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Abstract 

Aurora B is a pivotal cell cycle regulator where errors in its function results in polyploidy, 

genetic instability, and tumorigenesis. It is overexpressed in many cancers, consequently, 

targeting Aurora B with small molecule inhibitors constitutes a promising approach for anticancer 

therapy. Guided by structure-based design and molecular hybridization approach we developed 

a series of fifteen indolin-2-one derivatives based on a previously reported indolin-2-one-based 

multikinase inhibitor (1). Seven derivatives, 5g, 6a, 6c-e, 7, and 8a showed preferential 

antiproliferative activity in NCI-60 cell line screening and out of these, carbamate 6e and 

cyclopropylurea 8a derivatives showed optimum activity against Aurora B (IC50 = 16.2 and 10.5 

nM respectively) and MDA-MB-468 cells (IC50 = 32.6 ± 9.9 and 29.1 ± 7.3 nM respectively). 

Furthermore, 6e and 8a impaired the clonogenic potential of MDA-MB-468 cells. Mechanistic 

investigations indicated that 6e and 8a induced G2/M cell cycle arrest, apoptosis, and necrosis of 

MDA-MB-468 cells and western blot analysis of 8a effect on MDA-MB-468 cells revealed 8a‘s 

ability to reduce Aurora B and its downstream target, Histone H3 phosphorylation. 6e and 8a 

displayed better safety profiles than multikinase inhibitors such as sunitinib, showing no cytotoxic 

effects on normal rat cardiomyoblasts and murine hepatocytes. Finally, 8a demonstrated a more 

selective profile than 1 when screened against ten related kinases. Based on these findings, 8a 

represents a promising candidate for further development to target breast cancer via Aurora B 

selective inhibition. 
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1. Introduction 

Aurora B is a serine/threonine kinase that plays a crucial role in controlling the cell cycle, 

particularly the mitotic and cytokinesis phase [1]. It is responsible for proper chromosome 

segregation and cytokinesis [2] serving as a mitotic checkpoint, where errors in its function results 

in increased aneuploidy, genetic instability, and tumorigenesis [3]. Aurora B was reported to be 

overexpressed in numerous cancers including breast, ovarian, colorectal, and lung cancers [4] 

and evidence showed that inhibition of Aurora B in tumors led to dysregulation of mitotic 

checkpoint which resulted in polyploidy and subsequent cell death [5]. Therefore, Aurora B 

represents a promising target for anticancer therapy. 

Several pan-Aurora and selective Aurora B kinase inhibitors were developed over the last 

two decades and many of these are currently undergoing clinical trials (phase I or II) [6]  but to 

date, no Aurora B kinase inhibitor has been approved yet [7–10]. Pan-Aurora kinase inhibitors 

comprise VX-680 [11], AT9283 [12], and ZM447439 [13], while specific Aurora B kinase inhibitors 

include the ATP competitive inhibitors, hesperadin [14] and barasertib [15], and the recently 

reported non-ATP competitive inhibitor SP-96 [16] (Figure 1). Both Aurora B kinase inhibition and 

combination with conventional chemotherapy showed good efficacy in preclinical models [17], 

and since many of these inhibitors showed off-target inhibition, more selective Aurora B kinase 

inhibitors are in demand [9]. 

Owing to sunitinib potency as a multikinase inhibitor [18,19], a multitude of kinase 

inhibitors were developed based on the indolin-2-one moiety [20,21], many of these were type 

II kinase inhibitors designed to show less promiscuity by attaining selectivity against specific 

kinase targets [22–24]. Aurora B inhibitors based on the indolin-2-one scaffold comprises the 

previously mentioned hesperadin, SU6668 [25], and BI-847325 [26] (Figure 1). 

Considering the efficacy of the pyrrole indolin-2-one unit as a hinge binder [27–29], we 

utilized the ChEMBL database to identify pyrrole indolinone-based kinase inhibitors with 

reported activity against Aurora B [30]. A previously reported Chk1 kinase inhibitor, (Z)-3-((1H-

pyrrol-2-yl)methylene)-6-(4-hydroxyphenyl)indolin-2-one (1) [31] (Figure 1) showing potent 

activity against Aurora B kinase (Ki = 19.95 nM) was identified and selected as a lead compound. 
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Our aim was to optimize this multikinase inhibitor into a more potent Aurora B inhibitor with 

enhanced kinase selectivity profile and test its anti-tumor properties in breast cancer cells. 

Guided by structure-based design and molecular hybridization approach, we developed a series 

of indolin-2-one derivatives and identified 8a as a potent and selective Aurora B inhibitor showing 

preferential antiproliferative profile with nanomolar activity against MDA-MB-468 breast cancer 

cell line and minimal cytotoxicity against normal cell lines. 

 

Figure 1. Chemical structures and predicted binding modes of reported Aurora B kinase inhibitors. Binding modes 
of VX-680, ZM447439, barasertib, hesperadin, BI-847325 were predicted in reference to their x-ray crystal 
structures with Aurora B kinase (PDB codes: 4AF3, 2VRX, 4C2V, 2BFY, and 5EYK respectively), while SP-96 binding 
mode was predicted based on its molecular docking pose [16]. Different binding regions are displayed as follows: 
adenine pocket (orange), hydrophobic region (cyan), solvent accessible region (purple), and allosteric pocket (grey). 
Broken arrows represents hydrogen bonds with respective amino acids. No crystal structures or docking studies 
were reported for AT9283, SU6668, or 1 with Aurora B. 
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2. Results and Discussion 

2.1. Design Strategy 

Public databases for chemical compounds and their biological data provide an ever-

expanding source for data mining for the purpose of drug discovery [32–35]. Of these, the 

ChEMBL database represents the main source for small molecules’ bioactivity data [36]. Guided 

by our interest in developing selective Aurora B kinase inhibitors and the frequent reports of the 

indolin-2-one scaffold as an efficient hinge binder, we searched the ChEMBL database for small 

molecules containing pyrrole indolin-2-one moiety with reported Aurora B kinase inhibitory 

activity. We identified a pyrrole indolinone-based Chk-1 kinase inhibitor (1) as our lead with 

reported nanomolar activity against Aurora B kinase (Ki = 19.95 nM)  and more than a dozen other 

kinases including, Abl1, ALK, JAK2, JAK3, VEGFR2, PDGFRβ, RET, LRRK2 and others [36]. We 

started by revalidating the lead compound (1) activity using SelectScreen kinase profiling service 

where it showed an IC50 of 84.4 nM against Aurora B kinase enzyme.   

In order to optimize compound 1, we needed to understand how it binds to Aurora B 

kinase enzyme. Compound 1 was docked into the ATP binding site of Aurora B kinase using 

CDOCKER module of Discovery Studio® 2.5 software and analyzed the resulting binding mode. As 

presented in Figure 2, compound 1 binds in a similar mode to the reported Aurora B inhibitors, 

where the indolin-2-one moiety fits in the hinge region and forms two hydrogen bonds with 

Ala173 and Glu171, additionally the pyrrole nitrogen forms a hydrogen bond with Ala173. The p-

hydroxyphenyl moiety at 6-position extends into the hydrophobic pocket and forms a hydrogen 

bond between the hydroxyl group and Gln145. An unoccupied allosteric pocket (the enzyme is in 

“DFG-out” conformation) is revealed which can be exploited to design more selective Aurora B 

kinase inhibitors. We herein report our efforts to optimize the lead compound (1) by varying the 

substituents at the indolin-2-one 6-phenyl moiety and further extending these substituents into 

the allosteric pocket. 

