-H Stretch),2843.52 cm-1(C-H Stretch) 1687.41 cm-

1(C=O), 1371.14 cm-1(C=O Stretch),1054.87 cm-11032.69 cm-1(Ar-H), 1012.45 cm-1 738.603 

cm-1 (Di-substituted benzene ). 
1H NMR (300 MHz, DMSO-d6, chemical shift (ppm)); δ:7.73-7.76(m,4H,Ar-H),7.87-

7.97(m,2H, Ar-H)8.00-8.04(s,1H,CH),8.64-8.65(m,1H,CH),MS m/z: 303.29 

 

Compound 15: methyl 4-[(1, 3-dioxo-1, 3-dihydro-2H-inden-2-ylidene) methyl] benzoate 

Pale yellow solid, yield: 69%, molecular formula: C18H12O4, melting point: 170-1750C. 

Elemental analysis (cal.): C (73.97%) H (4.14%) O (21.90%) FT-IR (neat, cm-1) νmax: 

3680.48 cm-1, 2843.52 cm-1 (C-H Stretch), 2971.77 cm-1(C-H Stretch), 1629.41cm-1(C=O), 

1346.07 cm-1(C=O Stretch), 1012.45 cm-1(Ar-H), 1054.87 cm-1(C-C (O)-C Stretch) 

MS m/z: 292.28 
1H NMR (300 MHz, DMSOd6, chemical shift (ppm)); δ: 8.79-8.82(m, 1H, CH), 8.02-8.04 

(m, 4H, Ar-H), 7.32-8.01(m, 4H, Ar-H), 3.36-3.73(s, 3H, CH3) 

 

Molecular docking studies 

To determine the binding affinities and binding energy scores of the synthesized derivatives 

interactions of amino acid residues with in the active pocket of protein have been studied. 

The docking simulation results proves that a significant proportion of the derivatives shown 

robust binding scores and remarkable binding affinity energy. 

The comparison of binding affinities of all the docked derivatives carried out with the binding 

mode of native ligand present in the crystal structure of M. tuberculosis InhA enzyme (PDB 

ID: 6SQ5).  
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Notably, compound 11 have the best binding energy of – 9.2 kcal/mol. The best configuration 

of compound 11 was chosen for further study, reflecting results of analysis indicating 

bonding and non-bonding interactions and formed two conventional hydrogen bond 

interactions with GLY192.It has exhibited hydrophobic interactions [Pi-Pi stacked, Pi-alkyl, 

Halogen (Fluorine)]with amino acids PHE149, PRO193, MET199, ILE215, PRO193, 

MET199 showing bond length 4.06816,4.75824, 4.43885, 4.86179, 5.43103, 4.60512 A0 

respectively. 

 

Compound  9 displayed -9.5 kcal/mol binding affinity and formed one conventional hydrogen 

bond with GLY96.It has formed many hydrophobic interactions (Pi-sigma, Pi-Pi stacked, Pi-

alkyl) with amino acids residues ILE95, ILE122, PHE41, PHE41, VAL65, ILE95 showing 

bond length 3.73999, 3.89114, 3.73151, 4.62143, 4.92791,4.99177 A0. 

Compound 6 showed -9.6 kcal/mol binding affinity and lacks conventional hydrogen bond 

interaction but shown many hydrophobic bonds(Pi-Sigma, Pi-Pi Stacked, Pi-Alkyl)with 

amino acid residues  ILE95, PHE41, VAL65, ILE95, ILE122, ILE16 exhibit 3.54876, 

3.81165, 4.67903, 4.78472, 4.57524, 5.43011 A0 bond length respectively. 

 

Compound 1 exhibited -9.9 kcal/mol docking score and formed none of conventional 

hydrogen bonds but exhibit hydrophobic interactions (Pi-sigma, Halogen, Pi-Pi stacked and 

Pi-alkyl) with ILE95,ILE122,PHE41 ,PHE41,ALA198 ,VAL65,ILE95,ILE16 showing bond 

length 3.65928,3.96784,3.72912,4.61041,3.8642,4.80754,4.94907,5.24967 A0 respectively. 

The residues that interact with compound 13 are as follows: ILE95, ILE122, PHE41, 

ALA198, VAL65, ILE122 and ILE16 forms hydrophobic interactions (Pi-Sigma, Pi-Pi 

Stacked, Alkyl, Pi-Alkyl). 

 

Compounds 3 formed two conventional hydrogen bond with LYS165, ILE194 and have 

binding affinity -9.1 kcal/mol. It has developed many hydrophobic interactions (Pi-Pi 

Stacked, Pi-Pi Stacked, Pi-Alkyl) with amino acid residues PHE149, PRO193, MET199, and 

ILE215 respectively. 

 

Compounds 5 formed one conventional hydrogen bond with GLY96 and have binding 

affinity -8.9 kcal/mol. The amino acid residues forms hydrophobic interactions (Pi-Sigma, Pi-

Pi Stacked, Pi-Alkyl) with drug are ILE95, PHE41, VAL65, ILE95, ILE122, ILE16 

respectively. 

 

Therefore from this investigation we have selected 1,2,3,6,8,11,12,13,15 for the wet lab 

synthesis and spectral study. 

 

The Ramachandran plot generated for enzyme 6SQ5 using PROCHECK server describes 

different coloured regions / shading on phi-psi plot. The protein at Ramachandran statistics 

shows 267 total number of residues, most favoured regions (A, B, L) of residues 206 with a 

percentage of 91.6 %, with allowed regions (a,b,l, p) 16 residues of 7.1 %, Generously 

allowed regions (a,b,l,p) 0 residues in 0.0 %. Over all total Non-glycine and non-proline 

residues 225 of 100 %.In addition to this Proline residues 13, Glycine residues 28, End-

residues (excl. Gly-and Pro) 1, overall total number of residues present in the 267. 

