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Though the past few decades, the development of new luminescent materials has received a lot of attention due to their applications as fluorescent sensors, in biological microscopy and in optoelectronic devices. Most of these applications are relied on intramolecular charge transfer (ICT). Presence of electron withdrawing N-heterocycles such as pyrazine and quinoxaline rings appeared therefore particularly interesting to be used as electron-attracting part in π-conjugated structures. Moreover, presence of nitrogen atoms with lone electron pairs allows to the pyrazine and the quinoxaline ring to act as effective and stable complexing agent or as base that can be protonated. This review reports luminescent small molecules and oligomers including a pyrazine or quinoxaline ring in their scaffold highlighting their applications related to photoluminescence and electroluminescence.

Diazines which belong to the most important heterocycles containing nitrogen are sixmembered aromatics with two nitrogen atoms. Three different structures can be distingued according to the relative position from the nitrogen atoms: pyridazine (1,2-diazine) [START_REF]b) Mangalagiu II, Recent achievements in the chemistry of 1,2-diazines[END_REF],

pyrimidine (1,3-diazine) [START_REF] Brown | Chemistry of Heterocyclic Compounds[END_REF] and pyrazine (1,4-diazine) [START_REF] Castle | Chemistry of Heterocyclic Compounds[END_REF]. Quinoxaline, also called benzopyrazine is a heterocyclic compound containing a ring complex made up of a benzene ring and a pyrazine ring [START_REF] Simpson | Chemistry of Heterocyclic Compounds[END_REF]. Pyrazine and quinoxaline derivatives have been intensively studied because the 1,4-diazine core is found in many natural and man-made compounds [START_REF] Buron | Synthesis of pyrazine alcaloids from Botryllus leachi. Diazines 43[END_REF].

Alkylpyrazines, produced from proteins by fermentation are for example the constituents of the aroma of coffee [START_REF] Maier | Volatile flavoring substances in foodstuffs[END_REF], some cheeses [START_REF] Sloot | Alkylpyrazines in emmental cheese[END_REF] or roasted meat [START_REF] Flament | Sur l'arôme de viande de boeuf grillée[END_REF]. The more complex imidazopyrazine moiety is found in the scaffold of the Coelenterazine, a bioluminescent compound isolated from the jellyfish Aequorea Vistoria [9]. Moreover numerous pyrazine and quinoxaline derivatives exhibit a large range of biological activities and are used for pharmaceuticals or phytosanitary applications [START_REF] Ellsworth | Discovery of pyrazine carboxamide CB1 antagonists: the introduction of a hydroxyl group improves the pharmaceutical properties and in vivo efficacy of the series[END_REF]. Besides their medicinal uses, pyrazine and quinoxaline derivatives have found technical applications as dyes, electroluminescent materials, organic semi-conductors and as suitable ligands in coordination chemistry. We report herein the main results dealing with this kind of applications during the last two decades.

The elaboration of electro-optical (EO) and nonlinear optical (NLO) materials has attracted considerable attention because of their wide range of potential applications in optical data processing technologies. The synthesis of extended π-conjugated systems has been the key to provide organic materials with such properties. These compounds are often based on a push-pull system, which is constituted by an electron-donating group (D) and an electronwithdrawing group (A) linked through a π-conjugated spacer. The molecular properties of the chromophores depend on the strength of the "push-pull" effects which are function of the ability of the donor to provide electrons and the acceptor to withdraw electrons. Pyrazine and quinoxaline, which are highly π-deficient aromatic heterocycles, can be used as electron withdrawing part in push-pull structures for intramolecular charge transfer (ICT). Such important ICT along the backbone of the molecule can induce luminescence properties. The ability of protonation, hydrogen bond formation and chelation of the nitrogen atoms of the 1,4-diazine ring are also of great importance: such derivatives could be therefore used for the formation of supramolecular assemblies and used as sensors.

