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Highlights  

• Synthesized azaspirooxindolinone derivatives exhibit potent cytotoxicity in 

both ITK/BTK-negative and -positive cancer cell lines. 

• Compounds 3d and 3j demonstrate high cytotoxicity, indicating potential dual 

inhibition against ITK and BTK. 

• Compounds 3a and 3e display specificity in targeting ITK-positive cancer cells, 

while compounds 3f and 3g target BTK-positive cells. 
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• Active compounds show no cytotoxic effects on non-cancer cell lines, 

suggesting potential selectivity for cancer cells. 

• These findings highlight the promising cytotoxic activity of 

azaspirooxindolinone derivatives, warranting further investigation into their 

therapeutic potential. 

Abstract 

Bruton's tyrosine kinase (BTK) and Interleukin-2-inducible T-cell kinase (ITK) are two 

important members of the Tec family with crucial roles in immune system function. 

Deregulation in ITK and BTK activity is linked to several hematological malignancies, 

making them key targets for cancer immunotherapy. In this study, we synthesized new 

azaspirooxindolinone derivatives and evaluated their cytotoxic activity against 

ITK/BTK-negative and -positive cancer cell lines. Compounds 3d and 3j exhibited high 

cytotoxicity in both ITK-positive Jurkat (IC50 = 3.58 µM and 4.16 µM, respectively) 

and BTK-positive Ramos (IC50 = 3.06 µM and 1.38 µM, respectively) cell lines, 

indicating their potential dual activity against ITK and BTK. 3a and 3e showed high 

cytotoxicity specifically in ITK-positive Jurkat cells with IC50 values of 9.36 µM and 

10.85 µM, respectively. Compounds 3f and 3g were highly cytotoxic specifically in 

Ramos cells with IC50 values of 1.82 µM and 1.42 µM, respectively. None of the active 

compounds exhibited cytotoxic effects against non-cancer cell lines (IC50 > 50 µM). 

These findings suggest that the synthesized azaspirooxindolinone derivatives, 

particularly compounds 3d and 3j, hold promise as dual inhibitors for ITK and BTK-

positive cancers, while compounds 3a, 3e, 3f, and 3g demonstrate potential as specific 

inhibitors, warranting further investigation. 
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Introduction 

Interleukin-2-inducible T-cell kinase (ITK) and Bruton's tyrosine kinase (BTK) play 

pivotal roles in the immune system and have been implicated in human diseases1. ITK, 

primarily expressed in T-cells, regulates T-cell activation and differentiation. 

Dysregulation of ITK has been associated with various cancers2, highlighting its 
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potential as a therapeutic target in cancer immunotherapy. On the other hand, BTK, 

predominantly expressed in B cells, is a key component of B-cell receptor signaling. 

Aberrant BTK activity has been linked to B-cell malignancies, such as B-cell 

lymphomas and leukemia3. Targeting BTK, as demonstrated by drugs like Ibrutinib, 

has shown clinical success in treating certain hematologic malignancies4. The roles of 

ITK and BTK in immune cell signaling underscore their significance in cancer and 

other human pathogenesis5,6, presenting opportunities for developing targeted therapies 

against these kinases in the context of human diseases. 

Current research in developing inhibitors targeting ITK and BTK holds promise for 

advancing therapeutic options, especially for immune-related disorders and cancers7. 

ITK inhibitors are being explored for their potential in modulating T-cell responses and 

immune-related diseases, focusing on improving specificity and efficacy8,9. Meanwhile, 

BTK inhibitors continue to be a subject of intense investigation, especially in 

hematological malignancies10. Amino thiazoles by Bristol-Myers Squibb, amino 

benzimidazoles by Boehringer Ingelheim, indoles by Sanofi-Aventis, and pyridones by 

Vertex were among the early compounds designed to selectively target ITK11. Ibrutinib, 

a BTK inhibitor, has already demonstrated clinical success in conditions like chronic 

lymphocytic leukemia and mantle cell lymphoma12. Ibrutinib was initially designed as 

a BTK inhibitor but was later found to inhibit ITK due to structural homology13. 

Ongoing research aims to enhance the selectivity and minimize the off-target effects of 

these inhibitors, paving the way for more effective and safer treatments for immune -

related and oncological conditions. 

In the structure-activity relationship (SAR) studies of our previous series of 

compounds14, among the six structurally similar compounds (active – II, III, IV; and 

inactive – V) (Fig. 1), the critical structural variation leading to the loss of anti-

proliferative activity in compound V was due to the replacement of the benzodioxyl 

group with a 3,4,5-trimethoxyphenyl group at the C-5 position of azaspirooxindoles.  

This indicated that the presence of the benzodioxyl group in compound V is vital for its 

cytotoxic activity in ITK and BTK-high cell lines. Another common structural feature 

present in the active compounds, demonstrating excellent anti-cancer activity, is the α, 

α-dimethyl functionality (geminal/cyclopropyl) with a heteroatom (fluorine) attached 

to the carbonyl carbon of the carboxamide functional group (Fig. 1). These results 
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encouraged us to design a new series of compounds based on SAR studies by varying 

the hydrophilic groups/atoms on α-carbon of the carbonyl group of azaspirooxindoles, 

keeping with the C-5 benzodioxyl group. With these modifications, we designed and 

synthesized twelve new compounds along with two new compounds with C-5 aryl 

modifications and one trifluoromethyl sulphonamide derivative. In this study, we report 

the synthesis of new azaspirooxindolinone derivatives and their biological activity in a 

panel of cancer cell lines comprising ITK and BTK-high cancer cell lines. 

 

Figure 1. Design and SAR studies towards new series compounds. 

Results and Discussions 

Chemistry 

The synthesis of target compounds is outlined in Schemes 1 and 2. Reacting compound 

5'-(benzo[d] [1,3] dioxol-5-yl) spiro[piperidine-4,3'-pyrrolo[2,3-b] pyridin]-2'(1'H)-

one (1d)15 with corresponding carboxylic acids using the HATU coupling agent and 

DIPEA in N, N-dimethyl formamide afforded compounds 3a to 3j  and 3l in good yields.  
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The 1H NMR chemical shift values of geminal dimethyl protons of 3a are 

observed at δ 1.58 ppm. In the 13C NMR, cyano carbon appeared at δ 201.3 ppm. In 1H-

NMR of compound 3b, the gem-dimethyl proton signals were observed at δ 1.50 and 

1.62 ppm. In 13C NMR, the three carbonyl signals were shifted to a downfield at δ 

