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Lewis Acid and/or Lewis Base catalyzed [3+2] cycloaddition reaction: Synthesis of pyrazoles and pyrazolines
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A facile, 1,3-dipolar cycloaddition of ethyl diazoacetate (EDA) with various activated olefins including Baylis-Hillman adducts, activated and simple alkynes to afford 3,5-disubstituted pyrazolines and pyrazoles respectively in moderate to good yields, in high regioselective manner in the presence of Indium chloride and/or DABCO is reported. All the reactions were carried out under no strong bases/acids, solvent free conditions and at ambient temperature to afford the heterocyclic compounds.

Formation of heterocycles or carbocyclic five membered ring systems continue to be attractive for the synthesis of a variety of bioactive compounds. [START_REF]Synthetic Applications of 1,3-Dipolar Cycloaddition Chemistry Toward Heterocycles and Natural Products[END_REF] The most accessible route is either a) cyclization, which proceeds stepwise through one or more intermediates involving the expulsion of a small molecule such as an alcohol or water or b) cycloaddition, which proceed via no distinct intermediate but the bond formation may be asynchronous. Alternatively, [3+2] cycloaddition reaction strategy to form five membered ring systems through the reaction partners of 1,3-dipoles and dipolarophiles is an attractive protocol. According to FMO theory, the reaction to take place is a certain similarity of the interacting HOMO and LUMO orbitals depending on the relative orbital energies of both the dipolarophile and diploe. Electron withdrawing groups on the dipolarophile normally favor an interaction of the LUMO of the dipolarophile (electron poor olefin/alkyne) with HOMO of the diploe that leads to the formation of the new bonds, whereas electron donating groups on the dipolarophile normally favor the inverse of this reaction. [START_REF] Huisgen | In: Chemistry of alkenes[END_REF] In continuation of our efforts in the development of various aspects of Baylis-Hillman reaction, [START_REF] Krishna | [END_REF] and utilityt of the adducts therof in the organic synthesis, 4 herein we report the use of Baylis-Hillman adducts for C-N bond formation 5 to result in the heterocyclic ring formation affording corresponding pyrazolines (Scheme 1).
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Cycloaddition between various olefins and ethyl diazoacetate.

Pyrazoles 6 and pyrazolines 7 derivatives are widely useful in agrochemistry as insecticides and in pharmaceuticals for varied applications. In general pyrazolines has been synthesized 8 by cycloaddition of nitrile imines, [START_REF] Kanemasa | [END_REF] 1,2-disubstituted (-COOR) alkene, 10 *Author for Correspondence; Tel. No. +91-40-27160123, Ext. 2651; Fax: +91-40-27160387: Email: prkgenius@iict.res.in azides. 11 Interestingly, it may be noted that Baylis-Hillman adducts were less studied as substrates in cycloaddition reactions. 12 Towards this endeavor, here in, we report our results on the cycloaddition of various types of Baylis-Hillman adducts as dipolarophiles with Ethyl diazoacetate (dipole) including simple acrylates to afford corresponding pyrazolines, as well as the synthesis pyrazoles from activated and simple alkynes as dipolarophiles.

The initial [3+2] cycloaddition reaction was conducted between ethyl acrylate 1 and ethyl diazoacetate (EDA) to afford 1a as the product. During the study, we found that DABCO/InCl 3 effectively catalyzes pyrazoline formation from simple Michael acceptor/electron poor olefin (ethyl acrylate) and EDA in 97 and 80% yield respectively in 2 h at ambient temperature. For this protocol various solvents were examined and the maximum yield was obtained under neat conditions in shorter time scales. Subsequent to these preliminary investigations, the effects of different Lewis acids/and bases for the [3+2] cycloaddition reaction were examined (entries 1-11, Table 1). Among the various Lewis bases that were examined, DABCO (Table 1, entry 1), provided the desired product (1a, Table 2) in the best yield under solvent free conditions (neat) when compared to NMM (Table 1, entry 4) and Urotropine (Table 1, entry 3). Surprisingly DBU (table 1, entry 2) did not catalyze the [3+2] cycloaddition reaction. However, Indium chloride (Table 1, entry 7), among the Lewis acids catalyzed the reaction to afford the desired product 1a in best yield under solvent free conditions when compared to other Lewis acids such as BF 3 .OEt 2 and FeCl 3 (entries 5-6, Table 1).

Amongst the two DABCO and InCl 3 , the reaction was more facile with DABCO to afford products in good yields and in shorter time. As illustrated (entries 5-7, Table 1) the product yield increased with decreasing acidity of the Lewis acids. a All the products were charecterized their spectral data.

b Method A: Olefin (1.0 eq.), EDA (1.0 eq.), DABCO (0.1 eq.) were stirred at ambient temperature for specified hours to afford the products after purification; Method B: Olefin (1.0 eq.), EDA (1.0 eq.), InCl 3 (0.1 eq.) were stirred at ambient temperature until the completion of the reaction. c Isolated yields. d For these substates, olefin and EDA were taken in 2:1 ratio with the catalyst (0.1 eq.).

