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Introduction

Azo dyes are the oldest and the largest used class of industrially synthesized organic dyes due to their versatile application in various fields [1], such as dyeing textile, leather, paper, food and cosmetic products [START_REF] Zhi-Gang | Monoazodyes based on 5,10-dihydrophenophosphazine, Part 2: Azo acid dyes[END_REF][START_REF] Gregory | High-Technology Applications of Organic Colorants[END_REF][START_REF] Gregory | Modern reprographics. Review of progress in coloration and related topics[END_REF], and for biomedical studies and applications [START_REF] Chung | Azo dyes and human health: A review[END_REF]. They are also used in high technology areas as laser [START_REF] Gregory | High-Technology Applications of Organic Colorants[END_REF][START_REF] Gregory | Modern reprographics. Review of progress in coloration and related topics[END_REF], photodynamic therapy [START_REF] Piao | Development of an Azo-Based Photosensitizer Activated under Mild Hypoxia for Photodynamic Therapy[END_REF] and dye sensitized solar cells [START_REF] Mekkawi | The interaction and photostability of some xanthenes and selected azo sensitizing dyes with TiO2 nanoparticles[END_REF].

Azo compounds contain at least a conjugated azo chromophore, (-N=N-), linking two aromatic systems [START_REF] Bafana | Azo dyes: past, present and the future[END_REF][START_REF] Li | Near-Infrared Absorbing Azo Dyes: Synthesis and X-ray Crystallographic and Spectral Characterization of Monoazopyrroles, Bisazopyrroles and a Boron-Azopyrrole Complex[END_REF][START_REF] Yazdanbakhsh | Synthesis, substituent effects and solvatochromic properties of some disperse azo dyes derived from N-phenyl-2, 2′-iminodiethanol[END_REF][START_REF] Albayrak | Synthesis, spectroscopic, and molecular structure characterizations of some azo derivatives of 2hydroxyacetophenone[END_REF][START_REF] Yazdanbakhsh | Synthesis, characterization and application of new azo dyes derived from uracil for polyester fiber dyeing[END_REF][13]. Generally, the synthesis of azo dyes involves two steps (Figure 1). The first one is the conversion of an aromatic amine to a diazo compound, a process known as diazotation, and the second step is the reaction of the titled diazo compound with a nucleophilic component to produce the corresponding azo dye, a process known as diazo coupling. This process is suitable for forming both azo dyes and pigments [START_REF] Bafana | Azo dyes: past, present and the future[END_REF][START_REF] Li | Near-Infrared Absorbing Azo Dyes: Synthesis and X-ray Crystallographic and Spectral Characterization of Monoazopyrroles, Bisazopyrroles and a Boron-Azopyrrole Complex[END_REF]. Among them, the azo dyes derived from enol type coupling components constitute an interesting type of compounds since they potentially have several tautomeric forms (enol-azo, keto-azo, hydrazo) in solution and solid state [START_REF] Yazdanbakhsh | Synthesis, substituent effects and solvatochromic properties of some disperse azo dyes derived from N-phenyl-2, 2′-iminodiethanol[END_REF][13][START_REF] Shawali | A study of tautomerism in diazonium coupling products of 4-hydroxycoumarin[END_REF][START_REF] Traven | Keto-Enol Tautomerism, NMR Spectra, and H-D Exchange of 4-Hydroxycoumarins[END_REF][START_REF] Yazdanbakhsh | Synthesis of some new azo dyes derived from 4-hydroxycoumarin and spectrometric determination of their acidic dissociation constants[END_REF]. Some important investigations have been carried out on the synthesis and spectroscopic behavior of heteroarylazo dyes based on 4-hydroxycoumarin [START_REF] Shawali | A study of tautomerism in diazonium coupling products of 4-hydroxycoumarin[END_REF][START_REF] Traven | Keto-Enol Tautomerism, NMR Spectra, and H-D Exchange of 4-Hydroxycoumarins[END_REF][START_REF] Yazdanbakhsh | Synthesis of some new azo dyes derived from 4-hydroxycoumarin and spectrometric determination of their acidic dissociation constants[END_REF], 4-hydroxyquinolone [13,[START_REF] Moradi-E-Rufchahi | A study of Solvatochromism in diazonium coupling products of 6-fluoro-4-hydroxyl-2-quinolone[END_REF], 2-hydroxyacetophenone [START_REF] Albayrak | Synthesis, spectroscopic, and molecular structure characterizations of some azo derivatives of 2hydroxyacetophenone[END_REF] and 4,6dihydroxypyrimidine [START_REF] Yazdanbakhsh | Synthesis, spectral characterization and antimicrobial activity of some new azo dyes derived from 4,6-dihydroxypyrimidine[END_REF] as an enol type coupling component, as well as other heteroarylazo compounds [START_REF] Shawali | Synthesis and tautomerism of aryl-and hetaryl-azo derivatives of bi-and tri-heterocycles[END_REF][START_REF] Karci | Hetarylazo disperse dyes derived from 3-methyl-1-(3,5-dipiperidino-striazinyl)-5-pyrazolone as coupling component[END_REF][START_REF] Sener | Synthesis and investigations of the absorption spectra of hetarylazo disperse dyes derived from 2,4-quinolinediol[END_REF][START_REF] Mohammadi | Synthesis and evaluation of changes induced by solvent and substituent in electronic absorption spectra of some azo disperse dyes[END_REF][START_REF] Sayed | Synthesis, biological activity and dyeing performance of some novel azo disperse dyes incorporating pyrazolo[1,5-a]pyrimidines for dyeing of polyester fabrics[END_REF].

