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Ethynyl-Tolyl Extended 2-(2'-Hydroxyphenyl)benzoxazole Dyes: Solution and Solid-state Excited-State Intramolecular Proton Transfer (ESIPT) Emitters
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Dual solution/solid-state emissive fluorophores based on a 2-(2'-Hydroxyphenyl)benzoxazole (HBO) core bearing one or two ethynyl-tolyl moieties at different positions were synthesized via an expedite two-step synthetic procedure. HBO derivatives are known to display intense Excited-State Intramolecular Proton Transfer (ESIPT) emission in the solid-state but are mildly emissive in solution due to the detrimental flexibility of the excited-state opening efficient non-radiative pathways. The sole introduction of a rigid ethynyl moiety led to a sizeable enhancement of the fluorescence quantum yield in solution, up to a 15-fold increase in toluene as compared to unsubstituted HBO dyes while keeping the high solidstate fluorescence efficiency. The position of the substitution on the π-conjugated core led to subtle fine-tuning of maximum emission wavelengths and quantum yields. Moreover, we show that the ethynyl tolyl substituent at the para position of the phenol ring is a suitable moiety for an efficient stabilization of the corresponding emissive anionic HBO derivatives in dissociative solvents like DMF THF or EtOH. These observations were confirmed in CH3CN by a basic titration. For all dyes, the nature of the excited-state involved in the fluorescence emission was rationalized using ab initio calculations.

Introduction

Photoinduced proton transfer is one of the most important chemical reactions in nature and plays a pivotal role in a wide range of biological processes. 1 Depending on environmental dynamics, proton transfer can occur in many different ways; therefore, understanding and controlling such processes is of upmost importance not only for academic purposes but also to target valuable applications. Excited-State Intramolecular Proton Transfer (ESIPT) processes consist of a photoinduced proton transfer occurring within a molecular entity. Consequently, ESIPT leads to the presence of different tautomers in the ground and excited-state which induces large Stokes shifts, i.e. a strong spectral separation between absorption and emission bands. 2 ESIPT was first evidenced in natural heterocyclic structures 3 and further extended to synthetic chromophores, including notably 2-(2'-hydroxyphenyl)benzazole (HBX) derivatives 4 as well as many others. 5 While the range of organic structures prone to display ESIPT is wide, a common feature to all ESIPT dyes lies in the presence of a strong intramolecular H-bond. which can involve various donors and acceptors and form five, six, seven or eightmembered rings. 6 Many structural and environmental parameters can impact the H-bond energy and thus the ESIPT process efficiency, leading to single or dual emitters, depending on the strength and nature of the H-bond. 7 Additionally, physical factors such as temperature, viscosity, pH or polarity/proticity in the close vicinity of the dye have a strong impact on both the position and intensity ratio of the tautomeric emission bands. 8 As a consequence, each ESIPT dye displays a unique, characteristic environment-sensitive emission pattern which has been beneficially utilized in various areas where the microenvironment is prone to undergo subtle changes, such as cellular imaging 9 or fluorescence sensing. 10 ESIPT luminescence is however rather faint in solution, owing to detrimental motions occurring in the excited-state, triggering efficient non-radiative pathways and consequently leading to a strong quenching of fluorescence radiations. A trademark of ESIPT probes is their typical solid-state brightening due to a beneficial restriction of molecular torsions which contributes to a significant decrease of non-radiative deactivations. 11 The engineering of ESIPT dyes displaying fluorescence emission both in solution and in the solid-state still appear as a serendipitous challenge. 12 In this article, we demonstrate that the sole introduction of ethynyl tolyl substituents at the periphery of 2-(2'-hydroxyphenyl) benzoxazole (HBO) dyes is sufficient to reach a significant enhancement of quantum yield (ΦF) in the solution-state (multiple solvents were considered) while maintaining a strong fluorescence intensity in the solid-state. Furthermore, we show that the extension of conjugation via a triple bond at the 5 position of the phenol ring leads to the stabilization of an emissive anionic species in dissociative solvents or upon addition of a base in CH3CN. The general structure of the dyes studied is presented on Figure 1. All these observations are rationalized using ab initio calculations. 

