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Abstract 

The leading cause of death worldwide is reportedly cancer. This deadly, multigenetic condition is characterized by unchecked 

cell proliferation and differentiation. A family of protein kinases known as tyrosine kinases is essential for cancer cell survival 

and metastasis. The fibroblast growth factor receptor (FGFR), vascular endothelial growth factor receptor (VEGFR), and 

epidermal growth factor receptor (EGFR) are members of this family of kinases. As a result of medication resistance and 

systemic toxicity brought on by current cancer treatments, the development of novel anticancer agents is urgently necessary. 

One of the main goals of creating new, strong anticancer drugs is to prevent angiogenesis by reducing VEGFR-2 activity. The 

effectiveness of novel synthesised hydrazone derivatives 6a,b against sixty human cancer cell lines from nine different cancer 

types was evaluated. The results were analyzed, and molecular docking was used to simulate the inhibitory activity of 

compounds 6a and 6b on VEGFR-2. Spectroscopic examination supported the chemical structure of 6a,b. 
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1. Introduction 

The hallmarks of cancer are present in all cancer cells 

regardless of the cause or type; these include 

uncontrolled growth, angiogenesis and apoptosis 

evasion [1–3]. Angiogenesis [4,5] is the expansion 

and production of blood vessels from preexisting 

ones, increasing oxygen supply and nutrients for 

tumor cells, supporting metastasis. Angiogenic 

activity significantly increases via transfection of an 

oncogene into tumor cells, causing overexpression of 

vascular endothelial growth factor (VEGF) and basic 

fibroblast growth factor (bFGF), and decreasing the 

expression of antiangiogenic proteins, as angiostatin, 

endostatin and thrombosponin-1 [6,7]. Moreover, 

VEGFR-2, activates numerous signaling pathways, 

including protein kinase C (PKC), mitogen-activated 

protein kinase (MAPK), and phosphatidylinositol-3-

kinase (PI3K), causing vascular sustainability of 

tumors [8,9]. Thus, developing VEGFR-2 inhibitors 

will aid in inhibiting angiogenesis, and hence, 

controlling cancer progression. FDA had approved 

various VEGFR-2 inhibitors, such as sunitinib[10], 

nintadinib[11], vorolanib[12], and toceranib[13], for 

treatment of different cancer types, as revealed in 

Figure 1a,b. Small molecule kinase inhibitors, 

inhibit the phosphorylation on the VEGFR, which is 

the crucial step required for activation of a signal 

transduction cascade, that aids in increasing cell 

proliferation, angiogenesis and metastasis, and 

blocking apoptosis. Inhibiting the phosphorylation on 

the VEGFR, assists in inhibiting proliferation and 

angiogenesis of cancer cells, as revealed in figure 1b. 

Pharmacophoric features of VEGFR-2 inhibitors, 

include a heteroaromatic ring, to form hydrogen bond 

with Cys919 and/or Glu917 in the ATP binding site, 

a central linker, hydrogen bond donor/acceptor, in 

order to interact with Asp1046 and Glu883 in the 

DFG domain, and a terminal aryl moiety for 

interaction with the allosteric binding site, Figure 1c. 
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Fig. 1a: VEGFR-2 inhibitors incorporating a pyrrole 

moiety 

 
Fig. 1b: Small molecule kinase inhibitors (SMKIs) 

inhibit the proliferation of cancer cells by blocking the 

downstream signal pathways 
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Fig. 1c: Pharmacophoric features of VEGFR-2 

inhibitors 

 

Owing to the great importance of 4-(N-substituted)-

pyrrolopyrimidines[14–18], and based on the 

previous data, our aim of work was synthesizing new 

compounds, incorporating the 4-(N-substituted)-

pyrrolopyrimidine scaffold, having VEGFR-2 

inhibitory activity, in order to block angiogenesis and 

hence, aid in cancer treatment, and preventing cancer 

progression. Figure 2 reveals the schematic design 

for the target molecules having the pharmacophoric 

features of VEGFR-2 inhibitors, compared to well-

known marketing drug, Sunitinib, using the main 

features as; heterocyclic scaffolds (pyrrole moiety, 

bicyclic rings (pyrrolopyrimidines) and with 4 (N-

Substituted) linker, having a terminal aryl moiety for 

hydrophobic interaction. 
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Fig. 2: Design rationale of the target molecules 