In view of these encouraging reports, and in line with our interest to develop the chemistry of bio-based resources [START_REF] Mohamed | An Efficient Synthetic Access to Substituted Thiazolyl-pyrazolyl-chromene-2-ones from Dehydroacetic Acid and Coumarin Derivatives by a Multicomponent Approach[END_REF], in this study we report on the synthesis of two series of some new azo compounds and the investigation of their spectroscopic properties. In the first one, 4hydroxy-6-methyl-2H-pyran-2-one (1) (triacetic acid lactone, TAL) and in the second series its hydrogenated derivative, 4-hydroxy-6-methyl-5,6-dihydro-2H-pyran-2-one (2) (dihydro triacetic acid lactone, DHTAL) were chosen as coupling components in reaction with some diazotized aromatic amines as diazo components (Figure 1). The structures of all products were confirmed by IR, UV-Vis, 1 H NMR, 13 C NMR, 2D-NMR and HRMS. Furthermore, infectious diseases caused by resistant microorganisms are responsible for increased health costs as well as high morbidity and mortality. Hence, there is an urgent need for discovery and development of novel antibiotics [START_REF] Gangoué-Piéboji | The in-vitro antimicrobial activity of some medicinal plants against β-lactam-resistant bacteria[END_REF][START_REF] Hughes | Discovery and preclinical development of new antibiotics[END_REF][START_REF] Högberg | The global need for effective antibiotics: challenges and recent advances[END_REF][START_REF] Becheker | Antibacterial activity of four sulfonamide derivatives against multidrug-resistant Staphylococcus aureus[END_REF]. Therefore, the in vitro antimicrobial activity of all synthesized dyes against six bacterial strains, either reference or clinical, were examined in detail.

Results and Discussion

UV-Vis absorption spectra

Effects of solvent polarity on photo physical properties of dyes 5 -15

The UV-Vis electronic spectra were recorded in the wavelength range 300 -600 nm at concentration of approximately 10 -5 to 2.5.10 -5 mol.L -1 depending on the solubility of the dye, the higher concentration corresponding to dye 11. To assess the effect of solvent polarities on photophysical properties absorption of dyes, dyes 5 -10 synthesized from TAL 1 as well as disperse dyes 11 -15 synthesized from DHTAL 2 were analyzed in five different organic solvents having different polarity, dielectric constant (ε), and solvatochromic parameters (α, β, and π * values) such as n-hexane, ethanol, acetone, acetonitrile and dichloromethane.

From the presented values in table 1, it is apparent that practically no solvatochromism was observed. The electronic absorption spectra showed absorption maxima in the region at 400 -447 nm and 375 -422 nm in n-hexane, 401 -458 nm and 377 -429 nm in acetone, 401 -458 nm and 379 -430 nm in acetonitrile, 417 -463 nm and 387 -436 nm in dichloromethane, 402 -466 nm and 385 -438 nm in ethanol for dyes 5 -10 and 11 -15, respectively as illustrated for prototype compounds 5 (Figure 2a) and 11 (Figure 2b). In the UV-Vis spectra of these compounds (5 -15) two absorptions are noteworthy in all tested solvents. The first one is a shoulder at 368 -372 nm and the second one is a band between 400 -466 nm for 5 -10 and 375 -438 nm for 11 -15 (see Figure 2 for 5 and 11).

Table 1

Influence of solvent on maximum wavelength of absorption (λmax) of dyes 5 -15. It can be suggested that dyes may exist as a mixture of two tautomeric forms which are in equilibrium. Furthermore, the spectra of unsubstituted derivatives 5 and 11 in various solvents showed small changes in their maximum absorption wavelength λmax changing from 400 nm in n-hexane to 418 nm in dichloromethane and from 375 nm in n-hexane to 385 nm in EtOH, respectively (Table 1). This small variation, Δ(λmax) up to 26.4 nm (Table 1), suggests that the dyes are involved in strong intramolecular hydrogen bond. (black: n-hexane; red: dichloromethane; blue: acetone; violin: ethanol; green: acetonitrile).

Structure

Nucleophilic component effects

From typical spectroscopic data, a comparison of azo dyes 5 -10 containing a 4-hydroxy-6methyl-2H-pyran-2-one moiety with the parallel series of azo dyes 11 -15 containing a hydrogenated derivative of 4-hydroxy-6-methyl-2H-pyran-2-one moiety revealed that dyes 5

7

-10 showed a red shift as compared to dyes 11 -15 which showed a blue shift in all used solvents. For dye 5, δλmax = 40 nm relative to dye 11 λmax in dichloromethane (Table 1, Figure 3). For dye 6 δλmax = 39 nm relative to dye 12 λmax in acetone (Table 1).

Fig. 3. UV-vis absorption spectra of dyes 5 (blue) and 11 (red) in dichloromethane.

Substituent effects

As is apparent in table 1, the introduction of electron-donating methoxy group into the benzene ring results in bathochromic shifts in all solvents with respect to unsubstituted and electron-withdrawing nitro substituted aryl groups. For instance, for dye 8, δλmax = 30 nm relative to dye 5 and δλmax = 40 nm relative to dye 7 λmax in ethanol (Figure 4). For dye 14, δλmax = 32 nm relative to dye 11 λmax and δλmax = 29 nm relative to dye 13 λmax in ethanol.

Similarly, the introduction of electron-donating o,p-dimethoxy group in the aryl ring increases bathochromic shift in all solvents with respect to electron-donating p-methoxy and p-bromo groups, electron-withdrawing nitro group and unsubstituted aryl. Thus in ethanol, δλmax = 24, 45, 54 and 64 nm for dye 9 relative to dyes 8, 6, 7 and 5 λmax, respectively (Figure 4), while δλmax = 21, 48, 50 and 52 nm for dye 15 relative to dyes 14, 12, 13 and 11 λmax respectively.

