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Targeted therapy is preferable over other therapeutics due to its limitation of drawbacks and better 
pharmaceutical outcomes. VEGF and its receptors have been observed to be hyper-activated in 
many cancer types and are considered promising targets for assigning anticancer agents. The current 
study is directed towards synthesis of novel antiproliferative 2-oxoindolin-3-ylidenes incorporating 
urea function with VEGFR-2 properties. The targeted agents were obtained through a two-step 
reaction. Addition of the appropriate 1-(acetylphenyl)-3-phenylurea 9a,b to the corresponding isatin 
10a–f in ethanol containing a quantitative amount of Et2NH followed by acidic dehydration (AcOH/
HCl) afforded the targeted agents 12a–j. Promising antiproliferation properties (MTT assay) were 
observed for most of the synthesized agents against HCT116 (colon), MCF7 (breast) and PaCa2 
(pancreatic) cancer cell lines relative to sunitinib. VEGFR-2 inhibitory properties are consistent with the 
antiproliferation properties exhibited against the tested cell lines. Compound 12b (R = 4-NHCONHPh, 
R′ = H; % inhibition = 87.2) is the most promising/potent anti-VEGFR-2 agent synthesized with 
activity close to that of sunitinib (% inhibition = 89.4) at 10 μM. Molecular docking studies (PDB: 
3WZE and 3AGD) support the antiproliferation effects against cancer cell lines tested with VEGFR-2 
inhibitory properties. The results are consistent with collaboration of the pharmacophores considered 
(2-oxoindolyl heterocycle and urea) in improving the bio-properties.
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One of the most dangerous diseases globally impacting human-kind is cancer1. Diverse techniques continue 
to be developed for diagnosis and treatment of different cancer types but control the disease remains elusive2. 
Targeted therapy is a clinically preferable approach over conventional/traditional treatment due to lower 
cytotoxicity (causing damage to normal cells and impacting vital body organs) and better efficacy. Many small 
and large molecule targeted therapeutical hits/leads have been the subject of different research studies, with 
small molecules being preferable due to the improved pharmacokinetics3.

The current work deals with construction of novel VEGFR-2 (vascular endothelial growth factor receptor) 
inhibitors adopting the molecular hybridization approach. Molecular hybridization is an approach involving 
structure modification in drug discovery and development. The reasoning is that combination of two or more 
bio-active pharmacophoric units/moieties may afford new potentially bio-active hybrids with elevated potency 
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relative to the parents. This concept can be achieved through direct connection of two or more pharmacophoric 
units or through a linker/spacer4–6.

VEGF is an important class of tyrosine kinases. Tyrosine kinases are reported to be overexpressed in cancer 
cells and are linked to cancer proliferation and metastasis. This explains the efficiency of chemotherapeutical 
pathway of cancer proliferation associated with their inhibition7,8. Tyrosine kinases fall into two categories, 
receptors and non-receptors. The receptors are either trans-membrane, extracellular or intracellular whereas, the 
non-receptors are intracellular9. VEGF are essential growth factor protein kinases for angiogenesis, which is a vital 
process for the generation of new blood capillaries from the present vessels of the vascular system. Angiogenesis 
is a normal and important process for many functions, including wound healing and functional repair of many 
pathological disorders in addition to embryonic development. Cancer proliferation and development utilize 
angiogenesis for vital nutrients, oxygen supply and removal of waste10–12. Several VEGF have been identified 
(VEGF-A, B, C and D), capable of binding with different tyrosine kinase receptors (VEGFR-1, -2, and -3). VEGF 
and its receptors have been observed to be hyper-activated in many cancer types making them promising targets 
for anticancer agents. VEGFR-2 is reported to be an anti-angiogenic factor against many solid tumors (breast, 
ovary, colon, lung, renal, etc.)10–12.

Many indolyl heterocycles have been assessed as anticancer active agents13–22 and some have been clinically 
approved against different types of cancers. Sunitinib 1 (Fig.  1) is a multi-targeted tyrosine kinase inhibitor 
(VEGFR-1,-2, -3; PDGFR-α, -β “platelet derived growth-factor receptor”; c-kit “stem cell factor receptor”)23–26. 
It has been awarded FDA clinical approval against advanced renal and imatinib-resistant gastrointestinal (2006) 
and pancreatic (2011) cancers, as well as adjuvant treatment of adults at high risk of renal cancer (2017)27,28. 
Many urea-containing compounds have been reported as VEGFR-2 inhibitors29–34 and some have been approved 
against different cancer types. Sorafenib (Nexavar) 2 is a multi-targeted kinase inhibitor, FDA approved against 
advanced renal (2005), hepatocellular (2007) and thyroid (2013) cancers35,36 (Fig. 1).

Additionally, many indolyl-containing anticancer drugs are well known of which, Nintedanib 3 that is a multi-
targeted tyrosine kinase inhibitor (VEGFR-1, -2, -3; PDGFR-α, -β and FGFR-1, -2, -3, -4 “fibroblast growth-
factor receptor”)37–41. FDA approval for Nintedanib was received in 2014 against lung fibrosis and in 2019. It 
was awarded approval for non-small cell lung cancer “NSCLC” (accompanied with Docetaxel)37,39–43. Anlotinib 
4 (against NSCLC and metastatic colon cancers) and Surufatinib 5 (against extrapancreatic neuroendocrine 
tumor) are multi-targeted tyrosine kinase inhibitors approved in China44–47.

Moreover, many urea-containing drugs are well known of which, Regorafenib (Stivarga) 6, that is FDA 
approved drug against metastatic colon (2012), advanced gastrointestinal (2013) and liver (2017) cancers48,49. 
Lenvatinib (Lenvima) 7 is multi-targeted tyrosine kinase inhibitor (VEGR-1, -2, -3; FGFR-1, -2, -3, -4 and 
PDGFR-α) FDA approved against thyroid (2015), advanced renal (2016), liver (2018) and endometrial (in 
combination with Keytruda, 2019, 2021) cancers50,51. Tivozanib (Fotivda) 8 is an anti-angiogenic VEGFR 
inhibitor, FDA approved (2021) for adult patient with relapsed or advanced renal cancer52,53 (Fig. 2).

The current study investigates the design and synthesis of novel agents with potential VEGFR-2 inhibitory 
properties via conjugation of the 2-oxoindolyl heterocyclic moiety with urea function. This is inspired by 
the clinically approved indole- and urea-containing anticancer drugs (Figs. 1 and 2). Molecular conjugation 
is an approach extensively applicable in medicinal chemistry for designing/optimizing effective hits/leads. 
Conjugation of one or more pharmacophores can assist in development of potent bio-active agents54. Many 
bio-active agents for diverse medicinal chemical purposes (for example, anticancer54,55, antimicrobial56, 
cardiovascular disorders57,58 and anti-inflammatory56,59) adopting molecular conjugation approach have been 
reported. Antiproliferation properties of the synthesized agents against a group of cancer cell lines (colon, 
breast and pancreatic) have been investigated. The VEGFR-2 inhibitory properties of the agents have also 
been determined and molecular modeling (computational studies) used for understanding and explaining the 
exhibited bio-properties.

Colorectal cancer (including colon and rectum) accounts for about 10% of all malignant cancer types (the 
third most common cancer) and is the second most deadly globally60. Colon cancers are of two main types, 
intraluminal and perforated61. Many lifestyle habits such of which; smoking, alcohol drinking and unhealthy 
food are connected with colon cancer62. It is also notable that the incidence of colon cancer is higher in elder 
people (aged 50 years and above) and it is also correlated with other factors such as family history of colon or 
bowel disease63. At the initial stage of the disease, the symptoms are mild or unnoticeable, explaining why medical 
advice is sought by many patients at an advanced stage/phase63. Surgery, chemo- and radiotherapy are the most 

Fig. 1. Design of the targeted agents via conjugation of pharmacophores derived from VEGF inhibitor FDA 
approved Sunitinib 1 (indoleyl-containing) and Sorafenib 2 (urea-containing) drugs.
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well-known options for colon cancer treatment. Many chemotherapeutical drugs have been clinically approved, 
but due to their limited efficacy and severe side effects, alternative therapies continue to be in demand64.

Breast cancer is the second highest cause of mortality in women. It can be categorized into either the type 
with receptors (estrogen, progesterone and human epidermal growth factor) or the triple-negative type that lacks 
receptors65. The latter is an aggressive type, accounting for 15–20% of all breast cancers and is a greater treatment 
challenge than many other types, with high mortality rates66,67. Many approaches are taken towards treatment 
of breast cancer, including surgery, radiotherapy, chemotherapy, hormone therapy and immunotherapy66,68. 
Metastasis in breast cancer is unfortunately a serious challenge and may lead to transfer of the disease to many 
vital organs including lung, bone and lymph nodes68. Although various tools for diagnosis and many therapeutics 
have been developed for breast cancer, novel agents with high potencies are still needed67,68.

Pancreatic cancer is ranked 12th in terms of occurrence worldwide, with poor prognosis and a low 5-year 
survival rate (≈ 10.8%)69,70. It is predicted to become the second highest cause of death among all cancer types 
within the next decade unless improved therapeutics and advanced techniques/tools can treat and detect the 
disease before the advanced or metastatic stages71. The low survival rates of pancreatic cancer can be attributed 
to the lack of a clinical marker that can detect the malignancy in its early stage beside the asymptomatic features 
of this type of cancer72. Four stages of pancreatic cancer have been identified; resectable, borderline resectable, 
locally advanced and metastatic/advanced stage71. Smoking and family disease history are factors associated to 
this disease. Other contributors to increased risk include alcohol drinking, red meat as well as foods containing 
saturated fatty acids and fructose69. Surgery, chemo- and radiotherapy are the main options for tackling the 
disease73. New effective/selective therapeutic agents are also urgently in demand74.

Results and discussion
Chemical synthesis
The targeted agents 12a–j were synthesized in a two-step reaction as depicted in Fig. 3. In the first step, addition 
of the appropriate 1-(acetylphenyl)-3-phenylurea 9a,b75,76 to the corresponding isatin 10a–f was conducted in 
ethanol at room temperature in presence of a quantitative amount of diethylamine to afford the 1-[2-(3-hydroxy-

Fig. 2. Antitumor drugs containing-indolyl or urea pharmacophores.
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2-oxoindolin-3-yl)acetyl]phenyl-3-phenylureas 11a–j in good to excellent yields (73–91%) and reasonable 
purity. So, the next step of the reaction sequence was conducted without further purification. The diastereotopic 
methylene protons of 11a–f appear in 1H-NMR spectra at δH = 3.51–3.63, 3.97–4.13 (J = 17.2–17.9 Hz). 
Additionally, the appearance of the methylene (δC = 45.2–45.7) and indolyl C-3 (δC = 72.9–73.4) signals also 
evidence the structure.

Acidic dehydration of 11a–f in glacial acetic acid containing hydrochloric acid (35%) afforded the 
corresponding 1-[2-(2-oxoindolin-3-ylidene)acetyl]phenyl-3-phenylureas 12a–f in high yield (78–97%). The 
stereoselectivity of the reaction was established due to the formation of the E-configuration as a sole product. The 
appearance of the olefinic proton at δH = 7.70–7.96 evidenced the stereochemical structure21 (Supplementary 
Figs. S1–S60). Single crystal X-ray 12a provided an addition support for the structure (Fig. 4).

Single crystal X-ray structure of 12a
The crystal structure is orthorhombic, space group Pna21 (Supplementary Table S1), and contains two 
independent molecules in the asymmetric unit (Fig. 4). Each molecule is composed of four segments, namely 
indolone [(indo1, C1–C8, N1, O1) and (indo2, C24–C31, N4, O4)], phenylethanone [(pheneth1, C9–C16, O2) 
and (phenth2, C32–C39, O5)], urea [(urea1, C17, N2, N3, O3) and (urea2, C40, N5, N6, O6)], phenyl [(phen1, 
C18–C23) and (phen2, C41–C46)] groups. The conformations of the two independent molecules are similar, as 
illustrated comparison of the relatively low twist angles indo1/pheneth1 of 18.47 (28)°, pheneth1/urea1 of 35.82 
(29)°, and urea1/phen1 of 29.46 (46)° for the first type of molecule with angles indo2/pheneth2 of 20.66 (28)°, 
pheneth2/urea2 of 36.52 (32)° and urea2/phen2 of 30.96 (48)° for the second type of molecule.