Molecular hybridization is an established strategy for drug discovery that combine two or 

more fragments from different molecules to produce new hybrid compounds designed for 

various goals. These might include, increased potency, improved selectivity, better metabolic 
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stability, or even aiming at a different target [37,38]. Based on our understanding of the binding 

modes of different reported Aurora B kinase inhibitors, we incorporated several moieties from 

these inhibitors into the 6-phenyl group of our designed compounds to target the allosteric 

pocket, including cyclopropylamide (VX-680), cyclopropylurea (AT9283), and benzamide 

(ZM447439). 

 

Figure 2. (A) Docking of lead compound (1) into the ATP binding site of Aurora B kinase enzyme (PDB code: 4C2V) 
revealed an unoccupied allosteric pocket. The figure was visualized using PyMOL. (B) Predicted binding mode of 
compound (1) based on its molecular docking pose (refer to Figure 1 for different binding region interpretation). 

2.2. Chemistry 

The desired indolin-2-one derivatives were synthesized along their lead compound (1) 

according to the previously reported procedures [39–43] as depicted in Scheme 1. Knoevenagel 

condensation of 6-bromoindolin-2-one (2) with 1H-pyrrole-2-carboxaldehyde (3) in toluene using 

catalytic amount of piperdine and acetic acid yielded the desired (Z)-3-((1H-pyrrol-2-

yl)methylene)-6-bromoindolin-2-one (4) in very good yield. Suzuki coupling of bromo derivative 

(4) with the appropriate boronic acid using palladium tetrakis and potassium carbonate in 

dioxane and water yielded the desired products (1, 5a-i) in poor to very good yields. Amine 

derivatives (5h, 5i) were further functionalized as amides or carbamate using the appropriate 

acid chloride or ethyl chloroformate in pyridine to give the desired products (6a-e) in fair to good 

yields. The amine derivative (5h) was reacted with benzenesulfonyl chloride in pyridine to furnish 

the desired sulfonamide derivative (7) in fair yield. Urea derivatives (8a,b) were synthesized on 

two steps by first reacting the amine derivative (5h) with triphosgene in THF, then the formed 

isocyanate was reacted with the appropriate amine using DIPEA in THF to give the desired urea 

derivatives (8a,b) in fair yields. 
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Scheme 1. Reagents and conditions: (a) Toluene, AcOH, piperidine, 80oC, 2 h, 82% yield; (b) Aryl boronic acid, Pd 
tetrakis, K2CO3, dioxane, H2O, reflux, 6 h, 15-81% yield; (c) 5h or 5i, RCOCl, pyridine, rt, 4 h, 55-73% yield; (d) 5h, 
benzenesulfonyl chloride, pyridine, rt, 24 h, 57% yield; (e) (1) 5h, triphosgene, dry THF, reflux, 2 h, (2) Amine, DIPEA, 
THF, reflux, 24 h, 44-61% yield. 

2.3. Biological evaluation 

2.3.1. In vitro Aurora B kinase assay 

The synthesized indolin-2-one derivatives were initially evaluated in a single dose assay 

at 100 nM for their inhibitory activity against Aurora B kinase enzyme (Table 1). Only 3-hydroxy 

(5a), amide (6a-d), carbamate (6e), and urea (8a,b) derivatives showed inhibitory activity ≥ 90% 

at 100 nM and were further evaluated for their IC50 along with the lead compound (1). The 3-

hydroxy (5a) and 3-acetamido (6b) derivatives showed single digit nanomolar activity against 



8 
 

Aurora B enzyme (5.8 and 7.8 nM respectively), while the remaining six derivatives (6a,c-e and 

8a,b) showed activity ranging from 10-20 nM (Table 1). As evident by these results, substitution 

of the 6-phenyl moiety with bulkier substituent capable of forming hydrogen bonds with the 

amino acid residues at the allosteric pocket mostly yielded more potent derivatives than the lead 

compound (1) (IC50 = 84.4 nM). 

Table 1. In vitro Aurora B kinase inhibition and antiproliferative activities of the indolin-2-one derivatives 1, 5a-g, 6a-
e, 7, and 8a,b. 

Compounds 

AURKBa Inhibition 
MDA-MB-468  

IC50
b (nM) 

at 100 nM (%) IC50 (nM) 

1 -- 84.4 21.0 ± 2.9 

5a 93 5.8 -- 

5b 77 -- -- 

5c 42 -- -- 

5d 44 -- -- 

5e 53 -- -- 

5f 53 -- -- 

5g 77 -- -- 

6a 91 12.5 84.5 ± 11.4 

6b 97 7.8 -- 

6c 97 15.7 75.1 ± 16.9 

6d 94 17.6 342.6 ± 90.5 

6e 95 16.2 32.6 ± 9.9 

7 66 -- -- 

8a 102 10.5 29.1 ± 7.3 

8b 90 19.4 -- 

Staurosporine -- 5.04 -- 

Sunitinib malate -- -- 12574 ± 3592.6 

aThe Aurora B kinase inhibition assay was provided by ThermoFisher Scientific. All data were obtained by double 
testing and expressed as mean values. 
bMedian inhibitory concentration (IC50) values are expressed as mean±SD and were based on the data obtained from 
triplicates of at least two independent experiments. 
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2.3.2. In vitro antiproliferative screening 

One of our design goals was to develop more selective Aurora B kinase inhibitors than the 

starting lead compound (1). Based on the premise that multikinase inhibitors tend to inhibit 

various cancer cell lines non-selectively [44,45], we elected to use the NCI-60 cell line panel as a 

rough estimate for our compounds’ selectivity. One-dose screening at 10 µM of our compounds 

(Supplementary data, S2-S23) showed that compounds 1, 5a-f, 6b, 8b manifested non-selective 

antiproliferative activity, where they inhibited many to almost all of the screened NCI-60 cell 

lines. Compounds 5g, 6a, 6c-e, 7, 8a showed a much selective antiproliferative profile, where 

they inhibited a limited number of the NCI-60 cell line panel including, leukemia SR, colon cancer 

KM-12, and breast cancer MCF-7, T-47D, and MDA-MB-468 cell lines suggesting a more selective 

mode of action. 

MDA-MB-468 is an aneuploid human basal-like triple negative breast cancer cell line that 

overexpresses Aurora B kinase enzyme compared to other breast cancer cell lines [46]. Indeed, 

MDA-MB-468 cells have been reported to be more vulnerable to the anticancer activities of 

Aurora B kinase inhibitors [46,47]. To this end, we decided to evaluate the potential anticancer 

activity of the synthesized compounds on MDA-MB-468 cells using the CellTiter-Glo® 

Luminescent Cell Viability Assay. We chose to focus on compounds 6a, 6c-e, 8a in light of their 

potent activity against Aurora B kinase enzyme and their discriminative profile against the NCI-

60 cell lines. Consistent with the results of Aurora B kinase enzyme inhibition assay, carbamate 

(6e) and cyclopropylurea (8a) derivatives demonstrated the most potent anticancer activities 

against MDA-MB-468 with IC50 of 32.6 ± 9.9 and 29.1 ± 7.3 nM respectively (Table 1). Similarly, 

in line with the NCI-60 cell lines screening results demonstrating non-selective potent anticancer 

activity against almost all cancer cells, compound 1 showed an IC50 of 21.0 ± 2.9 nM on MDA-MB-

468 cells. In contrast, sunitinib demonstrated modest anticancer activity on MDA-MB-468 cells 

with an IC50 of 12574 ± 3592.6 nM as previously reported [48].  