Two general methods for the synthesis of π-conjugated pyrazine derivatives are described in the literature. The first method consists of the construction of the pyrazine ring by condensation reactions of α-diketones with vicinal diamines [11] but these methods disappoint in the preparation of unsymmetrical substituted pyrazines. The second one involves the functionalization of the 1,4-diazine ring [12]. The advantages of the latter one are a greater versatility and the use of easily available starting materials. Indeed, a large variety of halogeno (more particularly chloro), amino and methyl derivatives are commercially available and can be used as building blocks to elaborate π-conjugated scaffolds. Among the synthetic strategies, the cross-coupling reactions involving halogenated pyrazines and / or quinoxalines constitute a method of choice to access such structures. It should be noted that the π-electrondeficient character of the 1,4-diazine ring makes easier the oxidative addition of palladium to a chlorine-carbon bond without the use of specific and expensive ligands [START_REF] Littke | Palladium-catalyzed coupling reactions of aryl chlorides[END_REF]. Therefore, a wide range of cross-coupling reactions (Suzuki [14], Stille [15], Negishi [START_REF] Milne | An extremely active catalyst for the Negishi cross-coupling reaction[END_REF], Sonogashira [17], Heck [START_REF] Malik | Synthesis of 2,3-disubstituted pyrazines and quinoxalines by Heck cross-coupling reactions of 2,3-dichloropyrazine and 2,3-dichloroquinoxaline. Influence of the temperature on the product distribution[END_REF] and Corriu-Kumada [19]) have been carried out with halogenated pyrazine or quinoxaline building blocks. Another synthetic way to access to vinylpyrazines or vinylquinoxalines is the condensation reaction of various aldehydes with methyl derivatives [20].

Recently we have reviewed the use of pyrimidine and pyridazine as building blocks for the synthesis of π-conjugated materials [21]. This article is the last part of this series of papers and has for aim to review the use of pyrazine and quinoxaline moieties in the synthesis of fluorescent materials. Only small molecules and oligomers will be described here, this review will not treat polymer materials. The first part of this review deals with pyrazine derivatives while the second part is dedicated to quinoxaline compounds. Each part will be organized by molecule classes.

Pyrazine derivatives

Because the 2,3-dicyanopyrazine ring has specific properties resulting from the two strong withdrawing cyano groups, this moiety has been introduced in the scaffold of a wide range of fluorophores.

Diamino and dicyanopyrazines

A first family of 2,5-diamino-3,6-dicyanopyrazines was synthesized and studied in 1998 by More recently a comparative study of the photophysical properties of the 2,5-diamino-3,6dicyanopyrazine 1 with other diaminodicyanopyrazines was performed in acetonitrile by Angulo et al [START_REF] Angulo | Luminescence properties of diamino-dicyano substituted benzene and 1,4-pyrazine[END_REF]. The compound 1 exhibits red shifted absorption and emission in comparison with those of 6. These results could be explained by a more important ICT between the nitrile and amino groups due to their opposite position in the symmetrical compound 1 (Scheme 3). Scheme 3. Structure and photophysical data of compounds 1 and 6.

Diamino and dicarboxypyrazine derivatives

Using the 2,5-diamino-3,6-dicarboxypyrazine 7 as starting material, various thioester and carbamoyl derivatives 8 and 9 were synthesized and their photophysical properties established in CHCl 3 (Scheme 4) [START_REF] Kim | Self-assembling of aminopyrazine fluorescent dyes and their solid state spectra, Part 2[END_REF]. The solid state spectra of compounds 8 and 9 were evaluated with respect to their molecular staking. In the case of the 2,5-diamino-3,6-bis(butoxycarbonyl)pyrazine, the X-ray crystal analysis has shown space-filling intermolecular interactions of diaminopyrazines making possible the construction of strong three dimensional molecular staking in single crystals, which affects their solid state absorption spectra.

