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Abstract 

Structure novelty, chemical stability and synthetic feasibility attracted us to design 1,2,3-

triazole compounds as potential inhibitors of VEGFR2  tyrosine kinase. Novel triazoles T1-

T7 were proposed by oxazole (AAZ from PDB: 1Y6A)/1,2,3-triazole isosteric replacement, 

molecular modelling and docking. In order to enable synthesis of T1-T7 we developed a 

methodology for preparation of ynamide 22. Compound 22 was used for all Click chemistry 

reactions leading to triazoles T1-T3 and T6-T7. Among the obtained products, T1, T3 and T7 

specifically bind VEGFR2 TK and modulate its activity by concentration-dependent manner. 

Moreover predicted binding poses of T1-T7 in VEGFR2 TK were similar to the one known 

for the oxazole inhibitor AAZ (PDB: 1Y6A). Unfortunately, the VEGFR2 inhibition by 

triazoles e.g. T3 and T7 is lower than that determined for their oxazole bioisosteres T3-ox 

and AAZ, resp. Different electronic properties of 1,2,3-triazole/oxazole heterocyclic rings 

were proposed to be the main reason for the diminished affinity of T1-T3, T6 and T7 to an 

oxazole AAZ inhibitor binding site in VEGFR2 TK (PDB: 1Y6A or 1Y6B). Moreover T1-T3 

and T6 were screened on cytotoxic activity against two human hepatocellular carcinoma cell 

lines. Selective cytotoxic activity of T2 against aggressive Mahlavu cells has been discovered 

indicating possible affinity of T2 to Mahlavu constitutionally active PI3K/Akt pathway. 
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Introduction 

Anti-angiogenesis agents that target malignant vasculature are of considerable interest due to 

their perceived potential to target tumour resistance towards chemo- and radiotherapy. 

Vascular endothelial growth factors (VEGFs) and their corresponding family of receptor 
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tyrosine kinases (VEGFRs) are the key proteins modulating angiogenesis, the formation of 

new vasculature from an existing blood network. These include VEGFR1 (Flt1), VEGFR2 

(Kinase Insert Domain Receptor (KDR) or Flk1). The last one, VEGFR3 is specialized for 

lymphagiogenesis. VEGFR2 is the major positive signal transducer for endothelial cells 

proliferation and differentiation.  

There has been considerable evidence, including clinical observations, that the abnormal 

angiogenesis is implicated in a number of diseases including rheumatoid arthritis, 

inflammation, degenerative eye conditions and cancer. Cancer stem cells (CSCs) represent a 

small but the most tumourigenic subpopulation from the tumour cells responsible for 

metastasis, tumour recurrence and drug resistance. CSCs, also called “the roots of cancer”, 

are considered to be a new promising therapeutic target. VEGFR2 is regarded as an 

endothelial cell protein but evidences suggest that VEGFRs may be expressed also by cancer 

cells. Glioblastoma multiforme (GBM) is characterized by florid vascularisation and 

aberrantly elevated VEGF. Antiangiogenic therapy with bevacizumab reduces GBM tumour 

growth. VEGFR2 is expressed on CD133 þ human glioma cancer stem cells (GCSCs). 

VEGF-VEGFR2-Neuropilin1 (NRP1) axis influences GCSCs viability, self-renewal, and 

tumourigenicity. GCSCs viability was attenuated by direct inhibition of VEGFR2 TK activity 

and/or knockdown of VEGFR2 or NRP1.  

VEGFR2 inhibitors may block the VEGF-VEGFR2- NRP1 pathway [8,9]. VEGF via 

VEGFR2 stimulates proliferation of glioblastoma multiform CSCs. VEGF stimulates GCSCs 

tumourigenesis and angiogenesis. Suppression of VEGFR2 signalling is therefore a potential 

therapeutic strategy in GBM [10]. VEGFR2 plays a key role in ability of glioblastoma CSCs 

to vasculogenic mimicry (VM) formation, neovascularisation and tumour initiation. 

