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INTRODUCTION

Azines (2,3-diaza-1,3-butadienes) of formula R 1 R 2 C=N-N=C R 1 R 2 are functional class of compounds with conjugated C=N double bonds, which gives to these products unique chemical reactivities. [START_REF] Huisgen | Cycloadditionsdefinition, classification, and characterization[END_REF][START_REF] Abelt | Stereoselective azine formation in the decomposition of phenyldiazomethanes[END_REF][START_REF] Safari | Structure, synthesis and application of azines: a historical perspective[END_REF][START_REF] Grzegorzek | CNNC conformational isomers of 2′-hydroxyacetophenone azine: FTIR matrix isolation and DFT study[END_REF] Azines are usefull compounds for the isolation, and characterization of carbonyl groups (C=O), [START_REF] Lewis | The supramolecular architecture of 4-aminoacetophenone (1-(4fluorophenyl)ethylidene)hydrazone hydrate. Double T-contacts and extremely low-density water layers in a mixed azine[END_REF][START_REF] Shah | Thermolysis of semicarbazones to the corresponding azines through reactive N-substituted isocyanate intermediates[END_REF] investigating metalmediated N 2 activation, [START_REF] Rocklage | Preparation of tantalum µ-dinitrogen complexes from molecular nitrogen and reduced tantalum complexes[END_REF] or builking blocks for the desing of covalent organic frameworks (COFs). These compounds have been recently used as nonlinear optical (NLO) materials, [START_REF] Bell | Ion-selective hydrazone-azine tautomerism of a 14-membered macrocylic ligand[END_REF] conducting materials, [START_REF] Zachová | Rearrangement of fused tetracyclic heterocycles induced by alkyl halides and formation of a new type of 'proton sponge[END_REF] as ion-selective optical sensors, [START_REF] Glaser | Comparative analysis of crystal structures of E,E-configured para-substituted acetophenone azines with halogen, oxygen, nitrogen and carbon functional groups[END_REF] and in supramolecular chemistry. [START_REF] Cohen | Novel azine reactivity: facile N-N bond cleavage, C-H activation, and N-N Coupling Mediated by RhI[END_REF][START_REF] Kennedy | Chromophore containing bipyridyl ligands. Part 1: supramolecular solid-state structure of Ag(I) complexes[END_REF] Furthermore, azines act as beneficial candidates for drug development in pharmacological industries possess and some derivatives displayed antifungal, anticancer, antihypertensive, antibacterial, antimicrobial activities [START_REF] Chourasiya | Azines: synthesis, structure, electronic structure and their applications[END_REF] (Figure 1).

Generally, the synthesis of symmetrical azines was achieved by the reaction between two carbonyl precursors and hydrazines or hydrazones. [START_REF] Kolb | On the mechanism of formation of azines from hydrazones[END_REF] Though there are some substrate specific synthetic methodologies, [START_REF] Kauffmann | The Conversion of Dienes into Azines, Pyrazoles, and Pyrazolines with Sodium Hydrazide and Hydrazine[END_REF][START_REF] Shah | Thermolysis of semicarbazones to the corresponding azines through reactive nsubstituted isocyanate intermediates[END_REF] lack of generality is the major drawback.

Transition metal catalysed single step protocol for the synthesis of symmetrical azines gains much attention in recent years. The direct synthesis of azines from alcohol, which are readily available and cheap, and hydrazine hydrate is considered envi-ronmentally friendly, since air was used as oxidant and water was the only by-product. Recently, the groups of Milstein [START_REF] Bauer | Direct synthesis of symmetrical azines from alcohols and hydrazine catalyzed by a ruthenium pincer complex: effect of hydrogen bonding[END_REF] and Gunanathan [START_REF] Kishore | Ruthenium(II)catalysed direct synthesis of ketazines using secondary alcohols[END_REF] reported the utilisation of ruthenium-PNP pincer complexes as catalyst for the direct synthesis of symmetrical azines from alcohols and hydrazine hydrate. Similarly, the groups of Goswami 20 and Shiekh [START_REF] Shiekh | Unprecedented synthesis of symmetrical azines from alcohols and hydrazine hydrate using nickel based NNN-pincer catalyst: An experimental and computational study[END_REF] developed nickel pincer catalysts. To the best of our knowledge, there is no there is no example of catalyst achieving the direct synthesis of symmetrical azines using non-pincer type complexes.