Results and Discussion

The synthesis of HBO dyes 1-2 and 5-6 is described on Schemes 1 to 4 while the structure of reported HBO dyes 3 13 and 4 13 is presented on Figure 2. The synthesis of HBO dyes 1-6 is very straightforward, consisting of two synthetic steps starting from commercially available reagents. The HBO core was constructed via two alternative routes depending on substitution. HBO 7 and 10 bearing a bromine atom were formed by reacting the appropriate 2-aminophenol and salicylaldehyde derivatives in the presence of an excess of phenylboronic acid and potassium cyanide in methanol at room temperature. HBO 9 and 11 bearing iodine atoms were formed by refluxing the corresponding reagents in ethanol followed by oxidation at room temperature in dichloromethane with a slight excess of 2,3-dichloro-5,6dicyano-1,4-benzoquinone (DDQ). It is necessary to protect the phenol ring in HBO 10 and 11 with an acetate group in order to avoid Pd-catalyzed intramolecular cyclization leading to the formation of an undesired benzofuran derivative. 14 Sonogashira cross-coupling reactions on the halogenated intermediates 7 and 9-11 were performed in a mixture of toluene and triethylamine using a catalytic amount of Pd(II) catalyst, either PdCl2(PPh3)2 or Pd(dppf)Cl2 and copper iodide to afford the target HBO dyes 1-2 and 5-6 after purification by column chromatography on silica gel. All compounds were characterized by 1 H and 13 C NMR spectroscopy, HR-MS and FT-IR (see the experimental section and Supporting Information, ESI). The photophysical properties of HBO 1-6 measured in solution and in the solid-state are gathered in Table 1. The absorption and emission spectra of all dyes in solution are respectively presented in Figures 3a and3b while absorption and emission spectra of HBO dye 6 in a range of solvents are respectively depicted in Figures 4a and4b. Full list of spectral data can be found in the ESI. The absorption spectra of HBO derivatives 1-6 in toluene feature similar trends such as a broad, rather unstructured band assigned to the S0-S1 transition, with a maximum wavelength comprised between 332 and 368 nm. The additional absorption bands observed at higher energies (below 300 nm) are assigned to the π-π * transitions of the phenyl rings. Molar absorption coefficients are in the 15000 to 45000 M -1 .cm -1 range, which is typical for compact polyaromatic dyes (Figure 3a). The absorption spectra in ethanol display very similar features as those observed in toluene (see the SI), which indicates that the optical properties in the ground state are not strongly influenced by the substitution pattern nor the nature (dipolarity) of the solvent. Upon excitation in the lowest-energy absorption band in toluene (λexc = 330-350 nm), all HBO dyes 1-6 display a single intense emission band whose maximum wavelength spans from 489 to 550 nm depending on the position of the ethynyl tolyl substituent(s) on the HBO core. In all cases, the excitation spectrum matches well the absorption one, excluding the presence of emissive aggregates in the excited-state (see the SI). The Stokes' shifts (SS) are in the range 8000-11000 cm -1 which is typical of ESIPT emitters. These SS values, larger than in standard organic fluorophores, are consistent with the formation of the keto tautomer in the excited-state (K*), as a consequence of the phototautomerization process.

Table 1. Optical data of HBO dyes 1-6 and 12 measured in aerated solution at room temperature or dispersed in potassium bromide pellets.

[a] A poor match was observed between absorption and excitation spectra evidencing the formation of aggregates in the excited-state, hence the impossibility to accurately calculate the fluorescence quantum yield of the molecular species. [b] Stokes' shift [c] Quantum yield determined in solution by using Rhodamine 6G as a reference (λexc = 488 nm, Φ = 0.88 in ethanol) or as an absolute value using a spectrofluorimeter fitted with an integration sphere. [d] Fluorescence lifetime [e] kr (10 8 s -1

) and knr (10 8 s -1

) were calculated using the following equations: kr = ΦF/τ, knr = (1-ΦF)/τ. [f] Embedded in potassium bromide pellet. Concentration around 10 -4 M.

In the case of HBO 3, a very small shoulder can be observed in the higher energies (λem = 397 nm) which can be assigned to the residual presence of the enol tautomer (E * ) in the excited-state, evidencing a partially frustrated ESIPT process. The E * band is indeed characterized by a smaller SS, consistent with a significantly least reorganization of the molecular structure in the excited-state. As can be observed in Figure 3b, the position of the ethynyl tolyl fragment on the HBO core has a subtle but non negligible influence on the maximum emission wavelength. HBO 4, bearing a substituent at the 4 position of the phenol ring presents the most blueshifted emission of the series (λem = 489 nm); an observation consistent with a weakly polarized excited-state. HBO 1,2 and 3 with a respective substitution at the 3', 6 and 5 position of the HBO scaffold display similar maximum emission wavelengths at 504, 519 and 514 nm respectively. HBO 5 and 6 which share a common substitution at position 3 of the HBO core are the most bathochromically shifted in the series (λem = 550 nm), highlighting the beneficial impact of the ethynyl tolyl fragment at the ortho position of the phenol ring for a red-shifted emission. This can be also indicative of the presence of a weak but sizeable internal charge transfer (ICT) state in these dyes.