162.61 and 180.19 ppm. The ethyl signals of ester of compound 3c were spotted as a 

triplet at δ 1.23 (J = 6.8 Hz) and quartet at δ 4.15 (J = 6.8 Hz) ppm. In 1H-NMR of 

compound 3d, the triplet at δ 1.89 with a high "J" value of 20.0 Hz is evidence of 

methylene protons attached to geminal di-fluorine atoms. In 13C NMR of 3d, the carbon 

and fluorine two bond coupling appeared as a doublet at δ 21.92 and 161.28 ppm with 

coupling constant values of JC (2)-F =24.8, 28.8 Hz for carbonyl carbon and methyl 

carbon, respectively. In the 13C NMR of 3e, two bonds of a carbon-fluorine atom of 

carbonyl carbon appeared as doublet JC (2)-F (J = 50.8 Hz) at δ 155.0 ppm. The 

cyclopropyl ring protons of compound 3f appeared as two sets of multiplet between δ 

1.21-1.38 ppm. 1H-NMR signals of compound 3h for cyclopropyl ring proton were seen 

at δ 0.78-0.99 ppm. The cyclopropyl ring protons of compound 3i appeared as a 

multiplet at δ 1.21-1.41 ppm, and two D2O exchangeable singlets for carboxylic acid 

and amide protons were spotted at δ 12.58 and 11.13 ppm, respectively. 

 

Scheme 1. Synthetic scheme of N-acyl derivatives of azaspirooxindoles. 
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For the preparation of compound 3j, the acid-amine coupling between 2-fluoroacrylic 

acid and corresponding amine (1d) was performed under standard conditions using T3P 

(50% solution in ethyl acetate) as coupling reagent and triethylamine base in DMF 

solvent at ambient temperature for overnight. For compound 3j, the signals of alkene 

protons appeared as two doublets of doublets at δ 5.16-5.33 ppm. 

Amidation of 1d with acryloyl chloride gave the corresponding derivative 3k. 1H-NMR 

spectra showed three doublets of doublet signals at δ 6.82, 6.15, and 5.71 ppm with a 

high coupling constant (J) of 16.8 Hz for trans protons of olefin. The reaction of 

compound 1d with triflic anhydride presence of triethylamine in dichloromethane 

resulted in 5'-(benzo[d] [1,3]dioxol-5-yl)-1-

((trifluoromethyl)sulfonyl)spiro[piperidine-4,3'-pyrrolo[2,3-b]pyridin]-2'(1'H)-one 3l. 

The formation of compound 3l was confirmed by 1H-NMR, which showed the 

downfield shift in piperidine ring protons. Besides, the LC-MS spectrum indicated the 

molecular ion peaks at m/z 456.1 (M+H) +. 

 

Scheme 2. Synthetic scheme of compound 3k and 3l. 

Docking-based Virtual Screening 

A docking study was conducted to get insight into the binding affinity and the 

intermolecular interactions of azaspirooxindolinone derivatives with the ITK enzyme. 

ITK complexed with an inhibitor, Ibrutinib (PDB ID- 5P9J), was used for docking 
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analysis. Ibrutinib was used as a standard drug to screen azaspirooxindolinone 

derivatives.  

Ibrutinib is an irreversible BTK inhibitor that prevents downstream B-cell receptor 

activation16. It is interesting to note that ITK and BTK exhibit significant sequence and 

functional homology, and both have an ibrutinib inhibition motif composed of a 

tyrosine (Tyr) that is SH3 auto phosphorylatable and a cysteine (Cys) that is covalently 

bound in the hinge region that connects the C and N lobes of the active site17. Ibrutinib 

is thought to be the first therapeutically effective ITK inhibitor due to the striking 

similarity between BTK and ITK. Ibrutinib binds to ITK irreversibly and suppresses 

Th2 cell activation after TCR stimulation13. 

All 12 derivatives of azaspirooxindolinone were docked into the binding site of ITK in 

the current study. We compared the binding energies and molecular interactions of 

azaspirooxindolinone derivatives with those of Ibrutinib to select compounds (Table 

1). The docking energy of Ibrutinib was -9.2 kcal/mol, whereas 3a, 3e, 3f, 3g, and 3i 

exhibited higher docking energies to the active site residues of the ITK. Compound 3e 

has the highest docking score of -9.7 kcal/mol. Although it lacks hydrogen bonds, it 

exhibits attractive charge interactions with Lys391, Pi Amide stacking with Phe374, 

and Alkyl bonding with Met503. Compounds 3a, 3f, 3g, and 3i exhibited the second-

highest docking score (9.4 kcal/mol). Compound 3k stands out with the lowest docking 

energy, recording -8.7 kcal/mol among all the compounds. 

A pharmacophore-based virtual screening was done to identify possible ITK inhibitors 

in a three-dimensional model of ITK inhibitors19. Certain compounds were found to 

establish hydrogen bond interactions with Met438 and Lys391, indicating the formation 

of essential interactions between the compound and the ITK protein. The compounds 

displaying strong interactions were identified as potential effective ITK inhibitors. The 

synthesized derivatives also interacted with the investigated protein by binding to 

specific amino acids. Therefore, further research could explore their potential as 

inhibitors of ITK. Another study illustrated a comparable binding method between 

various pyrazolyl-indole derivatives and ITK20. Interactions with the amino acids 

Glu436, Met438, and Phe435 were identified during docking. Further, Wang et al., 

found that the side chains of Phe435, Lys391, Val377, and Ala389 produced a distinct 

hydrophobic pocket during interactions with the ITK19. It is possible to increase 
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inhibitory efficacy against ITK by introducing substituents at the C6 position of the 

indazole moiety to occupy the hydrophobic pocket.
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Table 1. Docking scores and amino acid interactions of synthesized compounds. 

 

Compound name Structure Docking score Amino-acid interactions 

3a 

 

-9.4 

Val507, Asn487, Asp482, Thr504, Met503, Lys391, Phe374, 

Gln373, Ile369, Ser371-Van der Waals; Arg486, Tyr512-

Conventional Hydrogen Bonds; Asp500, Gly372-Carbon 

Hydrogen Bond; Lue489, Ala389, Val377-Alkyl 

3b 

 

-9.0 

Tyr512, Asn487, Asp482, Lys391, Phe435, Phe437, Gly441, 

Gly372, Gln373-Van der Waals; Arg486, Met438, Ser371-

Conventional Hydrogen Bond; Asp486, Glu436-Carbon 

Hydrogen Bond; Asp500-Unfavourable Acceptor-Acceptor; 

Ala389, Leu489, Val377, Ile369-Pi Alkyl 

3c 

 