The analysis of the predicted structure affords solid evidence that the predicted 3D structure 

of the protein is of excellent quality. The Ramachandran plot generated using PROCHECK 

statistics are summarized in Figure 7. 
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Fig. 7. Ramachandran plot of 6SQ5 showing 91.6 % of amino acid residues in the core region 

into binding site of M. tuberculosis InhA protein 
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Fig.8.The 3D ribbon view of M. tuberculosis InhA in complex with NAD+ and 3-[3-(trifluoro 

methyl) phenyl] prop-2-enoic acid (6SQ5) 

 

Table 2. Physical Characterization of synthesized compound (1-15) 

Sr. 

No. 
IUPAC Name Chemical Structure 

Mole. 

Wt 

Percentage 

Yield 

Dockin

g score 

(kcal/

mol) 

1 

2-[(4-chloro-2-

fluorophenyl)methylidene]-

1H-indene-1,3(2H)-dione 

O

O

F

Cl

 

286.69 84 -9.2 

2 

2-[(2-bromo-5-

fluorophenyl)methylidene]-

1H-indene-1,3(2H)-dione O

O

Br

F

 

331.14 85 -9.2 
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3 

2-[(2-methyl-3-

nitrophenyl)methylidene]-

1H-indene-1,3(2H)-dione 

O

O

NO2

 

293.28 66 -9.1 

4 

2-[(3-

chlorophenyl)methylidene]

-1H-indene-1,3(2H)-dione 

O

O

Cl

 

268.7 75 -9 

5 

2-[(2,6-

dimethoxyphenyl)methylid

ene]-1H-indene-1,3(2H)-

dione 
O

O

O

O

CH3

CH3

 

294.30 79 -8.9 

6 

2-[(4-tert-

butylphenyl)methylidene]-

1H-indene-1,3(2H)-dione 
O

O

CH3

CH3

CH3

 

290.36 81 -9.6 

7 
2-benzylidene-1H-indene-

1,3(2H)-dione 
O

O

 

234.25 82 -8.8 
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8 

2-[(3-hydroxy-4-

methoxyphenyl)methyliden

e]-1H-indene-1,3(2H)-

dione 

O

O

OH

O
CH3

 

280.28 74 -9.1 

9 

2-[(4-fluoro-2-

hydroxyphenyl)methyliden

e]-1H-indene-1,3(2H)-

dione O

O

OH F

 

268.24 86 -9.5 

10 

2-[(3-

hydroxyphenyl)methyliden

e]-1H-indene-1,3(2H)-

dione 
O

O

OH

 

250.25 

 
72 -9.1 

11 

2-{[2-nitro-4-

(trifluoromethyl)phenyl]me

thylidene}-1H-indene-

1,3(2H)-dione 

O

O

F

F

F

NO2

 

347.24 86 -9.9 

12 

2-[(4-

ethoxyphenyl)methylidene]

-1H-indene-1,3(2H)-dione 

O

O

O

 

278.21 79 -8.9 
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13 

2-[(3,4-

dichlorophenyl)methyliden

e]-1H-indene-1,3(2H)-

dione 

 

O

O

Cl

Cl

 

303.14 69 -9.3 

14 

2-[(3,5-

dichlorophenyl)methyliden

e]-1H-indene-1,3(2H)-

dione 

O

O

Cl

Cl

 

303.14 71 -8.9 

15 

methyl 4-[(1,3-dioxo-1,3-

dihydro-2H-inden-2-

ylidene)methyl]benzoate 

 

O

O

O

O
CH3

 

292.29 80 -9.1 

16 
Pyridine-4-carbohydrazide 

(Isoniazide) 

N

NHNH 2O

 

137.14 - -5.8 

 

Table 3. Molecular interactions of Indane -1, 3 Dione derivatives with 6SQ5 

Comp. No Distance Category 
Type of 

Interaction 

No.of H-

Bond 

Amino acid 

residue 

Comp-1 

3.46059 Halogen 
Halogen 

(Fluorine) 
0 

N:UNL1:O - 

N:UNL1:F 

3.65928 Hydrophobic Pi-Sigma ILE95 

3.96784 Hydrophobic Pi-Sigma ILE122 
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3.72912 Hydrophobic Pi-Pi Stacked PHE41 

