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    Pyrazole is one of the most valuable nitrogen-based heterocycles and is incorporated in the constitution of a wide range of pharmaceuticals and agrochemicals. Direct connection of two pyrazole units produces six different bipyrazole skeletons that can be classified as i) N-N bond connected 1,1`-bipyrazoles; ii) C-N bond connected 1,3`- and 1,4`-bipyrazoles and iii) C-C bond connected 3,3`-, 3,4`- and 4,4`-bipyrazoles.




    This book presents the recent achievements in the synthetic platforms toward the directly connected bipyrazole systems and their applications in academic, industrial, and material science fields. The construction of the targeted bipyrazole heterocycles was carried out via a wide-range of synthetic routes that grasp the attention of graduate and postgraduate chemists and pharmacists and material science researchers to make more efforts in this area to reach high impact findings for their applications in our life.




    Most of the reported bipyrazoles are highly bioactive heterocycles demonstrating a broad array of significant inhibitory activities against several human diseases and agricultural pesticides and herbicides. They also have considerable applications in the material science area via involvement in the construction of metal-organic frameworks (MOFs) with distinguished industrial applications.




    This book is presented in five chapters describing the synthesis of six connected bipyrazole systems and their brilliant and vibrant applications. As a result, we expect that the provided book chapters will be of pronounced support and a valuable source for the scientific community for developing new bipyrazole-based fascinating candidates towards optimization of their pharmacological benefits in the treatment of diseases as well as building up new MOFs for daily life applications that serve the humanity and industry.




    We hope that the researchers and readers will find new ideas based on the provided work. Finally, we are very thankful to the Bentham Science Publishers for giving us the chance to publish this book.
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      Abstract




      The synthetic routes to three differently connected bipyrazole systems, namely; 1,1`-, 1,3`- and 1,4`-bipyrazoles were reported. The main synthetic platforms were cyclocondensation reactions. Many of the reported bipyrazole derivatives had potent applications in material science as well as in pharmaceutical fields.
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      1. Introduction




      Bipyrazoles are nitrogen heterocycles that are consisted of two pyrazole moieties connected directly by a covalent sigma bond without any space linker. In this chapter, the considered connections are either N,N- or C,N-connection types. The N,N-linked bipyrazoles are named as 1,1`-bipyrazoles, and those C,N-bonded compounds are named as either 1,3`-bipyrazoles or 1,4`-bipyrazoles as shown in Scheme (1).
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Scheme (1))


      The directly connected N,N- and C,N- bipyrazole systems.



      The fulfilling pathways are: 1) reactions of tetracarbonyl or dihydroxydicarbonyl building units with hydrazines, 2) reaction of pyrazoles having a difunctional-side arm with hydrazines, 3) reaction of pyrazolyl-hydrazines with difunctional compounds (e.g. dicarbonyl, hydroxycarbonyl, ketonitrile or dinitrile substrates), and 4) metal catalyzed C-C cross coupling reactions of pyrazoles via C-H activation (Scheme 2).
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Scheme (2))


      The possible synthetic routes to N,N- and C,N-bipyrazoles.



      Pyrazoles are one of the most abundant nitrogen heterocyclic compounds that have huge pharmaceutical and agro-chemical industrial applications [1-6]. Bipyrazoles are also a very interesting bioactive class of heterocycles that had pronounced biological activities. Particularly, 1,3`-bipyrazole derivatives had potent inhibitory activities against various diseases. For example, they exhibited cytotoxic [7], antimicrobial [8], anti-inflammatory [9] and antidiabetic activities [10] as well as herbicidal activities with excellent weed-controlling effects [11-13], potential agricultural pesticides [14, 15]. On the other hand, several 1,4`-bipyrazole derivatives were reported to have pronounced cytotoxicity activities [16] and for the treatment of Parkinson's disease [17]. The 1,4`-bipyrazole derivatives were employed as efficient ligands in the palladium-catalyzed C-N and C-O cross-coupling reactions of aryl halides with urea and with primary alcohols derivatives [18-22].