In the crystal, hydrogen bonding of type N–H…O occurs between neighboring molecules of the same type. 
In the molecule of the first type, interaction between the indolone groups has a N1-H1…O1 bond angle of 142.1° 
and a N1…O1 distance of 2.989(12) Å and the corresponding N4-H4…O4 bond angle is 139.4° and the N4…O4 
distance is 2.984(11) Å for the second type of molecule.

Each oxygen atom of the urea groups is an acceptor of two hydrogen bonds from the urea group of an 
adjacent molecule of the same type. Angles N2-H2…O3 of 158.3° and N3-H3…O3 of 156.0° are observed for 
the first type of molecule. The N2…O3 and N3…O3 distances are 2.936(11) Å and 2.976(11) Å respectively. For 
the second type of molecule, angles N5-H5A…O6 and N6-H6A…O6 are 157.9° and 155.9° respectively. The 
associated distances N5…O6 and N6…O6 distances are 2.876(11) Å and 2.996(11) Å respectively.

Antiproliferation properties
Antiproliferation properties of the targeted 2-oxoindolin-3-ylidenes incorporating the urea function 12a–j 
were determined by the standard MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide] 
technique77,78 against HCT116 (colon), MCF7 (breast) and PaCa2 (pancreatic) carcinoma cell lines (cell lines 
were kindly gifted by Prof. Stig Linder, Karolinska Institute, Stockholm, Sweden, originally purchased from 
ATCC) and compared with the standard reference (sunitinib). Antiproliferation properties against normal RPE1 
(human immortalized retinal pigment epithelial) cell line were also considered for safety/selectivity index (SI) 
determination of each respective agent synthesized (Table 1, Supplementary Figs. S61–S64).

HCT116 cell line
It noteworthy that some of the synthesized agents have antiproliferation properties higher than that of 
sunitinib (standard reference/drug). Compound 12h (R = 4-NHCONHPh, R′ = Me) is the most potent 

Fig. 3. Synthetic route towards the targeted 12a–j.
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agent synthesized with an IC50 value of 5.581  μM (the value for sunitinib, the standard drug, is 9.573  μM). 
Compound 12d (R = 4-NHCONHPh, R′ = F; IC50 = 5.779  μM) also exhibits a potency close to that of 12h. 
Compounds 12b (R = 4-NHCONHPh, R′ = H), 12f (R = 4-NHCONHPh, R′ = Cl), 12g (R = 4-NHCONHPh, 
R′ = Br) and 12j (R = 4-NHCONHPh, R′ = OMe) also show high potency (IC50 = 6.145–6.577 μM). Based on 
the exhibited antiproliferation properties, structure–activity relationships (SARs) can be identified. Compounds 
containing the 4-phenylurea group display higher anti-HCT116 properties than the 3-substituted analogs, as 
illustrated by the observations for pairs 12b/12a (IC50 = 6.545/13.350 μM), 12d/12c (IC50 = 5.779/14.370 μM), 
12f/12e (IC50 = 6.577/11.890  μM) and 12j/12i (IC50 = 6.145/27.170  μM), respectively. The methylindolyl-
containing compound has higher anti-HCT116 properties than the methoxy-substituted analog as seen for 
12h/12j (IC50 = 5.581/6.145 μM, respectively). Also, enhanced antiproliferation properties were noticed by the 
methylindolyl-containing compound relative to the halogenated substituted analogs as seen for 12d/12f/12g/12h 
(IC50 = 5.779/6.577/6.295/5.581 μM, respectively).

Compd

IC50, μM ± SD (SI)

HCT116 MCF7 PaCa2 RPE1

12a 13.350 ± 1.352 (1.022) 3.132 ± 0.395 (4.355) 5.235 ± 0.502 (2.606) 13.640 ± 0.659

12b 6.545 ± 0.452 (1.277) 2.082 ± 0.126 (4.014) 4.092 ± 0.172 (2.043) 8.358 ± 0.374

12c 14.370 ± 1.472 (1.483) 5.808 ± 0.629 (3.669) 6.802 ± 0.514 (3.133) 21.310 ± 0.026

12d 5.779 ± 0.593 (1.898) 2.903 ± 0.300 (3.779) 4.955 ± 0.201 (2.214) 10.970 ± 0.429

12e 11.890 ± 2.531 (1.229) 3.908 ± 0.780 (3.738) 7.001 ± 1.114 (2.087) 14.610 ± 0.316

12f 6.577 ± 0.923 (1.630) 3.410 ± 0.761 (3.144) 5.811 ± 0.630 (1.845) 10.720 ± 0.766

12g 6.295 ± 0.912 (2.173) 4.411 ± 0.544 (3.101) 5.319 ± 0.228 (2.572) 13.680 ± 0.850

12h 5.581 ± 0.636 (1.523) 2.070 ± 0.081 (4.107) 3.995 ± 0.369 (2.128) 8.501 ± 0.466

12i 27.170 ± 2.950 (1.111) 8.958 ± 0.767 (3.370) 7.639 ± 0.080 (3.952) 30.190 ± 0.948

12j 6.145 ± 0.539 (1.400) 1.690 ± 0.067 (5.090) 4.488 ± 0.785 (1.917) 8.602 ± 0.334

Sunitinib 9.573 ± 0.949 11.770 ± 0.937 13.34 ± 0.091 –-

Table 1. Antiproliferation properties of 12a–j and sunitinib.

 

Fig. 4. Ortep representation (50% probability ellipsoids) of the unique molecules in the crystal structure of 
compound 12a.
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MCF7 cell line
All the synthesized agents exhibited better anti-MCF7 proliferation properties (IC50 = 1.690–8.958 μM) than 
that of sunitinib (IC50 = 11.770  μM). Compound 12j (R = 4-NHCONHPh, R′ = OMe) is the most potent 
analog discovered against MCF7 (IC50 = 1.690  μM). Compounds 12b (R = 4-NHCONHPh, R′ = H), 12d 
(R = 4-NHCONHPh, R′ = F) and 12h (R = 4-NHCONHPh, R′ = Me) also exhibit comparable efficacies 
(IC50 = 2.070–2.903 μM).

SARs associated with the anti-MCF7 properties include the observation that compounds with the p-
phenylurea residue are more potent than the m-substituted analogs. This is supported by the observations for 
pairs 12b/12a (IC50 = 2.082/3.132  μM), 12d/12c (IC50 = 2.903/5.808  μM), 12f/12e (IC50 = 3.410/3.908  μM) 
and 12j/12i (IC50 = 1.690/8.958  μM), respectively. Substitution with electron-withdrawing elements 
(fluoro, chloro or bromo) reduces the anti-MCF7 properties as illustrated by compounds 12a/12c/12e 
(IC50 = 3.132/5.808/3.908 μM) and 12b/12d/12f/12g (IC50 = 2.082/2.903/3.410/4.411 μM), respectively. It is also 
discernible that, the methoxyindolyl-containing compound 12j exhibits enhanced anti-MCF7 properties relative 
to the methylindolyl analog 12h (IC50 = 1.690, 2.070 μM, respectively). Indolyl substituted by electron donating 
group (methyl/methoxy) can optimize better antiproliferative active agents than that substituted with halogen 
(fluorine/chlorine/bromine, electron-withdrawing function) as seen in compounds 12d/12f/12g/12h/12j 
(IC50 = 2.903/3.410/4.411/2.070/1.690 μM, respectively).

PaCa2 cell line
All the targeted agents synthesized 12a–j display higher potency (IC50 = 3.995–7.639  μM) than sunitinib 
(IC50 = 13.34  μM), noting that it is an approved drug against pancreatic cancer27,28. Compound 12h 
(R = 4-NHCONHPh, R′ = Me) is the most effective agent synthesized (IC50 = 3.995 μM), i.e., it is about 3.34 
fold more potent than sunitinib. Compounds 12b (R = 4-NHCONHPh, R′ = H; IC50 = 4.092  μM), 12d 
(R = 4-NHCONHPh, R′ = F; IC50 = 4.955 μM) and 12j (R = 4-NHCONHPh, R′ = OMe; IC50 = 4.488 μM) also 
show promising anti-PaCa2 properties.

SARs derived from the results indicate that the synthesized agents containing p-phenylurea have greater anti-
PaCa2 properties than the m-substituted analogs. This appears to be a general rule applicable to all the tested 
analogs. The anti-PaCa2 properties of pairs 12b/12a (IC50 = 4.092/5.235 μM), 12d/12c (IC50 = 4.955/6.802 μM), 
12f/12e (IC50 = 5.811/7.001 μM) and 12j/12i (IC50 = 4.488/7.639 μM), respectively, provide additional support 
for the correlation. It is also noted that the methylindole-containing compound 12h (IC50 = 3.995 μM) has better 
anti-PaCa-2 efficacy than the methoxyindolyl analog 12j (IC50 = 4.488 μM). Additionally, the methylindolyl-
containing compound has higher anti-PaCa2 properties than the halogen-substituted analogs as seen for 
12d/12f/12g/12h (IC50 = 4.955/5.811/5.319/3.995 μM, respectively).

VEGFR-2 inhibitory properties
VEGFR-2 inhibitory properties of 12a–f were studied at 10 μM and compared to that of sunitinib (Table 2, 
Supplementary Fig. S65a,b). Compound 12b (R = 4-NHCONHPh, R′ = H; % inhibition = 87.2) is the most 
promising agent synthesized with anti-VEGFR-2 properties close to that of sunitinib (% inhibition = 89.4). 
Compounds 12c (R = 3-NHCONHPh, R′ = F) and 12h (R = 4-NHCONHPh, R′ = Me) also show promising anti-
VEGFR-2 properties (both with % inhibition = 85.6).

It is manifested from the results that the fluoroindole-containing compounds have higher anti-VEGFR-2 
potency than the other halogenated analogs. This is seen in the results for agents 12c/12e (% inhibition = 85.6/83.6) 
and 12d/12f/12g (% inhibition = 85.1/84.3/84.8), respectively. The methylindolyl analog 12h also has higher 
anti-VEGFR-2 inhibitory properties than that of the corresponding methoxy-containing compound 12j (% 
inhibition = 85.6 and 79.4 respectively). Generally, the anti-VEGFR-2 activities observed are comparable to the 
antiproliferation properties revealed against cancer cell lines with slight differences due to the applied technique. 
The antiproliferation properties exhibited are due in-vitro screening in living cancer cells whereas the anti-
VEGFR-2 properties are due to biochemical interactions.

Compd Relative quantification (RQ) % Inhibition

Control 3.290 0.0

12a 0.746 77.3

12b 0.422 87.2

12c 0.472 85.6

12d 0.491 85.1

12e 0.538 83.6

12f 0.517 84.3

12g 0.500 84.8

12h 0.475 85.6

12i 0.634 80.7

12j 0.678 79.4

Sunitinib 0.350 89.4

Table 2. % Inhibition of the 12a–j and sunitinib against VEGFR-2 at 10 μM.
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Molecular modeling
Molecular docking of the synthesized agents 12a–j was investigated using the CDOCKER method (Discovery 
Studio 2.5 software, Accelrys Inc.)79. The anti-VEGFR-2 properties were computationally studied adopting two 
proteins, PDB: 3WZE and 3AGD80,81 co-crystallized with clinically approved anti-angiogenesis drugs; sorafenib 
and sunitinib, respectively.

PDB: 3WZE
From the CDOCKER observations (Table 3, Supplementary Fig. S66), it is noted that all the targeted/synthesized 
agents showed promising interaction docking scores (58.5395–62.4129 kcal mol−1) close to that of sorafenib (co-
crystallized ligand, 70.6119 kcal mol−1). The narrow range of docking score observations is comparable to that 
shown in anti-VEGFR-2 properties (% inhibition = 77.3–87.2). This can be explained based on the high potency 
of the synthesized agents with little differences between them due to small substitution difference with the fixed 
skeletal chemical features being mainly responsible for the revealed bio-properties.

It is also significant that all the tested compounds have bonding interactions with ASP1046 and GLU885 due 
to formation of hydrogen bonding with urea C=O and NH respectively. Some of the synthesized agents (12b, 
12f and 12j) also exhibit extra bonding interactions with CYS919 due to hydrogen bonding of indolyl C=O, NH. 
π-cation and/or π-σ interactions were also revealed by some of the tested analogs (12a,c–e,g–i) with LYS868 and 
LEU840, respectively. Only compound 12b showed π-π interaction with PHE918.