Aurora kinase B inhibitors have been reported to decrease the colony forming potential 

of diverse types of cancer [47–50]. To determine whether compounds 6e and 8a could affect the 

clonogenic potential of breast cancer cells, MDA-MB-468 cells seeded at a low density were 
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treated with vehicle, 6e or 8a. After 14 days, colonies were stained with crystal violet and 

counted. Indeed, compounds 6e and 8a significantly impaired the ability of MDA-MB-468 cells to 

form colonies (Figure 3). Altogether, these data demonstrate the potent in vitro anticancer 

activity of compounds 6e and 8a on triple negative breast cancer (MDA-MB-468) cells. 

 

Figure 3. Compounds 6e and 8a evidently impeded the colony forming potential of MDA-MB-468 breast cancer 

cells. (A), (C) Percent of number of colonies of MDA-MB-468 cells 14 days following their treatment with the 
indicated concentrations of compounds 6e and 8a, respectively. *: Statistical significance as compared to vehicle-
treated group assessed using One way analysis of variance (ANOVA) followed by Dunnett test for post-hoc analysis. 
(B), (D) Representative images of fixed and crystal violet stained colonies of MDA-MB-468 cells 14 days following 
their treatment with the indicated concentrations of compounds 6e and 8a, respectively. 

2.3.3. Cell cycle analysis of compounds 6a and 8a 

Aurora B kinase is the catalytic component of the chromosomal passenger complex which 

orchestrates proper chromatid segregation at mitosis and cytokinesis [51]. Pharmacological as 
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well as genetic interference with Aurora B result in premature mitotic exit and cell cycle arrest in 

the G2/M phase followed by apoptotic cell death [52]. Thereof, the DNA content of MDA-MB-

468 cells treated with vehicle, compounds 6e or 8a were assessed using flow cytometry. Indeed, 

compounds 6e and 8a increased the percent of 4N MDA-MB-468 cells as evidenced by prominent 

arrest in the G2/M phase (Figure 4). 

 

Figure 4. Compounds 6e and 8a trigger G2/M cell cycle arrest in MDA-MB-468 breast cancer cells. (A), (C) 
Representative flow cytometric histograms depicting the cell cycle distribution of MDA-MB-468 cells 24 h following 
their treatment with either vehicle or the indicated concentrations of compounds 6e and 8a, respectively. (B), (D) 
Percentages of MDA-MB-468 cells in G0/G1, S and G2/M phase 24 h following their treatment with the indicated 
concentrations of compounds 6e and 8a, respectively. 

Next, to evaluate whether compounds 6e and 8a could trigger cell death of MDA-MB-468 

cells, we exploited propidium iodide (PI), a fluorescent DNA-binding dye, which preferentially 
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penetrates the cell membranes of apoptotic and necrotic cells. FACS analysis and morphological 

examination revealed that compounds 6e and 8a significantly triggered apoptotic and necrotic 

death of MDA-MB-468 cells (Figure 5). Collectively, these findings indicated that compounds 6e 

and 8a induced G2/M cell cycle arrest followed by apoptotic and necrotic cell death of MDA-MB-

468 cells. 

 

Figure 5. Compounds 6e and 8a induce apoptotic and necrotic cell death of MDA-MB-468 breast cancer cells. (A), 
(B) Percent of propidium iodide (PI) positive MDA-MB-468 cells following their treatment with the indicated 
concentrations of compound 6e and 8a, respectively for 96 h assessed using flow cytometry. *: Statistical significance 
as compared to vehicle-treated group assessed using One way analysis of variance (ANOVA) followed by Dunnett 
test for post-hoc test. (C) Phase contrast images of MDA-MB-468 cells following their treatment with vehicle, 
compound 6e (100 nM) and 8a (100 nM) for 96 h. Upper (20x) and lower (40x) panels depicting apoptotic and 
necrotic cells (red arrows).  

2.3.4. Western blot analysis of the effect of compound 8a on MDA-MB-468 cells  

Aurora B phosphorylation at Thr-232 is indispensable for its kinase activity and function 

[53]. Aurora B directly phosphorylates Histone H3 at Serine 10 which plays a fundamental role in 
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mitotic chromatin condensation [54,55]. Indeed, immunoblot analysis revealed that compound 

8a evidently abrogated the activity of Aurora B in MDA-MB-468 cells as indicated by reduced 

phosphorylation of Aurora B at Thr232 and its downstream target, Histone H3 at Serine 10 (Figure 

6). 

 

Figure 6. Immunoblot analysis of AURKB and histone H3 in MDA-MB-468 cell lysates 72 h following their treatment 

with either vehicle or compound 8a (100 nM).  Vinculin was used as a loading control.  

2.3.5. Cytotoxic activity of compounds 6e and 8a against normal cells 

Kinase inhibitors have revolutionized the treatment of patients with diverse types of 

cancer. However, dose-limiting toxicities and subsequent therapy discontinuation have been 

reported [56–59]. Cardiotoxicity and hepatoxicity are among the toxicities associated with kinase 

inhibitors including sunitinib [56–58]. Thus, we sought to investigate the potential cytotoxic 

effect of compounds 6e and 8a on normal rat cardiomyoblast (H9c2) and murine hepatocyte 

(BNL) cells. Anticancer concentrations of compounds 6e and 8a did not elicit deleterious cytotoxic 

effects on H9c2 and BNL cells (Figure 7). Notably, compounds 6e and 8a displayed better safety 

profiles in terms of both cardio- as well as hepatotoxicities as compared to sunitinib. 
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Figure 7. Anticancer concentrations of compounds 6e and 8a do not affect the viability of normal rat 

cardiomyoblasts (H9c2) and murine hepatocytes (BNL). (A), (C) Cell viability (cellular ATP%) of rat cardiomyoblast  
(H9c2) and murine hepatocytes (BNL) cells, respectively following 72 h of treatment with the indicated 
concentrations of compounds 6e, 8a, and sunitinib malate normalized to vehicle-treated cells were assessed using 
ATP Cell Titer-Glo™ assay. (B), (D) Phase contrast (upper panel) and fluorescent (lower panel) images of Cyquant 
DNA stained H9c2 and BNL cells, respectively 72 h after their treatment with either vehicle, 6e (1000 nM), or 8a 
(1000 nM). 

2.3.6. In vitro selectivity profiling of 8a against a panel of kinase enzymes 

Pursuant to our findings, compound 8a represents an optimum agent with potent in vitro 

activity against both Aurora B enzyme and MDA-MB-468 breast cancer cells, and selective 

antiproliferative profile as indicated by NCI-60 cell line screening. Consequently, 8a was assessed 

against a panel of ten kinases at 1 µM concentration to demonstrate its kinase selectivity (Table 

2). While the parent compound 1 showed nanomolar activity against the tested kinase enzymes 
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[31,36], compound 8a showed negligible inhibition against Abl1, ALK, Chk1, JAK2, JAK3, and 

LRRK2 kinases. Furthermore, 8a showed less than 55% inhibition against VEGFR2, PDGFRβ, and 

RET kinase enzymes exhibiting a more selective profile than its parent compound 1. Moreover, 

compound 8a showed less than 80% inhibition at 1 µM of the closely related Aurora A kinase 

indicating a preferential activity for Aurora B over its cognate partner Aurora A. 

