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ABSTRACT

A novel and efficient one-pot, three-component reaction was devel-
oped for the synthesis of 2-phenyl-4-((arylamino)methylene)-5-(trifluo-
romethyl)-2,4-dihydro-3H-pyrazol-3-one  derivatives. The reaction
proceeds via the condensation of 1-phenyl-3-(trifluoromethyl)-
1H-pyrazol-5(4H)-one, aniline derivatives, and trimethyl orthoformate
under solvent-free conditions at 110°C. This green protocol integrates
multiple pharmacophores, offering potential for biological applica-
tions. Key advantages include operational simplicity, high yields
(80%-92%), and the absence of catalysts and solvents. IR,'H,"*C, "°F
NMR, mass spectrometry, and elemental analysis confirmed product
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Introduction

Heterocycles are vital in natural and synthetic molecules, with broad applications in
chemistry and biomedicine.!!! Fluorine incorporation enhances these frameworks by
improving molecular polarity, metabolic stability, and bioactivity.>*! In drug design,
the strong C-F bond boosts stability, bioavailability, and target affinity.*! Trifluoromethyl
groups, in particular, significantly alter chemical and biological properties, contributing
to the success of drugs like Prozac, Diflucan, and Casodex.!®”] Recently, fluorinated
O- and N-heterocycles have gained attention for their promising bioactivities.!®!
Pyrazolone, a five-membered ring with two nitrogen atoms and a carbonyl group,”!
is a versatile scaffold known for its tautomerism—allowing dynamic interconversion
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between different structural forms. This property significantly affects its reactivity and
physicochemical characteristics.'”) Widely found in natural alkaloids, pyrazolone deriv-
atives display a broad spectrum of pharmacological activities, including
anti-inflammatory,['!! anticancer,!'?! analgesic,"¥! antidiabetic,['¥ antimicrobial,’® and
antioxidant effects.[') These diverse properties make pyrazolone a promising core
structure for developing novel therapeutic agents (Figure 1).

Multicomponent reactions (MCRs) have emerged as a powerful and efficient approach
for synthesizing complex heterocycles. By integrating multiple reagents into a single
product, MCRs streamline synthesis, improving efficiency, selectivity, and atom econ-
omy. These reactions promote sustainable chemistry by reducing waste, raw material
usage, and energy consumption. Additionally, MCRs enable the incorporation of diverse
functional groups, facilitating the rapid creation of highly functionalized heterocycles
with significant biological potential.l!7-2!

Given the biological significance of pyrazolones and the unique influence of fluorine
in heterocycles, we hypothesize that fluorinated pyrazolone derivatives may possess
enhanced or novel bioactivities. Building on our previous successful synthetic meth-
odologies for heterocyclic compounds,'??-*/ we report here a novel multicomponent
reaction between 1-phenyl-3-(trifluoromethyl)-1H-pyrazol-5(4H)-one, various aniline
derivatives, and trimethyl orthoformate. This reaction affords a series of new hetero-
cyclic compounds, specifically 2-phenyl-4-((arylamino)methylene)-5-(trifluorometh-
yl)-2,4-dihydro-3H-pyrazol-3-one, which may serve as valuable candidates for further
biological evaluation (Scheme 1).

Results and discussion

To optimize the reaction conditions, we selected 1-phenyl-3-(trifluorometh-
yl)-1H-pyrazol-5(4H)-one (1), 4-methoxyaniline (2b), and trimethyl orthoformate (3)
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Figure 1. Drugs containing pyrazolone cores and investigational pyrazolone derivatives.
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Scheme 1. Synthesis of new 4-((arylamino)methylene)-2,4-dihydro-3H-pyrazol-3-ones.
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as the model substrates. The reaction was evaluated in various solvents, including
H,O, H,O/EtOH (1:1), EtOH, MeOH, CH,CN, DMF, PEG 400, DCM, as well as under
solvent-free conditions (Table 1, entries 1-9). Among these, the solvent-free condition
at 90°C yielded the highest product formation, achieving a 75% yield (Table 1,
entry 9).