Starting from chromophores 10, easily obtained by reductive amination reaction, Poreddy and coworkers have developed hydrophilic red fluorescent N,N'-dialkylated aminopyrazines 11 and 12 [START_REF] Poreddy | A Highly Efficient Method for the N-Alkylation of Aminopyrazines: Synthesis of Hydrophilic Red Fluorescent Dyes[END_REF]. These compounds absorb and emit at higher wavelengths (~ 50 nm) than their corresponding aminopyrazines and could found potential applications in medical diagnostic (Scheme 5). More recently, the same team has described similar hydrophilic pyrazine dyes 13 and 14 that have neutral and anionic groups [START_REF] Rajagopalan | Hydrophilic pyrazine dyes as exogenous fluorescent tracer agents for real-time point-of-care measurement of glomerular filtration rate[END_REF]. These molecules have emission wavelengths λ em ranging between 557-600 nm and quantum yield around 0.4 in DMSO for the enantiomer of 13a (Scheme 6). Besides their interesting photophysical properties, some of these compounds could be used as fluorescent glomerular filtration rate (GFR) tracer agents. Teramae and coworkers have described the selective binding of Amiloride 18 (Scheme 8), a 2,6-diaminopyrazine derivative, to abasic (AP) site in RNA [29]. A dramatic increase of the fluorescence of amiloride at 415 nm was observed selectively in the presence of AP-RNA, making such a response applicable to microRNA detection.

Arylvinyl and aryldicyanopyrazines

2,3-dicyanopyrazines which are powerful electron acceptors were used as building blocks to synthesize chalcone analogues and styryldicyanopyrazines. The chalcone derivatives 20 were obtained by the Knoevenagel condensation of 2-acetyl-4-methyl-5,6-dicyanopyrazine 19 with various arylaldehydes whereas the styrylpyrazines 21 and 22 have resulted from a similar condensation reaction of the methyl group with arylaldehydes (Scheme 9). These compounds are highly fluorescent (λ em comprised between 479 and 610 nm in CHCl 3 ), showed solvatochromism depending from polarity of the solvents and an intramolecular charge transfer confirmed by semi-empirical calculations (MOPAC PM3 method) [30]. When the pyrazine is substituted by a hydroxyl group, a large negative solvatochromism is observed due to tautomerism between the hydroxypyrazine and the pyrazinone forms. Matsumoto and coworkers have described the J-aggregate structure of a chloroform solvate of the 5-t-butyl-2,3-dicyano-6-[4-(dimethylamino)styryl]pyrazine 27a (Scheme 12) [START_REF] Matsumoto | J-aggregate structure in a chloroform solvate of a 2,3-dicyanopyrazine dye -Separation of two-dimensional stacking dye layers by solvate formation[END_REF]. The dye was found to form a two-dimensional brick-wall structure, separated by chloroform molecules in the solvated crystals, which emits intense red fluorescence. Scheme 12. Structure and photophysical data of compound 27a.

Moreover, other 2,3-dicyanopyrazine derivatives 27 with ester linkers were designed (Scheme 13) [START_REF] Cristiano | Synthesis and optical/thermal properties of low molecular mass V-shaped materials based on 2,3dicyanopyrazine[END_REF]. These molecules have a similar V-shaped geometry, confirmed by the X-ray structure of the central core, with lack of planarity between the two arms. The optical and thermal properties of these compounds were evaluated highlighting a blue fluorescence in solution (λ em 437-445 nm) with low to moderate quantum fluorescence yields (Φ F ) from 0.003 to 0.1 and Stokes shifts of around 6000 cm -1 . This compound was strongly fluorescent in non-polar and moderately polar solvents, as well as in thin solid film. The absorption and emission maxima shifted to longer wavelength with increasing solvent polarity. The fluorescence quantum yield also was also improved with increasing solvent polarity from non-polar to moderately polar solvents, then decreased with further increase of solvent polarity. This indicates that both ''positive'' and ''negative'' solvatokinetic effects co-exist. Using this material as hole-transporting emitter and host emitter has allowed elaboration of green-yellow electroluminescent (EL) devices.

