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Abstract: Ionic liquids (ILs) are mostly composed of organic cations and organic/inorganic anions.
One of the most important class of ILs are imidazolium ILs. The hydrophilicity and hydrophobicity
of ILs are regularly influenced by length of alkyl side chain of cation. According to this effect, better
hydrophilicity comes from a shorter alkyl side chain and on the contrary, better hydrophobicity
comes from a lengthier alkyl side chain of cation. Typical ILs have exceptional properties. Most ILs
are stable at about 300 °C in the liquid state at normal conditions. Due to the exceptional properties
of ILs, they have been used in diverse industries including batteries and fuels. As solvents, ILs have
been employed in many chemical fields. Solubilities of ILs with organic/inorganic species are
completely satisfactory. Here, by N-methyl imidazole (Im), 1,3-dibromopropane, triethanolamine
(TEA), and ZnBr2, new ionic liquid (TEA-Im-Zn) was synthesized and used as catalyst and solvent
in the synthesis of functionalized 1-benzamino-1,4-dihydropyridine using aromatic aldehydes,
malononitrile, triethylamine, arylamine and dialkyl acetylenedicarboxylate.
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1. Introduction

Since the first report of ionic liquid (IL) by Paul Walden in 1914, thousands of articles were
published about ILs until now [1]. Imidazolium-based ILs are the most usable ionic liquids which
most researches in this field are on the basis of them. ILs can be used as solvents due to their ability
in dissolving wide variety of organic/inorganic solutes [2]. Many applications of ILs were reported
till now including: as solvents in bio-transformations, in membrane science as the separation
medium, and for the separations in capillary electrophoresis [3-5]. Among wide-ranging applications
of ILs, catalysis has been known as a favorable application of ILs. Two models of using ILs as catalysis
could be named: Liquid-IL biphasic catalysis, and IL both as solvent and catalyst [6]. Many reports
described the catalytic abilities of ILs including: Friedel-Crafts reactions, Beckmann rearrangement,
esterification, carbonylation reactions, and benzylation of alcohols [7,8]. In addition, ILs have
following applications: As reagents and scavengers, to synthesize energy storage materials, to
desulfurize fuel, for energy production, for carbon capture, functional material, and in
denitrogenating of fuel oils [9]. According to their applications, many kinds of ILs were synthesized
till now: Acidic ILs, functionalized ILs, covalently and non-covalently supported ILs, ILs transported
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into metal-organic frame-works (MOFs), superionic liquids, and magnetic ILs, which each of them
have their unique properties [9].

Huisgen'’s 1,4-dipoles has attracted much attention in organic synthesis during past decades.
This type of compounds can be easily produced from the reaction of alkynes and N-containing
nucleophiles. Huisgen’s 1,4-dipoles have also been widely used for the synthesis of heterocyclic
compounds by multicomponent reactions [10]. In this contribution, and in continue to our previous
researches [11-13], a new IL using triethanolamine (TEA), N-methyl imidazole (Im), 1,3-
dibromopropane and ZnBr: (Zn), TEA-Im-Zn, was synthesized and by using aromatic aldehydes,
arylamine, dimethyl acetylenedicarboxylate, and malononitrile, functionalized 1-benzamino-1,4-
dihydropyridine were synthesized.

2. Materials and Methods

2.1. General

All chemicals and solvents were purchased from Merck and Sigma companies and used without
any further purification and NMR spectra were recorded by Burker DRX-500 Avance spectrometer
(500 MHz/'HNMR and 125 MHz/3*CNMR).

2.2. General Method for the Synthesis of TEA-Im-Zn

A mixture of N-methyl imidazole (3.0 mmol) and 1,3-dibromopropane (3.0 mmol) was added to
a 50 mL flask and stirred for 24 h at 90 °C under N2 atmosphere. To this mixture, TEA (1.0 mmol) and
10 mL DMEF solvent was added and stirred for 24 h at 80 °C. After completion the reaction, ZnBR:
(3.0 mmol) was added and stirred at room temperature for 24 h. In final step, DMF was separated by
rotary and obtained product, TEA-Im-Zn, washed with EtOAc and dried under air atmosphere at
room temperature for 24 h.

2.3. General Method for the Synthesis of 1-Benzamino-1,4-Dihydropyridine

2.0 mmol of aromatic aldehyde, 2.0 mmol of malononitrile, catalytic amount of triethylamine
and 200 mL of synthesized TEA-Im-Zn IL were added to a 500 mL flask and stirred at room
temperature for about 30 min. After that, 2.0 mmol of arylamine and 2.0 mmol of dialkyl
acetylenedicarboxylate were added to it and stirred at room temperature for 24 h. The IL was
removed with a separatory funnel and the resulting residue was recrystallized to give the final pure
product.

3. Results and Discussion

3.1. Characterization of TEA-Im-Zn

Synthesized TEA-Im-Zn was characterized by FT-IR. As can be seen in figure 1, main functional
groups of synthesized TEA-Im-Zn were appeared at 1164, 1456, 1564, 1647, 3085 and 3523 cm™'.
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Figure 1. FT-IR of synthesized TEA-Im-Zn.