Further optimization focused on the effect of temperature under solvent-free con-
ditions, with reactions performed at 70°C, 110°C, and 130°C. It was observed that
reducing the reaction temperature to 70 °C led to a significant decrease in yield, while
increasing the temperature beyond 110°C did not enhance the product yield (Table
1, entries 10-12). These findings establish solvent-free conditions at 110°C as the
optimal parameters for achieving high product efficiency.

To further optimize the reaction, we investigated the influence of various catalysts,
including Et,N, DABCO, L-proline, and P-TAS, under solvent-free conditions at 110°C.
Surprisingly, our results demonstrated that the highest yield of the desired product
was achieved without the use of any catalyst, under the same solvent-free conditions
(Table 2, entries 1-9). This finding underscores the reaction’s efficiency and simplicity,
eliminating the need for extra catalytic agents.

Following the optimization of reaction conditions, we systematically investigated the
scope and versatility of the protocol by utilizing a diverse range of aniline derivatives.
This exploration successfully yielded a series of 2-phenyl-4-((arylamino)methy-
lene)-5-(trifluoromethyl)-2,4-dihydro-3H-pyrazol-3-one derivatives (4a-j) with impres-
sive yields ranging from 85% to 92%, as summarized in Table 3.

Table 1. Optimization of reaction conditions of 4b2.

OMe

F3G Q
NH, F3C

N + + OYO solvent, temperature N~N 6]
A0 time
OMe

1 2b 3 4b
Entry Solvent Temperature (°C) Time Yield (%)®
1 H,0 Reflux 12h 20
2 EtOH/ H,0 (1:1) Reflux 12h 29
3 EtOH Reflux 12h 62
4 MeOH Reflux 12h 38
5 CH,CN Reflux 8h 39
6 DMF Reflux 8h 42
7 PEG 400 110 8h 53
8 CH,Cl, rt 5h 25
9 Solvent-free 90 1h 75
10 Solvent-free 70 6h 30
11 Solvent-free 110 1h 89
12 Solvent-free 130 1h 89

3Reaction conditions: 1-phenyl-3-(trifluoromethyl)-1H-pyrazol-5(4H)-one (1.0mmol), 4-methoxyaniline (1.2mmol), and
trimethyl orthoformate (1.0 mmol), in solvent (5 ml).
blsolated yield.
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Table 2. Catalyst effect for the three-component synthesis of 4b2.

Entry Catalyst (mol%) Solvent Time (hours) Yield (%)®
1 Et;N (5) - 6 65
2 EtN (10) - 6 68
3 DABCO (5) - 6 60
4 DABCO (10) - 6 62
5 L-proline (5) - 6 64
6 L-proline (10) - 6 65
7 p-TSA (5) - 6 53
8 p-TSA (10) - 6 53
9 - - 1 89

2Reaction conditions: 1-phenyl-3-(trifluoromethyl)-1H-pyrazol-5(4H)-one (1.0 mmol), 4-methoxyaniline (1.2mmol), and
trimethyl orthoformate (1.0 mmol) in solvent-free condition at 110°C.
blsolated yield.

The protocol exhibited broad applicability, accommodating both electron-donating
groups (e.g., Me, OMe, OEt) and electron-withdrawing groups (e.g., NO,, Cl, Br) on
the aromatic ring. All reactions proceeded efficiently, delivering the desired products
with consistently high yields. Remarkably, the use of 2-aminothiazole as a heterocyclic
amine resulted in a high yield of 85% (Table 3, 4g).

The protocol exhibited limited compatibility with aliphatic amines like ethylamine,
propylamine, and butylamine, yielding only trace amounts of the desired products
under optimized conditions.

The structures of all synthesized compounds (4a-j) were comprehensively elucidated
using IR, 'H, *C NMR spectroscopy, mass spectrometry, and elemental analysis (See
Supplemental Data).

For example, the IR spectrum of compound 4b exhibited characteristic absorption
bands at 3223cm™ (NH stretching), 1674cm™ (C=0O stretching), 1625cm™ (C=N
stretching), and 1496cm™ (C-F stretching). The 'H NMR spectrum of 4b displayed
a singlet at § =3.75ppm (3H, OCH,), a doublet at §=6.86ppm (J=9Hz), a doublet
of doublets at §=7.13ppm (J=16.4Hz), a multiplet between §=7.30-7.38 ppm, and a
doublet at §=7.90 ppm (J=9.1 Hz), corresponding to aromatic protons (9H). Additionally,
signals at §=8.01ppm and §=11.98ppm were attributed to vinyl and NH, groups,
respectively.