Acylthiourea ligands are very versatile and exhibit a diverse range of coordination modes [START_REF] O'reilly | Synthesis and structural characterization of cobalt(II) and copper(II) complexes with N,N-disubstituted-N′acylthioureas[END_REF][START_REF] Schmitt | Monomeric/dimeric complexes of fac-[Re(CO)3] + with benzoylthiourea derivatives[END_REF][START_REF] Koch | New chemistry with old ligands: N-alkyl-and N,N-dialkyl-N′-acyl(aroyl)thioureas in coordination, analytical and process chemistry of the platinum group metals[END_REF][START_REF] Kemp | O co-ordination of the doubly deprotonated anion of Nbenzoyl-N′-phenylthiourea (H2L2) bridging two rhodium(I) centres: crystal structure of the acetone solvate of [(PPh3)2(CO)Rh(µ-L2-κN′∶κO,S)Rh(PPh3)(CO)[END_REF][START_REF] Che | Photochemical generation of a novel (O, N′, N′′) coordinated iron(II) complex [Fe(FT-py)2] from a ferrocenoylfunctionalized thiourea ligand: N-ferrocenylcarbonyl-N′-(2pyridyl)thiourea (HFT-py): crystal and molecular structures of HFT-py and [Fe(FT-py)2[END_REF] allowing a large modulation of their sterical and electronic properties. Moreover, it is well documented that the coordination of O,S-donor ligands with metal ions lead generally to the formation of six membered chelate monoanionic complexes, [START_REF] O'reilly | Synthesis and structural characterization of cobalt(II) and copper(II) complexes with N,N-disubstituted-N′acylthioureas[END_REF] other coordination modes remain rare. Interestingly, in the present work, in the reaction of N-(pyrimidin-2ylcarbamothioyl)furan-2-carboxamide ligand with arene rutheium(II) precursors, we have observed the formation of two type of complexes: either the formation of a 6-membered ring anionic O,S-chelate Ru(II) complex or the formation of a 4membered ring neutral N,S-chelate Ru(II) complex.

Our group has previously reported several ruthenium catalysts for the direct synthesis of imines, amides, imidazoles and quinolines from alcohols. [START_REF] Saranya | One-pot catalytic approach for the selective aerobic synthesis of imines from alcohols and amines using efficient arene diruthenium(II) catalysts under mild conditions[END_REF] In continuation of our quest, we herein describe the synthesis and characterisation of easily accessible ruthenium(II) arene complexes and their catalytic efficiency towards the direct synthesis of symmetrical azines from alcohols and hydrazine hydrate under aerobic conditions.

RESULTS AND DISCUSSION

N-(pyrimidin-2-ylcarbamothioyl)furan-2-carboxamide ligand (HL) was prepared from furoyl chloride, potassium thiocyanate and 2-aminopyrimidine in dry acetone. [START_REF] Kemp | O co-ordination of the doubly deprotonated anion of Nbenzoyl-N′-phenylthiourea (H2L2) bridging two rhodium(I) centres: crystal structure of the acetone solvate of [(PPh3)2(CO)Rh(µ-L2-κN′∶κO,S)Rh(PPh3)(CO)[END_REF] Two ruthenium(II) arene complexes 1 and 2 of the type [RuCl(HL)(η 6 -p-cymene)]Cl and [RuCl 2 (L)(η 6 -mesitylene)], respectively, were synthesised by reacting 2:1 molar ratio of N-(pyrimidin-2-ylcarbamothioyl)furan-2-carboxamide ligand (HL) and dimeric [RuCl 2 (ƞ 6 -arene)] 2 precursors in benzene (Scheme 1). The complexes were isolated as orange solids, air stable, non-hygroscopic and highly soluble in common polar solvents like CH 2 Cl 2 , C 2 H 5 OH, CH 3 OH, CH 3 CN. Single crystal X-ray diffraction studies of complexes 1 and 2 reveal the two different coordination modes of the ligand to the ruthenium ion, which were supported by analytical and spectral methods such as FT-IR, UV-Vible and NMR.