3.2. 1-Benzamino-1,4-Dihydropyridine Derivatives

The synthesis reaction of 1-benzamino-1,4-dihydropyridine can be done by combination of
various aryl aldehydes (scheme 1). The optimized conditions for the reaction was using 200 mL of IL
as catalyst and solvent at room temperature.
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Scheme 1. Various synthesized 1-benzamino-1,4-dihydropyridine.

3.3. Spectral Data of Dimethyl 6-Amino-5-Cyano-1,4-Diphenyl-1,4-Dihydropyridine-2,3-Dicarboxylate

1IH NMR (500 MHz, DMSO-dé) & (ppm): 7.99-7.91 (m, 2H, CHas), 7.69-7.65 (m, 1H, CHa:), 7.60—
7.55 (m, 2H, CHax), 7.42-7.45 (m, 3H, CHar), 7.19-7.17 (m, 2H, CHa:), 6.32 (br, 2H, NHo2), 4.25 (br, 1H,
CH), 3.72 (s, 3H, OCHB), 3.35 (s, 3H, OCHs); 13C NMR (125 MHz, DMSO-de) & (ppm): 38.9, 53.1, 57.8,
117.7,122.6, 122.9, 125.1, 125.8, 127.5, 128.4, 129.3, 142.1, 145.2, 145.5, 165.2, 166.3, 168.3.

4. Conclusions

In conclusion, a highly efficient TEA-Im-Zn IL was synthesized and used for the synthesis of 1-
benzamino-1,4-dihydropyridine in mild condition reactions. The process was simple and generated
a diverse range of 1-benzamino-1,4-dihydropyridine in excellent yields.



Proceedings 2019, 41, 2 40f4

Acknowledgements: The authors gratefully acknowledge the partial support from the Research
Council of the Iran University of Science and Technology.

References

Lei, Z.; Chen, B.; Koo, Y. M.; MacFarlane, D. R. Introduction: Ionic Liquids. Chem. Rev. 2017, 117, 6633—6635.
Shrotri, A. Kobayashi, H.; Fukuoka, A. Catalytic Conversion of Structural Carbohydrates and Lignin to
Chemicals. In Advances in Catalysis; Elsevier: Cambridge, MA, USA, 2017; pp. 59-123.

3. de Carvalho, C.C.C.R,; da Fonseca, M.M.R. Biotransformations” in Biotechnology, Sharfstein, S.T., Eds.;
Reference Module in Life Sciences, 2nd Ed.; Elsevier: Amsterdam, Netherlands, 2017.

4.  Tarikov, D.D.; Oyama, S. T. Review of CO>/CHa separation membranes. In Membrane Science and Technology,
Elsevier: Cambridge, MA, USA, 2011; volume 14, pp. 91-115.

5. Encyclopedia of Separation Science, 1st ed.; Poole, C., Cooke, M., Eds.; Elsevier: Cambridge, MA, USA, 2007.

. Steinriick, H. -P.; Wasserscheid, P. Ionic liquids in catalysis. Catal. Lett. 2015, 145, 380-397.

7. Earle, M. Organic synthesis. In lonic Liquids in Synthesis; Wasserscheid, P., Welton, T., Eds.; Wiley:
Weinheim, Germany, 2007; pp. 292-367.

8. Mc Ateer, C.H.; Balasubramanian, M.; Murugan, R. Pyridines and their Benzo Derivatives: Applications.
In Comprehensive Heterocyclic Chemistry III; Elsevier: Cambridge, MA, USA, 2008; pp. 309-336.

9. Belen'kii, L. I; Evdokimenkova, Y. B. The Literature of Heterocyclic Chemistry, part XVII, 2017. In
Advances in Heterocyclic Chemistry, Elsevier: Cambridge, MA, USA, 2019.

10. Lu, L.; Wei, J. M.; Chen, J.; Zhang, ]J. P.; Deng, H. M.; Shao, M.; Zhang, H.; Cao, W. G. A simple and
convenient synthesis of 2-(perfluoroalkyl)-4H-chromenes from salicyl N-tosylimines or salicylaldehydes
and methyl 2-perfluoroalkynoates. Tetrahedron 2009, 65, 9152-9156.

11. Zand, H. R. E.; Ghafuri, H.; Ghanbari, N. Lewis acidic ionic liquid immobilized on graphene oxide:
synthesis, characterization, and application in the ultrasound-assisted condensation reactions.
ChemistrySelect 2018, 3, 8229-8237.

12. Zand, H. R. E.; Ghafuri, H.; Rashidizadeh, A.; Khoushab, Z. Study on oxidative condensation of toluene
and hydrazine/aniline catalyzed by copper complex immobilized on functionalized graphene oxide. Ind.
Eng. Chem. Res. 2019, 58, 5379-5387.

13. Ghafuri, H.; Yaghoubi, S.; Zand, H. R. E. Zinc-containing ionic liquid as a dual solvent-catalyst in base-free
condensations under ultrasonic irradiation. Appl. Organomet. Chem. 2019, 33, e5149.

© 2019 by the authors. Licensee MDP], Basel, Switzerland. This article is an open access
@ @ \ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