pyrrolopyrimidines as VEGFR-2 inhibitors 

2. Materials and Methods 

2.1. Chemical experimental 

All melting points were uncorrected and 

determined using Electro-thermal IA 9100 apparatus 

(Shimadzu, Japan). IR spectra were recorded as 

potassium bromide pellets on a Perkin-Elmer 1650 

spectrophotometer (USA) and the resulted values 

were expressed in cm-1. IR analysis was carried out at 

Faculty of Science, Helwan University. 1H-NMR 

spectra were recorded in DMSO-d6 on a Varian 

Mercury (400 MHz) spectrometer and chemical shifts 

were expressed as ppm, using TMS as an internal 

reference. 1H-NMR analysis was carried out in 
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“Center for Drug Discovery Research and 

Development” at Faculty of Pharmacy, Ain-Shams 

University, Cairo, Egypt. Mass spectra were carried 

out on 70 eV EI MS-1000 EX, at “The Regional 

Center for Mycology and Biotechnology”, Al-Azhar 

University, Cairo, Egypt. Chemical reactions were 

monitored using Thin Layer Chromatography (TLC). 

TLC was performed on pre-coated silica gel (Merck, 

Darmstadt, Germany), in the appropriate solvent 

system and UV-light was used for spots visualization. 

General procedure for the synthesis of compounds 

6a,b 

A mixture of hydrazine derivative 5a (3.19 g, 0.01 

mol), aromatic aldehyde (0.01 mol) and glacial acetic 

acid (3 mL) was heated under reflux in absolute 

ethanol (50 mL), the reaction was TLC monitored 

(20% ethanol / dichloromethane). The mixture was 

cooled, poured onto ice/water, filtered in, dried, and 

recrystallized from ethanol, to give compounds 6a,b. 

 

4-(2-(4-chlorobenzylidene)hydrazinyl)-7-(4-

fluorophenyl)-5-phenyl-7H-pyrrolo[2,3-

d]pyrimidine (6a): Yield: 58%; m.p.: 268-272 oC; IR 

(KBr) ν (cm-1): 3427 (NH), 3061, 2924 (CH), 1594 

(C=N);  MS (EI) m/z: 441 [M]+. (9.03%), 443 [M+2]+ 

(13.09%);  1H NMR (DMSO-d6, 400 MHz) δ (ppm): 

7.42-7.95 (m, 14H, Ar-H + 1H, NH, D2O 

exchangeable), 8.72 (N=CH), 10.01 (s, 1H, 

pyrimidine-H); 13C NMR (DMSO-d6, 100 MHz) δ 

(ppm): 123.76, 127.31, 129.13, 133.23, 137.93, 

140.07, 143.97, 149.03, 153.17, 157.17, 159.37, (SP2 

carbon atoms), 167.13 (N=CH); Anal Calcd. for 

C25H17ClFN5 (441.89): C, 67.95; H, 3.88; N, 15.85%. 

Found: C, 68.17; H, 3.73; N, 15.67%. 

 

7-(4-fluorophenyl)-4-(2-(4-

methoxybenzylidene)hydrazinyl)-5-phenyl-7H-

pyrrolo[2,3-d]pyrimidine (6b): Yield: 59%; m.p.: 

218-222 oC; IR (KBr) ν (cm-1): 3428 (NH), 3090, 

2926 (CH), 1602 (C=N); MS (EI) m/z: 437 [M]+. 

(9.11%); 1H NMR (DMSO-d6, 400 MHz) δ (ppm): 

3.87 (s, 3H, OCH3), 7.05-7.89 (m, 14H, Ar-H + 1H, 

NH, D2O exchangeable), 8.63 (N=CH), 9.88 (s, 1H, 

pyrimidine-H); 13C NMR (DMSO-d6, 100 MHz) δ 

(ppm): 57.33 (-CH3), 113.17, 117.69, 121.43, 127.32, 

131.77, 136.92, 143.71, 146.71, 159.13 (SP2 carbon 

atoms), 167.17 (N=CH); Anal Calcd. for C26H20FN5O 

(437.47): C, 71.38; H, 4.61; N, 16.01%. Found: C, 

71.47; H, 4.52; N, 15.87%. 