Scheme 1. Synthetesis of ruthenium(II) 1 and 2 complexes

A medium intense band in the IR spectrum of free ligand at 1284 cm -1 is assigned to C=S group, which is shifted to the lower frequency region at 1256 cm -1 in complex 1 indicates that the sulphur atom is coordinated to the ruthenium ion. On the other hand, the disappearance of this band in complex 2 confirms the lengthening the C-S bond, which is authenticated by molecular structure. A weak intense band at 1091 cm -1 in complex 1 is attributed to the pyrimidine nitrogen coordinated to the metal and its absence in complex 2 confirms that the pyrimidine nitrogen is not involved in the coordination with the metal. Thus the IR spectra confirm the coordination of thione sulphur and pyrimidine nitrogen to the ruthenium ion in complex 1 and the thiol sulphur and azomethine nitrogen in complex 2. Additionally, a strong band due to C=O group of the free ligand is observed in the re-gion 1571 cm -1 . The appearance of this band in the complexes confirms that the C=O group does not involve in coordination.

The electronic spectra of the complexes in dichloromethane showed three bands in the region 443-238 nm. The low intensity bands observed around 438-407 nm have been designated as Ru(dπ)-to-L(π*) metal to ligand charge transfer transition (MLCT). In addition, the high intensity bands were observed around 238-296 nm corresponding to ligand-centred (LC) transitions assigned as n-* and -* transitions occurring within ligand orbitals.

In the 1 H NMR spectra of the complex 1, the aromatic protons of pyrimidine are desheilded and unequal (δ = 8.18, 8.81 and 9.14 ppm) compared to the free ligand (δ = 7.14 and 8.74 ppm). On the other hand, in complex 2 these protons are slightly shielded (δ = 6.96 and 8.69 ppm) and their pattern remains same as that of free ligand. These results confirm that in complex 1 the pyrimidine nitrogen is coordinated to the ruthenium ion unlike complex 2. However, the loss of signal due to thiocarbonyl attached NH in complex 2, can be due to the coordination of sulphur atom in thiol form (see the Supporting Information, Figures S1 andS2). Single crystals of the two ruthenium complexes 1 and 2 suitable for X-ray analysis were obtained by slow diffusion of petrolium ether into dichloromethane solutions of the complex. The crystal data, refinement parameters, selected bond lengths and bond angles are given (see the Supporting Information, Tables S1, S2 and S3) and the ORTEP views of the complexes 1 and 2 are shown in Figures 2 and3, respectively. Complex 1 crystallises in the triclinic form with P -1 space group, whereas complex 2 crystallises in the monoclinic space group P 21/c. Both the complexes adopt piano stool geometry around the ruthenium ion. In complex 1, p-cymene moiety acts as the seat of the stool and its leg sites was occupied by the pyrimidine nitrogen, thione sulphur and the chlorine atom. On the contrary, in complex 2, the seat of the stool is occupied by the mesitylene moiety and the leg sites by the neutral nitrogen attached to thiocarbonyl, deprotonated thiol sulphur and chlorine atom.

In complex 1, the bond lengths of Ru(1)-Cl(3), Ru(1)-S(1) and Ru(1)-N(1) were found to be 2.413 Å, 2.346 Å, 2.101 Å respectively. Similarly, the Ru(1)-Cl(1), Ru(1)-S(1) and Ru(1)-N(2) bond lengths in complex 2 were found to be 2.419 Å, 2.394 Å, and 2.138 Å respectively. The bite angle of N(1)-RU(1)-S(1) in complex 1 is 86.87°and in complex 2 the bite angle of N(2)-Ru(1)-S(1) is 66.59°. These results clearly reveal the formation of six and four membered chelate rings by complexes 1 and 2, respectively and confirmed the exact mode of coordination of N-(pyrimidin-2-ylcarbamothioyl)furan-2-carboxamide ligand (HL) to the ruthenium ion.