Knockdown of VEGFR2 in GCSCs markedly reduced their selfrenewal, forming tubules, 

initiating xenograft tumours, promoting vascularisation and the establishment of VM. 

VEGFR2 is an essential molecule to sustain the “stemness” of GCSCs, their capacity to 

initiate tumour vasculature, and direct initiation of tumours. Therefore VEGFR2 inhibitors 

are important compounds reducing angiogenesis and promising compounds to interfere with 

CSCs resistance. 

The PDB database contains VEGFR2 TK complex 1Y6A possessing N-aryl-5-aryloxazol-2-

amine ligand AAZ determined as a powerful VEGFR2 inhibitor (IC50: 22 nM). Ligand AAZ 

was prepared in five steps in a low overall 10% yield mostly due to the problematic oxazole-
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2-amine fragment formation. Low yields of oxazole-2-amine formation (1e58 %) have been 

also described. Moreover AAZ contains N-aryloxazol-2-amine part that uses to liberate from 

connection with oxazole by influence of nucleophilic reagent (e.g. amines, alkoxides etc.). 

Nucleophilic attack on C(2) of AAZ oxazole ring resulting in toxic aniline 26 (Scheme 1). 

(unpublished results) Low yielding synthesis of Naryloxazol-2-amines, their problematic 

stability and potential toxicity resulting from releasing aniline inspired us to develop novel, 

stable and synthetically more feasible VEGFR2 modulators based on the oxazole/1,2,3-

triazole isosteric replacement.  

Replacing the heterocyclic ring in the structure of some inhibitors can provide a novel 

compounds with improved properties. 1,4-Disubstituted 1,2,3-triazoles are stable compounds 

easily obtainable in high yields from organic alkynes and azides by Cu(I) catalyzed reaction 

(CuACC Click chemistry). Click reaction allows rapid preparation of different triazoles that 

is especially advantageous if one of the reactants is the same in all performed reactions (e.g. 

ynamide 22a in our case, Schemes 8 and 11). Additionally, Click reaction can selectively 

provide also 1,5- regioisomeric compounds via Ru (II) catalyzed cycloaddition. 

Only few active 1,2,3-triazole containing VEGFR2 TK inhibitors are described in the 

literature: 6 inhibitors 1e6 possessing IC50 < 50 nM, (Fig. 2) 10 substances with IC50 < 100 

nM and 19 compounds having IC50 200 nM. Only few VEGFR2 TK inhibitors possessing 

internal 1,2,3-triazole core were found in the literature. Compounds 8e10 were described as 

VEGFR2 activity modulators (Ki > 915 nM (VEGFR2)) [27]. The staurosporin-like inhibitor 

11 moderately influences the VEGFR2 kinase activity (IC50: 200 nM).  

Our docking results proposed that the triazole fragment in 12e14 directly contributes the 

binding with VEGFR2 TK. The predicted intermolecular interactions of 12 and 14 are 

depicted on Fig. 6. Moreover proposed positions of the above triazole inhibitors in VEGFR2 

ATP active site is similar to the poses of ligands from PDB complexes 2P2I (IC50: 38 nM), 

and 3EFL (IC50: 3 nM). (not shown) Both VEGFR2 kinase conformers (PDB: 2P2I and 

3EFL) used in docking experiments are VEGFR2 inactive (DFG-out) kinases originally 

accommodating Type II inhibitor. 

Results and Discussion 

Interaction analysis of AAZ conformers 

Oxazole VEGFR2 TK inhibitor AAZ was developed by GlaxoSmithKline  
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Fig 1: Proposed retrosynthetic approach to ynamides 

In Silico predictions 

An interaction analyse, molecular modelling and docking were used to identify the skeletons 

of 1,2,3-triazole derivatives T1eT7. A reduced success of in Silico predictions is often 

associated with the ligand-based target induced-fit [30e32]. Therefore, for our docking 

experiments we selected the kinase variants of VEGFR2 from PDB complexes 1Y6A and 