-9.0 

Gly372, Leu489, Gly441, Met438, Gly370, Val377, Lys391, 

Ile393, Val507, Asn487-Van der Waal; Cys442-Conventional 

Hydrogen Bond; Gln373-Carbon Hydrogen Bond; Asp500- 

Attractive Charge; Phe374-Amide Pi Stacked; Met398-Pi 

Sulfur; Ala389, Ile369, Phe437-Alkyl; Met503, Arg486-Pi Alkyl 
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3d 

 

-9.0 

Gly372, Leu489, Gly441, Met438, Gly370, Val377, Lys391, 

Ile393, Val507, Asn487-Van der Waals; Asp500-Attractive 

Charge; Cys442-Conventional Hydrogen Bond; Gln373-

Carbon Hydrogen Bond; Phe374-Amide Pi Stacked; Met398- 

Pi Sulfur; Ala389, Ile369, Phe437-Alkyl; Met503, Arg486-Pi 

Alkyl 

3e 

 

-9.7 

Cys442, Val377, Ile369, Ala389, Met438, Gly441, Asp500, 

Leu489, Gly372, Gln373, Ile393-Van der Waal; Lys391-

Attractive Charge; Phe374-Amide Pi Stacked; Met503-Alkyl 

3f 

 

-9.4 

Thr504, Arg486, Phe374, Lys391, Phe437, Gly441, Ser371, 

Gly372, Asp500, Val507; Met503-Conventional Hydrogen 

Bond; Asn487, Tyr512-Conventional Hydrogen Bond;  

Met438-Carbon Hydrogen Bond; Asp482, Gln373-Halogen 

(Fluorine); Leu489, Ala389, Val377, Ile369-Alkyl 

3g 

 

-9.4 

Thr504, Arg486, Phe374, Lys391, Phe437, Gly441, Ser371, 

Gly372, Asp500, Val507-Van der Waals; Met503-

Conventional Hydrogen Bond; Asn487, Tyr512-Conventional  

Hydrogen Bond; Met438-Carbon Hydrogen Bond; Asp482, 

Gln373-Halogen (Fluorine); Leu489, Ala389, Val377, Ile369-

Alkyl 
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3h 

 

-9.0 

Lys391, Leu489, Ile369, Ala389, Phe437, Glu436, Val419, 

Val377, Phe435, Cys442, Asn487, Arg486, Gln373, Tyr512, 

Asp482, Thr504, Phe374, Val507-Van der Waal; Met438-

Conventional Hydrogen bond; Asp500-Attractive Charge 

3i 

 

-9.4 

Ser371, Gly372, Tyr512, Gln373, Arg486, Asp482, His480, 

Thr504, Met503, Phe374, Lys391, Met438,Ile369-Van der 

Waal; Asn487, Asp500-Conventional Hydrogen Bond; Val377, 

Ala389, Leu489-Alkyl 

3j 

 

-9.1 

Glu436, Val419, Val377, Phe435, Cys442, Asn487, Arg486, 

Gln373, Tyr512, Asp482, Thr504, Phe374, Val507-Van der 

Waal; Met438-Conventional Hydrogen Bond; Asp500-

Attractive Charge 

3k 

 

-8.7 

Cys442, Ile369, Leu489, Ala389, Phe437, Met438, Asp500, 

Val377, Gly372, Gln373, Ile393-Van der Waal; Lys391-

Attractive Charge; Gly441-Carbon Hydrogen Bond; Phe374-Pi 

Amide Stacked; Met503-Alkyl 
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3l 

 

-8.9 

Ile393, Met438, Lys391, Leu489, Ala389, Ile369, Val377, 

Gly372, Asn487, Val507-Van der Waal; Gly441-Carbon 

Hydrogen Bond; Arg486-Conventional Hydrogen Bond; 

Asp500-Attractive Charge; Phe374-Amide Pi Stacked; 

Met398-Pi Sulfur; Met503-Alkyl 
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Figure 2. 2D Ligand interaction diagrams for docked compound 3a, 3e, 3f and 3i. 

In vitro anti-cancer activity 

The cytotoxic activity of all 12 azaspirooxindolinone  derivatives was assessed in a 

panel of cancer and non-cancer cell lines (Table 2). The panel comprises of the 

following cell lines: A549(human lung adenocarcinoma), HCT116 (human colorectal 

carcinoma), U2OS (human osteosarcoma), Jurkat (human T lymphocyte), CCRF-CEM 

(human T-cell leukemia), Ramos (human B-lymphocyte), K562 (human myeloid 

leukemia), BJ (human foreskin fibroblast) and MRC-5 (human lung fibroblast). Ramos 

and K562 cells express several significant B-cell-specific markers, including BTK, 

whereas Jurkat and CCRF-CEM cells are specific for ITK expression18. All synthesized 

derivatives were inactive against non-cancer cell lines. Compound 3c (IC50 = 29.24 ± 

7.57 µM) showed moderate activity against Jurkat cells, with no activity against Ramos 

or K562 cells. The cytotoxic activity of 3e was specific to ITK-positive Jurkat (IC50 = 

10.85 ± 1.48 µM) and CCRF-CEM (IC50 = 20.72 ± 2.67 µM) cells, whereas 3g (IC50 = 

1.42 ± 0.13 µM) activity was specific to BTK-high Ramos cells. Other compounds, like 

3a, 3d, 3f, and 3j showed high-to-moderate activity in Jurkat, CCRF-CEM, and Ramos 

cells, indicating their possible dual activity against ITK and BTK. Only 3k (IC50 = 13.45 

± 3.02 µM) showed moderate activity against CCRF-CEM cells. Among the active 

compounds effective against ITK- or BTK-positive cancer cells, only compound 3j 
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(IC50 = 18.86 ± 3.34 μM) exhibited moderate cytotoxicity against ITK/BTK-null U2OS 

cells. 

Our SAR investigations began with the synthesis of 5'-(benzo[d][1,3]dioxol-5-yl)-1-(1-

fluorocyclopropane-1-carbonyl)spiro[piperidine-4,3'-pyrrolo[2,3-b]pyridin]-2'(1'H)-

one (I)14. The initial evaluation involved replacing the fluorine atoms with small 

functional groups. Substitution with  –CF3 and –CN groups yielded compounds 3f and 

3g, respectively. These compounds exhibited high cytotoxic effects (3f, IC50 = 1.82 ± 

0.48 µM and 3g, IC50 = 1.42 ± 0.13 µM), showing approximately a 20-fold increase 

compared to I, against RAMOS cells. However, the introduction of a hydroxyl (-OH) 

group (3h) and carboxylic acid (-COOH) group (3i) resulted in decreased activity (IC50  > 

50 µM) against RAMOS. Notably, the cytotoxic activity of compound 3f decreased in 

ITK cell lines (CCRF-CEM, IC50 = 19.49 ± 3.74 µM and Jurkat, IC50 = 29.41 ± 5.03 

µM).  

