

[image: logo]

International Journal
Organic & Medicinal Chemistry

 


Review Article
Volume 1 Issue 1 - January 2016

Organic & Medicinal Chem IJ
Copyright © All rights are Ali Gharib





Application of Heteropolyacids and Nano-Catalyst in Heterocycles Synthesis

Ali Gharib1,2*

1Department of Chemistry, Islamic Azad University, Mashhad, Iran

2Department of Chemistry, Agricultural Researches and Services Center, Mashhad, Iran

Submission: January 12, 2016; Published: January 28, 2016

*Corresponding author: Ali Gharib, Department of Chemistry, Islamic Azad University, Mashhad, Iran.


Abstract

Heteropolyacids (HPAs) possess unique properties such as: well-defined structure, Bronsted acidity, possibility to modify their acid-base and redox properties by changing their chemical composition (substituted HPAs), ability to accept and release electrons, high proton mobility, etc. In view of green chemistry, the substitution of harmful liquid acids by solid reusable HPAs as catalyst in organic synthesis is the most promising application of this acids. Heteropolyacids (HPAs) and related compounds have received considerable attention as solid acids in recent years. The application of heteropolyacids as catalytic materials is growing continuously in the catalytic field.
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Introduction

Some organic compounds may be classified as aliphatic and aromatic heterocycles. Heterocycles chemistry form by far the largest of the classical divisions of organic chemistry. The majority of pharmaceutical products with biological activity are heterocycles. Most of the significant advances against disease have been made by designing and testing novel structures, which are often hetero aromatic derivatives. Organic compounds can have been a variety of structures. Many heterocyclic compounds occur naturally and are actively involved in biology e.g., nucleic acids (purine and pyrimidine bases), vitamins (Thiamine B1, Riboflavin B2, Nicotinamide B3, Pyridoxol B6 and Ascorbic acid C), heme and chlorophyll, penicillins, cephalosporins, macrolides etc. In generally, heterocyclic compounds may be inorganic, such as sulfur, oxygen, or nitrogen that most contain within the ring structure at least one atom of carbon, and one or more elements [1]. The structures can have been of either aromatic or non-aromatic rings. Heterocyclic chemistry is the branch of organic chemistry dealing with the synthesis and industrial, pharmaceutical applications of heterocycles.