The *C NMR spectrum, recorded with proton decoupling, confirmed the proposed
structure of 4b by displaying 14 distinct peaks. Notably, two quartet peaks at
0=119.6ppm (Y = 271.2Hz) and §=137.8 ppm (¥ = 40Hz) indicated the presence
of a CF, group. The mass spectrum further corroborated the structure with a molecular
ion peak at m/z=361.

The YF NMR spectrum of compound 4f displayed a singlet at § = —-62.9ppm,
consistent with the CF, group. Scheme 2).

Although the reaction mechanism has yet to be experimentally verified, we propose
a plausible pathway for the formation of product 4, as outlined in Scheme 2, which
is supported by prior studies.[”! Initially, the in-situ formation of intermediate (A) via
the nucleophilic addition of amines (2) to trimethyl orthoformate (3), accompanied
by the elimination of two molecules of CH,OH. Subsequently, the anion generated
from 1-phenyl-3-(trifluoromethyl)-1H-pyrazol-5(4H)-one (1) stabilized by resonance
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Table 3. Synthesis of novel 2-phenyl-4-((arylamino)methylene)-5-(trifluoromethyl)-2,4-dihydro-
3H-pyrazol-3-one derivatives. 2

F5C, FsC N/R
i
N | | N 0
S O NH ~
N 2 Solvent-free N
N R/ . 00
[e]
_O 110 °C
1 2a-j 3 4a-j

! !
T N N N
4a (90%) 45min 4b (89%) 60min 4¢ (80%) 45min 4d (85%) 45min

NO;

o o e e
O O O <

4 (38%) 60min  41(92%)60min  4g(85%) 120min _  4h (88%) SSmin
FsC,
/N FsC
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4i (89%) 55min 4j (85%) 45min

a) Reaction conditions: 1-phenyl-3-(trifluoromethyl)-1H-pyrazol-5(4H)-one (1.0 mmol), aromatic amines (1.2 mmol), and
trimethyl orthoformate (1.0mmol) in solvent-free conditions at 110°C.

with the carbonyl group and the strong electron-withdrawing effect of the trifluoro-
methyl group reacts with the imine intermediate (A). This interaction leads to the
formation of intermediate (B), which undergoes a final elimination of another CH,OH
molecule, yielding the desired product (4).



6 (&) Z.ZHARF ZAKIAND A. A. ESMAEILI

R
74 /\
b =
FsC_ /NH [1,5]H R

Scheme 2. Proposed reaction mechanism for the synthesis of novel 2-phenyl-4-((arylamino)methy-
lene)-5-(trifluoromethyl)-2,4-dihydro-3H-pyrazol-3-one derivatives.

Conclusion

We have successfully developed a new and facile approach for the synthesis of
2-phenyl-4-((arylamino)methylene)-5-(trifluoromethyl)-2,4-dihydro-3H-pyrazol-3-one
derivatives through a one-pot three-component reaction of primary amines under
solvent-free condition. The advantages of this work include operational simplicity, no
need for solvent and catalyst, the use of readily and simply available starting materials,
and short reaction time. The findings indicate that our approach to synthesizing these
trifluoromethylated heterocyclic compounds is significant for the organofluoride het-
erocyclic compounds.

Experimental

General

The solvents and chemicals were sourced from Merck (Germany) and Sigma-Aldrich
(Buchs, Switzerland) and were used without further purification. 1-Phenyl-3-
(trifluoromethyl)-1H-pyrazol-5(4H)-one (1) was synthesized following a previously
established method.?®) Melting points were determined using an Electrothermal 9100
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apparatus in open capillary tubes. The products were characterized by FT-IR spectros-
copy using KBr disks on a Nicolet Avatar 370 FT-IR Thermo instrument. In all cases,
13C and 1H NMR spectra were recorded on a Bruker DRX-300 Avance spectrometer
at 75.47 and 300.13 MHz, respectively, with CDCI, as the solvent, and chemical shifts
were reported in ppm. Mass spectra were obtained using a Varian MAT CH-7 spec-
trometer at 70 eV. Elemental analysis (C, H, N) was performed using a Thermo Finnigan
Flash EA.