4.61041 Hydrophobic Pi-Pi Stacked PHE41 

3.8642 Hydrophobic Alkyl ALA198 

4.80754 Hydrophobic Pi-Alkyl VAL65 

4.94907 Hydrophobic Pi-Alkyl ILE95 

5.24967 Hydrophobic Pi-Alkyl ILE16 

Comp-2 

3.78248 Hydrophobic Pi-Sigma 

0 

ILE95 

3.88314 Hydrophobic Pi-Sigma ILE122 

3.76654 Hydrophobic Pi-Pi Stacked PHE41 

4.56831 Hydrophobic Pi-Pi Stacked PHE41 

3.72131 Hydrophobic Alkyl ILE16 

4.86426 Hydrophobic Pi-Alkyl VAL65 

4.95238 Hydrophobic Pi-Alkyl ILE95 

5.20649 Hydrophobic Pi-Alkyl ILE16 

Comp -3 

2.77841 
Hydrogen 

Bond 

Conventional 

Hydrogen Bond 

2 

LYS165 

2.34339 
Hydrogen 

Bond 

Conventional 

Hydrogen Bond 
ILE194 

3.7569 Other Pi-Sulfur MET199 

4.43052 Hydrophobic Pi-Pi Stacked PHE149 

4.40643 Hydrophobic Pi-Pi Stacked PHE149 

5.19988 Hydrophobic Pi-Alkyl PRO193 

5.33453 Hydrophobic Pi-Alkyl MET199 

4.93067 Hydrophobic Pi-Alkyl ILE215 

5.09629 Hydrophobic Pi-Alkyl PRO193 

Comp -4 

3.5897 Hydrophobic Pi-Sigma 

0 

ILE95 

3.83636 Hydrophobic Pi-Sigma ILE122 

3.70483 Hydrophobic Pi-Pi Stacked PHE41 

4.5656 Hydrophobic Pi-Pi Stacked PHE41 

4.89657 Hydrophobic Pi-Alkyl VAL65 

5.15552 Hydrophobic Pi-Alkyl ILE95 

5.42873 Hydrophobic Pi-Alkyl ILE122 

5.40981 Hydrophobic Pi-Alkyl ILE16 

Comp -5 

2.38816 
Hydrogen 

Bond 

Conventional 

Hydrogen Bond 

1 

GLY96 

3.74988 Hydrophobic Pi-Sigma ILE95 

3.79877 Hydrophobic Pi-Pi Stacked PHE41 

4.65174 Hydrophobic Pi-Pi Stacked PHE41 

4.7695 Hydrophobic Pi-Alkyl VAL65 

4.7787 Hydrophobic Pi-Alkyl ILE95 

4.58236 Hydrophobic Pi-Alkyl ILE122 

5.06896 Hydrophobic Pi-Alkyl ILE16 

Comp -6 

3.54876 Hydrophobic Pi-Sigma 

0 

ILE95 

3.81165 Hydrophobic Pi-Pi Stacked PHE41 

4.71845 Hydrophobic Pi-Pi Stacked PHE41 

4.67903 Hydrophobic Pi-Alkyl VAL65 

4.78472 Hydrophobic Pi-Alkyl ILE95 

4.57524 Hydrophobic Pi-Alkyl ILE122 

5.43011 Hydrophobic Pi-Alkyl ILE16 



Nitin Londhe /Afr.J.Bio.Sc. 6(6) (2024) 6275-6313                                              Page 6293 to 39 

 

Comp -7 

3.6197 Hydrophobic Pi-Sigma 

0 

ILE95 

3.87355 Hydrophobic Pi-Sigma ILE122 

3.66971 Hydrophobic Pi-Pi Stacked PHE41 

4.59076 Hydrophobic Pi-Pi Stacked PHE41 

4.94939 Hydrophobic Pi-Alkyl VAL65 

5.15017 Hydrophobic Pi-Alkyl ILE95 

5.44049 Hydrophobic Pi-Alkyl ILE122 

Comp -8 

3.60577 Hydrophobic Pi-Sigma 

0 

ILE95 

3.86704 Hydrophobic Pi-Sigma ILE122 

3.6593 Hydrophobic Pi-Pi Stacked PHE41 

4.63241 Hydrophobic Pi-Pi Stacked PHE41 

5.01112 Hydrophobic Pi-Alkyl VAL65 

5.16015 Hydrophobic Pi-Alkyl ILE95 

5.44785 Hydrophobic Pi-Alkyl ILE122 

Comp -9 

2.22533 
Hydrogen 

Bond 

Conventional 

Hydrogen Bond 

1 

GLY96 

3.73999 Hydrophobic Pi-Sigma ILE95 

3.89114 Hydrophobic Pi-Sigma ILE122 

3.73151 Hydrophobic Pi-Pi Stacked PHE41 

4.62143 Hydrophobic Pi-Pi Stacked PHE41 

4.92791 Hydrophobic Pi-Alkyl VAL65 

4.99177 Hydrophobic Pi-Alkyl ILE95 

Comp -10 

3.60696 Hydrophobic Pi-Sigma 

0 

ILE95 

3.85075 Hydrophobic Pi-Sigma ILE122 

3.67284 Hydrophobic Pi-Pi Stacked PHE41 

4.58972 Hydrophobic Pi-Pi Stacked PHE41 

4.96457 Hydrophobic Pi-Alkyl VAL65 

5.17582 Hydrophobic Pi-Alkyl ILE95 

5.41836 Hydrophobic Pi-Alkyl ILE122 

Comp -11 

3.21504 
Hydrogen 

Bond 

Conventional 

Hydrogen Bond 

2 

GLY192 

2.26697 
Hydrogen 

Bond 

Conventional 

Hydrogen Bond 

N:UNL1:H - 

N:UNL1:O 

3.61348 Halogen 
Halogen 

(Fluorine) 
GLU219 

4.06816 Hydrophobic Pi-Pi Stacked PHE149 

4.75824 Hydrophobic Alkyl PRO193 

4.43885 Hydrophobic Alkyl MET199 

4.86179 Hydrophobic Alkyl ILE215 

5.43103 Hydrophobic Pi-Alkyl PRO193 

4.60512 Hydrophobic Pi-Alkyl MET199 

Comp -12 

3.60558 Hydrophobic Pi-Sigma 

0 

ILE95 

3.8889 Hydrophobic Pi-Sigma ILE122 

3.66415 Hydrophobic Pi-Pi Stacked PHE41 

4.57446 Hydrophobic Pi-Pi Stacked PHE41 

4.92365 Hydrophobic Pi-Alkyl VAL65 

5.1515 Hydrophobic Pi-Alkyl ILE95 

5.46458 Hydrophobic Pi-Alkyl ILE122 
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5.43407 Hydrophobic Pi-Alkyl ILE16 

