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The synthesis of the first vinyltetrazine derivative is described. 3,6-Divinyl-1,2,4,5-tetrazine was obtained following a methodology involving cyclization from an imidate and use of 2phenylsulfonylethyl groups as masked vinyl entities. The first properties of this unique compound are reported.

Polymers based on nitrogen-rich heterocycles have been the subject of numerous studies, owing to their specific characteristics, such as thermal stability and energetic properties. Hence, a substantial amount of work has been devoted to the synthesis of vinylsubstituted azaheterocycles. For example, 2-and 5vinyltetrazole derivatives have been obtained and polymerized to yield polyvinyltetrazoles as energetic binding agents for jet engine fuels, gunpowders or explosives. 1 In the triazoles series, both 4(5)-vinyl-1,2,3triazoles and 1-or 4-vinyl-1,2,4-triazoles are known and the resulting polymers were described. [START_REF] Mh + | HRMS (Cl) calcd for C 18 H 19 N 4 S 2[END_REF] The same also applies to vinyl derivatives of 1,3,5-triazines and polymers thereof. [START_REF]HRMS (FI) calcd for C 11 H 15 ONS[END_REF] Among all this work on high-nitrogen polymers, it appeared that tetrazine-containing polymers had been largely unexplored, 4 although tetrazines are known for their ability to react in inverse demand Diels-Alder reactions, 5 and for their energetic, 6 dye, 7 insecticide, 8 electrochemical 9 and biomedical 10 properties. In particular, polyvinyltetrazines are missing in the literature, most probably because, to the best of our knowledge, vinyltetrazines are unknown. Herein, we describe the synthesis of the first derivative of this up-to-now elusive class of compounds : 3,6-divinyl-1,2,4,5-tetrazine 8. The properties of 8 and preliminary polymerization experiments are also set forth.

The first synthetic approach developed to reach compound 8 involved the elaboration of a functionalized tetrazine ring prior to further side-chain modification. An ester reduction of the readily available dimethyl 1,2,4,5tetrazine-3,6-dicarboxylate 11 was attempted using different reagents in order to target a tetrazine ring possessing either hydroxymethyl or formyl groups as functionalities capable of further modifications. However, lithium aluminium hydride, sodium borohydride or diisobutylaluminium hydride all led to major decomposition regardless of the conditions used. Since a 1 H NMR study revealed that the tetrazine ring was reduced as quickly as, or even faster than the ester groups, we assumed that the decomposition process could be the result of partial ring hydrogenation leading to a 1,2-dihydrotetrazine, followed by ring opening giving hydrophilic small entities washed away during the reaction work-up.

The second investigated pathway was based on a Stille coupling. The known 3,6-dichloro-1,2,4,5-tetrazine 12 was not considered as the halogenated partner, since a recent paper 13 highlighted its unstability in palladium catalyzed conditions (Sonogashira coupling). Thus, 3,6-bis(methylsulfanyl)-1,2,4,5-tetrazine 14 was used as a more stable reagent. Nevertheless, whatever the conditions, the starting tetrazine was found unreactive. As an example, a modified Stille procedure described with methylsulfanyl-substituted heterocycles 15 as the substrates (tributylvinyltin, 1 eq. CuBr.Me 2 S, 5 mol% Pd(PPh 3 ) 4 , refluxing THF or DME, 3-6 days) appeared ineffective.