The most striking influence of the position of the functionalization on the optical properties of HBO dyes 1-6 lies in the fluorescence quantum yield values in solution. As listed in Table 1 and schematically represented on Figure 3c, drastic differences can be observed in the isomers series. As a general observation, the introduction of a single ethynyl tolyl group on the phenol ring leads to a strong enhancement of ΦF as compared to unsubstituted HBO derivatives, with values ranging from 10 to 32% in toluene. As a reference, 4methyl-2-(2'-hydroxyphenyl)benzoxazole 12, bearing a methyl group at the 4 position was synthesized 15 and its optical properties investigated in toluene and ethanol (Table 1 and Figure 4). ) λem (nm) SS [b] (cm -1

) Φ F [c] τ(ns) [d] Kr (10 HBO 12 displays blue-shifted absorption and emission spectra compared to HBO dyes 1-6 (λabs/λem = 321/406-490 nm and 317/397-481 nm for 12 in toluene and ethanol respectively). HBO 12 is barely emissive in solution, as shown of Figure 4c (ΦF = 2% in toluene and ΦF = 1% in ethanol, leading to Kr/Knr values of 0.06/2.72 and 0.04/3.54 10 8 s -1 in these two solvents). HBO 5 and 6 which include a single or a double ethynyl tolyl substitution at position 3 and/or 5 are the most emissive dyes in the series with quantum yields reaching 32 and 30% in toluene, respectively; a 16/15-fold enhancement with respect to unsubstituted HBO 12. HBO 1, the only dye in the series substituted on the benzoxazole side stand out as weakly emissive (ΦF = 4% in toluene), further highlighting the beneficial role of the substitution on the phenol ring to gain fluorescence intensity. This luminescence enhancement is correlated with a strong increase of the radiative constant values (Kr = 0.06, 0.85 and 1.39 10 8 s -1 for HBO 12, 6 and 5, respectively). The non-radiative constant rates along with the fluorescent lifetimes remain however in the same range regardless of substitution (Knr = 2.72, 2.09 and 2.96 10 8 s -1 , τ = 3.6, 3.4 and 2.3 ns for HBO 12, 6 and 5, respectively). We wish to underline that these purely organic solution-state emissive ESIPT emitters can be obtained in only two or three synthetic steps from commercially available starting materials, allowing a facile synthesis on a multigram scale in the laboratory. Moreover, it is worth mentioning that these results highlight the interest of using oxygen-based rather than sulfur-based heterocycles, the latter more efficiently leading to intersystem crossing and, consequently smaller ΦF. 16 Triple bond extended conjugation on the phenol ring, along with the presence of a benzoxazole scaffold seem to be of paramount importance in order to reach improved luminescence intensity in solution. Moreover, the substitution at the specific 3 position of the HBO core, i.e. adjacent to the hydroxy group leads to the largest quantum yield in the series. In ethanol, all dyes with the notable exception of 5 and 6 display a dual E*/K* emission, as a result of the stabilization of the enol tautomer (E*) in the excited-state owing to the formation of intermolecular H-bonds. Interestingly, the present dyes remain emissive in ethanol (ΦF = 17 and 24% respectively), whereas protic environments are known to often quench ESIPT emission. 17 Dye 3 stands out by the presence of an additional emission band at 450 nm in ethanol (Figure S3.6) which is reminiscent of what was observed for reported HBO derivatives featuring a highly acidic phenolic proton where the deprotonated conjugated base D* was found to be both stable and emissive. 18 With an extended conjugation at the para position of the hydroxy group, HBO dye 3 displays a triple E*/D*/K* emission behavior with, however a quenching of the fluorescence (ΦF = 4% in ethanol). It is interesting to note that this triple emission is not observed in dye 6 in ethanol which also presents a para substitution. In order to shed more light on the photophysical properties of these para-substituted dyes, the optical behavior of HBO dyes 3 and 6 were studied in a range of solvents of different dipolarity and proticity (Figures S3.4-S3.7 and Figure 5, respectively). For HBO dye 3, the maximum absorption wavelength is not very sensitive to the nature of the solvent (λabs = 338-351 nm) but one can clearly notice in DMF the appearance of an additional small band at 417 nm, attributed to the deprotonation of the phenol group in the ground state (D band). Excitation in this absorption band leads to the appearance of an intense D * emission band at 467 nm but also to random aggregation processes as evidenced by a poor match between absorption and excitation spectra. As can been observed on Figure 5a, the absorption profile of HBO dye 6 in all solvents is slightly red-shifted as compared to 5 (λabs = 365-371 nm) but is not significantly influenced by the nature of the solvent except in DMF which leads to the appearance of an additional red-shifted absorption band (λabs = 460 nm) and an extra band at 361 nm as well. The lowestenergy band can be again assigned to the stabilization of the anionic species formed by deprotonation of the HBO dye 6 by DMF, the most basic of all solvents studied. Stabilization of related deprotonated HBO derivatives in DMF has already been observed and beneficially used for the engineering of white light emission. 19 In all solvents except DMF, HBO dye 6 exhibits a bright green/yellow emission upon photoexcitation at 350 nm with quantum yields in the range 21-35% (Figure 5c). Notably, the fluorescence efficiency remains high in the whole range of solvents studied, regardless of dipolarity or proticity. The K * emission band maximum wavelength is not dependent on the nature of the solvent (λem = 540-550 nm). In DMF, however, upon photoexcitation in the lowest energy absorption band (λem = 450 nm), a distinctive intense blue emission is observed at 495 nm, attributed to the emission of the excited deprotonated species D * (Figure 5c). The emission of the D * state is stronger than that from the K * state, as evidenced by a fluorescence quantum yield of 49%, calculated in DMF, the highest in the series for HBO dye 6. It is important to note that unlike 5, HBO 6 does not feature aggregates as evidenced by a good match between absorption and excitation spectra in DMF, evidencing the beneficial presence of the tertiobutyl group on the benzoxazole side but most importantly that of the ethynyl substitution at the 3-position of the phenol in order to enhance fluorescence intensity but also to decrease aggregation processes. The emission bands observed at 470 and 474 nm in THF and acetonitrile respectively are also assigned to the same D * species. These photophysical processes are schematically summarized in Figure 6.