The formation of two different chelate rings may be due to the steric effect of the arene moiety and the versatility of the ligand. [START_REF] Schmitt | Monomeric/dimeric complexes of fac-[Re(CO)3] + with benzoylthiourea derivatives[END_REF] Notably, complex 1 is stabilised by N-H …… Cl type (lengths NH to chlorine ion are 2.246 Å and 2.388 Å for H(21)-Cl and H( 22)-Cl, respectively) and complex 2 by N-H …… N (thiourea N-H to pyrimidine nitrogen; length N(4)-H(1N) is 1.965 Å) type intramolecular hydrogen bonding.

To explore the best reaction conditions for the direct synthesis of azines, 4-methoxybenzyl alcohol was chosen as a benchmark substrate. Initially, a mixture of 4-methoxybenzyl alcohol and hydrazine hydrate were heated in the presence of 0.5 mol% of complex 1, 0.5 mol % of potassium tert-butoxide (t-BuOK) and molecular sieves (3 Å) at 80 o C for 24 h. Our primary efforts focused on the optimisation of solvents using a series of solvents such as THF, CH 2 Cl 2 and toluene (Table 1, entries 1-3). Among them, toluene was found to be the best solvent which yields 77 % of the corresponding product (Table 1, entry 3). A range of bases including KOH, LiOH.H 2 O and t-BuOK were screened to determine the efficient base for the azine synthesis (Table 3, entries 3-5). Apart from LiOH.H 2 O, both KOH and t-BuOK showed an obvious effect on the product formation. Amongst them, t-BuOK was found to be the best choice (Table 1, entry 3).

Further, it was quickly observed that the reaction is effective under base-free conditions (Table 1, entry 6). It was also discovered that the reaction didn't take place at room temperature (Table 1, entry 7). Similarly, none of the azine product was detected in the absence of complex 1 (Table 1, entry 8). To our delight, a significant improvement in the yield of the product was observed upon increasing the base loading from 0.5 mol% to 1 mol% (Table 1, entry 9). The use of complex 2 under identical reaction conditions resulted in the reduction of product formation (Table 1, entry 10). Thus, we were pleased to determine that complex 1 was found to be a more active catalyst than complex 2. The activity of complex 1 may be due to the presence less strained six membered ring which is much pronounced in complex 2.

With the optimised catalytic system in hand, our attention turned towards the evaluation of the scope of the protocol using substituted benzyl alcohols including both activating and deactivating groups. It is worthy to note that the para-substituted electron donating groups such as -OCH 3 and -CH 3 yielded desired azines in 91 % and 85 % respectively (Table 2, entries 1 and 2). Interestingly, para-substituted electron withdrawing groups -Cl and -NO 2 groups also participated well in the azine formation yielding 82 % and 71 % of corresponding products (Table 2, entries 3 and 4). Notably, ortho-bromide substituted benzyl alcohol was well tolerate and led to 68 % of isolated yield (Table 2, entry 5). Piperonyl alcohol afforded the corresponding azines in good yield of 74 % (Table 2, entry 6). Further, heterocyclic alcohol could be employed, using thiophen-2-ylmethanol, the corresponding azine was isolated in 76 % yield (Table 2, entry 7). Additionally, the reaction of 3,4,5-trimethoxybenzyl alcohol with hydrazine hydrate proceeded smoothly with 85 % of the corresponding product (Table 2, entry 8). Gratifyingly, the reaction of 1-naphthalenemethanol and 9-anthracenemethanol with hydrazine hydrate gave the corresponding azines in excellent and moderate yields of 83 % and 66 %, respectively (Table 2, entries 9 and 10).

In light of exploring the mechanism behind the catalytic reaction (Scheme 2, part I), an experiment was carried out without adding hydrazine hydrate (Scheme 2, part II). The resulted aldehyde 4a confirmed the initial step of the mechanism that is oxydation of the alcohol (4a, see the Supporting Information, Figures S23 andS24). Later, the reaction of 4-methoxybenzaldehyde (4a) with hydrazine hydrazine yielded the corresponding product (3a; Scheme 2, part III).