Condensation reaction of pyrrole and a bis-styryl derivative containing the 2,3dicyanopyrazine moiety has allowed Jaung to synthesize pyrazine-linked porphyrins 32 (Scheme 17) [START_REF] Jaung | Synthesis of new porphyrins with dicyanopyrazine moiety and their optical properties[END_REF]. These systems with a strong ICT revealed specific spectral properties such as emission of red fluorescence with a large Stokes Shift (over 7300 cm -1 ). The protonation/deprotonation were shown to affect the spectral properties of the compounds. The nature and the length of π-linkers were investigated and the UV/Vis spectra, electrochemical data and 2 nd order nonlinear optical (NLO) properties of these CT chromophores were studied. Compounds 35b with an additional triple bound to separate the π-linker from the pyrazine-2,3-dicarbonitrile moiety, are the most planar and exhibit the best D-A conjugation and the best NLO properties (β av = 3.1 pm V -1 ).

Arylvinyl and arylethynylpyrazines

Synthesis, absorbance and fluorescence properties of the 2-(4'-hydroxystyryl)pyrazine 36a was reported (Scheme 20) [START_REF] Haroutounian | 4'-Hydroxystylyldiazines: Synthesis and Fluorescence Properties[END_REF]. The spectral data of 36a are better than those of the pyridine analogous and have exhibited a strong dependence on solvent polarity and pH. Recently, other 2-(4'aminostyryl)pyrazines 36b and 36c were synthesized. Their optical absorption and emission properties have highlighted strong emission in dichloromethane (λ em = 511 and 532 nm respectively) with high Stokes shift (6137 and 6534 cm -1 ), they have also exhibited an important positive emission solvatochromism and presented halochromism properties [START_REF] Achelle | Synthesis and photophysical investigation of a serie of push-pull arylvinyldiazine chromophores[END_REF].

The second order NLO properties of compound 36b were also reported and compared with those of other diazine derivatives. With a value of µβ = 220 10 -48 esu, the pyrazine derivative 36b exhibits a better value than the pyridazine derivative but a lower value than the pyrimidine derivative. Scheme 20. Structure and photophysical data of compounds 36.

Vinylpyrazine triphenylamine derivative 37 and its dimethylated salt 38 (Scheme 21) were described by Aranda and coworkers [START_REF] Aranda | Vinyldiazine triphenylamines and their N-methylated derivatives : Synthesis, photophysical properties and application for staining DNA[END_REF]. The neutral compound 37 revealed strong fluorescence in dichloromethane solution (λ em = 569 nm, Φ F = 0.94), whereas the dimethylated salt 38 is non-luminescent. Nevertheless, this last compound exhibits a strong selective interaction for duplex DNA. The materials display a strong solvatochromism of the emission that is reflected by large red shifts of their fluorescence emission maxima on increasing the solvent polarity. This behavior suggests a highly polar emitting state, which is characteristic of compounds that undergo an internal charge transfer upon excitation. Under acidic conditions, the UV-vis spectra are altered, and the fluorescence intensity of the neutral compound vanishes. These molecules can be used as colorimetric and luminescence polarity and pH sensors. The cross-shaped chromophore 46 with four arms constituted by a phenyl group substituted by a donor and linked to the pyrazine core through a vinyl bridge were synthesized and compared with its linear analogue 47 with only two branches (Scheme 25) [START_REF] Rumi | Tetrastyrylarene Derivatives : Comparison of One-and Two-Photon Spectroscopic Properties with Distyrylarene Analogues[END_REF]. Their onephoton and two-photon absorption (TPA) properties were investigated. Compounds 46 and 47 are fluorescent respectively at 563 nm (Φ F = 0.67) and 518 nm (Φ F = 0.77). The TPA spectrum in toluene of 46 is quite similar to that of the two-branch analogue 47 (δ max = 1250 GM, λ max = 790 nm). The spectral features observed for these chromophores suggest that electronic coupling between the branches is effective but does not lead to significant enhancement of the two-photon cross section when the branches extend is in more than one dimension. In particular, the type of coupling effective in the four-branch compound 46 should result in a subadditivity of the two-photon cross section of 47. A series of pyrazine derivatives was reported by Collette et al, where the number and substitution pattern of p-dimethylaminostyryl branches on the pyrazine core were systematically studied (Scheme 28) [START_REF] Collette | Chemically-responsive fluorophores exhibiting large color changes[END_REF]. These fluorophores were designed to exhibit large changes in emission in response to changes in solvent composition or addition of various analyte species. These molecules shared the structural and electronic features common to quadupolar two-photon chromophores. Calculations of their second hyperpolarizabilities (γ(-ω;ω,-ω,ω)) and comparison to known two-photon molecules showed that these molecules were expected to be good two-photon active molecules. Scheme 28. Structure of compounds 36b, 49a and 50-53.