Table 2. In vitro kinase inhibition profile of 8a. 

Kinase 
% Inhibitiona 

at 1 µM 

ABL1 13 

ALK 9 

AURKA 74 

Chk1  0 

JAK2 -1 

JAK3 2 

VEGFR2 53 

PDGFRB 54 

RET 50 

LRRK2 3 

aThe kinase inhibition assays were provided by ThermoFisher Scientific. All data were obtained by double testing. 

2.4. Molecular modeling studies 

Docking of the target compounds (Scheme I) into the ATP binding site of Aurora B kinase 

enzyme (PDB:4C2V) using CDOCKER protocol of Discovery Studio® 2.5 software revealed a similar 

binding mode to the crystallized ligand (i.e. barasertib) and the lead compound (1) 

(Supplementary data, Figure S1). The docking binding scores for the best poses were calculated 

using –CDOCKER_INTERACTION_ENERGY (Supplementary data, Table S1). Compared to the lead 

compound’s (1) - CDOCKER_INTERACTION_ENERGY (43.627 Kcal/mol), compounds 5a, 5c, 5d, 5e, 

and 5f showed lower or similar interaction energy, and all of these compounds except for 5a 

showed lower activity when screened against Aurora B kinase enzyme at 1 µM concentration. 

Compounds 5b, 6a-e, 7, and 8a,b showed higher interaction energy compared to 1 and these 
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compounds showed better activity than 1 when tested against Aurora B kinase enzyme except 

for compounds 5b and 7, which showed less than 80% inhibition at 1 µM concentration. 

Analysis of the best docked pose of 8a into the ATP binding site of Aurora B kinase enzyme 

revealed an optimum binding pose and interactions (Figure 8). Firstly, the indolin-2-one carbonyl 

group maintained the essential hydrogen bond with Ala173 at the hinge region and additional 

hydrogen bonds were evident between the indolin-2-one NH group and Glu 171, and between 

the pyrrole NH and Ala173. Additionally, the urea moiety was involved in three hydrogen bonds 

at the allosteric channel with Lys122 and Glu141. Finally, the cyclopropyl fits into a hydrophobic 

pocket formed of Leu124, Val134, and Leu138. 

 

Figure 8. Docking of 8a into the ATP binding site of Aurora B kinase enzyme (PDB code: 4C2V). (A) 3D binding pose 
of 8a derivative. 8a is represented as sticks, interacting amino acids are represented as lines, and hydrogen bonds 
are depicted in red dotted lines. The figure was visualized using PyMOL. (B) 2D interaction digram of 8a displaying 
the key amino acids involved in this interaction. 

3. Conclusion 

 In this study we report the development of a series of indolin-2-one derivatives as 

potential Aurora B kinase inhibitors targeting breast cancer via structural optimization of a 

multikinase inhibitor 1. Cyclopropylurea derivative (8a) showed optimum inhibitory activity 

against Aurora B kinase and MDA-MB-468 cells, and mechanistic studies indicated that 8a 

induced G2/M cell cycle arrest followed by apoptotic and necrotic cell death of MDA-MBA-468 

cells. Furthermore, western blot analysis confirmed that 8a exerted its action by reducing 

phosphorylation of Aurora B and its downstream target, Histone H3. Regarding 8a selectivity, 
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both NCI-60 cell line screening and kinase profiling indicated a more preferential antiproliferative 

activity and a less promiscuous kinase profile than its lead compound 1. Moreover, 8a showed 

no cytotoxic effects on H9c2 and BNL cells at anticancer concentrations and displayed a better 

safety profile as compared to sunitinib. Accordingly, compound 8a represents a promising 

candidate for further development as targeted therapy for breast cancer via selective Aurora B 

kinase inhibition. 

4. Experimental 

4.1. Chemistry 

Chemicals and solvents were purchased from Sigma-Aldrich (Germany) and Alfa Aesar 

(Germany) and were used as such without further purification. Reactions were followed using 

analytical thin layer chromatography (TLC), performed on Aluminum silica gel 60 F254 TLC plates, 

purchased from Merck, with visualization under UV light (254 nm). 1HNMR spectra were 

determined on a two-channel Bruker AV-NEO NMR spectrometer operating at 11.7 T (500 MHz) 

and equipped with a 5 mm DCH cryoprobe in δ scale (ppm) and J (Hz) and referred to the 

deuterated solvent peak (DMSO-d6 δ = 2.5 ppm). 13CNMR spectra were determined on the same 

instrument at 126 MHz and referred to the solvent peak (DMSO-d6 δ = 39.52 ppm). All NMR 

datasets were acquired at 298 K unless otherwise stated. High resolution mass spectrometry 

(HRMS) was carried out using a Bruker MaXis Impact Time of Flight spectrophotometer, using 

electrospray ionization (ES+).  

4.1.1. General synthetic procedures for indolin-2-one derivatives 

The desired indolin-2-one derivatives were synthesized according to the previously 

reported procedures [39–43] and is illustrated as follows. 

Step a: To a solution of 6-bromoindolin-2-one (2) (2.12 g, 10.0 mmol, 1.00 equiv) and 1H-

pyrrole-2-carboxaldehyde (3) (0.95 g, 10.0 mmol, 1.00 equiv) in toluene (40 ml) was added 

catalytic amount of piperdine (200 µl) and glacial acetic acid (200 µl) and the reaction mixture 

was heated at 80oC for 2 h. Upon completion of the reaction as indicated by TLC, the mixture was 

cooled, evaporated, and the resulting residue was stirred with hexane, filtered, dried, and 



18 
 

purified by flash chromatography (DCM/Hexane 9:1) to yield the desired (Z)-3-((1H-pyrrol-2-

yl)methylene)-6-bromoindolin-2-one (4) in 82% yield. 

Step b: A solution of (Z)-3-((1H-pyrrol-2-yl)methylene)-6-bromoindolin-2-one (4) (289 mg, 

1.00 mmol, 1.00 equiv) and the appropriate boronic acid (2.00 mmol, 2.00 equiv) in 

dioxane/water (4:1, 24 ml) was purged with nitrogen for 5 min then Pd tetrakis (23.0 mg, 0.02 

mmol, 0.02 equiv) and K2CO3 (415 mg, 3.00 mmol, 3.00 equiv) were added and the reaction was 

refluxed under nitrogen for 6 hr. Upon completion of the reaction as indicated by TLC, the mixture 

was cooled, filtered using celite, evaporated, and the resulting residue was extracted with ethyl 

acetate. The organic layer was dried over anhydrous Na2SO4, evaporated, and the resulting 

residue was purified by flash chromatography to yield the desired final products (1, 5a-g) and the 

amine intermediates (5h,i). 