It is noted that the p-phenylurea-containing compounds (compound 12d is an exception where it is so 
close to 12c) have higher docking score values than the m-substituted analogs as revealed by pairs 12b/12a 
(docking score = 60.0742/58.5395  kcal mol−1), 12f/12e (docking score = 61.4707/60.7587  kcal mol−1) and 
12j/12i (docking score = 62.4129/61.3951  kcal mol−1), respectively. This correlation seems to apply generally 
in most of bio-properties observed (antiproliferation inhibitory properties). The same trend is observed in the 
VEGFR-2 inhibitory bio-assay. The methoxyindolyl analog 12j also has a higher docking score than that of the 
corresponding methyl-containing compound 12h (docking scores = 62.4129 and 60.744 kcal mol−1 respectively).

PDB: 3AGD
Docking of the synthesized agents 12a–j in PDB: 3AGD (Table 3, Supplementary Fig. S67), revealed that most of 
the targeted hits (compounds 12d, 12f and 12j are the exceptions) show the same hydrogen bonding interactions 

Compd

PDB: 3WZE PDB: 3AGD

Docking interaction
Docking 
score Docking interaction

Docking 
score

12a
H-bonding: urea C=O … ASP1046, 2 urea NH … GLU885
π-cation interaction: phenyl … LYS868
π-σ interaction: indole … LEU840

58.5395 H-bonding: indolyl C=O … CYS919, 
indolyl NH … GLU917 49.4643

12b
H-bonding: urea C=O … ASP1046, 2 urea NH … GLU885, indolyl C=O … CYS919, indolyl NH 
… CYS919
π-π interaction: indole … PHE918

60.0742 H-bonding: indolyl C=O … CYS919, 
indolyl NH … GLU917 46.864

12c
H-bonding: urea C=O … ASP1046, 2 urea NH … GLU885
π-cation interaction: phenyl … LYS868
π-σ interaction: indole … LEU840

59.5413 H-bonding: indolyl C=O … CYS919, 
indolyl NH … GLU917 51.2891

12d
H-bonding: urea C=O … ASP1046, urea NH … GLU885
π-cation interaction: phenyl … LYS868
π-σ interaction: indole … LEU840

59.2467 H-bonding: ketonic C=O … CYS919, 
indolyl C=O … ASN923 50.7476

12e
H-bonding: urea C=O … ASP1046, 2 urea NH … GLU885
π-cation interaction: phenyl … LYS868
π-σ interaction: indole … LEU840

60.7587 H-bonding: indolyl C=O … CYS919, 
indolyl NH … GLU917 49.61

12f H-bonding: urea C=O … ASP1046, 2 urea NH … GLU885, indolyl NH … CYS919, indolyl C=O 
… CYS919 61.4707

H-bonding: indolyl NH … Pro839, urea 
NH … CYS919
π-σ interaction: phenyl … VAL848

43.1068

12g H-bonding: urea C=O … ASP1046, urea NH … GLU885
π-cation interaction: phenyl … LYS868 61.5089

H-bonding: indolyl NH … CYS919, 
urea C=O … LYS838, 2 ketonic C=O 
… ASN923
π-cation interaction: phenyl … LYS838

44.3105

12h H-bonding: urea C=O … ASP1046, urea NH … GLU885
π-cation interaction: phenyl … LYS868 60.744

H-bonding: indolyl C=O … CYS919, 
indolyl NH … GLU917
π-cation interaction: phenyl … LYS838

47.0129

12i
H-bonding: urea C=O … ASP1046, urea NH … GLU885
π-cation interaction: phenyl … LYS868
π-σ interaction: indole … LEU840

61.3951 H-bonding: indolyl NH … CYS919, urea 
NH … PRO839 42.0334

12j H-bonding: urea C=O … ASP1046, 2 urea NH … GLU885, indolyl C=O … CYS919, indolyl NH 
… CYS919 62.4129

H-bonding: indolyl C=O … LYS838, 
ketonic C=O … LYS838, urea NH … 
CYS919

50.6682

liganda H-bonding: urea C=O … ASP1046, 2 urea NH … GLU885
π-cation interaction: phenyl … LYS868 70.6119 H-bonding: indolyl C=O … CYS919, 

indolyl NH … GLU917 53.2773

Table 3. CDOCKER interaction observations and energy scores (–kcal mol−1) of 12a–j and co-crystallized 
ligands in the active site of PDB ID: 3WZE and 3AGD. aCo-crystallized ligands of PDB: 3WZE, 3AGD are 
sorafenib and sunitinib, respectively.
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to that of the co-crystallized ligand (sunitinb). The indolyl C=O and NH give hydrogen bonding interactions 
with CYS919 and GLU917 of the protein active site. Meanwhile, the ketonic C=O is involved in hydrogen 
interaction with CYS919 for compound 12d. The urea NH in compounds 12f and 12j participates in hydrogen 
bonding interaction with CYS919. Compound 12c (R = 3-NHCONHPh, R′ = F) reveals the highest docking 
score (51.2891 kcal mol−1) among the other tested agents, comparable to the co-crystallized ligand (sunitinib, 
53.2773 kcal mol−1). Compounds 12d and 12j also show close docking score values (50.7476, 50.6682 kcal mol−1, 
respectively).

It is noted that, the fluoroindolyl analogs have higher docking score values than the other halogenated 
agents synthesized as revealed by compounds 12c/12e (51.2891/49.61  kcal mol−1) and 12d/12f/12g 
(50.7476/43.1068/44.3105 kcal mol−1), respectively. It is also notable that the synthesized methoxyindolyl analog 
12j has a higher docking score than the methylindolyl compound 12h (50.6682, 47.0129 kcal mol−1).

Most of the molecular modeling observations support the exhibited bio-properties. The slight differences 
between the computational/theoretical studies and the experimental in-vitro (antiproliferation) and biochemical 
(VEGFR-2) results can be attributed to the fact that differences in the techniques applied can affect the overall 
outcome. The most fruitful outcome of these studies is that they support the proposed collaboration between the 
conjugated pharmacophores (indolyl heterocycle and urea function) to enhance antitumor potency.

Conclusion
A set of 2-oxoindolin-3-ylidenes incorporating the urea function 12a–j was prepared through a two-step 
reaction. Addition of the appropriate 9a,b to the corresponding isatin 10a–f in ethanol containing a quantitative 
amount of Et2NH, followed by acidic dehydration (AcOH/HCl) afforded the targeted agents in high yields. 
Some of the synthesized agents show higher efficacies against a group of cancer cell lines (HCT116, MCF7 
and PaCa2) than that of sunitinib (clinically usable antitumor drug). VEGFR-2 inhibitory properties are 
comparable to the antiproferation properties revealed. CDOCKER studies (PDB ID: 3WZE and 3AGD) support 
the antiproliferation and biochemical observations exhibited. The most fruitful outcome of these studies is 
the support of assumption due to existence of collaboration between the conjugated pharmacophores (indolyl 
heterocycle and urea function) in optimizing potent antitumor hits. The current observations can be considered 
for optimizing more hits/leads that may be considered for more sophisticated pharmacological studies directed 
towards developing applicable agents.

Experimental
Chemical synthesis
Melting points were determined on a capillary point apparatus (Stuart SMP3) equipped with a digital 
thermometer. IR spectra (KBr) were recorded on a Shimadzu FT-IR 8400S spectrophotometer. Reactions were 
monitored using thin layer chromatography (TLC) on 0.2 mm silica gel F254 plates (Fluka) utilizing various 
solvents for elution. The chemical structures of the synthesized compounds were characterized by nuclear 
magnetic resonance spectra (1H-NMR, 13C-NMR) and determined on a Bruker NMR spectrometer (500 MHz, 
125 MHz for 1H and 13C, respectively). 13C-NMR spectra are fully decoupled. Chemical shifts were reported in 
parts per million (ppm) using the deuterated solvent peak or tetramethylsilane as an internal standard. Elemental 
analyses were performed on a Carlo Erba EA-1108 instrument.

Reaction of 9a,b with 10a–f (general procedure).
A mixture of equimolar amounts (5 mmol) of the appropriate 9a,b with the corresponding 10a–f in ethanol 
(20 ml) containing quantitative amount of diethylamine was stirred at room temperature (20–25 °C). The solid 
separated was collected, washed with benzene (10 ml) and used without any further purification in the next step 
for preparation of the targeted agents.

1-{3-[2-(3-Hydroxy-2-oxoindolin-3-yl)acetyl]phenyl}-3-phenylurea (11a)
Obtained from the reaction of 9a and 10a, reaction time 24 h as colorless solid, mp 192–194 °C and yield 73% 
(1.46 g). IR: νmax/cm−1 3402, 3306 (OH, NH), 1701, 1682 (C=O), 1636, 1593, 1558. 1H-NMR (DMSO-d6) δ 
(ppm): 3.59 (d, J = 17.6 Hz, 1H, upfield H of CH2CO), 4.04 (d, J = 17.6 Hz, 1H, downfield H of CH2CO), 6.10 (s, 
1H, OH), 6.83 (d, J = 7.7 Hz, 1H, arom. H), 6.87 (t, J = 7.5 Hz, 1H, arom. H), 6.98 (t, J = 7.4 Hz, 1H, arom. H), 7.18 
(t, J = 7.2 Hz, 1H, arom. H), 7.28 (d, J = 7.7 Hz, 1H, arom. H), 7.30 (d, J = 7.7 Hz, 2H, arom. H), 7.41 (t, J = 7.9 Hz, 
1H, arom. H), 7.48 (d, J = 7.7 Hz, 2H, arom. H), 7.53 (d, J = 7.8 Hz, 1H, arom. H), 7.66 (d, J = 9.2 Hz, 1H, arom. 
H), 8.03 (s, 1H, arom. H), 8.76 (s, 1H, NH), 8.90 (s, 1H, NH), 10.30 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 
45.7 (CH2CO), 72.9 (indolyl C-3), 109.3, 117.1, 118.3, 121.0, 121.4, 121.9, 122.9, 123.5, 128.7, 128.8, 129.0, 129.1, 
131.6, 136.7, 139.4, 140.1, 142.9 (arom. C), 152.4, 178.2, 196.1 (CO). Anal. Calcd. for C23H19N3O4 (401.42): C, 
68.82; H, 4.77; N, 10.47. Found: C, 68.93; H, 4.86; N, 10.65.

1-{4-[2-(3-Hydroxy-2-oxoindolin-3-yl)acetyl]phenyl}-3-phenylurea (11b)
Obtained from the reaction of 9b and 10a, reaction time 48 h as colorless solid, mp 198–200 °C and yield 75% 
(1.50 g). IR: νmax/cm−1 3283 (OH, NH), 1709, 1678 (C=O), 1636, 1597, 1562. 1H-NMR (DMSO-d6) δ (ppm): 
3.51 (d, J = 17.3 Hz, 1H, upfield H of CH2CO), 3.99 (d, J = 17.3 Hz, 1H, downfield H of CH2CO), 6.02 (s, 1H, 
OH), 6.80 (d, J = 7.7 Hz, 1H, arom. H), 6.85 (t, J = 7.8 Hz, 1H, arom. H), 7.00 (t, J = 7.2 Hz, 1H, arom. H), 7.16 (t, 
J = 7.6 Hz, 1H, arom. H), 7.26 (d, J = 7.4 Hz, 1H, arom. H), 7.30 (t, J = 7.6 Hz, 2H, arom. H), 7.47 (d, J = 7.8 Hz, 
2H, arom. H), 7.55 (d, J = 8.3 Hz, 2H, arom. H), 7.83 (d, J = 8.4 Hz, 2H, arom. H), 8.81 (s, 1H, NH), 9.09 (s, 1H, 
NH), 10.23 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 45.2 (CH2CO), 73.0 (indolyl C-3), 109.2, 116.98, 117.0, 
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118.3, 120.9, 122.1, 123.4, 128.7, 129.3, 129.6, 131.8, 139.14, 139.17, 142.9, 144.2, 144.4 (arom. C), 152.0, 178.3, 
194.6 (CO). Anal. Calcd. for C23H19N3O4 (401.42): C, 68.82; H, 4.77; N, 10.47. Found: C, 69.01; H, 4.88; N, 10.55.