Comp -13 

3.61269 Hydrophobic Pi-Sigma 

0 

ILE95 

3.84798 Hydrophobic Pi-Sigma ILE122 

3.68015 Hydrophobic Pi-Pi Stacked PHE41 

4.56706 Hydrophobic Pi-Pi Stacked PHE41 

4.45103 Hydrophobic Alkyl ALA198 

4.93384 Hydrophobic Pi-Alkyl VAL65 

5.17865 Hydrophobic Pi-Alkyl ILE95 

5.40379 Hydrophobic Pi-Alkyl ILE122 

5.49289 Hydrophobic Pi-Alkyl ILE16 

Comp -14 

3.99427 Hydrophobic Pi-Sigma 

0 

ILE16 

3.91303 Hydrophobic Pi-Sigma ILE95 

3.89153 Hydrophobic Pi-Sigma ILE122 

3.82937 Hydrophobic Pi-Pi Stacked PHE41 

4.65705 Hydrophobic Pi-Pi Stacked PHE41 

4.27566 Hydrophobic Alkyl ILE16 

4.97339 Hydrophobic Pi-Alkyl VAL65 

4.80664 Hydrophobic Pi-Alkyl ILE95 

 

Comp –15 

 

3.58121 Hydrophobic Pi-Sigma 

0 

ILE95 

3.91412 Hydrophobic Pi-Sigma ILE122 

3.70114 Hydrophobic Pi-Pi Stacked PHE41 

4.6409 Hydrophobic Pi-Pi Stacked PHE41 

4.88321 Hydrophobic Pi-Alkyl VAL65 

5.04281 Hydrophobic Pi-Alkyl ILE95 

5.47329 Hydrophobic Pi-Alkyl ILE16 

 

Anti-tubercular Activity  

Screening of 4-halogen substituted 2 aryl Indane-1, 3-dione derivatives (01-15) 

against Mycobacterium tuberculosis H37Rv  

As previously described in materials and methods 4-halogen substituted 2 aryl Indane-1, 

3-dione derivatives were synthesized. All the compounds thus obtained were screened 

against Mycobacterium tuberculosis H37Rv strain, MIC values were found to be between 

4.5µM to 167µM. 

Different groups at 14th and 16th position of indane-1, 3-dione derivatives influenced the 

inhibition of Mycobacterium strains. Compound 1, 10, 11, 12, 15 showed good activity 

whereas compound numbers 2,3,4,5,6,7,8 and 14 showed moderate activity and 7, 8 

showed less activity as compared to standard. The MIC values are listed below in the 

table. 

The drugs found active in primary screening were similarly diluted to obtain 100 µg/mL, 50 

µg/mL, 25 µg/mL, and 12.5µg/mL concentrations. 

 

Table 4: Antitubercular activity of synthesized Compounds 

Compound 
Anti- tubercular  activity: MIC(µM) 

100 µg/mL 50 µg/mL 25 µg/mL 12.5µg/mL 

STD 168.7 112.4 85.2 65.2 

1 124.5 81.4 65.8 34.5 

2 111.2 75.4 58.2 31.2 

3 109.7 81.2 51.6 29.5 

4 121.5 78.5 62.5 30.6 
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5 107.9 79.6 49.5 28.3 

6 106.9 78.2 47.9 26.3 

7 65.2 30.1 17.5 11.8 

8 61.4 28.9 16.5 12.4 

9 114.2 75.1 63.2 60.8 

10 104.2 77.6 64.2 61.3 

11 112.3 74.3 68.1 66.2 

12 119.5 91.2 74.3 56.2 

13 110.9 72.3 66.2 51.4 

14 97.2 71.2 48.2 34.2 

15 120.5 89.2 75.2 56.3 

 

Three-dimensional and two-dimensional docking poses of the most active compounds 

Co

mp 

ID 

Ligand protein 

interaction 
3D 2D 

1 

   

2 

   

3 
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6 

   

8 

   

9 

   

10 
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11 

   

13 

   

15 

   
 

Figure 9: A molecular interaction between Indane 1,3-dione derivatives and 6SQ5 : (b) 

Binding position in the active site of 6SQ5; (c) the type of interaction of Compounds that 

binds to the amino acids of 6SQ5. 

 

The determined LD50 values are shown in Table 6 

 

Table 6-In silico LD50 values are determined and the compounds are classified according to 

their acute toxicity. 

Compound LD50* Toxicity Class** Compound LD50* Toxicity Class** 

1 530.4 Harmful 9 916.9 Harmful 

2 821.9 Harmful 10 2207.0 Unclassified 

3 2206.0 Unclassified 11 960.0 Harmful 

4 1140.0 Harmful 12 2490.0 Unclassified 

5 2116.0 Unclassified 13 685.3 Harmful 
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6 1930.0 Harmful 14 929.9 Harmful 

7 1787.0 Harmful 15 3087.0 Unclassified 

8 2608.0 Unclassified Isoniazide 899.7 Toxic 

 

* After oral administration, the lethal dose causing death of half of the studied rat population 

is measured in milligrams per kilogram of body weight 

** Classification of a chemical used in the European community based on its oral toxicity 

 

Table 7- Pass prediction table 

Sr. 