Green sustainable chemistry (GSC) is, in a word, chemistry and chemical technology for environmentally friendly products and processes. Green chemistry uses highly efficient and environmental benign synthetic procedures to deliver life-saving medicines, accelerating guide optimization processes in drug discovery, and bioactive compounds with reduced needless environmental impact. Catalysis remains one of the most important fields of green chemistry by providing atom-economical, selective, and energy-efficient solutions to many industrially important problems. The heteropolyacid (HPA) catalysts will be introduced as promising candidates for green and nano catalysts in the following order: an overview, latest experimental result, and then examples of industrial application. The heteropolyacid (HPA) catalysts will be introduced as promising candidates for green catalysts in the following order; an overview, latest experimental result, and then examples of industrial application. As described below, several successful examples have already demonstrated that heteropolyacids can be used as green catalysts. Furthermore, since they can be active solid acid catalysts and can provide unique reaction fields such as pseudo liquid, that is, “catalytically active solid solvent,” HPA catalysts will find more green/sustainable applications in future. Heteropolyacids as solid acid catalysts are green catalysts with respect to their non-corrosive nature, safety, low quantity of waste and easy separation. One of the unique features that make solid heteropoly acids economically and environmentally attractive is their stability and high acidity. Catalysis by heteropolyacids (HPAs) and related compounds is a field of increasing importance worldwide. Numerous developments are being carried out in basic research as well as in fine chemistry processes [2]. HPAs possess, on the one hand, a very strong acidity and, on the other hand, appropriate redox properties, which can be changed by varying the chemical composition of heteropolyanion. The reactions catalyzed by both heterogeneous and homogeneous systems have been reviewed by many researchers [3-5]. Although there are many structural types of HPAs, the majority of the catalytic applications use the most common Keggin-type HPAs [6], especially for acid catalysts, owing to their availability and chemical stability. Other catalysts such as Wells-Dawson and Preyssler heteropolyacids have began to be used [7,8]. These compounds exhibiting high activity in acid base type of catalytic reactions, hence they are used in many catalytic areas as homogeneous and heterogeneous catalysts [9]. The application of Preyssler catalyst is mostly limited and only a few demonstrations of catalytic activity have been reported [10]. Recently we have explored the application of Preyssler and Keggin catalysts in various organic reactions [11,12]. Many reactions catalyzed by Bronsted and Lewis acids now, in the presence of HPAs, proceed more effectively under milder conditions with greater selectivity, better yields, and shorter reaction times. Among HPAs, the application of Keggin and Wells–Dawson structures have been extensively studied [13]. On the other hand Keggin heteropolyacids are other catalysts in green method of the synthesis of heterocyclic, drugs and organic compounds in chemistry. One of the intriguing heteropoly compounds is Preyssler’s anion. The catalytic applicability of Preyssler’s anion, [NaP5W30O110]14- with high thermal and hydrolytic stability throughout a wide pH range has been largely overlooked and only a few reports for catalytic performance of this catalyst have been cited [10]. This heteropolyacid is remarkable because of the following advantages (1) strong Brønsted acidity with fourteen titrable acidic protons, (2) high thermal stability, (3) high hydrolytic stability (pH 0-12), (4) reusability, (5) more safety, (6) lower waste quantity, (7) better separability, (8) less corrosiveness [11], (9) high oxidation potential [11] and (10) greenness [15]. We are interested in catalytic reactions [12-16] and catalytic applicability of heteropoly compounds [15,16]. Recently, we have been exploring the application of the Preyssler catalyst for many reactions [16]. The green catalysts can be easily recovered and recycled with retention of their initial structure and activity.

Synthesis of 2,4,5-trisubstituted and 1,2,4,5-tetrasubstituted-1H-imidazole derivatives and or 2,4,5-Triaryloxazoles using of Silica-Supported Preyssler Nanoparticles

One-pot multi-component condensation of benzyl and or benzoin, aldehydes, ammonium acetate and primary amines were used for synthesis of 2,4,5-trisubstituted and 1,2,4,5-tetrasubstituted-1H-imidazole derivatives under reflux conditions using Silica-supported Preyssler nanoparticles heteropolyacid as a catalysts. This catalyst has several advantages (simple work-up, inexpensive and reusability). These catalysts were also successfully employed in the synthesis of triaryloxazoles (Schemes 1, 2) [17].


	Scheme 1. Synthesis of 2,4,5-trisubstituted-1H-imidazole derivatives (5a-Z4) in the presence of Silica-Supported Preyssler Nanoparticles under Solvent-Free Conditions at reflux conditions and in proper times.
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	Scheme 2. Synthesis of 1,2,4,5-tetrasubstituted-1H-imidazole derivatives (7a-j) in the presence of Silica-Supported Preyssler Nanoparticles under Solvent-Free Conditions at reflux conditions and in proper times.
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We have presented use of silica-supported Preyssler nanoparticles (SPNP) as a catalyst for efficient synthesis of 2,4,5-triaryl-1H-imidazoles and 1,2,4,5-tetrasubstituted imidazoles with moderate to excellent yields from benzil as well as benzoin. The effect of solvent on the model reaction was studied by carrying out the reaction in a solvent-free system and in a variety of solvents including ethanol, methanol and acetonitrile at reflux conditions. As shown in [Table 1], the best results in terms of yield and time have been achieved in free-solvent and ethanol conditions [17].