Encouraged by the results of the control experiments, we herein propose a mechanism for the azine synthesis using ruthenium(II) arene catalyst (A) (Scheme 3). The initial step is presumed to be the formation of a metal alkoxide (B). Further, the ruthenium alkoxide is converted into ruthenium hydride complex (C) with the elimination of aldehyde, which reacts with hydrazine to form the corresponding azine. Meantime, the active species B is regenerating by reaction with a aldehyde and oxygen liberating water as the sole by-product.

Scheme 3. Plausible mechanism

CONCLUSIONS

We herein report the synthesis of two arene ruthenium(II) N-(pyrimidin-2-ylcarbamothioyl)furan-2-carboxamide complexes. The unprecedented formation of four and six membered N,S-chelate ring complexes have been observed for the first time. Further, the new complexes act as an efficient catalyst for the synthesis of symmetrical azines, the reaction operates under aerobic and mild reaction conditions and water is the only by-product.

EXPERIMENTAL SECTION

General. N-(pyrimidin-2-ylcarbamothioyl)furan-2-carboxamide

ligand was prepared according to the literature procedure. [START_REF] Kemp | O co-ordination of the doubly deprotonated anion of Nbenzoyl-N′-phenylthiourea (H2L2) bridging two rhodium(I) centres: crystal structure of the acetone solvate of [(PPh3)2(CO)Rh(µ-L2-κN′∶κO,S)Rh(PPh3)(CO)[END_REF] Unless otherwise noted, all reactions were performed under an atmosphere of air. C, H, N and S analyses were carried out with a Vario EL III CHNS elemental analyser. IR spectra were recorded on a JASCO 400 plus spectrometer. Electronic spectra in CH 2 Cl 2 were recorded with a CARY 300 Bio UV-visible Varian spectrometer. [START_REF] Huisgen | Cycloadditionsdefinition, classification, and characterization[END_REF] H and [START_REF] Kennedy | Chromophore containing bipyridyl ligands. Part 1: supramolecular solid-state structure of Ag(I) complexes[END_REF] C NMR spectra were recorded using Bruker Avance-500, -400 or -300 NMR spectrometers in CDCl 3 and tetramethylsilane (TMS) as internal standard. Deuterated CDCl 3 was used as received. Chemical shifts were reported in units parts per million (ppm) by assigning TMS resonance as 0.00 ppm. with reference to residual solvent signals ( 1 H NMR: 7.26 ppm and 13 C NMR 77.00 ppm). Signal patterns are indicated as s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad.

Synthesis of N-(pyrimidin-2-ylcarbamothioyl)furan-2carboxamide (HL)

A solution of 2-Furoyl chloride (653 mg, 5.0 mmol) was added dropwise to KSCN (486 mg, 5.0 mmol) in anhydrous acetone (40 mL), the reaction mixture was then refluxed for 45 minutes. After cooling to room temperature, a solution of 2-Aminopyrimidine in acetone was added dropwise before being stirred at room temperature for 4 h. The reaction mixture was poured into 150 mL of 1N dil. HCl acid and was kept undisturbed for overnight. The precipitated product was filtered and dried in vacuum. An analytically pure product was obtained as yellow needles by recrystallization from acetone. Yellow solid. Yield: 80%. [START_REF] Huisgen | Cycloadditionsdefinition, classification, and characterization[END_REF] 

Synthesis of ruthenium complexes 1 and 2

To a benzene solution (20 mL) of N-(pyrimidin-2ylcarbamothioyl)furan-2-carboxamide (50 mg, 0.20 mmol) was added 0.10 mmol of the appropriate ruthenium precursor (62 mg of [RuCl 2 ( 6 -p-cymene)] 2 or 59 mg of [RuCl 2 (η 6 -mesitylene)] 2 ). The reaction mixture was stirred at room temperature for 4 h. A clear orange solid precipitated, the solid was filtered and dried in vacuum. The resulting complexes were recrystallized from CH 2 Cl 2 /petroleum ether.