    




    

      



      2. Synthesis of bipyrazole systems




      

        



        2.1. Synthesis of 1,1`-Bipyrazoles




        Formation of the 1,1'-bipyrazole derivative 2 was performed by photolysis of ethyl 5-amino-3-(phenylamino)pyrazole-4-carboxylate 1 with tert-butyl peroxide or with dibenzoyl peroxide under mild reaction conditions. The reaction took place via radical dimerization of the pyrazole 1 (Scheme 3) [23].
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Scheme (3))


        Synthesis of 1,1`-bipyrazole 2.



        The dihydro-1,1'-bipyrazole derivative 6 was obtained from the reaction of 3-methoxycarbonyl-2-pyrazoline 3 with lead tetraacetate in benzene at 60°C. The reaction proceeded via the pyrazoline intermediate 4 which underwent further attack on 3 to give 6 in 17% yield. The 13C NMR of compound 6 showed five peaks δ 52.3, 109.1 129.4 142.3 161.3 ppm due to OCH3, pyrazole-carbons (C-4, C-5 and C-3) and C=O, respectively. The oxidation of 6 with N-bromosuccinimide (NBS) in refluxing carbon tetrachloride in the presence of a few drops of dry pyridine resulted in the formation of the symmetrical 1,1`-bipyrazole 7 in 55% yield (Scheme 4) [24].
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Scheme (4))


        Synthesis of 1,1`-bipyrazole 7.

      




      

        



        2.2. Synthesis of 1,3`-bipyrazoles




        The 1,3-bipyrazole derivative derivatives 10 were synthesized, in good yields, from the reaction of the hydrazino-pyrazole derivative 8 with various symmetrical and unsymmetrical 1,3-dicarbonyl compounds 9 in the presence of 5% HCl (Scheme 5) [7]. The 1H NMR spectrum of compound 10 (R1=R2= Me, R3= H) displayed five singlet peaks at δ 2.16, 2.61, 3.32, 3.67 (due to four CH3 protons) and 6.11 due to CH-proton and its 13C NMR exhibited nine peaks at δ 11.0 (C5-CH3), 13.7 (C5`-CH3), 14.4 (C3-CH3), 36.5 (N-CH3), 107.5 (C4-H), 134.9 (C5), 143.6 (C5`), 145.9 (C3), 152.7 (C3`) ppm.
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Scheme (5))


        Synthesis of 1,3`-bipyrazoles 10.



        Reaction of 3-hydrazino-5-methylpyrazole 11 with acetylacetone 12 furnished 3,5,5'-trimethyl-1'H-1,3'-bipyrazole 13 in high yield. Methylation of 13 with methyl iodide in the presence of t-BuOK led to the formation of 1',3,5,5'-tetramethyl-1'H-1,3'-bipyrazole 14 in high yield (Scheme 6) [25-27].
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Scheme (6))


        Synthesis of 1,3`-bipyrazoles 14.



        In addition, when 3-hydrazinopyrazole 15 was treated with the benzoylpyruvate ester 16, it afforded the 1,3'-bipyrazole ester derivative 17 in 36% yield. Methylation of 17 was carried out in the presence of t-BuOK to give the corresponding methylated 1,3'-bipyrazole derivative 18 in 29-61%. Treatment of 18 with lithium aluminium hydride in THF afforded the corresponding 3-hydroxymethyl-1,3'-bipyrazole derivative 19 in excellent yield (Scheme 7) [28, 29].
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Scheme (7))


        Synthesis of 1,3`-bipyrazoles 19.