This failure led us to build the tetrazine ring rather than start from a tetrazine compound. For this purpose, acrylonitrile was first tested as a precursor since several conjugated nitriles were reported to undergo cyclisation to dihydrotetrazines in the presence of hydrazine, Cu(NO 3 ) 2 and zinc dust. 16 The cyclized product was obtained in only minor amount, standard Michael addition being the major pathway. In order to overcome this problem, a masked vinyl group was tested. Indeed, the use of appropriate phenylsulfonyl groups further treated in basic media was shown to lead to vinyl derivatives under smooth conditions. 17 Thus, a cyclisation was attempted starting from nitrile 1 18 under the abovementioned conditions. No reaction occurred whatever the temperature used (from RT to 70 °C) and the unreactive starting material was recovered quantitatively. This result tends to establish that the scope of this process is Print out this copy of the sample article. limited to a few type of precursors, such as aromatic nitriles. 19 In order to increase the reactivity of 1, its conversion into the corresponding imidate was accomplished. We focused on a Pinner methodology 20 since the product is usually isolated in pure form following an easy work-up. Imidate hydrochloride 2 was thus obtained in 94% yield after 10 h at room temperature (Scheme 1). [START_REF]Ethyle 3-phenylsulfanylpropionimido ester hydrochloride (2). A steady stream of gaseous hydrogen chloride was bubbled at room temperature for 10 h through a stirred ethanolic solution (7.3 mL, 0.125 mol) of propionitrile[END_REF] 
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EtOH (10 eq.) HCl (g) RT, 10 h 94% PhS NH, HCl EtO The cyclization reaction from 2 using hydrazine hydrate proved to be the key step of the synthesis. Our first experiment using 2 equivalents of hydrazine hydrate at 0 °C yielded a mixture of 4-amino-1,2,4-triazole 5 and tetrazine 6 (Scheme 2 and Table 1, entry 1). This result prompted us to investigate the course of the reaction more thoroughly. Parameters such as temperature and quantity of hydrazine hydrate were varied the products carefully isolated and characterized. [START_REF]ethyl acetate and washed with water. The aqueous layer was then extracted with AcOEt and the resulting organic layer was washed with brine, dried over MgSO 4 , filtered and concentrated under vacuum. Depending on reactional conditions the products could be obtained. Compound 5 was isolated after simple precipitation from cyclohexane, whereas 3, 4, and 6 were obtained after chromatography over silica gel (cyclohexane/AcOEt 7/1). N'-[1-amino-3-(phenylsulfanyl)propylid-1-ene]-3-(phenylthio)propanehydrazonamide (3). mp 75 °C (white crystals); 1 H NMR (CDCl 3 ) δ 7[END_REF] As expected, [START_REF] Katritzky | Comprehensive Heterocyclic Chemistry II[END_REF] higher temperatures favored the formation of compound 5. It was quantitatively obtained after simple precipitation from cyclohexane when the reaction was performed at 78 °C (Table 1, entry 2). Using 1 equivalent of hydrazine hydrate at 20 °C (Table 1, entry 3), analysis of the crude product revealed two other products: acyclic diamine 3 and 3,6-bis(2phenylsulfanylethyl)-1,2-dihydro-1,2,4,5-tetrazine 4. We found that the latter readily oxidized to 6 during workup. Diamine 3 was by far the major product when using only 0.5 equivalent of hydrazine hydrate (Table 1, entry 4). These results clearly evidenced that 3 is the first intermediate in the synthesis of 6. To the best of our knowledge, this kind of acyclic intermediate has never been isolated in hydrazine mediated syntheses of tetrazines from imidates or related compounds. According to standard procedures, [START_REF] Panek | [END_REF] oxidation of 6 was then performed using 4.1 eq. of m-CPBA at low temperature, leading to disulfone 7 (Scheme 3). 25 As expected, this occurred chemoselectively since no nitrogen oxidation was observed after treatment. The subsequent 1,2-elimination of the phenylsulfonyl end-chain was expected to generate vinyl groups as reported earlier. Among the large palette of bases usually employed, 17 we focused on the use of t-BuOK in THF for practical reasons. Even a slight excess of potassium tertbutoxide resulted in low yields. We therefore settled for an amount of base of 1.9 equivalent, thus ensuring a reasonable conversion rate (the monovinyl derivative was also evidenced) without formation of further byproducts. After purification, the target compound 3,6divinyl-1,2,4,5-tetrazine 8 was obtained in a 42% yield as a volatile, pink oil which solidified in the freezer (Scheme 3). 26 Polymerization experiments were then carried out, using radical or anionic initiation, but without success. The failure of homopolymerization and even copolymerization reactions suggested that 8 could act as a radical inhibitor. However, EPR experiments did not confirm this assumption. Therefore, the stability of 8 in various conditions was checked. When 3,6-divinyl-1,2,4,5tetrazine was reacted under UV irradiation at -10 °C with 11 mol%. of Irgacure 651 as the radical initiator, a total decomposition of the starting material occurred as indicated by 1 H NMR. Since a further experiment performed under similar conditions without any radical initiator led to entire recovery of 8, its radical sensitivity was evidenced. The second investigation focused on the stability of 8 with increasing temperature. 3,6-Divinyl-1,2,4,5-tetrazine was left unchanged after heating during 5 days at 40 °C (0.1 M in CDCl 3 ), as evidenced by 1 creased (80 °C in DMF) an insoluble material started to appear. The same solid was recovered when 8 was allowed to stand without caution at room temperature. Since the brownish solid was found insoluble in every solvents, its characterization remained cumbersome. We anticipated that this could be the homopolymer of 8, but elemental analyses revealed that the nitrogen content of the solid was too low (28.1% instead of the expected 41.8%). These results could be indicative of [4+2] cycloadditions with loss of N 2 , a well-known process in the tetrazine series, 5 leading to a cross-linked polypyridazine network.

In summary, we have described the synthesis of 3,6divinyl-1,2,4,5-tetrazine, the first reported example to date of a vinyltetrazine. Compound 8 can be seen as a tetraaza analogue of the widely used 1,4-divinylbenzene. Therefore, although our preliminary studies showed a limited stability at high temperatures and in the presence of radicals, 8 is believed to be a useful building block in the synthesis of new tetrazine-based molecules and materials. Moreover, 8 stands as an interesting substrate for Diels-Alder reactions, since both the tetrazine ring and the lateral double bonds could participate in such processes. 
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Table 1 .

 1 Cyclization reaction of imidate 2 using hy-

	drazine hydrate				
	Entry	N 2 H 4	T	t	3 4 5	6
	1 2	(eq) 2 2	(°C) 0 78	(h) 4 19 0 0 100 a 0 0 24 a	30 a 0
	3 4 b a : Isolated product. 1 20 0.5 20 b : 15% of starting material were detected in the crude 6 43 26 19 12 4 78 0 0 7
	mixture.					
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