These results can be attributed to the electron withdrawing nature of the hydroxypyrane moiety of the dyes. The azo-hydrazone tautomerism behavior of dyes formally derived from 1,3-dicarbonyl compounds is now well understood [START_REF] Antonov | Comment on "Spectroscopic studies of ketoenol tautomeric equilibrium of azo dyes[END_REF][START_REF] Snavely | A study of tautomerism in arylazopyrazolones and related heterocycles with nuclear magnetic resonance spectroscopy[END_REF][START_REF] Lestina | The determination of the azo-hydrazone tautomerism of some 2pyrazolin-5-one dyes by means of nuclear magnetic resonance spectroscopy and 15N-labeled compounds[END_REF][START_REF] Yoder | A nuclear magnetic resonance study of some nitrogen-15 substituted azo heterocycles[END_REF]. As shown in scheme 1, the synthesized azo dyes may exist in four possible tautomeric forms, tautomer T1 named enol-azo-keto (EAK), two tautomers T2 and T3 as keto-hydrazo-keto (KHK1 and KHK2) forms, and T4, a keto-azoenol (KAE) tautomer.

Scheme 1. Four possible tautomeric forms of the prepared azo dyes.

IR absorption spectra

The infrared spectra of dyes 5 -10 and new dyes 11 -15 were recorded in KBr disks and their characteristic IR absorption bands determined. The IR spectral data of the compounds studied indicate that they exist in the keto-hydrazo-keto (KHK1 and KHK2) forms T2 and T3

and in the enol-azo-keto (EAK) T1 or keto-azo-enol (KAE) T4 ones. Thus all compounds exhibit a weak and a broad NH stretching band in the region 3100 -3000 cm -1 , the low frequency and the broadening of this group indicate that it is strongly involved in hydrogen bonding in the solid state. In the carbonyl region, each of the compounds studied exhibits two bands: the first one in the region 1600 -1650 cm -1 and the second one in the region 1700 -1750 cm -1 due to their stretching vibrations of the 4-carbonyl and α-pyrone groups, respectively. Such an assignment is substantiated by the IR spectra of azo dye monophenylhydrazones of 4-hydroxycoumarine 16 and γ-phenyl-Δβ,γ-butenolide 17 (Figure 5) which show their carbonyl stretching bands near 1620 and 1630 cm -1 , respectively [START_REF] Shawali | A study of tautomerism in diazonium coupling products of 4-hydroxycoumarin[END_REF].

The observed downward shift of the carbonyl stretching band in the compounds 5 -10 and 11 

3. NMR and HRMS analysis

Furthermore, structure elucidations of these two series were confirmed by 1 H and 13 C NMR, 2D-NMR and HRMS data as described in detail for representative compounds 10 and 11.

The 1 H NMR spectrum of compound 10 in CDCl3 showed characteristic singlets for CH3 and C5-proton of pyran ring at 2.23 and 5.83 ppm, respectively. The three aromatic protons appeared as one doublet of doublet centered at 6.82 ppm and two doublets centered at 6.90 and 7.50 ppm, respectively. The broad peaks at 14.37 ppm and 16.34 ppm were assigned to protons of the tautomeric hydrazone (=N-NH-) and hydroxyl (-O-H) motifs, respectively.

These results confirm that dye 10 may exist as a mixture of keto-hydrazo-keto (KHK1 and KHK2) tautomers T2 and T3 and azo (EAK and KAE) tautomers T1 and T4 [START_REF] Snavely | A study of tautomerism in arylazopyrazolones and related heterocycles with nuclear magnetic resonance spectroscopy[END_REF][START_REF] Lestina | The determination of the azo-hydrazone tautomerism of some 2pyrazolin-5-one dyes by means of nuclear magnetic resonance spectroscopy and 15N-labeled compounds[END_REF][START_REF] Yoder | A nuclear magnetic resonance study of some nitrogen-15 substituted azo heterocycles[END_REF]. As

shown by 1 H NMR spectra, dyes 5 -9 may also exist as a mixture of keto-hydrazo-keto (KHK1 and KHK2) tautomers T2 and T3 in CDCl3 solutions. The relative proportions of these sets of tautomers were determined by 1 H NMR spectroscopy of 5 -10 by integration of the hydrazone proton signal (between 14.08 and 14.62 ppm in CDCl3) relative to the corresponding enol proton signal (between 16.26 and 16.50 ppm in CDCl3). These proportions were in the range of 88% to 92% thus showing that azo tautomers T1 and T4 are predominant relative to hydrazo tautomers T2 and T3 in CDCl3.

The 13 and 141.1 ppm were attributed to C3 and C8 respectively which confirmed the presence of the hydrazone motif (=N-NH-) (Figure 7). The spectra of the studied compounds of the second series provide additional evidence that they have the azo structures T1 and T4 (EAK and KAE) rather than the hydrazone structures T2 and T3 (KHK1 and KHK2). For example 1 H NMR spectrum of 11 in deuterated dimethyl sulfoxide exhibits two signals at 13.88 and 15.16 ppm with nearly equal integration ratio.

Other compounds in these series show similar patterns.

Antimicrobial activity

Antibacterial activity was tested in vitro against Gram-positive and Gram-negative bacteria, using established drugs as standards. Both series of azodyes, 5 -10 and new products 11 -15,

were screened for antimicrobial activity qualitatively by measuring the diameter of the clear inhibition zones (expressed in mm) around the paper discs using a transparent ruler, and quantitatively by determination of the minimum inhibitory concentrations (MICs), which are defined as the lowest concentration of compounds which visibly prevents the growth of bacteria.