To ascertain the formation of the stabilized phenolate anion of HBO dye 6 in DMF, a large excess of potassium tert-butoxide ( t BuOK) was added and the optical properties recorded (Figure S3.12). No spectral difference can be observed in the absorption and emission profile of HBO dye 6, upon addition of a large excess of base, further evidencing the intrinsic presence of the phenolate in both the ground and excitedstates in DMF solution. It is noteworthy that the addition of an excess of hydrochloric acid in a DMF solution of HBO dye 6 leads to the appearance of a UV centered emission likely originating from the protonation of the benzoxazole ring. In order to investigate the formation and stability of the D * band, absorption and emission titrations were performed on HBO dye 6 upon addition of increasing equivalent of a base, tetramethylammonium hydroxide (Me4NOH) in acetonitrile (Figure 7). Acetonitrile was chosen as a solvent to ensure a good solubility of both HBO dyes 6 and Me4NOH. In the absence of base, an absorption band with a maximum wavelength at 365 nm was recorded. Upon excitation at 360 nm, a dual emission profile was observed, consisting of a major band at 545 nm, assigned to the K * tautomer and a minor (shoulder) band at 474 nm, attributed to the D * form. Upon addition of increasing amounts of Me4NOH, the absorption band at 365 nm was found to gradually decrease and lead to the appearance of new bands at 352 nm and 446 nm, which is reminiscent of the absorption profile of fully deprotonated HBO dye 6 in DMF (λabs = 361/460 nm). In the successive recorded emission spectra, the fluorescence stemming from the D * state at 474 nm rose, as a result of the deprotonation of HBO 6 while the K * band at 545 nm showed a significant intensity decrease.

Plotting the ratio of intensity of D * (474 nm)/K * (545 nm) vs. the number of base equivalents gives a good correlation (Figure 7c). The intensity ratio between the two emission bands D * /K * gradually increases upon addition of increasing amounts of base, until around 7 equivalents; after which a plateau is reached, corresponding to the full deprotonation of HBO 6. This gradual deprotonation of 6 in basic medium is also accompanied by the appearance of a small additional emission band at 388 nm which was also found in DMF in the absence of base. We assign the presence of this band to the minor formation of a benzofuran side-product obtained by an intramolecular cyclization in basic conditions. 14 To confirm the nature of this side-product whose in situ formation was observed during the titration, the synthesis of dye 13 was undertaken in one step from bis-iodo HBO derivative 11.

