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Abstract: 5-oxo-N, 1-diphenyl-2, 5-dihydro-1H-pyrazole-3-carboxamide, is an important 
intermediate for many c-Met inhibitors. In this paper, a rapid and high yield synthetic method for 
compound 10 was established. Compound 10 was optimized from phenylhydrazine by condensation, 
oxidation reaction and nucleophilic substitution. The structure of the target compound 10 was 
confirmed by 1H NMR and MS spectrum. The synthetic method was optimized. 

1. Introduction 
Hepatocyte growth factor (HGF) is a pleiotropic growth factor that can promote the movement, 

division, growth and angiogenesis of cells [1]. The c-mesenchymal-epithelia transition factor (c-Met), 
known as hepatocyte growth factor receptor (HGFR), which belongs to the receptor tyrosine kinases 
(RTKs) subfamily [2]. Hepatocyte growth factor (HGF) can selectively bind to the c-mesenchymal-
epithelia transition factor (c-Met). Receptor tyrosine kinase (c-Met) is expressed in malignant or 
normal cells and is closely related to the growth of some organs such as brain, kidney, skin, lung, etc. 
Previous studies have shown that c-Met can induce various signaling pathways to mediate the 
differentiation, migration, proliferation and survival of cells. Abnormal c-Met signal activation is often 
caused by gene amplification, rearrangement, point mutation and autocrine or paracrine HGF 
stimulation, which is related to many types of human malignant tumors. Therefore, c-Met has become 
a promising target for cancer treatment [3-7]. However, the acquired resistance of tumor cells to 
tyrosine kinase inhibitors was caused by secondary mutations or gene amplification of cells. Although 
many anti-tumor drugs have been developed, no effective drug has been found to overcome such 
problems [8-10]. Therefore, we need to continue to research and optimize anti-tumor inhibitors. 

Nowadays, many small molecule anti-tumor drugs have been reported. Among them, many 
molecule inhibitors contain the structure of 5-oxo-N, 1-diphenyl-2, 5-dihydro-1H-pyrazole-3-
carboxamide (10). For example, N-(5-((6,7-dimethoxyquinolin-4-yl)oxy)pyridin-2-yl)-1,5-dimethyl-
3-oxo-2-phenyl-2,3-dihydro-1H-pyrazole-4-carboxamide(1) with improved selectivity profiles over 
VEGFR-2 and IGF-1R that could serve as useful tools to probe the relationship between kinase 
selectivity and in vivo efficacy in tumor xenograft models [11], 1,5-dimethyl-3-oxo-N-(5-((2-((1-
phenoxyvinyl) amino) pyridin-4-yl) oxy) pyridin-2-yl)-2-phenyl-2,3-dihydro-1H-pyrazole-4-
carboxamide (2) which is useful in modulating the protein tyrosine kinase activity, and in modulating 
cellular activities such as proliferation, differentiation, apoptosis, migration and invasion [12], N-(5-
hydroxypyridin-2-yl)-2,5-dimethyl-3-oxo-1-phenyl-2,3-dihydro-1H-pyrazole-4-carboxamide (3) 
[13], N-(5-((2-(3-(2-hydroxyethyl) ureido) pyridin-4-yl) oxy) pyridin-2-yl) -1,5-dimethyl-3-oxo-2-
phenyl-2,3-dihydro-1H-pyrazole-4-carboxamide (4) [12]. The structures of these compounds were 
shown in Fig.1. 

Therefore, the development and synthesis of 5-oxo-N, 1-diphenyl-2, 5-dihydro-1H-pyrazole-3-
carboxamide (10) derivatives play an important role in the research of the novel c-Met inhibitors. In 
this article, we found an effective synthetic method for 5-oxo-N, 1-diphenyl-2, 5-dihydro-1H-
pyrazole-3-carboxamide (10). In the whole process, the target compound 10 was synthesized by 
condensation, oxidation reaction and nucleophilic substitution, making it more suitable for industrial 
production [11, 14]. The structures and the synthetic route were shown in Fig 2. 
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Fig 1. Some representative c-Met inhibitors bearing the intermediate. 

2. Materials and methods 
NMR spectra were performed using Bruker 400 MHz spectrometers (Bruker Bioscience, Billerica, 

MA, USA) with TMS as an internal standard. Mass spectra (MS) were taken in ESI mode on Agilent 
1100 LC–MS (Agilent, Palo Alto, CA, USA). All the materials were obtained from commercial 
suppliers and used without purification, unless otherwise specified. Yields were not optimized. TLC 
analysis was carried out on silica gel plates GF254 (Qindao Haiyang Chemical, China). 