General procedure for synthesis of 2-phenyl-4-((arylamino)methylene)-
5-(trifluoromethyl)-2,4-dihydro-3H-pyrazol-3-one derivatives 4

In a sealed tube, a mixture of 1-phenyl-3-(trifluoromethyl)-1H-pyrazol-5(4H)-one (1,
1 mmol), aniline derivatives (2, 1.2mmol), and trimethyl orthoformate (3, 1 mmol) was
stirred under solvent-free conditions at 110°C for 45-120min. The reaction progress
was monitored by TLC (Hexane/Ethyl acetate, 7/3). Upon completion, the mixture was
allowed to cool to room temperature, and the precipitated product was isolated via
simple filtration. The crude product was washed with a 1:1 mixture of ethanol and
water (5mL) and then purified by flash chromatography (Hexane/Ethyl acetate, 9/1).
IR, 1H NMR, C NMR, F NMR, mass spectrometry, and CHN analysis confirmed
the structures of all synthesized products (Supporting Information).

Acknowledgments

The research department of the Ferdowsi University of Mashhad is acknowledged for financial
support (Grant No. 3/60275). Zhila Zharf Zaki has done investigation; validation; and
writing-original data preparation. Abbas Ali Esmaeili did project administration, supervised the
work, revised, and completed the manuscript.

Declaration of interest

The authors have no relevant financial or non-financial interests to disclose. The authors have no
competing interests to declare that they are relevant to the content of this article. All authors
certify that they have no affiliations with or involvement in any organization or entity with any
financial interest or non-financial interest in the subject matter or materials discussed in this
manuscript.

Authors contributions

CRediT: Zhila Zharf Zaki: Conceptualization, Investigation, Methodology, Writing - original
draft; Abbas Ali Esmaeili: Conceptualization, Investigation, Project administration, Supervision,
Writing - review & editing.

Funding

The authors have no relevant financial or non-financial interests to disclose.

Data availability statement

The data underlying this study, are available in the published article and its Supporting Information.



8 (&) Z.ZHARF ZAKIAND A. A. ESMAEILI

References

(1]

(10]

(11]

[12]

(13]

(14]

[15]

Duan, W, Li, Z; Chen, F; Zhang, M.; Deng, H,; Song, L. Facile Synthesis of Fused
Polyheterocycles Containing Trifluromethylated Benzo[6,7]Chromeno[2,3-c] Pyrazoles via
One-Pot Two-Step MCRs. J. Fluor. Chem. 2020, 235, 109525-109536. DOI:10.1016/j.jfluchem.
2020.109525.

Hirano, K. Catalytic Asymmetric Construction of CF,-Substituted Chiral sp*> Carbon Centers.
Synthesis 2022, 54, 3708-3718. DOI:10.1055/a-1833-8813.

Zhu, Y; Chen, F; Zhou, Y; Kang, Z.; Zhang, M.; Deng, H.; Song, L. A Consecutive One-Pot
Two-Step Approach to Trifluoromethylated Pyrazolo[4',3":5,6] Pyrano[2,3-b] Indoles Promoted
by Molecular Iodine. J. Fluor. Chem. 2018, 211, 141-147. DOI:10.1016/j.jfluchem.2018.04.016.
Aradi, K.; Kiss, L. Recent Advances in the Trifluoromethylation Reactions of Isonitriles To
Construct CF;-Substituted N-Heterocycles. Synthesis 2023, 55, 1834-1843. DOI:10.1055/
a-2020-9090.

Deng, Z.; Wang, K. H;; Lv, Y;; Ren, Y,; Zhou, Y,; Huang, D.; Wang, J.; Hu, Y. Trifluoromethyl
N-Acylhydrazones: A Versatile Trifluoromethyl Building Blocks for Construction of
Trifluoromethylated Nitrogen-Containing Compounds. Tetrahedron 2024, 154, 133870-
133882. DOI:10.1016/j.tet.2024.133870.