Catalytic Synthesis of 2,3-diphenylquinoxalines at Room Temperature using Silica supported Preyssler Heteropolyacid catalysts, H14[NaP5W30O110]/SiO2

The reaction of Preyssler heteropolyacid, which was used as a catalyst for the room temperature synthesis of quinoxaline derivatives from 1,2-diamino compounds and 1,2-dicarbonyl compounds under mild conditions using silica supported Preyssler heteropolyacids as a catalyst (Scheme 3) [18].


	Scheme 3. Synthesis of 2,3-diphenylquinoxalines catalyzed by silica supported Preyssler heteropolyacid
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Table 1: Synthesis of 2,4,5-triphenyl-1H-imidazole (3a) in the presence of various silica-supported heteropolyacids in different solvents and proper times.












	Entry
	Solvent
	Catalyst
	Reaction Time (h)
	aYield (%)



	 
	 
	 
	Benzyl
	Benzoin
	Benzyl
	Benzoin



	1
	Free
	H3[PMo12O40]/SiO2(50%)
	1.5
	2
	84
	82



	2
	Free
	H4[PMo11VO40]/SiO2(50%)
	1.5
	2
	91
	88



	3
	Free
	H3[PW12O40]/SiO2(50%)
	1.5
	2
	87
	85



	4
	Free
	H14[NaP5W30O110]/SiO2 Nanoparticles
	1
	1.5
	96
	92



	5
	Free
	H14[NaP5W30O110]/SiO2(50%)
	1
	1.5
	94
	90



	6
	EtOH
	H3[PMo12O40]/SiO2(50%)
	1.5
	2
	83
	80.5



	7
	EtOH
	H4[PMo11VO40]/SiO2(50%)
	1.5
	2
	89.5
	87



	8
	EtOH
	H3[PW12O40]/SiO2(50%)
	1.5
	2
	85.5
	84



	9
	EtOH
	H14[NaP5W30O110]/SiO2 Nanoparticles
	1
	1.5
	95
	91



	10
	EtOH
	H14[NaP5W30O110]/SiO2(50%)
	1
	1.5
	91.5
	87.5



	11
	MeOH
	H3[PMo12O40]/SiO2(50%)
	2
	2
	83
	80



	12
	MeOH
	H4[PMo11VO40]/SiO2(50%)
	2
	2
	88.5
	86



	13
	MeOH
	H3[PW12O40]/SiO2(50%)
	2
	2
	84.5
	84



	14
	MeOH
	H14[NaP5W30O110]/SiO2 Nanoparticles
	2
	2
	93
	90



	15
	Acetonitrile
	H14[NaP5W30O110]/SiO2(50%)
	2
	2
	89.5
	86



	16
	Acetonitrile
	H3[PMo12O40]/SiO2(50%)
	2.5
	3
	80
	77



	17
	Acetonitrile
	H4[PMo11VO40]/SiO2(50%)
	2.5
	3
	85
	84.5



	18
	Acetonitrile
	H3[PW12O40]/SiO2(50%)
	2.5
	3
	82
	82



	19
	Acetonitrile
	H14[NaP5W30O110]/SiO2, Nanoparticles
	2
	2.5
	92
	88.5



	20
	Acetonitrile
	H14[NaP5W30O110]/SiO2(50%)
	2
	2.5
	87.5
	85




Preyssler Heteropolyacid Supported on Nano-SiO2, H14[NaP5W30O110]/SiO2: A Green and Reusable Catalyst in the Synthesis of Polysubstituted Quinolines

Synthesis of Polysubstituted Quinolines in the presence of Silica-supported Preyssler Nanoparticles (SPNP), H14[NaP5W30O110]/SiO2, Preyssler H14[NaP5W30O110] and Keggin heteropolyacids, H3PW12O40, H7[PMo8V4O40], H6[PMo9V3O40], H5[PMo10V2O40], H4[PMo11VO40], H3[PMo12O40] as catalyst under aqueous conditions is described. The best conditions were observed using Preyssler and Silica-supported Preyssler Nanoparticles as catalysts. The catalyst is recyclable and reusable (Scheme 4) [19].