3. Synthesis of compounds 
The structures and the synthetic route were shown in Fig.2. 

 
Fig 2. The synthetic route of compound 10. 

Reagents and conditions: (a) 3-oxopropanoic acid, AcOH, 110 oC; (b) POCl3, DMF, 48 h, r.t.; (c) 
NaClO2, NaH2PO4, 2-methylbut-2-ene, 80 oC, 48 h; (d) (COCl)2, DMF, DIPEA, CH2Cl2, 3 h. 

3.1 Preparation for 2-phenyl-2, 4-dihydro-3H-pyrazol-3-one (6) 
Compound 5 (7.5 g, 85.2 mmol) and 3-oxopropanoic acid (9.2 g, 85.2 mmol) were dissolved in 

acetic acid (80 mL). The reaction mixture was stirred at 110°C until TLC thin layer technique showed 
that the starting material had been completely consumed. The mixture was evaporated under reduced 
pressure to remove the solvent. After cooling to room temperature, the reaction was quenched by 
adding water. The solid was filtered and washed with ice-cold ethanol. After purification by column 
chromatography, the white solid compound 2-phenyl-2, 4-dihydro-3H-pyrazol-3-one (6) was 
obtained. Yield 75.6%. MS (ESI): m/z 161.06 [M+H] +.  

3.2 Preparation for 5-oxo-1-phenyl-4, 5-dihydro-1H-pyrazole-3-carbaldehydedine (7) 
A mixture of POCl3 (3 mL, 41.75 mmol) and DMF (5.55 g, 0.04 mol) was stirred at 0 oC for 1 h 

under the protection of gas N2. Compound 6 was dissolved in the above mixture, and stirred 
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continuously at room temperature for 48 hours. After the reaction was completed, the reaction solution 
was poured into an aqueous solution and adjusted to be weakly basic, and extracted three times with 
methylene chloride (100 mL). The organic layer was collected, dried over Na2SO4, filtered, and 
concentrated under reduced pressure to obtain the compound 5-oxo-1-phenyl-4, 5-dihydro-1H-
pyrazole-3-carbaldehydedine (7). Yield 80.5%. MS (ESI): m/z 189.06 [M+H] +. 

3.3 Preparation for 5-oxo-1-phenyl-4, 5-dihydro-1H-pyrazole-3-carboxylic acid (8) 
To a 100 mL round-bottomed flask cooled to 0 °C was added Compound 7 (0.28 g, 1 mmol), t-

BuOH (5 mL) and 2-methyl-2-butene (2.2 mL, 20.9 mmol) under ice bath conditions. NaClO2 (0.38 
g, 4.2 mmol) was added dropwise to the mixed solution, and then the aqueous of KH2PO4 (1.2 g, 8.3 
mmol) was added. The biphasic mixture was warmed to room temperature and stirred until TLC thin 
layer technique showed that the starting material had been completely consumed. The mixture was 
rotavaped under reduced pressure to remove the solvent. After extracted three times with ethyl acetate 
(100 mL), The organic layer was collected, dried over Na2SO4, filtered, and concentrated under 
reduced pressure to obtain the compound 5-oxo-1-phenyl-4,5-dihydro-1H-pyrazole-3-carboxylic acid 
(8) as yellow solid in 84.7% yield. MS (ESI): m/z 205.05 [M+H] +. 

3.4 Preparation for 5-oxo-N, 1-diphenyl-2, 5-dihydro-1H-pyrazole-3-carboxamide (10)  
Compound 8 (0.11 g, 0.04 mol) was dissolved in CH2Cl2 (10 mL). N, N-dimethylformamide (1 d) 

and Oxalyl chloride was added dropwise to the solution until TLC showed the raw materials was 
completely consumed. The reaction solution was transferred to a mixture of compound 9 in methylene 
chloride and N, N-diisopropylethylamine (5 d). The mixture was stirred at room temperature for 3 h. 
The reaction was concentrated under reduced pressure to obtain the crude product. The crude product 
was recrystallized from isopropanol and petroleum ether to afford 5-oxo-1-phenyl-4, 5-dihydro-1H-
pyrazole-3-carboxylic acid (10), as yellow solid in 90.5% yield. MS (ESI): m/z 280.10 [M+H] +. 1H 
NMR (400 MHz, DMSO-d6) δ 11.05 (s, 1H), 8.44 (s, 1H), 8.38 (s, 1H), 7.96 (s, 3H), 7.40 (t, J = 7.8 
Hz, 2H), 7.30 (s, 1H), 7.18 (t, J = 7.4 Hz, 1H), 3.42 (s, 2H). 