4.1.1.1. (Z)-3-((1H-pyrrol-2-yl)methylene)-6-(4-hydroxyphenyl)indolin-2-one (1) [31]. Rf = 0.25 

(DCM/MeOH 9.8:0.2). Dark orange solid, yield 55%. 1H NMR (501 MHz, DMSO-d6) δ 13.32 (s, 1H), 

10.95 (s, 1H), 9.56 (s, 1H), 7.73 (s, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.47 (dd, J = 2.0, 6.7 Hz, 2H), 7.36 

(q, J = 2.0 Hz, 1H), 7.22 (dd, J = 1.6, 8.0 Hz, 1H), 7.04 (d, J = 1.4 Hz, 1H), 6.85 (dd, J = 2.0, 6.7 Hz, 

2H), 6.83 (q, J = 1.7 Hz, 1H), 6.38 - 6.35 (1H, m). ¹³C NMR (126 MHz, DMSO-d6) δ 170.0, 157.6, 

140.1, 139.7, 131.6, 130.2, 128.1 (2C), 126.3, 126.0, 124.0, 120.6, 119.7, 119.4, 117.3, 116.2 (2C), 

111.9, 107.4. HRMS exact mass of C19H14N2O2 (M+H)+: 303.1128 amu; found: 303.1119 amu. 

4.1.1.2. (Z)-3-((1H-pyrrol-2-yl)methylene)-6-(3-hydroxyphenyl)indolin-2-one (5a). Rf = 0.30 

(DCM/MeOH 9.8:0.2). Dark orange solid, yield 31%. 1H NMR (501 MHz, DMSO-d6) δ 13.33 (s, 1H), 

10.99 (s, 1H), 9.52 (s, 1H), 7.77 (s, 1H), 7.69 (d, J = 7.9 Hz, 1H), 7.38 (q, J = 2.0 Hz, 1H), 7.27 - 7.23 

(2H, m), 7.08 - 7.05 (2H, m), 7.02 (t, J = 2.0 Hz, 1H), 6.86 (q, J = 1.7 Hz, 1H), 6.78 - 6.75 (1H, m), 

6.39 - 6.36 (1H, m). ¹³C NMR (126 MHz, DMSO-d6) δ 169.9, 158.3, 142.3, 140.1, 139.6, 130.4, 

130.2, 126.8, 126.3, 125.0, 120.9, 120.3, 119.4, 117.8, 117.1, 114.9, 113.7, 112.0, 108.0. HRMS 

exact mass of C19H14N2O2 (M+H)+: 303.1128 amu; found: 303.1122 amu. 

4.1.1.3. (Z)-3-((1H-pyrrol-2-yl)methylene)-6-(4-hydroxy-3-methoxyphenyl)indolin-2-one (5b) 

[31]. Rf = 0.40 (DCM/MeOH 9.9:0.1). Orange solid, yield 49%. 1H NMR (501 MHz, DMSO-d6) δ 

13.32 (s, 1H), 10.93 (s, 1H), 9.12 (s, 1H), 7.74 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.36 (q, J = 2.1 Hz, 
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1H), 7.27 (dd, J = 1.6, 8.0 Hz, 1H), 7.17 (d, J = 2.1 Hz, 1H), 7.06 (dd, J = 1.9, 8.5 Hz, 2H), 6.86 (d, J = 

8.2 Hz, 1H), 6.84 (q, J = 1.8 Hz, 1H), 6.37 (dt, J = 1.9, 3.0 Hz, 1H), 3.87 (s, 3H). ¹³C NMR (126 MHz, 

DMSO-d6) δ 170.0, 148.4, 146.9, 140.1, 139.9, 132.3, 130.2, 126.3, 126.0, 124.1, 120.6, 120.0, 

119.5, 119.4, 117.3, 116.4, 111.9, 111.1, 107.7, 56.1. HRMS exact mass of C20H16N2O3 (M+H)+: 

333.1233 amu; found: 333.1220 amu. 

4.1.1.4. (Z)-4-(3-((1H-pyrrol-2-yl)methylene)-2-oxoindolin-6-yl)benzonitrile (5c). Rf = 0.30 

(DCM/MeOH 9.95:0.05). Orange solid, yield 81%. 1H NMR (501 MHz, DMSO-d6) δ 13.34 (s, 1H), 

11.08 (s, 1H), 7.91 (dd, J = 4.0, 6.1 Hz, 2H), 7.87 (dd, J = 4.3, 4.3 Hz, 2H), 7.85 (s, 1H), 7.77 (d, J = 

8.0 Hz, 1H), 7.42 - 7.40 (2H, m), 7.19 (d, J = 1.4 Hz, 1H), 6.90 - 6.88 (1H, m), 6.39 (dt, J = 1.9, 3.0 

Hz, 1H). ¹³C NMR (126 MHz, DMSO-d6) δ 169.9, 145.3, 140.2, 137.2, 133.3 (2C), 130.2, 127.8 (2C), 

127.7, 126.8, 126.4, 121.4, 120.9, 119.6, 119.4, 116.6, 112.2, 110.2, 108.3. HRMS exact mass of 

C20H13N3O (M+H)+: 312.1131 amu; found: 312.1124 amu. 

4.1.1.5. (Z)-3-(3-((1H-pyrrol-2-yl)methylene)-2-oxoindolin-6-yl)benzonitrile (5d). Rf = 0.20 

(DCM/MeOH 9.95:0.05). Dark orange solid, yield 65%. 1H NMR (501 MHz, DMSO-d6) δ 13.34 (s, 

1H), 11.09 (s, 1H), 8.15 (t, J = 1.5 Hz, 1H), 8.01 (ddd, J = 1.1, 1.9, 8.0 Hz, 1H), 7.84 (s, 1H), 7.81 (dt, 

J = 2.5, 4.6 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.68 - 7.64 (1H, m), 7.41 - 7.39 (2H, m), 7.19 (d, J = 1.4 

Hz, 1H), 6.89 - 6.87 (1H, m), 6.40 - 6.38 (1H, m). ¹³C NMR (126 MHz, DMSO-d6) δ 169.9, 142.0, 

140.1, 137.1, 131.8, 131.3, 130.6, 130.6, 130.2, 127.5, 126.7, 126.0, 121.3, 120.7, 119.6, 119.3, 

116.7, 112.6, 112.1, 108.3. HRMS exact mass of C20H13N3O (M+Na)+: 334.0950 amu; found: 

334.0946 amu. 

4.1.1.6. (Z)-3-((1H-pyrrol-2-yl)methylene)-6-(3-methoxyphenyl)indolin-2-one (5e). Rf = 0.25 

(DCM). Orange solid, yield 43%. 1H NMR (501 MHz, DMSO-d6) δ 13.34 (s, 1H), 10.99 (s, 1H), 7.79 

(s, 1H), 7.71 (d, J = 7.9 Hz, 1H), 7.38 (q, J = 5.3 Hz, 2H), 7.33 (dd, J = 1.6, 7.9 Hz, 1H), 7.22 (d, J = 

7.7 Hz, 1H), 7.17 (t, J = 2.0 Hz, 1H), 7.12 (d, J = 1.4 Hz, 1H), 6.94 (dd, J = 1.9, 8.2 Hz, 1H), 6.87 (t, J 

= 1.7 Hz, 1H), 6.38 (dt, J = 1.9, 3.0 Hz, 1H), 3.83 (s, 3H). ¹³C NMR (126 MHz, DMSO-d6) δ 169.9, 

160.2, 142.4, 140.1, 139.3, 130.5, 130.2, 126.9, 126.3, 125.2, 120.9, 120.6, 119.4, 119.4, 117.0, 

113.5, 112.4, 112.0, 108.2, 55.6.  HRMS exact mass of C20H16N2O2 (M+H)+: 317.1284 amu; found: 

317.1274 amu. 
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4.1.1.7. (Z)-3-((1H-pyrrol-2-yl)methylene)-6-(3-nitrophenyl)indolin-2-one (5f). Rf = 0.35 (DCM). 