Without protection of the hydroxy group, Pd-catalyzed crosscoupling reaction between HBO 11 and p-tolyl acetylene in a mixture of toluene and triethylamine lead to the sole formation of dye 13 in 25% yield (Scheme 5). The photophysical data of compound 13 in acetonitrile are presented on Figure S3.13. A major absorption band at 300 nm is observed, along with an emission band at 390 nm upon photoexcitation, which corresponds to the emission wavelength of the side-product observed during the titration. This experiment further confirms the formation of compound 13 in situ during the basic titration. Unfortunately, the presence of this undesired compound impeded the accurate calculation of a pKa in the ground and excited state.

Outside their promising optical properties in solution, HBO dyes 1-6 appeared to be very bright as powders under irradiation at 365 nm by a bench UV-lamp by the naked eye (Figure 8b) which prompted us to investigate their photophysical behavior in the solid-state as dispersed in potassium bromide pellets. Their emission profiles appeared to be very similar to those observed in toluene, i.e. a single K * emission band ranging from 489-547 nm depending on the position of substitution (Figure 8a). HBO dyes 3 and 6 bearing a mono-or disubstitution at the 5 or 3,5 position of the phenol ring respectively, are the most red-shifted in the series (λem = 530-547 nm for 3 and 6 vs. λem = 489-504 nm for all other dyes). Photoluminescent quantum yields, calculated as absolute using a spectrofluorimeter fitted with an integration sphere are significantly higher (Φ =48-88%) than those in solution; a feature encountered in the large majority of ESIPT emitters. HBO 1, which was poorly emissive in the solution-state (Φ =4% in toluene) appears to be the brightest solid-state emitter in the series (Φ =88%). To obtain complementary insights into the involved excitedstate processes, ab initio calculations were performed following a protocol detailed in section S4. The results are collected in Table 2. The computed fluorescence wavelengths for the K * emission in toluene very nicely match their experimental counterparts of Table 1, both quantitatively and qualitatively, with the most redshifted (blueshifted) emission observed for HBO dyes 5 and 6 (1 and 4), clearly confirming that this emission band originates from the keto form in the apolar solvent. This is further substantiated by computed driving forces for the ESIPT process (G K*-E* ) process that are all significantly negative indicating a favorable situation for proton transfer. The proton transfer is also computed to be barrierless by theory, with a transition state lying below the E * form once entropic corrections are accounted for. Before analyzing the ethanol results, it should be recalled that the theoretical approach used for model solvent effects is a continuum model and therefore does not account for specific solute-solvent interactions but only for polarity effects. It turns out that the negative solvatochromism of the K * band, evident from the measurements, is well reproduced by theory, so that this effect is probably mainly driven by the relative polarities of the excited states. In contrast, the computed ESIPT driving forces all remain strongly negative in the calculation, which is not in line with the emergence of dual emission experimentally observed in ethanol. One can therefore conclude that the frustration of the ESIPT process in ethanol is due to the formation of hydrogen bonds between the dye and the surrounding ethanol molecules.

Table 2. Theoretical data computed for dyes 1-6 in toluene and ethanol (DMF for 6): emission wavelength and oscillator strengths determined for both the enol and keto tautomers, difference of free energy between the K * and E * forms, the ESIPT transition-state (TS-PT * ) and the E * tautomer, and the twisting transitionstate (TS-TW * ) and the K * forms. See figure S3 in the SI for a representation of these key points. All values are obtained with TD-DFT and corrected with ADC(2), but the oscillator strength and twisting barrier that are the non-corrected TD-DFT results.

As stated above, the fluorescence quantum yields in solution are generally limited by the presence of efficient non-radiative routes. Indeed, as can be seen in Table 2, all dyes present significant oscillator strengths, i.e. only very bright states are at play. For ESIPT dyes, one of the most well-known deactivating pathway is the twisting around the central interring bond after proton transfer (Figure S4.2.1), that can ultimately lead to a conical intersection with the ground state, and hence the emission quenching. To obtain first insights into that pathway, the transition state characterizing this twisting from the K * tautomer was determined. As can be seen, positive barriers are systematically obtained, consistent with the presence of fluorescence. If one excludes HBO 2 in which the ethynyltolyl fragment is non-planar due to the interaction with the furan, it is noticeable in Table 2 that the largest barriers are determined for HBO dyes 5 (0.27 eV) and 6 (0.31 eV) in toluene, which are also the two compounds with the smallest Knr (and largest ΦF) of the series experimentally (Table 1). Conversely, the barriers for the twisting are very small for both dyes 2 and 5 in ethanol and these dyes indeed present very large Knr and trifling ΦF experimentally. This qualitative correlation therefore confirms that the twisting of the K * tautomer is a relevant deactivation pathway, which is also consistent with the large increase of emission quantum yield in the solid state, where this large amplitude motion is hampered. Finally, we have also modeled the anionic form of HBO 6 in DMF. Interestingly, our computational protocol predicts a bright emission (f=1.00) at 500 nm, that is in between the E * and K * band, which nicely fits the experimental value (495 nm), and therefore confirms the experimental assignment.