1Y6B possessing structurally the most relative oxazole ligands (AAZ and AAX, resp.). These 

ligands represent Type I, ATP competitive VEGFR2 inhibitors that bind to an exceptional 

inactive VEGFR2 tyrosine kinase possessing an opened activation loop as was discovered by 

us recently. Because the structure similarity between AAZ (AAX) and proposed triazoles 

(e.g. T7, T6, T3 and T5) we did not expect strong influence of triazole ligand based induced 

fit. On the other hand, it was not easy to find triazole structures possessing AAZ-like score 

and pose by docking. The initial in Silico experiments were performed by an older DOCK 

software version with a kinase taken from PDB complex 1Y6B. alkynylation (Scheme 1, Path 

B) was ineffective with 24c and only starting material was recovered. A transformation of N-

trichloroacetate 28c to the corresponding ynamide 22c according to the methodology of 
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Speziale and Smith has been tested. (Scheme 1, Path C and Scheme 2) Treatment of N-

trichloroacetate 28c obtained from N-tosyl-aniline 31c with PPh3 in refluxing toluene led to a 

mixture of uncharacterized products. (Scheme 2). An exciting expansion in ynamide 

chemistry has been initiated by the pioneer work of Stang and Kitamura who prepared 

ynamides by reaction of alkynyl iodonium triflates or tosylates with lithium amides. 

Unfortunately, this methodology applied to amides 31a,b and iodonium triflate 30 failed. 

(Scheme 1, Path D) Inspired by Buchwald's copper-catalyzed N-alkynylations of amides, 

practical cross-coupling between amides and alkyne bromides have been developed using 

copper salts (CuSO4 . 5H2O, CuI, Cu2O, Cu(OAc)2) or simple copper powder. Later on, W. 

Tam significantly improved the yield of ynamides by using modified reaction conditions 

(0.20e0.30 eq of CuI, 0.22e0.36 eq of the 1,10- phenanthroline ligand and adding 1.20 eq of 

the base KHMDS slowly over 3e4 h in toluene at 90 
o
C). In 2008, Skrydstrup et al. published 

the Hsung's second generation protocol where potassium phosphate or carbonate was used as 

the mild base instead of KHMDS.  

 

Fig. 2. The structures of VEGFR2 TK inhibitors 

 

Fig. 3. On the Left: The structure of sunitinib and its VEGFR2 TK inhibitory activity 
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In this case, anhydrous K3PO4 provided higher ynamide yields (52e91%). The latter 

conditions brought positive results and ynamides 22a,b were prepared from carbamates 31a,b 

and alkyne bromide 29 in 94 and 59% yield respectively over two steps (Scheme 1, Path D 

and Scheme 3). 

Synthesis 

In order to obtain compounds T1eT7, we started synthesis their precursors azides and 

ynamides. 

Preparation of ynamides 

Ynamides are stabilized equivalents of the corresponding reactive ynamines. Diminishing the 

electron-donating ability of ynamine nitrogen by its protection with an electron-withdrawing 

group (EWG) leads to more stable ynamides. Since the first synthesis of ynamides reported 

by Viehe in 1972, different methods have been published and the possible pathways towards 

required ynamides are summarized in Scheme 1. Starting 5- (ethylsulfonyl)-2-methoxyaniline 

was prepared from commercially available 4-methoxybenzenesulfonyl chloride according to 

a recently described procedure in four steps and 59% overall yield. 

CoreyeFuchs alkynylation proved to be ineffective in our hands. (Scheme 1, Path A) In fact, 

application of the Brückner procedure on protected formamides 24, which have to be 

protected with an EWG protecting group prior to their formylation, was successful only in the 

case of the corresponding dichlorovinyl intermediate 23c (tosyl protecting group) in a very 

modest yield (9%), and therefore this path was abandoned. The Bestmann-Ohira alkynylation 

(Scheme 1, Path B) was ineffective with 24c and only starting material was recovered. A 

transformation of N-trichloroacetate 28c to the corresponding ynamide 22c according to the 

methodology of Speziale and Smith has been tested. (Scheme 1, Path C and Scheme 2) 

Treatment of N-trichloroacetate 28c obtained from N-tosyl-aniline 31c with PPh3 in 

refluxing toluene led to a mixture of uncharacterized products. (Scheme 2). An exciting 

expansion in ynamide chemistry has been initiated by the pioneer work of Stang and 

Kitamura who prepared ynamides by reaction of alkynyl iodonium triflates or tosylates with 

lithium amides.  