A four-branched quaternary ammonium pyrazine 54 (TASPI) was reported by Yan et al. [START_REF] Yan | Aptamerbased turn-on fluorescent four-branched quaternary ammonium pyrazine probe for selective thrombin detection[END_REF]. This compound can be used for selective thrombin detection. In this detection system, the fluorescence of compound is almost eliminated by the DNA aptamer TBA (turn-off).

However, in the presence of thrombin, it specifically binds to TBA by folding unrestricted TBA into an anti-parallel G-quadruplex structure and then releasing the pyrazine derivative, resulting in fluorescence recovery (turn-on) (Scheme 29). The synthesis of a wide range of other rod-like conjugated molecules 60-64 was also described. These compounds incoporate a pyrazine or a bipyrazine core connected to electron acceptor (A) or donor (D) groups through π-conjugated linkers as transmitters for the internal charge transfer (Scheme 33) [START_REF] Hebbar | A new series of rod-like conjugated molecules with a pyrazine or a bipyrazine core. Synthesis and light emitting properties[END_REF]. Generally, these derivatives exhibit fluorescence in the red region of the spectra. Incorporation of a double bond or a hexatriene chain as linker and a bipyrazine unit as an electron-withdrawing central core improves the spectroscopic properties.

A series of 2,5-di(aryleneethynyl)pyrazine derivatives 65 was synthesized by Zhao et al (Scheme 34) [START_REF] Zhao | 2,5-Di(aryleneethynyl)pyrazine derivatives: synthesis, structural and optoelectronic properties, and light-emitting devices ¨[END_REF]. The structure, electrochemical and photophysical properties of derivative 65a have been compared with those of di(phenylethynyl)benzene 66. The presence of the pyrazine ring leads to a significant enhancement of electron-accepting properties, as revealed by cyclic voltammetry data and was confirmed by quantum chemical calculations.

Experiments have established the potential for compound 65b to act as an electrontransporting material as a blend with MEH-PPV in single layer OLEDs. These sensors exhibit a novel two-step fluorescence response toward zinc binding that can be applied to quantify chelatable zinc in biological samples (Scheme 40). The authors claim that the advantages of incorporating pyrazine into the metal-binding units in this kind of sensor can be generally applied to detect zinc, and other metals such as mercury.

Other pyrazine structures

A novel series of fluorescence dyes based on pyrazine-boron complexes 76 bearing a βiminoketone ligand were prepared from methylpyrazine and benzoate derivatives (Scheme 41) [START_REF] Kubota | Synthesis and fluorescence properties of novel pyrazine-boron complexes bearing a β-iminoketone ligand[END_REF]. All synthesized complexes exhibited fluorescence in dichloromethane (λ max : 472-604 nm) and in the solid state (λ max : 496-624 nm). Unlike common fluorescent boron complexes such as BODIPY dyes which have generally low Stokes shifts (400-600 cm -1 , in most cases), these pyrazine-boron complexes exhibited large Stokes shifts (3690-4900 cm -1 ). This difference could be explained by the flexibility of the scaffold of 76, owing to the molecular rotation of the aryl group. Synthesis, electronic properties, and second-order nonlinear optical (NLO) response of asymmetric heteronuclear push-pull bimetallic complexes were reported by Pizzotti et al. [START_REF] Pizzotti | Organometallic Counterparts of Push-Pull Aromatic Chromophores for Nonlinear Optics : Push-Pull Heteronuclear Bimetallic Complexes with Pyrazine and trans-1 , 2-Bis(4-pyridyl)ethylene as Linkers[END_REF]. The pyrazine moiety was used as polarizable linker, connecting the "W(CO) 5 " fragment (acting as donor group) and "cis-Rh(CO) 2 Cl", "cis-Re(CO) [START_REF] Simpson | Chemistry of Heterocyclic Compounds[END_REF] Cl", and BF 3 fragments (acting as acceptor groups) leading to structures 82-86 (Scheme 44). In this case, the asymmetrical pyrazine bimetallic complexes can be considered as organometallic counterparts of classical push-pull aromatic chromophores. These derivatives exhibit higher NLO response (assessed by EFISH technique and solvatochromic studies) than the related push-pull benzenic chromophores, but it is strongly dependent as sign and absolute value on the electronic structure of the pull inorganic and in particular organometallic group. So, an opposite sign of the response is observed when "cis-Rh(CO) 2 Cl" ( 86) is used as acceptor group. Scheme 44. Structure and photophysical data of compounds 82-86.