[RuCl(HL)(η 6 -p-cymene)]Cl (1) Orange solid. Yield: 82%. [START_REF] Huisgen | Cycloadditionsdefinition, classification, and characterization[END_REF] 

General procedure for the synthesis of symmetrical azines (3a-3j):

The mixture of alcohol (2 mmol), hydrazine hydrate (1 mmol), t-BuOK (1 mol %), catalyst (0.5 mol %), was stirred in toluene at 80 o C. After 24 h, the solvent was evaporated under reduced pressure. Then the resulting residue was purified by silica gel column chromatography using EtOAc: hexane to afford azines. (1E,2E)-1,2-Bis(4-methoxybenzylidene)hydrazine(3a) [START_REF] Lee | Synthesis of azines in solid state: reactivity of solid hydrazine with aldehydes and ketones[END_REF] Yellow solid. [START_REF] Huisgen | Cycloadditionsdefinition, classification, and characterization[END_REF] H NMR (400 MHz, CDCl 3 ): δ = 8.61 (s, 2H), 7.79 (m, 4H), 6.97 (m, 4H), 3.86 (s, 6H); [START_REF] Kennedy | Chromophore containing bipyridyl ligands. Part 1: supramolecular solid-state structure of Ag(I) complexes[END_REF] 
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 2 Figure 2. ORTEP drowing of complex 1. Thermal ellipsoids are shown at the 30% probability level.
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 3212 Figure 3. ORTEP drawing of complex 2. Thermal ellipsoids are shown at the 30% probability level.

  H NMR (CDCl 3 , 400 MHz): δ = 13.57 (s, 1H, NH), 9.18 (d, 1H, Ru-N=CH of pyrimidine, 3 J = 4.0 Hz), 8.81 (s br, 1H, N=CH-CH of pyrimidine), 8.24 (d, 1H, N=CH of pyrimidine, 3 J = 3.2 Hz), 7.74 (s, 1H, O-CH of furane), 7.36 (s, br, 1H, O-CH=CH-CH of furane), 6.61 (d, 1H, O-CH=CH of furane, 3 J = 0.2 Hz), 5.70 and 5.51 (AA′BB′ spin system, 2H, arom. CH of p-cymene, 3 J = 5.0 Hz), 5.59 and 5.46 (AA′BB′ spin system, 2H, arom. CH of p-cymene, 3 J = 4.8 Hz), 2.91 (sept, 1H, CH(CH 3 ) 2 ), 2.03 (s, 3H, CH 3 of p-cymene), 1.30 (d, 6H, CH(CH 3 ) 2 , 3 J = 7.0 Hz); 13 C{ 1 H} NMR (CDCl 3 , XXX MHz): δ = XXXXX missing XXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX ppm. Elemental analysis calcd (%) for C 20 H 22 C l2 N 4 O 2 RuS: C, 43.32; H, 4.00; N, 10.10; S, 5.78. Found: C, 43.27; H, 3.98; N, 10.14; S, 5.75. FT-IR (cm -1 ): 3433, 1572, 1438, 1256. UV-Vis (CH 2 Cl 2 , λ max nm; ε dm 3 mol -1 cm -1 ): 438(600), 296(10350), 238(7350). [RuCl 2 (L)(η 6 -mesitylene)] (2) Orange solid. Yield: 76%. 1 H NMR (CDCl 3 , 300 MHz): δ = 14.34 (s, 1H, NH), 8.69 (d, 2H, N=CH of pyrimidine, 3 J = 4.8 Hz), 7.54 (dd, 1H, O-CH of furane, 3 J = 1.8 Hz and 4 J = 0.6 Hz), 7.28 (dd, 1H, O-CH=CH-CH of furane, 3 J = 3.3 Hz and 4 J = 0.6 Hz), 6.96 (t, 1H, N=CH-CH of pyrimidine, 3 J = 4.8 Hz), 6.56 (dd, 1H, O-CH=CH of furane, 3 J = 3.3 Hz and 3 J = 1.8 Hz), 5.17