	Scheme 4. The reaction of 2-aminobenzophenone (1), and ethyl acetoacetate (2) under
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solvent-free condition at reflux conditions in the presence of silica-supported Preyssler nanoparticles catalyst, H14[NaP5W30O110]/SiO2

The efficiency of Preyssler nano particles, H14[NaP5W30O110]/SiO2 is attributed to the nanoporous structure of this solid acid catalyst, which could act as nano-reactor (Figure 1).


[image: figure]

Figure 1: Preyssler nano particles, H14[NaP5W30O110]/SiO2 is as nano-reactor



Novel catalytic method synthesis of calix[4]pyrroles using Preyssler and Wells-Dawson heteropolyacids

A catalytic synthesis of calix[4]pyrroles and N-confused calix[4]pyrroles by reaction of dialkyl or cycloalkyl ketones with pyrrole was performed using Preyssler, sodium 30-tungsto pentaphosphate, [NaP5W30O110]14- and Wells-Dawson heteropolyacids as acidic catalysts. The process occurred under mild, eco-friendly and environmental friendly conditions and as a reusable, green catalyst at room temperature for 6 hours. The results showed that the yield for this synthesis is excellent with the use of Preyssler and Wells-Dawson type tungstophosphoric heteropolyacid, H6[P2W18O62], catalysts. The synthesis reaction of calix[4]pyrroles and N-confused calix[4]pyrroles was developed using different solvents and the best yields were obtained in chloroform (Scheme 5) [20].


	Scheme 5. Synthesis of calix[4]pyrroles derivatives using green catalysts
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An efficient catalytic synthesis of 1,2-dihydro-1-aryl-3H-naphth[1,2-e][1,3]oxazin-3-one derivatives using silica supported Preyssler heteropolyacid, H14[NaP5W30O110]/SiO2 (50%) as a heterogeneous catalyst

Silica supported Preyssler type heteropolyacids are found to be efficient catalysts for the synthesis of 1,2-dihydro-1-aryl-3H-naphth[1,2-e][1,3]oxazin-3-one derivatives in good yields in a convenient, efficient and green reaction by condensation of β-naphtol, aromatic aldehydes, urea, and ethanol under reflux conditions. The catalyst is recycled and reused several times (Scheme 6) [21].


	Scheme 6. Synthesis of 1,2-dihydro-1-aryl-3H-naphth[1,2–e][1,3]oxazin-3-ones using H14[NaP5W30O110]/SiO2 catalyst (50% catalyst loading).
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Catalytic Synthesis of Pyrazoles and Diazepines under Green conditions and Room temperature using Heteropolyacids catalysts

Catalytic performance of Preyssler, H14[NaP5W30O110], Wells-Dawson, H6P2W18O62 and Keggin, H3[PW12O40] and H4PMo11VO40, heteropolyacids as pure have been studied synthesis of pyrazoles and diazepines in condensation of hydrazines, hydrazides and diamines with various 1,3-diketones. In all cases the best yields were obtained, using H14[NaP5W30O110], (Schemes 7, 8) [22].


	Scheme 7. Synthesis of Pyrazoles using green conditions
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	Scheme 8. Synthesis of Diazepines using green conditions
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Synthesis of dicoumarols Using silica-supported Preyssler nanoparticles (SPNPs), H14[NaP5W30O110]/SiO2