        The 1,3`-bipyrazole-based macrocycle 25 was synthesized according to the synthetic route described in Scheme (8). Thus, the reaction of ethyl 1,3`-bipyrazole-2-carboxylate 17 with 1,3-dibromopropane (20) in the presence of tBuOK as a base gave the bis-bipyrazole product 21, which up on reduction with lithium aluminium hydride afforded the bis-hydroxymethyl-bis-bipyrazole product 22. The latter bis-diol 22 was converted into the bis-chlorinated derivative 23 when treated with thionyl chloride. Condensation of 23 with 2-(4- aminophenyl)ethanol 24 resulted in the formation of the macrocycle 25 in 54% yield (Scheme 8) [30].
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Scheme (8))


        Synthesis of 1,3`-bipyrazole-based macrocycle 25.



        The 1,3'-bipyrazole derivatives 29 were prepared by cyclocondensation of 5-hydrazinopyrazole derivative 26 with 1,3-dicarbonyl compounds 27 and 28. Electrophilic substitution reactions of the latter 1,3'-bipyrazole 29 (R=R1= Me) took place at position-4 of the pyrazole ring to give the corresponding 1,3'-bipyrazole derivatives 30 in high yields. Condensation of the pyrazol-5- ylhydrazine 26 with ethyl 2-cyano-3-ethoxyacrylate 31 afforded the 1,3'-bipyrazole derivative 32 in 69% yield (Scheme 9) [31]. The 1H NMR of 32 showed the following peaks: δ 1.34 (t, 3H, J = 7 Hz, CH2CH3), 2.68 (s, CH3), 4.28 (q, 2H, J = 7 Hz, CO2CH2CH3), 5.38 (s, 2H, NH2), 7.33 (s, 5H, ArH`s) and 7.70 (s, 1H, pyrazole H-3) ppm.
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Scheme (9))


        Synthesis of 1,3`-bipyrazoles 29, 30 and 32.



        Heating the 5-hydrazino-1,3-oxazole-4-carbonitrile derivatives 33 with acetylacetone 34 led to the formation of the corresponding 5-(pyrazol-1-yl)-1,3-oxazole derivatives 35 in good yields. When the latter 5-(pyrazol-1-yl)-1,3-oxazole derivatives 35 were treated with hydrazine hydrate in refluxing ethanol, it afforded the corresponding 1,3´-bipyrazoles 37 in moderate to high yields. Formation of the 1,3´-bipyrazoles 37 took place via the ring opening of 1,3-oxazole of 35 to give the intermediates 36, which underwent intramolecular cyclization to give 37 as depicted in Scheme (10) [32, 33].
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Scheme (10))


        Synthesis of 1,3`-bipyrazoles 37.



        Treatment of the hydrazino-pyrazole derivatives 38 with ethoxymalononitrile (39) in DMF afforded 1,3`-bipyrazole-adducts 42 in 87-91% yield. Formation of the bipyrazole derivatives 42 from the reaction of 38 with ethoxymalononitrile (39) was assumed to proceed via an initial addition of the amino group in pyrazoles 38 to the olefinic moiety in 39 to give the corresponding acyclic intermediates 40, which underwent an intramolecular cyclization by loss of ethanol and aromatization to give the final products 42 (Scheme 11) [34].
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Scheme (11))


        Synthesis of 1,3`-bipyrazole derivatives 42.



        The 1,3'-bipyrazole derivatives 46 were prepared in good yields by cyclocondensation of the acrylonitrile derivatives 44 with 3-pyrazolylhydrazines 43 in the presence of potassium carbonate in refluxing ethanol (Scheme 12) [35, 36]. Formation of the bipyrazoles 46 was supposed to take place via the intramolecular cyclization of the intermediates 45.
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Scheme (12))


        Synthesis of 1,3`-bipyrazole derivatives 46.



        Bromination of a cold solution of the silver salt of pyrazole 47 in ether at 0 °C resulted in the formation of the 1,3`-bipyrazole derivative 48 as outlined in Scheme (13) [37].
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Scheme (13))


        Synthesis of 1,3`-bipyrazole derivatives 48.