No 
Therapeutic Activity 

Probability of 

activity 

(Pa) 

Probability of 

inactivity (Pi) 

1.  
Ubiquinol-cytochrome-c reductase 

inhibitor 
0,824 0,025 

2.  Membrane permeability inhibitor 0,637 0,068 

3.  
NADPH-ferrihemoprotein reductase 

inhibitor 
0,518 0,021 

4.  
P-benzoquinone reductase (NADPH) 

inhibitor 
0,461 0,026 

5.  HIF1A expression inhibitor 0,468 0,069 

6.  Histidine kinase inhibitor 0,407 0,050 

7.  Apoptosis agonist 0,417 0,066 

8.  CYP2A1 substrate 0,395 0,081 

9.  Antituberculosic 0,310 0,065 

10.  NAD+ kinase inhibitor 0,222 0,027 

11.  L-ascorbate peroxidase inhibitor 0,188 0,023 

12.  Chlordecone reductase inhibitor 0,308 0,149 

13.  Antihemorrhagic 0,179 0,029 

14.  2-Dehydropantoate 2-reductase inhibitor 0,302 0,157 

15.  Antimutagenic 0,205 0,075 

16.  CYP1A inducer 0,204 0,081 

17.  Aldehyde dehydrogenase inhibitor 0,174 0,057 

18.  Membrane integrity agonist 0,271 0,217 

19.  CYP2C12 substrate 0,241 0,204 

20.  
Aryl-alcohol dehydrogenase (NADP+) 

inhibitor 
0,110 0,102 

 

Analysis of the spectrum of biological activity 

With the aid of an online PASS server, the synthetic Indane 1, 3 dione derivatives were 

ascertained. According to Table 7, compoound 11, which is a 2- { [2-nitro- 4-

(trifluoromethyl) phenyl] methylidene} -1H-indene -1,3(2H)- dione, showed the best chance 

of inhibiting Ubiquinol-cytochrome-c reductase enzyme systems in body .  

Drug-like qualities were discovered during the assessment of the potential activities of indane 

1,3-dione derivatives. These include suppression of aryl-alcohol dehydrogenase (NADP+) 
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(Pa: 0.110, Pi: 0.102),  antitubercular activity (Pa: 0.310, Pi: 0.065) , antihemorrhagic activity 

(Pa: 0.179, Pi: 0.029), and antimutagenic effects (Pa: 0.205, Pi: 0.075). Table 7 also includes 

a list of other activities whose odds are higher than 70%.  

Compound 11 satisfied the majority of the requirements for drug similarity, as shown by the 

bioavailability radar map, with the exception of log P and log S, which have an impact on 

membrane permeability.  

Moreover, the Pan Assay Interference Compounds (PAINS) projected that every compound 

would have a single warning, which is required to tolerate non-selective behavior and erratic 

reactivity with target proteins. 

The series of compounds shown in Table 8's drug-likeness prediction research all met 

Lipinski, Bioavailability score, and Drug-likeness rule criteria, with the exception of 1, 2, 4, 

6, 9, 12, 13, 14, and 15 that did not meet the Pfizer rule. 

The best range for each property (lipophilicity: Log P between 2.634-4.583 and 4.81; size: 

MW between 234.07 and 347.04 g/mol; polarity: TPSA between 92 and 1420A2; solubility: 

log S not exceeding 6; etc.) is represented by the area that is colored pink. The sp3 is 

suggested by the carbon content detected between 0.056-0.111. 

 
Fig 10. Swiss ADME - bioavailability radar models of 2-{[2-nitro-4-(trifluoromethyl) 

phenyl] methylidene}-1H-indene-1, 3(2H)-dione (Compound 11) 

ADMET properties: 

All synthesized compounds exhibit a molecular weight < 500, which improves drug transport 

and rate of absorption as well as penetration across the biological membrane. All of these 

Indane 1,3dione derivatives topological polar surface areas (TPSA) were less than 140 A0. 

Log P values indicating lipophilic behaviour which shows the entire Indane 1,3dione 

derivative examined found within the 2.634–4.583 range, which is acceptable as per 

Lipinski’s rule of five. The results of physicochemical properties indicate that newer 

synthesized Indane 1, 3-dione derivatives are within the acceptable range, as shown by the 

bioavailability radar diagram (Figure 10&12).  

 

The parameters for Indane 1, 3-dione derivatives' are obtained using the online web server 

ADMET Lab 2.0 the utilization of CaCo-2 cells, which are generated from human colon 

epithelial cells, is a widespread approach to estimate the absorption of drugs across human 

digestive tract. On the other hand, Madin Darby Canine Kidney (MDCK) cells are of 

particular value in evaluating the permeability of drug molecules, as they possess a shorter 

growing time in comparison to CaCo-2 cells. 

 

Caco-2 cell permeability has been a crucial indicator when compounds projected value found 

> 5 log cm s-1 (green), it is considered to fit proper Caco-2 permeability. Based on this rule, 
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we found that the Indane 1, 3 dione derivatives (1-15) have a fit proper Caco-2 permeability 

within the range of -4.709 to -4.997 log cm s-1.Hence indicating favorable membrane 

permeability characteristics for these compounds. All Indane 1, 3-dione derivatives' exhibited 

favorable MDCK cell permeability, suggesting a heightened likelihood of renal cell-mediated 

removal. In terms of Plasma glycoprotein (PGP) inhibitors and PGP substrates, all 

compounds were shown to be PGP inhibitors and compounds 5, 6 and 8 act as substrates. The 

calculated values for human intestinal absorption (HIA) reflecting that all compounds 

effectively absorbed through the intestinal membrane. The analysis of plasma protein binding 

(PPB) property is an important factor in evaluating the safety profile of newer medications. 