Biscoumarins, the bridge substituted dimers of 4-hydroxycoumarin, have been enormous potential as anticoagulants [23]. 3, 3’-methylene-bis-(4-hydroxycoumarin), commonly known as dicoumarol, occurs naturally in moldy clover [24]. Dicoumarol is also a starting material for the synthesis of various furocoumarins and benzopyrans [25]. Dicoumarol (3,3’-methylene-bis-4-hydroxycoumarin) is a naturally coumarin-based compound which has long been used as an oral anticoagulant drug. It is metabolically produced from coumarin which was first isolated from both of the Tonka bean (Dipteryx odorata) and the sweet clover (Melilotus alba and Melilotus officinalis) [26]. It is now known to be present in many other plants. Dicoumarol derivative, warfarin (3-(α-acetonyl benzyl)-4-hydroxycoumarin), is commonly used as a natural anticoagulant for the prevention and treatment of excessive blood-clotting disorder [27]. A nonhazardous and efficient method using for the synthesis of dicoumarol (3,3’-methylene-bis-4-hydroxycoumarin) (3) in the presence of of silica-supported Preyssler nanoparticles (SPNPs) as a green catalyst and A new and efficient method for the synthesis of dicoumarol (3,3’-methylene-bis-4-hydroxycoumarin) in the presence of catalytic amounts of silica-supported Preyssler nanoparticles (SPN) is reported. The catalyst performs very well in comparison with other heteropolyacids catalysts (Scheme 9) [28].


	Scheme 9. Synthesis of dicoumarols (3) from 4-hydroxycoumarin (1) and benzaldehydes (2) in presence of silica-supported Preyssler nanoparticles (SPNPs), under reflux conditions.
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Synthesis of N-phenylquinazolin-4-amine derivatives using Silica-supported Preyssler nanoparticles (SPNPs) catalyst, H14[NaP5W30O110]/SiO2

Recently, quinazolin-4(3H)-ones were prepared via cyclocondensation of 2-aminobenzamides with orthoesters catalyzed by H2SO4/SiO2 under anhydrous and microwave conditions [29]. Herein, a method for the synthesis of N-phenylquinazolin-4-amine derivatives from reaction of 2-aminobenzamide, orthoesters, and various substituted anilines using silica-supported Preyssler nanoparticles (SPNPs) catalyst, H14[NaP5W30O110]/SiO2 and three different Keggin types of HPAs including, H5[PMo10V2O40], H4[PMo11VO40] and H3[PMo12O40] as the catalysts (Scheme 10) [30].


	Scheme 10. Synthesis of N-phenylquinazolin-4-amine derivatives using silica-supported Preyssler nanoparticles (SPNPs) catalyst, H14[NaP5W30O110]/SiO2
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Comparison of silica-supported Preyssler nanoparticles, H14[NaP5W30O110]/SiO2, H3[PMo12O40], H5[PMo10V2O40], H4[PMo11VO40], H6[PMo9V3O40], H3[PW12O40], H14[NaP5W30O110]/ SiO2(40%), H3[PMo12O40]/SiO2(40%), H4[PMo11VO40]/SiO2(40%), and H3[PW12O40]/SiO2 (40%) shows that silica-supported Preyssler nanoparticles led to greater yields, the results showed in [Table 2], [30].

Table 2: Comparative study of various heteropolyacids catalysts for the preparation of N-phenylquinazolin-4-amine under reflux conditions.









	Entry
	Catalyst
	Time (h)
	aYield (%)



	1
	H14[NaP5W30O110]/SiO2Nanoparticles
	1.5
	93.5



	2
	H14[NaP5W30O110]/SiO2(40%)
	1.5
	90.5



	3
	H3[PMo12O40]
	3
	81



	4
	H4[PMo11VO40]
	3
	84



	5
	H5[PMo10V2O40]
	3
	85.5



	6
	H6[PMo9V3O40]
	2
	89



	7
	H3[PW12O40]
	3
	82.5



	8
	H3[PMo12O40]/SiO2(40%)
	3
	80



	9
	H4[PMo11VO40]/SiO2(40%),
	3
	82.5



	10
	H3[PW12O40]/SiO2(40%)
	3
	81




Synthesis of 4, 5, 8a-Triphenylhexahydropyrimido[4,5-d]-pyrimidine-2,7(1H,3H)-diones derivatives by using nano-SiO2-supported Preyssler (SPNP) catalyst