Orange solid, yield 41%. 1H NMR (501 MHz, DMSO-d6) δ 13.34 (s, 1H), 11.07 (s, 1H), 8.42 (t, J = 

2.0 Hz, 1H), 8.20 (ddd, J = 0.9, 2.3, 8.2 Hz, 1H), 8.15 (qd, J = 0.9, 7.8 Hz, 1H), 7.85 (s, 1H), 7.80 - 

7.74 (2H, m), 7.45 (dd, J = 1.7, 8.0 Hz, 1H), 7.41 (q, J = 2.0 Hz, 1H), 7.22 (d, J = 1.5 Hz, 1H), 6.91 - 

6.88 (1H, m), 6.39 (dt, J = 1.9, 3.0 Hz, 1H). ¹³C NMR (126 MHz, DMSO-d6) δ 169.9, 148.9, 142.4, 

140.2, 136.8, 133.5, 131.0, 130.2, 127.6, 126.7, 126.2, 122.4, 121.4, 121.3, 120.8, 119.7, 116.6, 

112.2, 108.3. HRMS exact mass of C19H13N3O3 (M+H)+: 332.1029 amu; found: 332.1023 amu. 

4.1.1.8. (Z)-3-((1H-pyrrol-2-yl)methylene)-6-(pyridin-4-yl)indolin-2-one (5g). Rf = 0.35 

(DCM/MeOH 9.7:0.3). Orange solid, yield 15%. 1H NMR (501 MHz, DMSO-d6) δ 13.35 (s, 1H), 

11.10 (s, 1H), 8.63 (d, J = 4.8 Hz, 2H), 7.86 (s, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.69 (d, J = 4.7 Hz, 2H), 

7.47 (d, J = 7.9 Hz, 1H), 7.42 (s, 1H), 7.24 (s, 1H), 6.90 (s, 1H), 6.40 (d, J = 1.9 Hz, 1H). ¹³C NMR (126 

MHz, DMSO-d6) δ 169.9, 150.7 (2C), 147.6, 140.2, 136.0, 130.2, 127.8, 126.9, 126.9, 121.5, 121.4 

(2C), 120.6, 119.6, 116.6, 112.2, 108.0. HRMS exact mass of C18H13N3O (M+H)+: 288.1131 amu; 

found: 288.1127 amu. 

Step c: To an ice-cold solution of the appropriate amine (5h,i) (200 mg, 0.66 mmol, 1.00 

equiv) in pyridine (10 ml) was added the appropriate acid chloride (0.79 mmol, 1.20 equiv) slowly 

and the reaction mixture was stirred at room temperature for 4 h. Upon completion of the 

reaction as indicated by TLC, the mixture was evaporated and purified by flash chromatography 

to yield the desired final products (6a-e). 

4.1.1.9. (Z)-N-(4-(3-((1H-pyrrol-2-yl)methylene)-2-oxoindolin-6-yl)phenyl)acetamide (6a). Rf = 

0.30 (DCM/MeOH 9.7:0.3). Dark orange solid, yield 71%. 1H NMR (501 MHz, DMSO-d6) δ 13.32 

(s, 1H), 10.99 (s, 1H), 10.04 (s, 1H), 7.76 (s, 1H), 7.70 (d, J = 6.2 Hz, 1H), 7.67 (d, J = 6.8 Hz, 2H), 

7.60 (d, J = 8.7 Hz, 2H), 7.37 (d, J = 0.9 Hz, 1H), 7.29 (dd, J = 1.5, 8.0 Hz, 1H), 7.10 (d, J = 1.2 Hz, 

1H), 6.85 (t, J = 1.7 Hz, 1H), 6.37 (ddd, J = 1.8, 1.8, 4.1 Hz, 1H), 2.08 (s, 3H). ¹³C NMR (126 MHz, 

DMSO-d6) δ 170.0, 168.8, 140.1, 139.2, 139.1, 135.3, 130.2, 127.2 (2C), 126.6, 126.2, 124.6, 

120.8, 120.0, 119.8 (2C), 119.5, 117.1, 112.0, 107.6, 24.5. HRMS exact mass of C21H17N3O2 

(M+Na)+: 366.1212 amu; found: 366.1209 amu. 
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4.1.1.10. (Z)-N-(3-(3-((1H-pyrrol-2-yl)methylene)-2-oxoindolin-6-yl)phenyl)acetamide (6b). Rf = 

0.20 (DCM/MeOH 9.8:0.2). Orange solid, yield 62%. 1H NMR (501 MHz, DMSO-d6) δ 13.31 (s, 1H), 

11.03 (s, 1H), 10.04 (s, 1H), 7.92 (s, 1H), 7.79 (s, 1H), 7.73 (d, J = 7.7 Hz, 1H), 7.55 (d, J = 7.3 Hz, 

1H), 7.38 (d, J = 8.6 Hz, 2H), 7.32 (d, J = 7.0 Hz, 1H), 7.27 (d, J = 7.6 Hz, 1H), 7.09 (s, 1H), 6.87 (s, 

1H), 6.38 (s, 1H), 2.08 (s, 3H). ¹³C NMR (126 MHz, DMSO-d6) δ 169.9, 168.9, 141.3, 140.4, 140.1, 

139.3, 130.2, 129.8, 127.0, 126.4, 125.2, 121.6, 121.0, 120.3, 119.5, 118.4, 117.4, 117.0, 112.0, 

107.9, 24.6. HRMS exact mass of C21H17N3O2 (M+H)+: 344.1393 amu; found: 344.1387 amu. 

4.1.1.11. (Z)-N-(4-(3-((1H-pyrrol-2-yl)methylene)-2-oxoindolin-6-yl)phenyl)cyclopropane-

carboxamide (6c). Rf = 0.35 (DCM/MeOH 9.5:0.5). Dark orange solid, yield 67%. 1H NMR (501 

MHz, DMSO-d6) δ 13.33 (s, 1H), 10.99 (s, 1H), 10.29 (s, 1H), 7.76 (s, 1H), 7.69 (t, J = 4.2 Hz, 3H), 

7.60 (d, J = 8.6 Hz, 2H), 7.37 (s, 1H), 7.29 (d, J = 7.9 Hz, 1H), 7.10 (s, 1H), 6.85 (s, 1H), 6.37 (d, J = 

3.0 Hz, 1H), 1.85 - 1.78 (1H, m), 0.82 (t, J = 6.8 Hz, 4H). ¹³C NMR (126 MHz, DMSO-d6) δ 172.1, 

170.0, 140.1, 139.3, 139.1, 135.3, 130.2, 127.2 (2C), 126.6, 126.2, 124.6, 120.8, 120.0, 119.8 (2C), 

119.5, 117.1, 112.0, 107.6, 15.1, 7.7 (2C). HRMS exact mass of C23H19N3O2 (M+H)+: 370.1550 

amu; found: 370.1546 amu. 