(a) Filler, R.; Kobayashi, Y. Biomedicinal Aspects of Fluorine Chemistry; Tokyo Kodansha &
Elsevier Biomedical: Amsterdam, 1982.(b) Filler, R.; Yagupolskii, L. Organofluorine
Compounds in Medicinal Chemistry and Biomedical Applications; Elsevier: Amsterdam, 1993.
O’Hagan, D.; Schaffrath, C.; Cobb, S. L.; Hamilton, J. T; Murphy, C. D. Biosynthesis of an
Organofluorine Molecule. Nature 2002, 416, 279. DOI:10.1038/416279a.

(a) Katsuyama, I.; Ogawa, S,; Yamaguchi, Y.; Funabiki, K.,; Matsui, M.; Muramatsu, H.; Shibata,
K. A Convenient and Regioselective Synthesis of 4-Trifluoromethylpyridines. Synthesis 1997,
1997, 1321-1324. DOI:10.1055/s-1997-1354.(b) Xing, C; Zhu, S. Unexpected Formation of
Tetrasubstituted 2, 3-Dihydrofurans from the Reactions of B-Keto Polyfluoroalkanesulfones
with Aldehydes. J. Org. Chem. 2004, 69, 6486-6488. 10.1021/j0049317y.

Asif, M. Imran, M. Husain, A. Approaches for Chemical Synthesis and Diverse
Pharmacological Significance of Pyrazolone Derivatives: A Review. J. Chil. Chem. Soc. 2021,
66, 5149-5163. DOI:10.4067/50717-97072021000205149.

Zhao, Z.; Dai, X.; Li, C; Wang, X; Tian, J.; Feng, Y,; Xie, J.; Ma, C; Nie, Z,; Fan, P; et al.
Pyrazolone Structural Motif in Medicinal Chemistry: Retrospect and Prospect. Eur. J. Med.
Chem. 2020, 186, 111893-111918. DOI:10.1016/j.ejmech.2019.111893.

Abdelgawad, M. A.; Labib, M. B; Ali, W. A; Kamel, G; Azouz, A. A,; EL-Shaymaa, E. N.
Design, Synthesis, Analgesic, anti-Inflammatory Activity of Novel Pyrazolones Possessing
Aminosulfonyl Pharmacophore as Inhibitors of COX-2/5-LOX Enzymes: Histopathological
and Docking Studies. Bioorg. Chem. 2018, 78, 103-114. DOI:10.1016/j.bioorg.2018.03.011.
Zhang, Y; Zhang, L,; Liu, L.; Guo, J; Wu, D; Xu, G; Wang, X.; Jia, D. Anticancer Activity,
Structure, and Theoretical Calculation of N-(1-Phenyl-3-Methyl-4-Propyl-Pyrazolone-5)-
Salicylidene Hydrazone and Its Copper (II) Complex. Inorganica Chim. Acta 2010, 363,
289-293. DOI:10.1016/j.ica.2009.08.017.

Uramaru, N.; Shigematsu, H.; Toda, A.; Eyanagi, R.; Kitamura, S.; Ohta, S. Design, Synthesis,
and Pharmacological Activity of Nonallergenic Pyrazolone-Type Antipyretic Analgesics. J.
Med. Chem. 2010, 53, 8727-8733. DOI:10.1021/jm101208x.

Yousuf, S.; Khan, K. M, Salar, U; Chigurupati, S.; Muhammad, M. T; Wadood, A,
Aldubayan, M. Vijayan, V. Riaz, M.; Perveen, S. 2'-Aryl and 4'-Arylidene Substituted
Pyrazolones: As Potential a-Amylase Inhibitors. Eur. J. Med. Chem. 2018, 159, 47-58.
DOI:10.1016/j.ejmech.2018.09.052.

Abdel Reheim, M. A; Baker, S. M. Synthesis, Characterization and in Vitro Antimicrobial
Activity of Novel Fused Pyrazolo[3,4-c]Pyridazine, Pyrazolo[3,4-d]Pyrimidine, Thieno[3,2-c]
Pyrazole and Pyrazolo[3',4":4,5] Thieno[2, 3-d] Pyrimidine Derivatives. Chem. Cent. J. 2017,
11, 1-14. DOI:10.1186/s13065-017-0339-4.