Determination of inhibition zones

All synthesized compounds 5 -15 exerted significant inhibitory activity against the growth of tested bacterial strains. As shown in Table 2, the diameter (mm) of inhibition zone values of tested compounds 5 -15 against different strains ranged between 10 and 25 mm. Values of positive control, trimethoprim-sulfamethoxazole, were between 18 and 22 mm for both clinical and reference strains of E. coli and S. aureus, while P. aeruginosa strains were resistant to this antibiotic. The resistance shown by clinical P. aeruginosa to the synthesized compounds 5 -9 and 15, and to the selected reference antibiotic, is not surprising as these bacteria are well known for being resistant to a wider range of antibiotics than most of other bacteria. Interestingly, it is remarkable that this strain of P. aeruginosa was sensitive to other dyes, exceptional those derived from hydrogenated derivative of the 4-hydroxy-6-methyl-2Hpyran-2-one 11 -14. (Table 2)

Table 2.
Antibacterial screening data for inhibition zones of compounds 5 -10 and new synthesized dyes 11 -15 against different bacterial strains.

Antimicrobial activity (zone of inhibition in mm)

Reference It should be noted that the concentration of the dyes used in the assays ranged between 0.5 and 512 μg/mL, and all compounds exhibited good growth inhibition of bacteria at different concentration as mentioned in Table 3. For example, compounds 9 and 15 have the best inhibition of growth of E. coli reference strain at 8 μg/mL with an inhibition zone diameter of 20 mm, while compound 14 has the best activity against E. coli clinical strain at 2 μg/mL with inhibition zone diameter of 22 mm. For reference strain of S. aureus, the best activity was detected for compounds 10 and 11 at 128 and 256 μg/mL with inhibition zone diameters of 16 and 25 mm, respectively. It is also noteworthy that P. aeruginosa was much more sensitive to compounds 8 and 13 for the reference strain at the same concentration (4 μg/mL) with inhibition zone diameters of 19 and 20 mm respectively whereas the clinical strain was much sensitive to 10 and 13 at 1 and 32 μg/mL with inhibition zone diameters of 18 and 20 mm, respectively. It should be also noted that the concentrations of the dyes giving the best activities were much lower than that of the standard antibiotic (25 μg/mL). Nevertheless, the dyes at these lower concentrations seem to have similar levels of antibiotic activity (Table 3).

Determination of Minimum Inhibitory Concentrations

The data presented in Table 4 indicated that the substitution in phenyl ring exerted significant influence on the antibacterial profile. Interestingly, compounds with methoxy-substituted ring are found to be more active compounds in the respective series compared to the compounds bearing other groups. It is apparent that different derivatives exhibit appropriate MIC values against different strains of bacteria. For instance, compound 9 has excellent activity against both reference and clinical strains of E. coli with MIC values of 2 and 32 μg/mL, respectively, Table 3.

Concentration and diameter of inhibition zone of compounds displaying the best antibacterial activity. from different samples: pus, urine and blood. Identification of the bacterial strains was made on cultural and biochemical characters.

Strains

Chemistry

Compounds 1 and 2 were prepared (Scheme 2) according to known procedures [START_REF] Mohamed | An Efficient Synthetic Access to Substituted Thiazolyl-pyrazolyl-chromene-2-ones from Dehydroacetic Acid and Coumarin Derivatives by a Multicomponent Approach[END_REF][START_REF] Rachedi | Synthesis of 4-Hydroxy-6-Methyl-3-β-Arylpropionyl 2-Pyrones by Selective Catalytic Hydrogenation of 3-Cinnamoyl-4-Hydroxy-6-Methyl 2-Pyrones[END_REF][START_REF] Rachedi | Reaction of 4-Hydroxy-6-Methyl-3-βarylpropionyl-2-Pyrones with Phenylhydrazine-Synthesis of a New Pyrazole Series[END_REF]. 

General procedure of diazotation

Aromatic amine 3a -f (6 mmol) was dissolved in a freshly prepared 10% solution of concentrated hydrochloric acid (10 mL) then cooled to 0 -5 °C using an ice-bath. A solution of sodium nitrite (NaNO2, 0.45 g, 6 mmol) in water (10 mL) was added dropwise while the temperature was maintained below 5 °C. The resulting mixture was stirred for 30 min in an ice bath (Scheme 3).

Scheme 3. Preparation of diazonium salts 4a -f

Preparation of dyes

When diazotation was complete, as described above, the resulting substituted aryl-diazonium salts 4a -f were used to prepare the target molecules 5 -15 as described below (Schemes 4 and 5). The two tautomeric forms are described as they appear from the spectra as a mixture of Major (M) and minor (m) products. The selected physical properties of the synthesized dyes 5 -15 were measured and listed in Table 5.

Table 5.

Physical properties and yields of synthesized dyes

Dye R1, R2 m.p. (°C) λmax (nm) in CH2Cl2
Color Yield (%) Ref this work this work [START_REF] Matsuo | 2-ones, and 4-Arylamino-3-(4-ethyl-1-piperazino)methyl-6-methyl-5,6-dihydro-2H-pyran-2-ones[END_REF] this work

Synthesis of (E)-4-Hydroxy-6-methyl-3-(aryldiazenyl)-2H-pyran-2-ones (or 3-(2-(aryl)hydrazono)-6-methyl-3H-pyran-2,4-diones) (5 -10)

The substituted aryl-diazonium salts (4a -f) were added dropwise to a mixture of 4-hydroxy- inoculums and incubated at 37 °C for 24 h. The results were recorded according to the presence or absence of bacteria growth comparatively to the controls.