Pyrazoline 1a was characterized through its spectral data. For instance, its [START_REF]Synthetic Applications of 1,3-Dipolar Cycloaddition Chemistry Toward Heterocycles and Natural Products[END_REF] H NMR spectrum revealed characteristic H-5 at δ 4.40 (dd, J = 6.0, 12.8 Hz) and H-4 at δ 3.30 (ddd, J = 1.5, 5.8, 18.8 Hz) and δ 3.17 (dd, J = 12.6, 18. 8 Hz). IR spectrum displayed the charecteristic 1571 cm -1 for C-N stretching frequencies, apart from frequencies due to the other functional groups present. Later, we applied this cycloaddition reaction under both Method A and Method B conditions to several simple electron poor olefins such as acrylonitrile 2 (entry 2, Table 2), N,N-dibenzyl acrylamide 3 (entry 3, Table 2), and 4-acryloylmorpholine 4 (entry 4, Table 2) with EDA to afford the corresponding pyrazolines (2a-4a) in good yields (Table 2). The scope of the cycloaddition was further investigated with Baylis-Hillman adducts and EDA (Table 3). For instance, adduct 5 (Table 3, entry 1) underwent cycloaddition with EDA in the presence of DABCO (method A) as well as with InCl 3 (method B) to afford corresponding pyrazoline 5a in 75 and 60% yields respectively under solvent free conditions (neat). Later other adducts, such as the one containing an electron withdrawing group (p-NO 2 group) on the benzene ring (entry 2, Table 3), yielded the desired product 6a in excellent yield (95 %) while the adduct possessing the o-NO 2 group (entry 3, Table 3) led to comparatively less yield of the corresponding product 7a (86 %) under similar reaction conditions. Adduct 8 possessing a long carbon chain (entry 4, Table 3) and a simple adduct 9 with least number of carbon atoms (entry 5, Table 3) also provided the corresponding pyrazolines 8a and 9a in good yields. All the products were identified by their spectral data (Please see reference section). a All the products were charecterized their spectral data.

b Method A: Olefin (1.0 eq.), EDA (1.0 eq.), DABCO (0.1 eq.) were stirred at ambient temperature for specified hours to afford the products after purification; Method B: Olefin (1.0 eq.), EDA (1.0 eq.), InCl 3 (0.1 eq.) were stirred at ambient temperature until the completion of the reaction. c Isolated yields.

Interestingly, when [3+2] cycloaddition reaction was performed on a simple alkyne such as phenylacetylene 10 and electron poor alkyne such as ethyl propiolate 11 gave the corresponding pyrazoles 10a and 11a in good yields. The earlier reported method did not give the products under the Lewis acid in under aqueous conditions. 13 Herein, while 10 gave 10a under both the reaction conditions (Method A and B, Scheme 2, route a) in comparable yields, 11 gave the desired product 11a (Scheme 2, route b), under Method B conditions alone. Thus, with DABCO (Method A) a facile self coupling led to the undesired diethyl-2E-en-4-yn-1,6-dioate 14 as the only product (Scheme 2, route b). But the same reaction in the presence of Lewis acid (InCl 3 ), cycloaddition product was obtained exclusively (Scheme 2, route b). Both 10a and 11a were characterized by their spectral data. For instance, [START_REF]Synthetic Applications of 1,3-Dipolar Cycloaddition Chemistry Toward Heterocycles and Natural Products[END_REF] H NMR spectrum of 10a and 11a revealed the lone aromatic proton at δ 7.08 and at δ 7.27 respectively. The spectral data of 10a and 11a matched with reported values. [START_REF]See synthesis and biological activity of pyrazoles: Qi, X.; Ready[END_REF]14 Thus, this result conclusively proves the regioselectivity of [3+2] cycloaddition reaction. The same analogy was extending to assign the regioselectivity of all the pyrazolines (1a-9a) as well. Thus, while the Lewis acid catalyzed cycloaddition followed the standard reaction pathway of activating dipolarophile 15 by lowering the energy of the LUMO that consequently acts with HOMO of diploe in affording the products, Lewis base promoted activation presumably may have taken the course of forming the Huisgen zwitterions upon addition on thei ethyl acrylate or EDA which subsquently reacts with its counterpart to result in products.

In conclusion, a simple, general one-pot protocol for the synthesis of heterocyclic 3,5disubstituted pyrazolines and pyrazoles was developed from different type of electron poor olefins/alkyne including Baylis-Hillman adducts and EDA under mild conditions in good to excellent yields. Alkynes also provided the desired products. On the other hand, variety of Lewis bases such as Urotropine, NMM, DBU and Lewis acids like BF 3 .OEt 2 , FeCl 3 apart from DABCO and InCl 3 were also screened during the standerdization of cycloaddition reaction.
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