Drugs with a high PPB value (>90%) often exhibit a narrow therapeutic index, indicating a 

smaller margin of safety. Medications with low values of PPB value are generally considered 

to be safer to use. In the current study, it was shown that all compounds 12-15 had low 

plasma protein binding (PPB) values, indicating a wide therapeutic index for these 

compounds except compound 1 showing 100.81 % binding.Compounds that have 

CBrain/CBlood values greater than 1 are categorized as possessing central nervous system 

(CNS) activity, whereas compounds with CBrain/CBlood values below 1 are characterized as 

lacking CNS activity. Compounds acting over central nervous system (CNS) have properties 

to cross Blood–Brain Barrier (BBB) and produces adverse effects on the central nervous 

system. Based on the data provided in Table 8, it can be seen compounds 3 and 14 does not 

cross BBB , as a result, the compounds exhibit a lack of neurotoxicity. Low value of 

synthetic accessibility SAscore :< 6 indicating all the compounds easy to synthesize. Here SA 

values lies in between 1.775-2.271 proving all the derivatives are easy to synthesize. 

 

Volume of distribution (VD) reflects concentration of drug administered that is present in 

circulation and describes in vivo distribution of drugs. All the compounds VD is in the range 

of 0.554-0.688 L/Kg indicating excellent distribution in body fluids and uptake amount in 

tissues.  

 

ADMETlab 2.0 website https://admetmesh.scbdd. com/service/evaluation/cal were employed 

to calculate toxic properties of Indane 1,3 dione derivatives 1-15 and all the properties 

summed in Table 9. Study of human liver hepatotoxicity (H-HT) is one of important factor to 

predict safety properties of newer drugs .Predicted value ranging between 0.0–0.3 shows no 

toxicity, 0.3-0.7 shows medium toxicity to hepatic cells and a strong toxicity observed at 

value of 0.7–1.0(++).Compound 5 gives result of 0.3 lacks hepatic toxicity whereas 

compounds 1,2,3,4,9,11 have HT value 0.862 indicating toxic nature. Rest of compounds 

have 0.5-0.7 HT values proven medium toxicity to liver cells. Toxicity prediction comprises 

compound 4 and 6, which had lower predicted values of 0.78 and 0.793, respectively, are 

categorised as non-carcinogenic. Whereas other has moderate to exceptional carcinogenic 

properties with predicted ranges of 0.805–0.931. 

 



Nitin Londhe /Afr.J.Bio.Sc. 6(6) (2024) 6275-6313                                              Page 6301 to 39 

 

 
Fig. 11. The in-silico Tox profile of 2-{[2-nitro-4-(trifluoromethyl) phenyl] methylene}-1H-

indene-1,3(2H)-dione(Compound 11) 

 

Metabolism pattern of target compounds with cytochrome P450 mono-oxidase enzymes 

namely CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4 involved in catalysis of phase I 

metabolism reactions .Table 9 demonstrates that all compounds  were shows inhibitors of five 

enzymes with probability score ranging from 0.061-0.968. 

 
Fig.12.Swiss ADME - bioavailability BOILED-Egg models of 2-{[2-nitro-4-

(trifluoromethyl) phenyl]methylidene}-1H-indene-1,3(2H)-dione(Compound 11) 
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Abbreviation: BBB: blood–brain barrier; HIA: human intestinal absorption; PGP+: P-

glycoprotein substrate; PGP-: P-glycoprotein non-substrate. 

                                                                     

Compounds permeability in brain or intestine were estimated using boiled-egg bioavailability 

model developed using Swiss ADME server based on liphophilicity and polarity indexes. The 

white sections in egg or yolk indicating coloured spot of physiochemical properties that these 

compounds are most probably absorbed in GI tract. 2-{[2-nitro-4-(trifluoromethyl) 

phenyl]methylidene}-1H-indene-1,3(2H)-dione(Compound 11) has good bioavailability lying 

on top of boiled-egg diagram, as seen in figure 12. 

 

All compounds were estimated to have low clearance rate ranges from 1.057-3.945 mL min−1 

kg with exception of compound 8,5,10 which has excretion rate 5.125, 5.32, 5.411 mL min−1 

kg respectively with a short half-life of 0.03-0.679 in human body. 

 

 
Fig.13 Radar diagram illustrating the physicochemical characteristics of 2-{[2-nitro-4-

(trifluoromethyl) phenyl]methylidene}-1H-indene-1,3(2H)-dione(Compound 11). 

 

MW: molecular weight, nRig: number of rigid bonds, fChar: formal charge, nHet: number of 

heteroatoms, MaxRing: number of atoms in the biggest ring, nRing: number of rings, nRot: 

number of rotatable bonds, TPSA: topological polar surface area (Å2), nHD: number of 

hydrogen bond donors, nHA: number of hydrogen bond acceptors, logD: log of octanol 

partition coefficient at physiological pH 7.4, logS: log of aqueous solubility (mol L−1), and 

logP: log of octanol partition coefficient 
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Table 8. Physicochemical, pharmacokinetics, and medicinal chemistry properties of the 

compounds 1-15 determined using ADMET 2.0 

 

MW: Molecular Weight; HBA: Num. H-Bond Acceptors; HBD: Num. H-Bond Donors; 

NRB: Number of rotatable bonds; MR: Molar Refractivity; TPSA: Topological Polar Surface 

Area; BBB-Blood brain barrier; P-M: Poor-Moderate; P: Poor; GI: Gastrointestinal; P-gp-P 

Glycoprotein;* Average of five prediction  

 

Metabolism 
Elimina

tion 

Com

p. 

No 

CYP

1A2-

inh 

CYP1

A2-

sub 

CYP

2C19

-inh 

CYP

2C19

-sub 

CYP

2C9-

inh 

CYP

2C9-

sub 

CYP

2D6-

inh 

CYP

2D6-

sub 

CYP

3A4-

inh 

CYP

3A4-

sub 

CL 

mL 

min
−1 

T

1/

2 

1 
0.94

4 
0.359 0.92 0.089 

0.79

6 

0.78

9 

0.37

2 
0.19 

0.11

5 
0.15 

2.0

18 

0.