Conclusions

In this study, some known and unknown azo disperse dyes 5 -15 were prepared by classical method of azo coupling reaction using as nucleophilic partner TAL 1 and DHTAL 2. The synthesized dyes were characterized by FT-IR, electronic absorption spectra in UV and visible regions, 1 H, 13 C and 2D NMR and mass spectroscopy. The solvent polarities and substituents effects on the photophysical properties of dyes were evaluated. The spectroscopic data of the synthesized dyes revealed that these compounds exist as mixtures of two tautomeric azo and hydrazo forms which are in equilibrium, the azo one being major.

Furthermore, measurement of antibacterial activity demonstrated that the dyes, at lower concentration, showed similar activities against E. coli and S. aureus as those shown by the control antibiotic, while P. aeruginosa strains were sensitive to synthesized molecules compared to control antibiotic. The effect of these dyes on microbes therefore deserves further examination. 
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  C NMR spectrum of compound 10 shows peaks at 20.6, 160.1 ppm for pyran methyl and carbonyl carbons respectively, and at 101.4, 115.7 and 144.2 ppm for aromatic carbons. and aromatic nucleus. The spectrum showed a triplet centered at 1.53 ppm, two multiplets at 2.71 -2.89 ppm and 4.68 -4.83 ppm which belong to hydrogenated pyran protons. The aromatic protons resonated as three multiplets at 7.24 -7.31 ppm, 7.41 -7.46 ppm and 7.52 -7.58 ppm. The broad peaks at 13.88 ppm and 15.16 ppm were respectively assigned to the hydrazone (=N-NH-) and enol (=C-OH) protons of the tautomers. In the13 C NMR spectra and from the HMBC charts of azo compound 11, it was concluded that the peaks resonating at σC =21.2, 44.9 and 192.2 ppm correspond to methyl

	Further support for the presence of azo motif (-N=N-) was provided by the signals at 125.5
	and 130.3 ppm attributed to C3 and C8, respectively. From the HSQC spectrum, we conclude
	that protons resonance at σH 2.23, 3.83, 3.94, 5.83, 6.83, 6.91 and 7.50 ppm are bonded to the
	carbons appearing at σC 20.5, 56.2, 56.6, 107.8, 115.7, 112.7 and 101.4 ppm, respectively
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(Figure

6a

). The HSQC spectrum allowed us to assign all protonated carbon resonances, while the connectivities from the HMBC spectrum (e.g. 3.83 → 154.9, 5.83 → 20.5, 122.5 and 166.1; 6.82 → 101.4 and 144.2; 7.50 → 115.7, 130.3, 144.2 and 154.9) (Figure

6b

) support the structure of dye 10. ESI-HRMS for this formula (M =C14H15N2O5) gave m/z (%) values at 291.0990 (100) and 313.0806 (72) attributed to the cations [M+H] + and [M+Na] + , respectively. All together, these spectroscopic data are clearly consistent with the formation of the target product 10. s Fig. 6 a. Selected 1 H and 13 C NMR chemical shifts (right), b. HMBC correlations (left) of compound 10.

The structure of the second series of new dyes was also confirmed on the basis of HRMS and NMR data. Interestingly, the molecular ion peak of compound 11 was found in the mass spectrum at m/z (%) 233.0921 (100) corresponding to

[M+H] 

+ of molecular formula C12H13N2O3.

1 

H NMR spectroscopic analysis of 11 confirms the presence of both hydrogenated pyran ring C7, methine C5 and carbonyl C4 carbon atoms of hydrogenated pyran, respectively, whereas the phenolic carbon atoms appeared at σC =117.7 and 130.1 ppm. The signals at σC =122.9

Table 4 .

 4 In vitro antibacterial activity data in MIC (μg/ml) of tested compounds 5 -10 and newly synthesized dyes 11 -15 against different microbial species. Reference peaks for the NMR spectra in (CD3)2SO are 2.50 ( 1 H) and 39.52 ( 13 C) and for CDCl3 7.26 ( 1 H) and 77.16 ( 13 C). Mass spectra were determined on a Waters Micromass LCT Premier Q-TOF Mass spectrometer coupled with a Waters Alliance HPLC.
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C NMR spectra were calibrated against the solvent residual isotopic peak as internal reference.

The reference strains Staphylococcus aureus [ATCC 25923], Escherichia coli [ATCC-25922]

and Pseudomonas aeruginosa [ATCC-27853] used were obtained from Pasteur Institute, Algiers. Clinical strains S. aureus, E. coli and P. aeruginosa used in this study were isolated

-4-Hydroxy-6-methyl-3-((4-nitrophenyl)diazenyl)-2H-pyran-2-one (or 6-methyl-3-(2-