4.1.1.12. (Z)-N-(4-(3-((1H-pyrrol-2-yl)methylene)-2-oxoindolin-6-yl)phenyl)benzamide (6d). Rf = 

Rf = 0.30 (DCM/MeOH 9.5:0.5). Orange solid, yield 55%. 1H NMR (501 MHz, DMSO-d6) δ 13.33 (s, 

1H), 11.01 (s, 1H), 10.36 (s, 1H), 7.99 (d, J = 7.2 Hz, 2H), 7.90 (d, J = 8.6 Hz, 2H), 7.78 (s, 1H), 7.72 

(d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.6 Hz, 2H), 7.61 (t, J = 7.3 Hz, 1H), 7.56 (t, J = 7.4 Hz, 2H), 7.39 (s, 

1H), 7.34 (q, J = 3.1 Hz, 1H), 7.14 (d, J = 1.0 Hz, 1H), 6.86 (s, 1H), 6.40 - 6.35 (1H, m). ¹³C NMR (126 

MHz, DMSO-d6) δ 170.0, 166.0, 140.2, 139.1, 139.0, 136.0, 135.4, 132.1, 130.2, 128.9 (2C), 128.2 

(2C), 127.1 (2C), 126.7, 126.2, 124.7, 121.1 (2C), 120.8, 120.1, 119.5, 117.1, 112.0, 107.7. HRMS 

exact mass of C26H19N3O2 (M+H)+: 406.1550 amu; found: 406.1550 amu. 

4.1.1.13. Ethyl (Z)-(4-(3-((1H-pyrrol-2-yl)methylene)-2-oxoindolin-6-yl)phenyl)carbamate (6e). 

Rf = 0.30 (DCM/MeOH 9.7:0.3). Orange solid, yield 73%. 1H NMR (501 MHz, DMSO-d6) δ 13.32 (s, 

1H), 10.98 (s, 1H), 9.74 (s, 1H), 7.76 (s, 1H), 7.69 (d, J = 7.1 Hz, 1H), 7.58 (d, J = 5.7 Hz, 4H), 7.37 

(s, 1H), 7.28 (d, J = 6.9 Hz, 1H), 7.09 (s, 1H), 6.87 (s, 1H), 6.37 (s, 1H), 4.15 (d, J = 6.4 Hz, 2H), 1.25 

(s, 3H). ¹³C NMR (126 MHz, DMSO-d6) δ 170.0, 154.0, 140.1, 139.1 (2C), 134.7, 130.2, 127.3 (2C), 
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126.6, 126.2, 124.5, 120.7, 119.9, 119.5, 119.0 (2C), 117.2, 112.0, 107.6, 60.7, 15.0. HRMS exact 

mass of C22H19N3O3 (M+H)+: 374.1499 amu; found: 374.1492 amu. 

Step d: To an ice-cold solution of the amine derivative (5h) (200 mg, 0.66 mmol, 1.00 

equiv) in pyridine (10 ml) was added benzenesulfonyl chloride (141 mg, 102 µl, 0.79 mmol, 1.20 

equiv) slowly and the reaction mixture was stirred at room temperature for 24 h. Upon 

completion of the reaction as indicated by TLC, the mixture was evaporated and purified by flash 

chromatography to yield the desired final product (7). 

4.1.1.14. (Z)-N-(4-(3-((1H-pyrrol-2-yl)methylene)-2-oxoindolin-6-yl)phenyl)benzene-

sulfonamide (7). Rf = 0.30 (DCM/MeOH 9.9:0.1). Reddish orange solid, yield 57%. ¹H NMR (501 

MHz, DMSO-d6) δ 13.31 (s, 1H), 10.98 (s, 1H), 10.43 (s, 1H), 7.81 (t, J = 4.3 Hz, 2H), 7.76 (s, 1H), 

7.67 (d, J = 8.0 Hz, 1H), 7.65 - 7.60 (1H, m), 7.59 (d, J = 6.4 Hz, 1H), 7.56 (q, J = 2.7 Hz, 1H), 7.54 

(d, J = 8.7 Hz, 2H), 7.37 (d, J = 1.0 Hz, 1H), 7.23 (q, J = 3.2 Hz, 1H), 7.19 (d, J = 8.6 Hz, 2H), 7.03 

(d, J = 1.3 Hz, 1H), 6.84 (t, J = 1.7 Hz, 1H), 6.38 - 6.35 (1H, m). ¹³C NMR (126 MHz, DMSO-d6) δ 

169.9, 140.1 (2C), 138.5, 137.5, 136.4, 133.4, 130.2, 129.8 (2C), 127.7 (2C), 127.1 (2C), 126.8, 

126.3, 124.8, 120.9, 120.7 (2C), 120.0, 119.5, 117.0, 112.0, 107.7. HRMS exact mass of 

C25H19N3O3S (M+H)+: 440.1074 amu; found: 440.1067 amu. 

Step e: To a solution of the amine derivative (5h) (200 mg, 0.66 mmol, 1.00 equiv) in dry 

THF (20 ml) was added triphosgene (167 mg, 0.66 mmol, 1.00 equiv) and the reaction mixture 

was purged and refluxed under nitrogen for 2 h. Upon the reaction completion as indicated by 

TLC the solution was concentrated under reduced pressure. The resulting residue was dissolved 

in dry THF (20 ml) and the appropriate amine (0.99 mmol, 1.50 equiv) and DIPEA (168 mg, 226 

µl, 1.30 mmol, 2.00 equiv) were added, and the reaction mixture was refluxed under nitrogen for 

24 h. Upon completion of the reaction as indicated by TLC, the solution was concentrated, and 

the residue was purified by flash chromatography to give the desired final products (8a,b). 

4.1.1.15. (Z)-1-(4-(3-((1H-pyrrol-2-yl)methylene)-2-oxoindolin-6-yl)phenyl)-3-cyclopropylurea 

(8a). Rf = 0.20 (DCM/MeOH 9.7:0.3). Orange solid, yield 44%. 1H NMR (501 MHz, DMSO-d6) δ 

13.32 (s, 1H), 10.97 (s, 1H), 8.41 (s, 1H), 7.75 (s, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.8 Hz, 

2H), 7.50 (d, J = 8.8 Hz, 2H), 7.37 (d, J = 0.9 Hz, 1H), 7.27 (q, J = 3.1 Hz, 1H), 7.08 (d, J = 1.2 Hz, 1H), 
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6.84 (t, J = 1.6 Hz, 1H), 6.42 (d, J = 2.3 Hz, 1H), 6.39 - 6.35 (1H, m), 2.58 - 2.54 (1H, m), 0.68 - 0.62 

(2H, m), 0.45 - 0.40 (2H, m). ¹³C NMR (126 MHz, DMSO-d6) δ 170.0, 156.4, 140.3, 140.1, 139.3, 

133.5, 130.2, 127.2 (2C), 126.5, 126.1, 124.3, 120.7, 119.8, 119.5, 118.7 (2C), 117.2, 111.9, 107.5, 

22.9, 6.9 (2C). HRMS exact mass of C23H20N4O2 (M+H)+: 385.1659 amu; found: 385.1655 amu. 

4.1.1.16. (Z)-1-(4-(3-((1H-pyrrol-2-yl)methylene)-2-oxoindolin-6-yl)phenyl)-3-(3-tolyl)urea (8b). 