Subsequent SAR investigations focused on gem-dimethyl compound 5'-

(benzo[d][1,3]dioxol-5-yl)-1-(2-fluoro-2-methylpropanoyl)spiro[piperidine-4,3'-

pyrrolo[2,3-b]pyridin]-2'(1'H)-one (II)14. Replacing one methyl of the gem-dimethyl 

group with a more electronegative atom such as fluorine (3d) prominently increased 

potency (~ 5 fold increase vs II; (IC50 = 3.06 ± 0.91 µM) against RAMOS cells, with a 

slight drop in cytotoxic effect (IC50 = 3.58 ± 0.36 µM) against Jurkat cells. Substituting 

the fluorine atom with the –CN group yielded 3a, which displayed increased activity 

ITK and BTK cell lines (RAMOS, IC50 = 10.11 ± 2.13 µM; CCRF-CEM, IC50 = 19.49 

± 3.74; and Jurkat, IC50 = 29.41 ± 5.03 µM). 

Interestingly, substituting cyclopropyl/gem-dimethyl with an alkene (=CH2) group (3j, 

IC50 = 1.38 ± 0.51 µM) resulted in a similar improvement in potency as 3g and 3f in 

RAMOS cells. These compounds also exhibited high anticancer effects against ITK 

cell lines (Jurkat, IC50 = 4.16 ± 0.66 µM and CCRF-CEM, IC50 = 14.06 ± 2.00 µM). 

Introducing an α, β-unsaturated unsaturated methylene (-C=CH2) group (3k) in place 

of the fluoro cyclopropyl group/fluoro gem-dimethyl group of active compounds I and 

II led to moderate anti-cancer activity (IC50 = 13.45 ± 2.00 µM) in CCRF-CEM cells. 

The negative result (IC50  > 50 µM) of 3b and 3h indicates that other factors affect 

hydrogen bonding after introducing a hydroxy group in place of fluorine atoms of I and 

II. 
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Table 2. Cytotoxicity of azaspirooxindolinone derivatives (IC50 values of compounds 

are in µM). Data are mean ± SD, n ≥ 6. 

Cmpd 

ITK/BTK null ITK positive BTK positive Non-cancer 

A549 HCT116 U20S Jurkat CCRF-CEM Ramos K562 MRC-5 BJ 

3a >50 >50 >50 
9.36 ± 
0.49 

14.33 ± 2.06 
10.11 ± 

2.13 
>50 >50 >50 

3b >50 >50 >50 >50 >50 >50 >50 >50 >50 

3c >50 >50 >50 
29.24 ± 

7.57 
>50 >50 >50 >50 >50 

3d >50 >50 >50 
3.58 ± 
0.36 

17.24 ± 3.50 
3.06 ±  
0.91 

>50 >50 >50 

3e >50 >50 >50 
10.85 ± 

1.48 
20.72 ±  

2.67 
>50 >50 >50 >50 

3f >50 >50 >50 
29.41 ± 

5.03 
19.49 ± 3.74 

1.82 ± 
0.48 

>50 >50 >50 

3g >50 >50 >50 50 ± 0 >50 
1.42 ± 
0.13 

>50 >50 >50 

3h >50 >50 >50 >50 >50 >50 >50 >50 >50 

3i >50 >50 >50 >50 >50 >50 >50 >50 >50 

3j >50 >50 
18.86 
± 3.34 

4.16 ± 
0.66 

14.06 ± 2.00 
1.38 ± 
0.51 

>50 >50 >50 

3k >50 >50 >50 >50 13.45 ± 3.02 >50 >50 >50 >50 

3l >50 >50 >50 >50 >50 >50 >50 >50 >50 

 

Conclusion 

In this study, we report the synthesis of new azaspirooxindolinone derivatives and their 

cytotoxic activity in ITK/BTK-negative and -positive cancer cell lines. A molecular 

docking score was conducted using AutoDock Vina, and the molecular interactions 

were evaluated and compared to those of Ibrutinib, which exhibited a binding energy 

of -9.2 kcal/mol. Compound 3e exhibited the most favorable docking score of -9.7 

kcal/mol, while compounds 3a, 3f, 3g, and 3i displayed docking scores of 9.4 kcal/mol. 

The recovery and use of compounds exhibiting robust interactions can be employed to 

ascertain their efficacy as possible inhibitors of ITK.  

Cytotoxicity tests were conducted to investigate the anti-cancer properties of these 

derivatives. Among all the compounds active in ITK- and BTK-positive cancer cells, 

only 3j showed moderate cytotoxicity against ITK/BTK-null U20S cells. Compound 

3d demonstrated the highest cytotoxicity among all the synthesized derivatives against 
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Jurkat cells and was also highly active against RAMOS cells. Compound 3j exhibited 

the highest cytotoxicity against RAMOS cells, but this compound was also highly 

active against Jurkat cells. 3c and 3g were specifically cytotoxic to Jurkat and Ramos 

cells, respectively.  

Most compounds that demonstrated activity in RAMOS cells did not exhibit cytotoxic 

effects in K562 cells. This lack of cytotoxicity in K562 cells is likely attributed to their 

low levels of BTK expression, possibly due to the presence of the BCR-ABL fusion 

gene, a recognized primary driver in K562 cells21. Nevertheless, none of the active 

compounds exhibited cytotoxic effects against non-cancer cell lines. Further 

investigations are required to determine the specificity of the compounds against 

members of the Tec Family. 

Experimental Section 

Chemistry 

Materials and Methods 

The chemicals used in this study were obtained from reputable suppliers, including 

Lancaster (Alfa Assar, Johnson Matthey Co, Ward Hill, MA, USA), Sigma-Aldrich (St 

Louis, MO, USA), and Spectrochem Pvt. Ltd (Mumbai, India). The aryl boronic acids 

were obtained from Combi-Blocks, Inc., San Diego, CA, USA. The reactions were seen 

using thin-layer chromatography (TLC) on an aluminum TLC plate coated with silica 

gel containing the fluorescent indication F254S. The TLC plates were visualized using 

ultraviolet (UV) light, KMnO4 strain, and an iodine indicator. The 1H NMR and 13C 

NMR spectra were acquired using an Agilent 400 MHz NMR Magnet manufactured by 

Agilent Technologies, Incorporated, located in Santa Clara, CA, USA. The chemical 

changes were quantified in parts per million (ppm) relative to an internal 

tetramethylsilane (TMS) standard, exhibiting a downfield shift. The spectral patterns 

were classified as follows: s, representing a singlet; d, representing a doublet; dd, 

representing a double doublet; t, representing a triplet; td, representing a triplet of 

doublet; bs, representing a wide singlet; and m, representing a multiplet. The ESI 

spectra were obtained using the micro mass, Quattro LC instrument, and the ESI+ 

software. The capillary voltage applied was 3.98 kV, and the ESI mode positive ion 
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trap detector was employed. The infrared spectra were obtained using an FT-IR 

spectrometer, and only the significant peaks were documented in units of cm-1. All 

solutions were made using deionized distilled water. All additional reagents utilized in 

this study were of standard quality and obtained from commercial sources. 