Quinoxalines derivatives

Arylvinylquinoxalines

The push-pull molecule PQX 87 with a quinoxaline as π-deficient moiety, linked to a pyrrole ring through an ethenyl linker was designed by Kudo and coworkers (Scheme 45) [START_REF] Kudo | Development of a quinoxalinebased fluorescent probe for quantitative estimation of protein binding site polarity[END_REF]. This compound, soluble in many common solvents, exhibits a full-color solvatochromic fluorescence ( λ em = 430-607 nm) and was described as a promising fluorescent sensor for binding sites in proteins or other host molecules, especially in aqueous solution. Scheme 45. Structure and photophysical data of compounds 87. Some of us have also described a series of arylvinylquinoxaline compounds (Scheme 46) [START_REF] Achelle | Synthesis and photophysical investigation of a serie of push-pull arylvinyldiazine chromophores[END_REF]. In addition to fluorescence solvatochromism and halochromism, these structures exhibit second order NLO properties assessed by EFISH measurements. With a value of µβ = 300 10 - 48 esu, the quinoxaline derivative 88d exhibits a better value than the pyrimidine, pyrazine and pyridazine derivative. A series of quinoxalines derivatives 93 with a 2,2',6',2''-terpyridine moiety in one arm have also been synthesized and studied (Scheme 50) [START_REF] Jang | The synthesis and optical characterization of quinoxalines bearing 2,2′:6′,2″-terpyridine[END_REF]. The absorption and fluorescence maximum of these compounds were observed at 398-443 nm and 484-586 nm, respectively. These compounds were used as fluorescence probes for transition metal ions such as Co 2+ , Ni 2+ , Cu 2+ and Fe 3+ . Scheme 50. Structure and photophysical data of compounds 93.

Azomethine Quinoxalines

The synthesis of a new Schiff base 94, derived from 3-hydroxyquinoxaline-2-carboxaldehyde and 2,3-diaminomaleonitrile was reported by Arun et al. and Another Schiff base, the 3-hydroxyquinoxaline-2-carboxalidine-4-aminoantipyrine 95, was prepared by the same team (Scheme 52) [START_REF] Arun | The tautomerism, solvatochromism and non-linear optical properties of fluorescent 3hydroxyquinoxaline-2-carboxalidine-4-aminoantipyrine[END_REF]. Spectroscopic studies have revealed that 95 exists predominantly in the amide tautomeric form and exhibits both absorption and fluorescence solvatochromism with a large Stokes shift. Otherwise, the values of third-order non-linear absorption coefficient: β (1.48 x 10 -6 cmW -1 ), imaginary part of the third-order non-linear optical susceptibility: Im χ (3) (3.36 x 10 -10 esu) and its optical limiting threshold (340 MW cm -2 ), make that 95 could be used for applications in photonic age. Scheme 52. Tautomer equilibrium of coumpond 95.

If substitution of the quinoxaline core with arylvinyl or arylimine moities gave generally good fluorescent compounds, other quinoxaline structures bearing aryl moieties with different electronic characters have also intensively reported.