        Electrochemical chlorination of pyrazole 49 in aqueous sodium chloride solution in the presence of CHCl3 on platinum anode at a current of 3 A and 15 °C resulted in the formation of 4-chloropyrazole 50, which upon dimerization under the reaction condition furnished 4,4'-dichloro-1,3'-bipyrazole 52 via the non-isolable intermediate 51 (Scheme 14) [38].
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Scheme (14))


        Synthesis of 1,3`-bipyrazole derivative 52.



        Treatment of ethyl 3-ethoxypyrazole-4-carboxylate 53 with N-chlorosuccinimide (NCS) under microwave irradiation at 130 °C in dichloroethane furnished the 1,3'-bipyrazole derivative 55 in moderate yield. Occurrence of 55 was supposed to proceed via the hydrolysis of the chlorinated ethoxypyrazole moiety of the intermediate 54 (Scheme 15) [39, 40].
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Scheme (15))


        Synthesis of 1,3`-bipyrazole derivative 55.



        Nucleophilic substitution of the activated 5-chloropyrazoles 56 underwent at its chlorine atom with pyrazole 57 (as a nucleophile) in dimethylsulfoxide (DMSO) at room temperature and gave the 1,3'-bipyrazole derivatives 58 in good yields. Reduction of the nitro group in compounds 58 was performed using NaBH4/SnCl2 followed by treatment with methanesulfonyl chloride and pyridine in dichloromethane to afford the 4'-(methylsulfonylamino)-1,3'-bipyrazole derivatives 59 (Scheme 16) [41, 42].
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Scheme (16))


        Synthesis of 1,3`-bipyrazole derivatives 59.



        Treatment of pyrazole 57 with 1,4-dinitropyrazole 60 in acetonitrile at ambient temperature led to the formation of 4'-nitro-1,3'-bipyrazole 61 in excellent yield. The reaction occurred through a cine-substitution reaction where the entering group (pyrazole 57) occupied position-2 adjacent to the leaving group (NO2). Heating 61 with nitric acid in a mixture of acetic acid and acetic anhydride at reflux led to the formation of 1',4',4-trinitro-1,3'-bipyrazole 62 in high yield (Scheme 17) [43, 44].
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Scheme (17))


        Synthesis of 1,3`-bipyrazole derivative 62.



        Nucleophilic substitution reaction of 1-methyl-3,4,5-trinitropyrazole 63 with 1H-pyrazole derivatives 57a-c proceeded regiospecifically at the 5-position. The reaction was conducted at room temperature in the presence of NaOH to afford the corresponding 1,3´-bipyrazole derivatives 64 in high yields (Scheme 18) [45].
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Scheme (18))


        Synthesis of 1,3`-bipyrazole derivatives 64.



        When 2,6-dimethyl-1-(2-methylpyrazol-1-yl)-4-phenylpyridinium bis-tetrafluoroborate 65 was treated with pyrazole 57 in water at room temperature, it afforded 1´-methyl-1,3´-bipyrazole 68 in 73% yield. Formation of 68 took place via loss of pyridinium tetrafluoroborate 67 from the intermediate 66 under the reaction conditions (Scheme 19) [46]. The 1H NMR spectrum of compound 68 in CDCl3 showed the following peaks: δ 3.80 (s, 3H, CH3), 6.21 (1H, J = 2 Hz, H4), 6.41 (1H, H4`), 7.58 (J = 2.5 Hz, H5`), 7.43 (1H, H3), 7.71 (1H, J = 1.8 Hz, H3`), and its 13C NMR showed seven peaks corresponding to the methyl group and the bipyrazole-carbons at 30.7, 100.1, 107.2, 131.3, 138.1, 139.0 and 141.9 ppm.
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Scheme (19))


        Synthesis of 1,3`-bipyrazole derivative 64.



        Microwave irradiation of a mixture of 1-tert-butyl-5-chloro-1H-pyrazole-4-carboxylic acid-N-(2-adamantyl)amide 69 with pyrazole 57 using KF as a base and DMSO solvent led to the formation of 1'-tert-Butyl-1,3'-bipyrazolyl-4'-carboxylic acid-N-(adamantan-2-yl)amide 70 (Scheme 20) [47].
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Scheme (20))


        Synthesis of 1,3`-bipyrazole derivative 70.