2.2. Anticancer assay 

   The novel hydrazone derivatives 6a,b were 

submitted to the NCI, Bethesda, USA, to study and 

evaluate their anticancer activity against 60 human 

cancer cell lines, belonging to 9 different cancer 

types. The anti-proliferative activity of 6a,b was 

assessed according to the NCI methodology [19], at a 

single dose (10 µM in DMSO).  

 

2.3. Molecular docking 

   Molecular docking for the novel hydrazone 

derivatives 6a,b was performed using Molecular 

Operating environment (MOE 2014.0901) software, 

to evaluate their activity in comparison to the 

redocked ligand (Sunitinib), within the VEGFR-2 

active site. The crystal structure of VEGFR-2 was 

downloaded from the protein data bank 

(http://www.rcsb.org/) (PDB ID: 4AGD). Protein and 

the co-crystallized ligands were then prepared, and 

molecular docking was performed on the active site 

of the protein, and finally docking results and 

calculations were expressed and the best pose for 

each derivative was chosen based on the binding 

interactions with the receptor and the best scores. 

 

3-Results and discussion 

3.1. Chemistry 

The synthetic pathway for the preparation of the 

reported 4-chloropyrrolo[2,3-d]pyrimidines 4a-e, is 

revealed in scheme 1. [20–24]. The key password to 

http://www.rcsb.org/
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Scheme 1: Synthesis of compounds 1-6 
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prepare 2-amino-3-cyanopyrroles 2a-e is the 

availability of α-amino ketones, which could be 

obtained via reacting; α-halo ketones (phenacyl 

bromide) and/or α-hydroxy ketones (benzoin) with 

primary, aromatic and /or heteroaromatic amines. 

Firstly, phenacyl bromide reacted with different 

aromatic amines, namely; 4-fluoroaniline [20], 3,4-

dichloroaniline [21], and 4-aminoantipyrine 

[22],using sodium bicarbonate as an acid capture , 

giving the α-amino ketones 1a-c, which upon 

condensing with active methylene as malononitrile, 

under strong basic conditions using sodium ethoxide 

(Na/ethanol), afforded the 2-amino-3-cyanopyrrole 

derivatives 2a-c. Secondly, benzoin reacted with 

benzylamine [25] and/or 4-aminoantipyrine [24], in 

non-polar solvent (namely; toluene), giving the α-

amino ketone in-situ, which upon reaction with 

malononitrile, afforded the 2-amino-3-cyanopyrrole 

derivatives 2d,e. The former 2a-e, were then 

condensed with formic acid, providing the 

pyrrolo[2,3-d]pyrimidin-4(7H)-ones 3a-e, reacting 

with phosphorous oxychloride, afforded our key 

starting material 4-chloropyrrolo[2,3-d]pyrimidines 

4a-e[20–24]. 4-Chloro 4a-e, were reacted with 

hydrazine hydrate in absolute ethanol under reflux, 

forming the 4-hydrazinylpyrrolo[2,3-d]pyrimidines 

5a-e[20–22,24];  which upon coupling with aromatic 

aldehydes, namely; 4-methoxybenzaldehyde and 4-

chlorobenzaldehyde, under acidic conditions, using 

glacial acetic acid, in refluxing ethanol, afforded 

hydrazone derivatives 6a,b, as revealed in Scheme 1.   

 

 

3.2. Anticancer results 

   The anticancer activity for the novel hydrazone 

derivatives 6a,b was performed by the National 

Cancer Institute (NCI), against 60 human cancer cell 

lines belonging to 9 cancer types (non-small cell lung 

cancer, leukemia, CNS, colon, melanoma, ovarian, 

prostate, renal, and breast cancers). Results showed 

that both compounds have mild to moderate activity 

against the variety of cell lines tested, as shown in 

table 1. 

 

 

 

 

 

 

 

Table 1. Anticancer testing results (growth percent against 60 

cancer cell lines), for compounds 6a,b. 