Rf = 0.35 (DCM/MeOH 9.7:0.3). Orange solid, yield 61%. 1H NMR (501 MHz, DMSO-d6) δ 13.33 (s, 

1H), 10.99 (s, 1H), 8.77 (s, 1H), 8.62 (s, 1H), 7.76 (s, 1H), 7.69 (d, J = 7.9 Hz, 1H), 7.60 (d, J = 8.5 

Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 7.37 (s, 1H), 7.33 (s, 1H), 7.30 (d, J = 7.9 Hz, 1H), 7.25 (d, J = 7.9 

Hz, 1H), 7.17 (t, J = 7.7 Hz, 1H), 7.10 (s, 1H), 6.85 (s, 1H), 6.81 (d, J = 7.2 Hz, 1H), 6.37 (s, 1H), 2.29 

(s, 3H). ¹³C NMR (126 MHz, DMSO-d6) δ 170.0, 152.9, 140.2, 140.0, 139.7, 139.2, 138.4, 134.2, 

130.2, 129.1, 127.3 (2C), 126.5, 126.1, 124.4, 123.1, 120.7, 119.9, 119.5, 119.2, 119.0 (2C), 117.2, 

115.9, 111.9, 107.5, 21.7. HRMS exact mass of C27H22N4O2 (M+H)+: 435.1815 amu; found: 

435.1819 amu. 

4.2. Biological evaluation 

4.2.1. Kinase Inhibition Assays 

The kinase inhibition assays were performed using the SelectScreen kinase profiling 

service of ThermoFisher Scientific. Abl1, ALK, AURKA, AURKB, Chk1, JAK2, JAK3, VEGFR2, PDGFRβ, 

and RET kinases inhibition was determined using Z’-LYTE assay protocol, while LRRK2 kinase 

inhibition was determined using Adapta assay protocol. All data were obtained by double testing 

and the IC50 values were calculated using nonlinear regression with normalized dose-response fit 

using Prism GraphPad software. 

4.2.2. Reagents, and antibodies 

ROCHE Complete™ EDTA-free Protease Inhibitor Cocktail (Catalog.No.11836170001) was 

purchased from Sigma Aldrich. Bio-Rad DC™ Protein Assay (Catalog.No.500-0114) was purchased 

from Bio-Rad. Primary antibodies against phosphorylated Aurora kinase B (Thr232), 

phosphorylated histone 3 (S10), and total histone 3 were purchased from Cell Signaling 

Technology and Abcam. Anti-vinculin was purchased from Sigma Aldrich. Sunitinib malate was 
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purchased from Selleckchem. All the other chemicals and solvents were of the highest 

commercially available grade. 

4.2.3. Cancer and normal cell lines and cell culture 

Human breast cancer cell line MDA-MB-468, was obtained from ATCC. MDA-MB-468 cells 

were cultured in Ham’s F-12/DMEM (1:1 ratio) media supplemented with 2 mM L-glutamine, 10% 

FBS, and 1% penicillin-streptomycin. Normal rat cardiomyoblast (H9c2) and murine hepatocyte 

(BNL) cell lines were cultured in DMEM media supplemented with 10% FBS, 2 mM L-glutamine 

and 1% penicillin-streptomycin. Cells were maintained in a humidified tissue culture incubator at 

37oC with 5% CO2. All cell lines were tested for mycoplasma contamination and resulted negative 

before being used in further experiments. 

4.2.4. Cell viability assay 

To determine the effect of the synthesized compounds on their viability, MDA-MB-468, 

H9c2 and BNL cells were treated with varying concentrations of the synthesized compounds for 

the indicated time points. Cell viability was determined using a Cell Titer-Glo™ Luminescent Cell 

Viability assay (Promega Corporation, USA) which quantifies cellular ATP levels as an indicator of 

metabolically active cells [60]. Luminescence was measured using Glomax™ Multi-Detection 

System (Promega Corporation, USA). 

4.2.5. Clonogenic assay 

MDA-MB-468 cells were seeded in 6-well plates (250 cells/well) overnight and then 

treated with the indicated concentrations of compounds 6e or 8a. Fourteen days later, colonies 

were fixed and stained using 0.5% crystal violet in 50/50 methanol/water for 30 min. Six-well 

plates were then rinsed with water and left for drying at room temperature and colonies were 

counted.  

4.2.6. Cell cycle analysis 
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Flowcytometric DNA ploidy analysis of MDA-MB-468 cells treated with vehicle or 

compounds 6e or 8a was performed as previously described [61]. Cell cycle analysis using 

propidium iodide (50 μg/ml) was performed using FACS Celesta and analyzed using FlowJo 

software. 

 4.2.7. Quantification of cell death 

After MDA-MB-468 cells were treated as indicated, cells were washed in PBS (pH 7.2), and 

then stained with propidium iodide. Cell fluorescence was then measured using a flow cytometer 

(FACSCalibur; Becton Dickinson, CA) and analyzed using FlowJo software as previously described 

[60].  

4.2.8. Immunoblot analysis 

Following their treatment with the indicated concentration of compound 8a, MDA-MB-

468 cells were harvested and lysed in SDS lysis buffer comprising ROCHE Complete™ EDTA-free 

Protease Inhibitor Cocktail as previously described [62]. The protein content of cell lysates was 

assessed using Bio-Rad protein DC assay and then resolved on 12% SDS–PAGE and transferred to 

nitrocellulose membrane using a wet transfer system (Bio-Rad). The membrane was then blocked 

with 5% skimmed milk in TBST for 1 h at room temperature. The membrane was incubated with 

the indicated primary antibodies in TBST (containing 5% skimmed milk) at 4°C overnight. After 

three washing cycles with TBST, the membrane was blotted with horseradish peroxidase-

conjugated secondary antibody at room temperature for 1 h. The membrane was then washed 

with TBST thrice. Protein bands were detected with a Chemiluminescence western blot detection 

kit (Amersham Pharmacia Biotech, Piscataway, NJ, USA).  

4.2.9. Statistical Analysis 

Analysis of the data was carried out using GraphPad Instat (Version 2) as follows; Data are 

presented as mean ± standard deviation (SD). One way analysis of variance (ANOVA) followed by 

Dunnett test for post-hoc analysis was used for multiple comparisons (> two treatment groups). 

Statistical significance was acceptable at P value <0.05. Graphs were presented using Graphpad 
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Prism software program (GraphPad software incorporated, version 5). Median inhibitory 

concentrations (IC50) values were obtained from Sigmoidal dose-response (Variable slope) curves 

using GraphPad Prism software. 

4.3. Molecular modeling 

Molecular docking of 1 and target compounds was performed using Discovery Studio® 

CDOCKER protocol (version 2.5, Accelrys, Inc., San Diego, CA). The X-ray crystal structure of 

Aurora B kinase enzyme was obtained from PDB server (PDB ID: 2C2V). The protein structure was 

prepared according to the standard protein preparation procedure integrated in Accelrys’ 

Discovery Studio 2.5, which involved adding hydrogen atoms, completing the missing loops, and 

assigning force field parameters. CHARMM force field was used for simulation studies and then 

the protein structure was minimized using 1000 iterations of steepest descent minimization 

algorithm. The ligands were drawn using the sketching tools of Accelry’s Discovery Studio and 

they were prepared for docking by adding hydrogen atoms and partial charges using the 

Momany-Rone method. For docking, the CDOCKER protocol was used. The binding site was 

defined by the residues within 10 Å distance from the co-crystallized ligand. The default values 

of CDOCKER were used. Ten different docking solutions were generated and visually inspected 

for selection of the best binding mode. Docking scores for the best binding poses were reported 

using -CDOCKER_INTERACTION_ENERGY. The results were viewed using PyMOL software (v2.3, 

https://pymol.org/2/). 
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