  ). FT-IR (KBr, υ

	60%).FT-IR (KBr, υ cm -1 ): 3075, 2839, 1731, 1600, 1498. 1 H NMR (300 MHz, CDCl3) δ,
	ppm: 2.23 (d, J = 0.6 Hz, 3H), 3.85 (s, 3H), 5.83 (d, J = 0.6 Hz, 1H), 6.92 -7.00 (m, 2H),
	7.54 -7.62 (m, 2H), 14.31 (bs, NHm), 16.48 (bs, OHM). 13 C NMR (75 MHz, CDCl3) δ ppm:
	cm -1 ): 3030, 2980,1759, 1650, 1509. 1 H NMR (300 MHz, CDCl3) δ ppm: 2.23 (s, 3H), 5.83 20.4 (C7), 55.7 (OCH3), 107.5 (C5), 115.1 (C10, C12), 119.7 (C9, C13), 122.03 (C3), 134.1 (C8),
	(s, 1H), 7.28 -7.34 (m, 1H), 7.40 -7.49 (m, 2H), 7.56 -7.64 (m, 2H), 14.15 (bs, NHM), 159.0 (C2), 160.0 (C4), 166.1 (C11), 181.2 (C6). HRMS (ESI) m/z calcd for C13H13N2O4
	16.31 (bs, OHM). 13 C NMR (75 MHz, CDCl3) δ: 20.5 (C7), 107.6 (C5), 117.9 (C9, C13), 122.0 ([M+H] + ): 261.0875; found: 261.0876 (100%) and calcd for C13H12N2O4Na ([M+Na] + ):
	(C3), 128.3 (C11), 129.8 (C10, C12), 140.5 (C8), 159.6 (C2), 166.7 (C4), 181.0 (C6). HRMS 283.0695; found: 283.0693 (75%).
	(ESI) m/z calcd for C12H11N2O3 ([M+H] + ): 231.0770; found: 231.0775 (100%) and calcd for (E)-3-((2,4-dimethoxyphenyl)diazenyl)-4-hydroxy-6-methyl-2H-pyran-2-one (or 3-(2-
	C12H11N2O3Na ([M+Na] + ): 253.0589; found: 253.0598 (83%). (2,4-dimethoxyphenyl)hydrazono)-6-methyl-3H-pyran-2,4-dione) (9): Orange solid (0.826
	(E)-3-((4-Bromophenyl)diazenyl)-4-hydroxy-6-methyl-2H-pyran-2-one g, 57%). FT-IR (KBr, υ cm -1 ): 3050, 2940, 1739, 1620, 1511. 1 H NMR (300 MHz, CDCl3) δ (or 3-(2-(4-
	bromophenyl)hydrazono)-6-methyl-3H-pyran-2,4-dione (6): Brick solid (1.228 g, 80%). ppm: 2.23 (s, 3H), 3.85 (s, 3H), 3.97 (s, 3H), 5.82 (s, 1H), 6.51 (d, J = 2.4 Hz, 1H), 6.58 (dd, J
	FT-IR (KBr, υ cm -1 ): 3103, 2960, 1738, 1625, 1512. 1 H NMR (300 MHz, CDCl3) δ ppm: 2.24 = 9.0, 2.4 Hz, 1H), 7.94 (d, J = 9.0 Hz, 1H), 14.37 (bs, NHm), 16.34 (bs, OHM). 13 C NMR (75
	(s, 1H), 5.85 (s, 1H), 7.45 -7.52 (m, 2H), 7.54 -7.59 (m, 2H), 14.08 (bs, NHM), 16.26 (bs, MHz, CDCl3) δ ppm: 20.8 (C7), 56.1 (OCH3), 56.6 (OCH3), 99.0 (C10), 106.6 (C12), 108.0
	OHM). 13 C NMR (75 MHz, CDCl3) δ ppm: 20.7 (C7), 107.6 (C5), 119.5 (C9, C13), 121.8 (C3), (C5), 118.9 (C13), 122.0 (C3), 124.2 (C8), 151.5 (C9), 161.0 (C2), 161.5 (C11), 165.8 (C4), 180.6
	122.5 (C11), 133.0 (C10, C12), 139.7 (C8), 159.6 (C2), 167.2 (C4), 181.3 (C6). HRMS (ESI) m/z (C6). HRMS (ESI) m/z calcd for C14H15N2O5 ([M+H] + ): 291.0981; found 291.0980 (100%)
	calcd for C12H10BrN2O3 ([M+H] + , 79 Br): 308.9875; found: 308.9872 (100%) and calcd for and calcd for C14H14N2O5Na ([M+Na] + ): 313.0800; found 313.0793 (33%).
	C12H10BrN2O3Na ([M+Na] + , 79 Br): 330.9694; found: 330.9688 (50%). (E)
	(E)(4-nitrophenyl)hydrazono)-3H-pyran-2,4-dione) (7): Yellow solid (1.031 g, 75%). FT-IR
	(KBr, υ cm -1 ): 3084, 2935, 1758, 1650, 1501. 1 H NMR (300 MHz, CDCl3) δ ppm: 2.21 (s,
	3H), 5.98 (s, 1H), 7.83 -7.90 (m, 2H), 8.25 -8.31 (m, 2H), 14.35 (bs, NHm), 16.44 (bs,
	OHM). HRMS (ESI) m/z calcd for C12H10N3O5([M+H] + ): 276.0620; found 276.0620 (33%)
	and calcd for C12H9N3O5Na ([M+Na] + ): 298.0440; found 298.0444 (5%).
	(E)-4-Hydroxy-3-((4-methoxyphenyl)diazenyl)-6-methyl-2H-pyran-2-one (or 3-(2-(4-
	methoxyphenyl)hydrazono)-6-methyl-3H-pyran-2,4-dione) (8): Orange solid (0.780 g,

-3-((2,5-Dimethoxyphenyl)diazenyl)-4-hydroxy-6-methyl-2H-pyran-2-one (or 3-(2- (2,5-dimethoxyphenyl)hydrazono)-6-methyl-3H-pyran-2,4-dione (10): Red

  