  (

  C{ 1 H} NMR (100 MHz, CDCl 3 ): δ = 162.0, 161.1, 130.1, 127.0, 114.2, 55.43 ppm.(1E,2E)-1,2-Bis(4-methylbenzylidene)hydrazine(3b)[START_REF] Lee | Synthesis of azines in solid state: reactivity of solid hydrazine with aldehydes and ketones[END_REF] Yellow solid.[START_REF] Huisgen | Cycloadditionsdefinition, classification, and characterization[END_REF] H NMR (400 MHz, CDCl 3 ): δ = 8.63 (s, 2H), 7.74 (d, 2H, 3 J = 8.0 Hz), XX 2 aromatic protons are missing XXX 7.24 (m, 4H), 2.41 (s, 6H); 13 C{ 1 H} NMR (100 MHz, CDCl 3 ): δ = 161.9, 141.6, 131.4, 129.5, 128.5, 21.6 ppm. (1E,2E)-1,2-Bis(4-chlorobenzylidene)hydrazine (3c)[START_REF] Saranya | One-pot catalytic approach for the selective aerobic synthesis of imines from alcohols and amines using efficient arene diruthenium(II) catalysts under mild conditions[END_REF] Yellow solid.[START_REF] Huisgen | Cycloadditionsdefinition, classification, and characterization[END_REF] H NMR (400 MHz, CDCl 3 ): δ = 8.60 (s, 2H), 7.79 (d, 4H, 3 J = 8.0 Hz,), 7.44 (d, 4H, 3 J = 8.0 Hz); 13 C{ 1 H} NMR (100 MHz, CDCl 3 ): δ = 161.1, 137.3, 132.4, 129.7, 129.1 ppm. (1E,2E)-1,2-Bis(4-nitrobenzylidene)hydrazine (3d) 27 Yellow solid. 1 H NMR (400 MHz, CDCl 3 ): δ = 8.68 (s, 2H), 8.32 (m, 4H) 7.99 (m, 2H), 6.73 (m, 2H) are you sure? ; 13 C{ 1 H} NMR (100 MHz, CDCl 3 ): δ = 164.3, 157.9, 130.9, 128.8, 127.0, 124.0, 123.7, 114.7 are you sure? ppm. (1E,2E)-1,2-Bis(2-bromobenzylidene)hydrazine (3e) Yellow solid. 1 H NMR (400 MHz, CDCl3 ): δ = 9.03 (s, 2H), 8.22 (d, 2H, 3 J = 8.0 Hz), 7.64 (d, 2H, 3 J = 8.0 Hz), 7.41 (m, 2H), 7.34 (m, 2H); 13 C{ 1 H} NMR (100 MHz, CDCl 3 ): δ = 162.3, 158.1, 136.9, 135.9, 129.3, 127.5, 110.1 ppm. (1E,2E)-1,2-Bis(benzo[d][1,3]dioxol-5-ylmethylene)hydra zine (3f) Yellow solid. 1 H NMR (400 MHz, CDCl 3 ): δ = 8.54 (s, 2H), 7.45 (m, 2H), 7.21 (m, 2H), 6.87 (d, 2H, 3 J = 8.0 Hz), 6.03 (s, 4H); 13 C{ 1 H} NMR (100 MHz, CDCl 3 ): δ = 161.2, 150.3, 148.3, 134.9, 128.7, 125.2, 120.5, 108.4, 107.9, 106.6, 101.5, 101.04, 65.3 are you sure? ppm. (1E,2E)-1,2-Bis(thiophen-2-ylmethylene)hydrazine (3g) 29 Yellow solid. 1 H NMR (400 MHz, CDCl 3 ): δ = 8.77 (s, 2H), 7.48-7.41 (m, 4H), 7.13-7.10 (m, 4H) XX 2 aromatic protons are in addition XXX; 13 C{ 1 H} NMR (100 MHz, CDCl 3 ): δ = 155.8, 139.0, 132.4, 130.0, 127.8 ppm.(1E,2E)-1,2-Bis(3,4,5-trimethoxybenzylidene)hydrazine (3h)[START_REF] Kallitsakis | A copperbenzotriazole-based coordination polymer catalyzes the efficient one-pot synthesis of (N′-substituted)-hydrazo-4-aryl-1,4dihydropyridines from azines[END_REF] Yellow solid.[START_REF] Huisgen | Cycloadditionsdefinition, classification, and characterization[END_REF] H NMR (400 MHz, CDCl 3 ): δ = 8.57 (s, 2H), 7.09 (s, 4H), 3.94 (s, 6H), 3.91 (s, 12H);[START_REF] Kennedy | Chromophore containing bipyridyl ligands. Part 1: supramolecular solid-state structure of Ag(I) complexes[END_REF] C{ 1 H} NMR (100 MHz, CDCl 3 ): δ = 161.5, 153.5, 140.8, 129.5, 105.5, 61.0, 56.2 ppm. (1E,2E)-1,2-Bis(naphthalen-1-ylmethylene)hydrazine(3i) 27 Yellow solid. 1 H NMR (400 MHz, CDCl 3 ): δ = 9.48 (s, 2H), 8.97 (d, 2H, 3 J = 8.5 Hz), 8.14 (d, 2H, 3 J = 7.1 Hz), 7.96 (m, 4H), 7.67 (t, 2H, 3 J =7.3 Hz), 7.58 (m, 4H); 13 C{ 1 H} NMR (100 MHz, CDCl 3 ): δ = 162.1, 133.9, 131.9, 130.5, 129.7, 128.3, 127.4, 126.3, 125.4, 124.6 ppm. (1E,2E)-1,2-Bis(anthracen-10-ylmethylene)hydrazine (3j) Yellow solid. 1 H NMR (400 MHz, CDCl 3 ): δ = 8.89 (s, 2H), 8.33 (m, 9H), 7.80 (m, 9H); 13 C{ 1 H} NMR (100 MHz, CDCl 3 ): δ = 183.2, 134.1, 133.5, 129.1, 127.3, 127.2, 125.5, 125.2 XX at less a carbon is missing XXX ppm.