0

5

3 

2 
0.95

3 
0.191 0.913 0.09 

0.78

5 

0.69

5 

0.26

8 
0.3 

0.11

8 

0.13

9 

1.0

57 

0.

0

5

2 

3 
0.92

9 
0.425 0.833 0.101 

0.86

8 

0.81

1 

0.24

6 

0.42

1 

0.59

6 

0.16

6 

1.7

07 

0.

1

2

4 

4 
0.96

3 
0.328 0.899 0.09 

0.68

6 

0.36

2 

0.47

6 

0.16

3 

0.12

6 

0.13

4 

2.2

55 

0.

1

4

4 

5 
0.95

2 
0.927 0.943 0.463 0.86 0.89 

0.21

4 

0.81

4 

0.75

7 

0.26

9 

5.3

2 

0.

2

3

2 

6 
0.81

8 
0.613 0.843 0.075 

0.73

4 

0.76

6 

0.35

3 

0.18

2 

0.31

3 

0.23

3 

1.5

67 

0.

0

5

3 

7 
0.96

8 
0.198 0.833 0.095 

0.72

2 

0.49

3 

0.14

3 

0.14

7 

0.06

1 

0.14

5 

2.3

32 

0.

2

2

3 

8 
0.93

9 
0.846 0.786 0.07 

0.77

6 

0.79

4 

0.41

2 

0.51

4 

0.69

6 
0.18 

5.1

25 

0.

6

7

9 

9 
0.95

3 
0.186 0.863 0.065 

0.74

7 

0.79

8 

0.56

3 

0.38

2 
0.37 

0.14

5 

3.9

45 

0.

1



Nitin Londhe /Afr.J.Bio.Sc. 6(6) (2024) 6275-6313                                              Page 6305 to 39 

 

5

7 

10 
0.97

2 
0.141 0.846 0.063 

0.69

9 

0.81

9 

0.64

2 

0.43

2 

0.67

5 

0.13

5 

5.4

11 

0.

6

4

6 

11 
0.91

3 
0.39 0.908 0.075 

0.90

2 
0.84 

0.22

8 

0.27

1 

0.55

1 

0.11

9 

1.7

54 

0.

0

3 

12 
0.80

4 
0.2 0.702 0.081 

0.69

3 

0.79

7 

0.07

6 

0.51

6 
0.23 

0.17

4 

2.3

48 

0.

1

0

9 

13 
0.95

4 
0.216 0.884 0.071 

0.66

8 

0.47

2 

0.44

9 

0.22

8 

0.26

6 

0.16

5 

2.3

12 

0.

0

7

4 

14 
0.95

4 
0.216 0.884 0.071 

0.66

8 

0.47

2 

0.44

9 

0.22

8 

0.26

6 

0.16

5 

2.3

12 

0.

0

7

4 

15 0.89 0.339 0.7 0.068 
0.69

2 

0.49

7 

0.08

8 

0.15

4 

0.26

6 

0.14

3 

3.6

94 

0.

3

5

6 

Abs

orpti

on 

and 

Dist

ribut

ion 

            

             

Com

p. 

No 

Caco

-2 

MDC

K 

Pgp-

inh 

Pgp-

sub 
HIA 

PPB 

% 

VDs

s 

(BB

B) 

penet

ratio

n 

(c.br

ain/ 

c.blo

od) 

Log 

S 
   

1 

-

4.89

5 

9.65E

-06 
0.987 0 

0.00

2 

100.

81 

0.59

1 

0.03

4 

-

5.71

6 

   

2 

-

4.87

4 

1.17E

-05 
0.997 0 

0.00

4 

1.00

4203 

0.66

5 

0.07

4 

-

5.82

2 

   

3 
-

4.80

4.80E

-05 
0.461 0 

0.00

4 

1.00

0721 

0.56

5 

0.09

8 
-5.28    



Nitin Londhe /Afr.J.Bio.Sc. 6(6) (2024) 6275-6313                                              Page 6306 to 39 

 

4 

4 

-

4.82

6 

9.76E

-06 
0.977 0 

0.00

4 

1.00

52 

0.65

9 

0.04

2 

-

5.31

2 

   

5 

-

4.93

3 

1.45E

-05 
0.993 0.001 

0.00

4 

0.98

8196 

0.47

6 

0.12

6 

-

5.18

6 

   

6 

-

4.99

7 

1.10E

-05 
0.993 0.002 

0.00

3 

1.00

1129 

0.68

8 

0.02

2 

-

6.14

9 

   

7 

-

4.70

9 

1.25E

-05 
0.93 0 

0.00

5 

0.99

2157 

0.66

3 

0.10

2 

-

4.75

5 

   

8 

-

4.93

4 

1.37E

-05 
0.5 0.001 

0.00

7 

0.99

3818 

0.45

6 

0.26

2 

-

4.41

8 

   

9 

-

4.92

4 

1.26E

-05 
0.614 0 

0.00

5 

1.00

0355 

0.58

2 

0.21

7 

-

4.58

2 

   

10 

-

4.90

1 

1.27E

-05 
0.041 0 

0.00

8 

0.99

124 
0.63 

0.25

3 

-

4.17

7 

   

11 

-

4.89

2 

2.78E

-05 
0.789 0 

0.00

4 

1.00

6646 

0.55

4 

0.09

8 

-

5.71

7 

   

12 

-

4.78

3 

1.46E

-05 
0.975 0 

0.00

3 

0.99

9296 

0.66

3 

0.03

9 

-

5.29

7 

   

13 

-

4.90

3 

9.20E

-06 
0.937 0 

0.00

3 

1.01

1214 

0.57

2 

0.02

7 

-

5.86

8 

   

14 

-

4.90

3 

9.20E

-06 
0.937 0 

0.00

3 

1.01

1214 

0.57

2 

0.02

7 

-

5.86

8 

   

15 

-

4.72

2 

1.80E

-05 
0.989 0 

0.00

6 

1.00

2067 

0.64

8 

0.04

6 

-

4.89

8 

   

Toxi

city 
            

Com

p. 