Synthesis of 5'-(benzo[d][1,3]dioxol-5-yl)spiro[piperidine-4,3'-pyrrolo[2,3-

b]pyridin]-2'(1'H)-one (1d)15: Yield: 90%, MP: 260-264 °C, White solid, FT- IR 

(KBr): vmax 3778, 3605, 3153, 1717, 1611, 1457, 1220, 1038, 810, 688 cm-1. 1H-NMR 

(400 MHz, CDCl3): δ 8.27 (d, J = 1.6 Hz, 1H), 7.81 (d, J = 1.6 Hz, 1H), 6.96-6.99 (m, 

2H), 6.89-6.91 (m, 1H), 6.02 (s, 2H), 3.36-3.42 (m, 2H), 3.08-3.14 (m, 2H), 1.96-2.02 

(m, 2H), 1.78-1.84 (m, 2H). 13C NMR, (100 MHz, DMSO-d6): δ 28.32, 43.59, 101.19, 

107.17, 108.72, 120.21, 127.23, 129.48, 130.18, 131.59, 144.66, 146.89, 148.02, 

155.00, 179.69. LC-MS ESI: m/z= 324.30 (M+H)+ . 

General procedure for the synthesis of compounds (3a-3i): To a solution of acid (1.0 

equiv.), HATU (1.5 equiv.) and DIPEA (3.0 equiv.) in DMF (0.2 M) were added to the 

corresponding amine (1.2 equiv.) at room temperature. The reaction mixture was stirred 

at ambient temperature for 2 h. The reaction mixture was poured onto ice-cold water 

and stirred for 15 min. The resulting precipitated solid compound was collected by 

filtration, washed with water, and dried to obtain a crude compound. The crude 

compound was purified by GRACE flash chromatography using a C18, 12 g column 

with 0.1% formic acid in water and acetonitrile as an eluent to give the final compound. 

3-(5'-(Benzo[d][1,3]dioxol-5-yl)-2'-oxo-1',2'-dihydrospiro[piperidine-4,3'-

pyrrolo[2,3-b]pyridin]-1-yl)-2,2-dimethyl-3-oxopropanenitrile  (3a): Yield: 40%; 

Melting point: 258 °C; Physical state: White solid; 1H-NMR (400 MHz,  DMSO-d6): 

δ 11.16 (s, 1H), 8.35 (s, 1H), 8.18 (s, 1H), 7.33 (s, 1H), 7.19 (d, J = 8.0 Hz, 1H), 6.99 

(d, J = 8.0 Hz, 1H), 6.05 (s, 2H), 3.98-4.02 (m, 4H), 1.87-1.96 (m, 4H), 1.58 (m, 6H); 

13C NMR (125 MHz, DMSO-d6): δ 24.98, 24.98, 34.38, 35.47, 35.47, 45.21, 110.09, 

107.07, 108.59, 120.08, 122.09, 127.98, 129.64, 129.96, 131.53, 144.15, 146.74, 

147.93, 154.92, 165.48, 180.21; FT- IR (KBr): ν(-C-O): 1375 cm−1; ν(-C-H bending 

for methylene): 1454 cm−1; ν (-C=O for amide): 1629, 1724 cm−1; ν (-NH for amine): 

3450 cm−1.(-CN peak was not observed); LC-MS (ESI) m/z: 419.2 [M+H]+. 
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5'-(Benzo[d][1,3]dioxol-5-yl)-1-(2-hydroxy-2-methylpropanoyl)spiro[piperidine-

4,3'-pyrrolo[2,3-b]pyridin]-2'(1'H)-one  (3b): Yield: 51%; Melting point: 245 °C'; 

Physical state: White solid; 1H-NMR (400 MHz,  DMSO-d6):  δ 11.15 (s, 1H), 8.34 (d, 

J = 1.2 Hz, 1H), 8.14 (d, J = 1.2 Hz, 1H), 7.31 (d, J = 0.8 Hz, 1H), 7.18 (d, J = 8.0 Hz, 

1H), 6.99 (d, J = 8.0 Hz, 1H), 6.05 (s, 2H), 4.15-3.80 (m, 4H), 1.96-1.75 (m, 4H), 1.62 

(s, 3H), 1.57 (s, 3H); 13C NMR (105 MHz, DMSO-d6): δ 12.76, 14.56, 31.20, 45.14, 

101.08, 107.02, 108.59, 120.04, 120.18, 127.97, 129.60, 129.96, 131.55, 144.16, 

146.74, 147.93, 154.92, 162.61, 180.19; FT- IR (KBr): ν(-C-O): 1033 cm−1;  ν(-C-N 

stretching for aromatic amine):1373 cm−1; ν(-C-O bending for methylene): 1463 

cm−1; ν (-C=O for amide): 1614, 1707 cm−1; ν (-OH for alcohol): 3552 cm−1; LC-

MS (ESI) m/z: 408.20 [MH] +. 

Ethyl 3-(5'-(benzo[d][1,3]dioxol-5-yl)-2'-oxo-1',2'-dihydrospiro[piperidine-4,3 '-

pyrrolo[2,3-b]pyridin]-1-yl)-2,2-dimethyl-3-oxopropanoate (3c): Yield: 22%; 

Melting point: 247 °C; Physical state: White solid; 1H-NMR (500 MHz,  DMSO-d6):  

δ 11.15 (s, 1H), 8.33 (d, J = 2.4 Hz, 1H), 8.07 (d, J = 2.0 Hz, 1H), 7.33 (d, J = 1.6 Hz, 

1H), 7.17 (dd, J = 1.6, 8.0 Hz, 1H), 6.99 (d, J = 8.0 Hz, 1H), 6.05 (s, 2H), 4.15 (q, J = 

6.8 Hz, 2H), 3.93-3.36 (m, 4H), 1.80-1.75 (m, 4H), 1.36 (s, 6H), 1.23 (t, J = 6.8 Hz, 

3H); 13C NMR (125 MHz, DMSO-d6): δ 28.42, 28.42, 40.15, 40.15, 43.47, 55.48, 

55.59, 110.47, 112.25, 118.84, 127.33, 129.57, 130.14, 130.41, 144.63, 148.57, 149.16, 

154.86, and 179.76; FT- IR (KBr) : ν(-C-O for ester): 1031 cm−1;  ν (-C-O for ester): 

1223 cm−1; ;  ν(-C-N stretching for aromatic amine): 1375  cm−1; ν(-C-O bending for 

methylene): 1462 cm−1; ν (-C=O for lactum): 1649  cm−1,  ν (-C=O for ester):1718 

cm−1; LC-MS (ESI) m/z: 466.20 [M+H]+. 