Table 1 .

 1 Optimization of the reaction conditions a

	Entry	Complexes	Solvent	Base	T	Yield
		(mol %)			( o C)	(%) d
	1 b	1 (0.5)	THF	t-BuOK	66	74
	2 b	1 (0.5)	CH 2 Cl 2	t-BuOK	40	62
	3 b	1 (0.5)	Toluene	t-BuOK	80	77
	4 b	1 (0.5)	Toluene	KOH	80	72
	5 b	1 (0.5)	Toluene	LiOH.H 2 O	80	15
	6	1 (0.5)	Toluene	/	80	62
	7 b	1 (0.5)	Toluene	t-BuOK	r.t.	NR
	8 b	/	Toluene	t-BuOK	80	NR
	9 c	1 (0.5)	Toluene	t-BuOK	80	91
	10 c	2 (0.5)	Toluene	t-BuOK	80	64
	11 c	1 (0.25)	Toluene	t-BuOK	80	48

a Conditions: 4-methoxybenzyl alcohol (2 mmol), hydrazine hydrate (1 mmol), ruthenium complex 1 or 2, base, 3 Å molecular sieves, open air and 5 mL of solvent for 24 h; b 0.5 mol % of base; c 1 mol % of base; d Isolated yield.

Table 2 .

 2 One pot synthesis of azines from alcohols and hydrazine hydrate a

	Entry	Substrate	Product	Yield (%) b
	1			91
	2			85
	3			82
	4			71
	5			68
	6			74
	7			76
	8			85
	9			83
	10			66
	a Conditions: alcohol (2 mmol), hydrazine hydrate (1 mmol),
	ruthenium complex 1 (0.5 mol %), t-BuOK (1 mol %), 3 Å
	molecular sieves, open air and 5 mL of toluene, 80°C for 24 h;

b 

Isolated yield.

Scheme 2. Control experiments for mechanistic studies

  H (400 MHz, CDCl 3 ): δ = 13.40 (s br, 1H, NH), 12.23 (s br, 1H, NH), 8.74 (d, 2H, CH of pyrimidine, 3 J = 4.8 Hz), 7.63 (m, 1H, CH of furan), 7.42 (m, 1H, CH of furan), 7.14 (m, 1H, CH of pyrimidine), 6.64 (m, 1H, CH of furan) ppm. Elemental analysis calcd (%) for C 10 H 8 N 4 O 2 S: (248.26 g mol -1 ): C, 48.38; H, 3.25; N, 22.57; S, 12.92. Found: C, 48.31; H, 3.29; N, 22.53; S, 12.95. FT-IR (KBr, cm -1 ): 3434, 3213, 1728, 1565, 1412, 1284.
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