Unfortunately, this methodology applied to amides and iodonium triflate 30 failed. (Scheme 

1, Path D) Inspired by Buchwald's copper-catalyzed N-alkynylations of amides [50], practical 

cross-coupling between amides and alkyne bromides have been developed using copper salts 
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(CuSO4 . 5H2O, CuI, Cu2O, Cu(OAc)2) or simple copper powder. Later on, W. Tam 

significantly improved the yield of ynamides by using modified reaction conditions 

(0.20e0.30 eq of CuI, 0.22e0.36 eq of the 1,10- phenanthroline ligand and adding 1.20 eq of 

the base KHMDS slowly over 3e4 h in toluene at 90
0
C. In 2008, Skrydstrup published the 

Hsung's second generation protocol where potassium phosphate or carbonate was used as the 

mild base instead of KHMDS.  

In this case, anhydrous K3PO4 provided higher ynamide yields (52e91%). The latter 

conditions brought positive results and ynamides were prepared from carbamates 31a,b and 

alkyne bromide 29 in 94 and 59% yield respectively over two steps (Scheme 1, Path D and 

Scheme 3). 

Conclusions 

Seven 1,2,3-triazole compounds T1eT7 derived from oxazole VEGFR2 TK inhibitor AAZ 

were designed. A methodology for the synthesis of the pharmacophoric ynamides was 

developed. Ynamide was used as a joined precursor for the synthesis of all proposed 

compounds T1eT7. Cu(I) catalyzed Click reaction performed from with different azides 

(yields: 68e92 %) confirmed the synthetic reliability of this still “exotic” ynamide reagent. 

Five triazole compounds T1eT3, T6eT7 were prepared and screened in the radiometric 

VEGFR2 kinase assay. Within concentration limits of used biological test, two compounds 

T2, T6 showed to be inactive (IC50 > 1E-4 M) and other three triazoles modulate VEGFR2 

tyrosine kinase activity: T7 (IC50: 42.0 mM), T1 (IC50: 40.1 mM) and T3 (IC50: 6.96 mM). 

The activities of new compounds were significantly lower than the ones obtained for their 

oxazole bioisosters (e.g. T3/T3-ox in Fig. 12 and T7/AAZ in Fig. 10, resp.). Despite the 

diminished activity, the triazole modulators T1, T3 and T7 inhibit VEGFR2 kinase by 

concentration dependent manner.  

Concerning the identical substructure, the inhibitory activity of 1,4-triazoles T1eT3, T6eT7 is 

depending on the decoration of their aryl part joined to N(1) of the triazole core. The different 

electronic properties of 1,2,3-triazole and oxazole fragments (size and orientation of the 

dipole moments) were proposed to be responsible for low activities of triazoles T1eT3, 

T6eT7. The more polar triazole core binds less readily into VEGFR2 TK lipophilic oxazole 

binding pocket known from PDB: 1Y6A or 1Y6B. We can conclude that the 1,2,3-triazole 

compounds T1, T3 and T7 are weaker VEGFR2 inhibitors than their oxazole analogues. 

Suraj Punj Journal For Multidisciplinary Research

Volume 9, Issue 4, 2019

ISSN NO: 2394-2886

Page No: 647



References 

1. N. Ferrara, K.J. Hillan, H.P. Gerber, W. Novotny, Discovery and development of 

bevacizumab, an anti-VEGF antibody for treating cancer, Nat. Rev. Drug Disc. 3 

(2004) 391e400. 