1-{3-[2-(5-Fluoro-3-hydroxy-2-oxoindolin-3-yl)acetyl]phenyl}-3-phenylurea (11c)
Obtained from the reaction of 9a and 10b, reaction time 48 h as colorless solid, mp 209–211 °C and yield 81% 
(1.70 g). IR: νmax/cm−1 3271 (OH, NH), 1710, 1682 (C=O), 1628, 1597, 1570. 1H-NMR (DMSO-d6) δ (ppm): 
3.63 (d, J = 17.7 Hz, 1H, upfield H of CH2CO), 4.09 (d, J = 17.7 Hz, 1H, downfield H of CH2CO), 6.23 (s, 1H, 
OH), 6.82 (dd, J = 4.3, 8.5 Hz, 1H, arom. H), 6.97–7.03 (m, 2H, arom. H), 7.24 (dd, J = 2.6, 8.2 Hz, 1H, arom. 
H), 7.29 (t, J = 7.9 Hz, 2H, arom. H), 7.42 (t, J = 7.7 Hz, 1H, arom. H), 7.48 (d, J = 7.7 Hz, 2H, arom. H), 7.54 
(d, J = 7.9 Hz, 1H, arom. H), 7.66 (d, J = 9.2 Hz, 1H, arom. H), 8.05 (s, 1H, arom. H), 8.77 (s, 1H, NH), 8.92 (s, 
1H, NH), 10.32 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 45.7 (CH2CO), 73.2 (indolyl C-3), 109.90, 109.97, 
111.4, 111.6, 114.7, 114.9, 117.1, 118.3, 121.4, 121.9, 123.0, 128.7, 129.05, 129.11, 133.4, 133.5, 136.5, 139.02, 
139.03, 139.42, 139.44, 140.08, 140.10, 152.45, 152.48, 156.8 (arom. C), 158.7, 178.2, 196.2 (CO). Anal. Calcd. for 
C23H18FN3O4 (419.41): C, 65.87; H, 4.33; N, 10.02. Found: C, 66.03; H, 4.39; N, 10.19.

1-{4-[2-(5-Fluoro-3-hydroxy-2-oxoindolin-3-yl)acetyl]phenyl}-3-phenylurea (11d)
Obtained from the reaction of 9b and 10b, reaction time 24 h as colorless solid, mp 211–213  °C and yield 
80% (1.67  g). IR: νmax/cm−1 3368, 3283 (OH, NH), 1701, 1667 (C=O), 1589, 1551. 1H-NMR (DMSO-d6) δ 
(ppm): 3.58 (d, J = 17.4 Hz, 1H, upfield H of CH2CO), 4.05 (d, J = 17.5 Hz, 1H, downfield H of CH2CO), 6.17 
(s, 1H, OH), 6.79–6.82 (m, 1H, arom. H), 6.98–7.02 (m, 2H, arom. H), 7.21 (d, J = 9.6 Hz, 1H, arom. H), 7.30 (t, 
J = 7.7 Hz, 2H, arom. H), 7.48 (d, J = 7.9 Hz, 2H, arom. H), 7.58 (d, J = 8.6 Hz, 2H, arom. H), 7.85 (d, J = 8.5 Hz, 
2H, arom. H), 8.81 (s, 1H, NH), 9.11 (s, 1H, NH), 10.28 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 45.3 
(CH2CO), 73.4 (indolyl C-3), 109.9, 110.0, 111.4, 111.6, 114.7, 114.9, 117.10, 117.14, 118.5, 122.2, 122.3, 128.8, 
129.4, 129.61, 129.63, 133.70, 133.76, 139.09, 139.11, 139.2, 139.3, 144.3, 144.6, 152.1, 152.2, 156.9 (arom. C), 
158.7, 178.4, 194.7 (CO). Anal. Calcd. for C23H18FN3O4 (419.41): C, 65.87; H, 4.33; N, 10.02. Found: C, 66.08; 
H, 4.50; N, 10.08.

1-{3-[2-(5-Chloro-3-hydroxy-2-oxoindolin-3-yl)acetyl]phenyl}-3-phenylurea (11e)
Obtained from the reaction of 9a and 10c, reaction time 24 h as colorless solid, mp 216–218 °C and yield 88% 
(1.92 g). IR: νmax/cm−1 3325, 3264 (OH, NH), 1701, 1682 (C=O), 1651, 1628, 1597, 1558. 1H-NMR (DMSO-d6) 
δ (ppm): 3.63 (d, J = 17.9 Hz, 1H, upfield H of CH2CO), 4.13 (d, J = 17.9 Hz, 1H, downfield H of CH2CO), 6.23 
(s, 1H, OH), 6.84 (d, J = 8.3 Hz, 1H, arom. H), 6.99 (t, J = 7.4 Hz, 1H, arom. H), 7.23 (dd, J = 2.2, 8.3 Hz, 1H, 
arom. H), 7.29 (t, J = 7.9 Hz, 2H, arom. H), 7.41–7.44 (m, 2H, arom. H), 7.47 (d, J = 7.7 Hz, 2H, arom. H), 7.53 (d, 
J = 7.8 Hz, 1H, arom. H), 7.66 (d, J = 9.2 Hz, 1H, arom. H), 8.03 (s, 1H, arom. H), 8.74 (s, 1H, NH), 8.89 (s, 1H, 
NH), 10.43 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 45.7 (CH2CO), 73.0 (indolyl C-3), 110.7, 117.1, 118.3, 
121.4, 121.9, 123.0, 123.9, 125.1, 128.5, 128.7, 129.1, 133.8, 136.5, 139.4, 140.1, 141.8 (arom. C), 152.4, 177.9, 
196.2 (CO). Anal. Calcd. for C23H18ClN3O4 (435.86): C, 63.38; H, 4.16; N, 9.64. Found: C, 63.52; H, 4.28; N, 9.86.

1-{4-[2-(5-Chloro-3-hydroxy-2-oxoindolin-3-yl)acetyl]phenyl}-3-phenylurea (11f)
Obtained from the reaction of 9b and 10c, reaction time 24 h as colorless solid, mp 219–221  °C and yield 
84% (1.83 g). IR: νmax/cm−1 3372, 3283 (OH, NH), 1701, 1667 (C=O), 1616, 1589, 1551. 1H-NMR (DMSO-
d6) δ (ppm): 3.58 (d, J = 17.5 Hz, 1H, upfield H of CH2CO), 4.09 (d, J = 17.6 Hz, 1H, downfield H of CH2CO), 
6.19 (s, 1H, OH), 6.83 (d, J = 8.0 Hz, 1H, arom. H), 7.00 (t, J = 6.7 Hz, 1H, arom. H), 7.22 (d, J = 7.5 Hz, 1H, 
arom. H), 7.30 (t, J = 6.9 Hz, 2H, arom. H), 7.39 (s, 1H, arom. H), 7.47 (d, J = 7.2 Hz, 2H, arom. H), 7.57 (d, 
J = 8.1 Hz, 2H, arom. H), 7.85 (d, J = 8.0 Hz, 2H, arom. H) 8.83 (s, 1H, NH), 9.12 (s, 1H, NH), 10.40 (s, 1H, NH). 
13C-NMR (DMSO-d6) δ (ppm): 45.3 (CH2CO), 73.1 (indolyl C-3), 110.7, 117.1, 118.4, 122.2, 123.9, 125.1, 128.5, 
128.8, 129.4, 129.5, 129.6, 134.1, 139.2, 139.3, 141.9, 144.6 (arom. C), 152.1, 178.1, 194.7 (CO). Anal. Calcd. for 
C23H18ClN3O4 (435.86): C, 63.38; H, 4.16; N, 9.64. Found: C, 63.55; H, 4.26; N, 9.70.

1-{4-[2-(5-Bromo-3-hydroxy-2-oxoindolin-3-yl)acetyl]phenyl}-3-phenylurea (11g)
Obtained from the reaction of 9b and 10d, reaction time 48 h as colorless solid, mp 208–210 °C and yield 77% 
(1.85 g). IR: νmax/cm−1 3225 (OH, NH), 1678, 1616 (C=O), 1593, 1543. 1H-NMR (DMSO-d6) δ (ppm): 3.57 (d, 
J = 17.7 Hz, 1H, upfield H of CH2CO), 4.08 (d, J = 17.7 Hz, 1H, downfield H of CH2CO), 6.17 (s, 1H, OH), 6.78 
(d, J = 8.2 Hz, 1H, arom. H), 7.00 (t, J = 7.2 Hz, 1H, arom. H), 7.30 (t, J = 7.6 Hz, 2H, arom. H), 7.35 (d, J = 8.2 Hz, 
1H, arom. H), 7.47 (s, 1H, arom. H), 7.49 (d, J = 6.7 Hz, 2H, arom. H), 7.57 (d, J = 8.3 Hz, 2H, arom. H), 7.84 (d, 
J = 8.2 Hz, 2H, arom. H) 8.83 (s, 1H, NH), 9.13 (s, 1H, NH), 10.38 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 
45.2 (CH2CO), 73.0 (indolyl C-3), 111.2, 112.7, 117.0, 118.4, 122.1, 126.5, 128.7, 129.4, 131.3, 134.4, 139.1, 142.2, 
144.6 (arom. C), 152.0, 177.9, 194.7 (CO). Anal. Calcd. for C23H18BrN3O4 (480.32): C, 57.51; H, 3.78; N, 8.75. 
Found: C, 57.73; H, 3.70; N, 8.86.

1-{4-[2-(3-Hydroxy-5-methyl-2-oxoindolin-3-yl]acetyl}phenyl)-3-phenylurea (11h)
Obtained from the reaction of 9b and 10e, reaction time 48 h as colorless solid, mp 213–215 °C and yield 80% 
(1.65 g). IR: νmax/cm−1 3368, 3287 (OH, NH), 1694, 1667 (C=O), 1624, 1589, 1551. 1H-NMR (DMSO-d6) δ 
(ppm): 2.18 (s, 3H, ArCH3), 3.53 (d, J = 17.4 Hz, 1H, upfield H of CH2CO), 3.97 (d, J = 17.4 Hz, 1H, downfield 
H of CH2CO), 6.00 (s, 1H, OH), 6.70 (d, J = 7.7 Hz, 1H, arom. H), 6.96 (d, J = 7.7 Hz, 1H, arom. H), 7.00 (t, 
J = 7.2 Hz, 1H, arom. H), 7.09 (s, 1H, arom. H), 7.30 (t, J = 7.4 Hz, 2H, arom. H), 7.48 (d, J = 7.5 Hz, 2H, arom. 
H), 7.57 (d, J = 8.2 Hz, 2H, arom. H), 7.85 (d, J = 8.2 Hz, 2H, arom. H), 8.82 (s, 1H, NH), 9.11 (s, 1H, NH), 10.15 
(s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 20.6 (ArCH3), 45.4 (CH2CO), 73.2 (indolyl C-3), 109.1, 117.08, 
117.13, 118.4, 122.21, 122.23, 124.2, 128.8, 128.9, 129.4, 129.6, 129.72, 129.75, 131.9, 139.2, 139.3, 140.5, 144.5 
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(arom. C), 152.1, 178.4, 194.6 (CO). Anal. Calcd. for C24H21N3O4 (415.45): C, 69.39; H, 5.10; N, 10.11. Found: 
C, 69.23; H, 4.96; N, 10.04.