        Reaction of 3,3-dichlorovinyl methyl ketone 71 with hydrazine afforded the 1,3´-bipyrazole derivative 73 in reasonable yield. The reaction proceeded via the formation of the intermediate 5-chloro-3-methylpyrazole 72 followed by dimerization under the basic reaction condition with loss of HCl (Scheme 21) [48].
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Scheme (21))


        Synthesis of 1,3`-bipyrazole derivative 73.



        The 4-bromo-3-phenylpyrazol-5-ylhydrazonyl chloride 74 was reported to react with the active methylene compounds 75 and 76 in ethanolic sodium ethoxide solution at room temperature to give the 1,3`-bipyrazole derivatives 77 and 78, respectively (Scheme 22) [49-51].
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Scheme (22))


        Synthesis of 1,3`-bipyrazole derivatives 77 and 78.

      




      

        



        2.3. Synthesis of 1,4`-bipyrazoles




        Condensation reaction of 2-(4-nitro-1H-pyrazol-1-yl)malonaldehyde 79 with hydrazine hydrate led to the formation of 4-nitro-1'H-1,4'-bipyrazole 80 (Scheme 23) [52].
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Scheme (23))


        Synthesis of 1,4`-bipyrazole derivative 80.



        Treatment of 4-bromopyrazole 81 with ethyl bromoacetate or bromoacetonitrile in an anhydrous tetrahydrofuran solution, followed by reaction with dimethyl formamide-diethyl acetal (DMF-DEA) under microwave irradiation condition, resulted in the formation of the 2-(4-bromopyrazol-1-yl)-3-dimethylaminoacrylic acid derivatives 82 (X = CN, CO2Et). Further, microwave irradiation of 82 (X = CN) with hydrazine or phenylhydrazine in ethanol afforded the corresponding 1,4'-bipyrazoles 83 in good yields. For compound 83 (R = H): its 1H NMR in DMSO-d6 was as following: δ 4.5–6.5 (br s, 2H, NH2), 7.79 (s, 1H, H3), 8.0 (s, 1H, H5`), 8.34 (s, 1H, H5), and its 13C NMR displayed six carbon peaks at δ 93.11 (C-Br), 111.44 (C4`), 125.27 (C5`), 129.96 (C5), 139.98 (C3) and 141.02 (C3`) ppm. Similarly, heating of 82 (X = CO2Et) with hydrazine afforded the 1,4'-bipyrazole derivative 84 in excellent yield (Scheme 24) [53].
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Scheme (24))


        Synthesis of 1,4`-bipyrazole derivatives 83-84.



        The 1,4`-bipyrazole derivative 89 was synthesized from 3,5-dimethylpyrazole 85 according to the procedure depicted in Scheme (25). Thus, treatment of 3,5-dimethylpyrazole 85 with bromoacetonitrile in the presence of tBuONa in acetonitrile gave 2-(3,5-dimethyl-1H-pyrazol-1-yl)acetonitrile 86. Treatment of 86 with ethyl imidazole-1-carboxylate in the presence of NaH in THF afforded compound 87 in high yield. The reaction of 87 with hydrazine hydrate in boiling ethanol afforded compound 88 in excellent yield, which in turn reacted with isopropyl iodide in the presence of K2CO3 to yield the polysubstituted 1,4`-bipyrazole-amine derivative 89 in high yield [16].
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Scheme (25))


        Synthesis of the 1,4`-bipyrazole derivative 89.



        Treatment of α-(4-chloro-1-pyrazolyl)-4-chloroacetophenone 90 with bis(dimethylamino)-methane 91 in dichloromethane at 20-25 °C for 90 min afforded the intermediate 92 which upon reaction with hydrazine hydrate gave the 1,4'-bipyrazole derivative 93 in 58% yield (Scheme 26) [54].
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Scheme (26))


        Synthesis of the 1,4`-bipyrazole derivative 93.