	Purple solid (0.589 g, 45%).FT-IR (KBr, υ cm -1 ): 3078, 2909, 1708, 1630, 1510. 1 H NMR
	(300 MHz, CDCl3) δ, ppm: 1.53 (d, J = 6.2 Hz, 3H), 2.68 -2.86 (m, 2H), 3.85 (s, 3H), 4.65 -
	4.82 (m, 1H), 6.93 -6.70 (m, 2H), 7.47 -7.53 (m, 2H), 14.03 (s, 1H, NHm), 15.41 (s, 1H,
	OHM). 13 C NMR (75 MHz, CDCl3) δ ppm: 21.2 (C7), 44.7 (C5M), 45.1 (C5m), 56.0 (C14), 71.3
	(C6M), 72.9 (C6m), 115.4 (C9, C13), 119.4 (C10, C12), 120.6 (C3m), 122.1 (C3M), 134.5 (C8M),
	134.6 (C8m), 159.4 (C11m), 159.8 (C11M), 164.1 (C2M), 165.7 (C2m), 188.5 (C4m), 191.7 (C4M).
	HRMS (ESI) m/z calcd for C13H15N2O4 ([M+H] + : 263.1032; found: 263.1028 (100%).
	(E)-3-((2,4-Dimethoxyphenyl)diazenyl)-4-hydroxy-6-methyl-5,6-dihydro-2H-pyran-2-
	one (or 3-(2-(2,4-dimethoxyphenyl)hydrazono)-6-methyl-dihydro-3H-pyran-2,4-dione
	(15): Brown solid (0.580 g, 40%). FT-IR (KBr, υ cm -1 ): 3079, 2900, 1706, 1625, 1505. 1 H
	NMR (300 MHz, CDCl3) δ ppm: 1.51 (d, J = 6.4 Hz, 3H), 2.66 -2.85 (m, 2H), 3.83 (s, 3Hm),
	3.84 (s, 3HM), 3.94 (s, 3Hm), 3.96 (s, 3HM), 4.67 -4.76 (m, 1H), 6.50 (s, 1H), 6.51 -6.59 (m,
	1H), 7.84 (d, J = 8.9 Hz, 1Hm), 7.88 (d, J = 8.8 Hz, 1HM), 14.16 (bs, 1H, NHm), 15.47 (bs, 1H,
	OHM). 13 C NMR (75 MHz, CDCl3) δ, ppm: 21.3 (C7), 44.6 (C5M), 45.0 (C5m), 56.1 (C14), 56.4
	(C15), 71.3 (C6M), 72.7 (C6m), 99.1 (C10), 106.1 (C12m), 106.1 (C12M), 118.2 (C13m), 118.4
	(C13M), 120.1 (C3m), 122.4 (C3M), 124.1 (C8M), 124.3 (C8m), 150.7 (C9M), 150.9 (C9m), 160.3
	(C11m), 160.7 (C11M), 164.6 (C2M), 165.6 (C2m), 188.8 (C4m), 190.8 (C4M). HRMS (ESI) m/z
	solid (0.681 g, calcdfor C14H17N2O5([M+H] + ): 293.1137; found: 293.1142 (41%) and calcd for
	47%). FT-IR (KBr, υ cm -1 ): 3072, 2841, 1749, 1610, 1498. 1 H NMR (300 MHz, CDCl3) δ C14H16N2O5Na ([M+Na] + ): 315.0957; found: 315.0952 (100%).
	ppm: 2.23 (s, 3H), 3.86 (s, 3H), 3.97 (s, 3H), 5.83 (d, J = 0.7 Hz, 1HM), 5.98 (s, 1Hm), 6.82
	(dd, J = 9.0, 2.9 Hz, 1H), 6.90 (d, J = 9.0 Hz, 1H), 7.50 (d, J = 2.9 Hz, 1H), 14.37 (bs, NHm),
	16.34 (bs, OHM). 13 C NMR (75 MHz, CDCl3) δ ppm: 20.6 (C7), 56.2 (OCH3 at C12), 56.6
	(OCH3 at C9), 101.4 (C11), 107.8 (C5), 112.7 (C13), 115.7 (C10), 125.5 (C3), 130.3 (C8), 144.2
	(C9), 154.9 (C12), 160.1 (C2), 166.1 (C4), 180.6 (C6). HRMS (ESI) m/z calcd for C14H15N2O5

Table 1

 1 Influence of solvent on maximum wavelength of absorption (λmax) of dyes 5 -15.

Table 2 .

 2 Antibacterial screening data for inhibition zones of compounds 5 -10 and new synthesized dyes 11 -15 against different bacterial strains.

Table 3 .

 3 Concentration and diameter of inhibition zone of compounds displaying the best antibacterial activity.

Table 4 .

 4 In vitro antibacterial activity data in MIC (μg/ml) of tested compounds 5 -10 and newly synthesized dyes 11 -15 against different microbial species.

Table 5 .