2. C. Xu, X. Wu, J. Zhu, VEGF promotes proliferation of human glioblastoma 

multiforme stem-like cells through VEGF receptor 2, Sci. World J. (2013) 8. ID 

417413 

3. P. Hamerlik, J.D. Lathia, R. Rasmussen, Q. Wu, J. Bartkova, M. Lee, P. Moudry, J. 

Bartek Jr., W. Fischer, J. Lukas, J.N. Rich, J. Bartek, Autocrine 

VEGFeVEGFR2eNeuropilin-1 signaling promotes glioma stem-like cell viability and 

tumor growth, J. Exp. Med. 209 (2012) 507e520. 

4. Jonczyk, W. Rautenberg, N-oxides of Heterocyclic Substituted Bisarylureas for 

Treating Kinase-mediated Diseases, Merck patent: WO2007/115670 A1, 2007. 

5. G. Gu, H. Wang, P. Liu, C. Fu, Z. Li, X. Cao, Y. Li, Q. Fang, F. Xu, J. Shen, P.G. 

Wang, Discovery and structural insight of a highly selective protein kinase inhibitor 

hit through click chemistry, Chem. Commun. 48 (2012) 2788e2790. 

6. T. Skrydstrup, K. Dooleweerdt, H. Birkedal, T. Ruhland, Irregularities in the effect of 

potassium phosphate in ynamide synthesis, J. Org. Chem. 73 (2008) 9447e9450 

7. S. Kotha, V.R. Shah, Design and synthesis of 1-benzazepine derivatives by strategic 

utilization of SuzukieMiyaura cross-coupling, aza-Claisen rearrangement and ring-

closing metathesis, Eur. J. Org. Chem. (2008) 1054e1064 

8. S. Chandrappa, T. Vinaya, T. Ramakrishnappa, K.S. Rangappa, An efficient method 

for aryl nitro reduction and cleavage of azo compounds using iron powder/calcium 

chloride, Synlett (2010) 3019e3022. 

9. Q.H. Deng, J.C. Wang, Z.J. Xu, C.Y. Zhou, C.M. Che, Metal-free intramolecular 

aziridination of allylic carbamates mediated by hypervalent iodine compounds, 

Synthesis 18 (2011) 2959e2967. 

10. C.R. Becer, R. Hoogenboom, U.S. Schubert, Click chemistry beyond metalcatalyzed 

cycloaddition, Angew. Chem. Int. Ed. 48 (2009) 4900e4908. 

11. E.A. Englund, H.N. Gopi, D.H. Appella, An efficient synthesis of a probe for protein 

function: 2,3-Diaminopropionic acid with orthogonal protecting groups, Org. Lett. 6 

(2004) 213e215 

Suraj Punj Journal For Multidisciplinary Research

Volume 9, Issue 4, 2019

ISSN NO: 2394-2886

Page No: 648



12. I. Sapountzis, H. Dube, R. Lewis, N. Gommermann, P. Knochel, Synthesis of 

functionalized nitroarylmagnesium halides via an IodineMagnesium exchange, J. Org. 

Chem. 70 (2005) 2445e2454. 

13. M. Remko, A. Bohac, L. Kovacikova, Molecular structure, pKa, lipophilicity,  

solubility, absorption, polar surface area, and blood brain barrier penetration of some 

antiangiogenic agents, Struct. Chem. 22 (2011) 635e648. 

14. V. Vichai, K. Kirtikara, Sulforhodamine B colorimetric assay for cytotoxicity 

screening, Nat. Protoc. 1 (2006) 1112e1116, 

15. F. Buontempo, T. Ersahin, S. Missiroli, S. Senturk, D. Etro, M. Ozturk, S. Capitani, 

R. Cetin-Atalay, M.L. Neri, Inhibition of Akt signaling in hepatoma cells induces 

apoptotic cell death independent of Akt activation status, Investig. New Drugs 29 

(2011) 1303e1313. 

16. R.A. Altman, S.L. Buchwald, Pd-catalyzed SuzukieMiyaura reactions of aryl halides 

using bulky biarylmonophosphine ligands, Nat. Protoc. 2 (2007) 3115e3121. 

 

 

Suraj Punj Journal For Multidisciplinary Research

Volume 9, Issue 4, 2019

ISSN NO: 2394-2886

Page No: 649