1-{3-[2-(3-Hydroxy-5-methoxy-2-oxoindolin-3-yl)acetyl]phenyl}-3-phenylurea (11i)
Obtained from the reaction of 9a and 10f, reaction time 48 h as colorless solid, mp 202–204 °C and yield 90% 
(1.93 g). IR: νmax/cm−1 3302 (OH, NH), 1694 (C=O), 1639, 1597, 1566. 1H-NMR (DMSO-d6) δ (ppm): 3.59 (d, 
J = 17.5 Hz, 1H, upfield H of CH2CO), 3.65 (s, 3H, OCH3), 4.06 (d, J = 17.5 Hz, 1H, downfield H of CH2CO), 
6.12 (s, 1H, OH), 6.75 (s, 2H, arom. H), 6.97–7.00 (m, 2H, arom. H), 7.30 (t, J = 7.8 Hz, 2H, arom. H), 7.42 (t, 
J = 7.9 Hz, 1H, arom. H), 7.49 (d, J = 8.0 Hz, 2H, arom. H), 7.54 (d, J = 7.7 Hz, 1H, arom. H), 7.66 (d, J = 8.1 Hz, 
1H, arom. H), 8.05 (s, 1H, arom. H), 8.75 (s, 1H, NH), 8.90 (s, 1H, NH), 10.14 (s, 1H, NH). 13C-NMR (DMSO-
d6) δ (ppm): 45.7 (CH2CO), 55.3 (OCH3), 73.4 (indolyl C-3), 109.6, 110.9, 113.3, 117.1, 118.3, 121.4, 121.9, 
122.9, 128.7, 129.06, 129.08, 132.8, 136.0, 136.7, 139.4, 140.1, 152.4, 152.5 (arom. C), 154.5, 178.2, 196.1 (CO). 
Anal. Calcd. for C24H21N3O5 (431.45): C, 66.81; H, 4.91; N, 9.74. Found: C, 66.86; H, 5.04; N, 9.58.

1-{4-[2-(3-Hydroxy-5-methoxy-2-oxoindolin-3-yl)acetyl]phenyl}-3-phenylurea (11j)
Obtained from the reaction of 9b and 10f, reaction time 24 h as colorless solid, mp 208–210 °C and yield 91% 
(1.96 g). IR: νmax/cm−1 3364, 3279 (OH, NH), 1697, 1667 (C=O), 1589, 1547. 1H-NMR (DMSO-d6) δ (ppm): 
3.51 (d, J = 17.2 Hz, 1H, upfield H of CH2CO), 3.64 (s, 3H, OCH3), 4.01 (d, J = 17.3 Hz, 1H, downfield H of 
CH2CO), 6.04 (s, 1H, OH), 6.72 (s, 2H, arom. H), 6.95 (s, 1H, arom. H), 7.00 (t, J = 7.3 Hz, 1H, arom. H), 7.30 (t, 
J = 7.7 Hz, 2H, arom. H), 7.47 (d, J = 7.8 Hz, 2H, arom. H), 7.56 (d, J = 8.6 Hz, 2H, arom. H), 7.85 (d, J = 8.5 Hz, 
2H, arom. H), 8.82 (s, 1H, NH), 9.11 (s, 1H, NH), 10.08 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 45.2 
(CH2CO), 55.3 (OCH3), 73.4 (indolyl C-3), 109.5, 110.8, 113.1, 116.98, 117.03, 118.4, 122.1, 128.7, 129.3, 129.5, 
129.7, 133.0, 136.0, 139.1, 139.2, 144.3, 144.4, 152.02, 152.06 (arom. C), 154.5, 178.2, 194.6 (CO). Anal. Calcd. 
for C24H21N3O5 (431.45): C, 66.81; H, 4.91; N, 9.74. Found: C, 66.70; H, 4.82; N, 9.63.

Acidic dehydration of 11a–j (general procedure).
A solution of the appropriate 11a–j (2.5 mmol) in glacial acetic acid (20 ml) containing hydrochloric acid (2 ml, 
35%) was stirred at room temperature for the appropriate time. The separated solid was collected, washed with 
water and crystallized from a suitable solvent affording the corresponding 12a–j.

(E)-1-{3-[2-(2-Oxoindolin-3-ylidene)acetyl]phenyl}-3-phenylurea (12a)
Obtained from acidic dehydration of 11a, reaction time 48 h, orange crystals from n-butanol, mp 227–229 °C 
and yield 90% (0.86 g). IR: νmax/cm−1 3341, 3314 (NH), 1724, 1690 (C=O), 1651, 1593, 1555. 1H-NMR (DMSO-
d6) δ (ppm): 6.89 (d, J = 7.8 Hz, 1H, arom. H), 6.94–7.00 (m, 2H, arom. H), 7.29 (t, J = 7.9 Hz, 2H, arom. H), 7.34 
(t, J = 7.7 Hz, 1H, arom. H), 7.48 (d, J = 9.0 Hz, 2H, arom. H), 7.52 (d, J = 7.9 Hz, 1H, arom. H), 7.68 (d, J = 8.1 Hz, 
1H, arom. H), 7.71 (s, 1H, olefinic CH), 7.76 (d, J = 8.1 Hz, 1H, arom. H), 8.04 (d, J = 7.8 Hz, 1H, arom. H), 8.24 
(s, 1H, arom. H), 8.73 (s, 1H, NH), 9.02 (s, 1H, NH), 10.81 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 110.3, 
117.6, 118.4, 119.9, 121.7, 121.9, 122.0, 123.5, 125.9, 126.6, 128.7, 129.6, 132.8, 136.3, 137.6, 139.4, 140.5, 144.9 
(arom. C + olefinic C), 152.5, 168.1, 191.0 (CO). Anal. Calcd. for C23H17N3O3 (383.41): C, 72.05; H, 4.47; N, 
10.96. Found: C, 72.21; H, 4.55; N, 11.00.

(E)-1-{4-[2-(2-Oxoindolin-3-ylidene)acetyl]phenyl}-3-phenylurea (12b)
Obtained from acidic dehydration of 11b, reaction time 24 h, red crystals from N,N-dimethylformamide (DMF) 
(80%), mp 259–261 °C and yield 91% (1.29 g). IR: νmax/cm−1 3302 (NH), 1709 (C=O), 1647, 1585, 1555. 1H-NMR 
(DMSO-d6) δ (ppm): 6.89 (d, J = 7.7 Hz, 1H, arom. H), 6.95 (t, J = 7.3 Hz, 1H, arom. H), 7.02 (t, J = 7.3 Hz, 1H, 
arom. H), 7.30–7.35 (m, 3H, arom. H), 7.49 (d, J = 7.7 Hz, 2H, arom. H), 7.68 (d, J = 8.8 Hz, 2H, arom. H), 7.71 
(s, 1H, olefinic CH), 7.99 (d, J = 7.7 Hz, 1H, arom. H), 8.05 (d, J = 8.8 Hz, 2H, arom. H), 8.85 (s, 1H, NH), 9.26 
(s, 1H, NH), 10.79 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 110.2, 117.4, 118.4, 120.0, 121.6, 122.2, 126.5, 
126.6, 128.7, 130.2, 130.4, 132.4, 135.5, 139.1, 144.6, 145.3 (arom. C + olefinic C), 152.0, 168.1, 189.4 (CO). Anal. 
Calcd. for C23H17N3O3 (383.41): C, 72.05; H, 4.47; N, 10.96. Found: C, 72.16; H, 4.61; N, 11.15.

(E)-1-{3-[2-(5-Fluoro-2-oxoindolin-3-ylidene)acetyl]phenyl}-3-phenylurea (12c)
Obtained from acidic dehydration of 11c, reaction time 72 h, red crystals from n-butanol, mp 209–211 °C and 
yield 89% (0.89  g) IR: νmax/cm−1 3283, 3198 (NH), 1713, 1659 (C=O), 1589, 1555. 1H-NMR (DMSO-d6) δ 
(ppm): 6.90 (dd, J = 4.5, 8.6 Hz, 1H, arom. H), 7.00 (t, J = 7.5 Hz, 1H, arom. H), 7.25 (dt, J = 2.7, 9.0 Hz, 1H, 
arom. H), 7.30 (t, J = 7.8 Hz, 2H, arom. H), 7.49 (d, J = 8.0 Hz, 2H, arom. H), 7.53 (t, J = 7.9 Hz, 1H, arom. H), 
7.70 (d, J = 7.8 Hz, 1H, arom. H), 7.76 (dd, J = 2.1, 8.1 Hz, 1H, arom. H), 7.79 (s, 1H, olefinic CH), 7.92 (dd, 
J = 2.7, 9.5 Hz, 1H, arom. H), 8.26 (d, J = 2.3 Hz, 1H, arom. H), 8.75 (s, 1H, NH), 9.04 (s, 1H, NH), 10.86 (s, 1H, 
NH). 13C-NMR (DMSO-d6) δ (ppm): 111.17, 111.24, 113.6, 113.8, 117.7, 118.4, 119.3, 119.5, 120.76, 120.83, 
122.1, 123.7, 126.9, 128.77, 128.78, 129.7, 136.36, 136.39, 137.6, 139.4, 140.6, 141.43, 141.44, 152.5, 156.4 (arom. 
C + olefinic C), 158.3, 168.2, 190.7 (CO). Anal. Calcd. for C23H16FN3O3 (401.40): C, 68.82; H, 4.02; N, 10.47. 
Found: C, 68.76; H, 3.91; N, 10.61.

(E)-1-{4-[2-(5-Fluoro-2-oxoindolin-3-ylidene)acetyl]phenyl}-3-phenylurea (12d)
Obtained from acidic dehydration of 11d, reaction time 24 h, red crystals from n-butanol, mp 245–247 °C and 
yield 94% (0.94 g). IR: νmax/cm−1 3294, 3175 (NH), 1709, 1651 (C=O), 1585, 1555. 1H-NMR (DMSO-d6) δ 
(ppm): 6.88 (dd, J = 4.5, 8.5 Hz, 1H, arom. H), 7.03 (t, J = 7.3 Hz, 1H, arom. H), 7.21 (dt, J = 2.5, 8.9 Hz, 1H, arom. 
H), 7.33 (t, J = 7.8 Hz, 2H, arom. H), 7.52 (d, J = 7.9 Hz, 2H, arom. H), 7.71 (d, J = 8.7 Hz, 2H, arom. H), 7.82 (s, 
1H, olefinic CH), 7.95 (dd, J = 2.3, 9.4 Hz, 1H, arom. H), 8.08 (d, J = 8.7 Hz, 2H, arom. H), 8.87 (s, 1H, NH), 9.28 
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(s, 1H, NH), 10.83 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 110.9, 111.0, 113.7, 113.9, 117.5, 118.5, 118.9, 
119.1, 120.9, 121.0, 122.3, 127.2, 128.8, 130.3, 130.5, 135.81, 135.83, 139.2, 141.2, 145.4, 152.0, 156.4 (arom. 
C + olefinic C), 158.3, 168.3, 188.8 (CO). Anal. Calcd. for C23H16FN3O3 (401.40): C, 68.82; H, 4.02; N, 10.47. 
Found: C, 68.96; H, 4.09; N, 10.53.

(E)-1-{3-[2-(5-Chloro-2-oxoindolin-3-ylidene)acetyl]phenyl}-3-phenylurea (12e)
Obtained from acidic dehydration of 11e, reaction time 72 h, red crystals from n-butanol, mp 242–244 °C and 
yield 78% (0.81 g). IR: νmax/cm−1 3291, 3163 (NH), 1717, 1651 (C=O), 1589, 1558. 1H-NMR (DMSO-d6) δ 
(ppm): 6.92 (d, J = 8.4 Hz, 1H, arom. H), 7.00 (t, J = 7.4 Hz, 1H, arom. H), 7.31 (t, J = 7.9 Hz, 2H, arom. H), 7.43 
(dd, J = 2.1, 8.3 Hz, 1H, arom. H), 7.49 (d, J = 7.8 Hz, 2H, arom. H), 7.53 (t, J = 7.9 Hz, 1H, arom. H), 7.71 (d, 
J = 7.7 Hz, 1H, arom. H), 7.76 (d, J = 7.8 Hz, 1H, arom. H), 7.80 (s, 1H, olefinic CH), 8.16 (d, J = 1.9 Hz, 1H, arom. 
H), 8.27 (s, 1H, arom. H), 8.76 (s, 1H, NH), 9.04 (s, 1H, NH), 10.98 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 
112.3, 118.2, 118.9, 121.9, 122.5, 124.2, 126.0, 126.8, 127.5, 129.3, 130.1, 132.9, 136.3, 138.0, 139.9, 141.1, 144.3 
(arom. C + olefinic C), 153.0, 168.4, 191.2 (CO). Anal. Calcd. for C23H16ClN3O3 (417.85): C, 66.11; H, 3.86; N, 
10.06. Found: C, 65.91; H, 3.68; N, 9.90.