 5 Physical properties and yields of synthesized dyes Scheme 1. Four possible tautomeric forms of the prepared azo dyes.

Scheme 2. Preparation of TAL 1 and DHTAL 2.
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(C9M, C13M), 117.8 (C9m, C13m), 121.5 (C3m), 122.9 (C3M), 127.5 (C11m), 128.0 (C11M), 130.0 (C10M, C12M), 130.1 (C10m, C12m),141.0 (C8m), 141.1 (C8M), 163.7 (C2M), 165.4 (C2m), 188.5 (C4m), 192.2 (C4M). HRMS (ESI) m/z calcd for C12H13N2O ([M+H] + ): 233.0926; found: 233.0921 (100%). (E)-3-((4-Bromophenyl)diazenyl)-4-hydroxy-6-methyl-5,6-dihydro-2H-pyran-2-one (or 3-(2-(4-bromophenyl)hydrazono)-6-methyl-dihydro-3H-pyran-2,4-dione) (12): Brown solid (0.899 g, 58%). FT-IR (KBr, υ cm -1 ): 3090, 2986, 1693, 1630, 1508. 1 H NMR (300 MHz, DMSO) δ, ppm: 1.37 (d, J = 6.3 Hz, 3H), 2.73 (dd, J = 17.0, 3.2 Hz, 1H), 2.86 (dd, J = 17.0, 10.6 Hz, 1H), 4.74 -4.92 (m, 1H), 7.55 -7.67 (m, 4H), 13.25 (bs, 1H, NHm), 14.42 (bs, 1H, OHM). 13 C NMR (75 MHz, DMSO) δ ppm: 20.3 (C7m), 20.8 (C7M), 44.5 (C5M), 44.8 (C5m), 70.9 (C6M), 72.3 (C6m), 118.4 (C11m), 118.9 (C11M), 119.3 (C9M, C13M), 120.0 (C9m, C13m), 123.9 (C11M), 124.1 (C3M), 132.9 (C10M, C12M), 133.1 (C10m, C12m), 141.1 (C8m), 141.3 (C8M), 162.9 (C2M), 169.0 (C2m), 189.0 (C4m), 192.6 (C4M). HRMS (ESI) m/z calcd for C12H12BrN2O3 ([M+H] + , 79 Br): 311.0031; found 311.0031 (100%). (E)-4-Hydroxy-6-methyl-3-((4-nitrophenyl)diazenyl)-5,6-dihydro-2H-pyran-2-one (or 6methyl-3-(2-(4-nitrophenyl)hydrazono)-dihydro-3H-pyran-2,4-dione) (13): Yellow solid (1.149 g, 83%). FT-IR (KBr, υ cm -1 ): 3060, 2960, 1715, 1625, 1504. 1 H NMR (300 MHz, CDCl3) δ ppm: 1.54 (d, J = 6.0 Hz, 3H), 2.71 -2.90 (m, 2H), 4.68 -4.85 (m, 1H), 7.40 -7.57 (m, 4H), 13.82 (s, 1H, NHm), 15.08 (s, 1H, OHM). 13 C NMR (75 MHz, CDCl3) δ ppm: 21.3 (C7m), 21.6 (C7M), 45.3 (C5M), 45.6 (C5m), 71.7 (C6M), 73.4 (C6m), 119.5 (C9M, C13M), 120.0 (C9m, C13m), 121.0 (C11m), 121.5 (C11M), 122.3 (C3m), 123.6 (C3M), 133.5 (C10M, C12M), 133.6 (C10m, C12m), 140.5 (C8m), 140.6 (C8M), 163.9 (C2M), 165.6 (C2m), 188.1 (C4m), 192.9 (C4M). HRMS (ESI) m/z calcd for C12H12N3O5 ([M+H] + ): 278.0777; found: 278.0781 (100%). (E)-4-Hydroxy-3-((4-methoxyphenyl)diazenyl)-6-methyl-5,6-dihydro-2H-pyran-2-one (or 3-(2-(4-methoxyphenyl)hydrazono)-6-methyl-dihydro-3H-pyran-2,4-dione) (14):

Staphylococcus aureus 75 (S2), Escherichia coli 10 (S1), and Pseudomonas aeruginosa 260 (S3).

Antimicrobial activity determination

All compounds (5 -15) were dissolved in acetone and further serial ten-fold dilutions were made in a concentration range from 0.5 to 512 μg/mL in order to prepare the working solutions used for determination of inhibition zones as well as for determination of minimal inhibitory concentrations (MIC). Trimethoprime-Sulfamethoxazole was used as reference standard at a concentration of 25 μg/mL in order to validate methodology and also for comparison of antimicrobial activities.

Determination of inhibition zones

All synthesized compounds (5 -15) were examined for antibacterial activity against different Gram-positive and Gram-negative strains of bacteria. Inhibition zones of the best compounds (8 -11, 13 -15) were performed with the disk diffusion method using nutrient agar medium [START_REF] Sayed | Synthesis, biological activity and dyeing performance of some novel azo disperse dyes incorporating pyrazolo[1,5-a]pyrimidines for dyeing of polyester fabrics[END_REF][START_REF] Antonov | Comment on "Spectroscopic studies of ketoenol tautomeric equilibrium of azo dyes[END_REF]. The Mueller-Hinton agar medium was autoclaved for 30 min, poured under aseptic conditions in each sterilized Petri dish, allowed to solidify and then inoculated with fresh subculture of a bacterial inocula prepared in physiological sterile water. Sterile 6 mm filter paper discs, impregnated with 20 μl of the different concentrations of tested compounds were then placed on agar plates and the cultures were incubated at 37 °C for 24 h for bacterial growth. Disks embedded with acetone were used as a negative control. Inhibition zones formed on the medium were evaluated in millimeter (mm).

Determination of minimal inhibitory concentrations

The minimum inhibitory concentration (MIC) values of compounds 5 -15 were determined by broth micro-dilution method [START_REF] Mohammadi | Synthesis and evaluation of changes induced by solvent and substituent in electronic absorption spectra of some azo disperse dyes[END_REF][START_REF] Antonov | Comment on "Spectroscopic studies of ketoenol tautomeric equilibrium of azo dyes[END_REF][START_REF] Snavely | A study of tautomerism in arylazopyrazolones and related heterocycles with nuclear magnetic resonance spectroscopy[END_REF]. The microbial suspensions were prepared in Mueller-Hinton broth from test organisms sub-cultured on nutrient agar. The serial prepared solutions ranging from concentration 0.5 to 512 μg/mL were inoculated with fresh bacterial