5'-(Benzo[d][1,3]dioxol-5-yl)-1-(2,2-difluoropropanoyl)spiro[piperidine-4,3'-

pyrrolo[2,3-b]pyridin]-2'(1'H)-one  (3d): Yield: 56%; Melting point: 262 °C; Physical 

state: White solid; 1H-NMR (500 MHz,  DMSO-d6) : δ 8.30 (d, J = 1.6 Hz, 1H), 8.07 

(s, 1H), 7.62 (d, J = 2.0 Hz, 1H), 6.97-6.89 (m, 3H), 6.02 (s, 2H), 4.26-4.14 (m, 3H), 

3.90-3.88 (m, 1H), 1.99-1.84 (m, 7H); 13C NMR (125 MHz, DMSO-d6): δ 21.96 (t, J 

= 24.8 Hz), 31.18, 31.11, 45.07, 101.07, 107.04, 108.56, 120.03, 127.91, 129.62, 

129.95, 131.50, 144.13, 146.73, 147.92, 154.88, 161.28 (t, J = 28.8 Hz), 180.17;  LC-

MS (ESI) m/z: 416.2 [M+H]+. 
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5'-(Benzo[d][1,3]dioxol-5-yl)-1-(2,2,2-trifluoroacetyl)spiro[piperidine-4,3'-

pyrrolo[2,3-b]pyridin]-2'(1'H)-one  (3e): Yield: 51%; Melting point: 242 °C; Physical 

state: White solid; 1H-NMR (500 MHz,  DMSO-d6): δ 8.30 (d, J = 6.0 Hz, 1H), 8.05 

(brs, 1H), 7.59 (d, J = 2.0 Hz, 1H), 6.97-6.89 (m, 3H), 6.02 (s, 2H), 4.37-4.33 (m, 1H), 

4.17-4.15 (m, 1H), 3.94-3.91 (m, 2H), 2.05-1.97 (m, 4H); 13C NMR (125 MHz, 

DMSO-d6): δ 30.94, 31.85, 44.82, 101.11, 106.97, 108.63, 117 (d, J = 185.6 Hz), 

127.89, 129.55, 129.77, 131.59, 144.20, 146.73, 147.93, 154.17, 155 (d, J = 50.8 Hz), 

180.53; FT- IR (KBr): ν(-C-O): 1215 cm−1;  ν(-C-N stretching for aromatic amine): 

1375 cm−1; ν(-C-H bending for methylene): 1462 cm−1; ν (-C=O for amide): 1699 

cm−1; ν (-NH for amine): 3458 cm−1; LC-MS (ESI) m/z: 420.0 [M+H]+. 

5'-(Benzo[d][1,3]dioxol-5-yl)-1-(1-(trifluoromethyl)cyclopropane-1-carbonyl)spiro 

[piperidine-4,3'-pyrrolo[2,3-b]pyridin]-2'(1'H)-one  (3f): Yield: 62%;  Melting point: 

245 °C; Physical state: White solid; 1H-NMR (500 MHz,  DMSO-d6) : δ 8.30 (d, 

J = 2.0 Hz, 1H), 7.92 (s, 1H), 7.60 (s, 1H), 6.98-6.9 (m, 3H), 6.02 (s, 2H), 4.18-3.86 (m, 

4H), 3.02-1.90 (m, 4H), 1.38-1.36 (m, 2H), 1.23-1.21 (m, 2H); 13C NMR (125 MHz, 

DMSO-d6): δ 9.83, 26.62, 26.88, 31.44, 45.14, 101.13, 107.08, 108.64, 120.10, 124.40, 

126.57, 127.99, 129.69, 129.97, 131.61, 144.18, 146.77, 147.96, 154.96, 162.80, 

180.25; FT- IR (KBr) : ν(-C-N stretching for aromatic amine): 1375 cm−1; ν(-C-H 

bending for methylene):  1462 cm−1;  ν (-C=O for lactum): 1647 cm−1; ν (-C=O for 

amide): 1722 cm−1; ν (-NH for amine): 3500 cm−1; LC-MS (ESI) m/z: 460.20 [M+H]+. 

1-(5'-(Benzo[d][1,3]dioxol-5-yl)-2'-oxo-1',2'-dihydrospiro[piperidine-4,3'-pyrrolo 

[2,3-b]pyridine]-1-carbonyl)cyclopropane-1-carbonitrile  (3g): Yield: 59%; Melting 

point: 267 °C; Physical state: White solid; 1H-NMR (400 MHz,  CDCl3): δ 8.30 (d, J 

= 1.6 Hz, 1H), 8.03 (s, residual formic acid from purification, 1H), 7.62 (d, J = 2.0 Hz, 

1H), 6.98-6.89 (m, 3H), 6.02 (s, 2H), 4.25-4.23 (m, 3H), 3.86-3.84 (m, 1H), 2.06-1.80 

(m, 4H), 1.57-1.56 (m, merged in CDCl3 moisture, 4H); 13C NMR (125 MHz, DMSO-

d6): δ 28.50, 28.50, 31.87, 31.87, 45.47, 73.14, 101.06, 107.10, 108.58, 120.10, 128.40, 

129.52, 129.90, 131.63, 144.06, 146.72, 147.92, 154.93, 173.33, 180.43; FT- IR (KBr): 

ν(-C-N stretching for aromatic amine): 1375 cm−1; ν(-C-H bending for methylene):  

1467 cm−1;  ν (-C=O for lactum): 1656 cm−1; ν (-C=O for amide): 1712 cm−1; ν (-

NH for amine): 3512 cm−1; LC-MS (ESI) m/z: 417.20 [M+H]+. 
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5'-(Benzo[d][1,3]dioxol-5-yl)-1-(1-hydroxycyclopropane-1-carbonyl)spiro 

[piperidine-4,3'-pyrrolo[2,3-b]pyridin]-2'(1'H)-one  (3h): Yield: 34%; Melting point: 

165 °C; Physical state: White solid; 1H-NMR (500 MHz,  DMSO-d6): δ 11.13 (s, 1H), 

8.33 (d, J = 2.0 Hz, 1H), 8.10 (d, J = 2.0 Hz, 1H), 7.33 (d, J = 1.6 Hz, 1H), 7.18 (dd, J 

= 1.6, 8.0 Hz, 1H), 6.99 (d, J = 8.4 Hz, 1H), 6.35 (s, 1H), 6.05 (s, 2H), 4.15-3.78 (m, 

4H), 1.82-1.78 (m, 4H), 0.99-0.98 (m, 2H), 0.79-0.78 (m, 2H); FT- IR (KBr) ν(-C-H 

bending for methylene):  1467 cm−1;  ν (-C=O for lactum): 1610 cm−1; ν (-C=O for 

amide): 1720 cm−1; ν (-OH for alcohol): 3404 cm−1; LC-MS (ESI) m/z: 408.20 

[M+H]+. 