No 

Ame

s 

Carci

nogen

icity 

EC 

(--) 

EI 

(++) 

hER

G 

H-

HT 
LD50 

Resp

irator

y 

toxic

ity 

    

1 
++0.

9 

++0.8

89 
0.003 0.937 

---

0.04

3 

++0.

862 
0 

--

0.15

6 

    

2 
++0.

873 

++0.8

94 
0.004 0.967 

---

0.04

6 

++0.

823 
0 

--

0.15

6 

    



Nitin Londhe /Afr.J.Bio.Sc. 6(6) (2024) 6275-6313                                              Page 6307 to 39 

 

3 

+++

0.98

1 

++0.9

13 
0.004 0.984 

---

0.06

3 

++0.

814 
0 

0.46

5 
    

4 
++0.

896 

++0.7

93 
0.003 0.951 

---

0.06

8 

++0.

802 
0 

--

0.16

6 

    

5 
++0.

881 

++0.9

31 
0.004 0.964 

---

0.05

6 

--

0.38

2 

0 

-

0.51

3 

    

6 

-

0.57

5 

++0.7

8 
0.003 0.964 

---

0.04

5 

+0.5

94 
0 

--

0.12

7 

    

7 

+++

0.91

1 

++0.8

09 
0.004 0.977 

---

0.03

2 

++0.

76 
0 

--

0.22

1 

    

8 

+++

0.91

9 

++0.9

18 
0.003 0.91 

---

0.05

2 

+0.5

15 
0 0.29     

9 

+++

0.90

9 

++0.9

15 
0.004 0.945 

---

0.03

4 

++0.

848 
0 

--

0.13

3 

    

10 

+++

0.90

7 

++0.8

43 
0.004 0.969 

---

0.04

3 

+0.5

86 
0 

--

0.19

5 

    

11 

+++

0.96

7 

++0.8

32 
0.004 0.909 

---

0.15

5 

++0.

847 
0 

++0.

786 
    

12 

+++

0.92

5 

++0.8

90 
0.003 0.935 

0.13

8 

+0.5

98 
0 

---

0.07

8 

    

13 

+++

0.90

4 

++0.8

05 
0.003 0.923 

---

0.09

2 

+0.6

71 
0 

--

0.19

5 

    

14 

+++

0.90

4 

++0.8

05 
0.003 0.923 

---

0.09

2 

+0.6

71 
0 

---

0.19

5 

    

15 

+++

0.92

4 

++0.8

40 
0.003 0.867 

--

0.16

4 

+0.6

05 
0 

---

0.07

9 

    

Table 9. ADMET data of compounds 1-15. The prediction probability values categorized into 

six symbols represented as endpoints: 0–0.1(---), 0.1–0.3(--), 0.3–0.5(-), 0.5–0.7(+), 0.7–

0.9(++), and 0.9–1.0(+++). 

 

2. Conclusion 

 

Novel series of 1, 3-indanedione derivatives were synthesized by using a new procedure with 

an efficient catalyst and evaluated for their pharmacological potentials regarding 

antitubercular activities with remarkable yields. Compounds with phenolic group as the 

terminal substitution or Meta and Para- substitutions are showing moderate to minimum 

activities, among them electronegative groups like halogens on the aromatic head, were 
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observed to have higher antitubercular activities. Validation of chemical moieties was done 

using spectroscopic data and physiochemical property evaluation study. Antitubercular 

potential of synthesized analogus was investigated by in-vitro screening with standard 

procedures and found MIC values ranging from 4.5µM to 167µM. Compounds 1, 

10,11,12,15 demonstrated good to exceptional anti-TB efficacy against the Mtb H37Rv 

strain. 

The docked ligands against the protein 6SQ5 vary a binding affinity from -8.8 to -9.9 

Kcal/mol, compound 11 shows a greater binding affinity of -9.9 Kcal/mol among all other 

also compounds. The antitubercular study reveals that among the compounds 1-15 tested, 

Compound 1, 10, 11, 12, 15 reported with superior antitubercular activity whereas compound 

numbers 2,3,4,5,6,7,8 and 14 showed moderate activity and 7, 8 showed less activity as 

compared to standard. The compounds 1, 10, 11, 12 and 15 can be taken as lead molecules 

where they can be further modified and developed to achieve the good activity.  

The in-silico results demonstrate that all of the compounds had a high likelihood of 

possessing drug-like qualities. Eventually, using SwissADME and ADMETlab2.0 platforms, 

the in silico ADMET properties study of the final Indane -1, 3(2H)-Dione (1-15) were further 

assessed for their ADMET and physicochemical characteristics. 

The study demonstrated, through various in silico prediction methods that 2-{[2-nitro-4-

(trifluoromethyl) phenyl]methylidene}-1H-indene-1,3(2H)-dione, compound 11 exhibits 

favorable drug-like characteristics, devoid of carcinogenicity and mutagenicity. Molecular 

docking studies against M. tuberculosis (InhA) with PDB code 6SQ5 provided deeper 

understanding of designed ligand conformations in the target receptor environment.  
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