 

Panel/Cell 

line 

Growth Percent (%) 

6a 

N

N

N
HN

N

Ph

F

Cl

 

6b 

N

N

N
HN

N

Ph

F

OMe

 

Leukemia 

CCRF-

CEM 
109.14 119.51 

HL-60(TB) 110.77 113.13 

K-562 92.54 89.90 

MOLT-4 89.85 96.03 

RPMI-

8226 
85.10 87.27 

SR 107.46 108.69 

Non-Small Cell Lung Cancer 

A549/ATC

C 
110.12 115.53 

EKVX 80.02 76.69 

HOP-62 111.70 112.23 

HOP-92 83.03 87.54 

NCI-H226 83.18 76.76 

NCI-H23 93.68 94.82 

NCI-

H322M 
113.90 109.59 

NCI-H460 102.89 104.45 

NCI-H522 84.44 95.74 

Colon Cancer 

COLO 205 112.71 117.98 

HCC-2998 114.19 118.10 

HCT-116 101.50 100.69 

HCT-15 102.87 97.84 

HT29 107.31 120.82 

KM12 100.12 101.60 

SW-620 99.96 106.29 

CNS Cancer 

SF-268 98.13 104.42 

SF-295 95.30 95.98 

SF-539 95.09 95.97 

SNB-19 94.01 91.30 

SNB-75 58.64 78.02 

U251 100.77 103.79 

Melanoma 

LOX IMVI 86.63 83.59 

MALME- 107.82 112.74 
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3M 

M14 104.82 113.01 

MDA-MB-

435 
99.65 104.50 

SK-MEL-2 101.19 100.57 

SK-MEL-

28 
129.99 141.59 

SK-MEL-5 100.38 99.27 

UACC-257 116.21 120.82 

UACC-62 89.54 85.26 

Ovarian Cancer 

IGROV1 88.65 91.15 

OVCAR-3 111.80 123.79 

OVCAR-4 87.08 90.03 

OVCAR-5 115.96 111.29 

OVCAR-8 102.73 105.23 

NCI-ADR-

RES 
98.29 100.34 

SK-OV-3 106.35 110.46 

Renal Cancer 

786-0 108.50 110.41 

A498 127.60 143.02 

ACHN 89.97 94.72 

CAKI-1 65.78 62.39 

RXF 393 78.86 69.16 

SN12C 105.40 103.01 

TK-10 146.74 151.55 

UO-31 78.36 72.21 

Prostate Cancer 

PC-3 98.73 107.01 

DU-145 110.90 112.04 

Breast Cancer* 

MCF7 61.14 58.96 

MDA-MB-

231/ATCC 
84.13 88.80 

HS 578T 86.96 99.65 

BT-549 142.65 152.51 

T-47D 84.30 84.20 

MDA-MB-

468 
92.09 88.97 

Mean 99.13 101.88 

Delta 40.49 42.92 

Range 88.10 93.55 

 

With growth percentages of 58.64, 61.14, and 65.78, 

respectively, against the three tested cell-lines SNB-

75, MCF-7, and CAKI-1, compound 6a (a 

hydrazone derivative bearing an electronegative 

moiety, 4-chlorophenyl) demonstrated better 

selectivity. Contrarily, compound 6b (a hydrazone 

derivative containing the electrodonating moiety 

4-methoxyphenyl) demonstrated greater selectivity 

against two tested cell-lines, including the renal 

cancer cell lines CAKI-1 and RXF 393 and the breast 

cancer cell line MCF7, with growth percentages of 

62.39, 69.19, and 58.96, respectively. Standard drug-

bearing pyrrole ring Sunitinib (Sutent®, also known 

as SU11248) was selected as a reference molecule to 

comprehend prior results. The considerable activity 

of sunitinib against MCF-7, HT29, and DU-145 

human cancer cell lines and other cell-lines, has led 

to its approval for use in gastrointestinal stromal 

tumors and advanced renal cell carcinomas. Sutent, a 

well-known marked drug, was also used as the 

reference ligand in additional docking investigations 

[26]. 

 

 

3.3. Molecular docking results 

   There are two major categories for kinase 

inhibitors. Type I kinase inhibitors recognize the 

active VEGFR-2 conformation by just binding in and 

around the region occupied by the ATP adenine ring. 

Type II inhibitors stabilizes the inactive DFG-out 

enzyme conformation via movement of the DFG 

motif (Aspartate – Phenylalanine – Glycine), 

enabling them to occupy the hydrophobic allosteric 

site [27]. Studies revealed that the common 

pharmacophoric features for type II VEGFR-2 

inhibitors, include a flat heteroaromatic ring, 

occupying the ATP binding region and interacting via 

hydrogen bonding with the backbone NH of Cys919, 

beside an amide or urea moiety aiming interaction 

with Asp1046 and Glu88 in the DFG enzyme 

domain, and finally a terminal aryl moiety required 

for occupying the allosteric hydrophobic pocket [28]. 