Conclusions

In summary, a series of ESIPT emitters based on ethynyltolyl-extended HBO scaffolds has been synthesized in a twosteps expedite synthesis. The photophysical properties were explored in multiple solvents where these dyes exhibit a single K * or a dual E * /K * emission band with fluorescence quantum yield values reaching 35%. These values represent up to a 16-fold increase as compared to the unsubstituted reference dye, highlighting the beneficial introduction of these spacers on the molecular core. Depending on the position of the substitution, the stabilization of an anionic species was evidenced in a selection of dissociative solvents and by a basic titration in CH3CN. These dyes keep their intense fluorescence emission in the solid-state, as embedded in KBr matrix, where a fine-tuning of the emission wavelength is observed. The nature of the excited-states was rationalized by ab initio. The origin of these enhanced optical properties is currently unclear but could be attributed to the restriction of the twisting around the central interring bond in the excited state. Transient absorption experiments along with timeresolved fluorescence spectroscopy are currently under investigation to shed more light on the excited-states dynamics in these systems.

Experimental Section

All reactions were performed under a dry atmosphere of argon. Chemicals were purchased from commercial sources and used without further purification. Reaction solvents were distilled according to common procedures. Thin layer chromatography (TLC) was performed on silica gel or aluminum oxide plates coated with fluorescent indicator. Chromatographic purifications were conducted using 40-63 μm silica gel. All mixtures of solvents are given in v/v ratio. spectra were obtained by using a Horiba S2 Jobin Yvon Fluoromax 4. All fluorescence spectra were corrected. Solvents for spectroscopy were spectroscopic grade and were used as received. All fluorescence spectra were corrected. The fluorescence quantum yield (Φexp) was calculated from eq (1).

I denotes the integral of the corrected emission spectrum, OD is the optical density at the excitation wavelength, and η is the refractive index of the medium. Quantum yield is determined in solution by using quinine sulfate as a reference (λ exc = 366 nm, Φ = 0.55 in 1N H2SO4), for dyes emitting below 480 nm, Rhodamine 6G as a reference (λexc = 488 nm, Φ = 0.88 in ethanol), for dyes emitting between 480 and 570 nm or cresyl violet (λexc = 546 nm, Φ = 0.55 in ethanol) as a reference for dyes emitting above 570 nm. Solid-State emission was recorded using an integration sphere fitted to a spectrophotometer. Luminescence lifetimes were measured on an Edinburgh Instruments spectrofluorimeter equipped with a R928 photomultiplier and a PicoQuant PDL 800-D pulsed diode connected to a GwInstect GFG-8015G delay generator. No filter was used for the excitation. Emission wavelengths were selected by a monochromator. Lifetimes were deconvoluted with FS-900 software using a light-scattering solution (LUDOX) for instrument response. The excitation source was a laser diode (λexc = 320 nm). HBO 3 13 and 4 13 and salicylaldehyde 8 20 were synthesized according to reported procedures.

General procedure for the synthesis of HBO dyes 7 and 10

The relevant salicylaldehyde (0.6 mmol) and 2-aminophenol derivatives (0.66 mmol, 1.1 equivalent), boronic acid (0.72 mmol., 1.2 equivalent) and potassium cyanide (1.8 mmol, 3 equivalents) were stirred overnight at room temperature in 40 mL of MeOH. The solvents were removed in vacuo and the crude mixture purified by column chromatography on SiO2 (CH2Cl2/Pet. Ether. 1:9 to 2:8) to afford HBO dyes 7 and 10 as white powders. HBO dye 7.65%. 1 H NMR (400MHz, CDCl3) δ (ppm): 11.16 (s, 1H, OH), 7.99 (dd, 1H, CH, 3 J = 8Hz, 4 J = 1.6Hz), 7.86 (s, 1H, CH), 7.42-7.48 (m, 3H, CH), 7.10 (dd, 1H, CH, 3 J = 8.4Hz, 4 J = 0.7Hz), 7.00 (t, 1H, CH, 3 J = 8.3Hz). 13 C NMR (100.5Hz, CDCl3) δ (ppm):164.0, 158. 9, 148.2, 141.6, 134.1, 128.4, 127.2, 122.2, 119.7, 117.8, 117.6, 111.9, 110. 3, 155.6, 149.5, 139.8, 137.0, 126.5, 126.1, 125.5, 120.6, 119.7, 111.9, 111.5, 111.0. ESI-HRMS: calcd for C13H9BrNO2: 291.9792 (M+H), found 291.9775 (M+H). IR (ν, cm -1 ): 2869, 1628, 1579, 1543, 1452, 1402, 1343, 1289, 1241, 1146, 1071, 813, 758, 747, 736.