(E)-1-{4-[2-(5-Chloro-2-oxoindolin-3-ylidene)acetyl]phenyl}-3-phenylurea (12f)
Obtained from acidic dehydration of 11f, reaction time 48 h, red crystals from DMF (80%), mp 241–243 °C 
and yield 87% (0.90 g). IR: νmax/cm−1 3348, 3175 (NH), 1717, 1659 (C=O), 1589, 1547. 1H-NMR (DMSO-d6) δ 
(ppm): 6.90 (dd, J = 2.2, 8.3 Hz, 1H, arom. H), 7.02 (t, J = 7.4 Hz, 1H, arom. H), 7.31 (t, J = 7.9 Hz, 2H, arom. H), 
7.40 (d, J = 8.3 Hz, 1H, arom. H), 7.49 (d, J = 8.3 Hz, 2H, arom. H), 7.68 (dd, J = 1.6, 8.8 Hz, 2H, arom. H), 7.81 
(d, J = 1.6 Hz, 1H, arom. H), 7.96 (s, 1H, olefinic CH), 8.07 (d, J = 1.5 Hz, 1H, arom. H), 8.13 (d, J = 2.0 Hz, 1H, 
arom. H), 8.86 (s, 1H, NH), 9.28 (s, 1H, NH), 10.92 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 111.6, 117.4, 
118.4, 121.5, 122.3, 125.4, 126.3, 127.6, 128.7, 130.4, 132.0, 135.1, 139.1, 143.5, 145.4 (arom. C + olefinic C), 
151.9, 167.9, 188.8 (CO). Anal. Calcd. for C23H16ClN3O3 (417.85): C, 66.11; H, 3.86; N, 10.06. Found: C, 66.00; 
H, 3.81; N, 10.02.

(E)-1-{4-[2-(5-Bromo-2-oxoindolin-3-ylidene)acetyl]phenyl}-3-phenylurea (12g)
Obtained from acidic dehydration of 11g, reaction time 72 h, red crystals from n-butanol, mp 249–251 °C and 
yield 93% (1.07  g). IR: νmax/cm−1 3310, 3167 (NH), 1717, 1659 (C=O), 1593, 1551. 1H-NMR (DMSO-d6) δ 
(ppm): 6.87 (d, J = 8.4 Hz, 1H, arom. H), 7.02 (t, J = 7.4 Hz, 1H, arom. H), 7.32 (t, J = 7.7 Hz, 2H, arom. H), 7.49 
(d, J = 8.0 Hz, 2H, arom. H), 7.54 (dd, J = 2.1, 8.3 Hz, 1H, arom. H), 7.68 (d, J = 8.5 Hz, 2H, arom. H), 7.81 (s, 1H, 
olefinic CH), 8.07 (d, J = 8.5 Hz, 2H, arom. H), 8.27 (d, J = 2.2 Hz, 1H, arom. H), 8.86 (s, 1H, NH), 9.27 (s, 1H, 
NH), 10.94 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 112.2, 113.2, 117.5, 118.5, 122.0, 122.3, 127.7, 128.8, 
129.1, 130.4, 130.5, 134.9, 135.0, 139.1, 144.0, 145.5 (arom. C + olefinic C), 152.0, 167.8, 188.9 (CO). Anal. Calcd. 
for C23H16BrN3O3 (462.30): C, 59.76; H, 3.49; N, 9.09. Found: C, 59.89; H, 3.38; N, 9.03.

(E)-1-{4-[2-(5-Methyl-2-oxoindolin-3-ylidene)acetyl]phenyl}-3-phenylurea (12h)
Obtained from acidic dehydraation of 11h, reaction time 72 h, orange crystals from n-butanol, mp 226–228 °C 
and yield 82% (0.81 g). IR: νmax/cm−1 3267 (NH), 1713, 1655 (C=O), 1589, 1535. 1H-NMR (DMSO-d6) δ (ppm): 
2.23 (s, 3H, ArCH3), 6.78 (d, J = 7.9 Hz, 1H, arom. H), 7.02 (t, J = 7.4 Hz, 1H, arom. H), 7.15 (d, J = 7.9 Hz, 1H, 
arom. H), 7.31 (t, J = 7.9 Hz, 2H, arom. H), 7.49 (d, J = 7.8 Hz, 2H, arom. H), 7.68 (d, J = 8.8 Hz, 2H, arom. H), 
7.69 (s, 1H, arom. H), 7.87 (s, 1H, olefinic CH), 8.04 (d, J = 8.8 Hz, 2H, arom. H), 8.83 (s, 1H, NH), 9.23 (s, 1H, 
NH), 10.66 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 20.6 (ArCH3), 109.9, 117.4, 118.4, 120.1, 122.2, 126.1, 
127.1, 128.7, 130.2, 130.3, 130.5, 132.9, 136.0, 139.1, 142.4, 145.2 (arom. C + olefinic C), 152.0, 168.2, 189.3 (CO). 
Anal. Calcd. for C24H19N3O3 (397.43): C, 72.53; H, 4.82; N, 10.57. Found: C, 72.74; H, 4.89; N, 10.43.

(E)-1-{3-[2-(5-Methoxy-2-oxoindolin-3-ylidene)acetyl]phenyl}-3-phenylurea (12i)
Obtained from acidic dehydration of 11i, reaction time 72 h, red crystals from n-butanol, mp 234–236 °C and 
yield 87% (0.90  g). IR: νmax/cm−1 3267, 3190 (NH), 1713, 1651 (C=O), 1589, 1555. 1H-NMR (DMSO-d6) δ 
(ppm): 3.71 (s, 3H, OCH3), 6.81 (d, J = 8.5 Hz, 1H, arom. H), 6.97 (dd, J = 2.4, 8.5 Hz, 1H, arom. H), 7.00 (d, 
J = 7.4 Hz, 1H, arom. H), 7.30 (t, J = 7.9 Hz, 2H, arom. H), 7.48 (d, J = 7.8 Hz, 2H, arom. H), 7.52 (t, J = 7.9 Hz, 
1H, arom. H), 7.69 (d, J = 9.9 Hz, 1H, arom. H), 7.70 (s, 1H, olefinic CH), 7.71 (d, J = 2.5 Hz, 1H, arom. H), 
7.75 (d, J = 9.2 Hz, 1H, arom. H), 8.25 (s, 1H, arom. H), 8.73 (s, 1H, NH), 9.03 (s, 1H, NH), 10.63 (s, 1H, NH). 
13C-NMR (DMSO-d6) δ (ppm): 55.4 (OCH3), 110.7, 112.7, 113.8, 117.6, 118.4, 120.5, 121.90, 121.98, 123.5, 
125.9, 128.7, 129.6, 136.90, 136.94, 137.6, 138.6, 139.4, 140.5, 152.4 (arom. C + olefinic C), 154.3, 168.1, 191.0 
(CO). Anal. Calcd. for C24H19N3O4 (413.43): C, 69.72; H, 4.63; N, 10.16. Found: C, 69.63; H, 4.50; N, 10.09.

(E)-1-{4-[2-(5-Methoxy-2-oxoindolin-3-ylidene)acetyl]phenyl}-3-phenylurea (12j)
Obtained from acidic dehydration of 11j, reaction time 24 h, brownish red crystals from DMF (80%), mp 235–
237 °C and yield 97% (1.00 g). IR: νmax/cm−1 3325, 3287 (NH), 1717, 1655 (C=O), 1593, 1547. 1H-NMR (DMSO-
d6) δ (ppm): 3.68 (s, 3H, OCH3), 6.80 (d, J = 8.5 Hz, 1H, arom. H), 6.95 (dd, J = 2.6, 8.5 Hz, 1H, arom. H), 7.01 (t, 
J = 7.4 Hz, 1H, arom. H), 7.31 (t, J = 7.9 Hz, 2H, arom. H), 7.48 (d, J = 7.7 Hz, 2H, arom. H), 7.65 (d, J = 2.6 Hz, 
1H, arom. H), 7.67 (d, J = 8.9 Hz, 2H, arom. H), 7.70 (s, 1H, olefinic CH), 8.04 (d, J = 8.8 Hz, 2H, arom. H), 8.84 
(s, 1H, NH), 9.24 (s, 1H, NH), 10.59 (s, 1H, NH). 13C-NMR (DMSO-d6) δ (ppm): 55.4 (OCH3), 110.6, 112.7, 
117.4, 117.9, 118.4, 120.7, 122.2, 126.6, 128.7, 130.2, 130.4, 136.1, 138.4, 139.1, 145.3, 151.9 (arom. C + olefinic 
C), 154.3, 168.2, 189.4 (CO). Anal. Calcd. for C24H19N3O4 (413.43): C, 69.72; H, 4.63; N, 10.16. Found: C, 69.58; 
H, 4.54; N, 10.01.
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X-ray, antiproliferation, VEGFR-2 inhibitory properties and molecular modeling studies
Are mentioned in the supplementary file.

Data availability
All data generated or analyzed during this study are included in this published article and its supplementary 
material files. The X-ray data have been deposited in the CSD with reference number CCDC 2333946 and the 
Check-CIF file is also attached as supplementary file to this article.

Received: 31 July 2024; Accepted: 2 December 2024

References
 1. Siegel, R. L., Miller, K. D., Wagle, N. S. & Jemal, A. Cancer statistics, 2023. CA Cancer J. Clin. 73, 17–48.  h t t p s : / / d o i . o r g / 1 0 . 3 3 2 2 / c 

a a c . 2 1 7 6 3     (2023).
 2. Mukherjee, P., Guha, S., Das, G., Samui, A. & Sahu, S. K. NIR light-activated upconversion POP nanofiber composite; an effective 

carrier for targeted photodynamic therapy and drug delivery. J. Photochem. Photobiol. A 443, 114907.  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j . j p 
h o t o c h e m . 2 0 2 3 . 1 1 4 9 0 7     (2023).

 3. Li, R. et al. Targeted regulated cell death with small molecule compounds in colorectal cancer: Current perspectives of targeted 
therapy and molecular mechanisms. Eur. J. Med. Chem. 265, 116040. https://doi.org/10.1016/j.ejmech.2023.116040 (2024).

 4. Soltan, O. M. et al. Molecular hybrids: A five-year survey on structures of multiple targeted hybrids of protein kinase inhibitors for 
cancer therapy. Eur. J. Med. Chem. 225, 113768. https://doi.org/10.1016/j.ejmech.2021.113768 (2021).

 5. Wyman, K. A. et al. Synthesis of potential antiviral agents for SARS-CoV-2 using molecular hybridization approach. Molecules 27, 
5923. https://doi.org/10.3390/molecules27185923 (2022).

 6. Seliem, I. A. et al. New pyrazine conjugates: Synthesis, computational studies, and antiviral properties against SARS-CoV-2. 
ChemMedChem 16, 3418–3427. https://doi.org/10.1002/cmdc.202100476 (2021).

 7. Liang, X. et al. The synthesis review of the approved Tyrosine kinase inhibitors for anticancer therapy in 2015–2020. Bioorg. Chem. 
113, 105011. https://doi.org/10.1016/j.bioorg.2021.105011 (2021).

 8. Srour, A. M. et al. Synthesis of aspirin-curcumin mimic conjugates of potential antitumor and anti-SARS-CoV-2 properties. 
Bioorg. Chem. 117, 105466. https://doi.org/10.1016/j.bioorg.2021.105466 (2021).

 9. Mondal, D. et al. How the structural properties of the indole derivatives are important in kinase targeted drug design?: A case study 
on tyrosine kinase inhibitors. Bioorg. Med. Chem. 53, 116534. https://doi.org/10.1016/j.bmc.2021.116534 (2022).

 10. Abuzenadah, A. M., Al-Sayes, F., Alam, S. S. M., Hoque, M., Karim, S., Hussain, I. M. R., Tabrez, S. Elucidating antiangiogenic 
potential of Rauwolfia serpentina: VEGFR-2 targeting-based molecular docking study. Evid. Based Complement. Alternat. Med. 
6224666. https://doi.org/10.1155/2022/6224666 (2022).

 11. Farghaly, T. A., Al-Hasani, W. A. & Abdulwahab, H. G. An updated patent review of VEGFR-2 inhibitors (2017-present). Expert 
Opin. Ther. Pat. 31, 989–1007. https://doi.org/10.1080/13543776.2021.1935872 (2021).

 12. Seliem, I. A. et al. Development of isatin-based Schiff bases targeting VEGFR-2 inhibition: Synthesis, characterization, 
antiproliferative properties, and QSAR studies. ChemMedChem 17, e202200164. https://doi.org/10.1002/cmdc.202200164 (2022).