Molecular docking for the novel hydrazone 

derivatives 6a,b was performed on VEGFR-2 (PDB: 

4AGD), and docking results were compared to the 

reference ligand, B49 (Sunitinib). Results revealed 

that compound 6a interacted via hydrophobic 

interactions with Asn923 and Val848, showing a 

docking score (S) and root mean square deviation 

(RMSD) values of -6.5258 Kcal/mol and 0.7790, 

respectively, better than that of the reference ligand, 

whose docking score and RMSD values, -8.4425 

Kcal/mol and 1.0901, respectively. Compound 6b 

interacted via hydrophobic interaction with Leu840, 

showing a docking score and RMSD values of  

-7.1078 Kcal/mol and 1.1071, respectively as 

revealed in table 2 and Figure 3. 
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A                                                                                        B 

      

 

C                                                                                      D 

      

 

 

E                                                                                        F 

      
 

Fig. 3: (A) 2D view of the redocked ligand, B49 (Sunitinib), on the active site of VEGFR-2 (PDB: 4AGD). (B) Validation re-docking of the 

crystallized ligand (green), overlay on the redocked ligand (yellow). (C) and (E) 2D views of compounds 6a and 6b on the active site of 

VEGFR-2, respectively. (D) and (F) 3D views of compounds 6a and 6b (yellow), overlayed on the crystallized ligand, B49 (green), in the 

active site of VEGFR-2, respectively. 
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The novel hydrazone derivatives 6a,b and sunitinib 

are correlated in Figure 4. The crucial NH of Cys919 

at the ATP binding site interacted with the carbonyl 

(C=O) group in Sunitinib via hydrogen bonding. 

Sunitinib also demonstrated a hydrogen bonding 

contact with Glu917. Compounds 6a and 6b 

interacted with the hydrophobic moieties on their 

phenyl and pyrrole rings. 

 

N
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H
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N
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bonding in the ATP binding site
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interaction

H-bond Donor / Acceptor
for interaction in the DFG
domain

Binding v ia hydrogen bonding to
Glu917 in the ATP binding site

N
N

N

HN
N

Ar`

F

6a,b

The 4-fluorophenyl moiety
decreases the anticancer
activity of the compound,
indicating the poor activity
of the electronegative atom
(F) on the phenyl ring

4-chlorophenyl and
4-methoxyphenyl moieties
for hydrophobic interactions

H-bond Donor
for interaction in
the DFG domain

Fig. 4: Correlation between Sunitinib and the novel hydrazone 

derivatives 

 

 

Table 2.  Molecular docking results of compounds 6a,b versus reference (Sunitinib) in VEGFR-2 active site (PDB: 4AGD) 

 

Compound Docking score 

(S) 

Kcal/mol 

RMSD E-score 1 

(London dG) 

Kcal/mol 

E-score 2 

(London dG) 

Kcal/mol 

Binding interaction 

(Ligand-receptor) 

6a -6.5258 0.7790 -10.8510 -6.5258 (Pyrimidine-Asn923) (pi-H, 2.72 Å) 

(Benzene-Val848) (pi-H, 2.79 Å)  

6b -7.1078 1.1071 -12.0934 -7.1078 (Benzene-Leu840) (pi-H, 3.00 Å) 

(Pyrrole-Leu840) (pi-H, 2.78 Å) 

Ligand 

(Sunitinib) 

-8.4425 1.0901 -10.3085 -8.4425 (O-Cys919) (H-b, 1.90 Å) 

(NH-Glu917) (H-b, 2.20 Å) 

(Benzene-Val848) (pi-H, 2.88 Å) 

(Benzene H- Phe1047) (H-pi, 2.91 Å) 

4. Conclusions 

Novel hydrazone derivatives 6a,b having the N(7) 

4-fluorophenyl moiety; have been synthesised and 

their molecular docking against VEGFR-2 as well as 

their anticancer efficacy against 60 human cancer cell 

lines from 9 different cancer types were examined. 

The anticancer activity of 6a,b was moderate to mild 

against the cancer cell lines. When compared to the 

reference drug (Sunitinib), both compounds 6a,b 

managed to bind at the same active locations during 

molecular docking on VEGFR-2. Compounds 6a and 

6b mostly interacted through hydrophobic 

interactions. Further studies and modifications on 

these hydrazones are needed to enhance their 

anticancer activity. 
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