4. Conclusion 
In Conclusion, the synthesis of 5-oxo-N, 1-diphenyl-2, 5-dihydro-1H-pyrazole-3-carboxamide (10) 

from phenylhydrazine was optimized by four steps of condensation reaction, oxidation reaction and 
nucleophilic substitution reaction. After using the optimized reaction conditions and synthesis 
methods, the yield of intermediate 10 was obviously improved. This work was hopeful to provide a 
valuable reference for the synthesis of c-Met inhibitors. The structure of compound 5-oxo-N, 1-
diphenyl-2, 5-dihydro-1H-pyrazole-3-carboxamide (10) was confirmed by MS and 1H NMR 
spectroscopy. 

Acknowledgments 
We gratefully acknowledge the generous support provided by The Project Supported by Natural 

Science Foundation of Jiangxi Province (20181ACB20025), Youth Top Talent Support Program of 
Jiangxi Science & Technology Normal University (2019QNBJRC008), Science and Technology 
Project Founded by the Education Department of Jiangxi Province (GJJ180628), Key Laboratory of 
Molecular Targeted Anticancer Drug Design and Evaluation of Nanchang (2019-NCZDSY-007). 

References 
[1] Molnarfi N, Benkhoucha M, Funakoshi H, et al. Hepatocyte growth factor: A regulator of 
inflammation and autoimmunity[J]. Autoimmunity Reviews, 2015, 14(4): 293-303. 

358



  

 

 

[2] Trovato M, Grosso M, Vitarelli E, et al. Immunoexpression of the hepatocyte growth factor 
(HGF), HGF-receptor (c-met) and STAT3 on placental tissues from malformed fetuses[J]. Histol. 
Histopathol. 2002, 17, 691–698. 
[3] Sattler M, Salgia R. c-Met and hepatocyte growth factor: Potential as novel targets in cancer 
therapy [J]. Current Oncology Reports, 2007, 9(2): 102-108. 
[4] Stein U, Walther W, Arlt F, et al. MACC1, a newly identified key regulator of HGF-MET 
signaling, predicts colon cancer metastasis [J]. NATURE MEDICINE, 2008, 15(1): 59-67. 
[5] Boccaccio C, Comoglio P M. Invasive growth: a MET-driven genetic programme for cancer and 
stem cells [J]. Nature Reviews Cancer, 2006, 6(8): 637-645. 
[6] Martin T, Jiang W. Hepatocyte Growth Factor and Its Receptor Signalling Complex as Targets in 
Cancer Therapy [J]. Anti-Cancer Agents in Medicinal Chemistry, 2010, 10(1): 2-6. 
[7] Comoglio P M, Trusolino L, Boccaccio C. Known and novel roles of the MET oncogene in 
cancer: a coherent approach to targeted therapy [J]. Nature Reviews Cancer, 2018, 18(6): 341. 
[8] Agarwal S K, Glass R J, Shadick N A, et al. Predictors of Discontinuation of Tumor Necrosis 
Factor Inhibitors in Patients with Rheumatoid Arthritis[J]. Journal of Rheumatology, 2008, 35(9): 
1737-44. 
[9] Hasan U. Tumour necrosis factor inhibitors--what we need to know [J]. New Zealand Medical 
Journal, 2006, 119(1246): 2336. 
[10] Carsten A. Vock, Wee Han Ang, et al. Development of Ruthenium Antitumor Drugs that 
Overcome Multidrug Resistance Mechanisms [J]. Journal of Medicinal Chemistry, 2007, 50(9): 2166. 
[11] Liu L, Norman M H, Lee M, et al. Structure-Based Design of Novel Class II c-Met Inhibitors: 
2. SAR and Kinase Selectivity Profiles of the Pyrazolone Series [J]. Journal of Medicinal Chemistry, 
2012, 55(5): 1868-1897. 
[12] Xi N. Substituted quinoline compounds and methods of use: U.S. Patent 9,133,162[P]. 2015-9-
15.  
[13] Cui J J. Targeting Receptor Tyrosine Kinase MET in Cancer: Small Molecule Inhibitors and 
Clinical Progress [J]. Journal of Medicinal Chemistry, 2013, 57(11): 4427. 
[14] Xu Y, Cuccui J, Denman C, et al. Structure-activity relationships in a new class of non-substrate-
like covalent inhibitors of the bacterial glycosyltransferase LgtC[J]. Bioorganic & Medicinal 
Chemistry, 2018, 25(11): 2973-2983. 

359


	1. Introduction
	2. Materials and methods
	3. Synthesis of compounds
	4. Conclusion
	Acknowledgments
	References