Pyrimido[4,5-d]pyrimidines are an important class of fused heterocycles since they have close resemblance with purine and pteridine systems [31]. This nucleus is associated with a diverse range of biological activities such as anti-allergic, bronchodilators, vasodilators, antihypertensive, and as phosphodiesterase inhibitors. Recently, pyrimido[4,5-d] pyrimidine analogues of folic acid were found to show antitumor activity [31]. Recently, pyrimido[4,5-d]pyrimidine analogues of folic acid were found to show antitumor activity [31]. An efficient, improved, and environmentally benign procedure for catalytic synthesis of 4,5,8atriphenylhexahydropyrimido[4,5-d] pyrimidine-2,7(1H,3H)-diones derivatives was developed in the presence of nano-silica-supported Preyssler (SPNP) heteropolyacid (HPA) catalyst, under free-solvent and reflux conditions. The products were formed in excellent yields and the acidic catalyst was completely heterogeneous and can be recycled for many times (Scheme 11) [32].


	Scheme 11. Catalytic Synthesis of 4, 5, 8a-Triphenylhexahydropyrimido[4,5-d]-pyrimidine-2,7(1H,3H)-diones derivatives by using nano-SiO2-supported Preyssler (SPNP) heteropolyacid catalyst
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The effect of solvent on the model reaction was studied by carrying out the reaction in a solvent-free system and in a variety of solvents including CCl4, ethanol, pyridine, THF and acetonitrile. The best results in terms of yield and time have been achieved in solvent-free systems and the results are shown in [Table 3].

Table 3: Synthesis of 8a-(4-Fluorophenyl)-4,5-diphenylhexahydro-pyrimido[4,5-d]pyrimidine-2,7(1H,3H)-dione (4d) in the presence of Preyssler nanoparticles H14[NaP5W30O110]/SiO2 catalyst and of different solvents under reflux conditions in proper times.










	Entry
	Solvent
	Temperature (OC)
	Time (h)
	aYield (%)



	1
	Free
	Reflux
	2
	96



	2
	CCl4
	Reflux
	10
	Trace



	3
	C2H5OH
	Reflux
	10
	Trace



	4
	THF
	Reflux
	3.5
	19.5



	5
	CH3CN
	Reflux
	4.5
	92



	6
	pyridine
	Reflux
	10
	Trace



	7
	DMF
	Reflux
	4
	41




Synthesis of various 1,4-dihydropyridines by Preyssler heteropolyacid catalysts

Hantzsch 1,4-dihydropyridines are well known as Ca2+ channel blockers and have emerged as an important class of drugs for the treatment of cardiovascular diseases, including hypertension [33]. 1,4-Dihydropyridines possess a wide range of biological activities, being vasodilators, bronchodilators, geroprotectives, hepatoprotectives, and antitumor, antiatherosclerotic, and antidiabetic agents [34]. Recent studies have revealed that 1,4-dihydropyridines exhibit several other medicinal applications, including neuroprotectant [35] and platelet antiaggregator activity [36], in addition to acting as cerebral anti-ischemic agents in the treatment of Alzheimer’s disease [37] and as a chemosensitizer in tumor therapy [38]. Development of drug resistance, both intrinsic drug resistance and acquired drug resistance, remains a clinical obstacle in the chemotherapy of many cancers [39]. We report an easy and efficient procedure for the synthesis of fused 1,4-dihydropyridine derivatives 3 in good yields from dimedone (1) with various arylaldehydes 2 and NH4OAc in water (Scheme 12) [40].


	Scheme 12. Synthesis of fused 1,4-dihydropyridines (3a-g) from dimedone in the presence of Preyssler heteropolyacid catalyst.
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We also have presented the synthesis of 1,4-dihydropyridine from substituted benzaldehydes, ethyl acetoacetate, and ammonium acetate in water under reflux conditions catalyzed by Preyssler heteropolyacid with excellent yields (Scheme 13) [40].


	Scheme 13. Synthesis of 1,4-dihydropyridines (6a-g) from dimedone in the presence of Preyssler heteropolyacid catalyst.
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