 13. Islam, F. et al. Indole alkaloids from marine resources: Understandings from therapeutic point of view to treat cancers. Chem. Biol. 
Interact. 383, 110682. https://doi.org/10.1016/j.cbi.2023.110682 (2023).

 14. Du, B., Liu, X., Luan, X., Zhang, W. & Zhuang, C. Structure optimization of an F-indole-chalcone (FC116) on 4-methoxyphenyl 
group and therapeutic potential against colorectal cancers with low cytotoxicity. Bioorg. Chem. 135, 106531.  h t t p s : / / d o i . o r g / 1 0 . 1 0 
1 6 / j . b i o o r g . 2 0 2 3 . 1 0 6 5 3 1     (2023).

 15. Hawash, M. et al. Design and synthesis of novel substituted indole-acrylamide derivatives and evaluation of their anti-cancer 
activity as potential tubulin-targeting agents. J. Mol. Struct. 1254, 132345. https://doi.org/10.1016/j.molstruc.2022.132345 (2022).

 16. Tabassum, F., Hasan, C. M., Masud, M. M., Jamshidi, S., Rahman, K. M., Ahsan, M. Indole alkaloids from the leaves of Ravenia 
spectabilis engl. with activity against pancreatic cancer cell line. Phytochemistry 186, 112744.  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j . p h y t o c h e m . 
2 0 2 1 . 1 1 2 7 4 4     (2021).

 17. Jia, Y., Wen, X., Gong, Y. & Wang, X. Current scenario of indole derivatives with potential anti-drug-resistant cancer activity. Eur. 
J. Med. Chem. 200, 112359. https://doi.org/10.1016/j.ejmech.2020.112359 (2020).

 18. Wan, Y., Li, Y., Yan, C., Yan, M. & Tang, Z. Indole: A privileged scaffold for the design of anti-cancer agents. Eur. J. Med. Chem. 183, 
111691. https://doi.org/10.1016/j.ejmech.2019.111691 (2019).

 19. Wurz, R. P. & Cee, V. J. Targeted degradation of MDM2 as a new approach to improve the efficacy of MDM2-p53 inhibitors. J. Med. 
Chem. 62, 445–447. https://doi.org/10.1021/acs.jmedchem.8b01945 (2019).

 20. Panda, S. S., Girgis, A. S., Aziz, M. N. & Bekheit, M. S. Spirooxindole: A versatile biologically active heterocyclic scaffold. Molecules 
28, 618. https://doi.org/10.3390/molecules28020618 (2023).

 21. Girgis, A. S. et al. Rational design, synthesis, and 2D-QSAR study of anti-oncological alkaloids against hepatoma and cervical 
carcinoma. RSC Adv. 5, 28554–28569. https://doi.org/10.1039/c4ra16663a (2015).

 22. Girgis, A. S. et al. Rational design, synthesis and molecular modeling studies of novel anti-oncological alkaloids against melanoma. 
Org. Biomol. Chem. 13, 6619–6633. https://doi.org/10.1039/c5ob00410a (2015).

 23. Sabbah, M. et al. RTK inhibitors in melanoma: From bench to bedside. Cancers 13, 1685. https://doi.org/10.3390/cancers13071685 
(2021).

 24. Jin, J. et al. Sunitinib resistance in renal cell carcinoma: From molecular mechanisms to predictive biomarkers. Drug Resist. Updat. 
67, 100929. https://doi.org/10.1016/j.drup.2023.100929 (2023).

 25. Guida, F. M. et al. Alternative dosing schedules for sunitinib as a treatment of patients with metastatic renal cell carcinoma. Crit. 
Rev. Oncol. Hematol. 92, 208–217. https://doi.org/10.1016/j.critrevonc.2014.07.006 (2014).

 26. Zhang, L. et al. Synthesis and in vivo SAR study of indolin-2-one-based multi-targeted inhibitors as potential anticancer agents. 
Eur. J. Med. Chem. 82, 139–151. https://doi.org/10.1016/j.ejmech.2014.05.051 (2014).

 27. https://go.drugbank.com/drugs/DB01268 (accessed on Jul. 28, 2024).
 28. https://www.drugs.com/history/sutent.html (accessed on Jul. 28, 2024).
 29. Peng, F.-W., Liu, D.-K., Zhang, Q.-W., Xu, Y.-G. & Shi, L. VEGFR-2 inhibitors and the therapeutic applications thereof: a patent 

review (2012–2016). Expert Opin. Ther. Pat. 27, 987–1004. https://doi.org/10.1080/13543776.2017.1344215 (2017).
 30. Zhang, H.-Q. et al. Design and discovery of 4-anilinoquinazoline-urea derivatives as dual TK inhibitors of EGFR and VEGFR-2. 

Eur. J. Med. Chem. 125, 245–254. https://doi.org/10.1016/j.ejmech.2016.09.039 (2017).
 31. Su, P., Wang, J., Shi, Y., Pan, X., Shao, R., Zhang, J. Discovery of biphenyl-aryl ureas as novel VEGFR-2 inhibitors. Part 4: Exploration 

of diverse hinge-binding fragments. Bioorg. Med. Chem. 23, 3228–3236. https://doi.org/10.1016/j.bmc.2015.04.071 (2015).
 32. Wang, C. et al. Biphenyl derivatives incorporating urea unit as novel VEGFR-2 inhibitors: Design, synthesis and biological 

evaluation. Bioorg. Med. Chem. 22, 277–284. https://doi.org/10.1016/j.bmc.2013.11.027 (2014).

Scientific Reports |          (2025) 15:618 12| https://doi.org/10.1038/s41598-024-82005-6

www.nature.com/scientificreports/

https://doi.org/10.3322/caac.21763
https://doi.org/10.3322/caac.21763
https://doi.org/10.1016/j.jphotochem.2023.114907
https://doi.org/10.1016/j.jphotochem.2023.114907
https://doi.org/10.1016/j.ejmech.2023.116040
https://doi.org/10.1016/j.ejmech.2021.113768
https://doi.org/10.3390/molecules27185923
https://doi.org/10.1002/cmdc.202100476
https://doi.org/10.1016/j.bioorg.2021.105011
https://doi.org/10.1016/j.bioorg.2021.105466
https://doi.org/10.1016/j.bmc.2021.116534
https://doi.org/10.1155/2022/6224666
https://doi.org/10.1080/13543776.2021.1935872
https://doi.org/10.1002/cmdc.202200164
https://doi.org/10.1016/j.cbi.2023.110682
https://doi.org/10.1016/j.bioorg.2023.106531
https://doi.org/10.1016/j.bioorg.2023.106531
https://doi.org/10.1016/j.molstruc.2022.132345
https://doi.org/10.1016/j.phytochem.2021.112744
https://doi.org/10.1016/j.phytochem.2021.112744
https://doi.org/10.1016/j.ejmech.2020.112359
https://doi.org/10.1016/j.ejmech.2019.111691
https://doi.org/10.1021/acs.jmedchem.8b01945
https://doi.org/10.3390/molecules28020618
https://doi.org/10.1039/c4ra16663a
https://doi.org/10.1039/c5ob00410a
https://doi.org/10.3390/cancers13071685
https://doi.org/10.1016/j.drup.2023.100929
https://doi.org/10.1016/j.critrevonc.2014.07.006
https://doi.org/10.1016/j.ejmech.2014.05.051
https://go.drugbank.com/drugs/DB01268
https://www.drugs.com/history/sutent.html
https://doi.org/10.1080/13543776.2017.1344215
https://doi.org/10.1016/j.ejmech.2016.09.039
https://doi.org/10.1016/j.bmc.2015.04.071
https://doi.org/10.1016/j.bmc.2013.11.027
http://www.nature.com/scientificreports


 33. Gao, H., Su, P., Shi, Y., Shen, X., Zhang, Y., Dong, J., Zhang, J. Discovery of novel VEGFR-2 inhibitors. Part II: Biphenyl urea 
incorporated with salicylaldoxime. Eur. J. Med. Chem. 90, 232–240. https://doi.org/10.1016/j.ejmech.2014.11.032 (2015).

 34. Machado, V. A. et al. Synthesis, antiangiogenesis evaluation and molecular docking studies of 1-aryl-3-[(thieno[3,2-b]pyridin-7-
ylthio)phenyl]ureas: Discovery of a new substitution pattern for type II VEGFR-2 Tyr kinase inhibitors. Bioorg. Med. Chem. 23, 
6497–6509. https://doi.org/10.1016/j.bmc.2015.08.010 (2015).

 35. https://go.drugbank.com/drugs/DB00398 (accessed on Jul. 28, 2024).
 36. https://www.drugs.com/history/nexavar.html (accessed on Jul. 28, 2024).
 37. Jamadar, A. et al. The tyrosine-kinase inhibitor Nintedanib ameliorates autosomal-dominant polycystic kidney disease. Cell Death 

Dis. 12, 947. https://doi.org/10.1038/s41419-021-04248-9 (2021).
 38. Landi, C. et al. Idiopathic pulmonary fibrosis serum proteomic analysis before and after nintedanib therapy. Sci. Rep. 10, 9378. 

https://doi.org/10.1038/s41598-020-66296-z (2020).
 39. Hilberg, F. et al. Triple angiokinase inhibitor Nintedanib directly inhibits tumor cell growth and induces tumor shrinkage via 

blocking oncogenic receptor tyrosine kinases. J. Pharmacol. Exp. Ther. 364, 494–503. https://doi.org/10.1124/jpet.117.244129 
(2018).

 40. Riesco-Martinez, M. C., Torre, A. S. & García-Carbonero, R. Safety and efficacy of nintedanib for the treatment of metastatic 
colorectal cancer. Expert Opin. Investig. Drugs 26, 1295–1305. https://doi.org/10.1080/13543784.2017.1385762 (2017).

 41. Kurzrock, R. & Stewart, D. J. Exploring the benefit/risk associated with antiangiogenic agents for the treatment of non-small cell 
lung cancer patients. Clin. Cancer Res. 23, 1137–1148. https://doi.org/10.1158/1078-0432.CCR-16-1968 (2017).

 42. https://go.drugbank.com/drugs/DB09079 (accessed on Jul. 28, 2024).
 43. https://www.drugs.com/history/ofev.html (accessed on Jul. 28, 2024).
 44. https://go.drugbank.com/drugs/DB11885 (accessed on Jul. 28, 2024).
 45. Shen, G. et al. Anlotinib: a novel multi-targeting tyrosine kinase inhibitor in clinical development. J. Hematol. Oncol. 11, 120. 

https://doi.org/10.1186/s13045-018-0664-7 (2018).
 46. Syed, Y. Y. Anlotinib: First global approval. Drugs 78, 1057–1062. https://doi.org/10.1007/s40265-018-0939-x (2018).
 47. Syed, Y. Y. Surufatinib: First approval. Drugs 81, 727–732. https://doi.org/10.1007/s40265-021-01489-y (2021).
 48. https://go.drugbank.com/drugs/DB08896 (accessed on Jul. 28, 2024).
 49. https://www.drugs.com/history/stivarga.html (accessed on Jul. 28, 2024).
 50. https://go.drugbank.com/drugs/DB09078 (accessed on Jul. 28, 2024).
 51. https://www.drugs.com/history/lenvima.html (accessed on Jul. 28, 2024).
 52. https://go.drugbank.com/drugs/DB11800 (accessed on Jul. 28, 2024).
 53. https://www.drugs.com/history/fotivda.html (accessed on Jul. 28, 2024).
 54. Dudchak, R. et al. Click chemistry in the synthesis of antibody-drug conjugates. Bioorg. Chem. 143, 106982.  h t t p s : / / d o i . o r g / 1 0 . 1 0 

1 6 / j . b i o o r g . 2 0 2 3 . 1 0 6 9 8 2     (2024).
 55. Galal, S. A. et al. Part I: Design, synthesis and biological evaluation of novel pyrazole-benzimidazole conjugates as checkpoint 

kinase 2 (Chk2) inhibitors with studying their activities alone and in combination with genotoxic drugs. Eur. J. Med. Chem. 134, 
392–405. https://doi.org/10.1016/j.ejmech.2017.03.090 (2017).