General procedure for the synthesis of HBO dyes 9 and 11

To a solution of 2-aminophenol or 4-tertiobutyl-2-aminophenol (0.5 mmol) in absolute ethanol was added salicylaldehyde 8 or 3,5-diiodo-2-hydroxybenzaldehyde (0.5 mmol) and the resulting suspension was refluxed for one hour before an orange precipitate formed. After cooling down, the precipitate was filtered and washed with ethanol. It was then redissolved in dry dichloromethane and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (0.6 mmol) was added as a concentrated dichloromethane solution. The resulting dark mixture was stirred at room temperature overnight. After solvent evaporation, the crude residue was purified by silica gel chromatography eluting with CH2Cl2/Pet. 8, 148.7, 138.8, 133.8, 133.5, 125.9, 125.4, 119.2, 117.9, 114.2, 111.1, 91.2. ESI-HRMS: calcd for C13H9INO2: 337.9673 (M+H), found 337.9663 (M+H). IR (ν, cm -1 ): 1617, 1572, 1522, 1445, 1310, 1281, 1176, 1085, 1041, 1002, 948, 770, 748, 735. HBO dye 11. 75%. 1 H NMR (400MHz, CDCl3) δ (ppm): 12.45 (s, 1H, OH), 8.27 (s, 1H, CH), 8.14 (s, 1H, CH), 7.72 (s, 1H, CH), 7.46-7.52 (m, 2H, CH), 1.39 (s, 9H, CH3). 13 C NMR (100.5Hz, CDCl3) δ (ppm): 160. 5, 157.2, 149.5, 149.2, 147.4, 139.3, 135.3, 124.1, 116.0, 112.5, 110.1, 86.7, 81.0, 35.1, 31.8. ESI-HRMS: calcd for C17H16 I2NO2: 519.9186 (M+H), found 519.9117 (M+H). IR (ν, cm -1 ): 3066, 2955, 1600, 1568, 1532, 1483, 1426, 1411, 1334, 1274, 1249, 1176, 1126, 1065, 936, 854, 812, 760, 649.

Synthesis of HBO dye 1

Halogenated HBO dye 7 (0.5 mmol.), p-tolylacetylene (1.5 mmol.) and Pd(dppf)Cl2 (5 % molar) were dissolved in 25 mL of toluene/triethylamine (3/1 v:v). The resulting suspension was degassed with argon for 30 minutes before CuI (10 % molar) was added. The resulting mixture was stirred overnight at 90°C. The dark solution was taken up in dichloromethane, washed with water, dried (MgSO4) and concentrated in vacuo. The product was purified by silica gel chromatography (CH2Cl2/Pet. Ether 1:3 to 1:1) to afford clean HBO dyes 1 as a white powder. 37%. 1 H NMR (400MHz, CDCl3) δ (ppm): 11.33 (s, 1H, OH), 8.00 (dd, 1H, CH, 3 J = 7.9Hz, 4 J = 1.6Hz), 7.87 (s, 1H, CH), 7.52-7.57 (m, 2H, CH), 7.42-7.46 (m, 3H, CH), 7.16 (d, 2H, 3 J = 7.9Hz), 7.12 (d, 1H, 3 J = 7.9Hz), 7.00 (t, 1H, CH), 2.37 (s, 3H, CH3). 13 C NMR (100.5Hz, CDCl3) δ (ppm): 164.0, 159. 1, 149.1, 140.4, 138.8, 134.1, 131.7, 129.4, 129.4, 127.4, 122.5, 120.8, 120.2, 119.9, 117.7, 110.9, 110.5, 89.6, 88.3, 21.8. ESI-HRMS: calcd for C22H16NO2: 326.1176 (M+H), found 326.1163 (M+H). IR (ν, cm -1 ): 3027, 1631, 1586, 1513, 1486, 1464, 1428, 1296, 1252, 1224, 1192, 1053, 934, 809, 754, 719.

