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Introduction

Nitrogen-containing heterocycles represent one of the most important classes of organic compounds. They are abundant in natural products and are also the major constituents of a variety of drugs. 1 Among the vast number of pharmacologically active heterocyclic compounds, 4,5,6,7-tetrahydro-1H-indazoles and their analogues are of particular interest since they possess antiinflammatory, 2 antituberculosis, 3 and antiproliferative properties, 4 or are sigma-1 receptor ligands, 5 ER agonist/ER antagonists, 6 cannabinoid-1 receptor inverse agonists, 7 gamma secretase modulators 8 or interleukin-2 inducible T-cell kinase inhibitors 9 (Fig. 1). In parallel, they are also used as ligands in gold, uranium, rhodium, iridium and palladium complexes. 10 4,5,6,7-Tetrahydro-1H-indazoles are generally prepared via the reaction of aryl hydrazines with 1,3-diketones 2b,4c,11 or unsaturated ketones, 12 an approach that is often affected by regioisomer formation. Other important strategies for the construction of the tetrahydro-indazole ring consist of basemediated addition of hydrazones to nitroolefins 13 metal-catalyzed cyclization of -bromo--unsaturated ketones with arylhydrazines, 14 aminohydroxylation of allylic hydrazones, 15 nitrilimine cycloaddition to enamines, 16 or iodine-mediated intramolecular amination. 17 Alternative approaches include modification of a prebuilt bicyclic subunit via oxidation of dihydroindazoles, 2a,18 partial reduction of indazoles, 8 Pd(II)-or photoredox-catalyzed C-3 arylation, 19 or N-arylation reactions in the presence of Cu(I). 20 

A R T I C L E I N F O A B S T R A C T

In this context, it is still relevant to develop simple and direct approaches for the synthesis of this class of heterocycles. Inspired by the work of Minunni 21 and Cecchi 22 and co-workers regarding the reaction of aldohydrazones with benzoylacetic esters, we hypothesized that a similar approach could constitute a direct access to 2,3-diaryl-4,5,6,7-tetrahydro-1H-indazoles and their analogues starting from cycloalkanones and aryl hydrazones via an acid-catalyzed process (Scheme 1).

Scheme 1. Synthesis of 2,3-diaryl-4,5,6,7-tetrahydro-1H-indazoles.

Results and Discussion

Our investigations were initiated with phenylhydrazone 1a and cyclohexanone 2a as model substrates to develop optimal conditions for the formation of 3aa, as depicted in Table 1. In the presence of AlCl 3 in 1,2-dichloroethane, no reaction occurred at room temperature; however, the desired product was obtained in 49% yield after heating for 15 h at 80 °C (Table 1, entry 1). Lower yields were observed with FeCl 3 and Yb(OTf) 3 ; the latter had the advantage of requiring only 0.1 equivalents of catalyst (Entries 2-3). The reaction failed with TsOH or PhB(OH) 2 (Entries 4-5). A short study of the influence of the relative amounts of 1a, 2a and AlCl 3 showed that the highest yield was obtained with a 1/1.5/2 ratio (Entries 1, 6-8). The scope of the reaction was then evaluated under the optimized conditions. A range of arylhydrazones 1 derived from phenylhydrazine and aromatic aldehydes were first engaged in this process using cyclohexanone 2a as a model partner (Scheme 1, Table 2). Various electron-donating or withdrawing substituents on the aromatic moiety were tolerated with no significant influence of their nature or location. The lower yield observed for 3ga was attributed to partial demethylation due to the presence of the Lewis acid. The introduction of a substituent at the C-2 position of the cyclohexanone notably decreased the yield (3aa versus 3ab) and no product was observed with a more hindered substrate such as menthone. In contrast, cycloheptanone and cyclooctanone gave 4,5,6,7-tetrahydro-1H-indazole analogues, as and -tetralones, which afforded 3ae and 3af, respectively. In the latter case, a single regioisomer was formed. Finally, similar yields were obtained with hydrazones prepared from 4-methyl and chloro-substituted benzaldehydes. It is worth noting that this approach can be extended to a dialkylketone, such as 3-pentanone, while the reaction inexplicably failed with cyclopentanone.

Table 2. Scope of the AlCl3-catalyzed reaction of alkanones with hydrazones.

a Reagents and conditions: 1a (1 mmol), alkanone 2a (1.5 mmol), AlCl3 (2 mmol), 1,2-dichloroethane (5 mL), 80 °C, 16 h. b Yield was calculated using the 1 H NMR of the crude product with 1,3,5-trimethoxybenzene as an internal standard.

Compounds 3 were fully characterized by 1 H NMR, 13 C NMR, IR, and mass spectroscopy with experimental data in full agreement with the proposed formula (see ESI). Additionally, the structures of compounds 3ae and 3af were confirmed by single crystal X-ray analysis (Fig. 2). 23 A plausible mechanism was proposed using 1-benzylidene-2phenylhydrazine 1a and cyclohexanone 2a as model reactants (Scheme 2). The formation of aluminum enolate 4 is followed by the addition of hydrazone to afford hydrazinoketone 5. [START_REF] Hariprasad | For a similar mechanistic hypothesis in the case of -ketoesters[END_REF] Cyclization provides the corresponding 2,3,4,5,6,7-tetrahydro-1H-indazole via the elimination of water. The final aromatization step results from oxidation by atmospheric oxygen, either during the reaction or upon workup. 13,25 This proposal is in agreement with the observed regioselectivity in the case of -tetralone 3af resulting from the more stable enolate. 

Conclusion

A series of 4,5,6,7-tetrahydro-1H-indazoles and their analogues was synthesized via the reaction of cycloalkanones with hydrazones promoted by inexpensive aluminum chloride. Although the yields are only moderate, this direct approach offers the major advantage of using commercially available or easily accessible starting materials with a wide range of structural diversity.
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 1 Figure 1. Selected examples of bioactive 4,5,6,7-tetrahydro-1H-indazoles and their analogues.
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 2 Figure 2. X-Ray crystallographic structures of 4,5,6,7-tetrahydro-1Hindazoles 3ae and 3af.

Scheme 2 .

 2 Scheme 2. Proposed mechanism for the formation of 3

Table 1 .

 1 Optimization of the reaction conditions.

	Entry	Acid	2a (equiv.) a Acid (equiv.) a Yield 3aa (%) b
	1	AlCl3	1	1	49
	2	FeCl3	1	1	45
	3	Yb(OTf)3	1	0.1	35
	4	PhB(OH)2	1	1	0
	5	TosOH	1	1	0
	6	AlCl3	1.5	2	72
	7	AlCl3	1	2	53
	8	AlCl3	2	2	45
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Appendix A. Supplementary data

Experimental procedures for the preparation of compounds 3 and the copies of their 1 H/ 13 C NMR spectra) can be found online at ……..