1-(5'-(Benzo[d][1,3]dioxol-5-yl)-2'-oxo-1',2'-dihydrospiro[piperidine-4,3'-pyrrolo 

[2,3-b]pyridine]-1-carbonyl)cyclopropane-1-carboxylic acid  (3i): Yield: 21% (over 

two steps);  Melting point: 267 °C; Physical state: White solid; 1H-NMR (500 MHz,  

DMSO-d6): δ 12.85 (brs, 1H), 11.13 (s, 1H), 8.33 (d, J = 2.0 Hz, 1H), 8.04 (d, J = 1.6 

Hz, 1H), 7.30 (s, 1H), 7.16 (dd, J = 1.2, 6.4 Hz, 1H), 6.99 (d, J = 6.4 Hz, 1H), 6.05 (s, 

2H), 3.93-3.76 (m, 4H), 1.88-1.78 (m, 4H), 1.41-1.21 (m, 4H); FT- IR (KBr):  ν(-C-N 

stretching for aromatic amine): 1373 cm−1; ν(-C-H bending for methylene):  1462 

cm−1;  ν (-C=O for lactum): 1608 cm−1; ν (-C=O for amide): 1718 cm−1; ν (-COOH): 

3458 cm−1; LC-MS (ESI) m/z: 436.20 [M+H]+. 

5'-(Benzo[d][1,3]dioxol-5-yl)-1-(2-fluoroacryloyl)spiro[piperidine-4,3'-pyrrolo[2,3-

b]pyridin]-2'(1'H)-one  (3j): To a solution of compound 1d (70 mg, 1.0 equiv.), 2-

fluoroacrylic acid (2.5 equiv.), DIPEA (5.0 equiv.) in DMF (2.0 mL) was added to T3P 

(50% in EtOAc, 5.0 equiv.) at ambient temperature and stirred for 2h. The reaction 

mixture was poured onto ice-cold water and extracted with ethyl acetate. The combined 

extracts were washed with water and brine, dried over anhydrous sodium sulphate and 

concentrated to obtain a crude compound. This was purified by GRACE flash 

chromatography using 0.1% formic acid in water and acetonitrile as an eluent to afford 

the title compound as a white solid. 

Yield: 47%; Melting point: 269 °C; Physical state: White solid; 1H-NMR (500 MHz,  

DMSO-d6): δ 11.16 (s, 1H), 8.35 (d, J = 2.0 Hz, 1H), 8.17 (d, J = 2.0 Hz, 1H), 7.33 (d, 

J = 1.6 Hz, 1H), 7.19 (dd, J = 1.6, 8.0 Hz, 1H), 6.99 (d, J = 8.0 Hz, 1H), 6.05 (s, 2H), 

5.33-5.16 (m, 2H), 3.95-3.87 (m, 4H), 1.92-1.84 (m, 4H); 13C NMR (125 MHz, 

DMSO-d6): δ 38.87, 39.07, 39.28, 39.50, 39.71, 39.92, 40.12, 45.25, 98.47, 98.61, 
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101.16, 107.08, 108.67, 120.09, 128.00, 129.74, 129.99, 131.58, 144.20, 146.80, 

148.00, 154.83, 154.97, 157.48, 160.30, 160.61 and 180.28; FT- IR (KBr) : ν(-C-N 

stretching for aromatic amine): 1226 cm−1; ν(-C-H bending for methylene):  1460 

cm−1;  ν (-C=C for alkene): 1637cm−1; ν (-C=O for lactum): 1660 cm−1; ν (-C=O for 

amide): 1714 cm−1; ν (-C-H stretching for alkene): 3113 cm−1; ν (-NH): 3446 cm−1; 

LC-MS (ESI) m/z: 396.20 [M+H]+. 

1-Acryloyl-5'-(benzo[d][1,3]dioxol-5-yl)spiro[piperidine-4,3'-pyrrolo[2,3-

b]pyridin]-2'(1'H)-one  (3k): To a solution of compound 1d (70 mg, 1.0 equiv.), 

DIPEA (10.0 equiv.) in THF (4.0 mL) at 0°C were added acryloyl chloride (1.0 equiv.) 

and the resulting reaction mixture was stirred at the same temperature for 5 min. The 

reaction mixture was poured onto ice-cold water and extracted with ethyl acetate. The 

combined extracts were washed with water, and brine, dried over anhydrous sodium 

sulphate and concentrated to obtain crude compound, which upon purification by 

GRACE flash chromatography using 0.1% formic acid in water and acetonitrile as an 

eluent to afford the title compound as a white solid. 

Yield : 49%; Melting point: 242 °C; Physical state: White solid; 1H-NMR (500 MHz,  

DMSO-d6): δ 11.12 (s, 1H), 8.34 (d, J = 2.0 Hz, 1H), 8.17 (d, J = 2.0 Hz, 1H), 7.33 (d, 

J = 1.6 Hz, 1H), 7.19 (dd, J = 1.6, 8.0 Hz, 1H), 6.98 (d, J = 8.0 Hz, 1H), 6.88 (dd, J = 

10.4, 17.6 Hz, 1H), 6.15 (dd, J = 2.4, 16.8 Hz, 1H), 6.05 (s, 2H), 5.71 (dd, J = 2.0, 10.4 

Hz, 1H), 3.95-3.87 (m, 4H), 1.90-1.74 (m, 4H); 13C NMR (125 MHz, DMSO-d6): δ 

31.43, 32.30, 37.05, 40.81, 45.34, 101.14, 107.08, 108.65, 120.06, 127.19, 128.27, 

128.52, 129.66, 129.93, 131.59, 144.11, 146.77, 147.98, 154.98, 164.44, and 180.40; 

FT- IR (KBr): ν(-C-N stretching for aromatic amine): 1232 cm−1; ν(-C-H bending for 

methylene):  1462 cm−1;  ν (-C=C for alkene): 1575 cm−1; ν (-C=O for lactum): 1600 

cm−1; ν (-C=O for amide): 1724 cm−1; ν (-C-H stretching for alkene): 3086 cm−1; ν 

(-NH): 3427 cm−1; LC-MS (ESI) m/z: 378.62 [M+H]+. 