Arylquinoxalines

A series of dipolar quinoxaline derivatives substituted with electron-rich terminal Nhexylcarbazole or triphenylamine moieties 96-98 were synthesized and fully characterized (Scheme 53) [START_REF] Wang | The synthesis and characterization of novel dipolar fluorescent materials based on a quinoxaline core[END_REF]. As expected, these compounds exhibit excellent blue-green fluorescence (λ em = 493-560 nm) and are presented as potential emissive and electron-transport materials for organic light-emitting diodes. A series of multi-branched fluorophores with a quinoxaline or with a di-or a tetraquinoxalinylethylene as the core and diphenylaminofluorene units incorporated at the peripheral positions was synthesized by Lin and coworkers (Scheme 57) [START_REF] Lin | Synthesis and two-photon properties of a multipolar chromophore based on tetra-quinoxalinylethylene scaffold[END_REF]. These derivatives (104-106) possess good fluorescence quantum yields (Φ F > 0.5 in THF and toluene) and a strong solvent effect on emission and life-time behaviors. These compounds exhibit two-photon activities and effective optical power limiting properties in the near-IR region under the irradiation of nanosecond laser pulses. The synthesis and photophysical properties of a series of bipolar compounds 107, 108 including a quinoxaline unit and substituted triarylamine groups were reported by Burrows and coworkers (Scheme 58) [START_REF] Burrows | Fluorescence study of dehydroabietic acid-based bipolar arylamine-quinoxalines[END_REF]. Incorporation of the bulky dehydroabietic methyl ester group in the scaffold of compounds 108 was achieved to improve solubility and to prevent crystallization, without affecting their photophysical behaviors. These compounds exhibited relatively strong fluorescence, their emission maximum are dependent from the nature of the substituents present on the stilbene group. These molecules were evaluated as electroluminescent materials: the devices prepared with these materials and with magnesium cathodes show efficiencies up to 0.03 cd/A. This result is about one order of magnitude higher than the efficiency obtained with the related diphenylstylbeneamines [START_REF] Bernardo | Luminescence properties of bipolar stylbeneamine-quinoxalines[END_REF]. 

Conclusion and outlooks

The research efforts in the field of synthesis and use of luminescent materials have strongly increased within the last few years. The considerable interest for these compounds is due to their wide range applications in various fields. They can be used as fluorescent sensors (polarity, pH, metal cations, or more particularly to detect explosives), as stain for microscopy and diagnostic in medicine, for lighting in organic light-emitting devices (OLEDs) and NLO materials.

The research efforts in the field of pyrazine and quinoxaline luminescent molecules have strongly increased during the past decade. Indeed, due to their π-deficient character, incorporation of a N-heterocycle such as pyrazine or quinoxaline in the backbone of luminescent molecules leads to significant modifications of the photophysical properties of πconjugated materials. The electron-deficiency of the pyrazine or the quinoxaline ring can be used as a dipolar moiety, which favors the internal charge transfer. As largely illustrated in this review, this kind of molecules exhibits important fluorescence solvatochromism and good NLO properties. Quadrupolar (D-π-A-π-D) and octopolar structures with a pyrazine central core exhibit also 3 rd order NLO properties such as two photon absorptions with high cross sections.

Moreover, presence of nitrogen atoms with lone electron pairs allows to the pyrazine and the quinoxaline rings to act as effective and stable complexing agents making of them good cation sensors. For the same reasons, pyrazine and quinoxaline derivatives can be protonated exhibiting halochromism, that has been illustrated by numerous examples given in this review. Specific interactions of some pyrazine compounds with particular forms of DNA and specific proteins lead to anticipate their use as promising tools for medical diagnosis of diseases such as cancer or Alzheimer disease.

Another aspect of the luminescence of pyrazine and quinoxaline is the electroluminescence properties leading to OLEDs. Some examples are details along the reviews. This review emphasizes the great interest to incorporate pyrazine or quinoxaline moieties in π-extended conjugated systems, owing to their applications in various fields. The elaboration
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  Scheme 66. Structure and photophysical data of compounds 127.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

of new efficient structures with such a target is always topical and constitutes an interesting challenge.

These new dyes emit blue light with fluorescence quantum yield ranging from 0.24 to 0.90.

When combined with pyridinium or iodonium salts, these compounds may have practical applications as visible-light photo-initiators for free radical and/or cationic polymerization.