        The 2-(1-pyrazolyl)acetophenone derivative 95 was synthesized from alkylation of 3,5-dimethyl-1H-pyrazole 85 with phenacyl bromide 94 in refluxing acetone in the presence of potassium carbonate. Condensation of compound 95 with N,N-dimethylformamide-dimethylacetal (DMF-DMA) (1.2 equivalent) under reflux gave 3-dimethylamino-2-(3,5-dimethyl-1H-1-pyrazolyl)-1-phenyl-2-propen-1-one 96, that was converted into 1,4'-bipyrazoles 97 by its reaction with hydrazine derivatives (Scheme 27) [55].
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Scheme (27))


        Synthesis of 1,4`-bipyrazole derivatives 97.



        Reaction of 1H-pyrazole-4-carbonitrile 98 with 4-chlorophenacyl bromide 94b in acetonitrile in the presence of potassium carbonate followed by condensation with formaldehyde resulted in the formation of the pyrazole derivative 99. Treatment of the latter compound with hydrazine, at refluxing dichloromethane, afforded the corresponding 1,4'-bipyrazole 100. Reaction of 1,4'-bipyrazole 100 4-phenylphenylisocyanate afforded the 1,4'-bipyrazole derivative 101 in 69% yield (Scheme 28) [56, 57].
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Scheme (28))


        Synthesis of the 1,4`-bipyrazole derivative 101.



        Treatment of 2-bromo-1,3-diphenylpropanedione 102 with 3-alkylpyrazoles 103 gave the corresponding 2-(pyrazol-1-yl)propanedione derivatives 104 in good yields. When the latter compounds 104 were treated with arylhydrazines in acetic acid/methanol solution, they furnished the 1,4`-bipyrazole derivatives 105 in good yields. Lithiation of 105 followed by treatment with di-alkylchlorophosphine afforded the Bippyphos derivatives 106 in good yields (Scheme 29) [58-60].
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Scheme (29))


        Synthesis of 1,4`-bipyrazole derivative 106.



        C-N Cross coupling reaction was performed between 1H-pyrazole 107 with 4-iodo-1-methylpyrazole 49 using cesium carbonate as a base, in the presence of Cu2O as co-catalyst and salicylaldoxime 108 as a ligand, in acetonitrile to furnish the 1,4'-bipyrazole derivative 109 in 96% yield (Scheme 30) [61].
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Scheme (30))


        Synthesis of the 1,4`-bipyrazole derivative 109.



        Reaction of 3,4,5-trinitro-1H-pyrazole 110 with 1H-pyrazoles 111 in water in the presence of 2 equiv. sodium hydroxide at 80–90 °C, followed by acidification, gave the corresponding 1,4´-bipyrazoles 112 in good yields. Thus, the 1H-pyrazoles 111 selectively replaced the 4-positioned nitro group of 3,4,5-trinitro-1H-pyrazole 110 (Scheme 31) [62].
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Scheme (31))


        Synthesis of 1,4`-bipyrazole derivative 101.

      


    




    

      Conclusion




      In this chapter, we disclosed the various synthetic procedures for the preparation of three classes for bipyrazole systems, namely; 1,1`-bipyrazole, 1,3`-bipyrazole and 1,4`-bipyrazole systems. The most common reactions here were condensation reactions of hydrazines with tetracarbonyl or dihydroxydicarbonyl or pyrazole-based difunctional compounds. In addition, the 1,3-dipolar cycloaddition of pyrazole-based hydrazonoyl halides with activated methylene compounds led to the formation of 1,3`-bipyrazole and 1,4`-bipyrazole derivatives. 1,3`-Bipyrazole and 1,4`-bipyrazole derivatives had potent inhibitory activities against various diseases. Therefore, the reported N,N- and N,C-bipyrazoles are promising candidates for future research plans in the field of medicinal and material science fields.
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