5'-(Benzo[d][1,3]dioxol-5-yl)-1-((trifluoromethyl)sulfonyl)spiro[piperidine-4,3'-

pyrrolo[2,3-b]pyridin]-2'(1'H)-one (3l): To a solution of compound 1d (60 mg, 1.0 

equiv.), TEA (5.0 equiv.), in dichloromethane (2.0 mL) was added triflic anhydride 

(1.5 equiv.) at 0°C, and the resulting reaction mixture was stirred at the same 

temperature for 2h. The reaction mixture was quenched by adding saturated NaHCO3 

solution and extracted with dichloromethane. The combined extracts were washed with 
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water, and brine, dried over anhydrous sodium sulfate, and concentrated to obtain a 

crude compound, which upon purification by GRACE flash chromatography using 0.1% 

formic acid in water and acetonitrile as an eluent to afford the title compound as an 

off-white solid. 

Yield: 42%; Melting point: 302 °C; Physical state: White solid; 1H-NMR (500 MHz,  

DMSO-d6): δ 11.23 (s, 1H), 8.36 (s, 1H), 8.19 (s, 1H),  7.33 (d, J = 1.5 Hz, 1H), 7.20 

(dd, J = 2.0, 8.0 Hz, 1H), 7.01 (d, J = 8.0 Hz, 1H), 6.06 (s, 2H), 3.81-3.84 (m, 4H), 

1.91-2.07 (m, 4H);  13C NMR (125 MHz, DMSO-d6): δ 31.32, 42.18, 43.97, 101.18, 

107.10, 108.70, 120.11, 127.53, 129.78, 130.10, 131.55, 144.39, 146.83, 148.01, 

154.95, and 179.95; FT- IR (KBr):  ν(-S=O for sulfonamide): 1380 cm−1; ν(-C-H 

bending for methylene): 1467 cm−1;  ν (-C=O for lactum): 1604 cm−1; ν (-C=O for 

amide): 1710 cm−1; ν (-NH2): 3452 cm−1; LC-MS (ESI) m/z: 456.0 [M+H]+. 

1-(2,2-Difluoropropanoyl)-5'-(3,4,5-trimethoxyphenyl)spiro[piperidine-4,3'-

pyrrolo[2,3-b]pyridin]-2'(1'H)-one (3m): Yield: 41%; Melting point: 210 °C; Physical 

state: White solid; 1H-NMR (500 MHz,  DMSO-d6): δ 8.43 (d, J = 2.0 Hz, 1H), 8.16 

(d, J = 2.0 Hz, 1H), 6.91 (s, 2H), 3.87 (s, 6H), 3.80-4.08 (m, 4H), 3.68 (s, 3H), 1.86-

1.94 (m, 4H), 1.85 (t, J = 20.0 Hz, 3H); FT- IR (KBr): ν(-C-O): 1122 cm−1; ν (-C-H 

bending for methylene): 1473 cm−1;  ν (-C=O for lactum): 1660 cm−1; ν (-C=O for 

amide): 1718 cm−1; ν (-NH for amine): 3493 cm−1; LC-MS (ESI) m/z: 425.2 [M+H]+. 

Computational Section 

Preparation of Protein/Receptor 

The crystallographic arrangement of the BTK complex in association with the inhibitor 

Ibrutinib, identified by the PDB ID- 5P9J21, was obtained from the Research 

Collaboratory for Structural Bioinformatics (RCSB), a renowned protein data bank 

database (www.rcsb.org). The downloaded file was in .pdb format and possessed a 

resolution of 2.5 Å. The protein was generated via the AutoDock software18. The study 

focused on a single chain that was selected as the subject of investigation. The crystal 

structure was devoid of its native ligand, non-interacting ions, and water molecules. 

Efficient hydrogen atoms were incorporated to alleviate the stress on the crystal lattice 

and render the protein amenable for utilization in the AutoDock docking simulation 

tool. The protein was generated utilizing the UCSF Chimaera graphical user interface 
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after performing structural reduction procedures, such as the inclusion of hydrogen 

atoms, Gasteiger charge calculations, and the consolidation of non-polar hydrogens 

with carbon atoms. 

Chemsketch 

ChemSketch is a program designed specifically for creating sketches of chemical 

structures while concentrating on chemical structure data. It helps with two-

dimensional compound drawing, which can then be swiftly converted into three 

dimensions utilizing a three-dimensional algorithm that also considers the molecular 

dynamics of such compounds. It is widely used in the fields of cheminformatics and 

bioinformatics. Analogues of the compounds have been made using ChemSketch. 

Ligand input files for docking were prepared using UCSF Chimaera and stored in the 

mol2 file format22. 

Chimera 

Utilizing UCSF Chimaera, the interactions were studied and visualized. It is software 

that can be expanded to analyze molecular structures as well as related data like density 

maps, results of sequence alignment, results of docking, conclusions from trajectory 

analysis, etc. Along with the essential features like visualization and expansion, it also 

provides a very high level of functionality23. 

Discovery Studio 

The Discovery Studio software facilitates the identification of the many forms of 

interactions and bond lengths that occur between the active sites in both the target and 

ligand conformations. Discovery Studio is a comprehensive and integrated graphical 

interface that facilitates efficient drug design and protein modeling 24. 

Docking 

The molecular docking method was applied to the selected ligands with the help of 

AutoDock Vina25. A grid box for ITK with the dimensions  X: 2.866, Y: 8.84, Z: 14.89 

Å, and the size of the grid box- 22 × 22  × 22, was identified as the protein target 

docking site and the best molecular interacting compounds were observed. The 

interactions between the active sites in the target and ligand conformation, along with 
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the type of interaction and bond distances, were identified using Discovery Studio 

Visualizer. 

Biology 

Cell lines 

Cells were purchased from ATCC (Middlesex, UK) and DSMZ (Braunschweig, 

Germany) and maintained at 37°C in a humidified incubator (5% CO2/atmospheric air) 

in recommended growth medium supplemented with 10% fetal calf serum, antibiotics 

(100 mg/mL streptomycin and 100 U/mL penicillin), 2 mM glutamine, 1 mM NaHCO3, 

1 mM C3H3NaO3, and 20 mM HEPES. Cell lines were validated monthly and regularly 

checked for mycoplasma contamination every 2 weeks. 

Cytotoxicity assay 

The cytotoxicity of compounds was determined using an MTS assay protocol 

developed for routine compound screening at our facility, and IC50 values were 

calculated as described previously18. 
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