Synthesis of HBO dye 2

Halogenated HBO dye 9 (0.5 mmol.), p-tolylacetylene (1.5 mmol.) and Pd(PPh3)2Cl2 (5 % molar) were dissolved in 25 mL of toluene/triethylamine (3/1 v:v). The resulting suspension was degassed with argon for 30 minutes before CuI (10 % molar) was added. The resulting mixture was stirred overnight at 90°C. The dark solution was taken up in dichloromethane, washed with water, dried (MgSO4) and concentrated in vacuo. The product

Figure 1 .

 1 Figure 1.General structure of the ESIPT emitters HBO 1-6.

Scheme 1 .

 1 Scheme 1. Synthesis of HBO 1.

Figure 2 . 13 Scheme 3 .

 2133 Figure 2. Structure of dyes 3 and 4.13

Figure 3 .

 3 Figure 3. (a) Absorption spectra, (b) Emission spectra recorded in toluene at room temperature for HBO 1 (green), HBO 2 (navy blue), HBO 3 (pink), HBO 4 (light blue), HBO 5 (pink) and HBO 6 (red) and (c) Schematic representation of the value of the fluorescence quantum yield in toluene for each substitution position.

Figure 4 .

 4 Figure 4. (a) Structure of HBO 12, (b) UV-Visible (dashed) and emission (plain) spectra of HBO 12 in toluene (navy blue) and ethanol (pink) and (c) Photograph of HBO dye 12 in solution in toluene under irradiation by a bench UV lamp (λexc = 365 nm).

Figure 5 .

 5 Figure 5. (a) Absorption spectra and (b) emission spectra of HBO 6, recorded at room temperature in aerated solutions of toluene (navy blue), dichloromethane (light blue), THF (green), acetonitrile (orange), ethanol (purple) and DMF (red) and (c) Photographs of HBO 6 under irradiation with a bench UV lamp (λexc = 365 nm) in toluene, dichloromethane, THF, acetonitrile, ethanol and DMF (from left to right).

Figure 6 .

 6 Figure 6. Simplified energy diagram showing the K * emission (λem = 545-550 nm) stemming from the keto tautomer formed via ESIPT process and the D * emission (λem = 470-495 nm) originating from deprotonation of the enol tautomer in the ground state, occurring partially or fully in DMF, THF and CH3CN.

Figure 7 .

 7 Figure 7. (a) Overlay of absorption spectra of HBO dye 6 in acetonitrile recorded after successive addition of increasing equivalents of Me4NOH, (b) superposition of emission spectra, (c) plot of the ratio of intensity I(D * at 474 nm)/I(K * at 545 nm) vs. the number of added equivalents of Me4NOH and (d) Photographs of acetonitrile solutions of HBO dye 6 under irradiation (λexc = 365 nm) before addition of base, after addition of two, five and ten equivalents (from left to right).

Scheme 5 .

 5 Scheme 5. Synthesis of dye 13.

Figure 8 .

 8 Figure 8. (a) Emission spectra recorded in KBr pellets at room temperature for HBO 1 (green), HBO 2 (navy blue), HBO 3 (pink), HBO 4 (light blue), HBO 5 (purple) and HBO 6 (red) and (b) Photographs of HBO 6 as a powder under daylight (top) and under irradiation with a bench UV lamp (λexc = 365 nm) (bottom).

13 C

 13 Ether 1:2 leading to HBO 9 or 11 as a white powders. HBO dye 9. 57%. 1 H NMR (400MHz, CDCl3) δ (ppm): 12.60 (s, 1H, OH), 7.74-7.78 (m, 1H, CH), 7.68-7.72 (m, 1H, CH), 7.66 (dd, 1H, CH, 3 J = 7.6Hz, 4 J = 1.2Hz), 7.41-7.46 (m, 2H, CH), ), 7.12 (dd, 1H, CH, 3 J = 8.4Hz, 4 J = 1.2Hz), 7.03 (t, 1H, CH, 3 J = 8Hz). NMR (100.5Hz, CDCl3) δ (ppm): 161.4, 160.
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A series of ESIPT emitters based on ethynyl-extended HBO scaffolds has been synthesized. Their optical properties reveal increased quantum yields values in solution as compared to unsubstituted analogues while keeping strong fluorescence intensities in the solid-state. These scaffolds also allow the stabilization of an anionic species in selected cases, as evidenced by basic titrations. The nature of the excited-states was also rationalized using ab initio calculations.