(16]

(17]

(18]

(19]

(20]
(21]

(22]

(23]

(24]

(25]

[26]

SYNTHETIC COMMUNICATIONS® (&) 9

Gaffer, H. E; Abdel-Fattah, S.; Etman, H. A, Abdel-Latif, E. Synthesis and Antioxidant
Activity of Some New Thiazolyl-Pyrazolone Derivatives. J. Heterocycl. Chem. 2017, 54, 331-
340. DOI:10.1002/jhet.2588.

El-Khateeb, A. Y,; Hamed, S. E.; Elattar, K. M. Recent Advancements in the Multicomponent
Synthesis of Heterocycles Integrated with a Pyrano[2,3-d]Pyrimidine Core. RSC Adv. 2022,
12, 11808-11842. DOI:10.1039/D2RA00927G.

Miiller, T. J; Orru, R. V;; Chebanov, V. A,; Sakhno, Y. I; Saraev, V. E.; Muravyova, E. A,
Andrushchenko, A. Y.; Desenko, S. M.; Akhmetova, V. R.; Khabibullina, G. R.; Rakhimova,
E. B. Multi-Component Reactions in Heterocyclic Chemistry. In MCR 2009: Proceedings of
the 4th International Conference on Multi-Component Reactions and Related Chemistry,
Ekaterinburg, Russia, 2010.

Damera, T.; Pagadala, R.; Rana, S.; Jonnalagadda, S. B. A Concise Review of Multicomponent
Reactions Using Novel Heterogeneous Catalysts under Microwave Irradiation. Catalysts
2023, 13, 1034-1043. DOI:10.3390/catal13071034.

Miiller, T. ]J. Multicomponent Reactions in the Synthesis of Heterocycles. Chem. Heterocycl.
Compd. 2017, 53, 381. DOI:10.1007/s10593-017-2064-2.

Jiang, B.; Rajale, T.; Wever, W;; Tu, S. J; Li, G. Multicomponent Reactions for the Synthesis
of Heterocycles. Chem. Asian J. 2010, 5, 2318-2335. DOI:10.1002/asia.201000310.

Esmaeili, A. A.; Feizpour, F; Ghereghlou, M.; Habibi, A. Green and Efficient Synthesis of
Novel Polysubstituted 2-Pyrrolidinones under Catalyst and Solvent-Free Conditions.
Polycyclic Aromat. Compd. 2023, 43, 3535-3545. DOI:10.1080/10406638.2022.2072912.
Sarchahi, M.; Esmaeili, A. A. Synthesis of Novel Trifluoro Methylated Imidazothiadiazole
Derivatives via One-Pot Isocyanide-Based Three-Component Reaction under Catalyst and
Solvent-Free Conditions. Phosphorus Sulfur Silicon Relat. Elem. 2021, 196, 1071-1077. DOI
:10.1080/10426507.2021.1966429.

Jannati, S.; Esmaeili A. A. An Efficient One-Pot Synthesis of Highly Functionalized
Benzylpyrazolyl Pyrido[1,2-a]Pyrimidine Derivatives Using CuFe,O, Nanoparticles under
Solvent-Free Conditions. Res. Chem. Intermed. 2017, 43, 6817-6833. DOI:10.1007/
s11164-017-3022-4.

Olyaei, A.; Mohamadi, A.; Rahmani, N. Green Synthesis of New Lawsone Enaminones and
Their Z/E (C=C)-Isomerization Induced by Organic Solvent. RSC Adv. 2021, 11, 12990-
12994. DOI:10.1039/D1RA01858B.

Zhang, J; Yang, S.; Zhang, K.; Chen, J; Deng, H.; Shao, M.; Zhang, H.; Cao, W. An Efficient
and Highly Stereoselective Synthesis of Novel Trifluoromethylated Trans-Dihydrofuro[2,3-c]
Pyrazoles Using Arsonium Ylides. Tetrahedron 2012, 68, 2121-2127. DOI:10.1016/j.
tet.2012.01.030.