 56. Panda, S. S. et al. Synthesis, pharmacological profile and 2D-QSAR studies of curcumin-amino acid conjugates as potential drug 
candidates. Eur. J. Med. Chem. 196, 112293. https://doi.org/10.1016/j.ejmech.2020.112293 (2020).

 57. Nofal, Z. M., Srour, A. M., El-Eraky, W. I., Saleh, D. O. & Girgis, A. S. Rational design, synthesis and QSAR study of vasorelaxant 
active 3-pyridinecarbonitriles incorporating 1H-benzimidazol-2-yl function. Eur. J. Med. Chem. 63, 14–21.  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 
6 / j . e j m e c h . 2 0 1 3 . 0 1 . 0 4 2     (2013).

 58. Girgis, A. S., Kalmouch, A. & Ellithey, M. Synthesis of novel vasodilatory active nicotinate esters with amino acid function. Bioorg. 
Med. Chem. 14, 8488–8494. https://doi.org/10.1016/j.bmc.2006.08.041 (2006).

 59. Tiwari, A. D. et al. Microwave assisted synthesis and QSAR study of novel NSAID acetaminophen conjugates with amino acid 
linkers. Org. Biomol. Chem. 12, 7238–7249. https://doi.org/10.1039/c4ob01281j (2014).

 60. https://www. who.int/news -room/fact-s heets/detai l/colorectal-cancer (accessed on Jul. 28, 2024).
 61. Zamaray, B. et al. Outcomes of patients with perforated colon cancer: A systematic review. Eur. J. Surg. Oncol. 49, 1–8.  h t t p s : / / d o i . 

o r g / 1 0 . 1 0 1 6 / j . e j s o . 2 0 2 2 . 0 8 . 0 0 8     (2023).
 62. Ning, J.-Y. et al. Integrated network pharmacology and metabolomics reveal the action mechanisms of vincristine combined with 

celastrol against colon cancer. J. Pharm. Biomed. Anal. 239, 115883. https://doi.org/10.1016/j.jpba.2023.115883 (2024).
 63. Kapoor, D. U., Garg, R., Gaur, M., Prajapati, B. G., Agrawal, G., Bhattacharya, S. & Elossaily, G. M. Polymeric nanoparticles 

approach and identification and characterization of novel biomarkers for colon cancer. Results Chem. 6, 101167.  h t t p s : / / d o i . o r g / 1 
0 . 1 0 1 6 / j . r e c h e m . 2 0 2 3 . 1 0 1 1 6 7     (2023).

 64. Zhu, J.-M. et al. Discovery and optimization of indirubin derivatives as novel ferroptosis inducers for the treatment of colon cancer. 
Eur. J. Med. Chem. 261, 115829. https://doi.org/10.1016/j.ejmech.2023.115829 (2023).

 65. Gao, G. et al. Design, synthesis, and biological evaluation of novel 4,4′-bipyridine derivatives acting as CDK9-Cyclin T1 protein-
protein interaction inhibitors against triple-negative breast cancer. Eur. J. Med. Chem. 261, 115858.  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j . e j m e 
c h . 2 0 2 3 . 1 1 5 8 5 8     (2023).

 66. Liu, X., Luo, B., Wu, X. & Tang, Z. Cuproptosis and cuproptosis-related genes: Emerging potential therapeutic targets in breast 
cancer. Biochim. Biophys. Acta Rev. Cancer 1878, 189013. https://doi.org/10.1016/j.bbcan.2023.189013 (2023).

 67. Zhang, H. et al. Development of actein derivatives as potent anti-triple negative breast cancer agents. Bioorg. Med. Chem. Lett. 89, 
129307. https://doi.org/10.1016/j.bmcl.2023.129307 (2023).

 68. El-Gazzar, M. G. M. et al. Computational, in vitro and radiation-based in vivo studies on acetamide quinazolinone derivatives as 
new proposed purine nucleoside phosphorylase inhibitors for breast cancer. Eur. J. Med. Chem. 248, 115087.  h t t p s : / / d o i . o r g / 1 0 . 1 0 
1 6 / j . e j m e c h . 2 0 2 3 . 1 1 5 0 8 7     (2023).

 69. https:   //w ww.w crf .org/c ancer- trends/pan cre ati c-cancer-statistics/ (accessed on Jul. 28, 2024).
 70. Xia, Y. et al. Repositioning of Montelukast to inhibit proliferation of mutated KRAS pancreatic cancer through a novel mechanism 

that interfere the binding between KRAS and GTP/GDP. Eur. J. Pharmacol. 961, 176157.  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j . e j p h a r . 2 0 2 3 . 1 7 6 
1 5 7     (2023).

 71. van Dongen, J. C. et al. The yield of staging laparoscopy for resectable and borderline resectable pancreatic cancer in the 
PREOPANC randomized controlled trial. Eur. J. Surg. Oncol. 49, 811–817. https://doi.org/10.1016/j.ejso.2022.12.011 (2023).

 72. Camara, R. et al. Discovery of novel small molecule inhibitors of S100P with in vitro anti-metastatic effects on pancreatic cancer 
cells. Eur. J. Med. Chem. 203, 112621. https://doi.org/10.1016/j.ejmech.2020.112621 (2020).

 73. Yoon, A.-R. et al. Oncolytic adenovirus as pancreatic cancer-targeted therapy: Where do we go from here?. Cancer Lett. 579, 
216456. https://doi.org/10.1016/j.canlet.2023.216456 (2023).

 74. Shen, Q. et al. Synthesis and evaluation of tetrahydroquinolin-2(1H)-one derivatives as novel anti-pancreatic cancer agents via 
targeting autophagy. Eur. J. Med. Chem. 170, 28–44. https://doi.org/10.1016/j.ejmech.2019.03.013 (2019).

 75. Domínguez, J. N. et al. Synthesis and evaluation of new antimalarial phenylurenyl chalcone derivatives. J. Med. Chem. 48, 3654–
3658. https://doi.org/10.1021/jm058208o (2005).

 76. Tok, F. et al. Synthesis of new hydrazone derivatives and evaluation of their monoamine oxidase inhibitory activity. Bioorg. Chem. 
114, 105038. https://doi.org/10.1016/j.bioorg.2021.105038 (2021).

Scientific Reports |          (2025) 15:618 13| https://doi.org/10.1038/s41598-024-82005-6

www.nature.com/scientificreports/

https://doi.org/10.1016/j.ejmech.2014.11.032
https://doi.org/10.1016/j.bmc.2015.08.010
https://go.drugbank.com/drugs/DB00398
https://www.drugs.com/history/nexavar.html
https://doi.org/10.1038/s41419-021-04248-9
https://doi.org/10.1038/s41598-020-66296-z
https://doi.org/10.1124/jpet.117.244129
https://doi.org/10.1080/13543784.2017.1385762
https://doi.org/10.1158/1078-0432.CCR-16-1968
https://go.drugbank.com/drugs/DB09079
https://www.drugs.com/history/ofev.html
https://go.drugbank.com/drugs/DB11885
https://doi.org/10.1186/s13045-018-0664-7
https://doi.org/10.1007/s40265-018-0939-x
https://doi.org/10.1007/s40265-021-01489-y
https://go.drugbank.com/drugs/DB08896
https://www.drugs.com/history/stivarga.html
https://go.drugbank.com/drugs/DB09078
https://www.drugs.com/history/lenvima.html
https://go.drugbank.com/drugs/DB11800
https://www.drugs.com/history/fotivda.html
https://doi.org/10.1016/j.bioorg.2023.106982
https://doi.org/10.1016/j.bioorg.2023.106982
https://doi.org/10.1016/j.ejmech.2017.03.090
https://doi.org/10.1016/j.ejmech.2020.112293
https://doi.org/10.1016/j.ejmech.2013.01.042
https://doi.org/10.1016/j.ejmech.2013.01.042
https://doi.org/10.1016/j.bmc.2006.08.041
https://doi.org/10.1039/c4ob01281j
https://www.who.int/news-room/fact-sheets/detail/colorectal-cancer
https://doi.org/10.1016/j.ejso.2022.08.008
https://doi.org/10.1016/j.ejso.2022.08.008
https://doi.org/10.1016/j.jpba.2023.115883
https://doi.org/10.1016/j.rechem.2023.101167
https://doi.org/10.1016/j.rechem.2023.101167
https://doi.org/10.1016/j.ejmech.2023.115829
https://doi.org/10.1016/j.ejmech.2023.115858
https://doi.org/10.1016/j.ejmech.2023.115858
https://doi.org/10.1016/j.bbcan.2023.189013
https://doi.org/10.1016/j.bmcl.2023.129307
https://doi.org/10.1016/j.ejmech.2023.115087
https://doi.org/10.1016/j.ejmech.2023.115087
https://www.wcrf.org/cancer-trends/pancreatic-cancer-statistics/
https://doi.org/10.1016/j.ejphar.2023.176157
https://doi.org/10.1016/j.ejphar.2023.176157
https://doi.org/10.1016/j.ejso.2022.12.011
https://doi.org/10.1016/j.ejmech.2020.112621
https://doi.org/10.1016/j.canlet.2023.216456
https://doi.org/10.1016/j.ejmech.2019.03.013
https://doi.org/10.1021/jm058208o
https://doi.org/10.1016/j.bioorg.2021.105038
http://www.nature.com/scientificreports


 77. Youssef, M. A. et al. Novel curcumin mimics: Design, synthesis, biological properties and computational studies of piperidone-
piperazine conjugates. ChemistrySelect 7, e202201406. https://doi.org/10.1002/slct.202201406 (2022).

 78. Fawzy, N. G. et al. Synthesis, human topoisomerase IIα inhibitory properties and molecular modeling studies of anti-proliferative 
curcumin mimics. RSC Adv. 9, 33761–33774. https://doi.org/10.1039/c9ra05661k (2019).

 79. Bekheit, M. S. et al. Spiroindole-containing compounds bearing phosphonate group of potential Mpro-SARS-CoV-2 inhibitory 
properties. Eur. J. Med. Chem. 258, 115563. https://doi.org/10.1016/j.ejmech.2023.115563 (2023).

 80. https://www.rcsb.org/structure/3WZE (accessed on Jul. 28, 2024).
 81. https://www.rcsb.org/structure/3AGD (accessed on Jul. 28, 2024).

Acknowledgements
This work was supported financially by National Research Centre, Egypt, project ID: 13060103.

Author contributions
Conceptualization, A.S.G., and S.S.P.; methodology, D.R.A., W.F., A.A.F.S., and A.S.G.; X-ray studies, B.M.K.; 
validation, A.S.G., S.S.P., D.R.A., and M.S.B.; formal analysis, A.S.G., D.R.A., and M.S.B.; data curation, A.S.G., 
S.S.P., and D.R.A.; writing–original draft preparation, A.S.G., B.M.K., S.S.P., and D.R.A.; writing–review and 
editing, A.S.G., S.S.P., B.M.K., M.S.B., D.R.A., and A.R.H.; supervision, M.A.Y., A.S.G., A.R.H., and M.S.B.; All 
authors have read and agreed to the published version of the manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in cooper-
ation with The Egyptian Knowledge Bank (EKB).

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at  h t t p s : / / d o i . o r g / 1 
0 . 1 0 3 8 / s 4 1 5 9 8 - 0 2 4 - 8 2 0 0 5 - 6     .  

Correspondence and requests for materials should be addressed to A.S.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024 

Scientific Reports |          (2025) 15:618 14| https://doi.org/10.1038/s41598-024-82005-6

www.nature.com/scientificreports/

https://doi.org/10.1002/slct.202201406
https://doi.org/10.1039/c9ra05661k
https://doi.org/10.1016/j.ejmech.2023.115563
https://www.rcsb.org/structure/3WZE
https://www.rcsb.org/structure/3AGD
https://doi.org/10.1038/s41598-024-82005-6
https://doi.org/10.1038/s41598-024-82005-6
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	Design and synthesis of antiproliferative 2-oxoindolin-3-ylidenes incorporating urea function with potential VEGFR-2 inhibitory properties
	Results and discussion
	Chemical synthesis
	Single crystal X-ray structure of 12a
	Antiproliferation properties
	HCT116 cell line
	MCF7 cell line
	PaCa2 cell line
	VEGFR-2 inhibitory properties
	Molecular modeling
	PDB: 3WZE
	PDB: 3AGD

	Conclusion
	Experimental


